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Preface

The Graphing Technology Guide provides step-by-step, keystroke-level calculator commands

and instructions for working through exercises in your textbook. Graphing calculator screens and

technology tips are included throughout. The Guide will help you to become familiar with your

calculator’s capabilities and learn how to use it as a tool to learn mathematics. However, it does

not replace the instruction manual that comes with the calculator. Refer to that manual to learn

how to use additional capabilities of your calculator.

The Graphing Technology Guide contains parallel topics for each calculator model. Locate the

discussion for your calculator in the appropriate column of numbers on the detailed table of

contents. See pages iv-v for the Texas Instruments calculators and pages vi-vii for the Casio,

Sharp, and Hewlett Packard calculators.

Please note that different typefaces are used to distinguish keystrokes that you press from the rest

of the text. Thus, MATH and ENTER will represent the labels on your calculator’s keys.

Calculators have function keys that assume different behavior in different contexts. To clarify

the effect expected from depressing a function key, we sometimes write F1 [COMMAND],

where F1 names the key and [COMMAND]representsits corresponding functions in the current

menu. In Chapters 10 and 11, since the HP 48G and the HP 38G have six white function keys,

we write [COMMAND] to represent the function key below the menu item COMMAND.

For convenience, when you are asked to type a number, say 345.67, we shall express the

keystrokes as 345.67, without any spaces between the individual keys, instead of writing

345.67.

The calculator manufacturers--Texas Instruments, Casio, Sharp, and Hewlett Packard--have all

been cooperative through the writing ofthis guide, and the authors gratefully acknowledge their

helpfulness.
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1.1 Getting started with the TI-81

1.1.1 Basics: Press the ON key to begin using your TI-81 calculator. If you need to adjust the display con-

trast, first press 2nd, then press and hold EM (the up arrow key) to increase the contrast or K& (the down

arrow key) to decrease the contrast. As you press and hold IZM or Ed, an integer between 0 (lightest) and 9

(darkest) appears in the upper right corner ofthe display. When you have finished with the calculator, turn it

off to conserve battery power by pressing 2nd and then OFF.

Check the TI-81’s settings by pressing MODE. If necessary, use the arrow keys to move the blinking cursor
to a setting you want to change. Press ENTER to select a new setting. To start with, select the options along
the left side of the MODE menu asillustrated in Figure 1.1: normal display, floating decimals, radian meas-
ure, function graphs, connected lines, sequential plotting, grid off, and rectangular coordinates. Details on

alternative options will be given later in this guide. For now, leave the MODE menu by pressing CLEAR.

  

1+2+4+3+4+5+6+7+8+
9+18+11+12+13+14
FPLIHIEHITHIEHIO4

218
12+34+36

   

 

 
  

Figure 1.1: MODE menu Figure 1.2: Home screen

1.1.2 Editing: One advantage of the TI-81 is that up to 8 lines are visible at one time, so you can see a long

calculation. For example, type this sum (see Figure 1.2):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press ENTER to see the answer,too.

Often we do not notice a mistake until we see how unreasonable an answer is. The TI-81 permits you to re-

display an entire calculation, edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 1.2 but had not yet pressed ENTER, when you realize that

34 should have been 74. Simply press k (the left arrow key) as many times as necessary to move the blink-

ing cursorleft to 3, then type 7 to write over it. On the other hand, if 34 should have been 384, move the cur-

sor back to 4, press INS (the cursor changes to a blinking underline) and then type 8 (inserts at the cursor

position and other characters are pushed to the right). If the 34 should have been 3 only, move the cursor to 4

and press DEL to deleteit.

Graphing Technology Guide
1-1

 



Even if you had pressed ENTER, you maystill edit the previous expression. Press 2nd and then ENTRY to
recall the last expression that was entered. Now you can change it. If you have not pressed any key since the

last ENTER, you can recall the previous expression by pressing EM.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing
feature to simplify the process. For example, suppose you wantto find the balance in an investment account
if there is now $5000 in the account and interest is compounded annually atthe rate of 8.5%. The formula for

the balance is P(1+£)", where P = principal, r = rate of interest (expressed as a decimal), n = number of

times interest is compounded each year, and ¢ = number of years. In our example, this becomes

5000(1+.085)". Here are the keystrokes for finding the balance after r= 3, 5, and 10 years.

Years Keystrokes Balance

3 5000 (1 +.085) A 3 ENTER $6386.45

5 =x fl 5ENTER $7518.28

10 zx fl 10 ENTER $11,304.92

 

oBaa(]l +. 885
6386.4

oBaBEC1+, 885
r218.2

oBBaC 1+. 885
11364

   
Figure 1.3: Editing expressions

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, pressthese keysto change the last calculation above: 24 I DELI 5K Kl f Kl 0 7 ENTER.

1.1.3 Key Functions: Most keys on the TI-81 offer access to more than one function, just as the keys on a

computer keyboard can produce more than one letter (“g” and “G”) or even quite different characters (“5”

and “%’). The primary function of a key is indicated on the key itself, and you access that function by a

simple press on the key.

To access the second function indicated to the left above a key, first press 2nd (the cursor changes to a

blinking 1) and then press the key. For example,to calculate 4/25, press 2nd J 25 ENTER.

1-2 TI-81 Graphics Calculator



When you want to use a letter or other character printed to the right above a key, first press ALPHA (the cur-
sor changesto a blinking A) and then the key. For example,to use the letter K in a formula, press ALPHA K.
If you need several letters in a row, press 2nd A-LOCK, which is like CAPs Lock on a computer keyboard,
and then press all the letters you want. Remember to press ALPHA when you are finished and want to restore
the keysto their primary functions.

1.1.4 Order of Operations: The TI-81 performs calculations according to the standard algebraic rules.

Working outwards from inner parentheses, calculations are performed from left to right. Powers and roots are

evaluatedfirst, followed by multiplications and divisions, and then additions and subtractions.

Note that the TI-81 distinguishes between subtraction and the negative sign. If you wish to enter a negative

number,it is necessary to use the (-) key. For example, you would evaluate —5—(4--3) by pressing (-) 5 — ( 4

x (-) 3) ENTER to get 7.

Enter these expressions to practice using your TI-81.

Expression Keystrokes Display

7-5-3 7-5x3 ENTER -8

(7-5)-3 (7-5)x3 ENTER 6

20-10? 120-10 x2 ENTER 20

(120-10)? (120-10) x2 ENTER 12100

cl 24 + 2 A3 ENTER 3

24)’
Ey (24 +2 )~A3 ENTER 1728

(7--5)--3 (7-(¢)5)x(-)3ENTER -36

i i : N(N +1)
1.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as— after

you have entered a value for N. Suppose you want N = 200. Press 200 STO» N ENTER to store the value

200 in memory location N. (The STO» key prepares the TI-81 for an alphabetical entry, so it is not neces-

sary to press ALPHA also.) Whenever you use N in an expression, the calculator will substitute the value 200
N(N+1)

2
until you make a change by storing another number in N. Next enter the expression by typing

N(N +1)
ALPHA N (ALPHA N + 1) + 2 ENTER.For N = 200, you will find that =20100.

The contents of any memory location may be revealed by typing just its letter name and then ENTER. And
the TI-81 retains memorized values even when it is turned off, so long as its batteries are good.
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1.1.6 Repeated Operations with ANS: The result of your last calculation is always stored in memory loca-

tion ANS and replaces any previous result. This makes it easy to use the answer from one computation in

another computation. For example, press 30 + 15 ENTER so that 45 is the last result displayed. Then press
2nd ANS + 9 ENTER and get 5 because 4} =5.

With a function like division, you press the + key after you enter an argument. For such functions, whenever

you would start a new calculation with the previous answer followed by pressing the function key, you may

press just the function key. So instead of 2nd ANS + 9 in the previous example, you could have pressed

simply + 9 to achieve the same result. This technique also works for these functions: + - x x2 A x.

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (results are shown in Figure 1.4):

Pay period Keystrokes Earnings

8-hour day 5.85 x 8 ENTER $46.80

5-day week x 5 ENTER $234

52-week year x 52 ENTER $12,168

 

0. 30%3

Ans#*5

Ans#*52

B

46.8

234

12168

   
Figure 1.4: ANS variable

1.1.7 The MATHMenu: Operators and functions associated with a scientific calculator are available either
immediately from the keys of the TI-81 or by 2nd keys. You have direct key access to common arithmetic

operations (x2, 2nd J , Xx, A, 2nd ABS), trigonometric functions (SIN, COS, TAN) and their inverses (2nd

SIN, 2nd COS", 2nd TAN"), exponential and logarithmic functions (LOG, 2nd 10%, LN, 2nd eX), and a

famous constant (2nd ).

A significant difference between the TI-81 and many scientific calculators is that the TI-81 requires the ar-

gument of a function after the function, as you would see a formula written in your textbook. For example,

on the TI-81 you calculate 4/16 by pressing the keys 2nd J 16 in that order.

Here are keystrokes for basic mathematical operations. Try them for practice on your TI-81.

14 TI-81 Graphics Calculator



Expression Keystrokes Display

V3+4? ond |(3x2+ 4x2) ENTER 5

21 2 + 3x ENTER 2.333333333

I-5| 2nd ABS (-) 5 ENTER 5

log 200 LOG 200 ENTER 2.301029996

2.34-10° 2.34 x 2nd 10x 5 ENTER 234000

Additional mathematical operations and functions are available from the MATH menu (Figure 1.5). Press
MATH to see the various options. You will learn in your mathematics textbook how to apply many of them.

Asan example, calculate 3/7 by pressing MATH and theneither 4 or ka E23 Ea ENTER;finally press 7

ENTER to see 1.912931183. To leave the MATH menu and take no other action, press 2nd QUIT or just
CLEAR.
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Figure 1.5: MATH menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbolfor factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1-2-3-4 = 24. You will learn
more about applications of factorials in your textbook, but for now use the TI-81 to calculate 4! Press these

keystrokes: 4 MATH 5 ENTER or 4 MATH £3 Ea Ea Ea ENTER ENTER.

1.2 Functions and Graphs

1.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = your sales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x.

If your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s how to use your TI-81 to perform this task. Press the Y= key at the top ofthe calculator to display the

function editing screen (Figure 1.6). You may enter as many as four different functions for the TI-81 to use at
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one time. If there is already a function Y,, press IM or K@ as many times as necessary to move the cursor to

Y, and then press CLEAR to delete whatever was there. Then enter the expression 1975 + .10x by pressing
these keys: 1975 + .10 XIT. (The XIT key lets you enter the variable x easily without having to use the

ALPHA key.) Now press 2nd QUIT to return to the main calculations screen.

  

:Y1B81975+. 18% 22381
sYe= 2238
Y= Yq
sYy= 2198

1865+X
1865

Yili     
  

Figure 1.6: Y= screen Figure 1.7: Evaluating a function

Assign the value 2230 to the variable x by these keystrokes (see Figure 1.7): 2230 STO» XIT ENTER. Next

press the following keystrokes to evaluate Y, and find January’s wages: 2nd Y-VARS 1 ENTER. Repeat
these steps to find the February wages. Each time the TI-81 evaluates the function Y,, it uses the current

value of x.

Technology Tip: The TI-81 does not require multiplication to be expressed between variables, so xxx means

x’. It is often easier to press two or three x’s together than to search for the square key or the cube operation.
Of course, expressed multiplication is also not required between a constant and a variable. Hence to enter

2x’ +3x* —4x+5 in the TI-81, you might save keystrokes and press just these keys: 2 XIT XIT XIT + 3 XIT
XIT - 4 XIT + 5.

1.2.2 Functions in a Graph Window: Once you have entered a function in the Y= screen of the TI-81, just

press GRAPH to see its graph. The ability to draw a graph contributes substantially to our ability to solve
problems.

For example, here is how to graph y= —x’ +4x. First press Y= and delete anything that may be there by

moving with the arrow keys to Y, or to any of the other lines and pressing CLEAR wherever necessary.

Then, with the cursor on the top line Y,, press (-) XIT MATH 3 + 4 XIT to enter the function (as in Figure 1.8).

Now press GRAPH and the TI-81 changes to a window with the graph of y= —x" +4x.

Your graph window may look like the one in Figure 1.9 or it may be different. Since the graph of

y= —x’ +4x extends infinitely far left and right and also infinitely far up and down, the TI-81 can display

only a piece of the actual graph. This displayed rectangular part is called a viewing rectangle. You can easily

change the viewing rectangle to enhance your investigation of a graph.
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ViB-K3+4R
Yez=
Va=
Yy=

      

Figure 1.8: Y= screen Figure 1.9: Graph of y = —x' +4x

The viewing rectangle in Figure 1.9 shows the part of the graph that extends horizontally from -10 to 10 and

vertically from -10 to 10. Press RANGE to see information about your viewing rectangle. Figure 1.10 shows
the RANGE screen that corresponds to the viewing rectangle in Figure 1.9. This is the standard viewing
rectangle for the TI-81.

 

RANGE
amin=-16
amax=1@a
Asc l=1
Ymin=-1
Ymax=10
Yacl=1
Ares=1

Figure 1.10: Standard RANGE

8

   
The variables Xmin and Xmax are the minimum and maximum x-values of the viewing rectangle; Ymin and
Ymax are its minimum and maximum y-values.

Xscl and Yscl set the spacing between tick marks on the axes.

Xres is an integer from 1 to 8 that controls the resolution of the plot and also the speed of plotting. When

Xres = 1, the calculator evaluates the function and plots a point 96 times along the x-axis. When Xres = 2,

the calculator evaluates and plots at every second point, 48 times along the x-axis. Keep Xres = 1 to have the

best resolution for your graphs.

Use the arrow keys EM and E&@ to move up and down from one line to another in this list; pressing the

ENTER key will move down the list. Press CLEAR to delete the current value and then enter a new value.
You may also edit the entry as you would edit an expression. Remember that a minimum must be less than

the corresponding maximum or the TI-81 will issue an error message. Also, remember to use the (-) key, not
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— (which is subtraction), when you want to enter a negative value. The following figures show different

RANGE screens and the corresponding viewing rectangle for each one.

RANGE
Aamin=-15
Aamax=15
Ascl=1
Ymin=-18
Ymax=16
Yacl=1
XKres=1

Figure 1.11: Square window Figure 1.12: Graph of y =x +4x

  

      
To set the range quickly to standard values (see Figure 1.10), press ZOOM 6. To set the viewing rectangle

quickly to a square (Figure 1.11), press ZOOM 5. More information about square windowsis presented later
in Section 1.2.4.

  

RANGE
Paine3
Mmax=

®scl=1 ES
Ymin=-18
Ymax=16
Yecl=1
Ares=1

Figure 1.13: Custom window Figure 1.14: Graph of y = —x' +4x

      

Sometimes you may wish to display grid points corresponding to tick marks on the axes. In the MODE menu

(Figure 1.1), use arrow keys to move the blinking cursor to Grid On, then press ENTER and 2nd QUIT
GRAPH. Figure 1.15 shows the same graph as in Figure 1.14 but with the grid turned on. In general, you'll
want the grid turned off, so do that now by pressing MODE, use the arrow keys to move the blinking cursor

to Grid Off, and press ENTER.
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Figure 1.15: Grid turned on for y = -x'+4x

1.2.3 Piecewise-Defined Functions: The greatest integer function, written [[x]], gives the greatest integer

less than or equal to a number x. On the TI-81, the greatest integer function is called Int and is located under

the NUM sub-menu of the MATH menu (see Figure 1.5). So calculate [[6.78]] = 6 by pressing MATH 0 4

6.78 ENTER.

To graph y = [[x]], go in the Y= menu, move beside Y, and press CLEAR MATH B 4 xit GRAPH. Figure

1.16 shows this graph in a viewing rectangle from -5 to 5 in both directions.

  

 

      
  

Figure 1.16: Connected graph of y = [[x]] Figure 1.17: Dot graph of y = [[x]]

The true graph of the greatest integer function is a step graph, like the one in Figure 1.17. For the graph of y

= [[x]], a segment should not be drawn between every pair of successive points. You can change from Con-

nected line to Dot graph on the TI-81 by opening the MODE menu. Move the cursor down to the fifth line;

select whichever graph type you require; press ENTER to putit into effect and GRAPH to see the result.

You should also change to Dot graph when plotting a piecewise-defined function. For example, to plot the

x*+1, x<0
graph of f(x)=

x-1, x20

list by pressing ( XIT x2 +1) (XIT2nd TEST 50) + ( XIT— 1) ( XIT 2nd TEST 4 0 ). Then change the
mode to Dot graph and press GRAPH.

, enter the expression (x° +1)(x <0)+(x-1 (x 20) somewhere in your Y=p
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1.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions, but that can be “split”
into a top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle whose equation

is x* +y® =36. First solve for y and get an equation for the top semicircle, y =+/36— x? , and for the bottom

semicircle, y =—+y36— x? . Then graph the two semicircles simultaneously.

The keystrokes to draw this circle’s graph follow. Enter v/36—x* as Y, and —v/36—-x? as Y, (see Figure

1.18) by pressing Y= CLEAR 2nd ,/ (36 - XIT x2 ) ENTER CLEAR (-) 2nd ,/ (36 - XIT x2 ). Then

press GRAPH to draw them both.

  

VIET C36-XKE)
eB -T(36-xK2J1 :

To
:¥y= ——

Figure 1.18: Two semicircles Figure 1.19: Circle’s graph - standard view

       
If your range were set to the standard viewing rectangle, your graph would look like Figure 1.19. Now this

does not look like a circle, because the units along the axes are not the same. This is where the square view-

ing rectangle is important. Press ZOOM 5 and see a graph that appears more circular.

Technology Tip: Another way to get a square graph is to change the range variables so that the value of

Ymax - Ymin is 4 times Xmax - Xmin. For example, see the RANGE in Figure 1.20 and the corresponding

graph in Figure 1.21. The method works because the dimensions of the TI-81’s display are such that the ratio

of vertical to horizontal is %.

  

RANGE
¥Min=-12
Amax=12
wacl=1 :Ad 8 2 2 2 2 a a 2a a af 2 2 a a 2 8 2 2 32 52 32 3

Ymin=-8
Ymax=Sl I/
Yscl=1 :
xres=1

: . vertical __ 16 __Figure 1.20: fet. = 2% =

       

w
o Figure 1.21: A “square” circle
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The two semicircles in Figure 1.21 do not meet because of an idiosyncrasy in the way the TI-81 plots a

graph.

Back when you entered y36—x’ as Y, and —y36—-x as Y,, you could have entered -Y, as Y, and saved
some keystrokes. Try this by going back to the Y= menu and pressing the arrow key to move the cursor down

to Y,. Then press CLEAR (-) 2nd Y-VARS 1. The graph should bejust as it was before.

1.2.5 TRACE: Graph y= —x"+4x in the standard viewing rectangle. Press any of the arrow keys EM E&

k B and see the cursor move from the center of the viewing rectangle. The coordinates of the cursor’s loca-

tion are displayed at the bottom of the screen, as in Figure 1.22, in floating decimal format. This cursor is

called afree-moving cursor because it can move from dot to dot anywhere in the graph window.

 

f=-4.7z6B42 Y¥=L5.B730159

Figure 1.22: Free-moving cursor

  
 

Remove the free-moving cursor and its coordinates from the window by pressing GRAPH or ENTER. If you
press GRAPH, the next time you press an arrow key the free-moving cursor will appear again from the cen-
ter of the viewing rectangle. If you press ENTER,the cursor will reappear at the same point you leftit.

 

ded ated end dnd a a a a a a a a a 3

  A=-2. 421053 ¥Y=4.506779Y4

Figure 1.23: Trace on y = -x'+4x

 

Press TRACEto enable the left f] and right B arrow keys to movethe cursor along the function. The cursor

is no longer free-moving, but is now constrained to the function. The coordinates that are displayed belong to
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points on the function’s graph, so the y-coordinate is the calculated value of the function at the corresponding
x-coordinate.

Now plot a second function, y =-.25x, along with y = —x’ +4x. Press Y= and enter —.25x for Y,, then press

GRAPH.

  

=-
=C

=C
=<

C

m
1

~ c
n
> |

deeded a a a a a a a a a 8
    

 

       

Figure 1.24: Two functions Figure 1.25: y= —x’+4x and y=-25x

Note in Figure 1.24 that the equal signs next to Y, and Y, are both highlighted. This means both functions
will be graphed. In the Y= screen, move the cursor directly on top of the equal sign next to Y; and press
ENTER. This equal sign should no longer be highlighted (see Figure 1.26). Now press GRAPH and see that
only Y, is plotted (Figure 1.27).

  

tVi=-X3I+4K
tVzB-. 259%
Ya=
y= er.

       

Figure 1.26: Y= screen with only Y, active Figure 1.27: Graph of y =—-.25x

So up to 4 different functions may be stored in the Y= list and any combination of them may be graphed si-

multaneously. You can make a function active or inactive for graphing by pressing ENTER on its equal sign

to highlight (activate) or remove the highlight (deactivate). Go back to the Y= screen and do whatis needed

in orderto graph Y, but not Y,.

Now activate Y, again so that both graphs are plotted. Press TRACE and the cursor appears first on the graph

of y= —x" +4x becauseit is higher up in the Y= list. Press the up EM or down Ka@ arrow key to move the

cursor vertically to the graph of y =-.25x. Next press the right and left arrow keys to trace along the graph
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of y=-.25x. When more than one function is plotted, you can move the trace cursor vertically from one

graph to anotherin this way.

Technology Tip: By the way, trace along the graph of y=-.25x and press and hold either k or B. Even-

tually you will reach the left or right edge of the window. Keep pressing the arrow key and the TI-81 will
allow you to continue the trace by panning the viewing rectangle. Check the RANGE screen to see that Xmin
and Xmax are automatically updated.

The TI-81’s display has 96 horizontal columns of pixels and 64 vertical rows. So when you trace a curve

across a graph window, you are actually moving from Xmin to Xmax in 95 equal jumps, each called Ax. You

Xmax — Xmin
would calculate the size of each jump to be Ax =————. Sometimes you may want the jumps to be

95

friendly numbers like .1 or .25 so that, when you trace along the curve, the x-coordinates will be incremented

by such a convenient amount. Just set your viewing rectangle for a particular increment Ax by making Xmax

= Xmin + 95-Ax. For example,if you want Xmin = -5 and Ax = .3, set Xmax = -5 + 95-.3 = 23.5. Likewise,

set Ymax = Ymin + 63-Ay if you wantthe vertical increment to be some special Ay.

To center your window around a particular point, say (h, k), and also have a certain Ax, set Xmin = h - 47-Ax

and Xmax = h + 48-Ax. Likewise, make Ymin = k - 31-Ay and Ymax = k + 32-Ay. For example,to center a

window around the origin, (0, 0), with both horizontal and vertical increments of .25, set the range so that

Xmin=0-47-25=-11.75, Xmax =0 + 48-25 =12, Ymin=0 - 31-.25 =-7.75, and Ymax = 0 + 32-.25 = 8.

See the benefit by first plotting y =x" +2x+1 in a standard graphing window. Trace near its y-intercept,

which is (0, 1), and move towards its x-intercept, which is (-1, 0). Then change to a viewing rectangle from

-9 to 10 horizontally and from -6 to 6.6 vertically, and trace again near the intercepts.

1.2.6 ZOOM: Plot again the two graphs, for y=—-x"+4x and for y=—.25x. There appears to be an inter-

section near x = 2. The TI-81 provides several ways to enlarge the view around this point. You can change

the viewing rectangle directly by pressing RANGE and editing the values of Xmin, Xmax, Ymin, and Ymax.
Figure 1.29 shows a new viewing rectangle for the range displayed in Figure 1.28. Trace has been turned on

and the coordinates of a point on y = —x" +4x that is close to the intersection are displayed.

  

RANGE
amin=1.5
Amax=2Zz.5
Ascl=1 .
Ymin=-2.5 — h
Ymax=2.3l
Yacl=1
ares=1 ¥=2.057B947 Y=-.4B34627

Figure 1.28: New RANGE Figure 1.29: Closer view
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A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start

again with a graph of the two functions y= —x'+4x and y=-.25x in a standard viewing rectangle (press

ZOOM 6 for the standard window, from -10 to 10 along both axes).

Now imagine a small rectangular box around the intersection point, near x = 2. Press ZOOM 1 (Figure 1.30)

to draw a box to define this new viewing rectangle. Use the arrow keys to move the cursor, whose coordi-

nates are displayed at the bottom of the window, to one corner of the new viewing rectangle you imagine.

  

    

 

       

0X
200m In

SiZoom Out. To Ry
4:Set Factors to
2: Square :
6: 5tandard
’4Trig ¥=1 3684211 ¥=-1.428571

Figure 1.30: ZOOM menu Figure 1.31: One corner selected

Press ENTER to fix the corner where you have moved the cursor;it changes shape and becomes a blinking

square (Figure 1.31). Use the arrow keys again to move the cursor to the diagonally opposite corner of the

new rectangle (Figure 1.32). If this box looks all right to you, press ENTER. The rectangular area you have
enclosed will now enlarge to fill the graph window (Figure 1.33).

You may cancel the zoom any time before you press this last ENTER. Press 2nd QUIT to cancel the zoom
and return to the home screen, or select another screen by pressing GRAPH or ZOOM and also cancel the
Zoom.

  

 n=. B421053 ¥=.793p5079

Figure 1.32: Box drawn Figure 1.33: New viewing rectangle

     

You can also gain a quick magnification of the graph around the cursor’s location. Return once more to the

standard rangefor the graph of the two functions y= -x" +4x and y =—.25x. Press ZOOM 2 and then press

arrow keys to move the cursor as close as you can to the point of intersection near x = 2 (see Figure 1.34).
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Then press ENTER and the calculator draws a magnified graph, centered at the cursor’s position (Figure

1.35). The range variables are changed to reflect this new viewing rectangle. Look in the RANGE menu to

check.

 
 

    

 
          

—— SE -

——— a a

¥=1.1578947 ¥=1.1111111 A=1.184210% Y=1.1:507°927

Figure 1.34: Before a zoom in Figure 1.35: After a zoom in

As you see in the ZOOM menu (Figure 1.30), the TI-81 can Zoom In (press ZOOM 2) or Zoom Out (press
ZOOM 3). Zoom out to see a larger view of the graph, centered at the cursor position. You can change the
horizontal and vertical scale of the magnification by pressing ZOOM 4 (see Figure 1.36) and editing XFact
and YFact, the horizontal and vertical magnification factors.

The default zoom factor is 4 in both directions. It is not necessary for XFact and YFact to be equal. Some-

times, you may prefer to zoom in one direction only, so the other factor should be set to 1. As usual, press

2nd QUIT to leave the ZOOM menu.

 

Z00M FACTORS
»Fact=4l
YFact=4

   
Figure 1.36: Set zoom factors

Technology Tip: If you should zoom in too much and lose the curve, zoom back to the standard viewing

rectangle and start over.

1.2.7 Relative Minimums and Maximums: Graph y = —x" +4x once again in the standard viewing rectangle

(Figure 1.9). This function appears to have a relative minimum near x = -1 and a relative maximum near x =

1. You may zoom and trace to approximate these extreme values.
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First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point. Trace along the curve until the y-coordinate is as small as you can get it, so

that you are as close as possible to the local minimum, and zoom in (press ZOOM 2 or use a zoom box).

Now trace again along the curve and, as you move from point to point, see that the coordinates change by

smaller amounts than before. Keep zooming and tracing until you find the coordinates of the local minimum

point as accurately as you need them, approximately (-1.15, -3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as

great as you can getit, so that you are as close as possible to the local maximum, and zoom in. The local

maximum point on the graph of y = x’ +4x is approximately (1.15, 3.08).

1.3 Solving Equations and Inequalities

1.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,
. 3 . .

where a curve crosses the x-axis. For example, the graph of y =x" —8x crosses the x-axis three times (see

Figure 1.37). After tracing over to the x-intercept point that is furthest to the left, zoom in (Figure 1.38).
Continue this process until you have located all three intercepts with as much accuracy as you need. The

three x-intercepts of y = x’ —8x are approximately -2.828, 0, and 2.828.

  

    a=-2.B15789 ¥=.0396B25Y4

Figure 1.37: Graph of y = x’ —8x Figure 1.38: An x-intercept of y = x’ —8x

  

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such thatthe error is less than the distance between two tick marks. Change the x-scale on the

TI-81 from the RANGE menu. Move the cursor down to Xscl and enter an appropriate value.

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the

graphs of y= -x’ +4x and y =-.25x. Trace along one of the graphs until you arrive close to an intersection

point. Then press IM or E& to jump to the other graph. Notice that the x-coordinate does not change, but the

y-coordinateis likely to be different (see Figures 1.39 and 1.40).
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When the two y-coordinates are as close as they can get, you have come as close as you now can to the point

of intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as

close as possible. Continue this process until you have located the point of intersection with as much accu-
racy as necessary.

  

   

 

      
  

. =  ———

— =n =z f=-.5
Figure 1.39: Trace on y = —x'+4x Figure 1.40: Trace on y =-.25x

1.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x’ =36x+17=0. First

graph y=24x" —36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all its

roots. Then use trace and zoom to locate each one. In fact, this equation has just one solution, approximately

x=-1414.

Remember that when an equation has more than one x-intercept, it may be necessary to change the viewing

rectangle a few times to locate all of them.

Technology Tip: To solve an equation like 24x +17= 36x, you may first transform it into standard form,

24x’ -36x+17=0, and proceed as above. However, you may also graph the two functions y = 24x’ +17

and y =36x, then zoom and trace to locate their point of intersection.

1.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of inter-

section of their graphs (Figure 1.41). For example, to solve the system y= x’ =3x-4 and

y=x +3x° —2x—1, first graph them together. Then zoom and trace to locate their point of intersection,

approximately (-2.17, 7.25).

You must judge whether the two current y-coordinates are sufficiently close for x = -2.17 or whether you

should continue to zoom and trace to improve the approximation.

The solutions of the system of two equations y = x’ +3x" =2x-1 and y= x’ =3x-4 correspond to the so-

lutions ofthe single equation x’ +3x" =2x-1=x" —3x—4, which simplifies to x +2x" +x+3=0. So you

may also graph y = x’ +2x” + x+3 and find its x-intercepts to solve the system.
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Figure 1.41: Solving a system of equations

3
1.3.4 Solving Inequalities by Graphing: Consider the inequality 1- 2X > x—4. To solveit with your TI-81,

2

graph the two functions y=1-= and y= x—4 (Figure 1.42). First locate their point ofintersection, at x =

2. The inequality is true when the graph of y= 1-2 lies above the graph of y=x—-4, and that occurs for

x <2. So the solution is the half-line x <2, or (—o, 2].

 

 

 

 n=c ¥=-Z
 

3Figure 1.42: Solving 1-2 > x — 4
2

The TI-81 is capable of shading the region above or below a graph or between two graphs. For example, to

graph y > x? —1, first graph the function y = x* —1 as Y,. Then press 2nd DRAW 7 2nd Y-VARS 1 ALPHA,
10 ALPHA , 2 ) ENTER (see Figure 1.43). These keystrokes instruct the TI-81 to shade the region above
y=x?-1 and below y = 10 (chosen becausethis is the greatest y-value in the graph window) with shading

resolution value of 2. The result is shown in Figure 1.44.

To clear the shading, press 2nd DRAW 1 ENTER.
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3x
Now use shading to solve the previous inequality, 1-— > x —4. The function whose graph forms the lower

2
boundary is named first in the SHADE command (see Figure 1.45). To enterthis in your TI-81, press these
keys: 2nd DRAW 7 XIT - 4 ALPHA, 1 - 3 XIT + 2 ALPHA , 2) ENTER (Figure 1.46). The shading ex-

3
tends left from x = 2, hence the solution to 1— 2X > x —4 is the half-line x <2, or (—e, 2].

2
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Figure 1.43: DRAW Shade Figure 1.44: Graph of y > x* —1

Shade(x—4,1-3x-2 I
» 200 7

Pr
Figure 1.45: DRAW Shade command Figure 1.46: Graph of 3Xox_4

2

  

 

                  

More information about the DRAW menu is in the TI-81 manual.

14 Trigonometry

1.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the TI-81 is configured for whichever measure you need. Press

MODE to see the currentsettings. Press Ell twice and move downto the third line of the mode menu where

angle measure is selected. Then press Kor 0 to move between the displayed options. When the blinking

cursoris on the measure you want, press ENTER to select it. Then press 2nd QUIT to leave the mode menu.
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It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° MODE =a Ea [J ENTER
2nd QUIT SIN 45 ENTER 7071067812

sin’ SIN 2nd n ENTER .0548036651

sin 7 SIN 2nd n MODE £3 Ea
ENTER 2nd QUIT ENTER 0

sin 45 SIN 45 ENTER .8509035245

sin SIN (2nd nt +6) ENTER 5

The first line of keystrokes sets the TI-81 in degree mode and calculates the sine of 45 degrees. While the

calculatorisstill in degree mode, the second line of keystrokes calculates the sine of ® degrees, 3.1415°. The

third line changes to radian mode just before calculating the sine of ®t radians. The fourth line calculates the

sine of 45 radians (the calculatoris already in radian mode).

The TI-81 makes it possible to mix degrees and radians in a calculation. Execute these keystrokes to calculate

tan45° +sin% as shown in Figure 1.47: TAN 45 MATH 6 + SIN (2nd = + 6 ) MATH 7 ENTER. Do you

get 1.5 whether your calculatoris set either in degree mode or in radian mode?

 

an 45°%+s1nh (m~6

1.5
B

   
Figure 1.47: Angle measure

1.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-
sin 30x ful attention to the choice of graph window. For example, graph y = in the standard viewing rectan-

gle. Trace along the curve to see where it is. Zoom in to a better window, or use the period and amplitude to

establish better RANGE values.

Technology Tip: Since 1 = 3.1, set Xmin = 0 and Xmax = 6.3 to coverthe interval from 0 to 27.
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Next graph y=tanx in the standard window. The TI-81 plots consecutive points and then connects them

with a segment, so the graph is not exactly what you should expect. You may wish to change from Con-

nected line to Dot graph (see Section 1.2.3) when you plot the tangent function.

1.5 Scatter Plots

1.5.1 Entering Data: This table shows total prize money (in millions of dollars) awarded at the Indianapolis

500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989

Prize ($ million) $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

We'll now use the TI-81 to construct a scatter plot that represents these points and to find a linear model that

approximates the given data.

 

DATH
x1=1
gl=1.61
w2=2
dems. 07
MA=
g3lZ2. 410   
Figure 1.48: Entering data points

Before entering the data, press 2nd STAT fl 2 ENTERto clear away any previous data.

Note that you can select a sub-menu from the STAT menu by pressing either a or 0 It is a bit easier to

press Kk once than to press 0 twice to get to the DATA sub-menu.

Now press 2nd STAT fl 1 to prepare to input data from the table. Instead of entering the full year 198X,

enter only X. Here are the keystrokes for the first three years: 1 ENTER 1.61 ENTER 2 ENTER 2.07
ENTER 3 ENTER 2.41 ENTER and so on (see Figure 1.48). Continue to enter all the given data. Press 2nd
QUIT when you have finished.

You may edit statistical data in the same way you edit expressions in the home screen. Move the cursor to the

x or y value for any data point you wish to change, then type the correction. To insert or delete statistical data,

move the cursor over the = next to the x or y value for any data point you wish to add or delete. Press INS

and a new data pointis created; press DEL and the data point is deleted.
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1.5.2 Plotting Data: Once all the data points have been entered, press 2nd STAT [J 2 ENTER to draw a

scatter plot. Your viewing rectangle is important, so you may wish to change the RANGE first to improve the
view of the data. If you change the RANGE after drawing the scatter plot, you will have to create the plot

again by pressing 2nd STAT [J 2 ENTER once more. Figure 1.49 shows the scatter plot for the range in

Figure 1.50.

  

RANGE
wmin=H
amax=18
nwecl=1

        
SE Ymin=-1
: Ymax=6

— Yscl=1
ares=1

Figure 1.49: Scatter plot Figure 1.50: Range for scatter plot

1.5.3 Regression Line: The TI-81 calculates the slope and y-intercept for the line that best fits all the data.

After the data points have been entered, press 2nd STAT 2 ENTER to calculate a linear regression model.

As you see in Figure 1.51, the TI-81 names the y-intercept a and calls the slope b. The number r (between -1

and 1) is called the correlation coefficient and measures the goodness of fit of the linear regression equation

with the data. The closer Irl is to 1, the better the fit; the closer Irl is to 0, the worse the fit.

  

LinReg
a=.9322222222
b=.5113333333
r=.9949336523

goatter

 

     
  

Figure 1.51: Linear regression model Figure 1.52: Linear regression line

Graph the line y = a + bx by pressing Y=, inactivating any existing functions, moving to a free line or clearing

one, then pressing VARS [J [] 4 GRAPH. Redraw the scatter plot to see how wellthis line fits with your

data points (see Figure 1.52).

1.5.4 Exponential Growth Model: After data points have been entered, press 2nd STAT BH 4 ENTER to

calculate an exponential growth model y=a-b* for the data.
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1.6 Matrices

1.6.1 Making a Matrix: The TI-81 can display and use three different matrices, each with up to six rows and

 

1 4 3 5

up to six columns. Here’s how to create this 3x4 matrix |-1 3 —1 =3| in your calculator.

2 0 4 6

Press MATRX to see the matrix menu (Figure 1.53); then press [J to switch to the matrix EDIT menu (Figure

1.54). Whenever you enter the matrix EDIT menu, the cursorstarts at the top matrix. Move to another matrix

by repeatedly pressing Kal. For now, just press ENTER to edit matrix [A].

  

EDIT MATRIX 204)
oWSwWar. [A] *

: Row+ : [Bl] 2x3
ROC 3: [Cl] Bx6
Rot
det

h
N
p
A
C
A
d

      

Figure 1.53: MATRX menu Figure 1.54: Matrix EDIT menu

You may now change the dimensions of matrix [A] to 3x4 by pressing 3 ENTER 4 ENTER. Simply press
ENTER or an arrow key to accept an existing dimension. As you change the dimensions, a small black rec-
tangle appears at the top of the TI-81 screen, as in Figure 1.55. This rectangle represents the matrix and

showsits size and the element where the cursor is positioned.

 

[A] 3x4 *
1,1=1
2="44

o
h
[n

d
S
d

=
A

N
c

i
22 2=H
2: 30

Figure 1.55: Editing the 2nd row, 1st column element

   
Use EM and E@ to move the cursor to a matrix element you want to change, and watch the white mark move

in the black rectangle to show the cursor’s location within the matrix. At the bottom of the screen in Figure
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1.55, there is | instead of = to indicate that more elements are below, off the screen. Go to them by pressing

Ea as many times as necessary. The white mark in the black rectangle indicates that the cursor in Figure

1.55 is currently on the elementin the second row and first column. Continue to enter all the elements of ma-

trix [A].

Leave the matrix [A] editing screen by pressing 2nd QUIT and return to the home screen.

1.6.2 Matrix Math: From the home screen you can perform many calculations with matrices. First, let’s see

matrix [A] itself by pressing 2nd [A] ENTER (Figure 1.56).

  

A
-4 3

1 3 -1
a -4h

g

[
[ 2_1
[ -31
[ 6 1]
B

B
r
r
r

$
I
D
)
=

b
h
=

=
J

      
Figure 1.56: Matrix [A] Figure 1.57: Matrix [B]

Calculate the scalar multiplication 2[A] by pressing 2 2nd [A] ENTER. To replace matrix [B] by 2[A], press
2 2nd [A] STO» 2nd [B] ENTER, orif you do this immediately after calculating 2[A], press only STO»

2nd [B] ENTER (see Figure 1.57). Press MATRX B 2 to verify that the dimensions of matrix [B] have been

changed automatically to reflect this new value.

Add the two matrices [A] and [B] by pressing 2nd [A] + 2nd [B] ENTER. Subtraction is similar.

0

=5

of [C] by [A], press 2nd [C] x 2nd [A] ENTER.If you tried to multiply [A] by [C], your TI-81 would signal

an error because the dimensions of the two matrices do not permit multiplication this way.

2 3
Now set the dimensions of matrix [C] to 2x3 and enter this as [C]: § | For matrix multiplication

The transpose of a matrix [A] is another matrix with the rows and columns interchanged. The symbol for the

transpose of [A] is [A]". To calculate [A]", press 2nd [A] MATRX 6 ENTER.

1.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides more careful explanation of the elementary row operations and their uses.

To interchange the second and third rows of the matrix [A] that was defined above, press MATRX 1 2nd [A]

ALPHA , 2 ALPHA , 3 ) ENTER (see Figure 1.58). The format of this command is RowSwap(matrix,

row1, row2).
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To add row 2 and row 3 and store the results in row 3, press MATRX 2 2nd [A] ALPHA , 2 ALPHA , 3)

ENTER. The format of this command is Row+(matrix, row1, row2).

  

RowSwar( [Al 2:32 *Row+C -4, [Al:2:3

[1 43 31 1 4 3 3_1
2 BB 4 6_] “1 3 -1 -31]
13 -1 -3] 6 -12 8 18]

B
r
e
e

[
[
B

      

Figure 1.58: Swap rows 2 and 3 Figure 1.59: Add -4 times row 2 to row 3

To multiply row 2 by -4 and store the results in row 2, thereby replacing row 2 with new values, press

MATRX 3 (-) 4 ALPHA , 2nd [A] ALPHA , 2 ) ENTER. The format of this command is *Row(scalar,

matrix, row).

To multiply row 2 by -4 and add the results to row 3, thereby replacing row 3 with new values, press

MATRX 4 (-) 4 ALPHA , 2nd [A] ALPHA , 2 ALPHA , 3 ) ENTER (see Figure 1.59). The format of this

command is *Row+(scalar, matrix, row1, row2).

Technology Tip: 1t is important to remember that your TI-81 does not store a matrix obtained as the result of

any row operations. So when you need to perform several row operations in succession, it is a good idea to

store the result of each one in a temporary place. You may wish to use matrix [C] to hold such intermediate
results.

x—=2y+3z=9

For example, use elementary row operations to solve this system oflinear equations: -x+3y=-4.

2x-5y+5z=17

1 -2 3 9

First enter this augmented matrix as [A] in your TI-81: |-1 3 0 —4|. Next store this matrix in [C]

2 5 5 17

(press 2nd [A] STO» 2nd [C] ENTER) so you may keep the original in case you need to recallit.

Here are the row operations and their associated keystrokes. At each step, the result is stored in [C] and re-

places the previous matrix [C]. The solution is shown in Figure 1.60.
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Row Operation Keystrokes

Row+([C], 1, 2) MATRX 2 2nd [C] ALPHA, 1 ALPHA , 2)
STO» 2nd [C] ENTER

%Row+(-2, [C], 1,3) MATRX 4 (-) 2 ALPHA , 2nd [C] ALPHA , 1 ALPHA 3)
STO» 2nd [C] ENTER

Row+([C], 2, 3) MATRX 2 2nd [C] ALPHA , 2 ALPHA , 3)
STO» 2nd [C] ENTER

*Row(%, [C], 3) MATRX 3 1 + 2 ALPHA , 2nd [C] ALPHA , 3)
STO» 2nd [C] ENTER

 

[ B1 3 3]
[ BB 24]
Rpls2, [C],32>

[ 1 -2 3 9]
[ B81 3 3]
5 B88 1 2]   

Figure 1.60: Final matrix after row operations

Thusz=2,soy=-landx=1.

1 -2 3

1.6.4 Determinants and Inverses: Enter this 3x3 square matrix as [A]: |-1 3 0]. To calculate its de-

2 55

1 -2 3

terminant, |[-1 3 0], press MATRX 5 2nd [A] ENTER. You should find that |[A]| = 2, as shown in

2 55

Figure 1.59.

Since the determinant of matrix [A] is not zero, it has an inverse, [A]. Press 2nd [A] x'' ENTER to calculate

the inverse of matrix [A], also shown in Figure 1.61.

x—-2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Once more, consider -x+3y=-4.

2x-5y+5z=17

1-26 TI-81 Graphics Calculator



  

      

Figure 1.61: |[A]|and [A] Figure 1.62: Solution matrix

1 2 3

The coefficient matrix for this system is the matrix [—1 3 0] that was entered in the previous example. If

2 55

9

necessary, enterit again as [A] in your TI-81. Enter the matrix —4 as [B]. Then press 2nd [A] x! x 2nd [B]

17

ENTERto calculate the solution matrix (Figure 1.62). The solutions are still x=1, y=-1, and z = 2.

1.7 Sequences

1.7.1 Iteration with the ANSKey: The ANS feature permits you to perform iteration, the process of evaluat-

ing a function repeatedly. As an example, calculate rt for n=27. Then calculate rt for n = the answer

to the previous calculation. Continue to use each answer as n in the next calculation. Here are keystrokes to

accomplish this iteration on the TI-81 calculator (see the results in Figure 1.63). Notice that when you use

ANS in place of n in a formula,it is sufficient to press ENTER to continue an iteration.

Iteration Keystrokes Display

1 27 ENTER 27

2 (ANS -1) +3 ENTER 8.666666667

3 ENTER 2.555555556

4 ENTER 5185185185

5 ENTER -.1604938272

Press ENTER several more times and see what happens with this iteration. You may wish to try it again with

a differentstarting value.
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27

(Ans-1)
=
2

   
Figure 1.63: Iteration

1.7.2 Arithmetic and Geometric Sequences: Use iteration with the ANS variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Enter the first term 7, then start the progression with the recursion formula, ANS +
4 ENTER. This yields the 2nd term, so press ENTER sixteen more times to find the 18th term. For a geo-
metric sequence whose commonratio is 4, start the progression with ANS x 4 ENTER.

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence,

t =a+(n-1)d. First enter values for the variables a, d, and n, then evaluate the formula by pressing

ALPHA A + ( ALPHA N - 1) ALPHA D ENTER. For a geometric sequence whose n-th term is given by

t =a-r"", enter values for the variables a, r, and n, then evaluate the formula by pressing ALPHA A

ALPHA RA ( ALPHA N - 1) ENTER.

1.8 Parametric and Polar Graphs

1.8.1 Graphing Parametric Equations: The TI-81 plots parametric equations as easily as it plots functions.

Just use the MODE menu (Figure 1.1), go to the fourth line from the top, and change the setting from Func-
tion to Param. Be sure, if the independent parameter is an angle measure, that MODE is set to whichever
you need, Rad or Deg.

For example, here are the keystrokes needed to graph the parametric equations x = cos’ t and y= sin’ ¢. First

check that angles are currently being measured in radians. Change to parametric mode and press Y= to exam-

ine the new parametric equation menu (Figure 1.64). Enter the two parametric equations by pressing ( COS
XIT) A 3 ENTER ( SIN xIT ) A 3 ENTER. Now, when you press the variable key XIT, you get a T because
the calculator is in parametric mode.
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Bicos T>"3 EANGE
Bisin T2311 Tmin=A
= Tmax=6.283185387
= Tster=. 184719735
= Amin=-2
= Amax=2z

Ascl=1
Ymind -2

Figure 1.64: Parametric Y= menu Figure 1.65: Parametric RANGE menu

      

Also look at the new RANGE menu (Figure 1.65). In the standard window, the values of T go from 0 to 2x

in steps of % =.1047, with the view from -10 to 10 in both directions. But here the viewing rectangle has

been changed to extend from -2 to 2 in both directions. Press GRAPH to see the parametric graph (Figure
1.66).

You may ZOOM and TRACE along parametric graphs just as you did with function graphs. As you trace
along this graph, notice that the cursor moves in the counterclockwise direction as T increases.

 

 

   
Figure 1.66: Parametric graph of x = cos’ t and y= sin’ 1

1.8.2 Rectangular-Polar Coordinate Conversion: The MATH menu (Figure 1.5) provides functions for
converting between rectangular and polar coordinate systems. These functions use the current MODE set-

tings, so it is a good idea to check the default angle measure before any conversion. Of course, you may use

the MATH menu to override the current angle measure setting, as explained in Section 1.4.1. For the follow-
ing examples, the TI-81 is set to radian measure.

Given rectangular coordinates (x, y)=(4,-3), convert from these rectangular coordinates to polar coordi-

nates (r, 0) by pressing MATH 1 4 ALPHA , (-) 3) ENTER. The value ofr is displayed; press ALPHA 6

ENTER to display the value of 6.
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Suppose (r,0)=(3, 7). To convert from these polar coordinates fo rectangular coordinates (x,y), press

MATH 2 3 ALPHA , 2nd © ) ENTER. The x-coordinate is displayed; press ALPHA Y ENTER to display

the y-coordinate.

 

RrPCd, -32
2

=. 64350118288
PHRC3, MD ~
Yl   
Figure 1.67: Coordinate conversions

1.8.3 Graphing Polar Equations: The TI-81 graphs a polar function when you write it in parametric form.

For example, to graph r = 4sin 6, enter the parametric equations x = (4sint)cost and y =(4sint)sint. While

you are changing MODE to parametric, also change the last MODE menu item to Polar (see below for the
reason). Choose a good viewing rectangle and an appropriate range for the parameter ¢. In Figure 1.68, the

graphing window is square and extends from -6 to 6 horizontally and from -4 to 4 vertically.

Figure 1.68 shows rectangular coordinates of the cursor’s location on the graph. When you change MODE to
Polar, you are able to trace along a parametric curve and see the polar coordinates of the cursor’s location.

 

 

   v=z .51803Y
 

Figure 1.68: Polar graph of r =4sin 0

1.9 Probability

1.9.1 Random Numbers: The command Rand generates a number between 0 and 1. You will find this

command in the PRB (probability) sub-menu of the MATH menu. Press MATH fl 1 ENTER to generate a
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random number. Press EM ENTER to generate another number; keep pressing EM ENTER to generate more

of them.

If you need a random number between, say, 0 and 10, then press 10 MATH Bl 1 ENTER. To get a random

number between 5 and 15, press 5 + 10 MATH fl 1 ENTER.

Note that you can select a sub-menu from the MATH menu by pressing either kd or 0 It is easier to press k

once than to press [J three times to get to the PRB sub-menu.

1.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, ,,P,, press 12 MATH fl 2 7 ENTER. Then ,P, = 3,991,680, as shown in Figure 1.69.

For the number of combinations of 12 objects taken 7 at a time, ,C,, press 12 MATH Bl 3 7 ENTER. So

C,=1792.12™~7

 

12 nPr 7
2991688

12 nCr
FIL

i

   
Figure 1.69: ,P, and ,,C,

1.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player

wins the top prize. There are ,,C, ways for the six numbers to be drawn. If you purchase a single lottery

ticket, your probability of winning is 1 in 4,C,. Press 1 + 40 MATH fl 3 6 ENTER to calculate your

chances, but don’t be disappointed.

1.10 Programming

1.10.1 Entering a Program: The TI-81 is a programmable calculator that can store sequences of commands

for later replay. Here’s an example to show you how to enter a useful program that solves quadratic equations

by the quadratic formula.

Press PRGM to access the programming menu. The TI-81 has space for up to 37 programs, each named by a

numberor letter. If a program area is empty, there will be nothing to the right ofits name in the PRGM win-

dow. You may ERASE a program area to make one clear by pressing [§ [§ and then the number orletter of
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the program. When you see a clear program area, press 0 or a as many times as necessary to move the cur-

sor to EDIT; then press the key corresponding to its numberor letter. For example,to edit program 5, press 5;

to edit program B, press ALPHA B.

For convenience, the cursor is now a blinking A, indicating that the calculator is set to receive alphabetic

characters. Enter a descriptive title of up to eight characters, letters or numerals, and end by pressing

ENTER. Let’s call this program QUADRAT.

In the program, each line begins with a colon : supplied automatically by the calculator. Any command you

could enter directly in the TI-81’s home screen can be entered as a line in a program. There are also special

programming commands.

Enter the program QUADRAT by pressing the keystrokes given in the listing below.

Program Line Keystrokes

: Disp “ENTER A” PRGM fl 1 2nd A-LOCK"ENTER . A" ENTER

displays the words Enter A on the TI-81 screen

: Input A PRGM [§ 2 ALPHA A ENTER

waits for you to input a value that will be assigned to the variable A

: Disp “ENTER B” PRGM [I 1 2nd A-LOCK"ENTER . B "ENTER

: Input B PRGM [I 2 ALPHA B ENTER

: Disp “ENTER C” PRGM ll 1 2nd A-LOCK"ENTER . C "ENTER

: Input C PRGM [ 2 ALPHA C ENTER

: B>4AC —» D ALPHA B x? - 4 ALPHA A ALPHA C STO» D ENTER

calculates the discriminant and stores its value as D

: If D<O PRGM 3 ALPHA D 2nd TEST 5 0 ENTER

tests to see if the discriminant is negative

: Goto 1 PRGM 2 1 ENTER

in case the discriminant is negative, jumpsto the line Lbl 1 below;
if the discriminant is not negative, continues on to the next line

: If D=0 PRGM 3 ALPHA D 2nd TEST 5 0 ENTER

tests to see if the discriminant is zero
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: Goto 2 PRGM 2 1 ENTER

in case the discriminant is zero, jumps to the line Lbl 2 below;

if the discriminant is not zero, continues on to the next line

: Disp “TWO REAL PRGM [§ 1 2nd A-LOCK"TWO . REAL . ROOTS"

 

ROOTS” ENTER

: (-B+VD)/(2A) > M ((-) ALPHA B + 2nd VALPHAD) + (2 ALPHA A) STO» M
ENTER

calculates one root and stores it as M

: Disp M PRGM O 1 ALPHA M ENTER

displays one root

. (-B-VD)/(2A) > N  (()ALPHAB-2ndV ALPHA D) + (2 ALPHA A) STO» N
ENTER

: Disp N PRGM [J 1 ALPHA N ENTER

: End PRGM 7 ENTER

stops program execution

:Lbl 1 PRGM 1 1 ENTER

jumping point for the Goto command above

: Disp “COMPLEX PRGM [I 1 2nd A-LOCK"COMPLEX . ROOTS"

ROOTS” ENTER

displays a message in case the roots are complex numbers

: Disp “REAL PART” PRGM [1 12nd A-LOCK"REAL . PART"ENTER

:-B/(2A) -> R (-) ALPHA B + (2 ALPHA A) STO» R ENTER

calculates the real part = of the complex roots
2a

: Disp R PRGM [J 1 ALPHA R ENTER

: Disp “IMAGINARY PRGM [12nd A-LOCK"IMAGINARY . PART"

PART” ENTER
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:N-D/(2A) — | 2nd V (-) ALPHA D + (2 ALPHA A) STO» | ENTER

 calculates the imaginary part of the complex roots;

since D < 0, we must use -D as the radicand

: Disp | PRGM [§ 1 ALPHA | ENTER

: End PRGM 7 ENTER

:Lbl 2 PRGM 1 2 ENTER

: Disp “DOUBLE PRGM [§ 1 2nd A-LOCK"DOUBLE . ROO T"ENTER

ROOT”

displays a message in case there is a double root

:-B/(2A) > M (-) ALPHA B + (2 ALPHA A) STO» M ENTER

the quadratic formula reduces to = when D =0
a

: Disp M PRGM [§ 1 ALPHA M ENTER

: End PRGM 7

When you have finished, press 2nd QUIT to leave the program editor.

1.10.2 Executing a Program: To execute the program just entered, press PRGM and then the number or
letter that it was named. If you have forgotten its name, use the arrow keys to move through the program

listing to find its description QUADRAT. Then press ENTER to select this program and ENTER again to
execute it.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax’ +bx +c =0. Input a value, then press ENTER to continue the program.

If you need to interrupt a program during execution, press ON.

The instruction manual for your TI-81 gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.
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1.11 Differentiation

sin 4x . Plot the graph of f(x) = Sin 4x  

 

1.11.1 Limits: Suppose you need to find this limit: lim in a conven-
x0 Xx

ient viewing rectangle (Figure 1.70) that contains the point where the function appears to intersect the
line x = 0 (because you want the limit as x — 0). Your graph should support the conclusion that

sin4x
 lim =4.

x—0 xX

, -1 . -
To test the reasonableness of the conclusion that lim =2, evaluate the function f(x)= 2x1

xo x +1 x+1
several large positive values of x (since you want the limit as x — ©). For example, evaluate f{100),

(1000), and £{10,000). Another way to test the reasonableness of this result is to examine the graph of

f(x)=

viewing rectangle extends horizontally from —-20 to 100), whether the graph is asymptotic to the horizontal

7

(

for 
 

in a viewing rectangle that extends over large values of x. See, as in Figure 1.71 (where the 

2x-1

x

 line y = 2 (enter for Y, and 2 for Y,).
x+1

  

        

  sindx _ 4 Figure 1.71: Checking lim 2x |
xX x0 x +1

Figure 1.70: Checking Lim =2
x—>

1.11.2 Numerical Derivatives: The derivative of a functionfat x can be defined as the limit of the slopes of

J+A) - f(x - Ax)
ye . And for small values of Ax, the expression secant lines, so f'(x)= lim

Ax—0

JS(x+Ax)— f(x — Ax)ye gives a good approximation to the limit. 

Graphing Technology Guide 1-35



 

2. 3FA
2a

HDeriv(x"™3. .881)>

18. 720881

   
Figure 1.72: Using NDeriv(

The TI-81 has a function, NDeriv( in the MATH menu to calculate the symmetric difference,

f(x +Ax)- f(x — Ax)
2Ax

0.001, first save 2.5 for x, then press MATH 8 X|T A 3 ALPHA , .001 ) ENTER as shown in Figure 1.72.

. So, to find a numerical approximation to f'(2.5) when f(x)=x’ and with Ax = 

Technology Tip: 1t is sometimes helpful to plot both a function and its derivative together. In Figure 1.74,

the function f(x) = > —2
x“ +1
 and its numerical derivative (actually, an approximation to the derivative given by

the symmetric difference) are graphed. You can duplicate this graph by first entering th=
x“ +

entering its numerical derivative for Y, by pressing MATH 8 2nd Y-VARS 1 ALPHA, .001 ) as you see in
Figure 1.73.

 for Y, and then
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Figure 1.73: Entering f(x) and f'(x) Figure 1.74: Graphs of f(x) and f'(x)

Technology Tip: To approximate the second derivative f"(x) of a function y = f(x) or to plot the second

derivative, first enter the expression for Y, and its derivative for Y, as above. Then enter the second derivative

for Y; by pressing MATH 8 2nd Y-VARS 1 2, X,T,0, X,T.0).
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1.11.3 Newton’s Method: With your TI-81, you may iterate using Newton’s method to find the zeros of a

function. Recall that Newton’s Method determines each successive approximation by the formula

Xntl = Xp — /(5) :
S'(x,)

 

As an example of the technique, consider f(x)=2x>+x?—x+1. Enter this function as Y,. A look at its

graph suggests that it has a zero near x = —1, so start the iteration by going to the home screen and storing —1

as x (see figure 1.75). Then press these keystrokes: X|T — 2nd Y-VARS 1 + MATH 8 2nd Y-VARS 1 ALPHA ,

.001) STO# X|T. Press ENTERrepeatedly until two successive approximations differ by less than some pre-

determined value, say 0.0001. Note that each time you press ENTER, the TI-81 will use its current value of x,
and that value is changing as you continue the iteration.

 

“1% ]
w=Y1sHDeriuiy'i..
HAL )+x

-1.333333111
-1.243386229
-1.233855281  
 

Figure 1.75: Newton’s method

Technology Tip: Newton’s Method is sensitive to your seed value for x, so look carefully at the function’s

graph to make a good first estimate. Also, remember that the method sometimes fails to converge!

You may want to save the Newton’s Method formula as a short program. See your calculator’s manual for

further information on programming the TI-81.

1.12 Integration

It is not possible to integrate using the TI-81 without writing a program.
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exas Instruments TI-82
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2.1 Getting started with the TI-82

2.1.1 Basics: Press the ON key to begin using your TI-82 calculator. If you need to adjust the display con-

trast, first press 2nd, then press and hold EM (the up arrow key) to increase the contrast or E& (the down

arrow key) to decrease the contrast. As you press and hold EM or Ea, an integer between 0 (lightest) and 9

(darkest) appears in the upper right corner of the display. When you have finished with the calculator,turn it

off to conserve battery power by pressing 2nd and then OFF.

Check the TI-82’s settings by pressing MODE. If necessary, use the arrow keys to move the blinking cursor

to a setting you want to change. Press ENTER to select a new setting. To start with, select the options along
the left side of the MODE menu as illustrated in Figure 2.1: normal display, floating decimals, radian meas-
ure, function graphs, connected lines, sequential plotting, and full screen display. Details on alternative op-

tions will be given later in this guide. For now, leave the MODE menu by pressing CLEAR.

  

   IRIE Sci Eng 14+2+3+4+5+6+7+8+
id 01234567389 9+16+11+12+13+14

Degree FAo16H1+15+15+

ot 218
Lr] 12+34+36

     

 

Figure 2.1: MODE menu Figure 2.2: Home screen

2.1.2 Editing: One advantage of the TI-82 is that up to 8 lines are visible at one time, so you can see a long

calculation. For example, type this sum (see Figure 2.2):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press ENTER to see the answer,too.

Often we do not notice a mistake until we see how unreasonable an answer is. The TI-82 permits you to re-

display an entire calculation, editit easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 2.2 but had not yet pressed ENTER, when you realize that

34 should have been 74. Simply press fl (the left arrow key) as many times as necessary to move the blink-

ing cursorleft to 3, then type 7 to write overit. On the other hand, if 34 should have been 384, move the cur-

sor back to 4, press 2nd INS (the cursor changes to a blinking underline) and then type 8 (inserts at the cur-

sor position and other characters are pushed to the right). If the 34 should have been 3 only, move the cursor

to 4 and press DEL to deleteit.
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Even if you had pressed ENTER, you maystill edit the previous expression. Press 2nd and then ENTRY to
recall the last expression that was entered. Now you can change it. In fact, the TI-82 retains many prior en-

tries in a “last entry” storage area. Press 2nd ENTRYrepeatedly until the previous line you want replaces the
currentline.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account
if there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

the balance is P(1+2)", where P = principal, r = rate of interest (expressed as a decimal), n = number of

times interest is compounded each year, and t+ = number of years. In our example, this becomes

5000(1+.085)". Here are the keystrokes for finding the balance after t = 3, 5, and 10 years.

Years Keystrokes Balance

3 5000 (1 +.085)~3 ENTER $6386.45

5 2nd ENTRY fl 5 ENTER $7518.28

10 2nd ENTRY fl 10 ENTER $11,304.92

 

   
Figure 2.3: Editing expressions

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press these keys to change the last calculation above: 2nd ENTRY I DEL Ss OB RQ 7

ENTER.

2.1.3 Key Functions: Most keys on the TI-82 offer access to more than one function, just as the keys on a

computer keyboard can produce more than one letter (“g” and “G”) or even quite different characters (“5”

and “%”). The primary function of a key is indicated on the key itself, and you access that function by a

simple press on the key.

To access the second function indicated to the left above a key, first press 2nd (the cursor changes to a

blinking 1) and then press the key. For example,to calculate +25, press 2nd v~ 25 ENTER.
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When you want to use a letter or other character printed to the right above a key, first press ALPHA (the cur-
sor changes to a blinking A) and then the key. For example,to use the letter K in a formula, press ALPHA K.
If you need severalletters in a row, press 2nd A-LOCK, which is like CAPs Lock on a computer keyboard,
and then press all the letters you want. Remember to press ALPHA when you are finished and wantto restore
the keys to their primary functions.

2.1.4 Order of Operations: The TI-82 performs calculations according to the standard algebraic rules.

Working outwards from inner parentheses, calculations are performed from left to right. Powers and roots are

evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Note that the TI-82 distinguishes between subtraction and the negative sign. If you wish to enter a negative

number,it is necessary to use the (-) key. For example, you would evaluate —5—(4-—3) by pressing (-) 5 — ( 4

x (-) 3) ENTER to get 7.

Enter these expressions to practice using your TI-82.

Expression Keystrokes Display

7-5-3 7-5x3 ENTER -8

(7-5)-3 (7-5)x3ENTER 6

20-10? 120 - 10 x2 ENTER 20

(120-10)? (120-10) x2 ENTER 12100

= 24 + 23 ENTER 3

24
> (24 +2)~A3 ENTER 1728

(7--5)--3 (7-(-)5) x (-)3ENTER -36

N(N +1
2.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as mh after

you have entered a value for N. Suppose you want N = 200. Press 200 STO» ALPHA N ENTERto store

the value 200 in memory location N. Whenever you use N in an expression, the calculator will substitute the

. N(N+1
value 200 until you make a change by storing another number in N. Next enter the expression mel by

typing ALPHA N (ALPHA N + 1) + 2 ENTER. For N = 200, you will find that RA=20100.

The contents of any memory location may be revealed by typing just its letter name and then ENTER. And

the TI-82 retains memorized values even when it is turned off, so long as its batteries are good.
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2.1.6 Repeated Operations with ANS: The result of your last calculation is always stored in memory loca-

tion ANS and replaces any previous result. This makes it easy to use the answer from one computation in

another computation. For example, press 30 + 15 ENTER so that 45 is the last result displayed. Then press
2nd ANS + 9 ENTERand get 5 because 4 =5.

With a function like division, you press the + key after you enter an argument. For such functions, whenever

you would start a new calculation with the previous answer followed by pressing the function key, you may

press just the function key. So instead of 2nd ANS + 9 in the previous example, you could have pressed

simply + 9 to achieve the same result. This technique also works for these functions: + — x x2 A x1.

Here is a situation where thisis especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (results are shown in Figure 2.4):

Pay period Keystrokes Earnings

8-hour day 5.85 x 8 ENTER $46.80

5-day week x 5 ENTER $234

52-week year x 52 ENTER $12,168

 

2. 80%8

Ans#*5

Ans*52

B

46.8

234

12168

   
Figure 2.4: ANS variable

2.1.7 The MATHMenu: Operators and functions associated with a scientific calculator are available either
immediately from the keys of the TI-82 or by 2nd keys. You have direct key access to common arithmetic

operations (x2, 2nd v , x', A, 2nd ABS), trigonometric functions (SIN, COS, TAN) and their inverses (2nd

SIN, 2nd COS, 2nd TAN:1), exponential and logarithmic functions (LOG, 2nd 10%, LN, 2nd €*), and a

famous constant (2nd Tt).

A significant difference between the TI-82 and many scientific calculators is that the TI-82 requires the ar-

gument of a function after the function, as you would see a formula written in your textbook. For example,

on the TI-82 you calculate y16 by pressing the keys 2nd ¥ 16 in that order.

Here are keystrokes for basic mathematical operations. Try them for practice on your TI-82.
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Expression Keystrokes Display

+4? ond v (3x2 +4 x2) ENTER 5

21 2 + 3x1 ENTER 2.333333333

|-5| 2nd ABS (-) 5 ENTER 5

log 200 LOG 200 ENTER 2.301029996

234-10° 2.34 x 2nd 105 ENTER 234000

Additional mathematical operations and functions are available from the MATH menu (Figure 2.5). Press

MATH to see the various options. You will learn in your mathematics textbook how to apply many of them.

Asan example, calculate 3/7 by pressing MATH and then either 4 or E28 Ea Ea ENTER;finally press 7

ENTER to see 1.912931183. To leave the MATH menu and take no other action, press 2nd QUIT or just

CLEAR.

 

a NUM HYF PRB
rac

   
Figure 2.5: MATH menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbol for factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1-2-3-4 = 24. You will learn

more about applications of factorials in your textbook, but for now use the TI-82 to calculate 4! The factorial

command is located in the MATH menu’s PRB sub-menu. To compute 4!, press these keystrokes: 4 MATH

Bl 4ENTER or 4 MATH fl =a =a Ea ENTER ENTER.

Note that you can select a sub-menu from the MATH menu by pressing either fl or [J. It is easier to press gd

once than to press [J three times to get to the PRB sub-menu.

2.2 Functions and Graphs

2.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = yoursales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x.
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If your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s how to use your TI-82 to perform this task. Press the Y= key at the top of the calculator to display the

function editing screen (Figure 2.6). You may enter as many as ten different functions for the TI-82 to use at

one time. If there is already a function Y,, press IZM or Kall as many times as necessary to move the cursor to

Y, and then press CLEAR to delete whatever was there. Then enter the expression 1975 + .10x by pressing

these keys: 1975 + .10 X,T,6. (The X,T,0 key lets you enter the variable X easily without having to use the

ALPHA key.) Now press 2nd QUIT to return to the main calculations screen.

  

Y181975+. 18x01 2238+x1Y4
Ve= 2198
Vi= 1865+X: YY
Yy= 2161.5
Ye= BH

    
  

Figure 2.6: Y= screen Figure 2.7: Evaluating a function

Assign the value 2230 to the variable x by these keystrokes (see Figure 2.7): 2230 STO» X,T,0. Then press

2nd : to allow another expression to be entered on the same command line. Next press the following key-

strokes to evaluate Y, and find January’s wages: 2nd Y-VARS 1 1 ENTER.

 

Vi C2238)

¥Y1018683)
2198

161.5

  
 

Figure 2.8: Function notation

It is not necessary to repeatall these steps to find the February wages. Simply press 2nd ENTRYto recall the
entire previous line and change 2230 to 1865. Each time the TI-82 evaluates the function Y,, it uses the cur-

rent value of x.
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Like your textbook, the TI-82 uses standard function notation. So to evaluate Y,(2230) when Y,(x) = 1975 +

10x, press 2nd Y-VARS 1 1 ( 2230 ) ENTER (see Figure 2.8). Then to evaluate Y,(1865), press 2nd
ENTRYto recall the last line and change 2230 to 1865.

You may also have the TI-82 make a table of values for the function. Press 2nd TblISet to set up the table
(Figure 2.9). Move the blinking cursor onto Ask beside Indpnt:, then press ENTER. This configuration
permits you to input values for x one at a time. Now press 2nd TABLE, enter 2230 in the x column, and press
ENTER (see Figure 2.10). Continue to enter additional values for x and the calculator automatically com-
pletes the table with corresponding values of Y,. Press 2nd QUIT to leave the TABLE screen.

  

TABLE SETUP 2 Ek
ThINMin=0
ATb1=5 ihe 5igis

Indernt.: Auto l=
Derend: IH=

 

       Y1E1975+. 18X
Figure 2.9: TbISet screen Figure 2.10: Table of values

  

For a table containing values for x = 1, 2, 3, 4, 5, and so on, set TbIMin = 1 to start at x = 1, ATbl = 1 to in-

crementin steps of 1, and both Indpnt and Depend to Auto.

Technology Tip: The TI-82 does not require multiplication to be expressed between variables, so xxx means

x’. It is often easier to press two or three x’s together than to search for the square key or the cube operation.

Of course, expressed multiplication is also not required between a constant and a variable. Hence to enter

2x” +3x> —4x+5 in the TI-82, you might save keystrokes and press just these keys: 2 X,T,0 X,T,0 X,T,0 + 3

XT,0XT0-4XT0 +5.

2.2.2 Functions in a Graph Window: Once you have entered a function in the Y= screen of the TI-82, just
press GRAPH to see its graph. The ability to draw a graph contributes substantially to our ability to solve

problems.

For example, here is how to graph y= —x'+4x. First press Y= and delete anything that may be there by

moving with the arrow keys to Y, or to any of the other lines and pressing CLEAR wherever necessary.

Then, with the cursor on the top line Y,, press (-) X,T,0 MATH 3 + 4 X,T,0 to enter the function (as in Figure

2.11). Now press GRAPH and the TI-82 changes to a window with the graph of y =—x" + 4x.

While the TI-82 is calculating coordinates for a plot, it displays a busy indicator at the top right of the graph

window.
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Technology Tip: If you would like to see a function in the Y= menu and its graph in a graph window, both at

the same time, open the MODE menu, move the cursor down to the last line, and select Split screen. Your

TI-82’s screen is now divided horizontally (see Figure 2.11), with an upper graph window and a lower win-

dow that can display the home screen or an editing screen. The split screen is also useful when you need to

do some calculations as you trace along a graph. For now,restore the TI-82 to FullScreen.

Your graph window may look like the one in Figure 2.12 or it may be different. Since the graph of

y=-x"+4x extends infinitely far left and right and also infinitely far up and down, the TI-82 can display

only a piece of the actual graph. This displayed rectangular part is called a viewing rectangle. You can easily

change the viewing rectangle to enhance your investigation of a graph.

ed
TE -XF+d
Ye=
Yzi=
Yy=

Figure 2.11: Split screen: Y= below Figure 2.12: Graph of y = x’ +4x

 
 

  

     

 

The viewing rectangle in Figure 2.12 showsthe part of the graph that extends horizontally from -10 to 10 and

vertically from -10 to 10. Press WINDOW to see information about your viewing rectangle. Figure 2.13
shows the WINDOW screen that corresponds to the viewing rectangle in Figure 2.12. This is the standard
viewing rectangle for the TI-82.

Apyziamen FORMAT
min=-16

amax=1a
Ascl=1
Ymin=-18
Ymax=16
Yscl=1

 

   
Figure 2.13: Standard WINDOW

The variables Xmin and Xmax are the minimum and maximum x-values of the viewing rectangle; Ymin and
Ymax are its minimum and maximum y-values.

Xscl and Yscl set the spacing between tick marks on the axes.
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Use the arrow keys EM and E@ to move up and down from one line to another in this list; pressing the

ENTER key will move down the list. Press CLEAR to delete the current value and then enter a new value.
You may also edit the entry as you would edit an expression. Remember that a minimum must be less than

the corresponding maximum or the TI-82 will issue an error message. Also, remember to use the (-) key, not

— (which is subtraction), when you want to enter a negative value. Figures 2.12-13, 2.14-15, and 2.16-17

show different WINDOW screens and the corresponding viewing rectangle for each one.

  

FORMAT
mih=-15.161

amax=15.1612
nscl=1
Ymin=-18
Ymax=18a
Yacl=1

29...
98...

     

 

Figure 2.14: Square window Figure 2.15: Graph of y = —x+4x

To set the range quickly to standard values (see Figure 2.13), press ZOOM 6. To set the viewing rectangle

quickly to a square (Figure 2.14), press ZOOM 5. More information about square windowsis presented later

in Section 2.2.4.

  

FORMAT
Mmin=-3

xmax=3 |
®acl=1 : CBN
Ymin=-18
Ymax=18
Yacl=1      

 

Figure 2.16: Custom window Figure 2.17: Graph of y = —x’+4x

Sometimes you may wish to display grid points corresponding to tick marks on the axes. This and other

graph format options may be changed by pressing WINDOW [§ to display the FORMAT menu (Figure

2.18). Use arrow keys to move the blinking cursor to GridOn; press ENTER and then GRAPH to redraw the
graph. Figure 2.19 shows the same graph as in Figure 2.17 but with the grid turned on. In general, you’ll

wantthe grid turned off, so do that now by pressing WINDOW [§, use the arrow keys to move the blinking

cursor to GridOff, and press ENTER and CLEAR.
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CoordOff
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Figure 2.18: WINDOW FORMAT menu Figure 2.19: Grid turned on for y = x’ +4x

2.2.3 Piecewise-Defined Functions: The greatest integer function, written [[x]], gives the greatest integer

less than or equal to a number x. On the TI-82, the greatest integer function is called Int and is located under

the NUM sub-menu of the MATH menu (see Figure 2.5). So calculate [[6.78]] = 6 by pressing MATH g 4

6.78 ENTER.

To graph y = [[x]], go in the Y= menu, move beside Y, and press CLEAR MATH B 4 x1,0 GRAPH. Figure

2.20 showsthis graph in a viewing rectangle from -5 to 5 in both directions.

  

 

  

        

Figure 2.20: Connected graph of y = [[x]] Figure 2.21: Dot graph of y = [[x]]

The true graph of the greatest integer function is a step graph, like the one in Figure 2.21. For the graph of y

= [[x]], a segment should not be drawn between every pair of successive points. You can change from Con-

nected line to Dot graph on the TI-82 by opening the MODE menu. Move the cursor down to the fifth line;
select whichever graph type you require; press ENTER to putit into effect and GRAPH to see the result.

You should also change to Dot graph when plotting a piecewise-defined function. For example, to plot the

x’+1, x<0 2
graph of f(x)= , enter the expression (x +1)(x <0)+(x-1)(x 20) somewhere in your Y=

x—=1, x20
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list by pressing ( XT,0x2+ 1) (XT7,02nd TEST 50) + ( X1,06—-1) ( XT1,0 2nd TEST 4 0 ). Then change

the mode to Dot graph and press GRAPH.

2.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions, but that can be “split”

into a top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle whose equation

is x? +y* = 36. First solve for y and get an equation for the top semicircle, y =+v/36—x?, and for the bottom

semicircle, y =—+/36— x? . Then graph the two semicircles simultaneously.

 

The keystrokes to draw this circle’s graph follow. Enter v/36—x? as Y, and —v/36—x* as Y, (see Figure

2.22) by pressing Y= CLEAR 2nd Vv (36 - X,T,0 x2 ) ENTER CLEAR (-) 2nd v ( 36 - X,T,0 x2 ). Then
press GRAPH to draw them both.

  

VIET (36-HZ)
Y2B-fT36-X2)

Nl     p
p

~
m
n
I

 

 

Figure 2.22: Two semicircles Figure 2.23: Circle’s graph - standard view

If your range were set to the standard viewing rectangle, your graph would look like Figure 2.23. Now this
does not look like a circle, because the units along the axes are not the same. This is where the square view-

ing rectangle is important. Press ZOOM 5 and see a graph that appears more circular.

Spyaien FORMAT
minh=-12

wmax=12 ZEN
Ascl=1_ |iSRFU
Ymin="-8
Ymax=3 I
Yscl=1

Figure 2.24; ytial — 16 2 Figure 2.25: A “square”circle

  

      

 

 In

Technology Tip: Another way to get a square graph is to change the range variables so that the value of
Ymax - Ymin is approximately 4 times Xmax - Xmin. For example, see the WINDOW in Figure 2.24 and
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the corresponding graph in Figure 2.25. The method works because the dimensions of the TI-82’s display are

such that the ratio of vertical to horizontal is approximately %.

The two semicircles in Figure 2.25 do not meet because of an idiosyncrasy in the way the TI-82 plots a

graph.

Back when you entered v36—x* as Y, and —y36—x? as Y,, you could have entered -Y, as Y, and saved

some keystrokes. Try this by going back to the Y= menu and pressing the arrow key to move the cursor down

to Y,. Then press CLEAR (-) 2nd Y-VARS 1 1. The graph should be justas it was before.

2.2.5 TRACE: Graph y=—-x"+4x in the standard viewing rectangle. Press any of the arrow keys EM Ed

k 0 and see the cursor move from the center of the viewing rectangle. The coordinates of the cursor’s loca-

tion are displayed at the bottom of the screen, as in Figure 2.26, in floating decimal format. This cursor is

called afree-moving cursor because it can move from dot to dot anywhere in the graph window.

 

  f="4.893617 IY=E.B064E16

Figure 2.26: Free-moving cursor

 

Remove the free-moving cursor and its coordinates from the window by pressing GRAPH, CLEAR, or
ENTER. Press an arrow key again and the free-moving cursor will reappear at the same point you left it.

 

 

  A=-2.340426 IY=34581932
 

Figure 2.27: Trace on y = —x' +4x
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Press TRACEto enable the left f] and right [§ arrow keys to move the cursor along the function. The cursor

is no longer free-moving, but is now constrained to the function. The coordinates that are displayed belong to

points on the function’s graph, so the y-coordinate is the calculated value of the function at the corresponding

x-coordinate.

Now plot a second function, y = —.25x, along with y =—x" +4x. Press Y= and enter —.25x for Y,, then press

GRAPH.
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Figure 2.28: Two functions Figure 2.29: y= —x’+4x and y=-.25x

Note in Figure 2.28 that the equal signs next to Y, and Y, are both highlighted. This means both functions

will be graphed. In the Y= screen, move the cursor directly on top of the equal sign next to Y, and press

ENTER. This equal sign should no longer be highlighted (see Figure 2.30). Now press GRAPH and see that
only Y, is plotted (Figure 2.31).

  

V1= HE+aR
V2 -, 25K

     

=
=
n I

 

 

Figure 2.30: Y= screen with only Y, active Figure 2.31: Graph of y =-.25x

Many different functions may be stored in the Y= list and any combination of them may be graphed simulta-

neously. You can make a function active or inactive for graphing by pressing ENTER on its equal sign to
highlight (activate) or remove the highlight (deactivate). Go back to the Y= screen and do whatis needed in

order to graph Y, but not Y,.
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Now activate Y, again so that both graphs are plotted. Press TRACE and the cursor appearsfirst on the graph

of y= —x’ +4x because itis higher up in the Y= list. You know that the cursor is on this function, Y,, be-

cause of the numeral 1 that is displayed in the upper right corner of the window (see Figure 2.27). Press the

up EM or down E& arrow key to move the cursor vertically to the graph of y =—-.25x. Now the numeral 2 is

displayed in the top right corner of the window. Next press the right and left arrow keys to trace along the

graph of y=-.25x. When more than one function is plotted, you can move the trace cursor vertically from

one graph to anotherin this way.

Technology Tip: By the way, trace along the graph of y=-.25x and press and hold either kd or 0 Even-

tually you will reach the left or right edge of the window. Keep pressing the arrow key and the TI-82 will
allow you to continue the trace by panning the viewing rectangle. Check the WINDOW screen to see that
Xmin and Xmax are automatically updated.

The TI-82’s display has 95 horizontal columns of pixels and 63 vertical rows. So when you trace a curve

across a graph window, you are actually moving from Xmin to Xmax in 94 equal jumps, each called Ax. You

would calculate the size of each jump to be Ax = Xmax-Xmin. Sometimes you may want the jumps to be
94

friendly numbers like .1 or .25 so that, when you trace along the curve, the x-coordinates will be incremented
by such a convenient amount. Just set your viewing rectangle for a particular increment Ax by making Xmax

= Xmin + 94-Ax. For example, if you want Xmin = -5 and Ax = .3, set Xmax = -5 + 94.3 = 23.2. Likewise,

set Ymax = Ymin + 62-Ay if you want the vertical increment to be some special Ay.

To center your window around a particular point, say (h, k), and also have a certain Ax, set Xmin = h - 47-Ax

and Xmax = h + 47-Ax. Likewise, make Ymin = k - 31-Ay and Ymax = k + 31-Ay. For example, to center a

window around the origin, (0, 0), with both horizontal and vertical increments of .25, set the range so that

Xmin=0-47-25=-11.75, Xmax=0 +47-25=11.75,Ymin =0- 31.25 =-7.75, and Ymax =0 + 31-25 =
7.75.

See the benefit by first plotting y= x’ +2x+1 in a standard graphing window. Trace near its y-intercept,

which is (0, 1), and move towardsits x-intercept, which is (-1, 0). Then press ZOOM 4 and trace again near

the intercepts.

2.2.6 ZOOM: Plot again the two graphs, for y=—x"+4x and for y=—.25x. There appears to be an inter-

section near x = 2. The TI-82 provides several ways to enlarge the view around this point. You can change

the viewing rectangle directly by pressing WINDOW and editing the values of Xmin, Xmax, Ymin, and
Ymax. Figure 2.33 shows a new viewing rectangle for the range displayed in Figure 2.32. The cursor has

been moved near the point of intersection; move your cursor closer to get the best approximation possible for

the coordinates ofthe intersection.
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min=1.5

AMax=2.9
Ascl=1
Ymin=-2.9 iY
Ymax=2.9
Yscl=11

 

 

    ¥=2.0531915 ¥=-.5645161

Figure 2.32: New WINDOW Figure 2.33: Closer view

 
 

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start

again with a graph of the two functions y =—x"+4x and y=-.25x in a standard viewing rectangle (press

ZOOM 6 forthe standard window, from -10 to 10 along both axes).

Now imagine a small rectangular box around the intersection point, near x = 2. Press ZOOM 1 (Figure 2.34)
to draw a box to define this new viewing rectangle. Use the arrow keys to move the cursor, whose coordi-

nates are displayed at the bottom of the window, to one corner of the new viewing rectangle you imagine.

 
 

MEMORY

 
 

 

    
 

 

z CH I= 200M ln

at Zoom Out —— la

4: Z0ecimal —
2: Z59uare
6: Z5tandard
bZTrig #=1.4893617 |¥=-1.290323

Figure 2.34: ZOOM menu Figure 2.35: One cornerselected

Press ENTER to fix the corner where you have moved the cursor; it changes shape and becomes a blinking
square (Figure 2.35). Use the arrow keys again to move the cursor to the diagonally opposite corner of the

new rectangle (Figure 2.36). If this box looks all right to you, press ENTER. The rectangular area you have
enclosed will now enlarge to fill the graph window (Figure 2.37).

You may interrupt the zoom any time before you press this last ENTER. Press ZOOM once more and start

over. Press CLEAR or GRAPH to cancel the zoom, or press 2nd QUIT to cancel the zoom and return to the
home screen.
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A=Z.7BEBE7E IVS.64516120 f=2.127/6596 Y=-.3225H06

Figure 2.36: Box drawn Figure 2.37: New viewing rectangle

      
You can also gain a quick magnification of the graph around the cursor’s location. Return once more to the

standard window for the graph of the two functions y=—x"+4x and y=-.25x. Press ZOOM 2 and then

press arrow keys to move the cursor as close as you can to the point of intersection near x = 2 (see Figure

2.38). Then press ENTER and the calculator draws a magnified graph, centered at the cursor’s position
(Figure 2.39). The range variables are changed to reflect this new viewing rectangle. Look in the WINDOW
menu to verify this.

  

 

   
  
 

   

 

7
LY / a ——

      

—_—

a=1.7021277 I¥Y=-.96774189 a=1.7021277 Y=-.9677418

Figure 2.38: Before a zoom in Figure 2.39: After a zoom in

As you see in the ZOOM menu (Figure 2.34), the TI-82 can Zoom In (press ZOOM 2) or Zoom Out(press
ZOOM 3). Zoom out to see a larger view of the graph, centered at the cursor position. You can change the
horizontal and vertical scale of the magnification by pressing ZOOM [J 4 (see Figure 2.41) and editing

XFact and YFact, the horizontal and vertical magnification factors.

The default zoom factor is 4 in both directions. It is not necessary for XFact and YFact to be equal. Some-
times, you may prefer to zoom in one direction only, so the other factor should be set to 1. As usual, press

2nd QUIT to leave the ZOOM menu.
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200M [RISERS 200M FACTORS
ZPreylous »Fact=4

: ZoomSto VYFact=4
J: 2oomkc]
4: SetFactors..

      

Figure 2.40: ZOOM MEMORY menu Figure 2.41: ZOOM MEMORY SetFactors...

Technology Tip: The TI-82 remembers the window it displayed before a zoom. So if you should zoom in

too much and lose the curve, press ZOOM 0 1 to go back to the window before. If you want to execute a

series of zooms but then return to a particular window, press ZOOM [J 2 to store the current window’s di-

mensions. Later, press ZOOM [J 3 to recallthe stored window.

2.2.7 Relative Minimums and Maximums: Graph y= —x" +4x once again in the standard viewing rectangle

(Figure 2.12). This function appears to have a relative minimum near x = -1 and a relative maximum near x =

1. You may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point. Trace along the curve until the y-coordinate is as small as you can getit, so

that you are as close as possible to the local minimum, and zoom in (press ZOOM 2 or use a zoom box).

Now trace again along the curve and, as you move from point to point, see that the coordinates change by

smaller amounts than before. Keep zooming and tracing until you find the coordinates of the local minimum

point as accurately as you need them, approximately (-1.15, -3.08).

  

   

  
  
  value
: root
:Mminimum
Maximum
intersect

: dud
SFCx dod N=-6382979 [y=-z.293134

Figure 2.42: CALCULATE menu Figure 2.43: Finding a minimum
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Follow a similar procedure to find the relative maximum. Trace along the curve until the y-coordinate is as

great as you can get it, so that you are as close as possible to the relative maximum, and zoom in. The local

maximum point on the graph of y = —x'+4x is approximately (1.15, 3.08).

 

 

 %

Minimum
n="1.1547 ¥=-3.079201    

Figure 2.44: Relative minimum on y = —x'+4x

The TI-82 automates the search for relative minimum and relative maximum points. Press 2nd CALC to

display the CALCULATE menu (Figure 2.42). Choose3 to calculate the minimum value of the function and
4 for the maximum. You will be prompted to trace the cursor along the graph first to a point left of the mini-

mum/maximum (press ENTER to set this lower bound). Then move to a point right of the mini-

mum/maximum and set an upper bound (as in Figure 2.43) and press ENTER. Note the two arrows marking
the lower and upper bounds at the top of the display.

Next move the cursor along the graph between the two bounds and as close to the minimum/maximum as you

can,this serves as a guess for the TI-82 to startits search. Good choices for the lower bound, upper bound,

and guess can help the calculator work more efficiently and quickly. Press ENTER and the coordinates ofthe
relative minimum/maximum point will be displayed (see Figure 2.44).

23 Solving Equations and Inequalities

2.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,
. 3 i .

where a curve crosses the x-axis. For example, the graph of y =x" —8x crosses the x-axis three times (see

Figure 2.45). After tracing over to the x-intercept point that is furthest to the left, zoom in (Figure 2.46).

Continue this process until you have located all three intercepts with as much accuracy as you need. The

three x-intercepts of y = x’ —8x are approximately -2.828, 0, and 2.828.
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endl aa aa a a a a 2 a a

a=-2.015789 Y=.0396H2E5Y

Figure 2.45: Graph of y = x’ —8x Figure 2.46: An x-intercept of y = x’ —8x

    
  

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the error is less than the distance between two tick marks. Change the x-scale on the

TI-82 from the WINDOW menu. Move the cursor down to Xscl and enter an appropriate value.

The x-intercept of a function’s graph is a root of the equation fix) = 0. So press 2nd CALC to display the
CALCULATE menu (Figure 2.42) and choose 2 to find a root of this function. Set a lower bound, upper
bound, and guess as described above in Section 2.2.7.

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the

graphs of y = —x’ +4x and y =-.25x. Trace along one of the graphs until you arrive close to an intersection

point. Then press IM or Ea to jump to the other graph. Notice that the x-coordinate does not change, but the

y-coordinate is likely to be different (see Figures 2.47 and 2.48).

When the two y-coordinates are as close as they can get, you have come as close as you now can to the point

of intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as
close as possible. Continue this process until you have located the point of intersection with as much accu-

racy as necessary.

N=z VT N=z ¥=-E

Figure 2.47: Trace on y = —x'+4x Figure 2.48: Trace on y =—-.25x
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You can also find the point ofintersection of two graphs by pressing 2nd CALC 5. Trace with the cursor first

along one graph near the intersection and press ENTER; then trace with the cursor along the other graph and
press ENTER. Marks + are placed on the graphs at these points. Finally, move the cursor near the point of
intersection and press ENTER again. Coordinates of the intersection will be displayed at the bottom of the
window.

2.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x’ —36x+17=0. First

graph y= 24x’ =36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all its

roots. Then use trace and zoom, or the TI-82’s root finder, to locate each one. In fact, this equation has just

one solution, approximately x = -1.414.

Remember that when an equation has more than one x-intercept, it may be necessary to change the viewing

rectangle a few times to locate all of them.

Technology Tip: To solve an equation like 24x’ +17=36x, you may first transform it into standard form,

24x -36x+17=0, and proceed as above. However, you may also graph the two functions y= 24x° +17

and y =36x, then zoom and trace to locate their point of intersection.

2.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of inter-

section of their graphs (Figure 2.49). For example, to solve the system y= x’ =3x—4 and

y=x’ +3x —2x-1, first graph them together. Then zoom and trace, or use the intersect option in the

CALC menu, to locate their point of intersection, approximately (-2.17, 7.25).

You must judge whether the two current y-coordinates are sufficiently close for x = -2.17 or whether you

should continue to zoom and trace to improve the approximation.

The solutions of the system of two equations y = x +3x" =2x—1 and y= x -3x-4 correspond to the so-

lutions ofthe single equation x’ +3x’ =2x-1=x" =3x—4, which simplifies to x +2x  +x+3=0. So you

may also graph y = x’ +2x* + x+3 and find its x-intercepts to solve the system.

IN
Figure 2.49: Solving a system of equations
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3
2.3.4 Solving Inequalities by Graphing: Consider the inequality 1— 2X > x—4. To solveit with your TI-82,

2

graph the two functions y = 1-2 and y =x —4 (Figure 2.50). First locate their point of intersection, at x =

2. The inequality is true when the graph of y=1-0 lies above the graph of y =x —4, and that occurs for x

< 2. So the solution is the half-line x £2, or (—oo,2].

 

 

 

f=2 ¥=-2   
3

Figure 2.50: Solving 1-2 >2x—4
2

The TI-82 is capable of shading the region above or below a graph or between two graphs. For example, to

graph y > x? —1, first graph the function y = x* —1 as Y,. Then press 2nd DRAW 7 2nd Y-vARs 1 1,10, 2

) ENTER (see Figure 2.51). These keystrokes instruct the TI-82 to shade the region above y= x’ —1 and

below y = 10 (chosen because this is the greatest y-value in the graph window) with shading resolution value

of 2. The result is shown in Figure 2.52.

To clear the shading, press 2nd DRAW 1.

  

 

ShadecY1,18, 220
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Figure 2.51: DRAW Shade Figure 2.52: Graph of y= x* —1
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3x
Now use shading to solve the previous inequality, 1—— > x —4. The function whose graph forms the lower

2
boundary is named first in the SHADE command (see Figure 2.53). To enter this in your TI-82, press these

keys: 2nd DRAW 7 X10-4,1 -3 XT,0 + 2, 2) ENTER (Figure 2.54). The shading extends left from x =
3

2, hence the solution to 1-—2 2 x —4 1s the half-line x <2, or (—eo, 2].
2

  

Shadelr—4, 1-3x-2 I
22)

 

  .                

3
Figure 2.53: DRAW Shade command Figure 2.54: Graph of 1-— Xsx_4

2

More information about the DRAW menu is in the TI-82 manual.

2.4 Trigonometry

2.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the TI-82 is configured for whichever measure you need. Press

MODEto see the current settings. Press Ea twice and move downto the third line of the mode menu where

angle measure is selected. Then press k or 0 to move between the displayed options. When the blinking

cursoris on the measure you want, press ENTER to select it. Then press CLEAR or 2nd QUIT to leave the
mode menu.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° MODE xa =a [§ ENTER
2nd QUIT SIN 45 ENTER 7071067812

sinz’ SIN 2nd © ENTER 0548036651
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sin7 SIN 2nd n MODE E32 Ea

ENTER 2nd QUIT ENTER 0

sin 45 SIN 45 ENTER 8509035245

sin & SIN (2nd = + 6) ENTER 5

The first line of keystrokes sets the TI-82 in degree mode and calculates the sine of 45 degrees. While the

calculatoris still in degree mode, the second line of keystrokes calculates the sine of © degrees, 3.1415°. The

third line changes to radian mode just before calculating the sine of © radians. The fourth line calculates the

sine of 45 radians (the calculator is already in radian mode).

 

 

tan 45°%°+sin (n-6
yr

1.5
i

   
Figure 2.55: Angle measure

The TI-82 makesit possible to mix degrees and radiansin a calculation. Execute these keystrokes to calculate

tan45° +sinZ as shown in Figure 2.55: TAN 45 2nd ANGLE 1 + SIN ( 2nd n + 6 ) 2nd ANGLE 3

ENTER. Do you get 1.5 whether your calculatoris set either in degree mode or in radian mode?

2.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-

 ful attention to the choice of graph window. For example, graph y = sin 30x in the standard viewing rectan-

gle. Trace along thecurve to see where it is. Zoom in to a better window, or use the period and amplitude to

establish better WINDOW values.

Technology Tip: Since i = 3.1, set Xmin = 0 and Xmax = 6.3 to coverthe interval from 0 to 2m.

Next graph y=tanx in the standard window first, then press ZOOM 7 to change to a special window for

trigonometric functions in which the horizontal incrementis %. The TI-82 plots consecutive points and then

connects them with a segment, so the graph is not exactly what you should expect. You may wish to change

from Connected line to Dot graph (see Section 2.2.3) when you plot the tangent function.
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2.5 Scatter Plots

2.5.1 Entering Data: This table shows total prize money (in millions of dollars) awarded at the Indianapolis

500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989

Prize ($ million) $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

We'll now use the TI-82 to construct a scatter plot that represents these points and to find a linear model that

approximates the given data.

 

 

   

L 1 Lz Lz
i IE ______
2 2.07
3 2.41
y 2.8
E 3.27
B y
7 4.49

LzC12=1.61    
Figure 2.56: Entering data points

The TI-82 holds data in up to six lists. Before entering this new data, press STAT 4 2nd L1, 2nd L2 , 2nd
L3,2nd L4, 2nd L5, 2nd L6 ENTER to clear all data lists.

Now press STAT 1 to reach the list editor. Instead of entering the full year 198X, enter only x. Here are the
keystrokesfor thefirst three years: 1 ENTER 2 ENTER 3 ENTER and so on, then press [J to move to the

first element of the next list and press 1.61 ENTER 2.07 ENTER 2.41 ENTER and so on (see Figure 2.56).
Press 2nd QUIT when you have finished.

You may edit statistical data in the same way you edit expressions in the home screen. Move the cursor to

any value you wish to change, then type the correction. To insert or delete data, move the cursor over the data

point you wish to add or delete. Press INS and a new data point is created; press DEL and the data point is

deleted.

STAT
PLOT

screen. Press ENTER to turn Plot1 on, select the other options shown in Figure 2.57, and press GRAPH.
Figure 2.58 shows this plot in a window from 0 to 10 in both directions. You may now press TRACE to
move from data point to data point.

2.5.2 Plotting Data: Once all the data points have been entered, press 2nd 1 to display the Plot1
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Figure 2.57: Plot1 menu Figure 2.58: Scatter plot

To draw the scatter plot in a window adjusted automatically to include all the data you entered, press ZOOM
9 [ZoomStat].

d STATPLOT move the cursor to OFF, and pressWhen you no longer want to see the scatter plot, press 2n

ENTER. The TI-82still retains all the data you entered.

2.5.3 Regression Line:

  

Linkeg [
u=ax+hb :
a=.9113333333
b=.9322222222
r=.9949836528

 

     
  

Figure 2.59: Linear regression model Figure 2.60: Linear regression line

The TI-82 calculates the slope and y-intercept for the line that best fits all the data. After the data points have

been entered, press STAT [J 5 ENTERto calculate a linear regression model. As you see in Figure 2.59, the

TI-82 names the slope a and calls the y-intercept b. The number r (between -1 and 1) is called the correlation

coefficient and measures the goodness offit of the linear regression equation with the data. The closer Irl is to

1, the better the fit; the closer Irl is to 0, the worse the fit.

Turn Plot1 on again,if it is not currently displayed. Graph the regression line y = ax + b by pressing Y=, in-

activating any existing functions, moving to a free line or clearing one, then pressing VARS 5 0 0 7

GRAPH. See how wellthisline fits with your data points (Figure 2.60).
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2.5.4 Exponential Growth Model: After data points have been entered, press STAT [J ALPHA A ENTER

to calculate an exponential growth model y =a-b" for the data.

2.6 Matrices

2.6.1 Making a Matrix: The TI-82 can display and use five different matrices. Here’s how to create this 3x4
1 4 3 5

matrix [-1 3 -1 -=3|{ in your calculator.

2 0 4 6

Press MATRXto see the matrix menu (Figure 2.61); then press [J [§ or just to switch to the matrix EDIT

menu (Figure 2.62). Whenever you enter the matrix EDIT menu, the cursor starts at the top matrix. Move to
another matrix by repeatedly pressing Ka. For now, press ENTER to edit matrix [A].

You may now change the dimensions of matrix [A] to 3x4 by pressing 3 ENTER 4 ENTER. Simply press
ENTER or an arrow key to accept an existing dimension. The matrix shown in the window changes in size to
reflect a changed dimension.

  

MATH EDIT MATRIX [A] 3 x4
[ 2 2 -
humm a
[ 2 -E E

N
H
C

m
o
m

zz1="1

Figure 2.61: MATRX menu Figure 2.62: Editing a matrix

      

Use the arrow keys or ENTER to move the cursor to a matrix element you want to change. At the right edge
of the screen in Figure 2.62, there are dashes to indicate more columns than are shown. Go to them by press-

ing g as many times as necessary. The ordered pair at the bottom left of the screen show the cursor’s current

location within the matrix. The element in the second row and first column in Figure 2.62 is currently high-

lighted, so the ordered pair at the bottom of the window is 2, . Continue to enter all the elements of matrix

[A].

Leave the matrix [A] editing screen by pressing 2nd QUIT and return to the home screen.

2.6.2 Matrix Math: From the home screen you can perform many calculations with matrices. First, let’s see

matrix [A] itself by pressing MATRX 1 ENTER (Figure 2.63).
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Calculate the scalar multiplication 2[A] by pressing 2 MATRX 1 ENTER. To replace matrix [B] by 2{A],
press 2 MATRX 1 STO» MATRX 2 ENTER,or if you do this immediately after calculating 2[A], press

only STO» MATRX 2 ENTER (see Figure 2.64). Press MATRX [§ [§ 2 to verify that the dimensions of

matrix [B] have been changed automatically to reflect this new value.

  

Al] 2[A1+[B]
[[1 2 39] [[2 -4 & 18]
[-1 3 8 4_] [26 _B_ 81]
[2 -3 3 171] [4 -18 18 341]

      

Figure 2.63: Matrix [A] Figure 2.64: Matrix [B]

Add the two matrices [A] and [B] by pressing MATRX 1 + MATRX 2 ENTER. Subtraction is similar.

0

-5

of [C] by [A], press MATRX 3 x MATRX 1 ENTER. If you tried to multiply [A] by [C], your TI-82 would
signal an error because the dimensions of the two matrices do not permit multiplication this way.

2 3
Now set the dimensions of matrix [C] to 2x3 and enter this as [C]: | | For matrix multiplication

The transpose of a matrix [A] is another matrix with the rows and columns interchanged. The symbolfor the

transpose of [A] is [A]". To calculate [A], press MATRX 1 MATRX [§ 2 ENTER.

2.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides more careful explanation of the elementary row operations and their uses.

To interchange the second and third rows of the matrix [A] that was defined above, press MATRX [J 8

MATRX 1, 2, 3) ENTER (see Figure 2.65). The format of this command is rowSwap(matrix, row1,

row2).

To add row 2 and row 3 and store the results in row 3, press MATRX g 9 MATRX 1,2, 3) ENTER. The

format of this command is row+(matrix, row1, row2).

To multiply row 2 by -4 and store the results in row 2, thereby replacing row 2 with new values, press

MATRX 0 0(-) 4, MATRX 1,2) ENTER. The format of this command is krow(scalar, matrix, row).
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rowSwar( [A] 2:3) #row+( 4, [Al :2,3
)

[[1 -2 3 9_1 [[1 -2 3 9]
[2 3 3 17] [-1 3 8 4]
[-1 3 841] [6 -17 3 11]

      

Figure 2.65: Swap rows 2 and 3 Figure 2.66: Add -4 times row 2 to row 3

To multiply row 2 by -4 and add the results to row 3, thereby replacing row 3 with new values, press

MATRX 0 ALPHA A (-) 4 , MATRX 1, 2, 3) ENTER (see Figure 2.66). The format of this command is

Xrow+(scalar, matrix, row1, row2).

Technology Tip: It is important to remember that your TI-82 does not store a matrix obtained as the result of

any row operations. So when you need to perform several row operations in succession,it is a good idea to

store the result of each one in a temporary place. You may wish to use matrix [E] to hold such intermediate

results.

x-2y+3z=9

For example, use elementary row operations to solve this system of linear equations: -x+3y=-4.

2x-5y+5z=17

1 -2 3 9

First enter this augmented matrix as [A] in your TI-82: |-1 3 0 —4 |. Next store this matrix in [E]

2 5 5 17

(press MATRX 1 STO» MATRX 5 ENTER) so you may keep the original in case you need to recallit.

Here are the row operations and their associated keystrokes. At each step, the result is stored in [E] and re-

places the previous matrix [E]. The solution is shown in Figure 2.67.

Row Operation Keystrokes

row+([E], 1, 2) MATRX [§ 9 MATRX 5,1,2)
STO» MATRX 5 ENTER

*row+(-2, [E], 1, 3) MATRX [J ALPHA A (-) 2, MATRX5,1,3)

STO» MATRX 5 ENTER

row+([E], 2, 3) MATRX [§ 9 MATRX 5,2, 3)
STO» MATRX 5 ENTER
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skrow(¥%, [E], 3) MATRX [J 01 +2, MATRX5, 3)
STO» MATRX 5 ENTER

 

krowCls2, [El 323
[E]

[[1 -2 3 9]
B 1 3 3]
[BB 1 211

 

   
Figure 2.67: Final matrix after row operations

Thusz=2,soy=-1and x= 1.

1 2 3

2.6.4 Determinants and Inverses: Enter this 3x3 square matrix as [A]: |-1 3 0]. To calculate its de-

2 55

1 -2 3

terminant, -1 3 0}, press MATRX 0 1 MATRX 1 ENTER. You should find that | [A] = 2, as shown

2 55

in Figure 2.68.

Since the determinant of matrix [A] is not zero,it has an inverse, [A]. Press MATRX 1 x'' ENTERto calcu-

late the inverse of matrix [A], also shown in Figure 2.68.

x—2y+3z=9

Now let’s solve a system oflinear equations by matrix inversion. Once more, consider -x+3y=-4.

2x-5y+5z=17
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1 -2 3

The coefficient matrix for this system is the matrix —1 3 0 that was entered in the previous example.

2 55

det [A] [A ]-+¢ 1B

[A]- -1]
Fad "2.2 ~ 2 1
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r
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Figure 2.68: |[A]]|and [A] Figure 2.69: Solution matrix

9

If necessary, enter it again as [A] in your TI-82. Enter the matrix —4 as [B]. Then press MATRX 1 x' x

17

MATRX 2 ENTER to calculate the solution matrix (Figure 2.69). The solutions are still x= 1, y=-1, and z =

2.

2.7 Sequences

2.7.1 Iteration with the ANSKey: The ANS feature permits you to perform iteration, the process of evaluat-

ing a function repeatedly. As an example, calculate BA for n=27. Then calculate vt for n = the answer

to the previous calculation. Continue to use each answer as n in the next calculation. Here are keystrokes to

accomplish this iteration on the TI-82 calculator (see the results in Figure 2.70). Notice that when you use

ANS in place of n in a formula,itis sufficient to press ENTER to continue an iteration.

Iteration Keystrokes Display

1 27 ENTER 27

2 (2nd ANS - 1) + ENTER 8.666666667

3 ENTER 2.555555556

4 ENTER 5185185185

5 ENTER -.1604938272
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Press ENTER several more times and see what happens with thisiteration. You may wish to try it again with

a differentstarting value.

 

27

CAns—-13)-3
3. 666666667

 

   
Figure 2.70: Iteration

2.7.2 Arithmetic and Geometric Sequences: Use iteration with the ANS variable to determine the n-th term

of a sequence. Enter the first term 7, then start the progression with the recursion formula, 2nd ANS + 4
ENTER. This yields the 2nd term, so press ENTER sixteen more times to find the 18th term. For a geometric
sequence whose common ratio is 4, start the progression with 2nd ANS x 4 ENTER.

You can also define the sequence recursively with the TI-82 by selecting Seq in the MODE menu (see Fig-
ure 2.1). Once again, let’s find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Press MODE ka ka ka [J [§ § ENTER 2nd QUIT. Then press Y= to edit ei-

ther of the TI-82’s two sequences, u, and v,. Make u, =u,+4 by pressing 2nd u,, 4 + 4. Now make u; =7

by pressing WINDOW and setting UnStart = 7 and nStart = 1 (because the first term is u; where n = 1).
Press 2nd QUIT to leave this menu and return to the home screen. To find the 18th term of this sequence,
calculate ug by pressing 2nd Y-VARS 4 1 ( 18 ) ENTER (see Figure 2.71).

 

Uncl8)

_
7

   
Figure 2.71: Sequence mode

Of course, you could use the explicit formula for the n-th term of an arithmetic sequence, t, =a+(n—1)d.

First enter values for the variables a, d, and n, then evaluate the formula by pressing ALPHA A + ( ALPHA

N - 1) ALPHA D ENTER. For a geometric sequence whose n-th term is given by ¢, =a- r", enter values
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for the variablesa, r, and n, then evaluate the formula by pressing ALPHA A ALPHA RA ( ALPHAN - 1)
ENTER.

To use the explicit formula in Seq MODE, make u_ = 7+(n—1)-4 by pressing Y=and then 7 + (2nd n- 1)

x 4. Once more, calculate ug by pressing 2nd Y-VARS 4 1 ( 18 ) ENTER.

There are more instructions for using sequence mode in the TI-82 manual.

12

2.7.3 Sums ofSequences: Calculate the sum D4(0.3)" on the TI-82 by pressing 2nd LIST [J 5 2nd LIST
n=1

54x .3NALPHAN, ALPHA N, 1,12 ,1) ENTER. You should get 1.714284803. The format ofthis

command is sum seq(expression, variable, begin, end, increment).

2.8 Parametric and Polar Graphs

2.8.1 Graphing Parametric Equations: The TI-82 plots up to six pairs of parametric equations as easily as it

plots functions. Just use the MODE menu (Figure 2.1), go to the fourth line from the top, and change the set-
ting to Par. Be sure, if the independent parameter is an angle measure, that MODE is set to whichever you
need, Rad or Deg.

x1itB(cos T»"3 SpieleFORMAT
YirB(sin T>»"3N
RET = Tmax=6.2831853..
Yer= Tster=, 1388996.
AIT = Amin=-2
VYir= Amax=z
AUT = Ascl=1
Yyr= J¥min=-2

  

      
Figure 2.72: Parametric Y= menu Figure 2.73: Parametric WINDOW menu

For example, here are the keystrokes needed to graph the parametric equations x = cos’ t and y= sin’ ¢. First

check that angles are currently being measured in radians. Change to parametric mode and press Y= to exam-

ine the new parametric equation menu (Figure 2.72). Enter the two parametric equations for X1T and Y1T by

pressing ( COS x,T,0) A 3 ENTER ( SIN x,1,6 ) A 3 ENTER. Now, when you press the variable key X,T,0,

you get a T because the calculatoris in parametric mode.
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<7    

Figure 2.74: Parametric graph of x = cos’t and y= sin’ ¢

Also look at the new WINDOW menu (Figure 2.73). In the standard window,the values of T go from 0 to 2%

in steps of % =.1309, with the view from -10 to 10 in both directions. But here the viewing rectangle has

been changed to extend from -2 to 2 in both directions. Press GRAPH to see the parametric graph (Figure

2.74).

You may ZOOM and TRACE along parametric graphs just as you did with function graphs. As you trace
along this graph, notice that the cursor moves in the counterclockwise direction as T increases.

2.8.2 Rectangular-Polar Coordinate Conversion: The 2nd ANGLE menu provides functions for converting

between rectangular and polar coordinate systems. These functions use the current MODE settings, so it is a

good idea to check the default angle measure before any conversion. Of course, you may use the MATH

menu to override the current angle measure setting, as explained in Section 2.4.1. For the following exam-

ples, the TI-82 is set to radian measure.

Given rectangular coordinates (x, y)=(4,-3), convert from these rectangular coordinates to polar coordi-

nates (r, 0) by pressing 2nd ANGLE 5 4, (-) 3) ENTER to display the value of r. The value of 8 is dis-

played after you press 2nd ANGLE 6 4, (-) 3) ENTER.

 

RePrcd, -32

RePECd, -3)
-. 64356811883

PrRx(3>m>

PrRaC3n>B    
Figure 2.75: Coordinate conversions
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Suppose (r, 6) =(3,®). To convert from these polar coordinates fo rectangular coordinates (x, y) , press 2nd

ANGLE 7 3, 2nd nt ) for the x-coordinate; next press 2nd ANGLE 8 3, 2nd © ) ENTER to display the y-

coordinate.

2.8.3 Graphing Polar Equations: The TI-82 graphs a polar function in the form r = f(6). In the fourth line

of the MODE menu, select Pol for polar graphs. You may now graph up to six different polar functions at a
time.

For example, to graph r =4sin@, press Y= for the polar graph editing screen. Then enter the expression

4sin 0 for r1 by pressing 4 sin X,T,6; note that the X,T,0 key produces 6 in polar mode. Choose a good viewing

rectangle and an appropriate interval and increment for 6. In Figure 2.76, the viewing rectangle is roughly

“square” and extends from -6 to 6 horizontally and from -4 to 4 vertically.

 

i

   8=1.0471876 |
f=1.7/320508 I¥=2
 

Figure 2.76: Polar graph of r =4sin6

Figure 2.76 shows rectangular coordinates of the cursor’s location on the graph. You may sometimes wish to

trace along the curve and see polar coordinates of the cursor’s location. The first line of the WINDOW
FORMAT menu (Figure 2.18) has options for displaying the cursor’s position in rectangular RectGC or po-
lar PolarGC form.

29 Probability

2.9.1 Random Numbers: The command Rand generates a number between 0 and 1. You will find this

command in the PRB (probability) sub-menu of the MATH menu. Press MATH fl 1 ENTER to generate a

random number. Press ENTER to generate another number; keep pressing ENTER to generate more of
them.

If you need a random number between, say, 0 and 10, then press 10 MATH a 1 ENTER. To get a random

number between 5 and 15, press 5 + 10 MATH fl 1 ENTER.
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2.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, ,,P,, press 12 MATH [fl 2 7 ENTER. Thus ,,P, = 3,991,680, as shown in Figure 2.77.

 

12 nPr 7

12 nCr 7

i

39916848

792

   
Figure 2.77: ,,P, and ,C,

For the number of combinations of 12 objects taken 7 at a time, ,,C,, press 12 MATH [fl 3 7 ENTER. So

C,=1792.127

2.9.3 Probability of Winning: A state lotteryis configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player

wins the top prize. There are ,,C, ways for the six numbers to be drawn. If you purchase a single lottery

ticket, your probability of winning is 1 in ,C,. Press 1 + 40 MATH fl 3 6 ENTER to calculate your

chances, but don’t be disappointed.

2.10 Programming

2.10.1 Entering a Program: The TI-82 is a programmable calculator that can store sequences of commands

for later replay. Here’s an example to show you how to enter a useful program that solves quadratic equations

by the quadratic formula.

Press PRGM to access the programming menu. The TI-82 has space for many programs, each called by a

name you give it. Create a new program now, so press PRGM [] 1.

For convenience, the cursoris a blinking A, indicating that the calculator is set to receive alphabetic charac-

ters. Enter a descriptive title of up to eight characters, letters or numerals (but the first character must be a

letter). Name this program QUADRAT and press ENTER to go to the program editor.

In the program, each line begins with a colon : supplied automatically by the calculator. Any command you

could enter directly in the TI-82’s home screen can be entered as a line in a program. There are also special

programming commands.
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Input the program QUADRAT by pressing the keystrokes given in the listing below. You may interrupt pro-

gram inputat any stage by pressing 2nd QUIT. To return later for more editing, press PRGM B. move the

cursor down to this program’s name, and press ENTER.

2-36

Program Line Keystrokes

: Disp “Enter A” PRGM [§ 32nd A-LOCK"ENTER . A"ENTER

displays the words Enter A on the TI-82 screen

: Input A PRGM [§ 1 ALPHA A ENTER

waits for you to input a value that will be assigned to the variable A

: Disp “Enter B” PRGM [§ 32nd A-LOCK"ENTER . B" ENTER

: Input B PRGM [I 1 ALPHA B ENTER

: Disp “Enter C” PRGM [§ 32nd A-LOCK"ENTER . C" ENTER

: Input C PRGM [§ 1 ALPHA C ENTER

: B>4AC -> D ALPHA B x2 - 4 ALPHA A ALPHA C STO» ALPHA D ENTER

calculates the discriminant and stores its value as D

: If D>0 PRGM 1 ALPHA D 2nd TEST 3 0 ENTER

tests to see if the discriminant is positive

: Then PRGM 2 ENTER

in case the discriminant is positive, continues on to the nextline;

if the discriminant is not positive, jumps to the command after Else below

: Disp “TWO REAL PRGM [§ 32nd A-LOCK"TWO . REAL . ROOTS"

ROOTS” ENTER

: (-B+VD)/(2A) > M  ((-)ALPHAB + 2ndVALPHAD) + (2 ALPHA A)
STO» ALPHA M ENTER

calculates one root and storesit as M

: Disp M PRGM [I 3 ALPHA M ENTER

displays one root

: (-B-VD)/(2A) =» N ((-) ALPHA B -2nd VALPHAD) + (2 ALPHA A)
STO» ALPHA N ENTER

: Disp N PRGM [§ 3 ALPHA N ENTER
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: Else PRGM 3 ENTER

continues from here if the discriminantis not positive

: If D=0 PRGM 1 ALPHA D 2nd TEST 1 0 ENTER

tests to see if the discriminant is zero

: Then PRGM 2 ENTER

in case the discriminant is zero, continues on to the next line;

if the discriminantis not zero, jumps to the command after Else below

 

: Disp “DOUBLE PRGM 0 32nd A-.LOCK"DOUBLE . ROOT"ENTER

ROOT”

displays a message in case there is a double root

: -B/(2A) -> M (-) ALPHA B + (2 ALPHA A) STO» ALPHA M ENTER

the quadratic formula reduces to -b when D=0
2a

: Disp M PRGM [§ 3 ALPHA M ENTER

: Else PRGM 3 ENTER

continues from here if the discriminant is not zero

: Disp “COMPLEX PRGM ll 32nd A-LOCK"COMPLEX . ROOTS"

ROOTS” ENTER

displays a message in case the roots are complex numbers

: Disp “REAL PART” PRGM [32nd A-LOCK"REAL . PART "ENTER

: -B/(2A) - R (-) ALPHA + (2 ALPHA A) STO» ALPHA R ENTER

calculates the real part -b of the complex roots
2a

: Disp R PRGM [ 3 ALPHA R ENTER

: Disp “IMAGINARY PRGM 0 32nd A-LOCK"IMAGINARY . PART"

PART” ENTER

: N-D/(2A) — | 2nd V (-) ALPHA D + (2 ALPHA A) STO» ALPHA | ENTER

 calculates the imaginary part of the complex roots;
2a

since D < 0, we must use -D as the radicand
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‘Disp 1 PRGM [ 3 ALPHA | ENTER

‘End PRGM 7 ENTER

marks the end of an If-Then-Else group of commands

‘End PRGM 7

When you have finished, press 2nd QUITto leave the program editor.

You may remove a program from memory by pressing 2nd MEM 2 [Delete...] 6 [Prgm...]. Then move the

cursor to the program’s name and press ENTER to delete the entire program.

2.10.2 Executing a Program: To execute the program just enetered, press PRGM and then the number or
letter that it was named. If you have forgotten its name, use the arrow keys to move through the program list-

ing to find its description QUADRAT. Then press ENTER to select this program and enter again to execute
it.

The program has been written to prompt you for values of coefficients a, b, and c in a quadratic equation

ax’ + bx + ¢ = 0. Input a value, then press ENTER to continue the program.

If you need to interrupt a program during execution, press ON.

The instruction manual for your TI-82 gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.

2.11 Differentiation

sin4x sin4x
. Plot the graph of f(x) = in a conven-  2.11.1 Limits: Suppose you need to find this limit: lim

x—> x

ient viewing rectangle that contains the point where the function appears to intersect the line x = 0 (because

in 4sindx _ ,
 you want the limit as x — 0). Your graph should lend support to the conclusion that lim

x—> xX

1 a

2x = 2, evaluate the function f(x) = 2x .
x +

  To test the reasonableness of the conclusion that lim for
x—o XxX +

several large positive values of x (since you want the limit as x — ©). For example, evaluate f{100),

(1000), and (10,000). Another way to test the reasonableness of this result is to examine the graph of

2x —
f(x) =

x+
viewing rectangle extends horizontally from 0 to 100), whether the graph is asymptotic to the horizontal line

2x —

 
1. oo oe

in a viewing rectangle that extends over large values of x. See, as in Figure 2.79 (where the

: for Y, and 2 for Y,).
x+1
 y =2 (enter
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4 —
Figure 2.78: Checking lim sin 4x =4 Figure 2.79: Checking lim 2x1 =2

x=0 x IE |
 

1.11.2 Numerical Derivatives: The derivative of a function fat x can be defined as the limit of the slopes of

J+ Ax) f(x Ax)
2Ax

secant lines, so f'(x)= lim . And for small values of Ax, the expression
Ax—

Sx +Ax)- f(x — Ax)
ives a good approximation to the limit.2Ax g g pp
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Figure 2.80: Using nDeriv(

The TI-82 has a function nDeriv( in the MATH menu to calculate the symmetric difference,

/2pa(x = Ax) . So to find a numerical approximation to f'(2.5) when f(x)=x> and with Ax =

0.001, press MATH 8 x,T,6 A 3, ALPHA X, 2.5, .001 ) ENTER as shown in Figure 2.80. The format ofthis

command is nDeriv( expression, variable, value, Ax). The same derivative is also approximated in Figure

2.80 using Ax = 0.0001. For most purposes, Ax = 0.001 gives a very good approximation to the derivative and

is the TI-82’s default. So if you do use Ax = 0.001, just enter nDeriv(expression, variable, value).
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Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 2.82,

. S5x-2 . . oo oo . oo. .
the function f(x) =— and its numerical derivative (actually, an approximation to the derivative given by

x“ +
 

the symmetric difference) are graphed. You can duplicate this graph by first entering >=
x“ +

entering its numerical derivative for Y, by pressing MATH 8 2nd Y-VARS 1 1, X,T,6, X,T,0 ) as you see in
Figure 2.81.

for Y, and then 

 

1 —227 +

YezBhDeriviY1: XK: 8

      
Figure 2.81: Entering f(x) and f'(x) Figure 2.82: Graphs of f(x) and f'(x)

Technology Tip: To approximate the second derivative f"(x) of a function y = f(x) or to plot the second

derivative, first enter the expression for Yand its derivative for Y, as above. Then enter the second derivative

for Y5 by pressing MATH 8 2nd Y-VARS 12, X,T,0, X,T.0 ).

| /
~

  

  

   
     

 

A="2.3 =-2.146284 deldx=-.27/4e8ze

. Sx-2 .
Figure 2.83: f(x) =— atx=-2.3 Figure 2.84: dy/dx

x“ +

You may also approximate a derivative while you are examining the graph of a function. When you are in a

graph window, press 2nd CALC 6, then use the arrow keysto trace along the curve to a point where you want
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the derivative (see figure 2.83 for the graph of f(x) = at x = 2.3) and press ENTER. The TI-82 uses
x +

Ax =0.001 for this approximation.

1.11.3 Newton’s Method: With your TI-82, you may iterate using Newton’s method to find the zeros of a
function. Recall that Newton’s Method determines each successive approximation by the formula

f(x, )

Xn+1 = Xp F(x) .
n

As an example of the technique, consider f(x)=2x+x?>—x+1. Enter this function as Y;. A look at its

graph suggests that it has a zero near x = —1, so start the iteration by going to the home screen and storing —1

as x (see figure 2.85). Then press these keystrokes: X,T,6 — 2nd Y-VARS 1 1 + MATH 8 2nd Y-VARS 1 1 ,

X,T.0 , X,T.6) STO* X,T,6. Press ENTER repeatedly until two successive approximations differ by less than

some predetermined value, say 0.0001. Note that each time you press ENTER, the TI-82 will use its current

value of x, and that value is changing as you continue the iteration.

“T3% -
1

YM sn0eriviy'y» B
Es

-1.333333111
-1.243386229
-1.233855281

 

  
Figure 2.85: Newton’s method

Technology Tip: Newton’s Method is sensitive to your seed value for x, so look carefully at the function’s

graph to make a goodfirst estimate. Also, rememberthat the method sometimes fails to converge!

You may want to save the Newton’s Method formula as a short program. See your calculator’s manual for

further information on programming the TI-82.

2.12 Integration

2.12.1 Approximating Definite Integrals: The TI-82 has the function fnInt( in the MATH menu to approxi-
1

mate an integral. So to find a numerical approximation to [ cosx’dx with a tolerance of 0.001 (which con-
0

trols the accuracy of the approximation), press MATH 9 COS x,T.6 X*, X.T.0 , 0, 1, .001 ) ENTER as
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shown in Figure 2.86. The format of this command is fnint( expression, variable, lower limit, upper limit,

tolerance). The same integral is also approximated in Figure 2.86 using a tolerance of 0.00001, the TI-82’s
default that is used when no other tolerance is specified.

nlnLicos Ac: AaH
1.881)

. 045242373
nlnticos KE. X.H

. 9843242379

 

 
 

Figure 2.86 fnint(

2.12.2 Areas: You may approximate the area under the graph of a function y =f(x) between x = 4 and x = B

with your TI-82. For example, here are keystrokes for finding the area under the graph of the function
1

y = cos x” between x = 0 and x = 1. This area is represented by the definite integral [ cos x’dx . So graphf(x)
0

= cos x” and press 2nd CALC 7. Use the arrow keys to trace along the curve to the lower limit and press

ENTER;then trace again to the upper limit (see Figure 2.87) and press ENTER. The region under the graph
between the lower limit and the upper limit is shaded and the area is displayed as in Figure 2.88. The TI-82

uses fnInt( with the default tolerance of 107 in this calculation.

N 1

ALS Tx AA
VY LV

  

 

 

       

Upper Limik?
n=1 Y=.540z0231 JECX)dx=.904522Y

Figure 2.87: Setting the upper limit Figure 2.88: Jfxdx

Technology Tip: When approximating the area under f{x) = cos x” between x = 0 and x = 1, you must trace

along the curve to exactly where x = 0 and x = 1. Now to trace along the curve to x = a, the viewing rectangle

must be chosen so that the function is evaluated at x = a. The window shown in Figure 2.87 was made first by
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pressing ZOOM 4 [Zdecimal], then by changing its vertical dimensions to appropriate values. By contrast,
find the area underf(x) = cos x between x = 0 and x = 1 in ZOOM 7 [Ztrig] window.

Technology Tip: Suppose that you want to find the area between two functions, y = f(x) and y = g(x), from

x=Atox=B. If f(x)=g(x) for 4<x< B, then enter the expression f{x) — g(x) for Y, and proceed as be-

fore to find the required area.

 
Graphing Technology Guide 2-43





Chapter 3

 

Texas Instruments TI-83

 4 BeH=1.7032

 

 





3.1 Getting started with the TI-83

3.1.1 Basics: Press the ON key to begin using your TI-83. If you need to adjust the display contrast, first

press 2nd, then press and hold ¥ (the down arrow key) to lighten or A (the up arrow key) to darken. As you

press and hold ¥v or A, an integer between 0 (lightest) and 9 (darkest) appears in the upper right corner of the

display. When you have finished with the calculator, turn it off to conserve battery power by pressing 2nd and

then OFF.

Check your TI-83’s settings by pressing MODE. If necessary, use the arrow keys to move the blinking cursor

to a setting you want to change. Press ENTER to select a new setting. To start with, select the options along
the left side of the MODE menu as illustrated in Figure 3.1: normal display, floating decimals, radian meas-
ure, function graphs, connected lines, sequential plotting, real numbers, and full screen display. Details on

alternative options will be given laterin this guide. For now, leave the MODE menu by pressing CLEAR.

  
  

 

T+215H4+o1G+7+E
SH10+11+12+13+14

   12+34+56     Horiz G-T

Figure 3.1: MODE menu Figure 3.2: Home screen

 

3.1.2 Editing: One advantage of the TI-83 is that up to eight lines are visible at one time, so you can see a

long calculation. For example, type this sum (Figure 3.2):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press ENTER to see the answertoo.

Often we do not notice a mistake until we see how unreasonable an answer is. The TI-83 permits you to re-

display an entire calculation, edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 3.2 but had not yet pressed ENTER, when you realize that

34 should have been 74. Simply press «€ (the left arrow key) as many times as necessary to move the blinking

cursor left to 3, then type 7 to write over it. On the other hand, if 34 should have been 384, move the cursor

back to 4, press 2nd INS (the cursor changes to a blinking underline) and then type 8 (inserts at the cursor

position and the other characters are pushed to the right). If the 34 should have been 3 only, move the cursor

to 4, and press DEL to delete it.

Technology Tip: To move quickly to the beginning of an expression you are currently editing, press A (the

up arrow key); to jump to the end ofthat expression, press ¥ (the down arrow key).
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Even if you had pressed ENTER, you may still edit the previous expression. Press 2nd and then ENTRYto
recall the last expression that was entered. Now you can change it. In fact, the TI-83 retains many prior entries

in a “last entry” storage area. Press 2nd ENTRY repeatedly until the previous line you want replaces the cur-

rent line.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account if

there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

t
the balance is P = (i+ Ly , where P = principal, r = rate of interest (expressed as a decimal), » = number of

times interest is compounded each year, and ¢ = number of years. In our example, this becomes

5000(1+.085) . Here are the keystrokes for finding the balance after t = 3, 5, and 10 years.

Years Keystrokes Balance

3 5000 (1 + .085) A 3 ENTER $6386.45

5 2nd ENTRY « 5 ENTER $7518.28

10 2nd ENTRY « 10 ENTER $11,304.92

 

 

Figure 3.3: Editing expressions

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press the keys to change the last calculation above: 2nd ENTRY « DEL 4 5 4 « « €« «7 ENTER.

3.1.3 Key Functions: Most keys on the TI-83 offer access to more than one function, just as the keys on a

computer keyboard can produce more than one letter (“g” and “G”) or even quite different characters (“5 and

“%"). The primary function of a key is indicated on the key itself, and you access that function by a simple

press on the key.

To access the second function indicated to the left above a key,first press 2nd (the cursor changes to a blink-

ing 4) and then press the key. For example to calculate J25, press 2nd J 25 ENTER.

Technology Tip: The TI-83 automatically places a left parenthesis, (, after many functions and operators

(including LOG, 2nd 10%, LN, 2nd e”, SIN, COS, TAN, and 2nd J ). If no other calculations are being

done, a matching right parenthesis does not need to be entered.
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When you wantto use a letter or other character printed to the right above a key, first press ALPHA (the cur-

sor changes to a blinking A) and then the key. For example,to use the letter K in a formula, press ALPHA K.

If you need several letters in a row, press 2nd A-LOCK, which is like the CAPS LOCK key on a computer key-

board, and then press all the letters you want. Remember to press ALPHA when you are finished and want to

restore the keys to their primary functions.

3.1.4 Order of Operations: The TI-83 performs calculations according to the standard algebraic rules.

Working outwards from inner parentheses, calculations are performed from left to right. Powers and roots are

evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Enter these expressions to practice using your TI-83.

Expression Keystrokes Display

7-5-3 7 - 5x 3 ENTER -8
(7-5)-3 (7-5)x3ENTER 6

120-10? 120 — 10 x’ ENTER 20

(120 — 10)? (120 - 10) x* ENTER 12100

= 24 +2 A 3 ENTER 3

24)?
(2 (24 +2) A 3 ENTER 1728

(7--5)--3 (7-(-)5)x(-) 3ENTER -36

N(N +1)
3.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as— af-

ter you have entered a value for N. Suppose you want N = 200. Press 200 STO» ALPHA N ENTERto store

the value 200 in memory location N. Whenever you use N in an expression, the calculator will substitute the

N(N +1
value 200 until you make a change by storing another number in N. Next enter the expression LAD), by

N(N +1
typing ALPHA N ( ALPHA N + 1) + 2 ENTER. For N = 200, you will find that ME) =20100.

The contents of any memory location may be revealed by typing just its letter name and then ENTER. And
the TI-83 retains memorized values even when it is turned off, so long asits batteries are good.

3.1.6 Repeated Operations with ANS: The result of your /ast calculation is always stored in memory loca-

tion ANS and replaces any previous result. This makes it easy to use the answer from one computation in an-

Graphing Technology Guide 3-3

 



other computation. For example, press 30 + 15 ENTER so that 45 is the last result displayed. Then press

2nd ANS + 9 ENTER and get 5 because 45 + 9 = 5.

With a function like division, you press the + affer you enter an argument. For such functions, whenever you

would start a new calculation with the previous answer followed by pressing the function key, you may press

just the function key. So instead of 2nd ANS + 9 in the previous example, you could have pressed simply
+ 9 to achieve the same result. This technique also works for these functions: + — x A x x

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (results are shown in Figure 3.4).

Pay Period Keystrokes Earnings

8-hour day 5.85 x 8 ENTER $46.80

5-day week x 5 ENTER $234
52-week year x 52 ENTER $12,168

 

 

  
Figure 3.4: ANS variable

3.1.7 The MATH Menu: Operators and functions associated with a scientific calculator are available either

immediately from the keys of the TI-83 or by the 2nd keys. You have direct access to common arithmetic

operations x2, 2nd J , 2nd x, A), trigonometric functions (SIN, COS, TAN), and their inverses (2nd

SIN, 2nd cos™, 2nd TANT, exponential and logarithmic functions (LOG, 2nd 10%, LN, 2nd e”), and a

famous constant (2nd 7).

A significant difference between the TI-83 graphing calculators and most scientific calculators is that TI-83

requires the argument of a function affer the function, as you would see in a formula written in your textbook.

For example, on the TI-83 you calculate J16 by pressing the keys 2nd J 16 in that order.
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Here are keystrokes for basic mathematical operations. Try them for practice on your TI-83.

Expression Keystrokes Display

V32 +4? 2nd ,[ (3x*+4x*) ENTER 5

24 2 +3 xENTER 2.333333333

log 200 LOG 200 ENTER 2.301029996

234-10° 2.34 x 2nd 10% 5 ENTER 234000

Additional mathematical operations and functions are available from the MATH menu. Press MATH to see

the various options (Figure 3.5). You will learn in your mathematics textbook how to apply many of them. As

an example, calculate 37 by pressing MATH then either apfJor v v v ENTER, finally press 7 to see

1.912931183. To leave the MATH menu and take no other action, press 2nd QUIT or just CLEAR.

  

 

Figure 3.5: MATH menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbol for factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1 - 2 - 3 - 4 = 24. You will

learn more about applications of factorials in your textbook, but for now use the TI-83 to calculate 4! Press

these keystrokes: 4 MATH « 4[!/]ENTER or 4 MATH <« v v v ENTER ENTER.

Note that you can select a sub-menu from the MATH menu by pressing either € or ». It is easier to press «

once than to press » three times to get to the PRB menu.

 

(2+38)/C4=24)
« 1+. Bi

  
Figure 3.6: Complex number calculations
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On the TI-83 it is possible to do calculations with complex numbers. To enter the imaginary number i, press

2nd i. For example, to divide 2 + 3iby 4 — 2i, press (2 +3 2nd ji) + (4 — 2 2nd i ) ENTER. The result is

0.1 + 0.8i (Figure 3.6).

To find the complex conjugate of 4 + 5; press MATH » » ENTER 4 + 5 2nd i ENTER (Figure 3.6).

3.2 Functions and Graphs

3.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = your sales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x. If

your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s one method to use your TI-83 to perform this task. Press the Y= at the top of the calculator to display

the function editing screen (Figure 3.7). You may enter as many as ten different functions for the TI-83 to use

at one time. If there is already a function Y; press 4 or ¥ as many times as necessary to move the cursor to

Y,; and then press CLEAR to delete whatever was there. Then enter the expression 1975 + .10x by pressing

these keys: 1975 + .10 X,T,0,n. (The X,T,6,n key lets you enter the variable X easily without having to use the
ALPHA key.) Now press 2nd QUIT to return to the main calculations screen.

Assign the value 2230 to the variable x by these keystrokes (see Figure 3.8): 2230 STO#* X,T,0,n. Then press

ALPHA : to allow another expression to be entered on the same command line. Next press the following key-

strokes to evaluate Yand find January’s wages: VARS » 1[Function] 1[Y{] ENTER.

 

Flokli Flokz Flot2
~Y1H1975+. 18K
Ye= :
Wi= 2161.5
“Wy =
“We=
“WE=
“Wes

   
     

Figure 3.7: Y= screen Figure 3.8: Evaluating a function

It is not necessary to repeat all these steps to find the February wages. Simply press 2nd ENTRY to recall the

entire previous line, change 2230 to 1865, and press ENTER. Each time the TI-83 evaluates the function Y,
it uses the current value ofx.

Like your textbook, the TI-83 uses standard function notation. So to evaluate Y,(2230) when Y,(x) = 1975 +

10x, press VARS » 1[Function] 1[Y,] ( 2230 ) ENTER (see Figure 3.9). Then to evaluate Y,(1865), press

2nd ENTRYto recall the last line and change 2230 to 1865.
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Y1(2238)

Y1(1865)
2198

2161.5

  
Figure 3.9: Function notation

You may also have the TI-83 make a table of values for the function. Press 2nd TBLSETto set up the table

(Figure 3.10). Move the blinking cursor onto Ask beside Indpnt:, then press ENTER. This configuration

permits you to input values for x one at a time. Now press 2nd TABLE, enter 2230 in the x column, and press
ENTER (see Figure 3.11). Continue to enter additional values for x and the calculator automatically com-
pletes the table with corresponding values of Y,4. Press 2nd QUIT to leave the TABLE screen.

 

 

 

TABLE SETUP | »
ThlStart=08 zzz0 zi98
aTbl=1 {B65 zi6L.5

Indrnt.t Auto
Derend: c

   
7B1975+. 16K

Figure 3.10: TBLSET screen Figure 3.11: Table of values

   

Technology Tip: The TI-83 does not require multiplication to be expressed between variables, so xxx means

x>. It is often easier to press two or three x’s together than to search for the square key or the powers key. Of

course, expressed multiplication is also not required between a constant and a variable. Hence to enter

2x3 +3x* —4x +5 in the TI-83, you might save keystrokes and press just these keys: 2 X,T,0,n X,T,8,n X,T,4,n

+3 XTONnXTOn—4XTOHn+5

3.2.2 Functions in a Graph Window: Once you have entered a function in the Y= screen of the TI-83, just

press GRAPH to see its graph. The ability to draw a graph contributes substantially to our ability to solve
problems.

For example, here is how to graph y = —x> +4x. First press Y= and delete anything that may be there by

moving with the arrow keys to Y, or to any ofthe other lines and pressing CLEAR wherever necessary. Then,

with the cursor on the top line Y4, press (=) X,T.6.n A 3 + 4 X,T,0,n to enter the function (as in Figure 3.12).

Now press GRAPH and the TI-83 changes to a window with the graph of y = —x+4x (Figure 3.13).

While the TI-83 is calculating coordinates for a plot, it displays a busy indicator at the top right of the graph

window.
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Technology Tip: If you would like to see a function in the Y= menu and its graph in a graph window, both at

the same time, open the MODE menu, move the cursor down to the last line, and select Horiz screen. Your

TI-83’s screen is now divided horizontally (see Figure 3.12), with an upper graph window and a lower win-

dow that can display the home screen or an editing screen. The split screen is also useful when you need to do

some calculations as you trace along a graph. For now, restore the TI-83 to Full screen.

oH Ls
Flokl Flotz Flot:
WEEKSHE
“Wa=
WWi=

  

 

    
  

Figure 3.12: Split screen: Y= below Figure 3.13: Graph of y = —x* + 4x

Technology Tip: The TI-83 also can also show a vertically split screen with a graph on the left side and a

table of values on the right side (the G-T option on screen display line of the MODE menu). This feature al-

lows you to see both the graph and a corresponding table of values. Note that unless you use 2nd TBLSETto

generate the table (as in Section 3.2.1), the table that is shown may not correspond to the current function.

Your graph window may look like the one in Figure 3.13 or it may be different. Since the graph of

y= —x> +4x extends infinitely far left and right and also infinitely far up and down, the TI-83 can display

only a piece of the actual graph. This displayed rectangular part is called a viewing rectangle. You can easily

change the viewing rectangle to enhance your investigation of a graph.

The viewing rectangle in Figure 3.13 shows the part of the graph that extends horizontally from —10 to 10 and

vertically from —10 to 10. Press WINDOW to see information about your viewing rectangle. Figure 3.14
shows the WINDOW screen that corresponds to the viewing rectangle in Figure 3.13. This is the standard
viewing rectangle for the TI-83.

 

necl=1
Ymin=-18
Ymax=108
Yecl=1
sres=]1  

Figure 3.14: Standard WINDOW

The variables Xmin and Xmax are the minimum and maximum x-values of the viewing rectangle; Ymin and

Ymax are the minimum and maximum y-values.

Xscl and Ysclset the spacing between tick marks on the axes.
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Xres sets pixel resolution (1 through 8) for function graphs.

Technology Tip: Small Xres values improve graph resolution, but may cause the TI-83 to draw graphs more
slowly.

Use the arrow keys A and ¥ to move up and down from one line to another in this list; pressing the ENTER
key will move down the list. Enter a new value to over-write a previous value and then press ENTER. Re-
member that a minimum must be less than the corresponding maximum or the TI-83 will issue an error mes-

sage. Also, remember to use the (=) key, not — (which is subtraction), when you want to enter a negative

value. Figures 3.13-14, 3.15-16, and 3.17-18 show different WINDOW screens and the corresponding view-
ing rectangle for each one.

Winoow | ]
 

¥min=-15.16129..
Kmax=15.161298...
necl=1
Ymin=-18
Ymax=10
Yecl=1
Kres=1

 

      

Figure 3.15: Square window Figure 3.16: Graph of y = —x> + 4x

To initialize the viewing rectangle quickly to the standard viewing rectangle (Figure 3.14), press ZOOM

6[ZStandard]. To set the viewing rectangle quickly to a square (Figure 3.15), press ZOOM 5[ZSquare].
More information about square windowsis presented later in Section 3.2.4.

\

Figure 3.17: Custom window Figure 3.18: Graph of y = —x+4x

 

 

     

Sometimes you may wish to display grid points corresponding to tick marks on the axes. This and other graph

format options may be changed by pressing 2nd FORMAT to display the FORMAT menu (Figure 3.19). Use

arrow keys to move the blinking cursor to GridOn; press ENTER and then GRAPH to redraw the graph.
Figure 3.20 shows the same graph as in Figure 3.18 but with the grid turned on. In general, you’ll want the

grid turned off, so do that now by pressing 2nd FORMAT, use the arrow keys to move the blinking cursor to

GridOff, and press ENTER and CLEAR.
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Figure 3.19: FORMAT menu Figure 3.20: Grid turned on for y = —x° +4x

Technology Tip: On the TI-83, the style of your graph can be changed by changing the icon to the left of Y,

on the Y= screen. To change the icon press Y= « <« and then ENTERrepeatedly to scroll through the differ-
ent styles available.

3.2.3 Graphing Step and Piecewise-Defined Functions: The greatest integer function, written [[x]], gives

the greatest integer less than or equal to a number x. On the TI-83, the greatest integer function is called int

and is located under the NUM sub-menu of the MATH menu (Figure 3.5). From the home screen, calculate

[[6.78]] = 6 by pressing MATH » 5[int(] 6.78 ENTER.

To graph y =[[x]], go into the Y= menu, move beside Y; and press CLEAR MATH » 5[int(] X,T.6,n

GRAPH. Figure 3.21 shows this graph in a viewing rectangle from —5 to 5 in both directions.

The true graph of the greatest integer function is a step graph, like the one in Figure 3.22. For the graph of

vy =[[x]], a segment should not be drawn between every pair of successive points. You can change from

Connected line to Dot graph on the TI-83 by opening the MODE menu. Move the cursor down to the fifth

line; select whichever graph type you require; press ENTER to putit into effect, and GRAPH to see the re-

  

  

        

sult.

Figure 3.21: Connected graph of y =[[x]] Figure 3.22: Dot graph of y =[[x]]

Make sure to change your TI-83 back to Connected line, since most of the functions that you will be graph-

ing should be viewed this way.

The TI-83 can graph piecewise-defined functions by using the options in the TEST menu (Figure 3.23) that is

displayed by pressing 2nd TEST. Each TEST function returns the value 1 if the statement is true, and the

value 0 if the statement is false.
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Figure 3.23: 2nd TEST menu

2 2
¥ re Xs 0 enter the following keystrokes: Y= ( X,T,0,n x +
x-1, x=>0

1) (XT6n 2nd TEST 5/<J]0) + ( X,T8,n — 1) ( X,T,0,n 2nd TEST 4[>] 0) (Figure 3.24). Then press

GRAPH to display the graph. Figure 3.25 showsthis graph in a viewing rectangle from —5 to 5 in both direc-

tions.

For example,to graph the function f(x) =

 

  

Flokl Flokz Flokz

WWE(K2 +1) (KEE)+
(x-1(xze)
~ g=

 

       

-Y'3 = Lr
ly= !
~Ys=
YE=

Figure 3.24: Piecewise-defined function Figure 3.25: Piecewise-defined graph

3.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions but can be “split” into a

top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle of radius 6 whose

equation is x2 + y? = 36. First solve for y and get an equation for the top semicircle, y = V36—x? , and for

the bottom semicircle, y = —v36— x2 . Then graph the two semicircles simultaneously.p y

  

Floktl Flokz Flok=

WETIE—KE)
YB -I{(36—K2)

is i

 

Wy=
“Ye=
“MYeE=
sYeo=        

Figure 3.26: Two semicircles Figure 3.27: Circle’s graph - standard WINDOW
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Use the following keystrokes to draw this circle’s graph. Enter Vv36-x? as Y; and —-v36-x? as Y, (see

Figure 3.26) by pressing Y= CLEAR 2nd,/ 36 — x,T.6,n x’) ENTER CLEAR (-) 2nd ,/ 36 — X,T.6:n X°

). Then press GRAPH to draw them both (Figure 3.27). Make sure that the WINDOW is set large enough to
display a circle ofradius 6.

 

Floti Flokz Plok:
“WET(36-K2)
“Yel
a=
Wy=
“We=
“WeE=
We=

Figure 3.28: Using the VARS menu

   

Instead of entering —v36—x> as Y,, you could have entered —Y, as Y, and saved some keystrokes. On the

TI-83, try this by going into the Y= screen and pressing ¥ to move the cursor down to Y,. Then press

CLEAR (-) VARS » 1[Function] ENTER (Figure 3.28). The graph should be as before.

If your range were set to a viewing rectangle extending from —10 to 10 in both directions, your graph would

look like Figure 3.27. Now this does not look a circle, because the units along the axes are not the same. You

need what is called a “square” viewing rectangle. Press ZOOM 5[ZSquare] and see a graph that appears
more circular.

Technology Tip: Another way to get a square graph is to change the range variables so that the value of

Ymax — Ymin is approximately 5 times Xmax — Xmin. For example, see the WINDOW in Figure 3.29 to

get the corresponding graph in Figure 3.30. This method works because the dimensions of the TI-83’s display

are such that the ratio of vertical to horizontal is approximately < :

 

 

a
Ni

Figure 3.29: pl = 5 =% Figure 3.30: A “square” circle

 

 

     

N
o

The two semicircles in Figure 3.30 do not meet because of an idiosyncrasy in the way the TI-83 plots a graph.
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3.2.5 TRACE: Graph the function y= —x> +4x from Section 3.2.2 using the standard viewing rectangle.

(Rememberto clear any other functions in the Y= screen.) Press any of the arrow keys A v « » and see the

cursor move from the center of the viewing rectangle. The coordinates ofthe cursor’s location are displayed at
the bottom of the screen, as in Figure 3.31, in floating decimal format. This cursor is called a free-moving
cursor because it can move from dot to dot anywhere in the graph window.

 

 

  #= "1.276596 1Y=4.515129
 

 

Figure 3.31: Free-moving cursor

Remove the free-moving cursor and its coordinates from the window by pressing GRAPH, CLEAR, or
ENTER. Press an arrow key again and the free-moving cursor will reappear at the same point you left it.

Press TRACE to enable the left € and right » arrow keys to move the cursor along the function. The cursor

is no longer free-moving, but is now constrained to the function. The coordinates that are displayed belong to

points on the function’s graph, so the y-coordinate is the calculated value of the function at the corresponding

x-coordinate (Figure 3.32). The TI-83 displays the function that is being traced in the upper left of the screen

while the TRACEfeature is being used.

 

Yi=-H*3e4H

 

  f= "2.340425 1Y=3.4581933

Figure 3.32: TRACE

 

Now plot a second function, y = —-25x, along with y= —x> +4x. Press Y= and move the cursor to the Y,

line and enter —.25x, then press GRAPH to see both functions.

Notice that in Figure 3.33 the equal signs next to Y, and Y, are both highlighted. This means that both func-

tions will be graphed. In the Y= screen, move the cursor directly on top of the equal sign next to Y, and press

ENTER. This equal sign should no longer be highlighted (Figure 3.35). Now press GRAPH and see that only
Y, is plotted (Figure 3.36).
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Figure 3.33: Two functions Figure 3.34: y= —x> +4x and y=-25x

  

Flotl Flokz Flot:
TIETRS E
“YH. E
Was of
y= EL
“Ye= F
WE= F
sYe= E       

Figure 3.35: only Y, active Figure 3.36: Graph of y = -25x

Many different functions can be stored in the Y= list and any combination of them may be graphed simulta-

neously. You can make a function active or inactive for graphing by pressing ENTER on its equal sign to

highlight (activate) or remove the highlight (deactivate). Now go back to the Y= screen and do what is needed

in order to graph Y, but not Y,,.

Now activate both functions so that both graphs are plotted. Press TRACE and the cursor appearsfirst on the

graph of y = —x +4x becauseit is higher up on the Y= list. You know that the cursor is on this function, Y,,

because this function is displayed in the upper left of the screen. Press the up 4 or down ¥ arrow key to

move the cursor vertically to the graph of y = —25x . Now the function Y,=—25x is shown in the upper left

of the screen. Next press the left and right arrow keys to trace along the graph of y = —25x . When more than

one function is plotted, you can move the trace cursor vertically from one graph to another with the A and v

keys.

Technology Tip: By the way, trace the graph of y =-25x and press and hold either € or ». Eventually

you will reach the left or right edge of the window. Keep pressing the arrow key and the TI-83 will allow you

to continue the trace by panning the viewing rectangle. Check the WINDOW screen to see that the Xmin and

Xmax are automatically updated.

The TI-83 has a display of 95 horizontal columns of pixels and 63 vertical rows, so when you trace a curve

across a graph window, you are actually moving from Xmin to Xmax in 94 equal jumps, each called Ax. You

: : Xmax— Xmin :
would calculate the size of each jump to be Ax =1Sometimes you may want the jumps to be

friendly numbers like 0.1 or 0.25 so that, when you trace along the curve, the x-coordinates will be incre-

mented by such a convenient amount. Just set your viewing rectangle for a particular increment Ax by making
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Xmax = Xmin + 94 - Ax. For example,if you want Xmin = —5 and Ax = 0.3, set Xmax = -5 + 94 - 0.3 = 23.2.
Likewise, set Ymax = Ymin + Ay if you wantthe vertical increment to be some special Ay.

To center your window around a particular point, say (A, k), and also have a certain Ax, set Xmin = h — 47 - Ax

and make Xmax = A + 47 - Ax. Likewise, make Ymin = k£ — 31 - Ay and make Ymax = k + 31 - Ax. For ex-
ample, to center a window around the origin (0, 0), with both horizontal and vertical increments of 0.25, set

the range so that Xmin =0-47-0.25=-11.75, Xmax=0+47-0.25=11.75,Ymin=0-31- 0.25 = -7.75

and Ymax=0+31-0.25="17.75.

See the benefit by first plotting y = x*>+2x+1 in a standard graphing window. Trace near its y-intercept,

which is (0, 1), and move towards its x-intercept, which is (—1,0). Then press ZOOM 4[ZDecimal] and trace
again near the intercepts.

3.2.6 ZOOM: Plot again the two graphs, for y= —x>+4x and y =—25x . There appears to be an intersec-

tion near x = 2. The TI-83 provides several ways to enlarge the view around this point. You can change the

viewing rectangle directly by pressing WINDOW and editing the values of Xmin, Xmax, Ymin, and Ymax.

Figure 3.38 shows a new viewing rectangle for the range displayed in Figure 3.37. The cursor has been moved

near the point of intersection; move your cursor closer to get the best approximation possible for the coordi-

nates of the intersection.

 

 

~

\
Figure 3.37: New WINDOW Figure 3.38: Closer view

 

     

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start again

with a graph ofthe two functions y = —x>+4x and y =—25x in a standard viewing rectangle. (Press ZOOM

6[ZStandard] for the standard viewing window.)

Now imagine a small rectangular box around the intersection point, near x = 2. Press ZOOM 1[ZBox] (Figure
3.39) to draw a box to define this new viewing rectangle. Use the arrow keys to move the cursor, whose co-

ordinates are displayed at the bottom of the window, to one corner of the new viewing rectangle you imagine.

Press ENTER to fix the corner where you moved the cursor;it changes shape and becomes a blinking square

(Figure 3.40). Use the arrow keys again to move the cursor to the diagonally opposite corner of the new rec-

tangle (Figure 3.41). If this box looks all right to you, press ENTER. The rectangular area you have enclosed

will now enlarge to fill the graph window (Figure 3.42).

Graphing Technology Guide 3-15

 



 

    
Zirig #=1.4893617 [v=-1.290323    

Figure 3.39: ZOOM menu Figure 3.40: One corner selected

You may cancel the zoom any time before you press this last ENTER. Press ZOOM once more and start over.

Press CLEAR or GRAPH to cancel the zoom, or press 2nd QUIT to cancel the zoom and return to the home
screen.

 
 

   
#=2.7659575 I¥Y=.54516129 =2.1276596 Y=".3225H05      

Figure 3.41: Box drawn Figure 3.42: New viewing rectangle

You can also quickly magnify a graph around the cursor’s location. Return once more to the standard window

for the graph of the two functions y = -x> +4x and y=-25x. Press ZOOM 2[Zoom In] and then press

arrow keys to move the cursor as close as you can to the point of intersection near x = 2 (see Figure 3.43).

Then press ENTER and the calculator draws a magnified graph, centered at the cursor’s position (Figure

3.44). The range variables are changed to reflect this new viewing rectangle. Look in the WINDOW menu to

verify this.

  

 

#=1.7021277 I1=".96/7419 #=1.7/021277 Y¥=-.9577419      

Figure 3.43: Before a zoom in Figure 3.44: After a zoom in

As you see in the ZOOM menu (Figure 3.39), the TI-83 can zoom in (press ZOOM 2) or zoom out (press
ZOOM 3). Zoom out to see a larger view of the graph, centered at the cursor position. You can change the

horizontal and vertical scale of the magnification by pressing ZOOM » 4[SetFactors] (see Figure 3.45) and
editing XFact and YFact, the horizontal and vertical magnification factors (Figure 3.46).
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00M Z00M FACTORS
Previous #Fact=4

: ZoomSt.o YFact=4
Si ZoomRcl
4:SetFactors...

Figure 3.45: ZOOM MEMORY menu Figure 3.46: ZOOM MEMORY SetFactors

Technology Tip: An advantage of zooming in from square viewing window is that subsequent windows will

also be square. Likewise, if you zoom in from a friendly viewing rectangle, the zoomed windows will also be

friendly.

The default zoom factoris 4 in both direction. It is not necessary for Xfact and Yfact to be equal. sometimes,

you may prefer to zoom in one direction only, so the other factor should be set to 1. As usual, press 2nd

QUIT to leave the ZOOM menu.

Technology Tip: The TI-83 remembers the window it displayed before a zoom. So if you should zoom in

too much and lose the curve, press ZOOM » 1[ZPrevious] to go back to the window before. If you want to

execute a series of zooms but then return to a particular window, press ZOOM » 2[ZoomSto] to store the

current window’s dimensions. Later, press ZOOM » 3[ZoomRcl] to recall the stored window.

3.2.7 Relative Minimums and Maximums: Graph y = —x* +4x once again in the standard viewing rectan-

gle. This function appears to have a relative minimum near x = —1 and a relative maximum near x = 1. You

may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point. Trace along the curve until the y-coordinate is as small as you can get it, so that

you are as close as possible to the local minimum, and zoom in (press ZOOM 2[Zoom In] ENTER or use a
zoom box). Now trace again along the curve and, as you move from point to point, see that the coordinates

change by smaller amounts than before. Keep zooming and tracing until you find the coordinates of the local

minimum point as accurately as you need them, approximately (-1.15, 3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as great

as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local maximum

point on the graph of y = —x> +4x is approximately (1.15, 3.08).

The TI-83 can automatically find the maximum and minimum points. Press 2nd CALC to display the
CALCULATE menu (Figure 3.47). Choose 3[minimum] to calculate the minimum value of the function and

4[maximum] for the maximum. You will be prompted to trace the cursor along the graph first to a point left

of the minimum/maximum (press ENTER to set this left bound). Then move to a point right of the mini-
mum/maximum and set a right bound by pressing ENTER. Note the two arrows near the top of the display

marking the left and right bounds (as in Figure 3.48).
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Figure 3.47: CALCULATE menu Figure 3.48: Finding a minimum

Next move the cursor along the graph between the two bounds and as close to the minimum/maximum as you

can. This serves as a guess for the TI-83 to start its search. Good choices for the left bound, right bound, and

guess can help the calculator work more efficiently and quickly. Press ENTER and the coordinates of the

relative minimum/maximum point will be displayed (see Figure 3.49).

 

 

 

Minimum
#="1.154%7 1¥="3.079291   

Figure 3.49: Relative minimum on y = —x> +4x

Note that if you have more than one graph on the screen, the upper left corner of the TI-83 screen will show

the equation of the function whose minimum/maximum is being calculated.

3.3 Solving Equations and Inequalities

3.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,

where a curve crosses the x-axis. For example, the graph of y = x? —8x crosses the x-axis three times (Figure

3.50). After tracing over to the x-intercept point that is farthest to the left, zoom in (Figure 3.51). Continue this

process until you have located all three intercepts with as much accuracy as you need. The three

x-intercepts of y = x? —8x are approximately —2.828, 0, and 2.828.

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the error is less than the distance between two tick marks. Change the x-scale on the

TI-83 from the WINDOW menu. Move the cursor down to Xscl and enter an appropriate value.
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Yi=H"3-8%

 

  

    f= "2.820201 ¥=.1297H059 *
  

Figure 3.50: Graph of y = x3 —8x Figure 3.51: Near an x-intercept of y = x> — 8x

The x-intercept of a function’s graph is a zero of the function, so press 2nd CALC to display the

CALCULATE menu (Figure 3.47) and choose 2[zero] to find a zero ofthis function. Set a left bound, right

bound, and guess as described in Section 3.2.7. The TI-83 shows the coordinates of the point and indicates
that it is a zero (Figure 3.52)

 

 

  

24rd
#= -2.020427 [=o   
 

Figure 3.52: A zero of y =x’ —8x

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the graphs

of y= —x* +4x and y = —-25x . Trace along one of the graphs until you arrive close to an intersection point.

Then press 4 or Vv to jump to the other graph. Notice that the x-coordinate does not change, but the

y-coordinate is likely to be different (Figures 3.53 and 3.54).

  

Yi=-H*3+4 Ye=-.z5K    

 

         

 

  R=g ¥=9 g=2
  

 

Figure 3.53: Trace on y = —x® +4x Figure 3.54: Trace on y = -25x

When the two y-coordinates are as close as they can get, you have come as close as you now can to the point

of intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as

close as possible. Continue this process until you have located the point of intersection with as much accuracy

as necessary.
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You can also find the point of intersection of two graphs by pressing 2nd CALC 5[intersect]. Trace with the

cursor first along one graph nearthe intersection and press ENTER; then trace with the cursor along the other
graph and press ENTER. Marks + are placed on the graphs at these points. Finally, move the cursor near the

point ofintersection and press ENTER again. Coordinates of the intersection will be displayed at the bottom
of the window (Figure 3.55).

 

   
InCerseclich
#=2.0615528 1Y=".5153002   

Figure 3.55: An intersection of y = —x® +4x and y=-25x

3.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x> —36x+17 =0. First

raph y =24x> —36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all thegrap g
equation’s zeros (roots). Then use trace and zoom, or the TI-83’s zero finder, to locate each one. In fact, this

equation has just one solution, approximately x = —1.414.

Remember that when an equation has more than one x-intercept, it may be necessary to change the viewing

rectangle a few times to locate all of them.

Technology Tip: To solve an equation like 24x> +17 = 36x, you may first transform it into standard form,

24x% -36x+17=0, and proceed as above. However, you may also graph the two functions y =24x> +17

and y = 36x, then zoom and trace to locate their point of intersection.

3.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of inter-

section of their graphs (Figure 3.56). For example, to solve the system y= x? +3x? -2x-1 and

y=x?-3x-4, first graph them together. Then use zoom and trace or the intersect option in the

CALCULATE menu, to locate their point of intersection, approximately (2.17, 7.25).

If you did not use the Intersect option, you must judge whether the two current y-coordinates are sufficiently

close for x = —2.17 or whether you should continue to zoom and trace to improve the approximation. The so-

lutions of the system of two equations y = x> +3x? —2x—1 and y=x2 -3x—4 correspond to the solutions

of the single equation x3 +3x? —2x-1=x%? —3x-4, which simplifies to x +2x2+x+3=0. So you may

also graph = x> +2x? + x +3 and find its x-intercepts to solve the system.grapn y p y
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Figure 3.56: Graph of y =x +3x% -2x-1 and y=x?-3x-4

 

    

3.3.4 Solving Inequalities by Graphing: Consider the inequality 1—> > x—4. To solve it with your TI-83,

 

graph the two functions y = 1-= and y=x-4 (Figure 3.57). First locate their point of intersection, at

x = 2. The inequality is true when the graph of y =1-> lies above the graph of y = x—-4, and that occurs

when x < 2. So the solution is the half-line x <2, or (-, 2].

/
f=2 ¥=-2

 

 

   
3

Figure 3.57: Solving 1-= >x—-4

The TI-83 is capable of shading the region above or below a graph, or between two graphs. For example, to

graph y > x? —1, first graph the function y =x*>—1 as Y,. Then press 2nd DRAW 7[Shade(] VARS »
1[Function] 1[Y,] , 10) ENTER (see Figure 3.58).

 

Chade(Y1-10)

 

    

Figure 3.58: DRAW Shade Figure 3.59: Graph of y > x2 —1

Graphing Technology Guide 3-21



These keystrokes instruct the TI-83 to shade the region above y = x? —1 and below y = 10 (chosen because

this is the greatest y-value in the graph window) using the default shading option of vertical lines. The result is

shown in Figure 3.59.

Now use shading to solve the previous inequality, 1-2 > x —4 . The function whose graph forms the lower

boundary is named first in the SHADE command (see Figure 3.60). To enter this in your TI-83, press these
keys: 2nd DRAW 7[Shade(] X,To.n—4 , 1-3 X,T,0,n + 2) ENTER (Figure 3.61). The shading extends left

. 3 : .
from x = -2, hence the solution to 1-= > x —4 is the half-line x <2, or (-x, 2].

   
  

Figure 3.60: DRAW Shade command Figure 3.61: Graph of 1-— 2 >x—-4

More information about the DRAW menu is in the TI-83 manual.

3.4 Trigonometry

3.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the TI-83 is configured for whichever measure you need. Press

MODE to see the current settings. Press ¥ twice and move down to the third line of the mode menu where

angle measure is selected. Then press «€ or » to move between the displayed options. When the blinking cur-

sor is on the measure you want, press ENTER to select it. Then press CLEAR or 2nd QUIT to leave the
mode menu.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.
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Expression Keystrokes Display

sin 45° MODE v v » ENTER CLEAR
SIN 45 ENTER 7071067812

sin 7° SIN 2nd n ENTER 05480366515
sin 7 MODE v v ENTER CLEAR

SIN 2nd = ENTER 0
sin 45 SIN 45 ENTER 8509035245

sin SIN (2nd © + 6 ) ENTER 5

The first line of keystrokes sets the TI-83 in degree mode and calculates the sine of 45 degrees. While the

calculatorisstill in degree mode, the second line of keystrokes calculates the sine of © degrees, approximately

3.1415°. The third line changes to radian mode just before calculating the sine of nt radians. The fourth line

calculates the sine of 45 radians (the calculator remains in radian mode).

The TI-83 makes it possible to mix degrees and radians in a calculation. Execute these keystrokes to calculate

tan 45°+ sin £ as shown in Figure 3.62: TAN 45 2nd ANGLE 1) + SIN (2nd =n + 6 ) 2nd ANGLE 3)

ENTER. Do you get 1.5 whether your calculator is in set either in degree mode or in radian mode?

 —

tLani45° )+sinc{n~
6X) 1.5

  
Figure 3.62: Angle measure

Technology Tip: The automatic left parenthesis that the TI-83 places after functions such as sine, cosine, and

tangent (as noted in Section 3.1.3) can affect the outcome of calculations. In the previous example, the degree

sign must be inside of the parentheses so that when the TI-83 is in radian mode,it calculates the tangent of 45

degrees, rather than converting the tangent of 45 radians into an equivalent number of degrees. Also, the pa-

rentheses around the fraction £ are required so that when the TI-83 is in radian mode,it converts % into radi-

ans, rather than converting merely the 6 to radians. Experiment with the placement of parentheses to see how

they affect the result of the computation.

3.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-

sin 30x
 ful attention to the choice of graph window. For example, graph y = in the standard viewing rectan-

gle. Trace along the curve to see where it is. Zoom in to a better window, or use the period and amplitude to

establish better WINDOW values.

Graphing Technology Guide 3-23

 



Technology Tip:. Since © = 3.1, set Xmin = 0 and Xmax = 6.2 to cover the interval from 0 to 27.

Next graph y = tan x in the standard window first, then press ZOOM 7[ZTrig] to change to a special window

for trigonometric functions in which the horizontal increment is J; or 7.5° and the vertical range is from —4 to

4. The TI-83 plots consecutive points and then connects them with a segment, so the graph is not exactly what

you should expect. You may wish to change from Connected line to Dot graph (see Section 3.2.3) when you

plot the tangent function.

3.5 Scatter Plots

3.5.1 Entering Data: The table shows the total prize money (in millions of dollars) awarded at the Indian-

apolis 500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

 

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989
 

 
Prize $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

($million)           
We'll now use the TI-83 to construct a scatter plot that represents these points and to find a linear model that

approximates the given data.

The TI-83 holds data in lists. There are six list names in memory (L, L,, Ls, L4, Ls, Lg), but you can create as

many list names as your TI-83 memory has space to store. Before entering data, clear all the data lists. The

keystrokes to clear the six standard lists are: STAT 4[CIrList] 2nd L1, 2nd L2 , 2nd L3, 2nd L4 , 2nd LS ,

2nd L6 ENTER. This can also be done from within the list editor by highlighting each list title (L1, etc.) and

pressing CLEAR ENTER.

 

jL2 L3 2
 

 

m
S
W
e

=

    L2th=1. 61
 

Figure 3.63: Entering data points

Now press STAT 1[Edit] to reach the list editor. Instead of entering the full year 198x, enter only x. Here are

the keystrokes for the first three years: 1 ENTER 2 ENTER 3 ENTER and so on, then press » to move to

the first element of the next list and press 1.61 ENTER 2.07 ENTER 2.41 and so on (see Figure 3.63). Press

2nd QUIT when you have finished.
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You may edit statistical data in the same way you edit expressions in the home screen. Move the cursor to any

value you wish to change, then type the correction. To insert or delete data, move the cursor over the data

point you wish to add or delete. Press 2nd INS and a new data point is created; press DEL and the data point
is deleted.

3.5.2 Plotting Data: Once all the data points have been entered, press 2nd STAT PLOT to display the Plot1

screen. Press ENTER to turn Plot1 on, select the other options shown in Figure 3.64, and press GRAPH.

(Make sure that you have cleared or turned off any functions in the Y= screen, or those functions will be

graphed simultaneously.) Figure 3.65 shows this plot in a window from 0 to 10 horizontally and vertically.

You may now press TRACE to move from data point to data point.

  

P1ot2 FloE3 Fi:LisL2
Off

uret BE |~° Jn
Hi HIM | ,®

nlist2l1 a ¥
YlistiLz I.
Mark: B + - a

A=aYS2.07     

Figure 3.64: Plot1 menu Figure 3.65: Scatter plot

To draw the scatter plot in a window adjusted automatically to include all the data you entered, press ZOOM

9 [ZoomStat].

When you no longer want to see the scatter plot, press 2nd STAT PLOT 1, move the cursor to OFF, and
press ENTER. The TI-83 still retains all the data you entered.

3.5.3 Regression Line: The TI-83 calculates slope and y-intercept for the line that bestfits all the data. The

TI-83 can calculate regression lines in two equivalent forms. After the data points have been entered, press

STAT » 4[LinReg(ax+b)] ENTER to calculate a linear regression model with the slope named a and the

y-intercept named b (Figure 3.66). Pressing STAT » 8[LinReg(a+bx)] ENTER produces a linear regression

model with the roles of a and b reversed (Figure 3.67)

  

    

LinRed LinRed
u=gx+ u=a+bx
a8=a 9113333335 a=. 9322222222
b=. 9322222222 b=.5113333333

Figure 3.66: Linear regression: STAT » 4 Figure 3.67: Linear regression: STAT » 8
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Technology Tip: The number r (between —1 and 1) is called the correlation coefficient and measures the

goodness of fit of the linear regression with the data. The closer the absolute value of r is to 1, the better the

fit; the closer the absolute value of r is to 0, the worse the fit. Press VARS 5[Statistics] » » [EQ] 7[r]
ENTER for r. The TI-83 will display both the correlation coefficient and the coefficient of determination (r*)

if the Diagnostic mode is on. This is done by pressing 2nd CATALOG and then using the ¥ (down arrow) to

scroll to DiagnosticOn and then pressing ENTER ENTER. (Pressing CATALOG displays an alphabetical
list of all functions and instructions on the TI-83.) For now, scroll to DiagnosticOff in the CATALOG and
press ENTER ENTERto turn the diagnostics off.

 

 

   
Figure 3.68: Linear regression line

Turn Plot1 on again, if it is not currently displayed. Graph the regression line y = ax + b by pressing Y=, in-
activating any existing functions, moving to a free line or clearing one, the pressing VARS 5[Statistics] » »

1[RegEQ] GRAPH. See how well thisline fits with your data points (Figure 3.68).

3.5.4 Exponential Growth Model: The table shows the world population (in millions) from 1980 to 1992.

 
Year 1980 1985 1986 1987 1988 1989 1990 1991 1992

 

Population 4453 4850 4936 5024 5112 5202 5294 5384 5478

(millions)           
 

Follow the procedure described above to enter the data in order to find an exponential model that approxi-

mates the given data. Use 0 for 1980, 5 for 1985, and so on.

[ExFrReg
— ™akb™x
=4450. 72591

b=1.81745372

   
Figure 3.69: Exponential growth model
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The TI-83 will not compute the exponential growth model y = ae”. The exponential regression that The TI-83

will compute is of the form y = ab”. To get this exponential growth model press STAT » O[ExpReg]

ENTER to find the values of a and b (Figure 3.69). In this case, the exponential growth model is
y =4451(1.0174537%). To convert this to the form y = ae, the required equation is c = In b, and the exponen-

tial growth modelin this case is y = 445110174337 op 5, = 44510017303

If you wish to plot and graph the data, follow the method for linear regression. Set an appropriate range for

the data and then press 2nd STAT PLOT ENTER ENTER GRAPH. The data will now be plotted in the

range. As in the linear regression model, press Y=, inactivating any existing functions, moving to a free line or

clearing one, the pressing VARS 5[Statistics] » » 1[RegEQ] GRAPH to graph the exponential growth
model. Note that the exponential regression model does not need to be converted to the form y = ae” before

graphing.

3.6 Matrices

3.6.1 Making a Matrix: The TI-83 can work with 10 different matrices (A through J). Here’s how to create

1 4 3 5

this 3x4 matrix [-1 3 -1 -3| in your calculator.

2 0 4 6

Press MATRX to see the matrix menu (Figure 3.70); then press » » or just € to switch to the matrix EDIT

menu. Whenever you enter the matrix EDIT menu, the cursor starts at the top matrix. Move to another matrix

by repeatedly pressing ¥. For now, press ENTER to edit matrix [A].

The display will show the dimension of matrix [A] if the matrix exists; otherwise,it will display 1 x 1 (Figure

3.71). Change the dimensions of matrix [A] by pressing 3 ENTER 4 ENTER. Simply press ENTER or an
arrow key to accept an existing dimension. The matrix shown in the window changes in size to reflect a

changed dimension.

 

 

   

ter MATH EDIT MATRIKIA] 1 x1
[b ]

= [EB]
ot [C]
4: [D]
== [E]
6: [F]
4G]

Figure 3.70: MATRX menu Figure 3.71: Editing a matrix

Use the arrow keys or press ENTER repeatedly to move the cursor to a matrix element you want to change. If

you press ENTER, you will move right across a row and then back to the first column of the next row. At the
right edge of the screen in Figure 3.72, there are dashes to indicate more columns than are shown. Go to them
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by pressing P» as many times as necessary. The ordered pair at the bottom left of the screen shows the cursor’s

current location within the matrix. The element in the second row and first column in Figure 3.72 is high-

lighted, so that the ordered pair at the bottom of the window is 2 , 1 and the screen shows that element’s cur-

rent value. Continue to enter all the elements of matrix [A]; press ENTERafter inputing each value.

 

 

  
Figure 3.72: Editing a matrix

When you are finished, leave the editing screen by pressing 2nd QUIT to return to the home screen.

3.6.2 Matrix Math: From the home screen, you can perform many calculations with matrices. To see matrix

[A], press MATRX 1 ENTER (Figure 3.73).

Perform the scalar multiplication 2[A] pressing 2 MATRX 1 ENTER. The resulting matrix is displayed on

the screen. To replace matrix [B] by 2[A] press 2 MATRX 1 STO» MATRX 2 ENTER (Figure 3.74), or if

you do this immediately after calculating 2[A], press only STO* MATRX 2 ENTER. The calculator will

display the matrix. Press MATRX to verify that the dimensions of matrix [B] have been changed automati-
cally to reflect this new value.

  

    

[A] Z[A1+IE]
[1 43 51 [[2 -B8 & 18]
[1 3 -1 -3] [2 & -2 -6]
[2 4 6 1] 4 @ -8 121]

Figure 3.73: Matrix [A] Figure 3.74: Matrix [B]

To add two matrices, say [A] and [B], create [B] (with the same dimensions as [A]) and then press MATRX 1

+ MATRX 2 ENTER. Again,if you wantto store the answer as a specific matrix, say [C], then press STO*

MATRX 3. Subtraction is performed in similar manner.

3

-5 -
[C] by [A], press MATRX 3 x MATRX 1 ENTER.If you tried to multiply [A] by [C], your TI-83 would sig-

2
Now set the dimensions of [C] to 2x3 and enter the matrix as [C]. For matrix multiplication of
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nal an error because the dimensions of the two matrices do not permit multiplication in this way.

The transpose of a matrix is another matrix with the rows and columns interchanged. The symbol for the

transpose of [A] is [A]. To calculate [A], press MATRX 1 MATRX » 2['] ENTER.

3.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides a more careful explanation of the elementary row operations and their uses.

To interchange the second and third rows of the matrix [A] that was defined above, press MATRX » ALPHA
ClrowSwap(] MATRX 1 , 2 , 3 ) ENTER (see Figure 3.75). The format of this command is

rowSwap(matrix, row1, row2).

      

   

Jrowt ~4- Al. 2,

[-1 & 1 ]
[6 -12 8 18]]   

  

Figure 3.75: Swap rows 2 and 3 Figure 3.76: Add —4 times row 2 to row 3

To add row 2 and row 3 and store the results in row 3, press MATRX » ALPHA Dfrow+(] MATRX 1,2, 3

) ENTER. The format of this command is row+(matrix, row1, row2).

To multiply row 2 by —4 and store the results in row 2, thereby replacing row 2 with new values, press

MATRX » ALPHA E[xrow(] (=) 4 , MATRX 1, 2 ) ENTER. The format of this command is *row(value,

matrix, row).

To multiply row 2 by —4 and add the results to row 3, thereby replacing row 3 with new values, press

MATRX » ALPHA F[xrow+(] (=) 4 , MATRX 1, 2, 3 ) ENTER (see Figure 3.76). The format of this

command is *row+(scalar, matrix, row1, row2).

Note that your TI-83 does not store a matrix obtained as the result of any row operation. So, when you need

to perform several row operations in succession, it is a good idea to store the result of each one in a temporary

place. You may wish to use matrix [J] to hold such intermediate results.

x-2y+3z=9

For example, use row operations to solve this system oflinear equations: -x+3y=-4.

2x-5y+5z=17

1 -2 3 9

First enter this augmented matrix as [A] in your TI-83: -1 3 0 —4 |. Next store this matrix as [E] (press

2 -5 5 17
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MATRX 1 STO» MATRX 5 ENTER), so you may keep the original in case you need to recallit.

Here are the row operations and their associated keystrokes. At each step, the result is stored in [E] and re-

places the previous matrix [E]. The completion of the row operations is shown in Figure 3.77.

Row Operations Keystrokes

add row 1 to row 2 MATRX » ALPHA D MATRX5,1,2)
STO» MATRX 5 ENTER

add -2 times row 1 to row 3 MATRX » ALPHA F (-) 2, MATRX 5, 1,

3) STO» MATRX 5 ENTER
add row 2 to row 3 MATRX » ALPHA D MATRX 5, 2, 3,)

STO» MATRX 5 ENTER

multiply row 3 by 5 MATRX » ALPHAE 1 +2, MATRX 5, 3)

STO» MATRX 5 ENTER

 

 

Figure 3.77: Final matrix after row operations

Thusz=2,soy=-landx=1.

Technology Tip: The TI-83 can produce a row-echelon form and the reduced row-echelon form of a matrix.

The row-echelon form of matrix [A] is obtained by pressing MATRX » ALPHA Afref(] MATRX 1)

ENTER and the reduced row-echelon form is obtained by pressing MATRX » ALPHA B[rref(] MATRX 1)

ENTER. Note that the row-echelon form of a matrix is not unique, so your calculator may not get exactly the
same matrix as you do by using row operations. However, the matrix that the TI-83 produces will result in the

same solution to the system.

1 2 3

3.6.4 Determinants and Inverses: Enter this 3x3 square matrix as [A]: [-1 3 0]. To calculate its de-

2 55

1 2 3

terminant -1 3 0}, go to the home screen and press MATRX » 1[det(] MATRX 1 ) ENTER. You

2 -5 5

should find that the determinantis 2 as shown in Figure 3.78.

3-30 TI-83 Graphics Calculator



Since the determinant of the matrix is not zero,it has an inverse matrix. Press MATRX 1 x~' ENTER to cal-

culate the inverse. The result is shown in Figure 3.79.

 
 

   
 

 

det.(TAI) [AI
[[FaD “2.5 “4.9
[28 aD ~1.5
[a0 «0 WD

Figure 3.78: Determinant of [A] Figure 3.79: Inverse of [A]

x—-2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Once again, consider -x+3y=—4.

2x-S5y+5z=17

1 2 3

The coefficient matrix for this system is the matrix [-1 3 0 which was entered as matrix [A] in the pre-

2 -5 5

9

vious example. Now enter the matrix —4 as [B]. Then press MATRX 1 x” x MATRX 2 ENTERto get the

17

answer as shown in Figure 3.80

 

  
Figure 3.80: Solution matrix

The solution is still x =1, y=-1, and z = 2.

3.7 Sequences

3.7.1 Iteration with the ANS key: The ANS key enables you to perform iteration, the process of evaluating a
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function repeatedly. As an example, calculate Be for n = 27. Then calculate ve for n = the answerto the

previous calculation. Continue to use each answer as » in the next calculation. here are keystrokes to accom-

plish this iteration on the TI-83 calculator. (See the results in Figure 3.81.) Notice that when you use ANS in

place of » in a formula,it is sufficient to press ENTER to continue an iteration.

 

Iteration Keystrokes Display

1 27 ENTER 27

2 (2nd ANS - 1) + 3 ENTER 8.666666667

3 ENTER 2.555555556

4 ENTER 5185185185

5 ENTER —-.1604938272

27

(Ans-1)-3
8. 666666667
2a DODDDDODE
«2185185185

“« 1684938272   
Figure 3.81: Iteration

Press ENTER several more times and see what happens with this iteration. You may wish to try it again with

a different starting value.

3.7.2 Arithmetic and Geometric Sequences: Use iteration with the ANS variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Enter the first term 7, then start the progression with the recursion formula, 2nd

ANS + 4 ENTER. This yields the 2nd term, so press ENTER sixteen more times to find the 18th term. For a
geometric sequence whose common ratio is 4,start the progression with 2nd ANS x 4 ENTER.

You can also define the sequence recursively with the TI-83 by selecting Seq in the MODE menu (see Figure

3.1). Once again,let’s find the 18th term of an arithmetic sequence whose first term is 7 and whose common

difference is 4. Press MODE v v v » » » ENTER 2nd QUIT. Then press Y= to edit any of the TI-83’s
three sequences, u,, v,, or w,. Make sure that nMin is set to 1, because the first term is », where n = 1. Make

u,=u, +4 and u; =7 by pressing 2nd u ( X,T,6,n— 1) + 4 ENTER 7 ENTER (Figure 3.82). Now, when

you press the variable key, X,T,0,n, you get an n because the calculator is in sequence mode. Press 2nd QUIT

to return to the home screen. To find the 18th term of this sequence, calculate u,3 by pressing 2nd u ( 18)

ENTER (Figure 3.83).
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Figure 3.82: Sequential Y= menu Figure 3.83: Sequence mode

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence

t, =a+(n-1)d . First enter values for the variables a, d, and n, then evaluate the formula by pressing

ALPHA A + ( ALPHA N - 1) ALPHA D ENTER. For a geometric sequence whose n-th term is given by

t, =a-r""!, enter values for the variables a, d, and r, then evaluate the formula by pressing ALPHA A

ALPHA R A (ALPHA N - 1) ENTER.

To use the explicit formula in Seq MODE, make u, =7+(n—1)-4 by pressing Y=7 + ( X,Ton—1) x 4

ENTER 2nd QUIT. Once more, calculate u,5 by pressing 2nd u ( 18 ) ENTER.

3.7.3 Finding Sums ofSequences: You can find the sum of a sequence by combining the sum( feature on

the LIST MATH menu with the seq( feature on the LIST OPS menu. The format of the sum( command is

sum( list, start, end), where the optional arguments start and end determine which elements of list are

summed. The format of the seq( command is seq( expression, variable, begin, end, increment), where

the optional argument increment indicates the difference between successive points at which expression is
evaluated.

 

 
 

12

Figure 3.84: D403)"
n=I1

12
For example, suppose you wantto find the sum D403)" . Press 2nd LIST « 5[sum(] 2nd LIST » 5[seq(]

n=1

4 (.3)AALPHAK,K6 ALPHA K, 1,12) ) ENTER (Figure 3.84). Note that the sum( command does not

need a starting or ending point, since every term in the sequence is being summed. Also, any letter can be

used for the variable in the sum,i.e., the K could just have easily been an A or an N.
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Now calculate the sum starting at » = 0 by using 2nd ENTRY to edit the range. You should obtain a sum of

approximately 5.712848.

3.8 Parametric and Polar Graphs

3.8.1 Graphing Parametric Equations: The TI-83 plots parametric equations as easily as it plots functions.

Up to six pairs of parametric equations can be plotted. In the MODE menu (Figure 3.1) go to the fourth line

from the top and change the setting to Par. Be sure,if the independent parameter is an angle measure, that the

angle measure in the MODE menu has been set to whichever you need, Radian or Degree.

You can now enter the parametric functions. For example, here are the keystrokes need to graph the paramet-

ric equations x = cos’ ¢# and y=sin’¢. First check that angle measure is in radians. Then press Y= ( COS

X,T.0.n)) A3 ENTER (SIN X,T6,n)) A 3 ENTER (Figure 3.85). Note that when you press the variable key

X,T,0,n, you now get a T because the calculatoris in parametric mode.

   

    

Flokz Flot:
RirBicos(TI)"3 Tmin=§

1rBCsincTI IE max=6. 2851855...
“R2T = Tster=.138899¢..

2r= amin=-2
“RIT = Kmax=
r= necl=1

RYT = 4¥min=-2

Figure 3.85: x =cos’¢ and y =sin’¢ Figure 3.86: Parametric WINDOW menu

Press WINDOW to set the graphing window and to initialize the values of T. In the standard window, the val-

ues of T go from 0 to 27 in steps of 7 ~ 0.1309, with the view from —10 to 10 in both directions. In order to

provide a better viewing rectangle press ENTER three times to move the cursor down, then set the rectangle

to go from —2 to 2 horizontally and vertically (Figure 3.86). Now press GRAPH to draw the graph (Figure

<>
h

 

 

    
Figure 3.87: Parametric graph of x =cos’¢ and y= sin’ ¢
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You may ZOOM and TRACE along parametric graphs just as you did with function graphs. However, unlike

with function graphs, the cursor will not move to values outside of the T range, so the left arrow « will not

work when T = 0, and the right arrow » will not work when T = 2m. As you trace along this graph, notice that

the cursor moves in the counterclockwise direction as T increases.

3.8.2 Rectangular-Polar Coordinate Conversion: The 2nd ANGLE menu provides function for converting
between rectangular and polar coordinate systems. These functions use the current angle measure setting,so it

is a good idea to check the default angle measure before any conversion. Of course, you may override the

current angle measure setting, as explained in Section 3.4.1. For the following examples, the TI-83 is set to

radian measure.

Given the rectangular coordinates (x, y) = (4, —3), convert to polar coordinates (7, 0) by pressing 2nd ANGLE

5[R»Pr(] 4 , (=) 3) ENTER. The value of r is displayed; now press 2nd ANGLE 6/R»PO(] 4, (-) 3)
ENTERto display the value of 6 (Figure 3.88). The polar coordinates are approximately (5, —0.6435).

Suppose (7, 0) = (3, ©). Convert to rectangular coordinates (x, y) by pressing 2nd ANGLE 7[P»Rx(] 3 , 2nd

nn ) ENTER. The x-coordinate is displayed; press 2nd ANGLE 8[P#Ry] 3, 2nd =n ) ENTER to display the

y-coordinate (Figure 3.89). The rectangular coordinates are (=3, 0).

 
 

    
 

RePrid. -3) = pre=es n) i.

RePECds =3) PrRYCSm)
-. 64358116088 a

Figure 3.88: Rectangular to polar coordinates Figure 3.89: Polar to rectangular coordinates

3.8.3 Graphing Polar Equations: The TI-83 graphs polar functions in the form » = (0) . In the fourth line

of the MODE menu, select Pol for polar graphs. You may now graph up to six polar functions at a time. Be

sure that the angle measure has been set to whichever you need, Radian or Degree. Here we will use radian

measure.

For example, to graph r =4sin6 , press Y= for the polar graph editing screen. Then enter the expression

4sin® by pressing 4 SIN X,T,0,n ) ENTER. Now, when you press the variable key X,T,6,n, you get a 6 because

the calculator is in polar mode..

Choose a good viewing rectangle and an appropriate interval and increment for 6. In Figure 3.90, the viewing

rectangle is roughly “square” and extends from —6 to 6 horizontally and from —4 to 4 vertically. Thatis,

Xmin, Xmax, Ymin, and Ymax are —6, 6, —4, and 4, respectively. (Refer back to the Technology Tip in Sec-

tion 3.2.4.)
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Figure 3.90: Polar graph of » =4sin0

Figure 3.90 shows rectangular coordinates of the cursor’s location on the graph. You may sometimes wish to

trace along the curve and see polar coordinates of the cursor’s location. The first line of the FORMAT menu
(Figure 3.19) has options for displaying the cursor’s position in rectangular (RectGC) or polar (PolarGC)
form.

3.9 Probability

3.9.1 Random Numbers: The command rand generates a number between 0 and 1. You will find this com-

mand in the PRB sub-menu of the MATH menu. Press MATH <« 1[rand] ENTER to generate a random

number. Press ENTER to generate another number; keep pressing ENTER to generate more of them.

If you need a random number between, say, 0 and 10, then press 10 MATH « 1[rand] ENTER. To get a ran-

dom number between 5 and 15, press 5 + 10 MATH <« 1[rand] ENTER.

3.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, |,P,, press 12 MATH « 2[nPr] 7 ENTER (Figure 3.91). Thus ,,P; = 3,991,680.

For the number of combinations of 12 objects taken 7 at a time, ,,C,, press 12 MATH « 3[/nCr] 7 ENTER
(Figure 3.91). Thus 12C = 792.

 

12 nPr v7
3991686

12 nCr 7
raz

  
Figure 3.91: ,,P; and ,,C,

3.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player

wins the top prize. There are ,,Cg, ways for the six numbers to be drawn. If you purchase a single lottery
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ticket, your probability of winning is 1 in ,,C4. Press 1 + 40 MATH « 3[nCr] 6 ENTER to calculate your

chances, but don’t be disappointed.

3.10 Programming

3.10.1 Entering a Program: The TI-83 is a programmable calculator that can store sequences of commands

for later replay. Here’s an example to show you how to enter a useful program that solves quadratic equations

by the quadratic formula.

Press PRGM to access the programming menu. The TI-83 has space for many programs, each named by a

name you give it. To create a new program now,start by pressing PRGM <« 1[Create New].

For convenience, the cursor is a blinking A, indicating that the calculator is set to receive alphabetic charac-

ters. Enter a descriptivetitle of up to eight characters, letter, or numerals (but the first character must be a let-

ter or 0). Name this program QUADRAT and press ENTERto go to the program editor.

In the program, each line begins with a colon (:) supplied automatically by the calculator. Any command you

could enter directly in the TI-83’s home screen can be entered as a line in a program. There are also special
programming commands.

Input the program QUADRAT by pressing the keystrokes given in the listing below. You may interrupt pro-

gram input at any stage by pressing 2nd QUIT. To return late for more editing, press PRGM », move the

cursor down to this program’s name, and press ENTER.

Each time you press ENTER while writing a program, the TI-83 automatically inserts the : character at the

beginning of the nextline.

The instruction manual for your TI-83 gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.

Note that this program makes use of the TI-83’s ability to compute complex numbers. Make sure that the type
of numbers in the MODE menu (Figure 3.1) is set to a+bi.

Enter the program QUADRAT by pressing the given keystrokes.

Program Line Keystrokes

: Disp “ENTER A” PRGM » 32nd A-LOCK“ENTER _ A“ ENTER

displays the words ENTER A on the TI-83 screen

: Input A PRGM » 1 ALPHA A ENTER

waits for you to input a value that will be assigned to the variable A

: Disp “ENTER B” PRGM » 32nd A.LOCK“ENTER _B*“ ENTER

: Input B PRGM » 1 ALPHA B ENTER
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: Disp “ENTER C” PRGM » 32nd A-LOCK“ENTER _ C"“ ENTER

: Input C PRGM » 1 ALPHA C ENTER

-BZ4AC—D ALPHA B x2 — 4 ALPHA A ALPHA C STO» ALPHA D
ENTER

calculates the discriminant and stores its value as D

: (-B+(D))/(2A)>M ((-)ALPHAB + 2nd ,/  ALPHAD)) + (2 ALPHA A)
STO» ALPHA M ENTER

calculates one root and stores it as M

1 (-B=/(D))/(2A)>N ((-)ALPHAB -2nd ,/ALPHAD)) + (2 ALPHA A)
STO» ALPHA N ENTER

-1f D<0 PRGM 1 ALPHA D 2nd TEST 5 0 ENTER

tests to see if the discriminant is negative;

: Goto 1 PRGM 0 1 ENTER

if the discriminant is negative, jumps to the line Lbl 1 below; if the dis-

criminant is not negative, continues on to the next line

If D=0 PRGM 1 ALPHA D 2nd TEST 1 0 ENTER

tests to see if the discriminantis zero;

: Goto 2 PRGM 0 2 ENTER

if the discriminant is zero, jumps to the line Lbl 2 below; if the discrimi-

nant is not zero, continues on to the next line

: Disp “TWO REAL ROOTS", M PRGM » 32nd A-LOCK* TWO REAL _
ROOTS"“ALPHA, ALPHA M ENTER

: Pause PRGM 8 ENTER

displays the message “TWO REAL ROOTS” and one root then pauses

‘Disp N PRGM » 3 ALPHA N ENTER

displays the other root

: Stop PRGM ALPHA F ENTER

stops program execution

: Lbl 1 PRGM 9 1 ENTER

jumping point for the Goto command above

3-38 TI-83 Graphics Calculator



: Disp “COMPLEX ROOTS" M PRGM » 32nd A-LOCK*COMPLEX_ROOTS*
ALPHA , ALPHA M ENTER

: Pause PRGM 8 ENTER

displays the message “COMPLEX ROOTS”and one root, then pauses

‘Disp N PRGM » 3 ALPHA N ENTER

displays the other root

: Stop PRGM ALPHA F ENTER

: Lbl 2 PRGM 9 2 ENTER

‘Disp “DOUBLE ROOT", M PRGM » 32nd A-LOCK*DOUBLE_ROOT *
ALPHA , ALPHA M ENTER

displays a message in case there is a double root, and the solution (root)

 

When you have finished, press 2nd QUIT to leave the program editor and move on.

If you want to remove a program from memory, press 2nd MEM 2[Delete] 7[Prgm]. Then use the down ar-

row V¥ to move the indicator next to the name of the program you want to delete, and when the indicator is

next to its name, press ENTER to remove it from the calculator’s memory.

3.10.2 Executing a Program: To execute the program you have entered, press PRGM and the number cor-
responding to the program; and press ENTER to execute it. If you have forgotten its name, use the arrow keys

to move through the program listing to find its description QUADRAT. Then press ENTER to executeit.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax? + bx +c = 0. Input a value, then press ENTER to continue the program.

If you need to interrupt a program during execution, press ON 1.

The instruction manual for your TI-83 gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.

3.11 Differentiation

Sin 4x . With the calculator in FUNCTION graphing 3.11.1 Limits: Suppose you need to find this limit: lim
x—0 xX

sin4x Lo . .
in a convenient viewing rectangle that contains the point where the mode, plot the graph of f(x) =
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function appearsto intersect the line x = 0 (because you want the limit as x — 0). Your graph should support

the conclusion that lim Sin 4x =4 (Figure 3.92).
x—0 xX

 

) . 2x -—
To test whether the conclusion that lim

xX—>o X +

positive values ofx (since you want the limit as x — ©). For example, evaluate f{100), 1000), and(10,000).

 
1 i 2x —
=2 is reasonable, evaluate f(x) = x for several large

Co . 2x —
Another way to test the conclusion is to examine the graph of f(x) = in a viewing rectangle that ex-

tends over large values of x. See, as in Figure 3.93 (where the viewing rectangle extends horizontally from 0

 : : : : 2x —
to 90), whether the graph is asymptotic to the horizontal line y = 2. Enter x : for Y; and 2 for Y,.

xX +

  

 

   
  

sin4x
  Figure 3.92: Checking lim =4 Figure 3.93: Checking lim

x—0o x +1
=2

x

3.11.2 Numerical Derivatives: The derivative of a functionfat x can be defined as the limit of the slopes of

. . Ax) — - Ax
secant lines, so f'(x)= imflx-Ax)

Ax—>
The And for small values of Ax, the expression

J(x+Ax)— f(x — Ax)ye gives a good approximation to the limit.

 

D0eriviks, Ka 2,5

18. 7560661
K~Z: Ka»r

De
.1

18. 7oB0B06a1

 

Figure 3.94: Using nDeriv(
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The TI-83 has a function, nDeriv( which is available in the MATH menu that will calculate the symmetric

difference, Sx + Ax) = J(x = Ax)
2Ax

with Ax = 0.001, press MATH 8[nDeriv(] X,T.o.n A 3, X,T6,n, 2.5, .001 ) ENTER as shown in Figure 3.94.

The format of this command is nDeriv(expression, variable, value, Ax), where the optional argument Ax

controls the accuracy of the approximation. If no value for Ax is provided, the TI-83 automatically uses

Ax = 0.001. The same derivative is also approximated in Figure 3.94 using Ax = 0.0001. For most purposes,

Ax = 0.001 gives a very good approximation to the derivative. Note that any letter can be used for the vari-

able.

Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 3.96,

Sx-2 . . oo. CL o. :
I and its numerical derivative (actually, an approximation to the derivative given by

x“ +

3. So, to find a numerical approximation to f'(2.5) when f(x)=x" and 

the function f(x) = 

the symmetric difference) are graphed on viewing window that extends from —6 to 6 vertically and horizon-

, . . -2 oo oo
tally. You can duplicate this graph by first entering eh for Y, and then entering its numerical derivative

x“ +

for Y, by pressing MATH 8[nDeriv(] VARS » 1[Function] 1[Y,], X,T.6,n, X,T,0,n ) (Figure 3.95).
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Figure 3.95: Entering f(x) and f'(x) Figure 3.96: Graphs of f(x) and f'(x)

Technology Tip: To approximate the second derivative f"(x) of a function y = f(x) or to plot the second

derivative, first enter the expression for Y, and its derivative for Y, as above. Then enter the second derivative

for Y; by pressing MATH 8[nDeriv(] VARS » 1[Function] 2[Y,] , X,T.6,n, X,T,0,n ).

You may also approximate a derivative while you are examining the graph of a function. When you are in a

graph window, press 2nd CALC 6[dy/dx], then use the arrow keys to trace along the curve to a point where
you want the derivative or enter a value and press ENTER. The TI-83 uses Ax = 0.001 for this approximation.

For example, graph the function f(x)= ne in the standard viewing rectangle. Then press 2nd CALC
x +
 

6[dy/dx]. The coordinates of the point in the center of the of the range will appear. To find the numerical de-

rivative at x = —2.3, press (—) 2.3 ENTER. Figure 3.97 shows the derivative at that point to be about —
0.7746922.

If more than one function is graphed you can use 4 and V¥ to scroll between the functions.
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Figure 3.97: Derivative of f(x) = eh= a
x“ +
 

3.11.3 Newton’s Method: With the TI-83, you may iterate using Newton’s method to find the zeros of a

function. Recall that Newton’s Method determines each successive approximation by the formula

Xnel = Xp — JC) :
J'(x%n)

As an example of the technique, consider f(x) =2x" +x? —x +1. Enter this function as Y, and graph it in the

standard viewing window. A look at its graph suggests thatit has a zero near x = —1, so start the iteration by

going to the home screen and storing —1 as x. Then press these keystrokes: X,T,0,n — VARS » 1[Function]

1[Y,] + MATH 8[nDeriv(] VARS » 1[Function] 1[Y,] , X,T.e,n, X,T,8,n ) STO* X,T.0,n ENTER ENTER

(Figure 3.98)to calculate the first two iterations of Newton’s method. Press ENTER repeatedly until two suc-
cessive approximations differ by less than some predetermined value, say 0.0001. Note that each time you

press ENTER, the TI-83 will use the current value of x, and that value is changing as you continue the itera-
tion.

 

-13¥K 1

#of1onberiviia- x
> "

“1. 333553111
-1. 243386229

   
Figure 3.98: Newton’s method

Technology Tip: Newton’s Method is sensitive to yourinitial value for x, so look carefully at the function’s

graph to make a good first estimate. Also, rememberthat the method sometimesfails to converge!

You may want to write a short program for Newton’s Method. See your calculator’s manual for further in-

formation.
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3.12 Integration

3.12.1 Approximating Definite Integrals: The TI-83 has a function, fnInt(, which is available in the MATH

menu that will approximate a definite integral. For example,to find a numerical approximation to [ cos x2dx

press MATH 9[fnint(] COS X,T,0,n x? ), X,T6,n,0,1,.001) ENTER (Figure 3.99). The TI-83 uses a

method known as the Gauss-Kronrod method to perform the calculation. The format of this command is

fnint(expression, variable, lower limit, upper limit, tolerance), where the tolerance controls the accuracy

of the approximation. The same integral is also approximated in Figure 3.99 using a tolerance of 0.00001, the

TI-83’s default that is used when no other tolerance is specified.

 

fnlnt{cos KZ). HK,
B:1-. EL

« F045242379
fnlnt{cos(K2), XK,

70 oB45242379

  
  

Figure 3.99: Using fnint(

3.12.2 Areas: You may approximate the area under the graph of a function y = f(x) between x = 4 and

x = B with your TI-83. To do this you use the 2nd CALC menu when you have a graph displayed. For exam-

ple, here are the keystrokes for finding the area under the graph ofthe function y = cosx? between x = 0 and

x = 1. The area is represented by the definite integral [cos xdx . First clear any existing graphs and then

press Y= COS X,T,0,n x? ) followed by GRAPH to draw the graph. The range in Figure 3.100 extends from

—5 to 5 horizontally and from —2 to 2 vertically. Now press 2nd CALC 7[if(x)dx]. The TI-83 will prompt you

for the lower and upper limits which are entered by pressing 0 ENTER 1 ENTER. The region between the
graph and the x-axis from the lower limit to the upper limit is shaded and the approximate value of the integral

is displayed (Figure 3.101).

Technology Tip: If the function takes on negative values between the lower and upper limits, the value that
the TI-83 displays it the value of the integral, not the area of the shaded region.
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2Figure 3.100: Graph of y =cosx Figure 3.101: Graph and area

Technology Tip: Suppose that you want to find the area between two functions, y = f(x) and y= g(x)

from x = 4 and x = B. If f(x)2> g(x) for 4<x<B, then graph the expression f(x)- g(x) and use the

method above to find the required area.
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4.1 Getting started with the TI-85

4.1.1 Basics: Press the ON key to begin using your TI-85 calculator. If you need to adjust the display con-
trast, first press 2nd, then press and hold EM (the up arrow key) to increase the contrast or Ea (the down

arrow key) to decrease the contrast. As you press and hold EM or Ed, an integer between O (lightest) and 9

(darkest) appears in the upper right corner of the display. When you have finished with the calculator, turn it

off to conserve battery power by pressing 2nd and then OFF.

Check the TI-85’s settings by pressing 2nd MODE. If necessary, use the arrow keys to move the blinking
cursor to a setting you want to change. Press ENTER to select a new setting. To start with, select the options
along the left side of the MODE menu as illustrated in Figure 4.1: normal display, floating decimals, radian
measure, rectangular coordinates, function graphs, decimal number system, rectangular vectors, and differ-

entiation type. Details on alternative options will be given later in this guide. For now, leave the MODE
menu by pressing EXIT or 2nd QUIT or CLEAR.

  

  
  
       

Sci Eng 1+2+3+44+5+6+7+8+9+108+
A12345678981 11+12+13+14+15+16+17+

§ Degree 18+19+20
PolarC 218

Pol Param DifE« 12+34+560
Bin Oct Hex
i Call Srherel)

dxNDer

Figure 4.1: MODE menu Figure 4.2: Home screen

4.1.2 Editing: One advantage of the TI-85 is that up to 8 lines are visible at one time, so you can see a long

calculation. For example, type this sum (see Figure 4.2):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press ENTER to see the answer,too.

Often we do not notice a mistake until we see how unreasonable an answer is. The TI-85 permits you to re-

display an entire calculation,editit easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 4.2 but had not yet pressed ENTER, when you realize that

34 should have been 74. Simply press fl (the left arrow key) as many times as necessary to move the blink-

ing cursor left to 3, then type 7 to write over it. On the other hand, if 34 should have been 384, move the cur-

sor back to 4, press 2nd INS (the cursor changes to a blinking underline) and then type 8 (inserts at the cur-

sor position and other characters are pushed to the right). If the 34 should have been 3 only, move the cursor

to 4 and press DEL to deleteit.

While you are editing an expression, pressing the up (or down) arrow key causes the cursor to jump quickly

to the left (or right) end of the expression.
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Even if you had pressed ENTER, you maystill edit the previous expression. Press 2nd and then ENTRY to
recall the last expression that was entered. Now you can change it.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you wantto find the balance in an investment account

if there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

the balance is P(1+£)", where P = principal, r = rate of interest (expressed as a decimal), n = number of

times interest is compounded each year, and t+ = number of years. In our example, this becomes

5000(1+.085)". Hereare the keystrokes for finding the balance after t = 3, 5, and 10 years.

Years Keystrokes Balance

3 5000 (1 +.085) A 3 ENTER $6386.45

5 2nd ENTRY [ 5 ENTER $7518.28

10 2nd ENTRY [] 10 ENTER $11,304.92

 

oBBaC1+.885)"3
6386. 445625

2808C1+.8832"3
rol18.283435889

oBBaC1+.885,"10
11384.91726096

   
Figure 4.3: Editing expressions

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press these keys to change the last calculation above: 2nd ENTRY EDEL SO BORO RQ 7

ENTER.

4.1.3 Key Functions: Most keys on the TI-85 offer access to more than one function, just as the keys on a

computer keyboard can produce more than one letter (“g” and “G”) or even quite different characters (“5”

and “%”). The primary function of a key is indicated on the key itself, and you access that function by a

simple press on the key.

To access the second function indicated to the left above a key, first press 2nd (the cursor changes to a

blinking 1) and then press the key. For example,to calculate 4/25, press 2nd ¥~ 25 ENTER.

When you want to use a capital letter or other character printed to the right above a key,first press ALPHA
(the cursor changes to a blinking A) and then the key. For example, to use the letter K in a formula, press

ALPHA K.If you need several letters in a row, press ALPHA twice in succession, which is like pressing CAPs
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Lock on a computer keyboard, and then press all the letters you want. Remember to press ALPHA when you

are finished and wantto restore keys to their primary functions. To type lowercase letters, press 2nd alpha

(the cursor changes to a blinking a). To lock in lowercase letters, press 2nd alpha 2nd alpha or 2nd alpha
ALPHA. To unlock from lowercase, press ALPHA ALPHA (you'll see the cursor change from blinking a to

blinking A and then to the standard blinking rectangle).

4.1.4 Order of Operations: The TI-85 performs calculations according to the standard algebraic rules.

Working outwards from inner parentheses, calculations are performed from left to right. Powers and roots are

evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Note that the TI-85 distinguishes between subtraction and the negative sign. If you wish to enter a negative

number,it is necessary to use the (-) key. For example, you would evaluate —5— (4 --3) by pressing (-) 5 — ( 4

x (-) 3) ENTER to get 7.

Enter these expressions to practice using your TI-85.

Expression Keystrokes Display

7-5-3 7-5x3 ENTER -8

(7-5)-3 (7-5)x3 ENTER 6

120-10 120 - 10 x2 ENTER 20

(120-10)? (120-10) x2 ENTER 12100

a 24 + 23 ENTER 3

24)’
> (24 + 2)~3 ENTER 1728

(7--5)--3 (7-()5)x(-)3ENTER -36

: N(N +1
4.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as RA after

you have entered a value for N. Suppose you want N = 200. Press 200 STO» N ENTER to store the value

200 in memory location N. (The STO» key prepares the TI-85 for an alphabetical entry,so it is not neces-

sary to press ALPHA also.) Whenever you use N in an expression, the calculator will substitute the value 200

N(N +1)
2

until you make a change by storing another number in N. Next enter the expression

N(N+1)

by typing

ALPHA N (ALPHA N + 1) + 2 ENTER. For N = 200, you will find that =20100.

The contents of any memory location may be revealed by typing justits letter name and then ENTER. And
the TI-85 retains memorized values even whenit is turned off, so long as its batteries are good.
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A variable name in the TI-85 can be a single letter, or a string of up to eight characters that begins with a let-
ter followed by otherletters, numerals, and various symbols. Variable names are case sensitive, which means

that length and Length and LENGTH may represent different quantities.

4.1.6 Repeated Operations with ANS: The result of your last calculation is always stored in memory loca-

tion ANS and replaces any previous result. This makes it easy to use the answer from one computation in

another computation. For example, press 30 + 15 ENTER so that 45 is the last result displayed. Then press
2nd ANS + 9 ENTER and get 5 because 4 =5.

With a function like division, you press the + key after you enter an argument. For such functions, whenever
you would start a new calculation with the previous answer followed by pressing the function key, you may

press just the function key. So instead of 2nd ANS + 9 in the previous example, you could have pressed

simply + 9 to achieve the same result. This technique also works for these functions: + — x x? A x.

Here is a situation wherethis is especially useful. Suppose a person makes $5.85 per hour and you are asked
to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (results are shown in Figure 4.4):

 

Pay period Keystrokes Earnings

8-hour day 5.85 x 8 ENTER $46.80

5-day week x 5 ENTER $234

52-week year x 52 ENTER $12,168

2. 85%8
46.8

Ans*3
234

Ans*32
2 12168

   
Figure 4.4: ANS variable

4.1.7 The MATHMenu: Operators and functions associated with a scientific calculator are available either
immediately from the keys of the TI-85 or by 2nd keys. You have direct key access to common arithmetic

operations (x2, 2nd Vv , 2nd x!, and 7), trigonometric functions (SIN, COS, TAN) and their inverses (2nd

SIN-!, 2nd COS", 2nd TAN"), exponential and logarithmic functions (LOG, 2nd 10%, LN, 2nd e¥), and a
famous constant (2nd 7).

4-4 TI-85 Advanced Scientific Calculator



A significant difference between the TI-85 and many scientific calculators is that the TI-85 requires the ar-

gument of a function after the function, as you would see a formula written in your textbook. For example,

on the TI-85 you calculate +/16 by pressing the keys 2nd ¥ 16 in thatorder.

Here are keystrokes for basic mathematical operations. Try them for practice on your TI-85.

Expression Keystrokes Display

+a? 2nd ¥~ (3x2 +4 x2) ENTER 5

2% 2+32nd x' ENTER 2.33333333333

log 200 LOG 200 ENTER 2.30102999566

234-10’ 2.34 x 2nd 10% 5 ENTER 234000
or 2.34 x 1075 ENTER

Additional mathematical operations and functions are available from the MATH menu (Figure 4.5). Press

2nd MATH to see the various options that are listed across the bottom of the screen. These options are acti-

vated by pressing corresponding menu keys, F1 through F5.

 

log 280
2.38182999366

2. 34%18™3
2 234808

  MUM PROBE IAMGLER HYF BMISC

Figure 4.5: Basic MATH menu

 

For example, F1 brings up the NUM menu of numerical functions. You will learn in your mathematics text-
book how to apply many of them. Note that the basic MATH menu items have moved up a line; these options

are now available by pressing 2nd M1 through 2nd M5. As an example, determine |-5| by pressing 2nd

MATH F1 and then F5 (-) 5 ENTER (see Figure 4.6).

Next calculate 3/7 by pressing 2nd MATH F5 (when the MATH NUM menu is displayed, as in Figure 4.6;

press just 2nd M5) to access the MISC menu of miscellaneous mathematical functions. The arrow atthe right
end of this menu indicates there are more items that you can access. You may press the MORE key repeat-

edly to move down the row of options and back again. To calculate 3/7 , press 2nd MATH F5 MORE 3 F4

J] 7 ENTER to see 1.9129 (Figure 4.7). To leave the MATH menu or any other menu and take no further

action, press EXIT a couple of times.
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abs -35 37
2 \ 1.91293118277

MUM BEATDc NS LYI |RO

round iFart fFart int Jbs Hk FErac f pEuqgl *J ¢uq]

 

      
Figure 4.6: MATH NUM menu Figure 4.7: MATH MISC menu

The factorial of a non-negative integeris the product of all the integers from 1 up to the given integer. The

symbol for factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1-2-3-4 = 24. You will learn
more about applications of factorials in your textbook, but for now use the TI-85 to calculate 4! Press these

keystrokes: 2nd MATH F2 [PROB] 4 F1 [!]ENTER.

The complex number a+ bi is represented by the TI-85 as an ordered pair (a,b). Perform arithmetic with

complex numbers by using this ordered pair notation. So to divide 2+3i by 4—2i, press (2:3) + (45 (-) 2

) ENTERto get(.1,.8) for .1+.8i.

4.2 Functions and Graphs

4.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = your sales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x.

If your January sales were $2230 and your February sales were $1865, what was your income during those

months?

 

22303+x: 1975+. 18 x
198

1863+: 1975+. 18x
2 2161.5

   
Figure 4.8: Evaluating a function

Here’s how to use your TI-85 to perform this task. First press EXIT and CLEAR as necessary to get a blank
home screen. Then set x = 2230 by pressing 2230 STO » x-VAR. (The x-VAR key makesit easy to produce

a lower case x for a variable name without having to use the 2nd alpha key.) Then press ALPHA to leave

alphabetic entry and 2nd : to allow another expression to be entered on the same command line. Finally, en-
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ter the expression 1975 + .10x by pressing these keys: 1975 + .10 x-VAR. Now press ENTER to calculate
the answer (Figure 4.8).

It is not necessary to repeat all these steps to find the February wages. Simply press 2nd ENTRYto recall the
entire previous line and change 2230 to 1865.

Technology Tip: The TI-85 does not require multiplication to be expressed between variables, so xxx means

x’. It is often easier to press two or three x's together than to search for the square key or the power key. Of

course, expressed multiplication is also not required between a constant and a variable. Hence to enter

2x*+3x* —4x+5 in the TI-85, you might save some keystrokes and press just these keys: 2 x-VAR x-VAR
Xx-VAR + 3 x-VAR x-VAR - 4 x-VAR + 5.

4.2.2 Functions in a Graph Window: On the TI-85, once you have entered a function, you can easily gen-

erate its graph. The ability to draw a graph contributes substantially to our ability to solve problems.

  

gl1B-x"3+4xl

 

  

FIFE KANGE 2000 TRACE GRAFH :
IMSF DELF BSELCT »Oxd= IRAMGER 200M TRACE GRAFH K

Figure 4.9: y(X)= screen Figure 4.10: Graph of y=—x" +4x

 

 

    

 

  

Here is how to graph y =—x’ +4x. First press the GRAPH key and then F1 to select y(x)=. This give you

access to the function editing screen (Figure 4.9). Press F4 [DELf] as many times as necessary to delete any
functions that may be there already. Then, with the cursor on the top line to the right of y1=, press (-) F1 A 3
+ 4 F1 to enter the function. As you see, the TI-85 uses lower-case letters forits graphing variables, just like

your mathematics textbook. Note that pressing F1 in this menu is the same as pressing either x-VAR or 2nd

alpha X. Now press 2nd M5 [GRAPH] and the TI-85 changes to a window with the graph of y=—x" +4x

(Figure 4.10).

While the TI-85 is calculating coordinates for a plot, it displays a busy indicator at the top right of the graph

window.

Your graph window may look like the one in Figure 4.10 or it may be different. Since the graph of

y=—x"+4x extends infinitely far left and right and also infinitely far up and down, the TI-85 can display

only a piece of the actual graph. This displayed rectangular part is called a viewing rectangle. You can easily

change the viewing rectangle to enhance your investigation of a graph.

The viewing rectangle in Figure 4.10 shows the part of the graph that extends horizontally from -10 to 10 and

vertically from -10 to 10. Press F2 [RANGE] to see information about your viewing rectangle. Figure 4.11
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shows the RANGE screen that corresponds to the viewing rectangle in Figure 4.10. This is the standard

viewing rectangle for the TI-85.

 

RANGE
xMin=-108
xMax=18
x5cl=1
JMin=-108
JMax=18
gScl=1

CCo=TRaMGEL 200M LTRACE IGRAFH

Figure 4.11: Standard RANGE

   
The variables xMin and xMax are the minimum and maximum x-values of the viewing rectangle; yMin and
yMax are its minimum and maximum y-values.

xScl and yScl set the spacing between tick marks on the axes.

Use the arrow keys EM and E@ to move up and down from one line to another in this list; pressing the

ENTER key will move down the list. Press CLEAR to delete the current value and then enter a new value.
You may also edit the entry as you would edit an expression. Remember that a minimum must be less than

the corresponding maximum or the TI-85 will issue an error message. Also, remember to use the (-) key, not

— (which is subtraction), when you want to enter a negative value. Figures 4.10-11, 4.12-13, and 4.14-15

show different RANGE screens and the corresponding viewing rectangle for each one.

  

 

       

RANGE
xMinh=-16.9978674437
xMax=16.99780674437
xScl=1
yMin=-18
JMax=16
yScl=1 :

[Co=TraNGEL 200M TRACE IGRAFH M [:Co=TraNGEL 200m TRACE IGRAFH I

Figure 4.12: Square window Figure 4.13: Graph of y = x’ +4x

To set the range quickly to standard values (see Figure 4.11), press F3 F4 [ZOOM ZSTD]

To set the viewing rectangle quickly to a “square” window (Figure 4.12), in which the horizontal and vertical

axes have the same scale, press F3 MORE F2 [ZOOM ZSQR)] in the GRAPH menu. More information
about square windowsis presented later in Section 4.2.4.

Sometimes you may wish to display grid points corresponding to tick marks on the axes. This and other

graph format options may be changed by pressing GRAPH MORE F3 (Figure 4.16). Use arrow keys to
move the blinking cursor to GridOn, then press ENTER and EXIT. Figure 4.17 shows the same graph as in
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Figure 4.15 but with the grid turned on. In general, you’ll want the grid turned off, so do that now by pressing

GRAPH MORE F3 again, use the arrow keys to move the blinking cursor to GridOff, and press ENTER
EXIT.

  

RANGE
xMin=-3N
xMax=3
x5cl=1
JMin=-18
JMax=10
gScl=1 :
uixi= IRANGEN 200M TRACE GRAFH FoGo= TRANGED 200M LTRACE IGRAFH

Figure 4.14: Custom window Figure 4.15: Graph of y =x +4x

 

  

       

    
 

    Label0On : : : : : :

vixi= IRAMGER 200M TRACE IGEAFH H Foios YEANGE] 200k TRACE GRAFH
 

 

      

Figure 4.16: GRAPH FORMT menu Figure 4.17: Grid on

4.2.3 Piecewise-Defined Functions: The greatest integer function, written [[x]], gives the greatest integer

less than or equal to a number x. On the TI-85, the greatest integer function is called int and is located under

the NUM sub-menu of the MATH menu (see Figure 4.5). So calculate [[6.78]] = 6 by pressing 2nd MATH

F1 F4 6.78 ENTER.

  

 

 

      
  

Figure 4.18: DrawLine graph of y = [[x]] Figure 4.19: DrawDot graph of y = [[x]]
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To graph y = [[x]], go in the y(X)= menu, move beside y1 and press CLEAR 2nd MATH F1 F4 EXIT F1
2nd M5. Figure 4.18 shows this graph in a viewing rectangle from -5 to 5 in both directions. The bottom
menu line has been cleared by pressing CLEAR once; you may restore it by pressing GRAPH again.

The true graph ofthe greatest integer function is a step graph,like the one in Figure 4.19. Calculators like the
TI-85 graph a function by plotting points, then connecting successive points with segments. For the graph of

y = [[x]], a segment should not be drawn between every pair of successive points. You can change from

DrawL.ine to DrawDot format on the TI-85 by opening the GRAPH FORMT menu (Figure 4.16).

You should also change to DrawDot format when plotting a piecewise-defined function. For example,to plot

x’ +1, x<0 2
the graph of f(x)= , enter the expression (x +1)(x <0)+(x—-1)(x 20) somewhere in your

x-1, x20

y(X)= list by pressing ( x-VAR x2 +1) (x-VAR 2nd TEST F20) + ( x-VAR- 1) ( x-VAR 2nd TEST F5
0). Then change the format to DrawDot and draw the graph.

4.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions, butthat can be “split”

into a top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle whose equation

is x* +y* = 36. First solve for y and get an equation for the top semicircle, y =+/36— x’, and for the bottom

semicircle, y = —y36— x? . Then graph the two semicircles simultaneously.

 
 

91BL(36-2)
928 -F(36x) —

Me
pCxa= WAT]Adi[1I §TeAe1

x v IMNSf DELF BSELCT

Figure 4.20: Two semicircles Figure 4.21: Circle’s graph - standard view

 

     
 
 

The keystrokes to draw this circle’s graph follow. Enter /36—x* as y1 and —v36—x” as y2 (see Figure
4.20) by pressing GRAPH F1 CLEAR 2nd ¥ (36 - F1 x2) ENTER (-) 2nd ¥ ( 36 - F1 x2). Then press
2nd M5 to draw them both.

If your range were set to the standard viewing rectangle, your graph would look like Figure 4.21. Now this

does not look like a circle, because the units along the axes are not the same. This is where the square view-

ing rectangle is important. Press F3 MORE F2 and see a graph that appears more circular.
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RANGE
x*Min=-13.6
xMax=13.6 7

gyScl=2 Me

x5cl=2 LL Co

Foo= IRANGED 20001 LTRACE IGEAFH b

uMin=-8
JMax=38

Figure 4.22: pwmal — Js. — 10 Figure 4.23: A “square”circle

       
 

Technology Tip: Another way to get a square graph is to change the range variables so that the value of

yMax - yMin is approximately {3 times xMax - xMin. For example, see the RANGE in Figure 4.22 and the

corresponding graph in Figure 4.23. The method works because the dimensions of the TI-85’s display are

such that theratio of vertical to horizontal is approximately 13.

The two semicircles in Figure 4.23 do not meet because of an idiosyncrasy in the way the TI-85 plots a

graph.

Back when you entered ¥36—x* as y1 and —y36—x? as y2, you could have entered -y1 for y2 and saved

some keystrokes. Try this by going back to the y(X)= menu and pressing the arrow key to move the cursor

down to y2. Then press CLEAR (-) 2nd VARS MORE F3 ENTER. The graph should be just as it was be-
fore.

4.2.5 TRACE: Graph y=—x"+4x in the standard viewing rectangle. Press any of the arrow keys EM Ed

k B and see the cursor move from the center of the viewing rectangle. The coordinates of the cursor’s loca-

tion are displayed at the bottom of the screen, as in Figure 4.24, in floating decimal format. This cursor is

called afree-moving cursor because it can move from dot to dot anywhere in the graph window.

 

  x=-4.820634921 |»=E.B064516129

Figure 4.24: Free-moving cursor

 

Remove the free-moving cursor and its coordinates from the window by pressing ENTER, CLEAR, or
GRAPH (thisalso restores the GRAPH menu line). An advantage of pressing ENTER or CLEAR to remove
the free-moving cursoris that, if you press an arrow key once again, the cursor will reappear at the same

point you leftit.
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  x=-2.300952381 Iv=3.9736528532
 

Figure 4.25: Trace on y =x +4x

Press F4 [TRACE] to enable the left f] and right B arrow keys to move the cursor along the function. The

cursor is no longer free-moving, but is now constrained to the function. The coordinates that are displayed
belong to points on the function’s graph, so the y-coordinate is the calculated value of the function at the cor-
responding x-coordinate.

Now plot a second function, y =—.25x, along with y=—x"+4x. Press GRAPH F1 for the y(x)= menu and

enter —.25x for y2, then press 2nd M5 to see their graphs (Figure 4.27).

  

918 -x"3+4x
928 -. 25x10

    FISH FANGE 200M TRACE SEAFH

Figure 4.26: Two functions Figure 4.27: y = —x'+4x and y=-.25x

    

 

 

Note in Figure 4.26 that the equal signs next to y1 and y2 are both highlighted. This means both functions

will be graphed. In the y(x)= screen, move the cursor to y1 and press F5 [SELCT] to turn function selection
off. The equal sign beside y1 should no longer be highlighted (see Figure 4.28). The SELCT command op-
erates as a toggle switch; executing it once more sets function selection on. Now press 2nd M5 [GRAPH]
and see that only y2 is plotted.
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gl=-x"3+4x
928 -. 25x

 

   

 

(pCxa= WATT] edi]I fF ToeT
xvINSF DELF

Figure 4.28: y(x)= screen with only y2 active Figure 4.29: Graph of y =-.25x

      
Many different functions may be stored in the y(x)= list and any combination of them may be graphed simul-

taneously. You can make a function active or inactive for graphing by pressing SELCT to highlight (activate)

or remove the highlight (deactivate). Go back to the y(x)= screen and do whatis needed in order to graph y1

but not y2.

Now activate y2 again so that both graphs are plotted. Press GRAPH F4 [TRACE] and the cursor appears

first on the graph of y = —x’ +4x because it is higher up in the y(x)= list. You know that the cursoris on this

function, y1, because of the numeral 1 displayed in the upper right corner of the window (see Figure 4.25).

Press the up IM or down K@ arrow key to move the cursor vertically to the graph of y=-.25x. Now the

numeral 2 is displayed in the top right corner of the window. When more than one function is plotted, you

can move the trace cursor vertically from one graph to another in this way. Next press the right and left arrow

keys to trace along the graph of y =-.25x.

Technology Tip: By the way, trace along the graph of y =-.25x and press and hold either k or B. Even-

tually you will reach the left or right edge of the window. Keep pressing the arrow key and the TI-85 will

allow you to continue the trace by panning the viewing rectangle. Check the RANGE screen to see that xMin
and xMax are automatically updated.

If you trace along the graph of y= —x’ +4x, the cursor will eventually move above or below the viewing

rectangle. The cursor’s coordinates on the graph will still be displayed, though the cursoritself can no longer
be seen.

When you are tracing along a graph, press ENTER and the window will quickly pan over so that the cursor’s
position on the function is centered in a new viewing rectangle. This feature is especially helpful when you

trace near or beyond the edge of the current viewing rectangle.

The TI-85’s display has 127 horizontal columns of pixels and 63 vertical rows. So when you trace a curve

across a graph window, you are actually moving from xMin to xMax in 126 equal jumps, each called Ax.

i . Max — xMi . .
You would calculate the size of each jump to be Ax = Sometimes you may want the jumps to be

1
friendly numbers like .1 or .25 so that, when you trace along the curve, the x-coordinates will be incremented

by such a convenient amount. Just set your viewing rectangle for a particular increment Ax by making xMax

= XMin + 126-Ax. For example, if you want xXMin = -15 and Ax = .25, set xMax = -15 + 126-25 = 16.5.

Likewise, set yMax = yMin + 62-Ay if you want the vertical increment to be some special Ay.
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To center your window around a particular point, say (h, k), and also have a certain Ax, set XMin = h - 63-Ax

and xMax = h + 63-Ax. Likewise, make yMin = k - 31-Ay and yMax = k + 31-Ay. For example, to center a

window around the origin, (0, 0), with both horizontal and vertical increments of .25, set the range so that

xMin =0 - 63-.25 =-15.75, xMax = 0 + 63-.25 = 15.75, yMin = 0 - 31-.25 = -7.75, and yMax = 0 + 31-25 =

7.75.

See the benefit by first plotting y = x’ +2x+ in a standard graphing window. Trace near its y-intercept,

which is (0, 1), and move towards its x-intercept, which is (-1, 0). Then change to a viewing rectangle that

extends from -6.3 to 6.3 horizontally and from -3.1 to 3.1 vertically (center at the origin, Ax and Ay both .1),

and trace again from the y-intercept. The TI-85 makesit easy to get this particular viewing rectangle: press

GRAPH F3 MORE F4 [ZOOM ZDECM,].

4.2.6 ZOOM: Plot again the two graphs, for y=—x’+4x and for y=—-.25x. There appears to be an inter-

section near x = 2. The TI-85 provides several ways to enlarge the view around this point. You can change

the viewing rectangle directly by pressing RANGE and editing the values of xMin, xMax, yMin, and yMax.
Figure 4.31 shows a new viewing rectangle for the range displayed in Figure 4.30. Trace has been turned on

and the coordinates are displayed for a point on y = —x" +4x that is close to the intersection.

  

RANGE : 1
¥Min=1.5
xMax=2.5
x5cl=1
gMin=-2.5 =
uMax=2.50 :
yScl=1

FeGo=TRANGEL 200M TTRACE IGRAFH X=2.055555EEEG v= 4G31344307

Figure 4.30: New RANGE Figure 4.31: Closer view

 

 

    
  

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start

again with a graph of the two functions y = —x’+4x and y=-.25x in a standard viewing rectangle (press

GRAPH F3 F4 for the standard window, from -10 to 10 along both axes).

First of all, imagine a small rectangular box around the intersection point, near x = 2. Press GRAPH F3 F1
[ZOOM BOX] to enable drawing a box (Figure 4.32) to define a new viewing rectangle. Use the arrow keys
to move the cursor, whose coordinates are displayed at the bottom of the window, to one corner of the new

viewing rectangle you are imagining (Figure 4.33).
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    wixi= FAME i[METH
SOUT 25TD A2FREY MK x=1.5873015873 Iv=-1.2802225H81

Figure 4.32: ZOOM menu Figure 4.33: One corner selected

      
Press ENTER to fix the corner where you have moved the cursor; it changes shape and becomes a blinking
square. Use the arrow keys again to move the cursor to the diagonally opposite corner of the new rectangle

(Figure 4.34). If this box looks all right to you, press ENTER. The rectangular area you have enclosed will
now enlarge to fill the graph window (Figure 4.35).

You may cancel the zoom any time before you press this last ENTER. Just press EXIT or GRAPH to inter-
rupt the zoom and return to the current graph window. Even if you did execute the zoom, you may still return

to the previous viewing rectangle by pressing F5 [ZPREV] in the ZOOM menu.

You can also gain a quick magnification of the graph around the cursor’s location. Return once more to the

standard range for the graph of the two functions y= —x’+4x and y=-.25x. Start the zoom by pressing

GRAPH F3 F2 [ZOOM ZIN], next use the arrow keys to move the cursor as close as you can to the point of
intersection near x = 2 (see Figure 4.36). Then press ENTER and the calculator draws a magnified graph,
centered at the cursor’s position (Figure 4.37). The range variables are changed to reflect this new viewing

rectangle. Look in the RANGE menu to check.

  

 

5

x=2.5396825397 Iv=.9677419355 \

Figure 4.34: Box drawn Figure 4.35: New viewing rectangle

 

      
As you see in the ZOOM menu (Figure 4.32), the TI-85 can zoom in [ZIN] and zoom out [ZOUT]. You
would zoom out to see a larger view of the graph, centered at the cursor position. You can change the hori-

zontal and vertical scale of the magnification by pressing GRAPH F3 MORE MORE F1 [ZOOM ZFACT]
(see Figure 4.38) and editing XxFact and yFact, the horizontal and vertical magnification factors.
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ee

    x=1.2698412698 I»=.96/7741935% x=1.2698412698 v=.967741835%

Figure 4.36: Before a zoom in Figure 4.37: After a zoom in

  

The default zoom factor is 4 in both directions. It is not necessary for xFact and yFact to be equal. Some-

times, you may prefer to zoom in one direction only, so the other factor should be set to 1. Press GRAPH or
EXIT to leave the ZOOM FACTORS menu.

 

Z00M FACTORS
xFact=4
JFact=4

[Co=TraNGET 200M T TRACE IGEAPH M

Figure 4.38: Set zoom factors

   
Technology Tip: If you should zoom in too much and lose the curve, zoom back to the standard viewing

rectangle and start over.

4.2.7 Relative Minimums and Maximums: Graph y = —x" +4x once again byitself in the standard viewing

rectangle (Figure 4.10). This function appears to have a relative minimum near x = -1 and a relative maxi-

mum near x = 1. You may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point. Trace along the curve until the y-coordinate is as small as you can get it, so

that you are as close as possible to the local minimum, and zoom in (use either ZIN or a zoom box). Now

trace again along the curve and, as you move from point to point, see that the coordinates change by smaller

amounts than before. Keep zooming and tracing until you find the coordinates of the local minimum pointas

accurately as you need them, approximately (-1.15, -3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as

great as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local

maximum point on the graph of y = —x’ +4x is approximately (1.15, 3.08).
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Technology Tip: Trace along the function as near as possible to the minimum or maximum point and press

ENTER to center the window at the cursor’s location. Then you will not need to move the cursor again after
you press ZIN.

4.3 Solving Equations and Inequalities

4.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,
. 3 . .

where a curve crosses the x-axis. For example, the graph of y =x" —8x crosses the x-axis three times (see

Figure 4.39). After tracing over to the x-intercept point that is furthest to the left, zoom in (Figure 4.40).

Continue this process until you have located all three intercepts with as much accuracy as you need. The

three x-intercepts of y = x’ —8x are approximately -2.828, 0, and 2.828.

  

Edd ed

 

 

   x=-2.82843825Y  »=-1.7HB0B27E "4
 

 
 

Figure 4.39: Graph of y = x’ —8x Figure 4.40: An x-intercept of y = x’ —8x

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the erroris less than the distance between two tick marks. Change the x-scale on the

TI-85 from the GRAPH F2 [RANGE] menu. Move the cursor down to xScl and enter an appropriate value.

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the

graphs of y= —x’+4x and y=-.25x. Trace along one of the graphs until you arrive close to an intersection

point. Then press IZM or Ka to jump to the other graph. Notice that the x-coordinate does not change, but the

y-coordinate is likely to be different (see Figures 4.41 and 4.42).

When the two y-coordinates are as close as they can get, you have come as close as you now can to the point

of intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as

close as possible. Continue this process until you have located the point of intersection with as much accu-

racy as necessary.
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      X=2.0476190476  |v=-.394665H02B x=2.0476190476 Iv=-51190%/5619
  

Figure 4.41: Trace on y = —x'+4x Figure 4.42: Trace on y =—.25x

4.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x” =36x+17=0. First

graph y= 24x’ —=36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all its

roots. Then use trace and zoom to locate each one. In fact, this equation has just one solution, approximately

x=-1.414.

Remember that when an equation has more than one x-intercept, it may be necessary to change the viewing

rectangle a few timesto locate all of them.

Technology Tip: To solve an equation like 24x’ +17=36x, you may first transform it into standard form,

24x’ —36x+17= 0, and proceed as above to search for its x-intercepts. However, you may also graph the

two functions y = 24x’ +17 and y=36x, then zoom and trace to locate their point of intersection.

4.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of inter-

section of their graphs (Figure 4.43). For example, to solve the system y= x’ =3x-4 and

y =x’ +3x° —2x-1, first graph them together. Then zoom and trace to locate their point of intersection,

approximately (-2.17, 7.25).

 

a a a a a J

  
 

Figure 4.43: Solving a system of equations

You must judge whether the two current y-coordinates are sufficiently close for x = -2.17 or whether you

should continue to zoom and trace to improve the approximation.
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The solutions of the system of two equations y = x’ +3x’ =2x-1 and y= x’ =3x-4 correspond to the so-

lutions of the single equation x 43x" =2x-1=x —3x—4, which simplifies to x +2x" +x+3=0. So you

may also graph y = x’ +2x” + x+3 and find its x-intercepts to solve the system.

3
4.3.4 Solving Inequalities by Graphing: Consider the inequality 1-2 2 x—4. To solve it with your TI-85,

2

graph the two functions y=1-® and y = x—4 (Figure 4.44). First locate their point of intersection, at x =

2. The inequality is true when the graph of y=1-i lies above the graph of y = x—4, and that occurs for x

< 2. So the solution is the half-line x <2, or (—oo, 2].

NO
A

sw LAN
3

Figure 4.44: Solving 1-> x—4
2

 

 

    

The TI-85 is capable of shading the region above or below a graph or between two graphs. For example, to

graph y > x? —1, first enter the function y=x*—1 as y1 in the GRAPH y(x)= screen. Then press GRAPH

MORE F2 [DRAW] F1 [Shade] 2nd VARS MORE F3 [EQU], move the cursor to y1, and press ENTER
100 ) (see Figure 4.45) and again ENTER. These keystrokes instruct the TI-85 to shade the region above
y=x*-1 and below y = 100 (chosen because this is a sufficiently large y-value). The result is shown in Fig-

ure 4.46.

  

Shade(yl. 16868)

 

FATH ITTY FORT STE0E RCOGDE     

 

Figure 4.45: DRAW Shade Figure 4.46: Graph of y > x* —1
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To clear the shading, when you are already in the DRAW menu, press MORE F5 [CLDRW].

3x :
Now use shading to solve the previous inequality, 1-— > x —4. The function whose graph forms the lower

2
boundary is named first in the SHADE command. To enter this in your TI-85 (see Figure 4.47), press these
keys: GRAPH MORE F2 F1 x-VAR - 45 1 - 3 x-VAR + 2 ) ENTER. The shading (see Figure 4.48) ex-

3
tends left from x = 2, hence the solution to 1- 2X > x —4 is the half-line x £2, or (—eo, 2].

2

  

Shade (x-4,1-3x-2)1

  

 

    
3

Figure 4.47: DRAW Shade command Figure 4.48: Graph of 1-ors
2

More information about the DRAW menu is in the TI-85 manual.

4.4 Trigonometry

4.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the TI-85 is configured for whichever measure you need. Press 2nd

MODE to see the current settings. Press Ea twice and move down to the third line of the mode menu where

angle measure is selected. Then press fl or 0 to move between the displayed options. When the blinking

cursor is on the measure you want, press ENTER to select it. Then press EXIT or 2nd QUIT to leave the
mode menu.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° 2nd MODE ka =a [] ENTER
EXIT SIN 45 ENTER 707106781187

sin T° SIN 2nd © ENTER 054803665149
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sin 7 SIN 2nd n 2nd MODE £3 £3

ENTER EXIT ENTER 0

sin 45 SIN 45 ENTER .850903524534

sin SIN(2nd = + 6) ENTER 5

The first line of keystrokes sets the TI-85 in degree mode and calculates the sine of 45 degrees. While the

calculatoris still in degree mode, the second line of keystrokes calculates the sine of ®t degrees, 3.1415°. The

third line changes to radian mode just before calculating the sine of ®t radians. The fourth line calculates the

sine of 45 radians (the calculatoris already in radian mode).

 

tan 45%+sin (m-62F

i

o r ! DMS

Figure 4.49: Angle measure

   
The TI-85 makesit possible to mix degrees and radians in a calculation. Execute these keystrokes to calculate

tan45° +sinZ as shown in Figure 4.49: TAN 45 2nd MATH F3 [ANGLE] F1 [J+ SIN (2nd nt + 6 ) F2 [T]

ENTER. Do you get 1.5 whether yourcalculator is set either in degree mode or in radian mode?

4.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-

 ful attention to the choice of graph window. For example, graph y = sin 30x in the standard viewing rectan-

gle. Trace along the curve to see whereit is. Zoom in to a better window, or use the period and amplitude to

establish better RANGE values.

Technology Tip: Since mt = 3.1, set XMin = 0 and xXMax = 6.3 to cover the interval from O to 2x in steps of

0.05.

Next graph y=tanx in the standard window. The TI-85 plots consecutive points and then connects them

with a segment, so the graph is not exactly what you should expect. You may wish to change from DrawLine

to DrawDot graph (see Section 4.2.3) when you plot the tangent function.
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4.5 Scatter Plots

4.5.1 Entering Data: This table showstotal prize money (in millions of dollars) awarded at the Indianapolis

500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989

Prize ($ million) $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $449 $5.03 $5.72

We'll now use the TI-85 to constructa scatter plot that represents these points and to find a linear model that

approximates the given data.

Press STAT F2 [EDIT] and enter Year for the name of xlist and Prize for the name of ylist (as shown in
Figure 4.50).

  

    

xlist MName=Year x=Year g=Prize
glist Hame=PrizeH x1=81

u1=]1.61
xz=82
uz=2.870

EEor] INSi DEL: NsnRTRNSORTY HCLRoxy

 

  

Figure 4.50: STAT EDIT menu Figure 4.51: Entering data points

Now press ENTER to prepare to input data from the table. Instead of entering the full year 198x, save key-
strokes by entering only 8x. Here are the keystrokes for the first three years: 81 ENTER 1.61 ENTER 82
ENTER 2.07 ENTER 83 ENTER 2.41 ENTER and so on (see Figure 4.51). Continue to enter all the given

data. Press EXIT when you have finished.

You may edit statistical data in the same way you edit expressions in the home screen. Move the cursorto the

x or y value for any data point you wish to change, then type the correction. To insert or delete statistical data,

move the cursor to the x or y value for any data point you wish to add or delete. Press F1 [INSi] and a new
data point is created; press F2 [DELi] and the data point is deleted. To clear all data points, press F5
[CLRxy].

4.5.2 Plotting Data: Once all the data points have been entered, press STAT F3 [DRAW] F2 [SCAT] to

draw a scatter plot. Your viewing rectangle is important, so you may wish to change the RANGE first to im-
prove the view of the data. If you change the RANGE after drawing the scatter plot, you will have to enter
keystrokes to create the plot again. Figure 4.52 shows the scatter plot in a viewing rectangle extending from

80 to 90 for x and from 1 to 6 for y.
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Figure 4.52: Scatter plot

4.5.3 Regression Line: The TI-85 calculates the slope and y-intercept for the line that best fits all the data.

After the data points have been entered, press STAT F1 [CALC]. You need to enter Year for the name of
xlist and Prize for the name ofylist; note that these names are now assigned to function keys for ease of en-
try. Finally, press F2 [LINR] to calculate a linear regression model.

As you see in Figure 4.53, the TI-85 namesthe y-intercept a and calls the slope b. The number corr (between
-1 and 1) is called the correlation coefficient and measures the goodness of fit of the linear regression equa-

tion with the data. The closer | corr] is to 1, the better the fit; the closer | corr] is to 0, the worse the fit.

There are n = 9 data points.

  

Link
a=-39.9744444444
b=.511333333333
Sopr=. 39498365273
n=

  

ETT EMT DRAM FCET     

 

Figure 4.53: Linear regression model Figure 4.54: Linear regression line

HIST SCAT AxvLINMEIDRREG BCLDRINK
 

Draw the regression line y = a + bx through the data points by pressing 2nd M3. [DRAW] F4 [DRREG](see
Figure 4.54).

When you have no further need for some data, press 2nd MEM F2 [DELET] F4 [LIST] and move the cursor
to the name of a list you wish to delete. Press ENTER to remove that list from your calculator’s memory.

Then press EXIT to return to the home screen.

4.5.4 Exponential Growth Model: After data points have been entered, press STAT F1 [CALC], enter the

names of the two lists, then press F4 [EXPR] to calculate an exponential growth model y=a-b* for the

data.
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4.6 Matrices

4.6.1 Making a Matrix: The TI-85 can display and use many different matrices, each with up to 255 rows

1 4 3 5

and up to 255 columns! Here’s how to create this 3x4 matrix [-1 3 —1 -3| in your calculator.

2 0 4 6

Press 2nd MATRX F2 [EDIT] to see the matrix edit menu (Figure 4.55). You must first name the matrix;

let’s name this matrix A (the TI-85 is already set for alphabetic entry) and press ENTER to continue.

You may now change the dimensions of matrix A to 3x4 by pressing 3 ENTER 4 ENTER. Simply press
ENTER or the down arrow key to accept an existing dimension. Next enter 1 in the first row and first column
of the matrix, then press ENTER to move horizontally across this row to the second column. Continue to
enter the top row of elements. Press ENTER after the last element of the first row has been entered to move

to the second row. You may use the up and down arrow keys to move vertically through the columns of the

matrix.

 

MATRX:A x4
1: 4=5
za 4=-3
3: 4=61

  4COL COLl INSr DELF IMC

Figure 4.55: MATRX EDIT menu
 

Leave the matrix A editing screen by pressing EXIT or 2nd QUIT and return to the home screen.

4.6.2 Matrix Math: From the home screen you can perform many calculations with matrices. First, let’s see
matrix A itself by pressing ALPHA A ENTER (Figure 4.56).

  

    
  

A [[1 -4 3 5_]
[[1 -4 3 ] [-1 3 -1 -3]
[-1 3 -1 -3] [2 8B 46 1]l]

4 11] 2A+B
B [[2 -8 &_ 18]

[-2 6 -2 -6]
[4 BB -8 12]]

B

Figure 4.56: Matrix A Figure 4.57: Matrix B
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Calculate the scalar multiplication 2-A by pressing 2 ALPHA A ENTER. To create matrix B as 2-A, press 2
ALPHA A STO» B ENTER;or, if you do this immediately after calculating 2-A, press only STO» B

ENTER (see Figure 4.57). Return to the matrix edit screen to verify that the dimensions of matrix B have
been set automatically to reflect these new values.

Add the two matrices A and B by pressing ALPHA A + ALPHA B ENTER. Subtraction is similar.

0

-5

of C by A, press ALPHA C x ALPHA A ENTER.If, on the other hand, you tried to multiply A by C, your
TI-85 would signal an error because the dimensions of the two matrices do not permit multiplication in this

order.

2 3
Now create a matrix C with dimensions of 2x3 and enter this as C: § | For matrix multiplication

You may use exponential notation to abbreviate multiplying a matrix M by itself, but take care that M is a

square matrix or such multiplication is not possible. For example, to calculate M-M-M, press ALPHA M A 3
ENTER.

The transpose of a matrix A is another matrix with the rows and columns interchanged. The symbol for the

transpose of A is AT. The transpose operator is found in the matrix math menu. So to calculate AT, press

ALPHA A 2nd MATRX F3 [MATH] F2 [T]ENTER.

4.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides more careful explanation of the elementary row operations and their uses.

  

      

rSwar (A: 2,3) mRAddC -4, A, 2,3)
[[1 43 51] [[1 4 3 5_1]
[2 B -4 6_] [-1 3 -1 -3]
[-1 3 -1 -311 [6 -12 8 181]

| qui — raddrn | qu3l En rAdduJ

Figure 4.58: Swap rows 2 and 3 Figure 4.59: Add -4 times row 2 to row 3

To interchange the second and third rows of the matrix A that was defined above, press these keys: 2nd

MATRX F4 [OPS] MORE F2 [rSwap] ALPHA A, 2, 3) ENTER (see Figure 4.58). The format of this
command is rSwap(matrix, row1, row2).

To add row 2 and row 3 and store the results in row 3, press 2nd MATRX F4 MORE F3 ALPHA A, 2,3)

ENTER. The format of this command is rAdd(matrix, row1, row2).

To multiply row 2 by -4 and store the results in row 2, thereby replacing row 2 with new values, press 2nd

MATRX F4 MORE F4 (-) 4 , ALPHA A, 2) ENTER. The format of this command is multR(scalar, ma-

trix, row).
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To multiply row 2 by -4 and add the results to row 3, thereby replacing row 3 with new values, press 2nd

MATRX F4 MORE F5 (-) 4 , ALPHA A, 2, 3) ENTER (see Figure 4.59). The format of this command is

mRAdd(scalar, matrix, row1, row2).

Technology Tip: It is important to remember that your TI-85 does not automatically store a matrix obtained

as the result of any row operations. So when you need to perform several row operations in succession,it is a

good idea to store the result of each one in a temporary place.

x=2y+3z=9

For example, use elementary row operations to solve this system of linear equations: -x+3y=-4.

2x-5y+5z=17

1 -2 3 9

First enter this augmented matrix as A in your TI-85: |-1 3 0 —4|. Next store this matrix in C (press

2 5 5 17

ALPHA A STO» C ENTER) so you may keep the original in case you need to recallit.

Here are the row operations and their associated keystrokes. At each step, the result is stored in C and re-

places the previous matrix C. The solution is shown in Figure 4.60.

Row Operation Keystrokes

rAdd(C,1, 2) 2nd MATRX F4 MORE F3 ALPHAC, 1,2)
STO» C ENTER

mRAdd(-2,C,1,3)  F5()2,ALPHAC, 1,3) STO» CENTER

rAdd(C, 2, 3) F3 ALPHA C, 2,3) STO» C ENTER

multR(%, C, 3) F41:2,ALPHAC,3)STO» CENTER

 

multRq(1-2

| qud Ea radd Fue:JETER

Figure 4.60: Final matrix after row operations

   
Thusz=2,soy=-1and x= 1.
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4.6.4 Determinants and Inverses: Enter this 3x3 square matrix as A: —1

1 -2 3

2 55

3 0|. To calculate its determi-

nant, press 2nd MATRX F3 F1 ALPHA A ENTER. You should find that |A | = 2, as shown in Figure 4.61.

Since the determinant of matrix A is not zero, this matrix has an inverse, A”. Press ALPHA A 2nd x’

ENTERto calculate the inverse of matrix A, also shown in Figure 4.61.

  

det A

A-1
[[7.D -2.5 -4
[2.5 -.5 -1

q [-.9 .3 «J

 
a
a
n

  

A-1*B

 
  

Figure 4.61: |A|and A"! Figure 4.62: Solution matrix

Now let’s solve a system of linear equations by matrix inversion. Once more, consider the system of three

x—2y+3z=9

equations

2x-5y+5z=17

—x+3y=-4. The coefficient matrix for this system is the matrix —1

1 -2 3

3 0

2 55

that was

entered in the previous example as matrix A. If necessary, enter it again in your TI-85. Next enter the matrix

9

—4 as B. Then enter A” - B by pressing ALPHA A 2nd x' x ALPHA B ENTERto calculate the solution

17

matrix (Figure 4.62). The solutions are still x=1, y=-1, and z = 2.

4.7 Sequences

4.7.1 Iteration with the ANS Key: The ANS feature permits you to perform iteration, the process of evaluat-
ing a function repeatedly, on the TI-85 calculator.

-1 -1 :
As an example, calculate = for n=27. Then calculate = for n = the answerto the previous calcula-

tion. Continue to use each answer as n in the next calculation. Here are keystrokes to accomplish thisiteration

on the TI-85 (see the results in Figure 4.63). Notice that when you use ANS in place of n in a formula, it is

sufficient to press ENTER to continue an iteration.
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Iteration Keystrokes Display

 

1 27 ENTER 27

2 (2nd ANS - 1) + 3 ENTER 8.66666666667

3 ENTER 2.55555555556

4 ENTER 518518518519

5 ENTER -.16049382716

27
27

CAns-1>-3
8. 66666666667
2. 959555555556
218518518519

2 -. 166849382716   
Figure 4.63: Iteration

Press ENTER several more times and see what happens with this iteration. You may wish to try it again with
a differentstarting value.

4.7.2 Arithmetic and Geometric Sequences: Use iteration with the ANS variable to determine the n-th term
of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose
common difference is 4. Enter the first term 7, then start the progression with the recursion formula, 2nd

ANS + 4 ENTER. This yields the 2nd term, so press ENTER sixteen more times to find the 18th term. For a

geometric sequence whose common ratio is 4, start the progression with 2nd ANS x 4 ENTER.

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence,

t =a+(n—1)d. First enter values for the variables a, d, and n, then evaluate the formula by pressing 2nd

alpha a + ( 2nd alpha n - 1 ) 2nd alpha d ENTER. For a geometric sequence whose n-th term is given by

t =a r"™, enter values for the variables a, r, and n, then evaluate the formula by pressing 2nd alpha a 2nd

alphar” (2nd alphan-1) ENTER.

12

4.7.3 Sums ofSequences: Calculate the sum Y4(0.3)" on the TI-85 by pressing 2nd MATH F5 [MISC] F1
n=1

[sum] F3 [seq] 4 x .3" ALPHA N, ALPHA N, 1,12, 1) ENTER. You should get 1.71428480324. The

format ofthis command is sum seq(expression, variable, begin, end, increment).
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4.8 Parametric and Polar Graphs

4.8.1 Graphing Parametric Equations: The TI-85 plots parametric equations as easily as it plots functions.
Just use the MODE menu (Figure 4.1), go to the fifth line from the top, and change the setting from Func for
function graphs to Param for parametric graphs. Be sure, if the independent parameter is an angle measure,

that MODE is set to whichever you need, Radian or Degree.

For example, here are the keystrokes needed to graph the parametric equations x = cos’t and y= sin’ ¢. First

check that angles are currently being measured in radians. Change to parametric mode and press GRAPH F1
to examine the new parametric equation menu E(t)= (Figure 4.64). Enter the two parametric equations by

pressing ( COS F1 ) A3 ENTER ( SIN F1 ) A 3 ENTER.

  

xt1B8¢cos t>"3 RANGE
gyt1BC(sin t>"3N tMin=0

¥xMin=-2.54
Man=2 2495681173

ITGEE RANGE 200M TRACE GRAFH +x5Scl=1
vi DELF BSELCT MH FEct= TeaNGEL z00r T TRACE IGRAPH

Figure 4.64: Parametric E(t)= menu Figure 4.65: Parametric RANGE menu

    

 

  

Also look at the new parametric RANGE menu (Figure 4.65). In the standard viewing rectangle, the values
of t go from O to 2m in steps of % =.1309. Press GRAPH to see the parametric graph (Figure 4.66).

 

—

t=~H5398163Y4
=.3E355330058 Ju=35355230058   
 

Figure 4.66: Parametric graph of x = cos’ t and y= sin’ t

You may ZOOM and TRACE along parametric graphs just as you did with function graphs. As you trace
along this graph, notice that the cursor moves in the counterclockwise direction as t increases.

4.8.2 Rectangular-Polar Coordinate Conversion: The CPLX menu (Figure 4.67) provides functions for

converting between rectangular and polar coordinate systems.
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Given rectangular coordinates (x, y) = (4, -3), convert from these rectangular coordinates to polar coordi-

nates (r, 6) by pressing 2nd CPLX MORE ( 4, (-) 3) F2 ENTER. Wesee that r = 5 and 6 = -.6435. The

measure of angle 0 is displayed in radians, because that is the current default angle measure chosen in the

MODE menu.

Suppose (r, 0) =(3, 7). To convert from these polar coordinates fo rectangular coordinates (x, y), press 2nd

CPLX MORE (32nd £ nn) F1 ENTER. Thenx=-3 and y = 0.

 

   

(4, -3)rPol
(Dz -.643581188793)

C3£mI Rec
¢-3.8>

i

1 FRec I FFol |} 1 1 1
 

Figure 4.67: Coordinate conversions

4.8.3 Graphing Polar Equations: The TI-85 graphs a polar function in the form r = f(0). In the fifth line of

the MODE menu,select POL for polar graphs.

For example, to graph r =4sin 0, press GRAPH F1 for the r(6)= menu. Then enter the expression 4sin6 for

r1. Choose a good viewing rectangle and an appropriate interval and increment for 6. In Figure 4.68, the

viewing rectangle is roughly “square” and extends from -6.5 to 6.5 horizontally and from -4 to 4 vertically.

Figure 4.67 shows rectangular coordinates of the cursor’s location on the graph. You may sometimes wish to

trace along the curve and see polar coordinates of the cursor’s location. The first line of the GRAPH

FORMT menu (Figure 4.16) has options for displaying the cursor’s position in rectangular RectGC or polar
PolarGC form.

 

 

 

   8=Z.25a1944802 |
X=-2 py=2
 

Figure 4.68: Polar graph of r =4sin6
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4.9 Probability

4.9.1 Random Numbers: The command rand generates a number between 0 and 1. You will find this com-
mand in the PROB (probability) sub-menu of the MATH menu. Press 2nd MATH F2 F4 ENTER to gener-
ate a random number. Press ENTERto generate another random number; keep pressing ENTER to generate

more of them.

If you need a random number between, say, 0 and 10, then press 10 2nd MATH F2 F4 ENTER. To get a

random number between 5 and 15, press 5 + 10 2nd MATH F2 F4 ENTER.

4.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a
time, ,,P;, press 2nd MATH F2 12 F2 7 ENTER. Then ,,P, = 3,991,680, as shown in Figure 4.69.

 

12 nPr 7
3991684

12 nCr 7
x raz

  ! 11d4 nCr rand

Figure 4.69: ,P; and ,C,

 

For the number of combinations of 12 objects taken 7 at a time, ,C,, press 2nd MATH F2 12 F3 7 ENTER.
So ,C, = 792.

4.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player

wins the top prize. There are ,,C, ways for the six numbers to be drawn. If you purchase a single lottery

ticket, your probability of winning is 1 in ,C. Press 1 + 2nd MATH F2 40 F3 6 ENTERto calculate your
chances, but don’t be disappointed.

410 Programming

4.10.1 Entering a Program: The TI-85 is a programmable calculator that can store sequences of commands

for later replay. Here’s an example to show you how to enter a useful program that solves quadratic equations

by the quadratic formula.

Press PRGM to access the programming menu. The TI-85 has space for many programs, each identified by a

name that is up to eight characters long. The names of all your programs are listed alphabetically in the

PRGM NAMES menu.
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To create a new program, press PRGM F2 [EDIT] and enterits name. The cursor is now a blinking A, indi-
cating the calculator is set to receive upper case alphabetic characters. Call this program QUADRAT and

press ENTER when you have finished.

Within the program itself, each line begins with a colon : supplied automatically by the calculator after you

press ENTER. Any command you could enter directly in the TI-85’s home screen can be entered as a line in
a program. There are also special programming commands.

Note that the TI-85 calculator checks for program errors as it runs a program, not while you enter oreditit.

Enter the program QUADRATby pressing the given keystrokes.

4-32

Program Line Keystrokes

: Disp “Enter A” F3 F3 MORE F5 ALPHA E 2nd alpha ALPHANTER .

ALPHA A F5 ENTER

displays the words Enter A on the TI-85 screen

: Input A MORE F1 ALPHA A ENTER

waits for you to input a value that will be assigned to the variable A

: Disp “Enter B” F3 MORE F5 ALPHA E 2nd alpha ALPHANTER .

ALPHA B F5 ENTER

: Input B MORE F1 ALPHA B ENTER

: Disp “Enter C” F3 MORE F5 ALPHA E 2nd alpha ALPHAN TER .

ALPHA C F5 ENTER

: Input C MORE F1 ALPHA C ENTER

: CILCD MORE F3 ENTER

clears the calculator’s display

: B%-4AC -> D ALPHA B x? - 4 ALPHA A x ALPHA C STO» D ENTER

calculates the discriminant and stores its value as D

: 1f D>0 EXIT F4 F1 ALPHA D 2nd TEST F3 0 ENTER

tests to see if the discriminant is positive

: Then EXIT F2 ENTER

in case the discriminant is positive, continues on to the next line;

if the discriminant is not positive, jumps to the command after Else below

: Disp “Two real roots” EXIT F3 F3 MORE F5 ALPHA T 2nd alpha ALPHAW O .

REAL . ROOTSF5ENTER

TI-85 Advanced Scientific Calculator



: (-B+VD)/(2A) 5M  (() ALPHA + 2nd VALPHAD) + (2 ALPHA A)
STO» M ENTER

calculates one root and stores it as M

: Disp M MORE F3 ALPHA M ENTER

displays one root

: (-B-VYD)/(2A) =» N ((-) ALPHAB -2nd V ALPHA D) + (2 ALPHA A)
STO» N ENTER

: Disp N F3 ALPHA N ENTER

: Else EXIT F4 F3 ENTER

continues from here if the discriminantis not positive

: If D==0 F1 ALPHA D 2nd TEST F1 0 ENTER

tests to see if the discriminant is zero

: Then EXIT F2 ENTER

 

in case the discriminantis zero, continues on to the next line;

if the discriminant is not zero, jumps to the command after Else below

: Disp “Double root” EXIT F3 F3 MORE F5 ALPHA D 2nd alpha ALPHAOUBLE

«~ ROOTF5 ENTER

displays a message in case there is a double root

:-B/(2A) > M (-) ALPHA B + (2 ALPHA A) STO» M ENTER

the quadratic formula reduces to =b when D=0
2a

: Disp M MORE F3 ALPHA M ENTER

: Else EXIT F4 F3 ENTER

continues from here if the discriminant is not zero

: Disp “Complex roots” EXIT F3 F3 MORE F5 ALPHA C 2nd alpha ALPHA O M

PLEX . ROOTSF5ENTER

displays a message in case the roots are complex numbers

: Disp “Real part” MORE F3 MORE F5 ALPHA R 2nd alpha ALPHA EAL .
PARTF5ENTER

Graphing Technology Guide 4-33



:-B/(2A) -> R (-) ALPHA B + (2 ALPHA A) STO» R ENTER

-b
calculates the real part — of the complex roots

2a

: Disp R MORE F3 ALPHA R ENTER

: Disp “Imaginary part” F3 MORE F5 ALPHA | 2nd alpha ALPHAMAGINARY .

PART F5 ENTER

:N-D/(2A) = | ond V (-) ALPHA D + (2 ALPHA A ) STO» | ENTER

calculates the imaginary part of the complex roots;
a

since D < 0, we must use -D as the radicand

: Disp | MORE F3 ALPHA | ENTER

: End EXIT F4 F5 ENTER

marks the end of an If-Then-Else group of commands

: End F5

When you have finished, press 2nd QUIT to leave the program editor.

4.10.2 Executing a Program: To execute the program just entered, press PRGM NAMES and look for
QUADRAT. The names of programs are listed alphabetically; press MORE to advance through the listing.
Press the function key above QUADRAT to select this program, then press ENTER to executeit.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax’ +bx+c=0. Input a value, then press ENTERto continue the program.

If you need to interrupt a program during execution, press ON.

The instruction manual for your TI-85 gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.
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4.11 Differentiation

  . +... Sindx sin4x
4.11.1 Limits: Suppose you need to find this limit: lim . Plot the graph of f(x) = * in a conven-

x—0 xX

ient viewing rectangle that contains the point where the function appears to intersect the line x = 0 (because

sin 4x
 you want the limit as x — 0). Your graph should lend support to the conclusion that lim =4.

x—0 xX

  

 

 
 

 

 

    

 

 

  

Ae Fh A Se

: . ._sin4x : . 2x-1
Figure 4.70: Checking lim =4 Figure 4.71: Checking lim =2

x—=0 Xx xo x +1

. . 2x-1
To test the reasonableness of the conclusion that lim

xo X +

several large positive values of x (since you want the limit as x — ). For example, evaluate £100),
(1000), and (10,000). Another way to test the reasonableness of this result is to examine the graph of

 =2, evaluate the function f(x) = on for
x +

 f(x)= 2x1 in a viewing rectangle that extends over large values of x. See, as in Figure 4.71 (where the
x+

viewing rectangle extends horizontally from 0 to 100), whether the graph is asymptotic to the horizontal line

2x —
 y = 2 (enter for y1 and 2 for y2).
x +1

4.11.2 Numerical Derivatives: The derivative of a function fat x can be defined as the limit of the slopes of

J(x +Ax)— f(x — Ax)ye . And for small values of Ax, the expressionsecant lines, so f'(x)= lim
Ax—0

J(x+Ax)-f(x Ax)
2Ax
 gives a good approximation to the limit.
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NDRCX3: Xs 2.0) TUOLERHNMLCE
18. 720881 tol=1g-3

2 a=.801
1-5

ner(x3: x2.)
18.73
    

 

 

Figure 4.72: Using nDer( Figure 4.73: TOLER menu

The TI-82 has a function nDer( in the CALC menu to calculate the symmetric difference,

f(x + Ax) — f(x — Ax)
2Ax

most purposes, 6 = 0.001 gives a very good approximation to the derivative and is the TI-85’s default (sce

 . This calculator uses a value for step size Ax that has been stored in the variable 6. For

Figure 4.73). So to find a numerical approximation to f'(2.5) when f(x)= x* and with Ax = 0.001, press

2nd CALC F2 x- VAR A 3, x-VAR |, 2.5) ENTER as shown in the top line of Figure 4.72. The format of

this command is nDer(expression, variable, value). If you are evaluating for the current stored value of the

variable, write just nDer(expression, variable). Figure 4.72 shows the same derivative approximated again
after pressing 2nd TOLER and changing 6 to 0.00001.

Note that the function nDer calculates an approximate numerical derivative whose accuracy depends on the

choice of 3. For a calculation that employs the rules of differentiation to yield a value as accurate as the TI-85

can be, use the special functions der1 for a first derivative and der2 for a second derivative (both are in the

CALC menu). These commands use the same format as nDER, so you would write der1(expression, vari-

able, value).

Technology Tip: In general, you may use der1 and der2 with expressions involving the basic calculator

operations and functions (for example, sin x and x?) or built up from them with simple arithmetic (for exam-

ple, sin x” or sin x + x5). Refer to the TI-85 manual for more details about restrictions on expressions that can

be used with der1 and der2.

You may not use nDer or der1 or der2 in the expression for a der1 or der2 command. However, you can
use der! and der? in the expression for an nDer command. So to approximate the third derivative of sin x” at

x =2, you may press 2nd CALC F2 F4 SIN x-VAR x*, x-VAR), x-VAR, 2).

4-36 TI-85 Advanced Scientific Calculator



 

hler(derZisln X<:xXJ)aX

59. 9962047625
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Figure 4.74: f"(2) forfix) = sin x’

Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 4.76,

: S5x-2 : : oo :
the function f(x) = 5s and its numerical derivative are graphed. You can duplicate this graph by first

x“ +

 

S5x-2
entering — for y1 and then entering its numerical derivative for y2 by pressing 2nd CALC F3 2nd M2

x” +
1, 2nd M1), as you see in Figure 4.75.

SIH(D x—22-Cxe+])
gle]dls
RT

  

  
     
  

 INF DELF ZELCT    
Figure 4.75: Entering f(x) and f'(x) Figure 4.76: Graphs of f(x) and f'(x)

You may also approximate a derivative while you are examining the graph of a function. When you are in a

graph window, press GRAPH MORE F1 [MATH] F4, then use the arrow keys to trace along the curve to a

point where you want the derivative (see Figure 4.77 for the graph of f(x) = i= at x = —2.3) and press
x“ +
 

ENTER. The TI-85 uses the current value of the variable 5 for this approximation.

Graphing Technology Guide 4-37



 
 

T

¥
vr
r
y

a.

ef ef
X="L.3 v=-z.146263911 dv/dx= =.774A2083

 
 

       
 

th= atx =-2.3 Figure 4.78: dy/dx
x“ +
 Figure 4.77: f(x) =

Technology Tip: With the TI-85, you can graph a function and the tangentline at one of its points. So graph

the function f(x) = Sx=2 once again. Then press GRAPH MORE F1 MORE MORE F3, trace with the
x

x2 +1

 

cursor to a point ofinterest, and press ENTER. You may continue to draw more tangent lines, or clear them
by pressing GRAPH MORE F2 MORE F5.
  

/ /
re

dvd= -.GAIEEE1PEY ~m x=-1.214250747  |v=-2.14zB1343Y

  

       
 

Figure 4.79: Tangent line Figure 4.80: Point of inflection

In a similar way, the TI-85 locates a point of inflection. Graph the function, press GRAPH MORE F1 MORE

F3, trace with the cursor near a point of inflection, and press ENTER.

You may choose the method of differentiation used by the TI-85 for graphing tangent lines and for locating

points of inflection. In the MODE menu (Figure 4.1), move the cursor down to the last line and select either

dxDer1 (exact differentiation) to use der1 or dxNDer (numeric differentiation) to use nDer. Recall that der1

is more accurate but also more restrictive,since it applies only to certain functions.

4.11.3 Newton’s Method: With your TI-85, you may iterate using Newton’s method to find the zeros of a

function. Recall that Newton’s Method determines each successive approximation by the formula

J(x)
Xn+l = Xp f(x ) :

n
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As an example of the technique, consider f(x)=2x+x?—x+1. Enter this function as y1. A look atits

graph suggests that it has a zero near x = —1, so start the iteration by going to the home screen and storing —1

as x (see figure 4.81). Then press these keystrokes: X-VAR — 2nd VARS MORE F3, select y1, keep on

pressing + 2nd CALC F3 2nd VARS MORE F3, again select y1, and conclude by pressing , x-VAR , )

STOP» x-VAR. Press ENTER repeatedly until two successive approximations differ by less than some prede-
termined value, say 0.0001. Note that each time you press ENTER, the TI-85 will use its current value of x,
and that value is changing as you continue the iteration.

 

14x

   

 

Figure 4.81: Newton’s method

Technology Tip: Newton’s Method is sensitive to your seed value for x, so look carefully at the function’s

graph to make a good first estimate. Also, remember that the method sometimes fails to converge!

You may want to save the Newton’s Method formula as a short program. See your calculator’s manual for

further information on programming the TI-85.

4.12 Integration

4.12.1 Approximating Definite Integrals: The TI-85 has the function fnint in the CALC menu to approxi-

mate an integral. So to find a numerical approximation to f, cos x’dx press 2nd CALC F5 COS x-VAR x? ,

Xx-VAR , 0, 1) ENTER as shown in Figure 4.82. The format of this command is fnint(expression, variable,
lower limit, upper limit). In this example, the tolerance tol (which controls the accuracy of the approximation)

is 0.00001, the TI-85’s default. You may reset the tolerance by pressing 2nd TOLER (refer back to Figure
4.73) or by assigning a value to the variable tol.
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Figure 4.82: fnint(

4.12.2 Areas: You may approximate the area under the graph of a function y =f(x) between x = 4 and x = B

with your TI-85. For example, here are keystrokes for finding the area under the graph of the function

y = cos x° between x = 0 and x = 1. This area is represented by the definite integral fy cosx?dx . So graph f(x)

= cos x” and press GRAPH MORE F1 F5. Use the arrow keys to trace along the curve to the lower limit and
press ENTER; then trace again to the upper limit (see Figure 4.83) and press ENTER. The region under the
graph between the lower limit and the upper limit is marked and its area is displayed as in Figure 4.84. The

TI-85 uses fnint with the defaulttolerance tol = 10in this calculation.

Technology Tip: When approximating the area underf{x) = cos x” between x = 0 and x = 1, both limit points

must be visible in the current viewing rectangle. Also, you must trace along the curve to exactly where x = 0

and x = 1. Now to trace along the curve to x = gq, the viewing rectangle must be chosen so that the function is

evaluated at x = a. The window shown in Figure 4.83 was made first by pressing ZOOM MORE F4

[ZDECM)], then by changing its vertical dimensions to appropriate values. By contrast, find the area under

Ax) = cos x” between x = 0 and x = 1 in ZOOM MORE F3 [ZTRIG] window.

LAL DA LALmSAAN
WELT VTIR RVV|VTTY
x=1 »=.EY030ZZ05H/7 JE(xI=.8045242270

  

 
 

      
 

 

Figure 4.83: Setting the upper limit Figure 4.84: fox

Technology Tip: Suppose that you want to find the area between two functions, y = fx) and y = g(x), from

x=Atox=B.If f(x)2 g(x) for 4<x< B, then enter the expression f(x) — g(x) for y1 and proceed as be-

fore to find the required area.
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Chapter 5

Texas Instruments TI-

XAS INSTRUMENTS  





5.1 Getting started with the TI-92

 

 

In this book, the key with the green diamond symbol inside a green border will be indicatedby @,thekey
with the white arrow pointing upinside a white border (the shift key) will be indicated by 4, and thekey with

the white arrow (the backspace key) pointing to the left will be indicated by +. Although the cursor pad al-

lows for movements in eight directions, we will mainly use the four directions of up, down, right, and left.

These directions will be indicated by ™, \, ©, and €, respectively

There are eight blue keys on the left side of the calculator labeled F1 through F8. These function keys have

different effects depending on thescreen that is currently showing. The effect or menu ofthe function keys
corresponding to a screen are shown across the top of the display.   
5.1.1 Basics: Press the ON key to begin using your TI-92. If you need to adjust the display contrast, first

press @, then press — (the minus key) to lighten or + (the plus key) to darken. To lighten or darken the screen

more, press 9 then + or — again. When you have finished with the calculator, turn it off to conserve battery

power by pressing 2nd and then OFF. Note that the TI-92 has three ENTER keys and two 2nd keys which
can be used interchangeably.

Check your TI-92’s settings by pressing MODE. If necessary, use the cursor pad to move the blinking cursor

to a setting you want to change You can also use F1 to go to page 1 or F2 to go to page 2 of the MODE

menu. To changea setting, use \ to get to the setting that you want to change, then press = to see the options

available. Use 1 or \ to highlight the setting that you want and press ENTER to select the setting. To start

with, select the options shown in Figures 5.1 and 5.2: function graphs, main folder, floating decimals with 10

digits displayed, radian measure, normal exponential format, real numbers, rectangular vectors, pretty print,
full screen display, Home screen showing, and approximate calculation mode. Note that some of the lines on

page 2 of the MODE menu are not readable. These lines pertain to options that are not set as above. Details on

alternative options will be given laterin this guide. For now, leave the MODE menu by pressing 4 HOME or
2nd QUIT. Some ofthe current settings are shown on the status line of the Home screen.

 

   raphe ,ceeseeenaes FUNCTION»

FLOAT 10+
DIAN

« Split Screen
2plit 1 fee:  

       

  
    

  
  

        

Exponent131 Porat ORM5
Com Forma .
GonpiexFormat. ... BERAGULAR>

v Pretty Print...... ON=>

CEnter=SAYVE) ESC=CANCEL Enter=SAVE ESC=CANCEL

USE € AND 2 TO OPEN CHOICES USE € AND > TO OFEN CHOICES

Figure 5.1: MODE menu, page 1 Figure 5.2: MODE menu, page 2

Technology Tip: There are many different ways to get to the most commonly used screens on your TI-92.

One method is by using the APPS menu (Figure 5.3) which is accessed by pressing the blue APPS key on
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the right side of the calculator. Thus, to get to the Home screen you can press 2nd QUIT, ¢ HOME, or
APPS ENTER.

 

APPLICATIONS

      
 

Window EEditor
Graph

bapaMatrix Editors
iErodran Editor
t Geometry :
Text Editor »a

n
i
o
n

    TYPE OR USE €3t4 + [ENTERI=O0K AND [ESCISCANCEL

Figure 5.3: APPS menu

5.1.2 Editing: One advantage of the TI-92 is that you can use the cursor pad to scroll in order to see a long

calculation. For example, type this sum (Figure 5.4):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press ENTER to see the answer. The sum is too long for both the entry line and the history area. The
direction(s) in which the line extends off the screen is indicated by an ellipsis at the end of the entry line and

arrows (€ or -) in the history area. You can scroll through the entire calculation by using the cursor pad (

or \) to put the cursor on the appropriate line and then using = or € to move the cursor to the part of the

calculation that you wish to see.

1 Fzv F3v Y_Fuv FS 3
[v =2|n19ebralcalcotherPramiolciear az. |

   B1+2+3+4+5+6+7+8+9+10+11+12)p210.

.1+12+13+14+15+16+17+18+19+200
MAIN RAD APPROX FUNC 1/30  

Figure 5.4: Home screen

Often we do not notice a mistake until we see how unreasonable an answer is. The TI-92 permits you to re-

display an entire calculation, edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 5.5 but had not yet pressed ENTER, when you realize that

34 should have been 74. Simply press the < direction on the cursor pad as many times as necessary to move

the blinking cursor line until it is to the immediate right of the 3, press + to delete the 3, and then type 7. On

5-2 TI-92 Graphics Calculator



the other hand,if 34 should have been 384, move the cursor untilit is between the 3 and the 4 and then type 8.

If the 34 should have been 3 only, move the cursor to right of the 4, and press + to delete the 4.

1 Fzv F3v Y_F4v FS F&
v= Algebral|Calc|Other|PrgmI0|Clear a-z..
 

1 +2+3+4+5+6+7+8+9+10+11+12)
210.

12+34+56]
MAIN RAD APPROX FUNC 1/30

    
Figure 5.5: Editing a calculation

Technology Tip: The TI-92 has two different inputing modes: insert and overtype. The default mode is the

insert mode, in which the cursor is a blinking vertical line and new text will be inserted at the cursor’s position
and other characters are pushed to the right. In the overtype mode, the cursor is a blinking square and the

characters that you type replace the existing characters. To change from one mode to another, press 2nd INS.
The TI-92 remains in whatever the last input mode was, even after being turned off.

Even if you had pressed ENTER, you may still edit the previous expression. Immediately after you press

ENTER your entry remains on the entry line. Pressing the < direction on the cursor pad moves the cursor to

the beginning of the line, while pressing the = direction on the cursor pad puts the cursor at the end of the

line. Now the expression can be edited as above. To edit a previous expression that is no longer on the entry

line, press 2nd and then ENTRYto recall the prior expression. Now you can change it. In fact, the TI-92 re-
tains as many entries as the current history area holds in a “last entry” storage area, including entries that have

scrolled off ofthe screen. Press 2nd ENTRY repeatedly until the previous line you want is on the entry line.
(The number of entries that the history area can hold may be changed, see your user’s manual for more infor-

mation.)

To clear the entry line, press CLEAR while the cursor is on that line. To clear previous entry/answer pairs

from the history area, use the cursor pad to either the entry or the answer and press CLEAR (both the entry

and the answer will be deleted from the display). To clear the entire history area, press F1[Tools] 8[Clear
Home], although this will not clear the entry line.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account if

there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

1 . . . .

the balance is P = ( + Ly , where P = principal, r = rate of interest (expressed as a decimal), » = number of

times interest is compounded each year, and + = number of years. In our example, this becomes

5000(1+.085 . Here are the keystrokes for finding the balance after = 3, 5, and 10 years.
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Years Keystrokes Balance

3 5000 (1 + .085) A 3 ENTER $6386.45
5 > « 5 ENTER $7518.28
10 > « 10 ENTER $11,304.92

i [334 F3w Fyw F& Fé
ERRiteraforeotrer lPramofcLear a-z.

  
= 5000 (1 + .085)° 6386. 445625
"5000 -(1 + .085)° 7518. 283451
= 5000 -(1 + .085) 10 11304.91721
5000<{1+.085>~10
MAIN RAD APPROX FUNC 3/30 

Figure 5.6: Editing expressions

Then, to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press the following keys to change the last calculation above: > + «+ § & & & < « 7 ENTER. You

could also use the CLEAR key to erase everything to the right of the current location of the cursor. Then,
changing the calculation from 10 years at the annual interest rate of 8.5% to 5 years at the annual interest rate

of 7.5% is then done by pressing > < < CLEAR 5 ¢& & ¢ < « 7 ENTER.

5.1.3 Key Functions: Most keys on the TI-92 offer access to more than one function, just as the keys on a

computer keyboard can produce more than one letter (“g” and “G”) or even quite different characters (“5and

“%”). The primary function of a key is indicated on the key itself, and you access that function by a simple

press on the key.

To access the second function indicated in yellow or to the left above a key, first press 2nd (“2nd” appears on

the status line) and then press the key. For example to calculate J25 press 2nd J 25) ENTER.

Technology Tip: The TI-92 automatically places a left parenthesis, (, after many functions and operators

(including LN, 2nd e” , SIN, COS, TAN, and 2nd J ). If a right parenthesis is not entered, the TI-92 will

respond with an error message indicating that the right parenthesis is missing.

When you want to use a function printed in green or to the right above a key,first press ¢ (“@“appears on

the status line) and then press the key. For example,if you are in EXACT calculation mode and want to find

the approximate value of Jas press 2nd J 45) ® =~. The QWERTYkeyboard on the TI-92 is similar to a

typewriter and can produce both upper and lower case letters. To switch from one case to another, press 2nd

CAPS. For a single upper case letter, use the 4 key. There are also additional symbols available from the

keyboard by using the 2nd and 4 keys. Some of the most commonly used symbols are marked on the key-

board, but most are not. See your TI-92 user’s manual for more information.
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5.1.4 Order of Operations: The TI-92 performs calculations according to the standard algebraic rules.

Working outwards from inner parentheses, calculations are performed from left to right. Powers and roots are

evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Enter these expressions to practice using your TI-92.

Expression Keystrokes Display

7-53 7 -5x 3 ENTER -8
(7-5)-3 (7-5) x3ENTER 6

120-10? 120 - 10 A 2 ENTER 20

(120-10)? (120-10) A 2 ENTER 12100

= 24 + 2 A 3ENTER 3

24)?
2 (24 +2) A3 ENTER 1728

(7--5)--3 (7-(-)5) x (-) 3ENTER -36

N(N +1
5.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as M+) af-

ter you have entered a value for N. Suppose you want N = 200. Press 200 STO» N ENTER to store the value

200 in memory location N. Whenever you use N in an expression, the calculator will substitute the value 200

N(N +1)
2

until you make a change by storing another number in N. Next enter the expression by typing

N(N +1
Nx (N+1)+2ENTER. For N=200, you will find that M+=20100 . Note that there is no distinc-

tion made between upper and lower case lettersin this case.

The contents of any memory location may be revealed by typing just its letter name and then ENTER. And

the TI-92 retains memorized values even whenit is turned off, so long as its batteries are good.

5.1.6 Repeated Operations with ANS: As many entry/answer pairs as the history area shows are stored in

memory. The last result displayed can be entered on the entry line by pressing 2nd ANS, while the last entry
computed is entered on the entry line by pressing 2nd ENTRY. This makesit easy to use the answer from one

computation in another computation. For example, press 30 + 15 ENTER so that 45 is the last result dis-

played. Then press 2nd ANS + 9 ENTER and get 5 because 45 + 9 = 5.

The answer locations are indexed by ans(#), and the entry locations are indexed by entry(#), where # indi-

cates the number of the entry/answer. The pairs are numbered with the most recent computation as 1. Hence

the number of a pair changes with each successive computation that is entered. The number of an entry or
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answer can be found by using the cursor pad (“M) to scroll up to the entry or answer. The number, which is the

same for both the entry and the answer, is shown on the bottom of the screen.

To use an earlier answer or entry in a computation, to calculate, say 15 times answer 3 plus 75, press 1 5 x A

N S (3) +75ENTER, using the keyboard to type the letters A, N, and S.

With a function like division, you press the + affer you enter an argument. For such functions, whenever you
would start a new calculation with the previous answer followed by pressing the function key, you may press

just the function key. So instead of 2nd ANS + 9 in the previous example, you could have pressed simply

+ 9 to achieve the same result. This technique also works for these functions: + — x A 2nd x.

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (results are shown in Figure 5.7).

Pay Period Keystrokes Earnings

8-hour day 5.85 x 8 ENTER $46.80

5-day week x 5 ENTER $234

52-week year x 52 ENTER $12,168

1 734 F3v F4v FS FG
vo Algebral|Calc|Other|PrgmI0|Clear a-z..

5.858 46.8

46.85 234.

m 234, -52 12168.

ans{1)>%52
MAIN RAD APPROX FUNC 3/30

Figure 5.7: ANS variable

 

  

 

5.1.7 The MATH Menu: Operators and functions associated with a scientific calculator are available either
immediately from the keys of the TI-92 or by the 2nd keys. You have direct access to common arithmetic

operations (2nd J , 2nd x, A), trigonometric functions (SIN, COS, TAN), and their inverses (2nd SIN”,

2nd cos™, 2nd TANT), exponential and logarithmic functions (LN, 2nd e x, and a famous constant

(2nd mr).

A significant difference between the TI-92 graphing calculators and most scientific calculators is that TI-92

requires the argument of a function affer the function, as you would see in a formula written in your textbook.

For example, on the TI-92 you calculate J16 by pressing the keys 2nd J 16 ) in that order.
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Here are keystrokes for basic mathematical operations. Try them for practice on your TI-92.

Expression Keystrokes Display

V3? +42 2nd / 3A2+4A2)ENTER 5.

21 2 +3 2nd xENTER 2.333333333

In 200 LN 200 ) ENTER 5.298317367

234-10° 2.34 x 10 A 5 ENTER 234000.

Technology Tip: Note that if you had set the calculation mode to either AUTO or EXACT (the last line of

page 2 of the MODE menu), the TI-92 would display z for 241 and 2 In(5) + 3 In(2) for In 200. Thus, you

can use either fractions and exact numbers or decimal approximations. The AUTO mode will give exact ra-
tional results whenever all of the numbers entered are rational, and decimal approximations for other results.

Additional mathematical operations and functions are available from the MATH menu. Press 2nd MATH to

see the various sub-menus. Press 1[Number] or just ENTER to see the options available under the Number

sub-menu. You will learn in your mathematics textbook how to apply many of them. As an example, calculate

the remainder of 437 when divided by 49 by pressing 2nd MATH 1/Number] then either Afremain(] or\
VU Vb VENTER;finally press 437 , 49 ) ENTER to see 45. To leave the MATH menu (or any

other menu) and take no other action, press 2nd QUIT or just ESC.

Note that you can select a function or a sub-menu from the current menu by pressing either \ until the de-

sired item is highlighted and then ENTER, or by pressing the number or letter corresponding to the function

or sub-menu. It is easier to press the letter A than to press \ nine times to get the remain( function.

 

 

     

 

  
  

 

         
am5Jramiolciearaz.

1: Humber 4 HERSA
tAngle » :

3iList » 3:
4:Matrix P| 4:1
S:Complex » 5:
6:Statistics » 6:
7:Probabilityr 7:
8iTest r 8:
9: r 9:
pita culug ’ Bi n
tHuperbolic :

C:5Ering P| C:

TYPE OF USE €314 + [ENTERI=OK AND [ESCI=CANCEL   
Figure 5.8: MATH menu and Number sub-menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbol for factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1 - 2 - 3 - 4 = 24. You will

learn more about applications of factorials in your textbook, but for now use the TI-92 to calculate 4! Press

these keystrokes: 4 2nd MATH 7[Probability] 1[/] ENTER.
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On the TI-92 it is possible to do calculations with complex numbers. To enter the imaginary number i, press

2nd i. For example, to divide 2 + 3iby 4 — 2i, press (2 +3 2nd i) + (4 — 2 2nd i ) ENTER. The result is
0.1 + 0.8i (Figure 5.9).

To find the complex conjugate of 4 + 5i press 2nd MATH 5[Complex] ENTER 4 + 5 2nd / ) ENTER
(Figure 5.9).

= Y_ Fav eo Fav | FS I FG ]
- Algebra Calc|Other|Praml0|Clear a-z..

2+3-4 .
lr py .1+.8-4

®conj(4 +54) 4. - 5.4

 

  FUNC 2/30

 

Figure 5.9: Complex number calculations

The TI-92 can also solve for the real and complex roots of an equation. This is done by using the cSolve(

function which is not on any of the keys, but can be found in the CATALOG. From the Home screen, press-

ing 2nd CATALOG gives an alphabeticallist of all functions and operations available on the TI-92. You can

scroll through the CATALOG page-by-page by pressing 2nd VV, or if you know what letter the function starts
with, pressing the letter moves the cursor to the beginning ofthe listings for that letter.

The format of cSolve( is cSolve( expression, variable). For example, to find the zeros of

f(x) =x>-4x? +14x-20, from the Home screen press 2nd CATALOG and move the cursor down to

cSolve(, then press ENTER. The display will return to the Home screen, with cSolve( on the entry line. To
complete the computation, press X A 3-4 XA 2+ 14 X-20=0, X) ENTER. The TI-92 will display the
real and complex roots of the equation, as shown in Figure 5.10.

= I Fev Ic ColclotherPranic33 [cles FBaz.
v eo Algebral|Calc|0ther|Prgml0|Clear a-z..

     
mcSolve(xS -4-x2 + 14-x-20=0, x)

Xx=1.+3.4 or x=1.-3.:4 or x=2.

cSolve (x"3-4x"2+14x-20=0,x>
MAIN RAD APPROX FUNC 1/30   

Figure 5.10: cSolve function

All functions and commands found in the CATALOG,can also be used by merely typing the command using

5-8 TI-92 Graphics Calculator



the keyboard. Hence, in the Home screen, you could also press CSOLVE (XA3-4XA2+14X-20

= 0, X) ENTER to find the zeros of f(x) =x>-4x*+14x-20.

5.2 Functions and Graphs

5.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = yoursales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x. If

your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s one method to use your TI-92 to perform this task. Press the 4 Y= key (above the letter W) or APPS
2[Y= Editor] to display the function editing screen (Figure 5.11). You may enter as many as ninety-nine dif-
ferent functions for the TI-92 to use at one time. If there is already a function y1 press 7 or \ as many times

as necessary to move the cursor to y1 and then press CLEAR to delete whatever was there. Then enter the

expression 1975 + .10x by pressing these keys: 1975 + .1 0 X ENTER. Now press ¢ HOME.

iB | Fev I F3 I" Rik 34 FR Ores I Fav I Fuv ] F5 I FG
v= Zoom|Edit| ~ |All|Stule|i> 5. J ] v Pu Algebral|Calc|Other|PrgmI0|Clear az. |

  

  

  

    
= yl(x) 2198.
= yl(18635) 2161.5
v1 (1865)
MAIN

4 —

71 $x0=1975+ . 1%x
MAIN RAD APPR “FUNC

     

RAD APPROR FUNC 2/30 
Figure 5.11: Y= screen Figure 5.12: Evaluating a function

Assign the value 2230 to the variable x by these keystrokes: 2230 STO#* X ENTER. Then press the follow-

ing keystrokes to evaluate y1 and find January’s wages: Y 1 ( X ) ENTER, completes the calculation. It is not

necessary to repeat all these steps to find the February wages. Simply press => to begin editing the previous

entry, change X to 1865, and press ENTER (see Figure 5.12).

You may also have the TI-92 make a table of values for the function. Press 4 TblISet to set up the table

(Figure 5.13). Move the blinking cursor down to the fourth line beside Independent:, then press 2 and

2[ASK] ENTER. This configuration permits you to input values for x one at a time. Now press 4 TABLE or
APPS 5[Table], enter 2230 in the x column, and press ENTER (see Figure 5.14). Press V to move to the

next line and continue to enter additional values for x. The TI-92 automatically completes the table with the

corresponding values of y1. Press 2nd QUIT to leave the TABLE screen.

Technology Tip: The TI-92 requires multiplication to be expressed between variables, so xxx does not means

x, ratherit is a new variable named xxx. Thus, you must use either x’s between the x’s or A for powers ofx.
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Of course, expressed multiplication is not required between a constant and a variable. See your TI-92 manual

for more information about the allowed usage of implied multiplication.

[ [oat uplcol He aer|DelRowlIneRow| |
eelcetup|cel 1 [Header Del Row|Ihs Row 11|Header Row|Ihs Row

thlStart: |O.

atbl: [1. J
Graph <-> Table: OFF»

Independent.:

 

   
  
   

  
   

 

  

    

 

   | I I
x=2230.
MAIN RAD APPROX FUNC

Figure 5.13: Table Setup screen Figure 5.14: Table of values

5.2.2 Functions in a Graph Window: Once you have entered a function in the Y= screen of the TI-92, just

press € GRAPH to see its graph. The ability to draw a graph contributes substantially to our ability to solve
problems.

For example, here is how to graph y = —x> + 4x. First press 4 Y= and delete anything that may be there by

moving with the arrow keys to y1 or to any of the other lines and pressing CLEAR wherever necessary. Then,

with the cursor on the (now cleared) top line (y1), press (=) X A 3 + 4 X ENTER to enter the function (as in

Figure 5.15). Now press € GRAPH and the TI-92 changes to a window with the graph of y = —x> +4x.

While the TI-92 is calculating coordinates for a plot, it displays a the word BUSY on the status line.

Technology Tip: If you would like to see a function in the Y= menu and its graph in a graph window, both at

the same time, press MODE to open the MODE menu and press F2 to go to the second page. The cursor will

be next to Split Screen. Select either TOP-BOTTOM or LEFT-RIGHT by pressing > and 2 or 3, respec-

tively. Now the 2 lines below the Split 1 App line have become readable, since these options apply only when
the calculatoris in the split screen mode. The Split 1 App will automatically be the screen you were on prior

to pressing MODE. You can choose what you want the top or left-hand screen to show by moving down to

the Split 1 App line, pressing = and the number ofthe application you want in that window. The Split 2 App
determines what is shown in the bottom or right-hand window. Press ENTER to confirm your choices and
your TI-92’s screen will now be divided either horizontally or vertically (as you choose). Figure 5.15 shows

the graph and the Y= screen with the settings shown in Figure 5.16. The split screen is also useful when you

need to do some calculations as you trace along a graph. In split screen mode, one side of the screen will be

more heavily outlined. This is the active screen, i.e., the screen that you can currently modify. You can

change which side is active by using 2nd to access the symbol above the APPS key. For now,restore the TI-

92 to Full screen.

Technology Tip: Note that if you set one part of your screen to contain a table and the other to contain a

graph, the table will not necessarily correspond to the graph unless you use 4 TblSet to generate a new table
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based on the functions(s) being graphed(as in Section 5.2.1).
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Figure 5.15: Split screen: LEFT-RIGHT Figure 5.16: MODEsettings for Figure 5.15

Your graph window may look like the one in Figure 5.17 or it may be different. Since the graph of

y= —x> +4x extends infinitely far left and right and also infinitely far up and down, the TI-92 can display

only a piece of the actual graph. This displayed rectangular part is called a viewing rectangle. You can easily

change the viewing rectangle to enhance your investigation of a graph.

Fev
-e Zoom Trace Retraph Math Daw -7
 

 

 

  
  MAIN RAD APPROX FUNC

Figure 5.17: Graph of y = —x> + 4x

The viewing rectangle in Figure 5.17 shows the part of the graph that extends horizontally from —10 to 10 and

vertically from —10 to 10. Press ¢ WINDOW to see information about your viewing rectangle. Figure 5.18

shows the WINDOW screen that corresponds to the viewing rectangle in Figure 5.17. This is the standard
viewing rectangle for the TI-92.

The variables xmin and xmax are the minimum and maximum x-values of the viewing rectangle; ymin and

ymax are the minimum and maximum y-values.

xscl and yscl set the spacing between tick marks on the axes.

xres sets pixel resolution (1 through 10) for function graphs.
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Figure 5.18: Standard WINDOW

 
Technology Tip: Small xres values improve graph resolution, but may cause the TI-92 to draw graphs more

slowly.

Use and \ to move up and down from one line to another in this list; pressing the ENTER key will move

down the list. Enter a new value to over-write a previous value and then press ENTER. Remember that a
minimum must be less than the corresponding maximum or the TI-92 will issue an error message. Also, re-

member to use the (-) key, not — (which is subtraction), when you want to enter a negative value. Figures

5.17-18, 5.19-20, and 5.21-22 show different WINDOW screens and the corresponding viewing rectangle for
each one.

[ 2 [ [ltr | FY ahora [ ]
-= 200M ] -= Zoom|Trace|ReGraph|Math|Draw|~ Vd
xmin=-23.3333333333
xmax=23.3333333333

 

 

 

xres=2. ¥

       RAD APPROA FUNC3 = xMAIN RAD APPROX FUNC| |

Figure 5.19: Square window Figure 5.20: Graph of y = —x> +4x

To initialize the viewing rectangle quickly to the standard viewing rectangle (Figure 5.18), press F2[Zoom]

6[ZoomStd]. To set the viewing rectangle quickly to a square (Figure 5.19), press F2[Zoom] 5[ZoomSqr].

More information about square windows is presented later in Section 5.2.4.
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Figure 5.21: Custom window Figure 5.22: Graph of y = —x° +4x

Sometimes you may wish to display grid points corresponding to tick marks on the axes. This and other graph

format options may be changed while you are viewing the graph by pressing F1 to get the ToolBar menu

(Figure 5.23) and then pressing 9[Format] to display the Format menu (Figure 5.24) or by pressing 4 F as

indicated on the ToolBar menu in Figure 5.23. Use the cursor pad to move the blinking cursor to Grid; press

> 2[On] ENTER to redraw the graph. Figure 5.25 shows the same graph as in Figure 5.22 but with the grid

turned on.
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Figure 5.23: ToolBar menu Figure 5.24: Format menu
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Figure 5.25: Grid turned on for y = —x> +4x

In general, you’ll want the grid turned off; so do that now by pressing 4 F and turning the Grid option to
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OFF,then pressing ENTER.

5.2.3 Graphing Step and Piecewise-Defined Functions: The greatest integer function, written [[x]], gives

the greatest integer less than or equal to a number x. On the TI-92, the greatest integer function is called floor(

and is located under the Number sub-menu of the MATH menu (Figure 5.8). From the Home screen, calcu-

late [[6.78]] = 6 by pressing 2nd MATH - 6[floor(] 6.78 ) ENTER.

To graph y =[[x]], go into the Y= menu, move beside y1 and press CLEAR 2nd MATH - 6[floor(] X )

ENTER € GRAPH. Figure 5.26 shows this graph in a viewing rectangle from —5 to 5 in both directions.

The true graph of the greatest integer function is a step graph, like the one in Figure 5.27. For the graph of

vy =[[x]], a segment should not be drawn between every pair of successive points. You can change this graph

from a Line to a Dot graph on the TI-92 by going to the Y= screen, moving up until this function is selected

(highlighted) and then pressing F6. This opens the Graph Style menu. Move the cursor down to the second

line and press ENTER or press 2; to have the selected graph plotted in Dot style. Now press ¢ GRAPH to
see the result.

Er:Fev ENAehirsuleFev YF? | 1 Fev Y_F3 FY FSv Y_F&v YF?
v Pi Zoom|Trace|Rebraph|Math|Draw|~ v= Zoom|Trace|ReGraph|Math|Draw|~
  

  

        MAIN RAD_AFPROA FUNC MAIN RAD APPROX FUNC 

Figure 5.26: Connected graph of y =[[x]] Figure 5.27: Dot graph of y =[[x]]

Technology Tip: When graphing functions in the Dot style, it improves the appearance of the graph to set

xres to 1. Figure 5.27 was graphed with xres = 1. Also, the default graph style is Line, so you have to set the
style to Dot each time you wish to graph a function in Dot mode.

The TI-92 can graph piecewise-defined functions by using the “when” function. The “when” function is not

on any of the keys but can be found in the CATALOG or typed from the keyboard. The format of the when(

function is when( condition, trueResult, falseResult, unknownResult) where the falseResult and un-

knownResult are optional arguments.

x? +2, x<0
For example, to graph the function f(x) - , you want to graph x? +2 when the condition

x—-1, x2

x <0 is true and graph x — 1 when the condition is false. First, clear any existing functions in the Y= screen.

Then move to the y1 line and press WHEN (X2nd <0, XA 2+ 1, X-1) ENTER (Figure 5.28). Then

press € GRAPH to display the graph. Figure 5.29 shows this graph in a viewing rectangle from —5 to 5 in
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both directions. This was done in Dot style, since the TI-92 will (incorrectly) connect the two sides of the

graph at x = 0 if the function is graphed in Line style.
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Figure 5.28: Piecewise-defined function Figure 5.29: Piecewise-defined graph

Other test functions, such as <, >, and # as well as logic operators can be found on the Test sub-menu of

the 2nd MATH menu.

5.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions but can be “split” into a

top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle of radius 6 whose

equation is x2 +2 = 36. First solve for y and get an equation for the top semicircle, y =+36— x2, and for

 

the bottom semicircle, y = —V36—x? . Then graph the two semicircles simultaneously.

Use the following keystrokes to draw this circle’s graph. First clear any existing functions on the Y= screen.

Enter v36—x2 asy1and —v36—x? asy2 (see Figure 5.30) by pressing 2nd J 36 —-XA2)ENTER (-)

2nd J 36 — XA 2) ENTER. Then press ¢ GRAPH to draw them both (Figure 5.31).
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Figure 5.30: Two semicircles Figure 5.31: Circle’s graph - standard WINDOW

Instead of entering —V36-x? as y2, you could have entered —y1 as y2 and saved some keystrokes. On the

TI-92, try this by going into the Y= screen and pressing 1 to move the cursor up to y2. Then press CLEAR

(=) Y 1 (X) ENTER (Figure 5.32). The graph should be as before.
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Figure 5.32: Using y1 in y2

If your range were set to a viewing rectangle extending from —10 to 10 in both directions, your graph would

look like Figure 5.31. Now this does not look a circle, because the units along the axes are not the same. You

need whatis called a “square” viewing rectangle. Press F2[Zoom] 5[ZoomSqr] and see a graph that appears
more circular.

Technology Tip: Another way to get a square graph is to change the range variables so that the value of

ymax — ymin is approximately i times xmax — xmin. For example, see the WINDOW in Figure 5.33 to get

the corresponding graph in Figure 5.34. This method works because the dimensions of the TI-92’s display are

such that the ratio of vertical to horizontal is approximately 3 .
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: . _vertical _ 18 _ 3 : . “« »Figure 5.33: =8s = 5 =13 Figure 5.34: A “square” circle

The two semicircles in Figure 5.34 do not meet because of an idiosyncrasy in the way the TI-92 plots a graph.

5.2.5 TRACE: Graph the function y= —x3 +4x from Section 5.2.2 using the standard viewing rectangle.

(Rememberto clear any other functions in the Y= screen.) Press any of the cursor directions N V -> < and

see the cursor move from the center of the viewing rectangle. The coordinates of the cursor’s location are

displayed at the bottom of the screen, as in Figure 5.35, in floating decimal format. This cursor is called a

free-moving cursor because it can move from dot to dot anywhere in the graph window.

Remove the free-moving cursor and its coordinates from the window by pressing ¢ GRAPH, CLEAR, ESC
or ENTER. Press the cursor pad again and the free-moving cursor will reappear at the same point you left it.
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Press F3[TRACE] to enable the left < and right -> directions to move the cursor along the function. The cur-
sor is no longer free-moving, but is now constrained to the function. The coordinates that are displayed belong
to points on the function’s graph, so the y-coordinate is the calculated value of the function at the correspond-
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Figure 5.35: Free-moving cursor
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Figure 5.36: TRACE
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Figure 5.37: Two functions

Now plot a second function, y = -25x, along with y = —x3 +4x. Press ® Y= and enter —25x for y2, then

MAIN

Figure 5.38: y=-x>+4x and y=-25x

press € GRAPH to see both functions (Figure 5.38).

Notice that in Figure 5.37 there are check marks v to the left of both y1 and y2. This means that both func-
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tions will be graphed. In the Y= screen, move the cursor onto y1 and press F4[v]. The check mark left of y1

should disappear (Figure 5.39). Now press ¢ GRAPH and see that only y2 is plotted (Figure 5.40).
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Figure 5.39: only y2 active Figure 5.40: Graph of y = -25x

Many different functions can be stored in the Y= list and any combination of them may be graphed simulta-

neously. You can make a function active or inactive for graphing by pressing F4 when the function is high-

lighted to add a check mark (activate) or remove the check mark (deactivate). Now go back to the Y= screen

and do what is needed in order to graph y1 but not y2.

Now activate both functions so that both graphs are plotted. Press F3[TRACE] and the cursor appearsfirst on

the graph of y = —x +4x because it is higher up on the Y= list. You know that the cursoris on this function,

y1, because of the numeral 1 that is displayed in the upper right corner ofthe screen. Press the up / or down

\ direction to move the cursorvertically to the graph of y = —25x . Now the numeral 2 is shown in the upper

right corner of the screen. Next press the left and right arrow keys to trace along the graph of y= -25x.

When more than one function is plotted, you can move the trace cursor vertically from one graph to another

with the and \ directions.

Technology Tip: By the way, trace the graph of y = —-25x and press and hold either the €& or > direction.

The cursor becomes larger and pulses as it moves along the graph. Eventually you will reach the left or right

edge of the window. Keep pressing the direction and the TI-92 will allow you to continue the trace by pan-

ning the viewing rectangle. Check the WINDOW screen to see that the xmin and xmax are automatically
updated.

The TI-92 has a display of 239 horizontal columns of pixels and 103 vertical rows, so when you trace a curve

across a graph window, you are actually moving from xmin to xmax in 238 equal jumps, each called Ax. You

: X—Xmin
would calculate the size of each jump to be Ax =mE Sometimes you may want the jumps to be

friendly numbers like 0.1 or 0.25 so that, when you trace along the curve, the x-coordinates will be incre-

mented by such a convenient amount. Just set your viewing rectangle for a particular increment

Ax by making xmax = xmin + 238 - Ax. For example, if you want xmin = -5 and Ax = 0.3, set

xmax = -5 + 238 - 0.3 = 66.4. Likewise, set ymax = ymin + 102 Ay if you want the vertical increment to be

some special Ay.
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To center your window around a particular point, say (h, k), and also have a certain Ax, set

xmin = A — 119 - Ax and make xmax = h + 119 - Ax. Likewise, make ymin = £ — 51 - Ay and make

ymax = k + 51 - Ay. For example, to center a window around the origin (0, 0), with both horizontal and verti-

cal increments of 0.25, set the range so that xmin = 0 — 119 - 0.25 = -29.75, xmax = 0 + 119 - 0.25 = 29.75,

ymin =0-51-0.25=-12.75and ymax =0 +51 - 0.25 = 12.75.

See the benefit by first plotting y = x> +2x +1 in a standard graphing window. Trace near its y-intercept,

which is (0, 1), and move towards its x-intercept, which is (1, 0). Then press F2[Zoom] 4[ZoomDec] and

trace again near the intercepts.

5.2.6 Zoom: Plot again the two graphs, for y = —x> +4x and y = —=25x . There appears to be an intersection

near x = 2. The TI-92 provides several ways to enlarge the view around this point. You can change the view-

ing rectangle directly by pressing ¢ WINDOW and editing the values of xmin, xmax, ymin, and ymax. Fig-
ure 5.42 shows a new viewing rectangle for the range displayed in Figure 5.41. The cursor has been moved

near the point of intersection; move your cursor closer to get the best approximation possible for the coordi-

nates of the intersection.
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Figure 5.41: New WINDOW Figure 5.42: Closer view

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start again

with a graph of the two functions y= —x3+4x and y=-25x in a standard viewing rectangle. (Press

F2[Zoom] 6[ZoomStd] for the standard viewing window.)

Now imagine a small rectangular box around the intersection point, near x = 2. Press F2[Zoom] 1[ZoomBox]
(Figure 5.43) to draw a box to define this new viewing rectangle. Use the arrow keys to move the cursor,

whose coordinates are displayed at the bottom of the window, to one corner of the new viewing rectangle you

imagine.

Press ENTER to fix the corner where you moved the cursor; it changes shape and becomes a blinking square
(Figure 5.44). Use the arrow keys again to move the cursor to the diagonally opposite corner of the new rec-

tangle (Figure 5.45). (Note that you can use the diagonal directions on the cursor pad for this.) If this box

looks all right to you, press ENTER. The rectangular area you have enclosed will now enlarge to fill the

graph window (Figure 5.46).
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Figure 5.43: F2[Zoom] menu Figure 5.44: One corner selected

You may cancel the zoom any time before you press this last ENTER. Press F2[Zoom] once more and start

over. Press ESC or € GRAPH to cancel the zoom, or press 2nd QUIT to cancel the zoom and return to the
Home screen.
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Figure 5.45: Box drawn Figure 5.46: New viewing rectangle

You can also quickly magnify a graph around the cursor’s location. Return once more to the standard window

for the graph ofthe two functions y = —x* +4x and y = —25x . Press F2[Zoom] 2[ZoomIn] and then use the

cursor pad to move the cursor as close as you can to the point of intersection near x = 2 (see Figure 5.47).

Then press ENTER and the calculator draws a magnified graph, centered at the cursor’s position (Figure

5.48). The range variables are changed to reflect this new viewing rectangle. Look in the WINDOW menu to
verify this.
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Figure 5.47: Before a zoom in Figure 5.48: After a zoom in

5-20 TI-92 Graphics Calculator



As you see in the F2[Zoom] menu (Figure 5.43), the TI-92 can zoom in (press F2[Zoom] 2) or zoom out

(press F2[Zoom] 3). Zoom out to see a larger view of the graph, centered at the cursor position. You can

change the horizontal and vertical scale of the magnification by pressing F2[Zoom] C[SetFactors] (see Fig-

ure 5.49) and editing XxFact and yFact, the horizontal and vertical magnification factors. (The zFact is only
used when dealing with 3-dimensional graphs.)
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Figure 5.49: ZOOM FACTORS menu

 

 
 

    
Technology Tip: An advantage of zooming in from square viewing window is that subsequent windows will

also be square. Likewise, if you zoom in from a friendly viewing rectangle, the zoomed windows will also be

friendly.

The default zoom factoris 4 in both direction. It is not necessary for xFact and yFact to be equal. sometimes,

you may prefer to zoom in one direction only, so the other factor should be set to 1. Press ESC to leave the

ZOOM FACTORS menu and go back to the graph. (Pressing 2nd QUIT will take you back to the Home

screen.)

Technology Tip: The TI-92 remembers the window it displayed before a zoom. So if you should zoom in

too much and lose the curve, press F2[Zoom] B[Memory] 1[ZoomPrev] to go back to the window before. If

you want to execute a series of zooms but then return to a particular window, press F2[Zoom] B[Memory]

2[ZoomSto] to store the current window’s dimensions. Later, press F2[Zoom] B[Memory] 3[ZoomRcl] to
recall the stored window.

5.2.7 Relative Minimums and Maximums: Graph y = —x’ +4x once again in the standard viewing rectan-

gle. This function appears to have a relative minimum near x = —1 and a relative maximum near x = 1. You

may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point Trace along the curve until the y-coordinate is as small as you can getit, so that

you are as close as possible to the local minimum, and zoom in (press F2[Zoom] 2[ZoomIn] ENTER or use a

zoom box). Now trace again along the curve and, as you move from point to point, see that the coordinates

change by smaller amounts than before. Keep zooming and tracing until you find the coordinates of the local

minimum point as accurately as you need them, approximately (-1.15, —3.08).
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Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinateis as great

as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local maximum

point on the graph of y = —x> +4x is approximately (1.15, 3.08).

The TI-92 can automatically find the maximum and minimum points. While viewing the graph, press
F5[Math] to display the Math menu (Figure 5.50). Choose 3[Minimum] to calculate the minimum value of

the function and 4/[Maximum] for the maximum. You will be prompted to trace the cursor along the graph

first to a point eft of the minimum/maximum (press ENTER to set this lower bound). Note the arrow near the
top of the display marking the lower bound (as in Figure 5.51).
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Figure 5.50: Math menu Figure 5.51: Finding a minimum

Now move to a point right of the minimum/maximum and set a upper bound by pressing ENTER. The coor-
dinates of the relative minimum/maximum point will be displayed (see Figure 5.52). Good choices for the left

bound and right bound can help the TI-92 work more efficiently and quickly.
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Figure 5.52: Relative minimum on y = —x> + 4x

Note that if you have more than one graph on the screen, the upper right corner of the TI-83 screen will show

the number of the function whose minimum/maximum is being calculated.

5-22 TI-92 Graphics Calculator



5.3 Solving Equations and Inequalities

5.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,

where a curve crosses the x-axis. For example, the graph of y = x —8x crosses the x-axis three times (Figure

5.53). After tracing overto the x-intercept point that is farthest to the left, zoom in (Figure 5.54). Continue this

process until you have located all three intercepts with as much accuracy as you need. The three

x-intercepts of y = x3 —8x are approximately —2.828, 0, and 2.828.
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Figure 5.53: Graph of y = x3 —8x Figure 5.54: Near an x-intercept of y = x3 —8x

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the erroris less than the distance between two tick marks. Change the x-scale on the

TI-92 from the WINDOW menu. Move the cursor down to Xscl and enter an appropriate value.

 

The x-intercept of a function’s graph is a zero of the function, so while viewing the graph, press F5[Math]

(Figure 5.50) and choose 2[Zero] to find a zero ofthis function. Set a lower bound and upper bound as de-

scribed in Section 5.2.7. The TI-92 shows the coordinates of the point and indicates thatit is a zero (Figure

5.55)
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Figure 5.55: A zero of y= x> —8x

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the graphs
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of y=—x>+4x and y= -25x . Trace along one ofthe graphs until you arrive close to an intersection point.

Then press I or \V to jump to the other graph. Notice that the x-coordinate does not change, but the

y-coordinate is likely to be different (Figures 5.56 and 5.57).
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Figure 5.56: Trace on y = —x°> +4x Figure 5.57: Trace on y = —-25x

When the two y-coordinates are as close as they can get, you have come as close as you now can to the point

of intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as
close as possible. Continue this process until you have located the point of intersection with as much accuracy
as necessary.

You can also find the point of intersection of two graphs by pressing F5[Math] 5[Intersection]. Trace with

the cursor first along one graph near the intersection and press ENTER; then trace with the cursor along the

other graph and press ENTER. Marks + are placed on the graphs at these points. Then set lower and upper

bounds for the x-coordinate of the intersection point and press ENTER again. Coordinates of the intersection
will be displayed at the bottom of the window (Figure 5.58).
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Figure 5.58: An intersection of y = —x* +4x and y= -25x

5.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x> —36x +17 =0. First

graph y =24x> —36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all the

equation’s zeros (roots). Then use trace and zoom, or the TI-92’s zero finder, to locate each one. In fact, this

equation has just one solution, approximately x = —1.414.

5.24 TI-92 Graphics Calculator



Remember that when an equation has more than one x-intercept, it may be necessary to change the viewing
rectangle a few times to locate all of them.

The TI-92 has a solve( function. To use this function, you must be in the Home screen. To use the solve(

function, press SOLVE (24 XA 3-35 X +17 =0, X) ENTER. The TI-92 displays the value of the
zero (Figure 5.59). Note that any letter could have been used for the variable. This is the reason that you must

indicate to the TI-92 that the variable being used is X.

ajCalc I0|Clear a-z..

msolve(24-x3-36-x+17=0, x)
x= -1.41

 

Figure 5.59: solve( function

Technology Tip: To solve an equation like 24x3 +17 = 36x, you may first transform it into standard form,

24x3 —36x+17=0, and proceed as above. However,the solve( function does not require that the function

be in standard form. You may also graph the two functions y = 24x% +17 and y = 36x, then zoom and trace

to locate their point ofintersection.

5.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of inter-

section of their graphs (Figure 5.60). For example, to solve the system y= x3+3x2-2x-1 and

y =x? -3x—4, first graph them together. Then use zoom and trace or the intersection option in the

F5[Math] menu,to locate their point of intersection, approximately (-2.17, 7.25).
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Figure 5.60: Graph of y=x> +3x2-2x-1 and y=x2 -3x-4
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If you do not use the Intersection option, you must judge whether the two current y-coordinates are suffi-

ciently close for x = —2.17 or whether you should continue to zoom and trace to improve the approximation.

The solutions of the system of two equations y = x3 +3x%-2x-1 and y= x? -3x-4 correspond to the

solutions of the single equation x’ +3x? —2x—1= x? —3x —4, which simplifies to x? +2x2 +x+3=0. So

you may also graph y= x? +2x? + x+3 and find its x-intercepts to solve the system or use the solve( func-

tion.

: : . 3 oo
5.3.4 Solving Inequalities by Graphing: Consider the inequality 1-= > x —4. To solve it with your TI-92,

graph the two functions y = 1-= and y=x-4 (Figure 5.61). First locate their point of intersection, at

x = 2. The inequality is true when the graph of y =1-2 lies above the graph of y = x—4, and that occurs

when x < 2. So the solution is the half-line x <2, or (-, 2].
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Figure 5.61: Solving 1-= >x—4
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Figure 5.62: Shade Above style Figure 5.63: Graph of y > x? —1

The TI-92 is capable of shading the region above or below a graph, or between two graphs. For example, to
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graph y > x? —1, first enter the function y = x? —1 as y1. Then, highlight y1 and press F6[Style] 7[Above]

(see Figure 5.62). These keystrokes instruct the TI-92 to shade the region above y = x*> —1. Press ¢ GRAPH

to see the graph. The region above the graph will be shaded using the first shading option of vertical lines, as
in Figure 5.63.

Now use shading to solve the previous inequality, 1-= > x —4. The solution is the region which is below

the graph of 1—= and above x —4. First graph both equations. Then, from the graph screen, press F5[Math]

C[Shade]. The TI-92 will prompt for the function that you want to have the shading above. Use M or V to
move the cursor to the graph of x —4, then press ENTER. The TI-92 will then prompt for the function that

you want to have the shading below, so use 1 or to move the cursor to the graph of 1-2 and press

ENTER. The TI-92 will then prompt for the lower bound then the upper bound, which are the left and right
edges, respectively, of the extent of the shading. If you do not enter a lower or upper bound, the values of
xmin and xmax will be used. So, in this case, press ENTER twice to set the lower and upper bounds. The

shaded area extends left from x = —2, hence the solution to 1—2 > x —4 is the half-line x <2, or (-o, 2].

 

 

 

 

li,
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Figure 5.64: Graph of 1-= >2x—-4

  

5.4 Trigonometry

5.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the TI-92 is configured for whichever measure you need. Press

MODE to see the current settings. Press \ three times and move down to the fourth line of the first page of

the mode menu where angle measure is selected. Then press > to display the options. Use or \ to move

from one option to the other. Either press the number corresponding to the measure or, when the measure is
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highlighted, press ENTER to select it. Then press ENTER to confirm your selection and leave the MODE
menu.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. From the

Homescreen,try the following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° MODE VV { 5 V ENTER ENTER

SIN 45) ENTER 7071067812

sin 1° SIN 2nd © ) ENTER 0548036651
sin 7 MODE VV + > 1 ENTER ENTER

SIN 2nd n ) ENTER 0.

sin 45 SIN 45) ENTER .8509035245

sin SIN 2nd 7 + 6 ) ENTER 5

The first line of keystrokes sets the TI-92 in degree mode and calculates the sine of 45 degrees. While the

calculatoris still in degree mode, the second line of keystrokes calculates the sine of © degrees, approximately

3.1415°. The third line changes to radian mode just before calculating the sine of n radians. The fourth line

calculates the sine of 45 radians (the calculator remains in radian mode).

The TI-92 makesit possible to mix degrees and radians in a calculation. Execute these keystrokes to calculate

tan 45°+ sin & as shown in Figure 5.65: TAN 45 2nd MATH 2[Angle] 1) + SIN ( 2nd = + 6 ) 2nd MATH

2[Angle] 2 ) ENTER. Do you get 1.5 whether your calculatoris in set either in degree mode or in radian
mode?

The degree sign can also be entered by pressing 2nd D, which saves keystrokes. There is no corresponding

key for the radian symbol.
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Figure 5.65: Angle measure

Technology Tip: The automatic left parenthesis that the TI-92 places after functions such as sine, cosine, and

tangent (as noted in Section 5.1.3) can affect the outcome of calculations. In the previous example, the degree

sign must be inside of the parentheses so that when the TI-92 is in radian mode, it calculates the tangent of 45
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degrees, rather than converting the tangent of 45 radians into an equivalent number of degrees. Also, the pa-

rentheses around the fraction % are required so that when the TI-92 is in radian mode,it converts + into radi-

ans, rather than converting merely the 6 to radians. Experiment with the placement of parentheses to see how

they affect the result of the computation.

5.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-

sin 30x
 ful attention to the choice of graph window. For example, graph y = in the standard viewing rectan-

gle. Trace along the curve to see where it is. Zoom in to a better window, or use the period and amplitude to

establish better WINDOW values.

Technology Tip:. Since © = 3.1, when in radian mode, set xmin = 0 and xmax = 6.2 to cover the interval

from 0 to 2m.

Next graph y = tan x in the standard window first, then press F2[Zoom] 7[Zoom Trig] to change to a special

window for trigonometric functions in which the horizontal increment is J or 7.5° and the vertical range is

from —4 to 4. The TI-92 plots consecutive points and then connects them with a segment, so the graph is not

exactly what you should expect. You may wish to change the plot style from Line to Dot (see Section 5.2.3)

when you plot the tangent function.

5.5 Scatter Plots

5.5.1 Entering Data: The table shows the total prize money (in millions of dollars) awarded at the Indian-

apolis 500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

 

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989
 

 
Prize $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

($million)           
We'll now use the TI-92 to construct a scatter plot that represents these points and to find a linear model that

approximates the given data.

The TI-92 holds data in /ists. You can create as many list names as your TI-92 memory has space to store.

Before entering data, clear the data in the lists that you want to use. To delete a list press 2nd VAR-LINK.
This will display the list of folders showing the variables defined in each folder. Highlight the name ofthe list

that you wish to delete and press F1[Manage] 1[Delete] ENTER. The TI-92 will ask you to confirm the de-

letion by pressing ENTER once more.

Now press APPS 6[Data/Matrix Editor] 3[New] \ + P R'| Z E ENTER to open a new variable called
PRIZE (Figure 5.66). Press ENTER to then begin entering the variable values, with the years going in col-

umn c1. Instead of entering the full year 198x, enter only x. Here are the keystrokes for the first three years: 1
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ENTER 2 ENTER 3 ENTER and so on, then press > to move to the next list. Use the cursor pad to move
up to the first row and press 1.61 ENTER 2.07 ENTER 2.41 and so on (see Figure 5.67).

 

 

‘ NEW N

Type: Data=

Folder: main»
Variable:[SIgks|
X ANl NY MSE Nae?)
Nii 2X3 M278 3-378  

- .
TY M.D sae d

1X3 M278 ACS IY

Enter=0K
 

   | TYPE + [ENTERI=OK AND LESCI=CANCEL

Figure 5.66: Entering a new variable

You may edit statistical data in almost the same way you edit expressions in the Home screen. + will delete

the entire cell, not just the character or value to the left of the cursor. Thus, move the cursor to any value you
wish to change, then type the correction. To insert or delete a data point, move the cursor over the data point

(cell) you wish to add or delete. To insert a cell, move to the cell below the place where you want to insert the

new cell and press F6[ULil] 1[Insert] 1[cell] and a new empty cell is open.

lot 11 lefUtil

 

Figure 5.67: Entering data points

5.5.2 Plotting Data: First check the MODE screen (Figure 5.1) to make sure that you are in FUNCTION

graphing mode. With the data points showing, press F2[Plot Setup] to display the Plot Setup screen. If no
other plots have been entered, Plot 1 is highlighted by default. Press F1[Define] to select the options for the

plot. Use MN, VV, and ENTER to select the Plot Type as Scatter and the Mark as a Box. Use the keyboard to

set the independent variable, x, to ¢c1 and the dependent variable, y, to c2 as shown in Figure 5.68, then press

ENTER to save the options and press ¢ GRAPH to graph the data points. (Make sure that you have cleared

or turned off any functions in the Y= screen, or those functions will be graphed simultaneously.) Figure 5.69

showsthis plot in a window from 0 to 10 horizontally and vertically. You may now press F3[Trace] to move

from data point to data point.
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To draw the scatter plot in a window adjusted automatically to include all the data you entered, press
F2[Zoom] 9 [ZoomData].

1 Fev Y_F3 FY FS~ _FGv [F?
v= Zoom|Trace|ReGraph|Math|Draw|~
 

P1

: Fete Lglt Sid aig
- ARBRE, MIS o

  
  

 

Use Freq and o
. o a

rad A. LL sens. Oo a

{rig Rradge srnlgsair neni o $ a

. .Enter=SAVE Xci2, ct2,.07
[MAIN DEG APPROX FUNC

Figure 5.68: Plot1 menu Figure 5.69: Scatter plot

When you no longer want to see the scatter plot, press APPS 6[Data/Matrix Editor] 1[Current] F2[Plot

Setup], highlight Plot 1 and use F4[v'] to deselect plot 1. The TI-92 still retains all the data you entered.

5.5.3 Regression Line: The TI-92 calculates slope and y-intercept for the line that best fits all the data. After

the data points have been entered, while still in the Data/Matrix Editor, press F5[Calc]. For the Calculation

Type, choose 5[LinReg] and set the x variable to c1 and the y variable to c2. In order to have the TI-92

graph the regression equation, set Store RegEQ to as y1(x) as shown in Figure 5.70. Press ENTER and the
TI-92 will calculate a linear regression model with the slope named a and the y-intercept named b (Figure

5.71). The correlation coefficient measures the goodness of fit of the linear regression with the data. The

closer the absolute value of the correlation coefficient is to 1, the better the fit; the closer the absolute value of

the correlation coefficient is to 0, the worse the fit. The TI-92 displays both the correlation coefficient and the

coefficient of determination (RY.

 

 

 

 

 

 

    

 

  
  

[EE main\prize Calculate 4]

Ry Calculation Type. LinReg>
Xesusasnsasnsanans [cl 51 L5ES

1| Yasasasnsonssnnsns lc2 =. 932995

2| Store RegE@ to... ylix>=> =.994984
3 Use Freq and Categories? NO2 =.989992
Fredonia,

2 aig

o| {riiede Srieen sos [ES Enier=0K
Im Enter=SAVE ESC=CANCEL> I~ =

(MAIN DEG APPROX FUNC

Figure 5.70: Linear regression: Calculate dialog box Figure 5.71: Linear regression model

Press ENTER to accept the regression equation and close the STAT VARS screen. To see both the data
points and the regression line (Figure 5.72), go to the Plot Setup screen and select Plot1, then press

€ GRAPH to display the graph.
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Figure 5.72: Linear regression line

5.5.4 Exponential Growth Model: The table shows the world population (in millions) from 1980 to 1992.

 

Year 1980 1985 1986 1987 1988 1989 1990 1991 1992

 

 
Population 4453 4850 4936 5024 5112 5202 5294 5384 5478

(millions)          
 

Clear the previous data by going to the current variable in the Data/Matrix Editor and pressing F1[Tools]
8[Clear Editor] ENTER. Follow the procedure described above to enter the data in order to find an exponen-
tial model that approximates the given data. Use 0 for 1980, 5 for 1985, and so on.

The TI-92 will not compute the exponential growth model y = ae”. The exponential regression that The TI-92

will compute is of the form y = ab”. To get this exponential growth model press F5[Calc] and set the Calcu-

lation Type to 4[ExpReg], the x variable to c1, and the y variable to c2. Then press ENTER to find the val-

ues of a and b (Figure 5.73). In this case, the exponential growth model is y = 4451(1.017454%). To convert

this to the form y = ae, the required equation is ¢ = In b, and the exponential growth modelin this case is

=4450. 972591
=1.017454

Enter=0K »

 

Figure 5.73: Exponential growth model

If you wish to plot and graph the data, follow the method for linear regression. Set an appropriate range for

the data and then press ¢ GRAPH. The data will now be plotted in the range. To graph the regression equa-
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tion also, store the regression equation to a y plot that is free. As in the linear regression model, press ¢ Y=

and inactivate or clear any other existing functions, then press GRAPH to graph the exponential growth
model. Note that the exponential regression model does not need to be converted to the form y = ae before
graphing.

Rememberto clear or deselect the plot before viewing graphs of other functions.

5.6 Matrices

5.6.1 Making a Matrix: The TI-92 can work with as many different matrices as the memory will hold..

1 4 3 5

Here’s how to create this 3x4 matrix -1 3 -1 -3| in your calculator.

2 0 4 6

From the Home screen, press APPS 6[Data/Matrix Editor] 3[New]. Set the Type to Matrix, the Variable to

a (this is the ‘name’ of the matrix), the Row Dimension to 3 and the Col Dimension to 4 (Figure 5.74).

Press ENTERto accept these values.

  1 Fe F3 T~ i
-— Plot Setup|Cell fds ams:ai.

£ _NEW hY

Type: Matrix
Folder: main»
Variablesla
Row dimensioni3
Col dimension:4|

Enter=0K ESC=CANCEL

 

2
3
4
S
6
7 

 

   AIN DEG APPROX FUNC
 

Figure 5.74: Data/Matrix menu Figure 5.75: Editing a matrix

The display will show the matrix by showing a grid with zeros in the rows and columns specified in the

definition of the matrix.

Use the cursor pad or press ENTER repeatedly to move the cursor to a matrix element you want to change. If

you press ENTER, you will move right across a row and then back to the first column of the next row. The
lowerleft of the screen shows the cursor’s current location within the matrix. The element in the second row

and first column in Figure 5.75 is highlighted, so the lower left of the window is r2c1 = —1. showing that

element’s current value. Enterall the elements of matrix a; pressing ENTER after inputing each value.

When you are finished, leave the editing screen by pressing 2nd QUIT or ¢ HOME to return to the Home

screen.

5.6.2 Matrix Math: From the Home screen, you can perform many calculations with matrices. To see matrix

Graphing Technology Guide 5-33



a, press A ENTER (Figure 5.76).

Perform the scalar multiplication 2 a pressing 2A ENTER. The resulting matrix is displayed on the screen.

To create matrix b as 2a press 2 A STO* B ENTER (Figure 5.77), orif you do this immediately after calcu-

lating 2a, press only STO* B ENTER. The calculator will display the matrix.

1 Fev Fzv Y_F4v FS F& [f I Fev I lelotherFS [ceaaz.
[+ £9]1gebralcalc|otherPrantofclear a-z.. | -= Algebra|Calc|Other|PrgnI0jClear a-z.
 

  
       

  

1. “4. 3. 5. 2. "8. 6. 10.
"a -1. 3. 1. 3. "=2-asb 2. 6. "2. "6.

2. 0. 4. 6. | 4. 0.  -8. 12.
2a-h

[MAIN DEG APPROX FUNC 1/30 [MAIN DEG APPROX FUNC 1/30

Figure 5.76: Matrix a Figure 5.77: Matrix b

To add two matrices, say a and b, create b (with the same dimensions as a) and then press A + B ENTER.

Again, if you want to store the answer as a specific matrix, say m, then press STO* M. Subtraction is per-

formed in similar manner.

0 3

1 5 -1

multiplication of ¢ by a, press C x A ENTER.If you tried to multiply a by ¢, your TI-92 would notify you of

an error because the dimensions of the two matrices do not permit multiplication in this way.

Now create a matrix called ¢ with dimensions of 2x3 and enter the matrix as C. For matrix

The transpose of a matrix is another matrix with the rows and columns interchanged. The symbol for the

transpose of a is @'. To calculate @', press A 2nd MATH 4[Matrix] 1['] ENTER.

5.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides a more careful explanation of the elementary row operations and their uses.

8 I F2v I A Fv | FS I F6 ] = | Fzv I A Fyv | FS | Fé ]
v oe AlgebralCalc|Other|Prgml0jClear a-z.. -= Algebra|Calc|0ther|PramI0|Clear a-z..

  
® MRowAdd( -4, a, 2,3)

 

         

1. 4. 3. 5. 1. -4 3. S.

® rowSwap(a, 2, 3) 2. 0. 4. 6. -1. 3. -1. 3.

“1. 3. -1. -3.] 6. -12. 0. 18.
rouwSwapa.2,3> mRovwAdd( 4,a.2.3)
MAIN DEG APPROX FUNC 1/30 MAIN DEG APPROX FUNC 1/30

Figure 5.78: Swap rows 2 and 3 Figure 5.79: Add —4 times row 2 to row 3
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To interchange the second and third rows of the matrix a that was defined above, press 2nd MATH 4[Matrix]

D[Row ops] 1frowSwap(] A, 2 , 3 ) ENTER (see Figure 5.78). The format of this command is
rowSwap(matrix1, rindex1, rindex2).

To add row 2 and row 3 and store the results in row 3, press 2nd MATH 4[Matrix] D[Row ops] 2[rowAdd(]
A, 2,3) ENTER. The format of this command is rowAdd(matrix1, rindex1, rindex2).

To multiply row 2 by —4 and store the results in row 2, thereby replacing row 2 with new values, press 2nd

MATH 4[Matrix] D[Row ops] 3[mRow(] (-) 4 , A, 2 ) ENTER. The format of this command is

mRow(expression, matrix1, index).

To multiply row 2 by —4 and add the results to row 3, thereby replacing row 3 with new values, press 2nd

MATH 4[Matrix] D[Row ops] 4[mRowAdd(] (-) 4 , A, 2, 3) ENTER(see Figure 5.79). The format ofthis
command is MRowAdd(expression, matrix1, Index1, Index2).

Note that your TI-92 does not store a matrix obtained as the result of any row operation. So, when you need

to perform several row operations in succession,it is a good idea to store the result of each one in a temporary

place.

x-2y+3z=9

For example, use row operations to solve this system of linear equations: -x+3y=—4.

2x-5y+5z=17

1 2 3 9

First enter this augmented matrix as a in your TI-92: [-1 3 0 —4/|. Then return to the Home screen and

2 5 5 17

store this matrix as e (press A STO* E ENTER), so you may keep the original in case you need to recallit.

Here are the row operations and their associated keystrokes. At each step, the result is stored in e and replaces

the previous matrix €. The last two steps of the row operations are shown in Figure 5.80.

Row Operations Keystrokes
add row 1 to row 2 2nd MATH4D2E ,1,2)

STO#* E ENTER
add -2 times row 1 to row 3 2nd MATH4D4(-)2,E,1,3)

STO#* E ENTER
add row 2 to row 3 2nd MATH4D2E, 2,3)

STO# E ENTER

multiply row 3 by + 2nd MATH4D31+2,E, 3)

STO» E ENTER
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lo. -1. -1. -1.]
1. -2. 3. 9.]

® rowAdd(e, 2,3) > e o 1. 3. S.

0. 0. 2. 4.]

1. -2. 3. 9.]

"mRow(l 2,e,3)2e o 1. 3. 9.

0. 0. 1. 2.)

MAIN DEG APPROX FUNC 5/30  
  

Figure 5.80: Final matrix after row operations

Thusz=2,so0y=-1,andx = 1.

Technology Tip: The TI-92 can produce a row-echelon form and the reduced row-echelon form of a matrix.

The row-echelon form of matrix a is obtained by pressing 2nd MATH 4[Matrix] 3[ref(] A ) ENTER and the

reduced row-echelon form is obtained by pressing 2nd MATH 4[Matrix] 4[rref(] A) ENTER. Note that the

row-echelon form of a matrix is not unique, so your calculator may not get exactly the same matrix as you do

by using row operations. However, the matrix that the TI-92 produces will result in the same solution to the

system.

1 -2 3

5.6.4 Determinants and Inverses: Enter this 3x3 square matrix asa: |—-1 3 0]. Since this consists of the

2 -5 5

first three columns of the matrix a that was previously used, you can go to the matrix, move the cursor into

the fourth column and press F6[ULil] 2[Delete] 3[column]. This will delete the column that the cursoris in.

1 2 3

To calculate its determinant —1 3 0], go to the Home screen and press 2nd MATH 4[Matrix] 2[det(] A

2 55

) ENTER. You should find that the determinantis 2 as shown in Figure 5.81.

= | Fev I ole Fyv | FS | FG ] [ I Fev I A Fyv | 33 | 3 ]
- o— Algebral|Calc|Other|Prgml0jClear a-z.. v oe Algebral|Calc|0ther|Prgmnl0|Clear a-z.

 
7.5 "2.5 -4.5]

2.5 -.5 -1.5

    

 

  

   

= det(a) 2. -.5 .5 .5
LAE
MAIN DEG APPROX FUNC 1/30 DEG APPROX FUNC 1/30

Figure 5.81: Determinant of a Figure 5.82: Inverse of a
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Since the determinant of the matrix is not zero, it has an inverse matrix. Press A 2nd x_' ENTER to calculate

the inverse. The result is shown in Figure 5.82.

x-2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Once again, consider -x+3y=-4.

2x-5y+5z=17

1 2 3

The coefficient matrix for this system is the matrix -1 3 0| which was entered as matrix a in the previ-

2 55

9

ous example. Now enter the matrix —4 as b. Since b was used before, when we stored 2a as b, press APPS

17

6[Data/Matrix Editor] 2[Open] => 2[Matrix] v > and use \ to move the cursor to b, then press ENTER

twice to go to the matrix previously saved as b, which can be edited. Return to the Home screen (¢ HOME)

and press A 2nd x! x B ENTERto get the answer as shown in Figure 5.83.

ORsieralcF3v F4v | FS | F6 )
v= Algebral|Calc|Other|PrgmI0jClear a-z..

 

 

  

 

DEG APPROX FUNC 1/30

Figure 5.83: Solution matrix

The solution is still x =1, y=-1, and z = 2.

5.7 Sequences

5.7.1 Iteration with the ANS key: The ANS key enables you to perform iteration, the process of evaluating a

 
-1

function repeatedly. As an example, calculate = for n = 27. Then calculate for n = the answer to the

previous calculation. Continue to use each answer as » in the next calculation. here are keystrokes to accom-

plish this iteration on the TI-92 calculator. (See the results in Figure 5.84.) Notice that when you use ANS in

place of » in a formula,it is sufficient to press ENTER to continue an iteration.
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Press ENTER several more times and see what happens with this iteration. You may wish to try it again with

Iteration

H
W

 

 

Keystrokes

27 ENTER

(2nd ANS - 1) + 3 ENTER

ENTER

ENTER

i -f=|A1gebralcalc|otherPramiolclear az.|

"27 27.

.21 8. 666666667

. 8. RRPRLREDRdaL -1 2. 555555556

- 2.39555555555556 - 1 5185185185

 

3

Cans{1>-1>/3  MAIN DEG APPROX FUNC 4/30
  

Figure 5.84: Iteration

a different starting value.

Display

27

8.666666667

2.555555556

5185185185

5.7.2 Arithmetic and Geometric Sequences: Use iteration with the ANS variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Enter the first term 7, then start the progression with the recursion formula, 2nd

ANS + 4 ENTER. This yields the 2nd term, so press ENTER sixteen more times to find the 18th term. For a
geometric sequence whose commonratio is 4, start the progression with 2nd ANS x 4 ENTER.

i Few F3 Fy [334 Fev F?

REET] [Fillstolelixes. ..] |
 

aPLOTS
v ul=ul(n-1)+4

 

  
You can also define the sequence recursively with the TI-92 by selecting Sequence in the Graph type on the

first page of the MODE menu (see Figure 5.1). Once again, let’s find the 18th term of an arithmetic sequence

whose first term is 7 and whose common difference is 4. Press MODE -> 4[Sequence] ENTER. Then press

5-38

 DEG APPROX SEQ

Figure 5.85: Sequential Y= menu

= I Fzv I or Fuv | FS | 6 ]
- oe AlgebralCalc|0ther|PrgmlI0|Clear a-z..

73.
 

  = yi(18)

(WEG),
MAIN

Figure 5.86: Sequence mode
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€ Y= to edit any of the TI-92’s sequences, ul through #99. Make ul(n) = ul(n — 1) + 4 and ul(1) = 7 by
pressing U1 (N—1)+ 4 ENTER 7 ENTER (Figure 5.85). Press 2nd QUIT to return to the Home screen.

To find the 18th term ofthis sequence, calculate #1(18) by pressing U 1 ( 18 ) ENTER (Figure 5.86).

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence

t,=a+(n-1)d. First enter values for the variables a, d, and », then evaluate the formula by pressing

n-1A+ (N-1)DENTER. For a geometric sequence whose n-th term is given by ¢, =a-r""", enter values for

the variables a, d, and r, then evaluate the formula by pressing AR A (N-1) ENTER.

To use the explicit formula in Seq MODE, make u,(n) =7+(n-1)-4 by pressing 4 Y= then using MN to

move up to the u1(n) line and pressing CLEAR 7 + (N — 1) x 4 ENTER 2nd QUIT. Once more, calculate
ul (18) by pressing U 1 (18) ENTER.

5.7.3 Finding Sums ofSequences: You can find the sum of a sequence by combining the features sum( and

seq( feature on the LIST sub-menu of the MATH menu. The format of the sum( command is sum(/ist). The

format of the seq( command is seq(expression, variable, low, high, step) where the step argument is op-

tional and the default is for integer values from /ow to high. For example, suppose you want to find the sum
12
> 403)" . Press 2nd MATH 3[LIST] 6[sum(] 2nd MATH 3[LIST] 1[seq(]4 (. 3) AK, K,1,12))
n=1

ENTER (Figure 5.87). The seq( command generates a list, which the sum( command then sums. Note that

any letter can be used for the variable in the sum, i.e., the K could just have easily been an A or an N.

= | Fev I oll Fuv | FS | FG
-— Algebral|Calc|0Other|PrgmI0|Clear az.|

  

msum(seq(4-(.3), k, 1,12) 1.714284803]
sum(seq(4(.3>"k,.k.,1,12)>)
MAIN DEG APPROX SEQ 1/30  

12

Figure 5.87: 4(03)"
n=1

Now calculate the sum starting at » = 0 by using =, <, and + to edit the range. You should obtain a sum of

approximately 5.712848.
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5.8 Parametric and Polar Graphs

5.8.1 Graphing Parametric Equations: The TI-92 plots parametric equations as easily asit plots functions.

Up to ninety nine pairs of parametric equations can be plotted. In the first page of the MODE menu (Figure
5.1) change the Graph setting to PARAMETRIC. Be sure, if the independent parameter is an angle measure,

that the angle measure in the MODE menu has been set to whichever you need, RADIAN or DEGREE.

You can now enter the parametric functions. For example, here are the keystrokes needed to graph the

parametric equations x = cos’t and y =sin’¢ . First check that angle measureis in radians. Then press 4 Y=

(COST))A3ENTER(SINT)) A 3ENTER (Figure 5.88).

Press € WINDOW to set the graphing window and to initialize the values of t. In the standard window, the

values of t go from 0 to 2m in steps of 5; ~ 0.1309, with the view from —10 to 10 in both directions. In order

to provide a better viewing rectangle press ENTER three times and set the rectangle to go from —2 to 2 hori-

zontally and vertically (Figure 5.89). Now press € GRAPH to draw the graph (Figure 5.90).
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Figure 5.88: x =cos’¢ and y = sin’ ¢ Figure 5.89: Parametric WINDOW menu

a 0 =I F3 I — Fh I A7 [ ]
-= Zoom|Trace|ReGraph|Math|Draw|~ ’

I<=
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Figure 5.90: Parametric graph of x = cos’t and y=sin’t

You may Zoom and Trace along parametric graphs just as you did with function graphs. However, unlike

with function graphs,the cursor will not moveto values outside of the t range, so < will not work when t = 0,
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and => will not work when t = 2m. As you trace along this graph, notice that the cursor moves in the counter-

clockwise direction as t increases.

5.8.2 Rectangular-Polar Coordinate Conversion: The Angle sub-menu of the MATH menu provides a
function for converting between rectangular and polar coordinate systems. These functions use the current

angle measure setting, so it is a good idea to check the default angle measure before any conversion. Of

course, you may override the current angle measure setting, as explained in Section 5.4.1. For the following

examples, the TI-92 is set to radian measure.

Given the rectangular coordinates (x, y) = (4, —3), convert to polar coordinates (7, 0) in the Home screen by

pressing 2nd MATH 2[Angle] 5[R»Pr(] 4 , (=) 3 ) ENTER. The value of r is displayed; now press 2nd

MATH 2[Angle] 6[R »Po6(] 4, (=) 3 ) ENTERto display the value of 6 (Figure 5.91). The polar coordinates

are approximately (5, —0.6435).

Suppose (r, 8) = (3, m). Convert to rectangular coordinates (x, y) by pressing 2nd MATH 2[Angle] 3[P »Rx(]

3, 2nd n ) ENTER. The x-coordinate is displayed. Press 2nd MATH 2[Angle] 4[P»Ry(] 3 , 2nd nn )
ENTERto display the y-coordinate (Figure 5.92). The rectangular coordinates are (-3, 0).

(RaznrFzv alc F3v | Fyv | F& I: FG ] f I Fev I F3v Tote | FS of 6 ]
-= AlgebralCalc|Other|PramI0|Clear a-z.. v eo Algebra|Calc|Other|PrgnI0|Clear a-z..
  

 

      
 

Figure 5.91: Rectangular to polar coordinates

=RMPr(4, -3) S. = PrRX(3, n) -3.
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Figure 5.92: Polar to rectangular coordinates

 
5.8.3 Graphing Polar Equations: The TI-92 graphs polar functions in the form » = £(0) . In the Graph line

of the MODE menu, select POLAR for polar graphs. You may now graph up to ninety nine polar functions at
a time. Be sure that the angle measure has been set to whichever you need, RADIAN or DEGREE. Here we
will use radian measure.

For example, to graph » =4sin0 , press 4 Y= for the polar graph editing screen. Then enter the expression

4sin6 by pressing 4 SIN 6 ) ENTER. The 6 key is on the lower right ofthe keyboard, near the ENTER key.

Choose a good viewing rectangle and an appropriate interval and increment for 6. In Figure 5.93, the viewing

rectangle is roughly “square” and extends from —14 to 14 horizontally and from —6 to 6 vertically. (Refer

back to the Technology Tip in Section 5.2.4.)

Figure 5.93 shows rectangular coordinates of the cursor’s location on the graph. You may sometimes wish to

trace along the curve and see polar coordinates of the cursor’s location. The first line of the Graph Format
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menu (Figure 5.24) has options for displaying the cursor’s position in rectangular (RECT) or polar (POLAR)

form.

1 Fav F3 Z] FS _FGv |F?
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8c: , 52359878
xcil.7320508 ycil.
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Figure 5.93: Polar graph of r =4sin0

5.9 Probability

5.9.1 Random Numbers: The command rand( generates numbers. You will find this command in the Prob-

ability sub-menu of the MATH menu in the Home screen. Press 2nd MATH 7[Probability] 4[rand(] )

ENTER to generate a random number between 0 and 1. Press ENTER to generate another number; keep
pressing ENTER to generate more of them.

If you need a random number between, say, 0 and 10, then press 10 2nd MATH 7[Probability] 4[rand(] )

ENTER. To get a random number between 5 and 15, press 5 + 10 2nd MATH 7[Probability] 4[rand(] )

ENTER.

If you need the random number to be an integer between 1 and 10 (inclusive), press 2nd MATH

7[Probability] 4[rand(] 10 ) ENTER. For a random negative integer between —1 and —10 (inclusive), press
2nd MATH 7[Probability] 4[rand(] (=) 10 ) ENTER

5.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, |,P,, press 2nd MATH 7[Probability] 2[nPr(] 12 , 7 ) ENTER (Figure 5.94). Thus ,,P,; = 3,991,680.

1 Few Fv Fav FS 3
[< £2[a19abralcalc [other |Pramiolcl ear a-z..

=" hPr(12, 7) 3991680.

Cr(12, 7) 792.

nCr12.,.?>
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Figure 5.94: ,P, and ,,C,
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For the number of combinations of 12 objects taken 7 at a time, |,C,, press 2nd MATH 7[Probability] 3[nCr]
12,7 ) ENTER (Figure 5.94). Thus ,,C, = 792.

5.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player
wins the top prize. There are 4,Cq ways for the six numbers to be drawn. If you purchase a single lottery

ticket, your probability of winning is 1 in 4C¢. Press 1 + 2nd MATH 7[Probability] 3[nCr] 40 , 6 ) ENTER
to calculate your chances, but don’t be disappointed.

5.10 Programming

5.10.1 Entering a Program: The TI-92 is a programmable calculator that can store sequences of commands

for later replay. Here’s an example to show you how to enter a useful program that solves quadratic equations

by the quadratic formula.

Press APPS 7[Program Editor] to access the programming menu. The TI-92 has space for many programs,
each named by a name you give it. To create a new program now,start by pressing APPS 7[Program Editor]

3[New].

Set the Type to Program and the Folder to main (unless you have another folder in which you want to have

the program). Enter a descriptive title for the program in the Variable line. Name this program Quadrat and
press ENTER twice to go to the program editor. The program name and the beginning and ending commands

of the program are automatically displayed with the cursor on the first line after Prgm, the begin program
command.

In the program, each line begins with a colon : supplied automatically by the calculator. Any command you

could enter directly in the TI-92’s Home screen can be entered as a line in a program. There are also special

programming commands.

Input the program Quadrat by pressing the keystrokes given in the listing below. You may interrupt program

input at any stage by pressing 2nd QUIT. To return later for more editing, press APPS 7[Program Editor]

2[Open], move the cursor down to the Variable list, highlight this program’s name, and press ENTER twice.

Each time you press ENTER while writing a program, the TI-92 automatically inserts the : character at the
beginning of the next line.

The instruction manual for your TI-92 gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.

Note that this program makes use of the TI-92’s ability to compute complex numbers. Make sure that Com-

plex Format on the MODE screen (Figure 5.1) is set to RECTANGULAR.

Enter the program Quadrat by pressing the given keystrokes. A space entered by using the spacebar on the

keyboard is indicated by _.
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Program Line Keystrokes

: Input “Enter a”, a 4INPUT_2nd“4 ENTER _A2nd*“, AENTER

displays the words ENTER A on the TI-92 screen and waits for you
to input a value that will be assigned to the variable A

: Input “Enter b”, b 4INPUT_2nd“4 ENTER _B2nd"“, BENTER

: Input “Enter c”, c 4INPUT_2nd“4 ENTER _C2nd"“, CENTER

: b? — 4xaxc > d BA2-4xAxC STO» DENTER

calculates the discriminant and stores its value as d

: (-b+y/ (d) )/(2a)->m ((-)B+2nd,/ D))+(2A)STO» MENTER

calculates one root and stores it as m

: (-b—/ (d))/(2a)->n ((-)B-2nd.,/ D))+(2A)STO*» NENTER

calculates the other root and storesit as n

: If d<0 Then 4IF_D2nd<0_4 THENENTER

tests to see if the discriminant is negative;

: Goto Label1 4GOTO_4LABEL1ENTER

if the discriminantis negative, jumps to the line Label1 below

: EndIf 4END4IFENTER

if the discriminant is not negative, continues on to the next line

: If d=0 Then 4|1F_D=0_4THENENTER

tests to see if the discriminantis zero;

: Goto Label2 4GOTO_4LABEL2ENTER

if the discriminantis zero, jumps to the line Label 2 below

: EndIf 4END4IFENTER

if the discriminant is not zero, continues on to the next line

: Disp “Two real roots”, m,n 4DISP_2nd“4 TWO _REAL_

ROOTS2nd“ M, NENTER

displays the message “Two real roots” and both roots
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: Stop 4 STOPENTER

stops program execution

: Lbl Label1 4LBL_4LABEL1ENTER

jumping point for the Goto command above

: Disp “Complex roots”, m,n 4DISP_2nd“4 COMPLEX_ROOTS

2nd“, M, NENTER

displays the message “Complex roots” and both roots

: Stop 4 STOPENTER

: Lbl Label2 4LBL_4LABELZ2ENTER

:Disp “Double root”, m 4DISP_2nd“4DOUBLE_ROOT

2nd“, M ENTER

displays the message “Double root” and the solution (root)

When you have finished, press 2nd QUIT to leave the program editor and move on.

If you want to remove a program from memory, press 2nd VAR-LINK; use the cursor pad to highlight the
name of the program you want to delete, then press F1[Manage] 1[Delete] ENTER and then ENTER again
to confirm the deletion from the calculator’s memory.

Technology Tip: The program uses the variables a, b, ¢, d, m, and n. Note that any previous values for these

variables, including matrices, will be replaced by the values used by the program. The TI-92 does not distin-

guish between A and a in these uses. Note that you will have to clear the variables (using 2nd VAR-LINK) in

order to use these names again in the current folder. From the Home screen, F6 will clear all 1-character vari-

ables. Another way to deal with this is to create a new folder. From the Home screen, press F4[Other]

B[NewFold] and type the name of the new folder. The work you do from that point on will be in the new

folder, as indicated by the folder name in the lower left corner of the Status line. You can change folders from

the MODE menu or, from the Home screen, by typing setFold(foldername), where foldername is the exist-
ing folder that you wish to be in.

5.10.2 Executing a Program: To execute the program you have entered, go to the Home screen and type the

name of the program, including the parentheses and then press ENTER to executeit. If you have forgotten its

name, press 2nd VAR-LINKto list all the variables that exist. The programs will have PRGM after the name.

You can execute the program from this screen by highlighting the name and then pressing ENTER. The

screen will return to the Home screen and you will have to enter the closing parenthesis ) and press ENTER to

execute the program.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation
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ax? + bx +c = 0. Input a value, then press ENTER to continue the program.

If you need to interrupt a program during execution, press ON.

After the program has run, the TI-92 will display the appropriate message and the root(s). The TI-92 will be

on the Program I/O screen not the Home screen. The F5 key toggles between the Home screen and the Pro-

gram I/O screen or you can use 2nd QUIT, ¢ HOME to go to the Home screen, or the APPS menu to go
any screen.

The instruction manual for your TI-92 gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.

5.11 Differentiation

. Plot the graph of f(x) = SAX in a conven- 
 5.11.1 Limits: Suppose you need to find this limit: lim sin 4x

x->0 Xx

ient viewing rectangle that contains the point where the function appears to intersect the line x = 0 (because

sin4x
 you want the limit as x — 0). Your graph should support the conclusion that lim =4 (Figure 5.95).

x—0 x

  
: : -1 . 2x —

To test whether the conclusion that lim = 2 is reasonable, evaluate f(x) = x1 for several large
X—0 X +

positive values ofx (since you want the limit as x — ). For example, evaluate f{100), 1000), and£10,000).

 Lo . 2x-1 . Co
Another way to test the conclusion is to examine the graph of f(x) = in a viewing rectangle that ex-

X+
tends over large values of x. See, as in Figure 5.96 (where the viewing rectangle extends horizontally from 0

 
2x —1

to 90), whether the graph is asymptotic to the horizontal line y = 2. Enter x for y1 and 2 for y2.
X+
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Figure 5.95: Checking lim =4 Figure 5.96: Checking lim T= 2
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5.11.2 Numerical Derivatives: The derivative of a functionfat x can be defined as the limit of the slopes of

: , + Ax) — - Ax
secant lines, so f'(x)= lim J+A)flx-Ax) And for small values of Ax, the expression

Ax—0 2Ax

f(x+Ax)- f(x —- Ax)
ives a good approximation to the limit.2Ax g g pp

= "0 reralcetelt herPramIo33 FG ]
- eo Algebral|Calc|Other|PrgmI0|Clear a-z..
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Figure 5.97: Using nDeriv(

 
The TI-92 has a function , nDeriv(, which is available in the Calculus sub-menu of the MATH menu, that

J(x+Ax)— f(x — Ax)
2Ax

£'(2.5) when f(x)=x" and with Ax = 0.001, go to the Home screen and press 2nd MATH A[Calculus]

A[nDeriv(] X A 3 , X) 2nd | X = 2.5 ENTERas shown in Figure 5.97. The format of this command is
nDeriv(expression, variable, Ax), where the optional argument Ax controls the accuracy of the approxima-
tion. The added expression, 2nd | X=25 give the value of x at which the derivative is evaluated. The | is

found on the keyboard above the K;, so press 2nd K to enter it. If no value for Ax is provided, the TI-92 auto-
matically uses Ax = 0.001. If no value for x is given, the TI-92 will give the symmetric difference as a func-

tion of x. The same derivative is also approximated in Figure 5.97 using Ax = 0.0001. For most purposes,
Ax = 0.001 gives a very good approximation to the derivative. Note that in Figure 5.97 any letter can be used
for the variable.
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Figure 5.98: Entering f(x) and f'(x) Figure 5.99: Graphs of f(x) and f'(x)
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Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 5.99,

 . S5x-2 . oo oo Ce
the function f(x) = 2 and its numerical derivative (actually, an approximation to the derivative given by

x“ +
the symmetric difference) are graphed on viewing window that extends from —6 to 6 vertically and horizon-

S5x-2
for y1 and then entering its numerical derivative tally. You can duplicate this graph byfirst entering —

x“ +

for y2 by pressing 2nd MATH A[Calculus] A[nDeriv(]Y 1 ( X), X) ENTER (Figure 5.98).

Graphing the derivative will be quite slow. Making the xres value larger on the WINDOW screen will speed
up the plotting of the graph.

Technology Tip: To approximate the second derivative f"(x) of a function y = f(x) or to plot the second

derivative,first enter the expression for y1 and its derivative for y2 as above. Then enter the second derivative

for y3 by pressing 2nd MATH A[Calculus] A[nDeriv(]Y 2 ( X), X) ENTER.

You may also approximate a derivative while you are examining the graph of a function. When you are in a

graph window, press F5[Math] 6[Derivatives] 1[dy/dx], then use the cursor pad to trace along the curve to a

point where you want the derivative or enter a value and press ENTER. For example, with the

ih= in the standard viewing rectangle. Thenxt +
press FS[Math] 6[Derivatives] 1[dy/dx]. The coordinates of the point in the center of the of the range will

appear. To find the numerical derivative at x = 2.3, press —2.3 ENTER. Figure 5.100 shows the derivative at
that point to be about —0.7746922.
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 TI-92 in Function graphing mode, graph the function f(x) =

 

 

{

dy/dx=-.7746922
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 Figure 5.100: Derivative of f(x) = atx=-2.3

If more than one function is graphed you can use / and \ to scroll between the functions.

Note that different options are available from pressing F5[Math] 6[Derivatives] depending on whether the

function(s) being graphed are in FUNCTION, PARAMETER, or POLAR mode.

5.11.3 Newton’s Method: With the TI-92, you may iterate using Newton’s method to find the zeros of a
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function. Recall that Newton’s Method determines each successive approximation by the formula

_ J(x)
Xnel = Xn =, :

S'(xy)

As an example of the technique, consider f(x) =2x> +x? —x +1. Enter this function as y1 and graph it in the

standard viewing window. A look at its graph suggests that it has a zero near x = —1, so start the iteration by

going to the Home screen and storing —1 as x. Then press these keystrokes: X = Y 1 ( X ) + 2nd MATH

A[Calculus] A[nDeriv(]Y 1 ( X), X) STO» X ENTER ENTER (Figure 5.101) to calculate the first two

iterations of Newton’s method. Press ENTER repeatedly until two successive approximations differ by less

than some predetermined value, say 0.0001. Note that each time you press ENTER, the TI-92 will use the

current value ofx, and that value is changing as you continue the iteration.
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MAIN RAD APPROX FUNC 3/30     Figure 5.101: Newton’s method

Technology Tip: Newton’s Method is sensitive to yourinitial value for x, so look carefully at the function’s
graph to make a good first estimate. Also, remember that the method sometimes fails to converge!

You may want to write a short program for Newton’s Method. See your calculator’s manual for further in-

formation.

5.12 Integration

5.12.1 Approximating Definite Integrals: The TI-92 has a function, nint(,which is available in the Calculus

sub-menu of the MATH menu, that will approximate a definite integral. For example, to find a numerical ap-

proximation to [ cos x’dx go to the Home screen and press 2nd MATH A[Calculus] B[nint(] COS X A 2),

X, 0,1) ENTER (Figure 5.102). The format of this command is nint(expression, variable, lower limit,

upper limit). The algorithm that the TI-92 uses to calculate the numerical integral is adaptive, and has an ac-
curacy goal of six significant digits. If it seems that this goal has not been achieved, the calculator will display
the warning “Questionable accuracy.”
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Figure 5.102: Using nint(

5.12.2 Areas: You may approximate the area under the graph of a function y= f(x) between x = 4 and

x = B with your TI-92. To do this you use the F5[/Math] menu when you have a graph displayed. For example,

here are the keystrokes for finding the area under the graph ofthe function y = cosx? between x = 0 and

x = 1. The area is represented by the definite integral [cos x’dx . First clear any existing graphs and then

press COS X A 2) ENTER followed by € GRAPH to draw the graph . The range in Figure 5.103 extends
from —5 to 5 horizontally and from —2 to 2 vertically. Now press F5[Math] 7[{f(x)dx]. The TI-92 will prompt

you for the lower and upper limits which are entered by pressing 0 ENTER 1 ENTER. The region between
the graph and the x-axis from the lower limit to the upper limit is shaded and the approximate value of the

integralis displayed (Figure 5.104).

Technology Tip: If the function takes on negative values between the lower and upper limits, the value that

the TI-92 displaysit the value of the integral, not the area of the shaded region.
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2Figure 5.103: Graph of y =cosx Figure 5.104: Graph and area

Technology Tip: Suppose that you want to find the area between two functions, y = f(x) and y = g(x)

from x = 4 and x = B. If f(x)> g(x) for A<x<B, then graph the expression f(x)- g(x) and use the

method aboveto find the required area.
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Chapter 6

Casio fx-7700GE/9700GE

 

 

CR
je]

i RR (=) EXE
PROGRAM-LINK 





6.1 Getting started with the Casiofx-7700GE orfx-9700GE

    

 Note:Thereare somedifferencesbetween the Casiofx-7700GEand theCasiofx-9700GE, but for
ortthey operite HentonllyWewillFplout the differencesaasneeded. The Casiof-S 700GE he  

 fx9700GE), weiusethe Crile, A-T700GE'sSs names. Wewill Setoboths cleus=“Con
fx-7700/9700GE” wheneverthe samesequence of keystrokes worksonboth calculators. a Ema 
 

6.1.1 Basics: Press the AC" key to begin using your Casio fx-7700/9700GE. The main menu screen will

appear on your calculator. (See Figure 6.1 for the Casiofx-7700GE and Figure 6.2 for the Casiofx-9700GE.)

puM=

 

ASE)SD IRE 32 MAT

BiahREEyA

“On,

Figure 6.1: Casiofx-7700GE main menu Figure 6.2: Casiofx-9700GE main menu

 

If you need to adjust the display contrast, select CONT icon from the main menu by using the arrow keys and

press EXE, or by selecting the appropriate letter, A for the Casio fx-7700GE and C for the Casio fx-9700GE.

Press 4 (the left arrow key) to lighten and » (the right arrow key) to darken. When you have finished with

the calculator, turn it off to conserve battery power by pressing SHIFT and then OFF.

 

Technology Tip: To return to the main menu you can press the MENU key. In general, whenever you need

to return to the main menu, you can press the MENU key. Note that to enter any mode from the main menu,
you just need to select the appropriate numberor letter. Thus, you can jump quickly to the contrast screen by

pressing MENU A on the Casiofx-7700GE or MENU C on the Casiofx-9700GE.

Check your Casio fx-7700/9700GE’s calculation mode settings by selecting COMP from the main menu
(Menu 1). The following screen showing the COMP settings will appear. (See Figure 6.3 for the Casio fx-

7700GE and Figure 6.4 for thefx-9700GE).

 

RON ~COMP
G-tryre RECT ~CONMNECT

" angle ad
: disrla»:Norml
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Figure 6.3: Casiofx-7700GE COMP settings Figure 6.4: Casiofx-9700GE COMP settings
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Press SHIFT SET UP to change the GRAPH TYPE, DRAW TYPE, and M-DISP/COPY. Use the up and

down arrow keys to scroll through the three categories. When the cursor is at GRAPH TYPE press F1 to

select the rectangular coordinates mode. When the cursor is at DRAW TYPE press F1 to select the connected
mode. When the cursor is at M-DISP/COPY press F1 to select M-DISP. (Note while both Figure 6.3 and

Figure 6.4 display Copy,this was in order to copy the image ofthe screen into this document.) Press EXIT to

return to the COMP screen and then press ACto clear the screen. To set the unit of angle measurement to

radians, press SHIFT DRG (located at the 1 key). Press F2 EXE to select the radian mode. You can return to

the COMP screen by pressing the MENU key and selecting the COMP icon. Press ACto clear the screen
to start calculating.

6.1.2 Editing: One advantage of the Casio fx-7700/9700GE is that up to seven lines are visible at one time,

so you can see a long calculation. For example, enter the calculation mode (MENU 1) and type this sum
(Figure 6.5):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press EXE to see the answer too.

 

12+34+56

  
Figure 6.5: Calculation screen

Often we do not notice a mistake until we see how unreasonable an answer is. The Casio fx-7700/9700GE
permit you to redisplay an entire calculation, edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 6.5 but had not yet pressed EXE, when you realize that 34

should have been 74. Simply press « (the left arrow key) as many times as necessary to move the blinking

cursor left to 3, then type 7 to write over it. On the other hand, if 34 should have been 384, move the cursor

back to 4, press SHIFT INS (the cursor changes to a blinking frame) and then type 8 (inserts at the cursor
position and the other characters are pushed to the right). If the 34 should have been 3 only, move the cursor

to 4, and press DEL to deleteit.

Technology Tip: To move quickly to the beginning of an expression you are currently editing, press 4 (the

up arrow key); to jump to the end ofthat expression, press ¥ (the down arrow key).

Even if you had pressed EXE, you maystill edit the previous expression. Press the left or right arrow key to

redisplay the last expression that we entered. Now you can change it. If you press «, the cursor will be at the

end of the previous expression; if you press » the cursor will appear at the beginning. Even if you have al-

ready pressed some keys since the last EXE, but not EXE again, you can still recall the previous expression
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by first pressing ACN to clear the screen and then pressing < or ».

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account if

there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

t
the balance is P = (+ Ly , where P = principal, r = rate ofinterest (expressed as a decimal), » = number of

times interest is compounded each year, and ¢ = number of years. In our example, this becomes

5000(1+.085). Here are the keystrokes for finding the balance after # = 3, 5, and 10 years. Figure 6.6 shows

the first set of keystrokes and the result.

Years Keystrokes Balance

3 5000 (1 + .085) A 3 EXE $6386.45

5 <4 « 5EXE $7518.28

10 <4 < 10 EXE $11,304.92

+.

6386.4435623   

  
Figure 6.6: Editing expressions

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press the keys to change the last calculation above: 4 « DEL 4 § 4 4 €« €« 4 7 EXE.

6.1.3 Key Functions: Most keys on the Casio fx-7700/9700GE offer access to more than one function, just

as the keys on a computer keyboard can produce more than one letter (“g” and “G”) or even quite different

characters (“5” and “%”). The primary function of a key is indicated on the key itself, and you access that

function by a simple press on the key.

To access the second function indicated to the left above a key, first press SHIFT (the cursor changes to a
blinking S and a menu appears at the bottom of the screen) and then press the key. For example to calculate

J25 , press SHIFT ,/ 25 EXE.

When you want to use a letter or other character printed to the right above a key, first press ALPHA (the cur-
sor changes to a blinking A and a menu appears at the bottom ofthe screen) and then the key. For example, to

use the letter K in a formula, press ALPHA K. If you need several letters in a row, press SHIFT A-LOCK,

which is like the CAPS LOCK key on a computer keyboard, and then press all the letters you want. Remember

to press ALPHA when you are finished and wantto restore the keys to their primary functions.
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6.1.4 Order of Operations: The Casio fx-7700/9700GE performs calculations according to the standard al-

gebraic rules. Working outwards from inner parentheses, calculations are performed from left to right. Powers

and roots are evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Enter these expressions to practice using your Casiofx-7700/9700GE.

Expression Keystrokes Display

7-5-3 7 - 5x 3 EXE -8
(7-5)-3 (7-5) x3 EXE 6

120 — 10? 120 — 10 SHIFT x? EXE 20

(120-10)? (120 - 10) SHIFT x? EXE 12100

2 24 +2 A 3 EXE 3
2

24\°
(2 (24 +2) A3EXE 1728

(7--5)--3 (7--5)x-3EXE -36

N(N +1
6.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as +1) af-

ter you have entered a value for N. Suppose you want N = 200. Press 200 —» ALPHA N EXE to store the
value 200 in memory location N. Whenever you use N in an expression, the calculator will substitute the value

N(N +1)
2

200 until you make a change by storing another number in N. Next enter the expression by typing

N(N +1
ALPHA N (ALPHA N + 1) + 2 EXE. For N = 200, you will find that My) =20100.

The contents of any memory location may be revealed by typing just its letter name and then EXE. And the

Casiofx-7700/9700GE retains memorized values even whenit is turned off, so long asits batteries are good.

6.1.6 Repeated Operations with Ans: The result of your /ast calculation is always stored in memory loca-

tion Ans and replaces any previous result. This makes it easy to use the answer from one computation in an-

other computation. For example, press 30 + 15 EXE so that 45 is the last result displayed. Then press SHIFT
Ans + 9 EXE and get 5 because 45 + 9 = 5.

With a function like division, you press the + affer you enter an argument. For such functions, whenever you

start a new calculation with the previous answer followed by pressing the function key, you may press just the

function key. So instead of SHIFT Ans + 9 in the previous example, you could have pressed simply + 9 to
achieve the same result. This technique also works for these functions: + — x A x x.

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked
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to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes
during these periods (results are shown in Figure 6.7 for the Casio fx-7700GE and Figure 6.8 for the Casio

fx-9700GE).

 

 

    

Pay Period Keystrokes Earnings

8-hour day 5.85 x 8 EXE $46.80

5-day week SHIFT Ans x 5 EXE $234
52-week year x 52 EXE $12,168

- x8

46.8
AnsX3

234
Ansx32

12168

Figure 6.7: Casiofx-7700GE Figure 6.8: Casiofx-9700GE

SHIFT Ans key SHIFT Ans key

In general, the Casio fx-7700/9700GE does not distinguish between the negative sign and the subtraction op-

erator. But when you enter —4 as the first number in a calculation, you must use the negative key (-) rather

than the — key. Press these keys for an illustration: 8 EXE — 5 EXE (-) 56 EXE.

6.1.7 The MATH Menu: Operators and functions associated with a scientific calculator are available either

immediately from the keys of the Casio fx-7700/9700GE or by the SHIFT keys. You have direct access to

common arithmetic operations x2 SHIFT J , SHIFT x A), trigonometric functions (sin, cos, tan), and

their inverses (SHIFT sin”, SHIFT cos™, SHIFT tan™), exponential and logarithmic functions (log, SHIFT
10%, In, SHIFT eX), and a famous constant (SHIFT x).

A significant difference between the Casio fx-7700/9700GE graphing calculators and most scientific calcula-

tors is that the Casiofx-7700/9700GE requires the argument of a function affer the function, as you would see

in a formula written in your textbook. For example, on the Casio fx-7700/9700GE you calculate J16 by

pressing the keys J 16 in that order.

The Casiofx-7700/9700GEhas a special fraction key a b/ for entering fractions and mixed numbers. To enter

a fraction such as 2 , press 2 a b/ 5 EXE. To enter a mixed number like 2 2 , press 2 a b/ 3 ab/ 4 EXE.

Press a b/ to toggle between the mixed number and its decimal equivalent; press SHIFT A and see 23 as

11an improperfraction, 7.

Here are keystrokes for basic mathematical operations. Try them for practice on your Casio fx-7700/9700GE.
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Note that the Casiofx-9700GE will display more digits for the second and third expressions.

Expression Keystrokes Display

V32 +42 SHIFT \/ (3x*+4x*)EXE 5

24 2 ab/ 1 ab/ 3EXE ab/ 2.333333333
log 200 LOG 200 EXE 2.301029996

234-10° 2.34 x SHIFT 10% 5 EXE 234000

Additional mathematical operations and functions are available from the MATH menu. Press SHIFT MATH

to see the six categories of mathematical functions. They are listed across the bottom of the Casio fx-

7700/9700GE’s screen and correspond to the function keys, F1 to F6 (Figure 6.9).

You will learn in your mathematics textbook how to apply many of them. As an example, with the MATH

menu on display, calculate = by pressing F3 (for access to numerical functions) and then F1 (-) 5 EXE

(Figure 6.10). To clear a menu from the screen, press EXIT. In this case, you press EXIT twice, the first time
to clear the NUM menu to get back to the MATH menu and then to clear the MATH menu.

 
 

[Abs -©

 

Figure 6.9: MATH menu Figure 6.10: MATH NUM menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbol for factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1 - 2 - 3 - 4 = 24. You will

learn more about applications of factorials in your textbook, but for now use the Casio fx-7700/9700GE to
calculate 4! Press these keystrokes: 4 SHIFT MATH F2 F1 EXE.

 

CL+31)+(4=-21) .
A.1+0.81

Conda (445i)
4-31

 

Figure 6.11: Complex number calculations

Casio fx-9700GE: On the Casio fx-9700GE it is possible to do calculations with complex numbers. Press

SHIFT CMPLX to activate the complex number calculation menu at the bottom of the screen. For example,
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to divide 2 + 3iby 4 — 2i, press (2 + 3 F1 [i]) + (4 — 2 F1 [i] ) EXE. The result is 0.1 + 0.8i (Figure 6.11).

To find the complex conjugate of 4 + 5i press F4 [Conj] (4 + 5 F1 [i] ) EXE (Figure 6.11).

Casiofx-9700GE: The Casio fx-9700GE can also solve for the real and complex roots of a quadratic or cu-

bic function in the equation mode (MENU 9). The functions must be in the form f(x) = ax’ +bx* +cx+d or

f(x) = ax’ + bx +c where a #0. Enter the equation mode and press F2 [POLY]. You are then prompted for

the degree (either 2 or 3) of your polynomial (Figure 6.12).

 

  

 

Figure 6.12: Prompt for degree

For example, to find all the zeros of f(x) = x> —4x% +14x-20 select F2 [3] at the prompt and then enter the

coefficients into the table by pressing 1 EXE (-) 4 EXE 14 EXE (-) 20 EXE (Figure 6.13). If you had not

pressed EXE yet, you can change a coefficient by pressing ACN and entering a new value. Otherwise, move

your cursor over the coefficient with your arrow keys and enter a new value. Now press F1 [SOLV] and the
calculator will display the solutions (Figure 6.14).

  

  

  

       

and tbat toatd=l 4 and+bxeteatd=b

C -u ru [EEL]
| 1-31
3 2

-28 1+3i
EF

Figure 6.13: Entering the coefficients Figure 6.14: Zeros of f(x) =x —4x* +14x-20

To perform a new calculation press F1 [REPT]. If you are computing the roots of another cubic function then

you can either edit the existing coefficients or press F2 [CLER] to resetall the coefficients to zero. If you are

computing the roots of a quadratic function, press F3 [ERASE] F1 [YES] F1 [2] and then enter in the coef-
ficients of the quadratic and proceed.

Note that it may take considerable time for the calculation result of a cubic equation to appear on the display.

Failure of a result to appear immediately does not mean that the unit is not functioning properly.
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6.2 Functions and Graphs

6.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = yoursales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x. If

your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s one method to use your Casio fx-7700/9700GE to perform this task. First be in the COMP mode and

press AC/ONto clear your screen. Then set x = 2230 by pressing 2230 — X,0,T. (The X,6,T key lets you enter

a variable x without having to use the ALPHA key.) Then press SHIFT _| to allow another expression to be
input on a single command line. Finally, enter the expression 1975 + .10x by pressing these keys: 1975 + .10
X,0,T. Now press EXE to calculate the answer (Figure 6.15).

 

223830
1973+. 18x

2198.

   
Figure 6.15: Evaluating a function

It is not necessary to repeat all these steps to find the February wages. Simply press » to recall the entire

previous line, change 2230 to 1865, and press EXE.

Another method is to use the function memory. The Casiofx-7700/9700GE can store up to six functions. First

be in the COMP mode and press ACN to clear your screen. Press SHIFT F-MEM to display the function

memory menu at the bottom of the screen. Enter the expression 1975 + .10x by pressing these keys: 1975 +

.10 X,0,T. Then store this as function memory number 1 by pressing F1 [STO] 1 (Figure 6.16). Press AC/ON

to clear the screen, leaving the function memory menu. Then set x = 2230 by pressing 2230 — X,0,T EXE.

Recall the entire expression by pressing F2 [RCL] 1, and then press EXE to calculate the answer (Figure
6.17). To find the February wages, set x = 1865 and then evaluate the function for the new value by pressing

F2 [RCL] 1 EXE. By pressing F2 1 you recall the entire expression. You can also press F3 1 to get the vari-

able f1.

 

    
f1:1975+. 18x
fa:
fa:
fy:
fs:
f6:

LIST

Figure 6.16: Storing a function Figure 6.17: Evaluating a function
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In general, to store a function enter it first in the calculation screen, but do not press EXE. If the function

memory menu is active, press F1 and an integer from 1 to 6, otherwise you must press SHIFT F-MEM before

pressing F1. To recall a function from the calculation screen press F2 and the integer corresponding to the

function you want. Press F4 for a list of functions currently in the function memory.

Casiofx-9700GE: With the Casio fx-9700GE, you can also use your calculator’s TABLE mode to create a
table of values for a function. (Unfortunately, this feature is not available on the Casio fx-7700GE.) From the

main menu select the TABLE icon (MENU 8) to get the TABLE&GRAPH screen (Figure 6.18).

 

 

 

Figure 6.18: TABLE&GRAPH screen

Then press F1 [FUNC]. If there is no function stored in memory, you should get a prompt to input the func-
tion formula. If there is already a function, its numeric table appears on the display. In this case, you should

press F1 [NEW] and then F1 [YES] to proceed. Enter the function 1975 + .10x by pressing these keys: 1975

+ .10 X,0,T (Figure 6.19). Press F2 [RANGE] to set the conditions for the x-variable when generating a func-
tion table. Start is the starting value of the x-variable, End is the ending value of the x-variable, and pitch is
the change ofthe x-variable. In this case set Start to 2230, End to 2230 and pitch to 0 (Figure 6.20).

  

  

  
UNCTION YAEE Range

INPUT FUNC FORMULA
Start: 22360
End = 2238
Fritch: 8

+. 18x   

 

  

Figure 6.19: Inputting the function Figure 6.20: TABLE Range

Press F1 [TABLE] to see the table (Figure 6.21). We will now add x =1865 to the table by pressing F3

[ROW] F3 [ADD] 1865 EXE (Figure 6.22).

  

+, 104
® Y

[Ves mere]
  
    
 

 
    
Figure 6.21: Initial table of values Figure 6.22: Evaluating a function in a table
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Press EXIT to get the previous menu at the bottom of the screen. To add more entries use the ROW and ADD

commands as described above. If you wish to change the function press F2 [EDIT] to edit the function.

Technology Tip: The Casio fx-7700/9700GE does not require multiplication to be expressed between vari-
ables, so xxx means x". It is often easier to press two or three x’s together than to search for the square key or
the powers key. Of course, expressed multiplication is also not required between a constant and a variable.

Hence to enter 2x> + 3x? —4x +5 in the Casio fx-7700/9700GE, you might save keystrokes and press just

these keys: 2 X,0,TX0TX0T+3X0TXO0T-4X0T+5

6.2.2 Functions in a Graph Window: On the Casiofx-7700/9700GE, you can easily generate the graph of a

function. The ability to draw a graph contributes substantially to our ability to solve problems.

For example, here is how to graph y = —x> +4x from the COMP mode. First press Graph and then (=) X,0,T

A 3 + 4 X,0,T to enter the function (as in Figure 6.23). Now press EXE and the Casio fx-7700/9700GE

changes to a window with the graph of y = —x+4x.

 

  
Figure 6.23: Graph command in COMP mode

While the Casiofx-7700/9700GE is busy calculating coordinates for a plot, it displays a solid square at the top
right of the graph window. When you see this indicator, even though the screen does not change, you know

that the calculator is working.

Switch back and forth between the graph window and the home screen by pressing GoT.

The graph window on the Casiofx-7700GE may look like the one in Figure 6.24, while the graph window on

the Casiofx-9700GE may look like the one in Figure 6.25. Since the graph of y = —x> +4x extends infinitely

far left and right and also infinitely far up and down, the Casiofx-7700/9700GE can only display only a piece

of the actual graph. This displayed rectangular part is called a viewing rectangle.

You can easily change the viewing rectangle to enhance your investigation of a graph. For example, press any

of the arrow keys to pan the graph window in the corresponding direction. If you press the down arrow, for

example, the window will pan down so that you may look at points below the current window.

The viewing rectangle for the Casio fx-7700GE in Figure 6.24 shows the part of the graph that extends hori-

zontally form —4.7 to 4.7 and vertically from —3.1 to 3.1, while the viewing rectangle for the Casiofx-9700GE

in Figure 6.25 shows the part of the graph that extends horizontally form —6.3 to 6.3 and vertically from

-3.706 to 3.706. Press RANGE to see information about your viewing rectangle. Figures 6.26 and 6.27 show
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the RANGE screen that corresponds to the viewing rectangles in Figures 6.24 and 6.25, respectively. These
are the standard viewing rectangles for the Casiofx-7700GE and Casiofx-9700GE,respectively.

AN LA
VL Vi |

Figure 6.24: Casiofx-7700GE Figure 6.25: Casiofx-9700GE

graph of y =x +4x graph of y = —x> + 4x

 
 

 
 

       
 

The variables Xmin and Xmax are the minimum and maximum x-values of the viewing rectangles; Ymin and
Ymax are the minimum and maximum y-values.

Xscl and Yscl set the spacing between tick marks on the axes. (These appear as Xscale and Yscale on the
Casiofx-9700GE.)

  

 

     

ange Range
Amin: -4.7 min  -6.3
max:s4.T max 1 6.3
scl:il., scale: 1

Ymini-3.1 Ymin +: -3.786
max:3.1 max : 3.786
scl:l. scale: 1

INIT [TRG [inT]ORIG]

Figure 6.26: Casiofx-7700GE Figure 6.27: Casiofx-9700GE

standard RANGE standard RANGE

 

Use the arrow keys A and ¥ to move up and down from one line to anotherin thislist; pressing the EXE key

will move down the list. Enter a new value to over-write a previous value and then press EXE. When you

enter a new value in the RANGE menu be sure that your cursor is at the far left. Note that the DEL key does
not work when you are in the RANGE menu. To leave the RANGE menu, press the EXIT key. Finally, press
EXE to redraw the graph. The following figures show different RANGE screens and the corresponding
viewing rectangle for each one. Note that these figures are from the Casio fx-7700GE; figures for the Casio
fx-9700GEare similar.
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scl:l,
Ymin: -106. J

 

max: 10.
sclil.

INIT [TRG      
Figure 6.28: —10 to 10 in both directions Figure 6.29: Graph of y = —x+4x

ange
Amin: -3.
max: 3.
scl:l.

Ymin:-108. i
max: 18. s
sclil. !

INIT [TRG !

Figure 6.30: Custom window Figure 6.31: Graph of y = —x+4x

  

 

 

     

To initialize the viewing rectangle quickly to the standard viewing rectangle, press RANGE F1 EXIT. Then
press EXE to redraw the graph.

As you pan over the graph by pressing the arrow keys, the RANGE to dimensions are updated automatically.

More information about viewing rectangles is presented later in Section 6.2.4.

Technology Tip: Clear any graphs drawn in the COMP mode by pressing F5 EXE when the Casio

fx-7700/9700GE is showing the graph screen or SHIFT F5 EXE whenit is displaying the calculation screen.

(When you press SHIFT the graph commands are displayed at bottom, and you select the clear screen com-

mand CIs.)

If you are going to use a function later, or if you need to perform some calculations before returning to its

graph, save it in the Casiofx-7700/9700GE’s function memory as described in Section 6.2.1.

Technology Tip: It’s a good idea to reserve at least one function memory location, say f1, for temporary

storage of functions, and use the remaining locations for longer-term storage.

Another procedure for graphing on the Casio fx-7700/9700GE is to use the GRAPH mode. To enter the

GRAPH mode select the GRAPH icon (MENU 6) from the main menu. The top of the screen should say

GRAPH FUNC: RECT.If not, press SHIFT SET UP F1 to specify the rectangular mode for drawing. Press
EXIT to return to the main GRAPH screen. Erase any existing functions by pressing F1 [STO], scrolling to

the desired function, and then pressing F6 [SET]. You can store up to 20 functions in memory. To enter

y= —x> +4x, press (=) X,0,T A 3 + 4 X,0,T F1 [STO], move your cursor to Y1, and then F6 [SET]. If you

have a Casio fx-7700GE, the screen in Figure 6.32 will appear. If you have a Casio fx-9700GE, the screen in

Figure 6.33 will appear. Now press F6 [DRW] to draw the graph.
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Figure 6.32: Casiofx-7700GE Figure 6.33: Casiofx-9700GE

graph function screen graph function screen

As before, you can switch back and forth between the graph window and the graph function screen by press-

ing GoT.

For editing functions or graphing multiple functions it is preferable to use the GRAPH mode to draw func-
tions. Unless otherwise noted, we will be using the GRAPH mode for our graphs.

To change a function in the GRAPH mode,recallit to the edit line by pressing F2 [RCL], then movethe cur-
sor to the function you want remove and press F6 [SET].

6.2.3 Graphing Step and Piecewise—Defined Functions: The greatest integer function, written [[x]], gives

the greatest integer less than or equal to a number x. On the Casio fx-7700/9700GE, the greatest integer func-

tion is called Intg and is located as F5 under the NUM sub-menu of the MATH menu (see Figure 6.10). Cal-

culate [[6.78]] = 6 in the COMP mode by pressing SHIFT MATH F3 F5 6.78 EXE.

To graph y =[[x]], enter the GRAPH mode (MATH 6) and press SHIFT MATH F3 F5 Xx,6,T SHIFT QUIT

F1 F6 F6. Figure 6.34 showsthis graph in a viewing rectangle from -5 to 5 in both directions.

The true graph of the greatest integer function is a step graph, like the one in Figure 6.35. For the graph of

y =[[x]], a segment should not be drawn between every pair of successive points. You can change from

CONNECT line to PLOT graph on the Casio fx-7700/9700GE by pressing SHIFT SET UP to enter the

GRAPH menu. Use the arrow keys to scroll to DRAW TYPE and change to plot by pressing F2. Press EXIT
and then F6 to draw the new graph (Figure 6.35).

In general, you’ll want your graph to be connected, so do that by returning to the set up menu, scrolling down

to DRAW TYPE, and pressing F1.

r r
L b —
L b —

L b —
L }  —

L ee]

—
— p

Figure 6.34: Connected graph of y =[[x]] Figure 6.35: Plotted graph of y =[[x]]
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It is not possible to graph piecewise—defined functions on the Casiofx-7700/9700GE.

6.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions but can be “split” into a

top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle of radius 6 whose

equation is x? + y? = 36. First solve for y and get an equation for the top semicircle, y = vV36—x2 , and for

the bottom semicircle, y = —v36— x2 . Then graph the two semicircles simultaneously.

Use the following keystrokes to draw this circle’s graph in the GRAPH screen. Store v36—x2 as Y1 by

pressing SHIFT [ (36 — x.6,T x*) F1 FB. Then store ~V36-x2 as Y2 by pressing (=) SHIFT J (36

~-X0Tx*)F1 v F6 (Figure 6.36). Next press F6 to graph both halves (Figure 6.37). Make sure that the
RANGEis set large enough to display a circle of radius 6.

  
Figure 6.36: Two semicircles Figure 6.37: One view of circle’s graph

Instead of entering —v36—x* as Y2, you could have entered —-Y1 as Y2 and saved some keystrokes. On the
Casiofx-7700GE,try this by going into the GRAPH screen and pressing (—) SHIFT VAR F1 [GRP] F1 [Y] 1

EXIT EXIT F1 [STO] v F6 [SET]. On the Casio fx-9700GE, press (—) SHIFT VAR F3 [GRPH] F1 [Y] 1

EXIT EXIT F1 [STO] v F6 [SET].The graph should be as before. The VAR menu (displayed along the bot-
tom of the screen in Figure 6.38 for the Casiofx-7700GE and in Figure 6.39 for the Casio/x-9700GE) enables

you to recall graphic functions and other information from memory.

      =
=
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Figure 6.38: Casiofx-7700GE Figure 6.39: Casiofx-7700GE

GRAPH mode GRAPH mode

If your range were set to a viewing rectangle extending from —10 to 10 in both directions, your graph would

look like Figure 6.37. Now this does not look a circle, because the units along the axes are not the same. You

need whatis called a “square” viewing rectangle. The Casio fx-7700/9700GE’s standard viewing rectangle is
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square but too small to display a circle of radius 6, so you should double the dimensions of the standard

viewing window. On the Casiofx-7700GE, change the range to extend horizontally from —9.4 to 9.4 and ver-
tically from —6.2 to 6.2 (Figure 6.40). On the Casio fx-9700GE, change the range to extend horizontally from
—12.6 to 12.6 and vertically from —7.412 to 7.412 (Figure 6.42). The graphsfor the bettercircles are shown in

Figure 6.41 for the Casiofx-7700GE and in Figure 6.43 for the Casiofx-9700GE.

 

 

 

scl:l.
INIT [TRG

Figure 6.40: Casiofx-7700GE Figure 6.41: Casiofx-7700GE

twice standard range bettercircle

 

 

   
Ymint -6.2 Sp

 

 

ange
min
max
scale

Ymin
max
scale
nT lbRIG]

Figure 6.42: Casiofx-9700GE Figure 6.43: Casiofx-9700GE
twice standard range better circle

 

 

Technology Tipfor the Casiofx-7700GE: Another way to get an approximately square graph on the Casio

fx-7700GE is to change the range variables so that the value of Ymax — Ymin is 2 times Xmax — Xmin. For

 

example, use the RANGE values in Figure 6.44 to get the corresponding graph in Figure 6.45. This method
works because the dimensions of the Casiofx-7700GE’s display are such that the ratio of vertical to horizontal

is approximately a :

mins -12 ;
max: 12 ZEN
scl:l. .

max: 8s |
sclal.

INIT [TRG

Figure 6.44: Casiofx-7700GE Figure 6.45: Casiofx-7700GE
vertical _ 16 _ 2 « » .:

horizontal — 24 ~ 3 square” circle

 
 

        

Technology Tipfor the Casiofx-9700GE: Another way to get an approximately square graph on the Casio
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fx-9700GEis to change the range variables so that the value of Ymax — Ymin is 2 times Xmax — Xmin. For

example, use the RANGE values in Figure 6.46 to get the corresponding graph in Figure 6.47. This method

works because the dimensions of the Casiofx-9700GE’s display are such that the ratio of vertical to horizontal

is approximately 3 :

 
 

-15 F
15 EN

Ymin -9 F
max 9 S|
scale: 1

Figure 6.46: Casiofx-9700GE Figure 6.47: Casiofx-9700GE
vertical _ 18 _ 3

horizontal 30 5

 

un QO w — 1 —

 

     
“square”circle

The two semicircles in Figures 6.45 and 6.47 do not meet because of an idiosyncrasy in the way the Casio fx-

7700/9700GE plots a graph.

6.2.5 TRACE: In the graph mode (MENU 6) graph the function y = —x> +4x from Section 6.2.2 using the

standard viewing rectangle. (Remember to clear or cancel any other functions in the graph function screen.)

When the graph window is displayed, press F1 to enable « (the left arrow key) and » (the right arrow key)

to trace along the function. The coordinates that are displayed belong to points on the function’s graph, so the

y-coordinate is the calculated value of the function at the corresponding x-coordinate (Figure 6.48). (Note that

on the Casiofx-9700GE the x-coordinate of the trace begins at the left-most value of the rectangle so the cur-

sor will not appear until it is traced onto the screen.)

AH
B==1 «8 ¥Y==1 «368

 

 
Figure 6.48: Trace

Press F6 to cycle between the x-coordinate alone, the y-coordinate alone, and both coordinates.

Now plot a second function, y = -.25x, along with y = —x> + 4x. From the above graph window, return to

the GRAPH screen by pressing GT, and enter the second function as Y2 by pressing (=) .25 X,6,T F1 v

F6. (See Figure 6.49 for the Casio fx-7700GE and Figure 6.51 for the Casio fx-9700GE.) Finally, press F6 to

draw both functions. (See Figure 6.50 for the Casiofx-7700GE and Figure 6.52 for the Casiofx-9700GE.)
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Figure 6.49: Casiofx-7700GE Figure 6.50: Casiofx-7700GE

two functions in GRAPH mode graph of y= —25x and y= —x> +4x

=-X"3+
-. 25% LN

Figure 6.51: Casiofx-9700GE Figure 6.52: Casiofx-9700GE

two functions in GRAPH mode graph of y=-25x and y= —x+4x

 

   

 

 

 

 

   

 

 

Notice that in Figure 6.49 the equal signs next to Y1 and Y2 are both highlighted, while in Figure 6.51 there is

a » to the left of both Y1 and Y2. This means that both functions will be graphed. In the GRAPH screen,

press FS [SEL] F2 [CAN] EXIT. On the Casio fx-7700GE the equal sign next to Y1 should no longer be

highlighted (Figure 6.53), while on the Casio fx-9700GE the » should no longer be next to Y1 (Figure 6.55).

Now press F6 and see that only Y2 is plotted (See Figure 6.54 for the Casio fx-7700GE and Figure 6.56 for
the Casiofx-9700GE.)
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Figure 6.53: Casiofx-7700GE Figure 6.54: Casiofx-7700GE

only Y2 active graph of y =-25x

Up to twenty different functions can be stored in list of functions in the GRAPH screen and any combination

of them may be graphed simultaneously. You can make a function active or inactive for graphing pressing the

F5 to activate the select feature, scrolling to the desired function, and pressing F1 to set or F2 to cancel. Now

go back to the GRAPH screen and do what is need in order to graph Y1 but not Y2.
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Figure 6.55: Casiofx-9700GE Figure 6.56: Casiofx-9700GE

only Y2 active graph of y =-25x

Now activate both functions so that both graphs are plotted. Press F1 to trace and the cursor will be on the

graph of y= —x> + 4x because it is higher up on the list of active functions in the GRAPH screen. Press the

up A or down Vv arrow key to move the cursor vertically to the graph of y = —25x . Next press the left and

right arrow keys to trace along the graph of y =-25x. When more than one function is plotted, you can

move the trace cursor vertically from one graph to anotherin this way.

Technology Tip for the Casio fx-9700GE: On the Casio fx-9700GE, when there is more than one function

plotted, the function of the graph being graphed or traced can be displayed. In SET UP, move your cursor
down to GRAPH FUNC and press F1 [ON]to turn the display on or F2 [OFF] to turn it off.

Technology Tip: By the way, trace the graph of y =-25x and press and hold either «< or ». Eventually

you will reach the left or right edge of the window. Keep pressing the arrow key and the Casio fx-

7700/9700GE will allow you to continue the trace by panning the viewing rectangle. Check the RANGE
screen to see that the Xmin and Xmax are automatically updated.

Technology Tipfor the Casiofx-7700GE: The Casio fx-7700GE has a display of 95 horizontal columns of

pixels and 63 vertical rows, so when you trace a curve across a graph window, you are actually moving from

Xmin to Xmax in 94 equal jumps, each called Ax. You would calculate the size of each jump to be

max — Xmin : : :
Ax =The a Sometimes you may want the jumps to be friendly numbers like 0.1 or 0.25 so that,

when you trace along the curve, the x-coordinates will be incremented by such a convenient amount. Just set

your viewing rectangle for a particular increment Ax by making Xmax = Xmin + 94 - Ax. For example,if you

want Xmin = —=5 and Ax = 0.3, set Xmax =-5 +94 - 0.3 =23.2.

On the Casio fx-7700GE, to center your window around a particular point, say (A, k), and also have a certain

Ax, set Xmin = h — 47 - Ax and make Xmax = h + 47 - Ax. Likewise, make Ymin = £ — 31 - Ay and make
Ymax = h + 31 - Ax. For example, to center a window around the origin (0, 0), with both horizontal and verti-

cal increments of 0.25, set the range so that Xmin = 0 — 47 - 0.25 = -11.75, Xmax = 0 + 47 - 0.25 = 11.75,

Ymin=0-31-0.25=-7.75and Ymax=~h+31-0.25=17.75.

The Casio fx-7700GE’s standard viewing window is already a friendly viewing rectangle, centered at the ori-

gin (0, 0) with Ax =Ay =0.1

Technology Tip for the Casio fx-9700GE: On the other hand, the Casio fx-9700GE has a display of 127

horizontal columns of pixels and 63 vertical rows, so when you trace a curve across a graph window, you are
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actually moving from Xmin to Xmax in 126 equal jumps. Hence, you would calculate the size of each jump

Xmax— Xmin : , : :
to be Ax =aSometimes you may want the jumps to be friendly numbers like 0.1 or 0.25 so

that, when you trace along the curve, the x-coordinates will be incremented by such a convenient amount. Just
set your viewing rectangle for a particular increment Ax by making Xmax = Xmin + 126 - Ax. For example, if

you want Xmin = —5 and Ax = 0.3, set Xmax = -5 + 126 - 0.3 = 38.3.

On the Casio fx-9700GE, to center your window around a particular point, say (4, k), and also have a certain

Ax, set Xmin = A — 63 - Ax and make Xmax = A + 63 - Ax. Likewise, make Ymin = k — 31 - Ay and make

Ymax = h + 31 - Ax. For example, to center a window around the origin (0, 0), with both horizontal and verti-

cal increments of 0.25, set the range so that Xmin = 0 — 63 - 0.25 = -15.75, Xmax = 0 + 63 - 0.25 = 15.75,

Ymin=0-31-0.25=-7.75and Ymax =0 + 31 -0.25 =17.75.

The Casio fx-9700GE’s standard viewing window is a square window, centered at the origin (0, 0) with Ax =

0.1.

See the benefit by first plotting y = x? +2x +1 in a window that extends from —10 to 10 in both directions.

Trace nearits y-intercept, which is (0, 1), and move towardsits x-intercept, which is (—1,0). Then initialize the

range to the standard window and trace again near the intercepts.

6.2.6 ZOOM: Plot again the two graphs, for y = —x> +4x and y = —=25x . There appears to be an intersec-

tion near x = 2. The Casio fx-7700/9700GE provides several ways to enlarge the view around this point. You

can change the viewing rectangle directly by pressing RANGE and editing the values of Xmin, Xmax, Ymin,

and Ymax. Figure 6.57 shows a new viewing rectangle for the range extending from 1.5 to 2.5 horizontally

and from —2.5 to 2.5 vertically.

Figure 6.57: Closer view

 

 

 

   

Trace along the graphs until coordinates of a pointthat is close to the intersection are displayed.

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start again

with a graph of the two functions y = —x> +4x and y =-25x in a standard viewing rectangle.

Now imagine a small rectangular box around the intersection point, near x = 2. Press F2 [ZOOM] to activate

the ZOOM menu at the bottom of the screen. (See Figure 6.58 for the Casio fx-7700GE and Figure 6.59 for

The Casiofx-9700GE.)
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Figure 6.58: Casiofx-7700GE Figure 6.59: Casiofx-9700GE

Zoom menu Zoom menu

  

      

Now press F1 [BOX] to draw a box to define this new viewing rectangle. On the Casiofx-7700GE you should
press SHIFT QUIT to remove the menu from the bottom of the screen. Use the arrow keys to move the cur-
sor, which is now free-moving and whose coordinates are displayed at the bottom of the window, to one cor-

ner of the new viewing rectangle you imagine (Figure 6.60).
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Figure 6.60: One corner selected

Press EXE to fix the corner where you moved the cursor. Use the arrow keys again to move the cursor to the

diagonally opposite corner of the new rectangle (Figure 6.61). If this box looks all right to you, press EXE.
The rectangular area you have enclosed will now enlarge to fill the graph window (Figure 6.62).

A
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Figure 6.61: Box drawn Figure 6.62: New viewing rectangle

You may cancel the zoom any time before you press this last EXE. Press another function key such as F1 to

cancel the zoom and initiate a trace instead, or press F2 to zoom again and start over. Even if you did execute

the zoom, you may still return to the original viewing rectangle and start over on the Casio fx-7700GE by

pressing F2 [Zoom] F5 [ORG] and on the Casiofx-9700GE by pressing F2 [Zoom] F6 [¢] F1 [ORG].

Casio fx-9700GE: The Casio fx-9700GE has a split screen feature that enables you to see two views of a

graph simultaneously. (This feature is not available on the Casio fx-7700GE.) In SET UP, move the cursor
down to DUAL GRAPH and toggle it on. Now when you zoom, the left window displays the original graph
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and the right window displays the result of the zoom (see Figure 6.63).

 

 

   
#=0 ¥=0

Figure 6.63: DUAL GRAPH

 

In the Casio fx-9700GE’s DUAL GRAPH mode, only the left side can be acted on. So to achieve another

zoom, first press F6 F2 [CHNG]to exchange the left and right windows. When you press RANGE, you will
find two ranges that can be changed independently. The F6 key toggles between the left side range and the

right side range.

Technology Tipfor the Casio fx-9700GE: Use the GT key to toggle the Casio fx-9700GE from the dual

graph to full-screen left side to full-screen right side to the GRAPH FUNC screen.

The Casio fx-7700/9700GE can quickly magnify a graph around the cursor’s location. Return once more to

the standard range for the graph ofthe two functions y = —x> +4x and y = —25x . Trace along the graphs to

move the cursor as you can to the point ofintersection near x = 2 (Figure 6.64). Then press F2 F3 [x f] and

the calculator draws a magnified graph, centered at the cursor’s position (Figure 6.65). The range values are

changed to reflect this new viewing rectangle. Look in the RANGE menu to check.

7]
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      ®=1.8 ¥=-0.415 [#=1.8 y=-0.5

Figure 6.64: Before a zoom in Figure 6.65: After a zoom in

As you see in the Zoom menu (press F2), the Casiofx-7700/9700GE can zoom in (press F2 F3 [x f]) or zoom
out (press F2 F4 [x 1/]). Zoom outto see a larger view of the graph, centered at the cursor position. You can

change the horizontal and vertical scale of the magnification by pressing F2 F2 and editing Xfact and Yfact,
the horizontal and vertical magnification factors.

Technology Tip: An advantage of zooming in from the default viewing rectangle is that subsequent win-

dows will also be square. Likewise, if you zoom in from a friendly viewing rectangle, the zoomed windows

will also be friendly.

The default zoom factoris 2 in both directions (press F1 [INIT] in the Zoom Factor menu). It is not necessary

for Xfact and Yfact to be equal. Sometimes, you may prefer to zoom in one direction only, so the other factor
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should be set to 1, Press EXIT to leave the Zoom Factor menu.

Technology Tip: If you should zoom in too much and lose the curve, zoom back to the original viewing

rectangle and start over. Or use the arrow keys to pan overif you think the curve is not too far away. You can

also just initialize the range to the Casiofx-7700/9700GE’s standard window.

Technology Tipfor the Casiofx-9700GE: The Casiofx-9700GE can automatically select the necessary ver-

tical range for a function. For auto scaling, press F2 [Zoom] F5§ [AUTO]. Take care, because sometimes
when you are graphing two functions together, the calculator will auto scale for one function in such a way

that the other function will no longer be visible. For example, plot the two functions y = —x> +4x and

y =-25x in the Casio fx-9700GE’s standard viewing rectangle, then auto scale and trace along both func-

tions.

6.2.7 Relative Minimums and Maximums: Graph y= —x? +4x once again in the standard viewing rectan-

gle. This function appears to have a relative minimum near x = —1 and a relative maximum near x = 1. You

may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point Trace along the curve until the y-coordinate is as small as you can getit, so that

you are as close as possible to the local minimum, and zoom in (press F2 F3 or use a zoom box). Now trace
again along the curve and, as you move from point to point, see that the coordinates change by smaller

amounts than before. Keep zooming and tracing until you find the coordinates of the local minimum point as

accurately as you need them, approximately (—1.15, 3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as great

as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local maximum

point on the graph of y = —x> +4x is approximately (1.15, 3.08).

Casiofx-9700GE: The Casio fx-9700GE can automatically find the maximums and minimums for functions

drawn in the GRAPH mode. After graphing y = —x> + 4x , press SHIFT G-SOLYVto activate the graph solve

menu at the bottom of the screen (Figure 6.66). (Note that the features in the G-SOLV menu is not available
on the Casiofx-7700GE.)

TET[FARIHT me
Figure 6.66: G-SOLVE menu

 

 

  

After activating the graph solve menu, press F3 [MIN] to calculate the minimum (Figure 6.67). Then find the
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maximum by pressing SHIFT G-SOLV F2 [MAX] (Figure 6.68).

 
 

Y==A"3+4A Y==a"3H4N

  

    
Figure 6.67: Minimum of y = —x3 +4x Figure 6.68: Maximum of y = —x> + 4x

Note that if you have more than one graph on the screen, the calculator will pause until you specify the graph
whose maximum or minimum you want to calculate. As you use the up and down arrow keys to move be-

tween graphs, press EXE when the equation you want to evaluate appears on the screen.

If your graph has more than one maximum or minimum, you can use the left and right arrows to move be-

tween them.

6.3 Solving Equations and Inequalities

6.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,

where a curve crosses the x-axis. For example, the graph of y = x3 —8x crosses the x-axis three times (Figure

6.69). After tracing overto the x-intercept point thatis farthest to the left, zoom in (Figure 6.70). Continue this

process until you have located all three intercepts with as much accuracy as you need. The three x-intercepts

of y =x> —8x are approximately —2.828, 0, and 2.828.

]A
Figure 6.69: Graph of y = x> — 8x Figure 6.70: Near an x-intercept of y = x> —8x

  

 

 

      
 

Y=A"3=84
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Figure 6.71: A root of y = x> —8x
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Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the error is less than the distance between two tick marks. Change the x-scale on the

Casio 7700/9700 from the RANGE menu. Move the cursor down to Xscale and enter an appropriate value.

Casiofx-9700GE: The x-intercept ofa function’s graph is a root ofthe equation f(x) =0, and the Casiofx-

9700GE can automatically search for the roots. (This feature is not available on the Casio fx-7700GE.) First

plot the function in GRAPH mode and then activate the graph solve menu by pressing SHIFT G-SOLV.

(Refer back to figure 6.66.) Then press F1 [ROOT] to locate an x-intercept on the graph in the current win-
dow (Figure 6.71). The calculator searches from left to right to find an x-intercept in the current window;

press the right arrow key to search for the next x-interceptto the right.

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the graphs

of y=—x>+4x and y=-25x. Trace along one ofthe graphs until you arrive close to an intersection point.

Then press A or w to jump to the other graph. Notice that the x-coordinate does not change, but the y-

coordinate is likely to be different (Figures 6.72 and 6.73).
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Figure 6.72: Trace on y = —x +4x Figure 6.73: Trace on y = —25x

When two y-coordinates are as close as they can get, you have come as close as you now can to the point of

intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as close

as possible. Continue this process until you have located the point of intersection with as much accuracy as

necessary.

Technology Tip: Press F6 a couple of times to display only the y-coordinate. Then while tracing towards an

intersection, it’s easier to see where the y-coordinates are closest.
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Figure 6.74: An intersection of y = —x> +4x and y=-25x

Technology Tipfor the Casiofx-9700GE: While the graphs are displayed, automate the Casiofx-9700GE to
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search for points of intersection by pressing SHIFT G-SOLV F5 [ISCT]. (This feature is not available on the
Casiofx-7700GE.) If more than two functionsare being plotted, the calculator will ask you to specify the two
whose intersection you seek. The calculator searches from left to right to find an intersection point in the cur-

rent window; press the right arrow to continue the search for the next intersection point. Figure 6.74 shows
one ofthe intersection points.

6.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x> —36x+17 = 0. First

graph y =24x> —36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all the

equation’s roots. Then use trace and zoom or the Casio fx-9700GE’s ROOT command,to locate each one. In

fact, this equation has just one solution, approximately x = —1.414.

Remember that when an equation has more than one root, it may be necessary to change the viewing rectangle

a few times to locate all of them.

Technology Tip: To solve an equation like 24x> +17 = 36x, you may first transform it into standard form,

24x® —=36x+17 =0, and proceed as above. However, you may also graph the two functions y =24x> +17

and y = 36x, then zoom and trace to locate their point of intersection.

6.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of inter-

section of their graphs (Figure 6.75). For example, to solve the system y=x>+3x%-2x-1 and

y =x? —3x—4, first graph them together. Then use zoom and trace or the Casio fx-9700GE’s ISCT com-

mand, to locate their point ofintersection, approximately (-2.17, 7.25).

AL /]

[7
Figure 6.75: Graph of y =x +3x? —2x—1 and y=x?-3x-4

 

 

   
 

You must judge whether the two current y-coordinates are sufficiently close for x = —2.17 or whether you
should continue to zoom and trace to improve the approximation.

The solutions of the system of two equations y = x3 +3x%-2x-1 and y=x%-3x-4 correspond to the

solutions of the single equation x> +3x2 —2x—1= x2 —3x—4, which simplifies to x +2x% +x+3=0. So

you may also graph y = x3 +2x% +x +3 and find its x-intercepts to solve the system.
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6.3.4 Solving Inequalities by Graphing: Consider the inequality 1-= > x—4. To solve it with your Casio

. 3 : : oo
fx-7700/9700GE, graph the two functions y = 1-= and y =x-4 (Figure 6.76). First locate their point of

intersection, at x = 2. The inequality is true when the graph of y=1-2 lies above the graph of y=x-4,

and that occurs when x < 2. So the solution is the half-line x <2, or (-o, 2].

\
h /

 

 

   R=2. Y=-2.
 

Figure 6.76: Solving 1-= >x—-4

The Casio fx-7700/9700GE is capable of graphing inequalities of the form y < f(x), y< f(x), y= f(x),

or y> f(x). For example, to graph y>x?—-1 in GRAPH mode, press F3 [TYPE] F4 [INEQ]. Input

x2 —1. Now when you press F1 [STO] to store this expression, several inequality options appear (Figure

6.77). In this case, we want to select FS [Y>}. Press F6 to draw the graph (Figure 6.78).
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Figure 6.77: Inequality options Figure 6.78: Graph of y > x2 —1

Next press F1 to trace along the boundaries of the inequality. Notice that the Casio fx-7700/9700GE displays

coordinates appropriately as inequalities. Zooming is also available for inequality graphs.

: 3 : . . .
Solve a system of inequalities, such as 1-= >y and y > x—4, by plotting the two inequality graphs simul-

. . . . 3x .
taneously. First, clear the graph window and reset the range to a convenient window. Input 1-—3 as an ine-

quality type and store it as Y1 by pressing F1 [STO] F6 [Y<]. Likewise, input x —4 as an inequality type and

store it by pressing F1 [STO] w F3 [Y>]. Now press F6 to draw the two inequalities as in Figure 6.79.

Technology Tip: Since you can change the mode of the Casiofx-7700/9700GE at any time, you can graph
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inequalities and equations togetherat the same time. Simply change to inequality type before entering an ine-
quality, and change to rectangular type before entering an equation.

 

 

Figure 6.79: Graphs of 1-2 >2y and y>x-4

6.4 Trigonometry

6.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the Casiofx-7700/9700GEis configured for whichever measure you

need. From the main menu, enter the COMP mode to see the current settings. To change your angle setting,

press SHIFT DRG to activate the angular unit menu at the bottom ofthe screen. Press F1 for degree measure

or F2 for radian measure, then press EXE to make it so.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the
following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° SHIFT DRG F1 EXE

sin 45 EXE 0.7071067812

sin 7° sin SHIFT n EXE 0.05480366515

sin Tt SHIFT DRG F2 EXE

sin SHIFT n EXE 0

sin 45 sin 45 EXE 0.8509035245

sin sin ( SHIFT n= 6 ) EXE 0.5

The first line of keystrokes sets the Casio 7700/9700 in degree mode and calculates the sine of 45 degrees.
While the calculator is still in degree mode, the second line keystrokes calculates the sine of © degrees, ap-

proximately 3.1415°. The third line changes to radian mode just before calculating the sine of nt radians. The

fourth line calculates the sine of 45 radians (the calculator remains in radian mode).

The Casio fx-7700/9700GE makesit possible to mix degrees and radians in a calculation. Execute these key-

strokes to calculate tan 45°+sin% as shown in Figure 6.80: tan 45 SHIFT DRG F4 + sin (SHIFT = + 6)
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F5 EXE. Do you get 1.5 whether your calculatoris in set either in degree mode or in radian mode?
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Figure 6.80: Angle measure

6.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-

sin 30x
 ful attention to the choice of graph window. For example, graph y = in the standard viewing rectan-

gle. Trace along the curve to see where it is. Zoom in to a better window, or use the period and amplitude to

establish a better WINDOW.

Technology Tip: In the RANGE menu ofthe Casiofx-7700GE the viewing rectangle can be set by pressing

F2 to a special window for trigonometric functions so that horizontal range is from —27n to 27 in radian mode
or from -360° to 360° in degree mode and the vertical range is from —1.6 to 1.6. On the Casio fx-9700GE

horizontal range is from —37n to 37 in radian mode or from —540° to 540° in degree mode and the vertical

range is from —1.6 to 1.6.

6.5 Scatter Plots

6.5.1 Entering Data: The table shows the total prize money (in millions of dollars) awarded at the Indian-

apolis 500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

 

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989

 

 
Prize $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

($million)          
 

We'll now use the Casio fx-7700/9700GE to construct a scatter plot that represents these points and to find a

linear model that approximates the given data.

  

     

RUN ~ LIN-KRE GRAPH_TYPE:REC
S-data : STO DRAW TYPE :COHN
S—ararh: DRAW STAT DATA :STO
G-tyre : REC-CON PSTAT GRAPH: DRAW
angle : Rad REG MODEL :LIHN
disrplay:iNrml M-DSP~COPY: COPY
M-D-Cr»: Cory
TEN] DEI
Figure 6.81: REG settings Figure 6.82: Setting up REG
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In the main menu select the REG icon (MENU 4) to enter the regression mode. You wantto set the mode to

the settings shown in Figure 6.81. In particular you want S-data set to STO and S-graph set to DRAW for

data storage and graphing. If you need to change the set up, press SHIFT SET UP. For example, to set STAT

GRAPH to DRAW press v v v F1 [DRAW] (Figure 6.82). Press EXIT AC/ON to enter the regression

screen.

Instead of entering the full year 198x we will enter only X. Since the data will be plotted as it is entered,

choose an appropriate viewing rectangle, say from 0 to 10 horizontally and vertically. First clear any existing

statistical data by pressing F2 [EDIT] and then F1 [DEL] as many times as necessary to delete any existing

entries. Press EXIT when you are done. Here are the keystrokes to enter the data for the first three years: 1 F3
1.61 F12 F3 2.07 F1 3 F3 2.41 F1. Continue to enter all the given data .

You can go back and forth from your graph to the REG screen by pressing the G>T. You may edit statistical

data in the same way you edit expressions in the home screen. Press F2 to display the data table (Figure 6.83).

Move the cursor to the x and y value for any data point you wish to change, then type the correction and press

EXE. To insert or delete data, move the cursor to the x or y value for any data point you wish to add or delete.

Press F2 and a new data point is created; press F1 and the data point is deleted. Press EXIT to return to the
regression screen.

 

 

Figure 6.83: Editing data points

6.5.2 Plotting Data: Once all the data points have been entered, press SHIFT CLR F2 [SCL] EXE to clear

statistical memory. Then press F6 [CALC] to calculate the statistics associated with the data. Recalculation is
necessary whenever you edit data or change the graph window. Figure 6.84 shows the scatter plot in a view-

ing rectangle extending form 0 to 10 along the horizontal and vertical axes.

 

  
Figure 6.84: Scatter plot

6.5.3 Regression Line: The Casio fx-7700/9700GE calculates and the slope and y-intercept for the line that
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best fits all the data. From the plot of the data, return to the regression screen by pressing GT. Press F6
[CALC] to calculate a linear regression model. As you can see in Figure 6.85, the Casio fx-7700/9700GE

names the y-intercept A and calls the slope B. The number r (between —1 and 1) is called the correlation coef-
ficient and measures the goodness offit of the linear regression with the data. The closer the absolute value of

ris to 1, the better the fit; the closer the absolute value of r is to 0, the worse the fit. Press the function key F1

EXE for A, F2 EXE for B, and F3 EXE for.

Graph the line y = A + Bx by pressing GRAPH SHIFT F4 1 EXE. See how well this line fits with your data
points (Figure 6.86).

  

B.9322222222

B8.5113333333

B8.9949836325

 

 

 

 

 

Figure 6.85: Linear regression model Figure 6.86: Linear regression line

6.5.4 Exponential Growth Model: The table shows the world population (in millions) from 1980 to 1992.

 

Year 1980 1985 1986 1987 1988 1989 1990 1991 1992
 

 
Population 4453 4850 4936 5024 5112 5202 5294 5384 5478

(millions)           
In the regression mode, press SHIFT SET UP. Scroll to STAT GRAPH and press F2 [NON]. Then move to
REG MODEL and press F3 [EXP], so the set up screen looks like Figure 6.87. EXIT the screen and follow
the procedure described above and enter the data to find an exponential model that approximates the given

data. Use 0 for 1980, 5 for 1985, and so on. You may find it easier to EDIT the existing data rather than enter-
ing the new data. Press EXIT F6 [CALC].

Now press F6 [REG] to compute the exponential growth model y = ae™. Press F1 [A] EXE F2 [B] EXE to

find the values ofA and B (Figure 6.88). In this case, the exponential growth model is y = 4451¢%01739%

 

4438.972591

8.81730315369   LIN[LOG[EXF[FWR

Figure 6.87 Figure 6.88
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6.6 Matrices

6.6.1 Making a Matrix: The Casiofx-7700GE can display and use 5 different matrices (Mat A through Mat

E), while the Casio fx-9700GE can work with 26 different matrices (Mat A through Mat Z). Here’s how to

1 4 3 5

create this 3x4 matrix -1 3 —1 -3| in your calculator as Mat A.

2 0 4 6

Enter the matrix mode by selecting the MAT icon from the main menu. Then press F4 [LIST] for the matrix
list. The display will show the dimension of each matrix if the matrix exists; otherwise, it will display None

(Figure 6.89). Move the cursor to Mat A and press F2 [DIM] 3 EXE 4 EXE to enter its dimensions of 3 rows
by 4 columns. Return to the matrix list by pressing EXIT once, then press F1 [EDIT] to edit Mat A.

Use the arrow keys or press EXE repeatedly to move the cursor to a matrix element you want to change. If

you press EXE, you will move right across a row and then back to the first column of the next row. The ele-

ment in the second row and first column in Figure 6.90 is highlighted, so that the element’s current value is

displayed at the bottom right corner of the screen. Continue to enter all the elements of Mat A; press EXE
after inputting each value.

 

      
 

e

Z
Z
Z
N
Z
A

Q
0
0
X
O
X

I
3
J
I
W
S

S
H

(
0
)

       

 

 
Figure 6.89: Matrix list Figure 6.90: Editing a matrix

When you are finished, leave the editing screen by pressing EXIT once to return to the matrix list.

6.6.2 Matrix Math: You can perform many calculations with matrices in the matrix mode. To calculate the

scalar multiplication 2 Mat A, enter the matrix calculation screen and press 2 F1 [Mat] ALPHA A EXE. The

resulting matrix is displayed on the screen and is stored in matrix memory as Mat Ans (Figure 6.91). If you

would rather have the matrix stored as specific matrix, say Mat C, you should press 2 F1 [Mat] ALPHA A —>
F1 [Mat] ALPHA C EXE (Figure 6.92).

To add two matrices, say Mat A and Mat B, create Mat B (with the same dimensions as Mat A) and then

press F1 [Mat] ALPHA A + F1 [Mat] ALPHA B EXE. Again, if you want to store the answer as a specific
matrix, say Mat C, then press -> F1 [Mat] ALPHA C before executing the above command. Subtraction is
performed in similar manner.
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Figure 6.91: 2 Mat A Figure 6.92: Matrix calculation

2 3
Now set the dimensions of Mat C as 2x3 and enter the matrix : 5 | as Mat C. For matrix multiplica-

tion of Mat C by Mat A, press F1 [Mat] ALPHA C x F1 [Mat] ALPHA A EXE. If you tried to multiply Mat
A by Mat C, your calculator would signal an error because the dimensions of the two matrices do not permit

multiplication in this way.

The transpose of a matrix is another matrix with the rows and columns interchanged. To calculate the trans-

pose of Mat A | press F3 [Trn] F1 [Mat] ALPHA A EXE.

6.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides a more careful explanation of the elementary row operations and their uses.

Enter the editing screen for Mat A. Press F1 to activate the row operations menu at the bottom of the calcula-

tor screen (Figure 6.93).

After you select a row operation, your calculator will prompt you through it. For example, to interchange the

second and third rows of Mat A defined above, press F1 2 EXE 3 EXE, while the calculator prompts for the
row numbers (Figure 6.94). The format of this command is Swap Row m <> Row n.

  

H_1__¢3
ir I -y 3
| -1 3 =-1

3 2 0 -4

m? 2
Swap Row m<Row nh    

Figure 6.93: Row operations menu Figure 6.94: Swap rows 2 and 3

To add row 2 and row 3 and store the results in row 3, press F4 2 EXE 3 EXE. The format of this command

is Row m + Row n —» Row n.

To multiply row 2 by —4 and store the results in row 2, thereby replacing row 2 with new values, press F2 (-)

4 EXE 2 EXE. The format of this command is k x Row m —» Row m.

To multiply row 2 by —4 and add the results to row 3, thereby replacing row 3 with new values, press F3 (-) 4

EXE 2 EXE 3 EXE. The format of this command is k x Row m + Row n —» Row n.
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Note that as you perform row operations on the Casio fx-7700/9700GE, your old matrix is replaced by the
new matrix, so if you want to keep the original matrix in case you need it, you should save it under another

name.

x—-2y+3z=9

For example, use row operations to solve this system oflinear equations: -x+3y=-4.

2x-5y+5z=17

1 -2 3 9

First enter this augmented matrix as Mat A in your Casiofx-7700/9700GE: |-1 3 0 —4|. Nextstore this

2 5 5 17

matrix as Mat E (press EXIT a couple of times to go back to the matrix home screen, then press F1 [Mat]
ALPHA A — F1 [Mat] ALPHA E EXE,as in Figure 6.95), so you may keep the original in case you need to

recallit.

 

 

Figure 6.95

We now edit Mat E. Here are the row operations and their associated keystrokes. At each step, the result is

stored as Mat E and replaces the previous Mat E. The completion of the row operations is shown in Figure
6.96. First press F1 to begin performing row operations.

 

   

  

Row Operations Keystrokes
add row 1 to row 2 F4 1 EXE 2 EXE

add -2 times row 1 to row 3 F3 (-) 2 EXE 1 EXE 3 EXE

add row 2 to row 3 F4 2 EXE 3 EXE

multiply row 3 by 1 F21 +2 EXE 3 EXE

T 3 q
! -2 3 97
2 3 5
3 0 1 IE.

Rsw[XR[XR+[R+

Figure 6.96
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Thusz=2,sox=1andy=-1.

1 -2 3

6.6.4 Determinants and Inverses: Enter this 3x3 square matrix as Mat A: |-1 3 0]. To calculate its

2 55

1 2 3

determinant -1 3 0], go to the matrix home screen and press F2 [Det] F1 [Mat] ALPHA A EXE. You

2 -5 5

should find that the determinant is 2 as shown in Figure 6.97.

Since the determinant of the matrix is not zero,it has an inverse matrix. Press F1 [Mat] ALPHA A SHIFT x

EXE to calculate the inverse. The result is shown in Figure 6.98.

  

 

   

 

  

  

  

el Mal H ns__t_ ec 3
2. -2.5 -Y.§

| 2.5 -0.5 ~-1.5
3 ' S 0. 5 0. 5.

Ta1.2.
see | SEE |

Figure 6.97: Determinant of Mat A Figure 6.98: Inverse of Mat A

x-2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Once again, consider -x+3y=-4.

2x-S5y+5z=17

1 -2 3

The coefficient matrix for this system is the matrix -1 3 0| which was entered in the previous example.

2 -5 5S

9

Now enter the matrix —4 as Mat B. Then in matrix mode, press F1 [Mat] ALPHA A SHIFT x x F1 [Mat]

17

ALPHA B EXE to get the answer as shown in Figure 6.99.
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Figure 6.99: Solution matrix

The solution is still x =1, y=—-1, and z = 2.

6.7 Sequences

6.7.1 Iteration with the Ans key: Compute the following in the COMP mode (MENU 1). The Ans feature

. : -1
enables you to perform iterations to evaluate a function repeatedly. As an example, calculate = for n= 27.

n-1 . . . .
Then calculate 3 for n = the answerto the previous calculation. Continue to use each answer as » in the

next calculation. here are keystrokes to accomplish this iteration on the Casio fx-7700/9700GE calculator.

(See the results in Figure 6.100.) Notice that when you use Ans in place of » in a formula, it is sufficient to

press EXE to continue an iteration.

 

 

Iteration Keystrokes Display

1 27 EXE 27

2 (SHIFT Ans -1) + 3 EXE 8.666666667

3 EXE 2.555555556

4 EXE 0.5185185185

5 EXE —-0.1604938272

20
27.

(Ans-12+3
8. 66666666
2.953555595

8.518518518
-8. 168493827  

Figure 6.100: Iteration

Press EXE several more times and see what happens with this iteration. You may wish to try it again with a
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different starting value.

6.7.2 Arithmetic and Geometric Sequences: Use iteration with the Ans variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Enter the first term 7, then start the progression with the recursion formula, SHIFT
Ans + 4 EXE. This yields the 2nd term, so press EXE sixteen more times to find the 18th term. For a geo-
metric sequence whose common ratio is 4, start the progression with SHIFT Ans x 4 EXE.

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence

t, =a+(n-1)d . First enter values for the variables a, d, and n, then evaluate the formula by pressing

ALPHA A + ( ALPHA N — 1) ALPHA D EXE. For a geometric sequence whose n-th term is given by

t, =a-r", enter values for the variables a, d, and n, then evaluate the formula by pressing ALPHA A ALPHA

RA(ALPHAN -1) EXE.

Casio fx-9700GE: You can also define the sequence recursively with the Casio /x-9700GE in the table
mode. (This feature is not available on the Casio fx-7700GE.) From the main menu enter the table mode by

selecting the TABLE icon (MENU 8)and then press F2 [RECR]. Next press F6 [TYPE] F2 [a, , ,] to select

the recursion type. Once again, let’s find the 18th term of an arithmetic sequence whose first term is 7 and

whose common difference is 4. Input the recursion formula a,,, =a, +4 by pressing F4 [a,] + 4 (Figure

6.101). Now make a, = 7 (because the first term is a; where n = 1) and display a table that contains the 16th

term a,to the 20th term a,, by pressing F2 [RANG] F6 [a,] 16 EXE 20 EXE 7 F1 [TABL] (Figures 6.102

and 6.103).

 

ne ane Cdn+

IB B1 552
11 11 663

= 13818 1  
Figure 6.102: TABLE Range Figure 6.103: a;3 = 75

To use the explicit formula in a Casio fx-9700GE recursion table, make a, = 7+ (n—1)-4 by starting a new
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table by pressing F1 [NEW] F1 [YES]. Now press F6 [TYPE] F1 [a,] 7 + ( F3 [n] — 1) x 4. Once more,

calculate term ag by pressing F2 [RANG] 18 EXE 18 F1 [TABL] (Figures 6.104 — 6.106).

 

ECURSIUN

INPUT RECR FORMULA

an=7+{n-1J)x4
TRELILIYER!   

Figure 6.104: Explicit formula

Technology Tipfor the Casiofx-9700GE: A table whose starting and ending range values are the same has

just one entry. So to display a single n-th term series, set both the starting and ending range values to ».

There are more detailed instructions for using the table recursion mode in the Casio/x-9700 manual.

 

an=r+(n=-1>)X4
n an Edn

5 15]
  

 18
MEW JEDIT G-Conf]G-PLT   

 

 

Figure 6.105: TABLE Range Figure 6.106: a,5 = 75

6.7.3 Finding Sums ofSequences (Casio fx-9700GE): You can use recursion option in the table mode of
the Casio fx-9700GE to find the sum of a sequence. For example, suppose you want to find the sum
12
D403" . Erase any existing formula by pressing F1 [NEW] F1 [YES]. Now press F6 [TYPE] F1 [a,] 4 x
n=1

(.3) A F3 [n]. Now you must set the range from 1 to 12 by pressing F2 [RANG] 1 EXE 12. Press F1

[TABL]. The last entry in the table is the sum (Figure 6.107).

 

 

an=4Xx(,3)"n
n an Edn
 

3 1.873E-5 1.714251
ID 2.361E-5 1.714275
Il 7.0BSE-G 1.71282
12 2. I25E-5Gioaehad

 

12

Figure 6.107: )_ 4(0.3)"
n=1
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Now calculate the sum starting at » = 0 by editing the range. You should obtain a sum of 5.712848.

6.8 Parametric and Polar Graphs

6.8.1 Graphing Parametric Equations: The Casio fx-7700/9700GE plots parametric equations as easily as it

plots functions. Enter the graph mode by selecting the GRAPH icon from the main menu. Change to

parametric mode by pressing F3 [TYP] F3 [PRM]. Be sure, if the independent parameteris an angle measure,
that the angle measure has been set to whichever you need, Rad or Deg.

You can now enter the parametric functions. For example, here are the keystrokes need to graph the paramet-

ric equations x = cos’ # and y = sin’ ¢ . First check that angle measureis in radians. Then in the graph screen

press ( cos X,0,T ) A3 F4 [, J (sin X,6,T) A 3 (Figure 6.108). Now, when you press the variable key X,6,T,

you get a T because the calculatoris in parametric mode. Store the function by pressing F1 [STO] F6 [SET]
(Figure 6.109).

RL1BCcos T
¥Li18csin T>3  

Figure 6.108: Graph screen Figure 6.109: x = cos’ ¢ and y =sin’¢

Press RANGE F1 [INIT] to set the standard graphing window and to initialize the values of T. Press RANGE

again to see that the values of T go from 0 to 2m in steps of i ~ 0.062832 . In order to provide a better

viewing rectangle press RANGE twice and set the rectangle to go from —2 to 2 horizontally and vertically.

EXIT back to the graph screen and press F6 [DRW] to draw the graph (Figure 6.110).

Figure 6.110: Parametric graph of x = cos’ ¢ and y =sin’¢

 

 

    

You may ZOOM and TRACE along parametric graphs just as you did with function graphs. As you trace
along this graph, notice that the cursor moves in the counterclockwise direction as T increases.

Note that you can also graph parametric equations in the COMP mode (MENU 1) by using the GRAPH key.
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First clear any existing graph(s) from the graph window by pressing SHIFT F5 [CLS] EXE. After setting the
graph type as parametric and choosing an appropriate RANGE, press GRAPH ( cos X,6,T ) A 3 SHIFT, (
sin X,0,T) A 3 EXE.

6.8.2 Rectangular-Polar Coordinate Conversion: Conversion between rectangular and polar coordinate
systems is accomplished directly through keystrokes on the Casio fx-7700/9700GE. These functions use the
current angle measure setting, so it is a good idea to check the default angle measure before any conversion.
Of course, you may override the current angle measure setting, as explained in Section 6.4.1. For the follow-

ing examples, the Casiofx-7700/9700GE is set to radian measure.

The Casio fx-7700/9700GE uses the variables | and J to store the results of a conversion. So going from rec-
tangular to polar coordinates, you get (r, 8) = (I, J). Going from polar to rectangular, you get (x, y) = (I, J).

We perform these calculations in the COMP mode. To convert between rectangular and polar coordinates,

activate the coordinate menu at the bottom of the screen by pressing SHIFT MATH F5 [COR].

Given the rectangular coordinates (x, y) = (4, =3), convert to polar coordinates (r, 0) by pressing F1 [Pol] 4

SHIFT , — 3) EXE. The value of r is displayed; now press ALPHA J EXE to display the value of 0 (Figure
6.111). The polar coordinates are approximately (5, —0.6435).

Suppose (r, 6) = (3, m). Convert to rectangular coordinates (x, y) by pressing F2 [Rec] 3 SHIFT , SHIFT = )
EXE. The x-coordinate is displayed; press ALPHA J EXE to display the y-coordinate (Figure 6.112). The
rectangular coordinates are (-3, 0).

  

ol(4,=-3)
S.

-0.64356110688

 

 

 

 

Figure 6.111: Rectangular to polar coordinates Figure 6.112: Polar to rectangular coordinates

6.8.3 Graphing Polar Equations: The Casiofx-7700/9700GE graphs polar functions in the form r = £(0).

Enter the graph mode by selecting the GRAPH icon from the main menu (MENU 6). Change to polar mode

by pressing F3 [TYP] F2 [POL]. Be sure that the angle measure has been set to whichever you need, Rad or
Deg. Here we will use radian measure. Press RANGE F1 [INIT] to initialize the graph window so 6 goes
from 0 to 2m.

For example,to graph r = 45sin0 , enter 4 sin X,6,T in the graph screen. Now, when you press the variable key

X,0,T, you get a 6 because the calculatoris in polar mode. Store the function by pressing F1 [STO] F6 [SET].

Choose a good viewing rectangle and an appropriate interval and increment for 6. In Figure 6.113 for the Ca-

sio fx-7700GE, the viewing rectangle is roughly “square” and extends from —6 to 6 horizontally and from —4

to 4 vertically. In Figure 6.114 for the Casio fx-9700GE, the viewing rectangle is roughly “square” and ex-

Graphing Technology Guide 6-39

 



tends from —10 to 10 horizontally and from —6 to 6 vertically. (Refer back to the Technology Tips in Section

6.2.4)

 

ON D

Figure 6.113: Casiofx-7700GE Figure 6.114: Casiofx-9700GE

polar graph of r =45sin0 polar graph of » =45sin0

 

  

        

Trace along this graph to see the polar coordinates of the cursor’s location displayed at the bottom of the win-

dow. Zooming works just the same as before.

Note that you can also graph polar equations in the COMP mode (MENU 1) by using the GRAPH key. First
clear any existing graph(s) from the graph window by pressing SHIFT F5 [CLS] EXE. After setting the
graph type as polar and choosing an appropriate RANGE, press GRAPH 4 sin X,0,T EXE.

6.9 Probability

6.9.1 Random Numbers: The command Rn# generates a number between 0 and 1. You will find this com-

mand in the PRB (probability) sub-menu of the MATH menu. In the COMP mode (MENU 1) press SHIFT

MATH F2 [PRB] to activate the probability menu at the bottom of the screen. We will assume that this menu

is active for the rest ofthis section. Then press F4 [Rn#] EXE to generate a random number. Press EXE to
generate another number; keep pressing EXE to generate more of them.

If you need a random number between, say, 0 and 10, then press 10 F4 [Rn#] EXE. To get a random number
between 5 and 15, press 5 + 10 F4 [Rn#] EXE.

6.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, ,P;, press 12 F2 [nPr] 7 EXE (Figure 6.115). Thus ,,P,; = 3,991,680.

For the number of combinations of 12 objects taken 7 at a time, ,,C,, press 12 F3 [nCr] 7 EXE (Figure

6.115). Thus ,,C, = 792.

 

   

  

3991688.

T92.

 
Figure 6.115: |,P; and ,,C,
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6.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player

wins the top prize. There are 4,Cs ways for the six numbers to be drawn. If you purchase a single lottery

ticket, your probability of winning is 1 in 4C¢. Press 1 + 40 F3 [nCr] 6 EXE to calculate your chances, but
don’t be disappointed.

6.10 Programming

6.10.1 Entering a Program: The Casio fx-7700/9700GE is a programmable calculator that can store se-

quences of commands for later replay. Here’s an example to show you how to enter a useful program that

solves quadratic equations by the quadratic formula.

Select the PRGM icon from the main menu (MENU 8 on the Casio fx-7700GE and MENU A on your Casio
fx-9700). On the Casio fx-9700 press F1 [PRGM)]. You should now have a program list on your calculator.
(See Figure 6.116 for the Casio fx-7700 and Figure 6.117 for the Casio fx-9700). The Casio fx-7700/9700GE

has space for up to 38 programs, each named by a number or letter. If a program location is not used, the

word empty appears to the right of its name in the list.

  

   

 

Wiel WRT~COMP

3997 Brtes Free 22162 Bytes Free
PB empl» Prog B:emply

Pros liemrlLy
Prog Z2iemply»
Prog 3:emply

Figure 6.116: Casiofx-7700GE Figure 6.117: Casiofx-9700GE

program list program list

Press the up or down arrow keys to move the cursor to an empty program area; you may also press the key

corresponding to a program’s name and jump directly there. For example, to go to program 5, press 5; to edit

program B, press ALPHA B.

When the cursor is blinking next to the program area you’ve chosen, press EXE to write a new program in

that area or to edit a program thatis already there.

Now enter a descriptivetitle, so press SHIFT A-LOCK and name this program QUADRATIC. Press ALPHA

to cancel the alpha lock. Then press EXE to begin writing the actual program. If you do not entera title, the
first line of the program appears in the program list.

Any command you could enter directly in the Casiofx-7700/9700GE’s computation screen can be entered as a

line in a program. There are also special programming commands.

Each time you press EXE while writing a program, the Casio fx-7700/9700GE automatically inserts the .

character at the end of the previous line. For simplicity, since this happens every time you press EXE, the J

Graphing Technology Guide 6-41

 



character is not shown in the program listing below.

Note that while entering a program the program menu can be activated by pressing SHIFT PRM (Figure
6.118). This menu is used to access a variety of commands that are need for writing a program.

 

Figure 1.118: Program menu

The instruction manual for you Casio fx-7700/9700GE gives detailed information about programming. Refer
to it to learn more about programming and how to use other features of your calculator.

Enter the program QUADRATIC by pressing the given keystrokes.

Program Line Keystrokes

‘ENTER A™? > A SHIFT A.LOCKF2 ENTE R SPACE AF2

SHIFT PRGM F4 —» ALPHA A EXE

displays the words ENTER A on the screen and waits for you to input a

value that will be assigned to the variable A

“ENTER B"? > B SHIFT A-LOCKF2 ENTER SPACE B F2
SHIFT PRGM F4 — ALPHA B EXE

“ENTER C"? > C SHIFT A-LOCKF2 ENTE R SPACE C F2
SHIFT PRGM F4 — ALPHA C EXE

B2-4AC > D ALPHA B x? — 4 ALPHA A ALPHA C —» ALPHA D EXE

calculates the discriminate and stores its value as D

D <0 = Goto 1 ALPHADF2F40EXITF1F1F21EXE

tests to see if the discriminant is negative;

if the discriminant is negative, jumps to the line Lbl 1 below;if the dis-
criminantis not negative, continues on to the next line
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D=0= Goto 2 ALPHA D EXITF2F1 0 EXIT F1 F1F2 2 EXE

tests to see if the discriminantis zero;

if the discriminant is zero, jumps to the line Lbl 2 below; if the discrimi-
nant is not zero, continues on to the next line

“TWO REAL ROOTS” SHIFT A-LOCKF2 TW O SPACER EAL SPACE
ROOTS F2 ALPHA EXE

(-B+vVD) + (2A) >M : Ms ((-) ALPHAB + SHIFT V ALPHA D ) + (2 ALPHA A)
— ALPHA M EXIT F6 ALPHA M F5

calculates one root and storesit as M, then displaysit and pauses

 

(-B-vD)+ (2A) > N : N ((=) ALPHA B - SHIFT YALPHAD ) + (2 ALPHA A)
— ALPHA N EXIT F6 ALPHA N EXE

Goto 3 F1F2 3 EXE

jumpsto the end of the program

Lbl 1 F3 1 EXE

jumping point for the Goto command above

“COMPLEX ROOTS” SHIFT A-LOCKF2COMPLEXSPACEROOTS
F2 ALPHA EXE

displays a message in case the roots are complex numbers

‘REAL PART" SHIFT A-LOCKF2REALSPACEPARTF2
ALPHA EXE

-B + (2A) > R : R4 (-) ALPHA B + (2 ALPHA A) > ALPHA R F6
ALPHA R F5

calculates and displays the real part —= of the complex roots
a

‘IMAGINARY PART" SHIFT A-LOCKF2IMAGINARY SPACE
PARTF2 ALPHA EXE

V-D+ (2A) > 1: | SHIFT ¥ (-) ALPHA D + (2 ALPHA A) >
ALPHA | F6 ALPHA | EXE

 calculates and displays the imaginary part of the complex roots;

since D is negative, we must use —D as the radicand

Goto 3 F1F2 3 EXE
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Lbl 2 F32 EXE

‘DOUBLE ROOT" SHIFT A.LOCKF2DOUBLESPACEROOT
F2 ALPHA EXE

displays a message in case there is a double root

-B+ (2A) >M: M (-) ALPHA B + (2 ALPHA A) »> ALPHA M EXIT
F6 ALPHA M EXE

. b .
the quadratic formula reduces to — 5a when D is zero

a

Lbl 3 F1F33

When you have finished, press MENU to leave the program editor and move on.

Ifyou want to clear a program, enter the program editor again. Move to the program you want to delete, and

when the cursor is blinking nextto its name, press F2 to remove it from the calculator’s memory.

Casio fx-9700GE: Here, for the Casio fx-9700GE, is an alternative version of the program QUADRATIC
that also finds roots of quadratic equations while taking advantage of that calculator’s ability to work with

complex numbers.

6-44

Program Line Keystrokes

‘ENTER A"? > A SHIFT A-LOCKF2 ENTE R SPACE A F2

SHIFT PRGM F4 —» ALPHA A EXE

displays the words ENTER A on the Casio fx-9700GE screen and waits
for you to input a value that will be assigned to the variable A

“ENTER B"? »> B SHIFT A-LOCKF2ENTER SPACE BF2
SHIFT PRGM F4 — ALPHA B EXE

“ENTER C"? > C SHIFT A-LOCKF2EN TER SPACE C F2
SHIFT PRGM F4 — ALPHA C EXE

B2_4AC > D ALPHA B x*> — 4 ALPHA A ALPHA C — ALPHA D EXE

calculates the discriminant and stores its value as D

(-B + VD) + (2A) => M ((-) ALPHA B + SHIFT VY ALPHA D ) = (2 ALPHA A)
—> ALPHA M EXIT F6 ALPHA M EXE

calculates one root and stores it as M

(-B — VD) + (2A) > N ((=) ALPHA B — SHIFT Y ALPHA D ) = (2 ALPHA A)
—» ALPHA N EXIT F6 ALPHA N EXE
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D <0 = Goto 1 ALPHAD F2 F4 0 EXIT F1 F1 F2 1 EXE

tests to see if the discriminant is negative;

if the discriminant is negative, jumps to the line Lbl 1 below; if the dis-
criminantis not negative, continues on to the next line

D=0= Goto 2 ALPHA D EXIT F2 F1 0 EXIT F1 F1 F2 2 EXE

tests to see if the discriminantis zero;

if the discriminant is zero, jumps to the line Lbl 2 below; if the discrimi-

nant is not zero, continues on to the next line

 

“TWO REAL ROOTS” SHIFT A-LOCK F2 TW O SPACER E AL SPACE
ROOTSF2ALPHA EXE

M4 ALPHA M EXIT F5

displays one root and pauses

N ALPHA N EXE

Goto 3 F1F2 3 EXE

jumpsto the end of the program

Lbl 1 F3 1 EXE

jumping point for the Goto command above

“COMPLEX ROOTS” SHIFT A.LOCKF2COMPLEXSPACEROOTS
F2 ALPHA EXE

displays a message in case the roots are complex numbers

M4 ALPHA M EXIT F5

N ALPHA N EXE

Goto 3 F1F2 3 EXE

Lbl 2 F32 EXE

“DOUBLE ROOT” SHIFT A.LOCKF2DOUBLESPACEROOT
F2 ALPHA EXE

displays a message in case there is a double root

M ALPHA M EXE

Lbl 3 F1F33
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6.10.2 Executing a Program: To run the program you have entered, enter the COMP mode (MENU 1) and

then press SHIFT PRGM F3 and the number or letter that it was named; finally, press EXE to run it. If you
have forgotten its name, you must go back to the program editorto find the program, then press F1 to run it.

The program has been written to prompt you for values of the coefficients a, b, and c¢ in a quadratic equation

ax? + bx +c = 0. Input a value, then press EXE to continue the program.

If you need to interrupt a program during execution, press ACN.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax? + bx +c =0. Input a value, then press EXE to continue the program.

If you need to interrupt a program during execution, press ACN.

6.11 Differentiation

sin4x sin4x
. Plot the graph of f(x) = in a conven-  6.11.1 Limits: Suppose you need to find this limit: lim

x0 x

ient viewing rectangle that contains the point where the function appears to intersect the line x = 0 (because

sin4x
 you want the limit as x — 0). Your graph should support the conclusion that lim =4 (Figure 6.119).

x—>0 xX

. . -1 . 2x —1
To test whether the conclusion that lim = 2 is reasonable, evaluate f(x) = x

xo X + x+1
positive values of x (since you want the limit as x — ©). For example, evaluate f (100), f (1000), and

Lo . 2x -1
£(10,000). Another way to test the conclusion is to examine the graph of f(x) = x

xX +

  for several large

 in a viewing rectan-

gle that extends over large values of x. See, as in Figure 6.120 (where the viewing rectangle extends horizon-

2x -1
 

  

 

 

       

  

tally from 0 to 100), whether the graph is asymptotic to the horizontal line y = 2. Enter for Y1 and 2
X+

for Y2.

Sa FE.

: : ._ sindx : : . 2x-1
Figure 6.119: Checking lim =4 Figure 6.120: Checking lim =2

x0 x xoo xX +1
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6.11.2 Numerical Derivatives: The derivative of a functionSfatx can be defined as the limit ofthe slopes of

secant lines, so f'(x)= lim SGx+A)-

f(x-Ax)

Ax—0 2Ax

f(x+Ax)- f(x- Ax)
2Ax

. And for small values of Ax, the expression

 gives a good approximation to the limit.

2

 

18, 750001
24x(K"3s 2.5,.0

18.7

  
Figure 6.121: Using d/dx

The Casio fx-7700/9700GE has a function which is accessed by pressing SHIFT d/dx that will calculate the

J(x+Ax)- f(x—Ax)
2Ax

f(x)= x> and with Ax = 0.001, enter the calculation mode (MENU 1) and press SHIFT d/dx x6,T A 3

SHIFT , 2.5 SHIFT , .001 ) EXE as shown in Figure 6.121. The format of this command is

d/dx(expression, variable, value, Ax). The same derivative is also approximated in Figure 6.121 using Ax =
0.0001. For most purposes, Ax = 0.001 gives a very good approximation to the derivative.

 symmetric difference, . So to find a numerical approximation to f’(2.5) when

Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 6.123,

. 5x-2 . . Co or CL .
the function f(x) =—; and its numerical derivative (actually, an approximation to the derivative given by

x“ +
 

 

the symmetric difference) are graphed on viewing window that extends from —6 to 6 vertically and horizon-

tally. In the graph mode (MENU 6), enter > : for Y1. In the edit line of the graph mode, press SHIFT
x +

d/dx SHIFT VAR F1 [GRP] (F3 [GRPH)] on the Casiofx-9700GE) F1 [Y] 1 SHIFT , x,6,71 SHIFT , .001)
EXIT EXIT (Figure 6.122). Then store this as Y2.

Figure 6.122: Entering f(x) and f'(x) Figure 6.123: Graphs of f(x) and f'(x)

 

 

 

   

 

 

Casio fx-9700GE: The Casio fx-9700GE can compute the derivative of a point on a graph drawn in the
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S5x-2
graph mode. For example, enter the graph mode (MENU 6) and graph the function f(x)=— in the

x“ +
 

standard viewing rectangle. Then press SHIFT G-SOLV F6 [#] F3 [d/dx]. The coordinates for the left-most

x-value of the range will appear, along with the derivative at that point above the y-coordinate. You can use

the left and right arrow keys to move to a specific point, say x = —2.3. Figure 6.124 shows the derivativeat

that point to be about —0.774692.

 

Jpi

¥
Y

 

  =-0.71uk892
-g. |1UG2639109

,

H=-da 3
 

5x-2
Figure 6.124: Derivative of f(x) = — atx=-2.3

x“ +
 

If more than one function is graphed you can use 4 and ¥ to scroll between the functions.

6.11.3 Newton’s Method: With the Casio fx-7700/9700GE, you may iterate using Newton’s method to find

the zeros of a function. Recall that Newton’s Method determines each successive approximation by the for-

mula x,,; = x, JS)
f(x)

2_x+1. In the calculation mode (MENU 1) enter

this function in the function memory as f1 (refer back to Section 6.2.1). Set the range to the standard viewing

window and clear any graphs from the window (SHIFT F5 [CLS] EXE). Graph the function in the calcula-

tion mode by pressing GRAPH SHIFT F-MEM F3 [fn] 1 EXE. A look at the graph suggests that it has a zero
near x = —1, so start the iteration by storing —1 as x. Then press these keystrokes: x,6,T — SHIFT F-MEM F3

[fn] 1 + SHIFT d/dx F3 [fn] 1 SHIFT , x,6,T SHIFT , .001 ) — x,6,T EXE EXE (Figure 6.125) to calculate
the first two iterations of Newton’s method. Press EXE repeatedly until two successive approximations differ

by less than some predetermined value, say 0.0001. Note that each time you press EXE, the Casio will use the
current value of x, and that value is changing as you continue the iteration.

As an example of the technique, consider f(x) = 2x +x

 

-13x {

R=f1+ddx(f1,X>
881 >3+X

 

 

Figure 6.125: Newton’s method
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Technology Tip: Newton’s Method is sensitive to your initial value for x, so look carefully at the function’s
graph to make a goodfirst estimate. Also, remember that the method sometimes fails to converge!

You may want to write a short program for Newton’s Method. See your calculator’s manual for further in-

formation.

6.12 Integration

6.12.1 Approximating Definite Integrals: The Casio fx-7700/9700GE has a function which is accessed by

pressing SHIFT [dx that will approximate a definite integral. For example,to find a numerical approximation

to [cos x%dx first enter the calculation mode (MENU 1) and then press SHIFT [dx cos x,6,T x> SHIFT , 0

SHIFT , 1 EXE (first two lines in Figure 6.126). The Casio fx-7700/9700GE uses a method known as Simp-

son’s Rule to perform the calculation. The format of this commandis [(expression, lower limit, upperlimit,

n), where the last optional entry » is an integer from 1 to 9 which gives the number of intervals 2” used in
computing the integral. If » is not specified the calculator will automatically assign a value. The last two lines

in Figure 6.126 shows the calculation when # is 7.

 

JCCosS KE,H,1)
8.9845243

J(cos X2,8,1,7>
B.9045242379

   
Figure 6.126: Using [dx

6.12.2 Areas: You may approximate the area under the graph of a function y = f(x) between x = A and

x = B with your Casiofx-7700/9700GE. To do this you must be in the calculation mode (MENU 1) and access

the command by pressing SHIFT G-Jdx. For example, here are the keystrokes for finding the area under the

graph of the function y =cosx? between x = 0 and x = 1. The area is represented by the definite integral

[ cos x2dx . Press SHIFT G-Jdx cos x,0,T x? SHIFT , 0 SHIFT , 1 (Figure 6.127) followed by EXE to draw

the graph. Notice that these keystrokes are nearly identical to the keystrokes used above in computing the in-

tegral; the difference is from using the command G-dx instead of Jdx. As you could add a third value » to
your command before executing to specify the number ofintervals used in computing the integral. The range

in Figure 6.128 extends from —5 to 5 horizontally and from -2 to 2 vertically. If you need to change your

range press the RANGE key, enter your range, press EXIT to enter the calculation screen, and then press EXE
to redraw.
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[Grarh Jcos Re,0-

       Sdx= 8.9845243

Figure 6.127: Using G-Jdx Figure 6.128: Graph and area

 

  

Technology Tip: Suppose that you want to find the area between two functions, y = f(x) and y = g(x)

from x = 4 and x = B. If f(x) > g(x) for 4 <x < B, then graph the expression f(x)- g(x) in the manner

described above to find the required area.
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7.1 Getting started with the Casio CFX-9800G

7.1.1 Basics: Press the AC key to begin using your Casio CFX-9800G. The main menu screen will ap-
pear on your calculator (Figure 7.1).

 

Figure 7.1: Casio CFX-9800G main menu

If you need to adjust the display contrast, select the OPTION icon from the main menu by using the arrow

keys and press EXE, or by pressing C (Figure 7.2). Then press EXE again and press « (the left arrow key) to

lighten and » (the right arrow key) to darken (Figure 7.3). If you wish to adjust the tint of the three colors,

use the A (the up arrow key) or ¥ (the down arrow key) to scroll the color you wish to adjust, and then use «

and ».

 

   

Figure 7.2: OPTION screen Figure 7.3: CONTRAST

 

When you have finished with the calculator, turn it off to conserve battery power by pressing SHIFT and then

OFF. Power is automatically switched off approximately six minutes after the last operation.

Technology Tip: To return to the main menu you can press the MENU key. In general, whenever you need

to return to the main menu, you can press the MENU key. Note that to enter any mode from the main menu,
you just need to select the appropriate number or letter. Thus, you can jump quickly to the contrast screen by

pressing MENU C.

Check your Casio CFX-9800G’s calculation mode settings by selecting COMP from the main menu (Menu

1). The following screen showing the COMP settings should appear (Figure 7.4).

Press SHIFT SET UP to change the G-type, Angle, Display and M-D/Cpy settings as shown (Figure 7.4).
Use the up and down arrow keys to scroll through the three categories. When the cursor is at G-type press
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F1 to select the rectangular coordinates mode and F5 for connected graphs. When the cursoris at Angle press

F2 to select the radians mode. When the cursor is at Display press F3 for normal display (if the option

changes to Nrm2 instead of Nrm1, just press F3 again). When the cursoris at M-D/Cpy press F1 to select M-

DISP. (Note while both Figure 7.4 displays MONOCHR,this was in order to copy the image of the screen

into this document.) Setting the option to MDisp allows you to see the current settings when you press the
MDisp key. EXIT to return to the COMP screen and then press ACM to clear the screen.

  a
G-tyre :REC-CON
Anale :Rad
DisplaviNrml
M-D-Cey:MONOCHR

  
Figure 7.4: COMP settings

7.1.2 Editing: One advantage of the Casio CFX-9800G is that up to seven lines are visible at one time, so

you can see a long calculation. For example, enter the calculation mode (MENU 1) and type this sum (Figure

7.5):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19 +20

Then press EXE to see the answer too.

 

12+34+56

  
Figure 7.5: Calculation screen

Often we do not notice a mistake until we see how unreasonable an answer is. The Casio CFX-9800G permits

you to redisplay an entire calculation,edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 7.5 but had not yet pressed EXE, when you realize that 34

should have been 74. Simply press 4 (the left arrow key) as many times as necessary to move the blinking

cursor left to 3, then type 7 to write over it. On the other hand, if 34 should have been 384, move the cursor

back to 4, press SHIFT INS (the cursor changes to a blinking frame) and then type 8 (inserts at the cursor
position and the other characters are pushed to the right). If the 34 should have been 3 only, move the cursor

to 4, and press DELto delete it.

Even if you had pressed EXE, you may still edit the previous expression. Press the left or right arrow key to
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redisplay the last expression that we entered. Now you can change it. If you press «, the cursor will be at the

end of the previous expression;if you press » the cursor will appear at the beginning. Even if you have al-

ready pressed some keys since the last EXE, but not EXE again, you can still recall the previous expression

by first pressing ACto clear the screen and then pressing € or >.

In fact the Casio CFX-9800G retains many prior entries. After pressing ACN to clear the screen, press A

repeatedly to cycle back through previous expressions. If you pass by an expression that you want, just press

V¥ as many times as necessary to cycle forward.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account if

there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

t
the balance is P = (+ Ly , where P = principal, r = rate ofinterest (expressed as a decimal), » = number of

times interest is compounded each year, and + = number of years. In our example, this becomes

5000(1+.085) . Here are the keystrokes for finding the balance after ¢ = 3, 5, and 10 years. Figure 7.6 shows

the first set of keystrokes and the result.

Years Keystrokes Balance

3 5000 (1 + .085) A 3 EXE $6386.45

5 <4 « 5EXE $7518.28

10 <4 4 10 EXE $11,304.92

+, |
6386.445625

    
Figure 7.6: Editing expressions

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%,press the keys to change the last calculation above: 4 4« DEL 4 5 « <4 <4 €« 4 7 EXE.

7.1.3 Key Functions: Most keys on the Casio CFX-9800G offer access to more than one function, just as the

keys on a computer keyboard can produce more than one letter (“g” and “G”) or even quite different charac-

ters (“5” and “%”). The primary function of a key is indicated on the key itself, and you access that function

by a simple press on the key.

To access the second function indicated to the left above a key, first press SHIFT (the cursor changes to a
blinking S and a menu appears at the bottom of the screen) and then press the key. For example to calculate
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J25 , press SHIFT [25 EXE.

When you wantto use a letter or other character printed to the right above a key, first press ALPHA (the cur-

sor changes to a blinking A and a menu appears at the bottom ofthe screen) and then the key. For example, to

use the letter K in a formula, press ALPHA K. If you need several letters in a row, press SHIFT A-LOCK,

which is like the CAPS LOCK key on a computer keyboard, and then press all the letters you want. Remember

to press ALPHA when you are finished and want to restore the keys to their primary functions.

7.1.4 Order of Operations: The Casio CFX-9800G performs calculations according to the standard algebraic

rules. Working outwards from inner parentheses, calculations are performed from left to right. Powers and

roots are evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Enter these expressions to practice using your Casio CFX-9800G.

Expression Keystrokes Display

7-5-3 7 -5x 3 EXE -8
(7-5)-3 (7-5)x3EXE 6

120 — 10? 120 — 10 x* EXE 20

(120-10)? (120 - 10) x* EXE 12100

2 24 + 2 A 3EXE 3
2

24)
(2 (24 +2) A3 EXE 1728

(7--5)--3 (7--5)x-3EXE -36

vv) of

ter you have entered a value for N. Suppose you want N = 200. Press 200 SHIFT — ALPHA N EXE to store
the value 200 in memory location N. Whenever you use N in an expression, the calculator will substitute the

YY) by

7.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as

value 200 until you make a change by storing another number in N. Next enter the expression

N(N +1
typing ALPHA N (ALPHA N + 1) + 2 EXE. For N = 200, you will find that N+) =20100.

The contents of any memory location may be revealed by typing just its letter name and then EXE. And the

Casio CFX-9800G retains memorized values even when it is turned off, so long as its batteries are good.

7.1.6 Repeated Operations with Ans: The result of your /ast calculation is always stored in memory loca-

tion Ans and replaces any previous result. This makes it easy to use the answer from one computation in an-
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other computation. For example, press 30 + 15 EXE so that 45 is the last result displayed. Then press SHIFT
Ans + 9 EXE and get 5 because 45 + 9 = 5.

With a function like division, you press the + affer you enter an argument. For such functions, whenever you
start a new calculation with the previous answer followed by pressing the function key, you may press just the
function key. So instead of SHIFT Ans + 9 in the previous example, you could have pressed simply
+ 9 to achieve the same result. This technique also worksfor these functions: + — x A x2 x.

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokesto find the person’s incomes

during these periods (Figure 7.7).

Pay Period Keystrokes Earnings

8-hour day 5.85 x 8 EXE $46.80
5-day week SHIFT Ans x 5 EXE $234

52-week year x 52 EXE $12,168

 

 

Figure 7.7: SHIFT Ans key

In general, the Casio CFX-9800G does not distinguish between the negative sign and the subtraction operator.

But when you enter —4 as the first number in a calculation, you must use the negative key (-) rather than the —

key. Press these keys for an illustration: 8 EXE — 5 EXE (-) 5 EXE.

7.1.7 The MATH Menu: Operators and functions associated with a scientific calculator are available either

immediately from the keys of the Casio CFX-9800G or by the SHIFT keys. You have direct access to com-

mon arithmetic operations (x%, SHIFT J , SHIFT x7", A), trigonometric functions (sin, cos, tan), and their

inverses (SHIFT sin”, SHIFT cos”, SHIFT tan”), exponential and logarithmic functions (log, SHIFT 10%,

In, SHIFT eX), and a famous constant (SHIFT x).

A significant difference between the Casio CFX-9800G graphing calculators and most scientific calculators is

that the Casio CFX-9800G requires the argument of a function affer the function, as you would see in a for-

mula written in your textbook. For example, on the Casio CFX-9800G you calculate J16 by pressing the

keys J 16 in that order.

The Casio CFX-9800G has a special fraction key ab/ for entering fractions and mixed numbers. To enter a
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fraction such as 2, press 2 ab/ 5 EXE. To enter a mixed number like 23, press 2 a b/ 3 a b/ 4 EXE.

Press a b/ to toggle between the mixed number and its decimal equivalent; press SHIFT d4/ and see 23 as

an improper fraction, Ll .

Here are keystrokes for basic mathematical operations. Try them for practice on your Casio CFX-9800G.

Expression Keystrokes Display

V32 +42 SHIFT / (3x*+4x*)EXE 5

24 2 ab/ 1 ab] 3EXE ab 2.333333333
log 200 LOG 200 EXE 2.301029996

234-10° 2.34 x SHIFT 10% 5 EXE 234000

Additional mathematical operations and functions are available from the MATH menu. Press SHIFT MATH
to see the six categories of mathematical functions. They are listed across the bottom of the Casio CFX-

9800G’s screen and correspond to the function keys, F1 to F6 (Figure 7.8).

You will learn in your mathematics textbook how to apply many of them. As an example, calculate 3] by

pressing, with the MATH menu already on display, F3 [NUM] F1 [Abs] (-) § EXE (Figure 7.9). To clear a

menu from the screen, press EXIT. In this case, you press EXIT twice, the first time to clear the NUM menu to

get back to the MATH menu and then to clear the MATH menu.

 

  
Figure 7.8: MATH menu Figure 7.9: MATH NUM menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbol for factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1 - 2 - 3 - 4 = 24. You will

learn more about applications of factorials in your textbook, but for now use the Casio CFX-9800G to calcu-

late 4! Press these keystrokes: 4 SHIFT MATH F2 [PRB] F1 [x!] EXE

On the Casio CFX-9800G it is also possible to do calculations with complex numbers. Press SHIFT CMPLX
to activate the complex number calculation menu at the bottom of the screen. For example, to divide 2 + 3i by

4-2ipress(2+3F1[i])+(4-2F1[i]) EXE. The result is 0.1 + 0.8; (Figure 7.10).

To find the complex conjugate of 4 + 5i press F4 [Conj] (4 + 5 F1 [i] ) EXE (Figure 7.10).
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C2+31)+C

ConJa (4

 

Figure 7.10: Complex number calculations

The Casio CFX-9800G can also solve for the real and complex roots of a quadratic or cubic function in the

equation mode (MENU 9). The functions to be solved must be in the form f(x) =ax®+bx?+cx+d or

f(x) = ax? +bx +c where a #0. Enter the equation mode and press F2 [PLY]. You are then prompted for

the degree (either 2 or 3) of your polynomial (Figure 7.11).

 

 

  

 

in memory

Degree?  
Figure 7.11: Prompt for degree

For example,to find all the zeros of f(x) = x? —4x* +14x-20 select F2 [3] at the prompt and then enter the

coefficients by pressing 1 EXE (=) 4 EXE 14 EXE (=) 20 EXE (Figure 7.12). If you had not pressed EXE

yet, you can change a coefficient by pressing ACand entering a new value. Otherwise, move your cursor

over the coefficient with your arrow keys and enter a new value. Now press F1 [SOL] and the calculator will
display the solutions (Figure 7.13).

 

axd+bic+cx+d=y
b C d     

  
Figure 7.12: Entering the coefficients Figure 7.13: Zeros of f(x) =x’ —4x?+14x-20

To perform a new calculation press F1 [RPT]. If you are computing the roots of another cubic function then
you can either edit the existing coefficients or press F2 [CLR] to reset all the coefficients to zero. If you are

computing the roots of a quadratic function, press F3 [ERS] F1 [YES] F1 [2] and then enter in the coeffi-
cients of the quadratic and proceed.
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Note that it may take considerable time for the calculation result of a cubic equation to appear on the display.

Failure of a result to appear immediately does not mean that the unit is not functioning properly.

7.2 Functions and Graphs

7.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = your sales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x. If

your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s one method to use your Casio CFX-9800G to perform this task. First enter COMP mode (MENU 1)
and press AC/ON to clear your screen. Then set x = 2230 by pressing 2230 SHIFT — X,0,T. (The X,0,T key
lets you enter a variable x without having to use the ALPHA key.) Then press SHIFT _] to allow another ex-
pression to be input on a single command line. Finally, enter the expression 1975 + .10x by pressing these

keys: 1975 + .10 X,0,T. Now press EXE to calculate the answer (Figure 7.14).

 

22583xed
1975+. 18%

2198.

  f 
Figure 7.14: Evaluating a function

It is not necessary to repeat all these steps to find the February wages. Simply press » to recall the entire

previous line, change 2230 to 1865, and press EXE.

Another method is to use the function memory. The Casio CFX-9800G can store up to six functions. First be

in the COMP mode and press ACM to clear your screen. Press SHIFT F-MEM to display the function mem-

ory menu at the bottom ofthe screen. Enter the expression 1975 + .10x by pressing these keys: 1975 + .10
X,0,T. Then store this as function memory number 1 by pressing F1 [STO] F1 [f1] (Figure 7.15). Press

AC/ON to clear the screen, leaving the function memory menu. Then set x = 2230 by pressing 2230 SHIFT

— X,0,T EXE. Recall the entire expression by pressing F2 [RCL] F1 [f1], and then press EXE to calculate the

answer (Figure 7.16). To find the February wages, set x = 1865 and then evaluate the function for the new

value by pressing F2 [RCL] F1 [f1] EXE. By pressing F2 F1 you recall the entire expression. You can also

press F3 F1 to get the variable 1.

In general, to store a function enterit first in the calculation screen, but do not press EXE. If the function

memory menu is active, press F1 and the appropriate function key from F1 to F2, otherwise you must press
SHIFT F-MEM before pressing F1. To recall a function from the calculation screen press F2 and the func-

tion key corresponding to the function you want. Press F5 to see the list of functions currently in the function

memory.
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Figure 7.15: Storing a function Figure 7.16: Evaluating a function

With the Casio CFX-9800G, you can also use your calculator’s TABLE mode to create a table of values for a

function. From the main menu select the TABLE icon (MENU 8) to get the TABLE&GRAPH screen (Figure

7.17).

 

Figure 7.17: TABLE&GRAPH screen

Then press F1 [RA-F] to get the range function screen where you can store up to 30 functions. Move the
highlight so Y1 is selected. and enter the function 1975 + .10x by pressing these keys: 1975 + .10 X,6,T EXE

(Figure 7.18). Press F5 [RNG]to set the conditions for the x-variable when generating a function table. Strt is
the starting value of the x-variable, End is the ending value of the x-variable, and ptch is the change of the x-
variable. In this case set Strt to 2230, End to 2230 and ptch to 0 (Figure 7.19).

 

JAELE Range

End :2
rtch:B

  

 

 

Figure 7.18: RANGE FUNCTIONscreen Figure 7.19: TABLE Range

Press EXIT F6 [TBL] to see the table (Figure 7.20). We will now add x = 1865 to the table by pressing F2

[ROW] F3 [ADD] 1865 EXE (Figure 7.21).

Press EXIT to get the previous menu at the bottom of the screen. To add more entries use the ROW and ADD
commands as described above. If you wish to change the function press EXIT to return to the range function
screen. You can also add other functions to the list and select which ones are to be evaluated by pressing

F4 [SEL].
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Figure 7.20: Initial table of values Figure 7.21: Evaluating a function in a table

Technology Tip: The Casio CFX-9800G does not require multiplication to be expressed between variables,

so xxx means x". It is often easier to press two or three x’s together than to search for the square key or the

powers key. Of course, expressed multiplication is also not required between a constant and a variable. Hence

to enter 2x> + 3x2 —4x +5 in the Casio CFX-9800G, you might save keystrokes and press just these keys: 2

X0TX0TXO0T+3X0TXHT-4X0T+5

7.2.2 Functions in a Graph Window: On the Casio CFX-9800G, you can easily generate the graph of a

function. The ability to draw a graph contributes substantially to our ability to solve problems.

For example, here is how to graph y = —x3 +4x from the COMP mode. First press Graph and then (=) X,0,T

A 3 +4 X,6,T to enter the function (as in Figure 7.22). Now press EXE and the Casio CFX-9800G changes

LY
UL

Figure 7.22: Graph command in COMP mode Figure 7.23: Graph of y = —x> +4x

to a window with the graph of y = —x3 +4x (Figure 7.23).

 

 

 

    
  

While the Casio CFX-9800G is busy calculating coordinates for a plot, it displays a solid square at the top

right of the graph window. When you see this indicator, even though the screen does not change, you know

that the calculator is working.

Switch back and forth between the graph window and the home screen by pressing G>T.

The graph window on the Casio CFX-9800G may look like the one in Figure 7.23, Since the graph of

y= —x> +4x extends infinitely far left and right and also infinitely far up and down, the Casio CFX-9800G

can only display only a piece of the actual graph. This displayed rectangular part is called a viewing rectangle.
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You can easily change the viewing rectangle to enhance your investigation of a graph. For example,press any
of the arrow keys to pan the graph window in the corresponding direction. If you press the down arrow, for
example, the window will pan down so that you may look at points below the current window.

The viewing rectangle for the Casio CFX-9800G in Figure 7.23 shows the part of the graph that extends hori-

zontally form —4.7 to 4.7 and vertically from —3.1 to 3.1. Press RANGEto see information about your view-
ing rectangle. Figures 7.24 shows the RANGE screen that corresponds to the viewing rectangle in Figure
7.23. Thisis the standard viewing rectangle for the Casio CFX-9800G.

 

 

INIT [TRG

Figure 7.24: standard RANGE

The variables Xmin and Xmax are the minimum and maximum x-values of the viewing rectangles; Ymin and
Ymax are the minimum and maximum y-values.

Xscl and Ysclset the spacing between tick marks on the axes.

Use the arrow keys 4 and ¥ to move up and down from one line to anotherin this list; pressing the EXE key
will move down the list. Enter a new value to over-write a previous value and then press EXE. Note that the

DEL key does not work when you are in the RANGE menu. To leave the RANGE menu, press the EXIT key.
Finally, press EXE to redraw the graph. The following figures show different RANGE screens and the corre-
sponding viewing rectangle for each one.

To initialize the viewing rectangle quickly to the standard viewing rectangle, press RANGE F1 [INIT] EXIT.
Then press EXE to redraw the graph.

As you pan over the graph by pressing the arrow keys, the RANGE to dimensions are updated automatically.
More information about graph windowsis presented later in Section 7.2.4.

 

 

   

 

Xmint-18
max: 18
scl:l

rarh Range

Ymin:-106 IL
 

max: 18
scl:l

INIT [TRG

Figure 7.25: —10 to 10 in both directions Figure 7.26: Graph of y = —x> +4x
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Grarh Range
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max: 3
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INIT [TRG

 

     
Figure 7.27: Custom window Figure 7.28: Graph of y = —x> + 4x

Technology Tip: Clear any graphs drawn COMP mode by pressing F5 when the Casio CFX-9800G is
showing the graph screen or SHIFT F5 whenit is displaying the calculation screen. (When you press SHIFT
the graph commands are displayed at bottom, and you select the clear screen command CIs.)

If you are going to use a function later, or if you need to perform some calculations before returning to its

graph, save it in the Casio CFX-9800G’s function memory as described in Section 7.2.1.

Technology Tip: It’s a good idea to reserve at least one function memory location, say f1, for temporary

storage of functions, and use the remaining locations for longer-term storage.

Another procedure for graphing on the Casio CFX-9800G is to use the graph mode. To enter the graph mode

select the GRAPH icon (MENU 6) from the main menu. The graph function (GRAPH FUNC) settings

should appear as in Figure 7.29; press EXIT. If not, press F6 [SET] and then select the connected and rectan-

gular mode for drawing by pressing F1 [REC] and F5 [CON]. Scroll down and select the appropriate choice

for the other options. Press EXIT to return to the main GRAPH screen. Erase any existing functions by
scrolling to the desired function and pressing F2 [DEL]. You can store up to 30 functions in memory. To enter

y= —x> +4x, move the highlight to Y1, and then press (=) X,6,T A 3 + 4 X,6,T EXE. The screen in Figure

7.30 will appear. Now press F6 [DRW] to draw the graph.

[IN

G-tyre :REC/CON
-func :0N

Dual-G :0FF
Simul-G:0FF
PltLin:BLUE
Angle :Rad  

Figure 7.29: GRAPH FUNC settings Figure 7.30: GRAPH FUNC screen

As before, you can switch back and forth between the graph window and the graph function screen by press-

ing GoT.

For editing functions or graphing multiple functionsit is preferable to use the GRAPH mode to draw func-
tions. Unless otherwise noted, we will be using the GRAPH mode for our graphs.

To change a function in the GRAPH mode, recall it to the edit line by moving the highlight to the function
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you want to edit and press F1 [EDIT]. Edit the function as desired and press EXE when you are done.

Change the range in GRAPH modejust as you did in COMP mode.

7.2.3 Graphing Step and Piecewise Defined Functions: The greatest integer function, written [[x]], gives

the greatest integer less than or equal to a number x. On the Casio CFX-9800G,the greatest integer function is

called Intg and is located as F5 under the NUM sub-menu of the MATH menu (see Figure 7.9). Calculate
[[6.78]] = 6 in the COMP mode by pressing SHIFT MATH F3 [NUM] F5 [intg] 6.78 EXE.

To graph y =[[x]], enter the GRAPH mode (MENU 6 EXIT) and press SHIFT MATH F3 [NUM] F5 [intg]

X,0,T EXE SHIFT QUIT F6 [DRW]. Figure 7.31 showsthis graph in a viewing rectangle from —5 to 5 in both
directions.

The true graph of the greatest integer function is a step graph, like the one in Figure 7.32. For the graph of

y =[[x]], a segment should not be drawn between every pair of successive points. You can change from

CON (connected) to PLT (plotted) by pressing SHIFT SET UP F6 [PLT]. Press EXIT and then F6 to draw
the new graph (Figure 7.32).

"a =
wd al

Figure 7.31: Connected graph of y =[[x]] Figure 7.32: Plotted graph of y =[[x]]

  

  

        

In general, you’ll want the graph to be connected, so do that by returning to the set up screen and pressing F5

[CON].

It is not possible to graph piecewise defined functions on the Casio CFX-9800G.

7.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions but can be “split” into a

top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle of radius 6 whose

equation is x? + y? = 36. First solve for y and get an equation for the top semicircle, y = v36—x? , and for

the bottom semicircle, y = —v36—x? . Then graph the two semicircles simultaneously.

Use the following keystrokes to draw this circle’s graph in the GRAPH mode. Store v36—x2 as Y1 by

scrolling to Y1 and pressing SHIFT J (36 — X,6,T x ) EXE. Then store —v36-x2 as Y2 by scrolling to

Y2 and pressing (=) SHIFT J (36 — x0,T x* ) EXE (Figure 7.33). Next press F6 [DRW] to graph both
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halves (Figure 7.34). Make sure that the RANGEisset large enough to display a circle of radius6.

  
Figure 7.33: Two semicircles Figure 7.34: One view ofcircle’s graph

Instead of entering —v36— x as Y2, you could have entered —Y1 as Y2 and saved some keystrokes. Try this

by going into the GRAPH screen, scrolling to Y2 pressing (-) SHIFT VAR F3 [GPH] F1 [Y] 1 EXE. The
graph should be as before. The VAR menu (displayed along the bottom of the screen in Figure 7.35) enables
you to recall graphic functions and other information from memory.

 

Figure 7.35: Using the VAR menu

If your range were set to a viewing rectangle extending from —10 to 10 in both directions, your graph would

look like Figure 7.34. Now this does not look a circle, because the units along the axes are not the same. You

need whatis called a “square” viewing rectangle.

The Casio CFX-9800G’s standard viewing rectangle is square but too small to display a circle of radius 6, so

you should double the dimensions of the standard viewing window. Change the range to extend horizontally

from —9.4 to 9.4 and vertically from —6.2 to 6.2 (Figure 7.36). The graph for the better circle is shown in Fig-

ure 7.37.

rarh Range
Xmint-9.4
max:9.4
scl: AY

  

   

  
 

Ymin: -6.2
max:6.2
scl:

INIT [TRG

Figure 7.36: Twice standard range Figure 7.37: Bettercircle

     

Technology Tip: Another way to get an approximately square graph on the Casio CFX-9800G is to change
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the range variables so that the value of Ymax — Ymin is < times Xmax — Xmin. For example, use the

RANGE values in Figure 7.38 to get the corresponding graph in Figure 7.39. This method works because the

dimensions of the Casio CFX-9800G’s display are such that the ratio of vertical to horizontal is approximately
2
3:

 
 

Grarh Range
Amin: -12 ]
max:12 7
scl:l —-

Ymin: -8
 

N
F

      
 

max: 8 |
scl:

[iNT [TRG

Figure 7.38; [emial_ _ 16 _ 2 Figure 7.39: “Square”circle

The two semicircles in Figure 7.39 do not meet because of an idiosyncrasy in the way the Casio CFX-9800G

plots a graph.

Technology Tip: The square viewing rectangle is also important when you want to judge whether two lines
are perpendicular. The intersection of perpendicular lines will always look like a right angle in a square
viewing rectangle.

7.2.5 TRACE: In the graph mode (MENU 6) graph the function y = —x3 +4x from Section 7.2.2 using the

standard viewing rectangle. (Remember to clear or cancel any other functions in the graph function screen.)

When the graph window is displayed, press F1 to enable « (the left arrow key) and » (the right arrow key)
to trace along the function. The coordinates that are displayed belong to points on the function’s graph, so the
y-coordinate is the calculated value of the function at the corresponding x-coordinate (Figure 7.40). (Note that

on the Casio CFX-9800G the x-coordinate of the trace begins at the left-most value of the rectangle so the
cursor will not appear until it is traced onto the screen.)

LN
[#=-1.8 y=-| «368

Figure 7.40: Trace

 

 

 

   
Press F6 to cycle between the x-coordinate alone, the y-coordinate alone, and both coordinates.

Now plot a second function, y = -25x, along with y= —x> +4x . From the above graph window, return to

the GRAPH screen by pressing G>T, and enter the second function as Y2 by pressing (-) .25 X,0,T EXE
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(Figure 7.41). Finally, press F6 to draw both functions (Figure 7.42).

 

—LJ)
T=

Figure 7.41: Two functions in GRAPH mode Figure 7.42: Graph of y =-25x and y= —x> +4x

 

   

 

 

Technology Tip: The Casio CFX-9800G can display a graph in one ofthree colors: blue, orange, and green.

So when you are plotting more than one function, it’s helpful to color their graphs distinctly. In the graph
function screen, move the highlight onto a function and press F4 [COLR] to activate the color menu, and then

select F1 [BLU] for blue, F2 [ORN] for orange, and F3 [GRN] for green. Notice that each function’s formula

is colored to match its graph. Press EXIT to remove the color menu.

Technology Tip: Since the Casio CFX-9800G always draws axes in green, you may wish to color graphs in
blue and orange for contrast. Also, the trace cursor will always be orange.

Notice that in Figure 7.41 the equal signs next to Y1 and Y2 are both highlighted. This means that both func-

tions will be graphed. In the GRAPH screen, move the cursor onto Y1 and press F5 [SEL]. The equal sign

next to Y1 should no longer be highlighted (Figure 7.43). Now press F6 and see that only Y2 is plotted
(Figure 7.44).

 

~~|
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Figure 7.43: Only Y2 active Figure 7.44: Graph of y = -25x

 

Up to thirty different functions can be stored in list of functions in the GRAPH screen and any combination
of them may be graphed simultaneously. You can make a function active or inactive for graphing by scrolling

to the function pressing the F5 [SEL]. Now go back to the GRAPH screen and do what is need in order to

graph Y1 but not Y2.

Now activate both functions so that both graphs are plotted. Press F1 to trace and the cursor will be on the

graph of y= —x> +4x because it is higher up on the list of active functions in the GRAPH FUNC screen.

Press the up A or down Vv arrow key to move the cursor vertically to the graph of y = —25x . Next press the

left and right arrow keys to trace along the graph of y = —25x . When more than one function is plotted, you
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can move the trace cursor vertically from one graph to another in this way.

Technology Tip: On the Casio CFX-9800G, when there is more than one function plotted, the function of

the graph being graphed or traced can be displayed. In SET UP, move your cursor down to G-func and press
F1 [ON] to turn the display on or F2 [OFF] to turn it off.

Technology Tip: By the way, trace the graph of y =-25x and press and hold either € or ». Eventually

you will reach the left or right edge of the window. Keep pressing the arrow key and the Casio CFX-9800G

will allow you to continue the trace by panning the viewing rectangle. Check the RANGE screen to see that
the Xmin and Xmax are automatically updated.

The Casio CFX-9800G has a display of 95 horizontal columns of pixels and 63 vertical rows, so when you

trace a curve across a graph window, you are actually moving from Xmin to Xmax in 94 equal jumps, each

called Ax. You would calculate the size of each jump to be Ax =Hh Sometimes you may want

the jumps to be friendly numbers like 0.1 or 0.25 so that, when you trace along the curve, the x-coordinates
will be incremented by such a convenient amount. Just set your viewing rectangle for a particular increment

Ax by making Xmax = Xmin + 94 - Ax. For example, if you want Xmin = —5 and Ax = 0.3, set Xmax = -5 +
94 .0.3=23.2.

On the Casio CFX-9800G, to center your window around a particular point, say (4,k), and also have a certain

Ax, set Xmin = h — 47 - Ax and make Xmax = Ah + 47 - Ax. Likewise, make Ymin = k — 31 - Ay and make
Ymax = h + 31 - Ax. For example, to center a window around the origin (0, 0), with both horizontal and verti-

cal increments of 0.25, set the range so that Xmin = 0 — 47 - 0.25 = -11.75, Xmax = 0 + 47 - 0.25 = 11.75,

Ymin=0-31-0.25=-7.75and Ymax = h +31 -0.25=7.75.

The Casio CFX-9800G’s standard viewing window is already a friendly viewing rectangle, centered at the

origin (0, 0) with Ax = Ay =0.1.

See the benefit by first plotting y = x* +2x +1 in a window that extends from —10 to 10 in both directions.

Trace near its y-intercept, which is (0, 1), and move towards its x-intercept, which is (1, 0). Then initialize

the range to the standard window and trace again near the intercepts.

7.2.6 ZOOM: Plot again the two graphs, for y = —x> +4x and y = —25x . There appears to be an intersec-

tion near x = 2. The Casio CFX-9800G provides several ways to enlarge the view around this point. You can

change the viewing rectangle directly by pressing RANGE and editing the values of Xmin, Xmax, Ymin, and
Ymax. Figure 7.45 shows a new viewing rectangle for the range extending from 1.5 to 2.5 horizontally and

from -2.5 to 2.5 vertically.

Trace along the graphs until coordinates of a point that is close to the intersection are displayed.

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start again

with a graph of the two functions y = —x> +4x and y =-25x in a standard viewing rectangle.
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Figure 7.45: Closer view

 

 

   

Now imagine a small rectangular box around the intersection point, near x = 2. Press F2 [Zoom] to activate

the Zoom menu at the bottom ofthe screen (Figure 7.46).

Now press F1 [BOX] to draw a box to define this new viewing rectangle. Use the arrow keys to move the
cursor, which is now free-moving and whose coordinates are displayed at the bottom of the window, to one

corner of the new viewing rectangle you imagine (Figure 7.47).

~} 4/\
AT

BOX x f |x"f|AUT =| 6 ¥=-0.8

  

  

       
Figure 7.46: Zoom menu Figure 7.47: One corner selected

Press EXE to fix the corner where you moved the cursor. Use the arrow keys again to move the cursor to the

diagonally opposite corner of the new rectangle (Figure 7.48). If this box looks all right to you, press EXE.

The rectangular area you have enclosed will now enlarge to fill the graph window (Figure 7.49).

~LJ)
  

 

      

+

l=. ¥=-0.3 =a. ¥=-0.55

Figure 7.48: Box drawn Figure 7.49: New viewing rectangle

You may cancel the zoom any time before you press this last EXE. Press another function key such as F1 to

cancel the zoom and initiate a trace instead, or press F2 to zoom again and start over. Even if you did execute

the zoom, you may still return to the original viewing rectangle and start over by pressing F2 [Zoom] F6 [#]

F1 [ORG].

The Casio CFX-9800G has a split screen feature that enables you to see two views of a graph simultaneously.
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In SET UP, move the cursor down to Dual-G and toggle it on (press F1). Now when you zoom,the left win-
dow displays the original graph and the right window displays the result of the zoom (Figure 7.50).

AL
[%=0 Y=0

Figure 7.50: DUAL GRAPH

 

  

   

In the Casio CFX-9800G’s DUAL GRAPH mode, only the left side can be acted on. So to achieve another

zoom, first press F6 F2 [CHNG] to exchange the left and right windows. When you press RANGE, you will

find wo ranges that can be changed independently. The F6 key toggles between the left side range and the

right side range.

Technology Tip: Use the Gokey to toggle the Casio CFX-9800G from the dual graph to full-screen left

side to full-screen right side to the GRAPH FUNC screen.

The Casio CFX-9800G can quickly magnify a graph around the cursor’s location. Return once more to the

standard range for the graph of the two functions y = —x? +4x and y =-25x . Trace along the graphs to

move the cursor as close as you can to the point of intersection near x = 2 (Figure 7.51). Then press F2 F3 [xf]
and the calculator draws a magnified graph, centered at the cursor’s position (Figure 7.52). The range values

are changed to reflect this new viewing rectangle. Look in the RANGE menu to check.
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Figure 7.51: Before a zoom in Figure 7.52: After a zoom in

As you see in the Zoom menu (press F2), the Casio CFX-9800G can zoom in (press F2 F3 [x f]) or zoom out
(press F2 F4 [x 1/]). Zoom out to see a larger view of the graph, centered at the cursor position. You can

change the horizontal and vertical scale of the magnification by pressing F2 F2 and editing Xfct and Yfct, the
horizontal and vertical magnification factors.

Technology Tip: An advantage of zooming in from the default viewing rectangle is that subsequent win-

dows will also be square. Likewise, if you zoom in from a friendly viewing rectangle, the zoomed windows

will also be friendly.
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The default zoom factoris 2 in both directions (press F1 [INIT] in the Zoom Factor menu). It is not necessary

for Xfct and Yfct to be equal. Sometimes, you may prefer to zoom in one direction only, so the other factor
should be set to 1, Press EXIT to leave the Zoom Factor menu.

Technology Tip: If you should zoom in too much and lose the curve, zoom back to the original viewing
rectangle and start over. Or use the arrow keys to pan overif you think the curve is not too far away. You can

also just initialize the range to the Casio CFX-9800G’s standard window.

Technology Tip: The Casio CFX-9800G can automatically select the necessary vertical range for a function.

For auto scaling, press F2 [Zoom] F5 [AUTO]. Take care, because sometimes when you are graphing two
functions together, the calculator will auto scale for one function in such a way that the other function will no

longer be visible. For example, plot the two functions y =—x’ +4x and y=-25x in the Casio CFX-

9800G’s standard viewing rectangle, then auto scale and trace along both functions.

7.2.7 Relative Minimums and Maximums: Graph y = —x? +4x once again in the standard viewing rectan-

gle. This function appears to have a relative minimum near x = —1 and a relative maximum near x = 1. You

may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point Trace along the curve until the y-coordinate is as small as you can getit, so that

you are as close as possible to the local minimum, and zoom in (press F2 F3 or use a zoom box). Now trace
again along the curve and, as you move from point to point, see that the coordinates change by smaller

amounts than before. Keep zooming and tracing until you find the coordinates of the local minimum point as

accurately as you need them, approximately (1.15, —3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as great

as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local maximum

point on the graph of y = —x* +4x is approximately (1.15, 3.08).

The Casio CFX-9800G can automatically find the maximums and minimums for functions drawn in the

GRAPH mode. After graphing y = —x> + 4x , press SHIFT G-SOLV to activate the graph solve menu at the

bottom of the screen (Figure 7.53).

ET|MINaP

Figure 7.53: G-SOLVE menu

 

 

   

After activating the graph solve menu, press F3 [MIN] to calculate the minimum (Figure 7.54). Then find the

maximum by pressing SHIFT G-SOLV F2 [MAX] (Figure 7.55).
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Figure 7.54: Minimum of y =x +4x Figure 7.55: Maximum of y = x3 +4x

 

Note that if you have more than one graph on the screen, the calculator will pause until you specify the graph

whose maximum or minimum you want to calculate. As you use the up and down arrow keys to move be-

tween graphs, press EXE when the equation you want to evaluate appears on the screen.

If your graph has more than one maximum or minimum, you can use the left and right arrows to move be-

tween them.

7.3 Solving Equations and Inequalities

7.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,

where a curve crosses the x-axis. For example, the graph of y = x? —8x crosses the x-axis three times (Figure

7.56). After tracing over to the x-intercept point that is farthest to the left, zoom in (Figure 7.57). Continuethis

process until you have located all three intercepts with as much accuracy as you need. The three x-intercepts

of y =x’ —8x are approximately —2.828, 0, and 2.828.

  

 

/ Y=ATI=8A

BY
Figure 7.56: Graph of y = x> —8x Figure 7.57: Near an x-intercept of y = x> — 8x

 

     h=-d. 5 Y=-0.3U9125 |
 

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the error is less than the distance between two tick marks. Change the x-scale from

the RANGE menu. Move the cursor down to Xscale and enter an appropriate value.

The x-intercept of a function’s graph is a root of the equation f(x) =0, and the Casio CFX-9800G can auto-

matically search for the roots. First plot the function in GRAPH mode and then activate the graph solve menu

by pressing SHIFT G-SOLV.(Refer back to figure 7.53.) Then press F1 [ROOT] to locate an x-intercept on
the graph in the current window (Figure 7.58). The calculator searches from left to right to find an x-intercept
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in the current window; press the right arrow key to search for the next x-intercept to the right.

 

YER"3=8BA

 

 ROOT
[#=-2. B2gua" ¥=0

Figure 7.58: A root of y = x> —8x

 

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the graphs

of y=-x>+4x and y=-25x. Trace along one of the graphs until you arrive close to an intersection point.

Then press 4 or w to jump to the other graph. Notice that the x-coordinate does not change, but the y-

coordinate is likely to be different (Figures 7.59 and 7.60).

  

  

    
 

V=-Ro+4R ==, 29%

[=1.3 ¥=0. W) lx=1.8 ¥=-0. 415

Figure 7.59: Trace on y = —x> +4x Figure 7.60: Trace on y = —-25x

When two y-coordinates are as close as they can get, you have come as close as you now can to the point of

intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as close
as possible. Continue this process until you have located the point of intersection with as much accuracy as
necessary.

Technology Tip: Press F6 a couple of times to display only the y-coordinate. Then while tracing towards an

intersection, it’s easier to see where the y-coordinates are closest.

 

V=-.29%
Y=-X*3+4X

7
Tos

[#=-2.061552Y=0.51538082

 

  
Figure 7.61: An intersection of y = —x> +4x and y = -25x

While the graphs are displayed, automate the Casio CFX-9800G to search for points of intersection by press-
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ing SHIFT G-SOLV F5 [ISCT]. If more than two functions are being plotted, the calculator will ask you to
specify the two whose intersection you seek. The calculator searches from left to right to find an intersection
point in the current window; press the right arrow to continue the search for the next intersection point. Figure
7.61 shows one ofthe intersection points.

7.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x —36x+17=0. First

graph y =24x> —36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all the

equation’s roots. Then use trace and zoom or the ROOT command, to locate each one. In fact, this equation
has just one solution, approximately x = —1.414.

Remember that when an equation has more than one root, it may be necessary to change the viewing rectangle

a few times to locate all of them.

Technology Tip: To solve an equation like 24x> +17 = 36x, you may first transform it into standard form,

24x® —36x +17 =0, and proceed as above. However, you may also graph the two functions y =24x> +17

and y = 36x, then zoom and trace to locate their point of intersection or use the ISCT command.

7.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of inter-

section of their graphs (Figure 7.62). For example, to solve the system y=x> +3x2-2x-1 and

y =x? —3x—4, first graph them together. Then use zoom and trace or the ISCT command, to locate their

point of intersection, approximately (-2.17, 7.25).

ANU
|

Figure 7.62: Graph of y = x> +3x? —=2x—1 and y=x?-3x-4

 

 

    

If you zoom and trace, you must judge whether the two current y-coordinates are sufficiently close for x = —

2.17 or whether you should continue to zoom and trace to improve the approximation.

The solutions of the system of two equations y = x>+3x2-2x-1 and y=x?-3x-4 correspond to the

solutions of the single equation x3 +3x2 =2x—1= x? —=3x—4, which simplifies to x3 +2x2 +x+3=0. So

you may also graph y = x3 +2x% + x +3 and find its x-intercepts to solve the system.

: 3 oo .
7.3.4 Solving Inequalities by Graphing: Consider the inequality 1-—= > x—4. To solve it with your Casio
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. 3 . . oo .
CFX-9800G, graph the two functions y =1-= and y = x—4 (Figure 7.63). First locate their point of inter-

: Lo 3x.
section, at x = 2. The inequality is true when the graph of y=1-= lies above the graph of y=x-4, and

that occurs when x < 2. So the solution is the half-line x <2, or (-, 2].

 T=R-3
Y=1-3K:2
No

cr|e
R=g y=-g  

Figure 7.63: Solving 1-> >x-4

The Casio CFX-9800G is capable of graphing inequalities of the form y < f(x), y< f(x), y= f(x), or

y > f(x). For example, to graph y > x2 —1 in GRAPH mode, press F3 [TYPE] F4 [INEQ]. Scroll to Y3,

input x? —1, press F3 [Y>], and press EXE (Figure 7.64). (Be sure the other graphs are not selected.) Now

press F6 to draw the graph (Figure 7.65).

      
Figure 7.64: Inequality options Figure 7.65: Graph of y > x? —1

Next press F1 to trace along the boundaries of the inequality. Notice that the Casio CFX-9800G displays co-

ordinates appropriately as inequalities. Zooming is also available for inequality graphs.

Solve a system of inequalities, such as 1-= > y and y > x —4, by plotting the two inequality graphs simul-

. . . . 3x .
taneously. First, clear the graph window and reset the range to a convenient window. Input 1-> as an ine-

quality type in Y1 and store it by pressing F4 [Y<] EXE. Likewise, input x —4 as an inequality type in Y2

and press F1 [Y>] EXE. Now press F6 to draw the two inequalities as in Figure 7.66.

Technology Tip: Since you can change the mode of the Casio CFX-9800G at any time, you can graph ine-

qualities and equations together at the same time. Simply change to inequality type before entering an ine-
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quality, and change to rectangular type before entering an equation.

 

 
Figure 7.66: Graphs of 1-2 >y and y>x-4

7.4 Trigonometry

7.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the Casio CFX-9800G is configured for whichever measure you

need. From the main menu, enter the calculation mode (MENU 1) to see the currentsettings. To change your

angle setting while in the calculation mode, press SHIFT DRG to activate the angular unit menu at the bottom

of the screen. Press F1 for degree measure or F2 for radian measure, then press EXE to make it so.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular
measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

 

Expression Keystrokes Display

sin 45° SHIFT DRG F1 EXE

sin 45 EXE 0.7071067812
sin 1° sin SHIFT n EXE 0.05480366515
sin SHIFT DRG F2 EXE

sin SHIFT n EXE 0
sin 45 sin 45 EXE 0.8509035245

sin sin ( SHIFT nt + 6 ) EXE 0.5

The first line of keystrokes sets the Casio CFX-9800G in degree mode and calculates the sine of 45 degrees.
While the calculatoris still in degree mode, the second line keystrokes calculates the sine of n degrees, ap-

proximately 3.1415°. The third line changes to radian mode just before calculating the sine of © radians. The

fourth line calculates the sine of 45 radians (the calculator remains in radian mode).

The Casio CFX-9800G makes it possible to mix degrees and radians in a calculation. Execute these key-

strokesto calculate tan45°+sin% as shown in Figure 7.67: tan 45 SHIFT DRG F4 + sin ( SHIFT n + 6)

F5 EXE. Do you get 1.5 whether your calculator is in set either in degree mode or in radian mode?
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Figure 7.67: Angle measure

7.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-

sin 30x
 ful attention to the choice of graph window. For example, graph y = in the standard viewing rectan-

gle. Trace along the curve to see where it is. Zoom in to a better window, or use the period and amplitude to

establish a better window.

Technology Tip: In the RANGE menu of the Casio CFX-9800G the viewing rectangle can be set by press-

ing F2 to a special window for trigonometric functions so that horizontal range is from —2n to 2x in radian

mode or from —360° to 360° in degree mode and the vertical range is from —1.6 to 1.6.

7.5 Scatter Plots

7.5.1 Entering Data: The table shows the total prize money (in millions of dollars) awarded at the Indian-

apolis 500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

 

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989
 

 
Prize $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

($million)           
We’ll now use the Casio CFX-9800G to construct a scatter plot that represents these points and to find a linear

model that approximates the given data.

In the main menu select the REG icon (MENU 4) to enter the regression mode. You want to set the mode to

the settings shown in Figure 7.68. In particular you want S-data set to STO and S-graph set to DRAW for
data storage and graphing. If you need to change the set up, press SHIFT SET UP. For example, to set STAT
GRAPH to DRAW press ¥v v F1 [DRW] (Figure 7.69). Press EXIT ACto enter the regression screen.

Instead of entering the full year 198x we will enter only X. Since the data will be plotted as it is entered,

choose an appropriate viewing rectangle, say from 0 to 10 horizontally and vertically. First clear any existing

statistical data by pressing F2 [EDIT] and then F1 [DEL] as many times as necessary to delete any existing

entries. Press EXIT when you are done. Here are the keystrokes to enter the data for the first three years: 1 F3
1.61 F12F3 2.07 F1 3 F3 2.41 F1. Continue to enter all the given data .
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KREG LIN
S-data :STO S-data :STO
—ararh: DRAW

S-plot :{RECUCO -plot :
G-tyre :REC-CON G-tyre :REC-CON
Anale :Rad Angle :Ra
Display:Nrml DiskplaryiNrml

: EPL DRW[HON

Figure 7.68: REG settings Figure 7.69: Setting up REG

You can go back and forth from your graph to the REG screen by pressing the GT. You may edit statistical

data in the same way you edit expressions in the home screen. In the REG screen press F2 to display the data

table (Figure 7.70). Move the cursor to the x and y value for any data point you wish to change, then type the

correction and press EXE. To insert or delete data, move the cursorto the x or y value for any data point you
wish to add or delete. Press F2 and a new data pointis created; press F1 and the data point is deleted. Press
EXIT to return to the regression screen.

 

 

Figure 7.70: Editing data points

7.5.2 Plotting Data: Once all the data points have been entered, press SHIFT CLR F2 [SCL] EXE to clear

statistical memory. Then press F6 [CAL] to calculate the statistics associated with the data. Recalculation is
necessary whenever you edit data or change the graph window. Figure 7.71 shows the scatter plot in a view-

ing rectangle extending form 0 to 10 along the horizontal and vertical axes.

 

 
Figure 7.71: Scatter plot

7.5.3 Regression Line: The Casio CFX-9800G calculates and the slope and y-intercept for the line that best

fits all the data. From the plot of the data, return to the regression screen by pressing GT. Press F6 [REG]
to calculate a linear regression model. As you can see in Figure 7.72, the Casio CFX-9800G displays the re-

gression menu at the bottom of the screen and names the y-intercept A and calls the slope B. The number r
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(between —1 and 1) is called the correlation coefficient and measures the goodness offit of the linear regres-

sion with the data. The closer the absolute value of r is to 1, the better the fit; the closer the absolute value of r

is to 0, the worse the fit. Press the function key F1 EXE for A, F2 EXE for B, and F3 EXE for.

Graph the line y = A + Bx by pressing GRAPH SHIFT F4 1 EXE. See how well this line fits with your data
points (Figure 7.73).

  

8. 9322222222

B8.5113333333

B8.99498365285

 

  

 

 

Figure 7.72: Linear regression model Figure 7.73: Linear regression line

7.5.4 Exponential Growth Model: The table shows the world population (in millions) from 1980 to 1992.

 

Year 1980 1985 1986 1987 1988 1989 1990 1991 1992

 

 
Population 4453 4850 4936 5024 5112 5202 5294 5384 5478

(millions)           
In the regression mode, press SHIFT SET UP. At REG press F3 [EXP], so the set up screen looks like Fig-

ure 7.74. Then EXIT the screen and follow the procedure described above and enter the data to find an expo-

nential model that approximates the given data. Use 0 for 1980, 5 for 1985, and so on. You may find it easier

to EDIT the existing data rather than entering new data.

Now EXIT the data screen and press F6 [CALC] to process the data. Then press F6 [REG] to compute the

exponential growth model y = ae”. Press F1 [A] EXE F2 [B] EXE to find the values of A and B (Figure

7.75). In this case, the exponential growth model is y = 445 10017303

 

= A
—data :STU 44506. 972591

S—-ararh: DRAW BE
S-rlot : ORANGE 8.601736831530
G-tvre :REC-CO
Angle :Rad
Display:Nrml  

Figure 7.74: Setting up REG Figure 7.75: Exponential growth model

If you wish to plot and graph the data, follow the method for linear regression. Set an appropriate range for

the data and then press SHIFT CLR F2 [SCL] EXE F6 [CAL]. The data will now be plotted in the range. As
in the linear regression model, press GRAPH SHIFT F4 1 EXE to graph the exponential growth model.
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7.6 Matrices

7.6.1 Making a Matrix: The Casio CFX-9800G can work with 26 different matrices (Mat A through Mat 2).

1 4 3 5

Here’s how to create this 3x4 matrix -1 3 -1 -3| in your calculator as Mat A.

2 0 -4 6

Enter the matrix mode by selecting the MAT icon from the main menu (MENU 5). Then press EXIT F4

[EDIT] to see the matrix list. The display will show the dimension of each matrix if the matrix exists; other-

wise, it will display None (Figure 7.76). Move the cursor to Mat A and press F2 [DIM] 3 EXE 4 EXE to en-
ter its dimensions of 3 rows by 4 columns. Return to the matrix list by pressing EXIT once, then press F1
[EDIT] to edit Mat A.

Use the arrow keys or press EXE repeatedly to move the cursor to a matrix element you want to change. If
you press EXE, you will move right across a row and then back to the first column of the next row. The ele-

ment in the second row and first column in Figure 7.77 is highlighted, so that the element’s current value is

displayed at the bottom right corner of the screen. Continue to enter all the elements of Mat A; press EXE
after inputting each value.

  

  3

Figure 7.76: Matrix list Figure 7.77: Editing a matrix

When you are finished, leave the editing screen by pressing EXIT once to return to the matrix list.

7.6.2 Matrix Math: You can perform many calculations with matrices in the matrix mode. To calculate the

scalar multiplication 2 Mat A, enter the matrix calculation screen. This is the primary screen in the matrix

mode. If you are in the matrix list, press EXIT. Now press 2 F1 [Mat] ALPHA A EXE. The resulting matrix is
displayed on the screen and is stored in matrix memory as Mat Ans (Figure 7.78). If you would rather have

the matrix stored as specific matrix, say Mat C, you should press 2 F1 [Mat] ALPHA A SHIFT — F1 [Mat]
ALPHA C EXE. The calculator will display the matrix. Press EXIT to return to the matrix calculation screen

(Figure 7.79).

To add two matrices, say Mat A and Mat B, create Mat B (with the same dimensions as Mat A) and then

press F1 [Mat] ALPHA A + F1 [Mat] ALPHA B EXE. Again, if you want to store the answer as a specific

matrix, say Mat C, then press — F1 [Mat] ALPHA C before executing the above command. Subtraction is

performed in a similar manner.
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Figure 7.78: MAT A Figure 7.79: Matrix calculation

2 3
Now set the dimensions of Mat C as 2x3 and enter the matrix ; | as Mat C. For matrix multiplica-

tion of Mat C by Mat A, press F1 [Mat] ALPHA C x F1 [Mat] ALPHA A EXE. If you tried to multiply Mat

A by Mat C, your calculator would signal an error because the dimensions of the two matrices do not permit
multiplication in this way.

The transpose of a matrix is another matrix with the rows and columns interchanged. To calculate the trans-
pose of Mat A , press F3 [Trn] F1 [Mat] ALPHA A EXE.

7.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides a more careful explanation of the elementary row operations and their uses.

Enter the editing screen for Mat A. Press F1 to activate the row operations menu at the bottom of the calcula-

tor screen (Figure 7.80).

After you select a row operation, your calculator will prompt you through it. For example, to interchange the

second and third rows of Mat A defined above, press F1 2 EXE 3 EXE, while the calculator prompts for the
row numbers (Figure 7.81). The format of this command is Swap Row m « Row n.

  

  Rsw[XR[XR+[R

Figure 7.80: Row operations menu Figure 7.81: Swap rows 2 and 3

To add row 2 and row 3 and store the results in row 3, press F4 2 EXE 3 EXE. The format of this command
is Row m + Row n —» Row n.

To multiply row 2 by —4 and store the results in row 2, thereby replacing row 2 with new values, press F2 (-)

4 EXE 2 EXE. The format of this command is k x Row m —» Row m.

To multiply row 2 by —4 and add the results to row 3, thereby replacing row 3 with new values, press F3 (-)

4 EXE 2 EXE 3 EXE. The format of this command is k x Row m + Row n —» Row n.
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Note that as you perform row operations on the Casio CFX-9800G, your old matrix is replaced by the new
matrix, so if you want to keep the original matrix in case you need it, you should save it under another name.

x-2y+3z=9

For example, use row operations to solve this system of linear equations: -x+3y=-4.

2x-5y+5z=17

1 -2 3 9

First enter this augmented matrix as Mat A in your Casio CFX-9800G: [-1 3 0 -4|. Next store this

2 5 5 17

matrix as Mat E (press EXIT a couple of times to go back to the matrix home screen, then press F1 [Mat]

ALPHA A SHIFT — F1 [Mat] ALPHA E EXE,as in Figure 7.82), so you may keep the original in case you
need to recallit.

 

 

Figure 7.82: Storing as Mat E

We now edit Mat E. Here are the row operations and their associated keystrokes. At each step, the result is

stored as Mat E and replaces the previous Mat E. The completion of the row operations is shown in Figure

7.83. First press F1 to begin performing row operations.

 

Row Operations Keystrokes

add row 1 to row 2 F4 1 EXE 2 EXE
add -2 times row 1 to row 3 F3 (-) 2 EXE 1 EXE 3 EXE
add row 2 to row 3 F4 2 EXE 3 EXE

multiply row 3 by 1 F21 +2 EXE 3 EXE

 

 

Figure 7.83: Final matrix after row operations
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Thusz=2,sox=1andy=-1.

1 2 3

7.6.4 Determinants and Inverses: Enter this 3x3 square matrix as Mat A: |[-1 3 0]. To calculateits

2 55

1 2 3

determinant -1 3 0], go to the matrix home screen and press F2 [Det] F1 [Mat] ALPHA A EXE. You

2 55

should find that the determinant is 2 as shown in Figure 7.84.

Since the determinant of the matrix is not zero, it has an inverse matrix. Press F1 [Mat] ALPHA A SHIFT x

EXE to calculate the inverse. The result is shown in Figure 7.85.

  

    
    
  
    

 

el Mal H Hns_1_
2 [ I -2.5 -U.

8] 2.5 -0.5 -l.
-0.5 0.5

SEE

Figure 7.84: Determinant of Mat A Figure 7.85: Inverse of Mat A

x-2y+3z=9

Now let’s solve a system oflinear equations by matrix inversion. Once again, consider -x+3y=-4.

2x-5y+5z=17

1 2 3

The coefficient matrix for this system is the matrix -1 3 0| which was entered in the previous example.

2 55

9

Now enter the matrix —4 as Mat B. Then in matrix mode, press F1 [Mat] ALPHA A SHIFT x™' x F1 [Mat]

17

ALPHA B EXE to get the answer as shown in Figure 7.86.

7-32 Casio CFX-9800G Color Power Graphic Calculator



 

 

  
Figure 7.86: Solution matrix

The solution is stillx=1, y=-1, and z = 2.

7.7 Sequences

7.7.1 Iteration with the Ans key: Compute the following in the COMP mode (MENU 1). The Ans feature

. . . n-1
enables you to perform iterations to evaluate a function repeatedly. As an example, calculate 1 for n=27.

n-1 . . . .
Then calculate 3 for n = the answer to the previous calculation. Continue to use each answer as » in the

next calculation. here are keystrokes to accomplishthisiteration on the Casio CFX-9800G calculator. (See the

results in Figure 7.87.) Notice that when you use Ans in place of » in a formula,it is sufficient to press EXE
to continue an iteration.

 

 

 
 

 

Iteration Keystrokes Display

1 27 EXE 27

2 (SHIFT Ans -1) + 3 EXE 8.666666667

3 EXE 2.555555556

4 EXE 0.5185185185

5 EXE —-0.1604938272

20
27.

(Ans=1>+3
8. 666666661)
2. 732182159

8.518518518
-8. 1604938272    

Figure 7.87: Iteration

Press EXE several more times and see what happens with this iteration. You may wish to try it again with a
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different starting value.

7.7.2 Arithmetic and Geometric Sequences: Use iteration with the Ans variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Enter the first term by pressing 7 EXE, then start the progression with the recursion

formula, SHIFT Ans + 4 EXE. This yields the 2nd term, so press EXE sixteen more times to find the 18th

term. For a geometric sequence whose common ratio is 4, start the progression with SHIFT Ans x 4 EXE.

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence

t,=a+(n-1)d. First enter values for the variables a, d, and n, then evaluate the formula by pressing

ALPHA A + ( ALPHA N — 1) ALPHA D EXE. For a geometric sequence whose n-th term is given by

t, = a-r""!, enter values for the variables a, d, and n, then evaluate the formula by pressing ALPHA A

ALPHA R A (ALPHA N - 1) EXE.

You can also define the sequence recursively with the Casio CFX-9800G in the table mode. From the main

menu enter the table mode by selecting the TABLE icon (MENU 8) and then press F3 [REC]. Next press F4
[TYPE] F2 [a, , ,] to select the recursion type. Once again, let’s find the 18th term of an arithmetic sequence

whose first term is 7 and whose common difference is 4. Input the recursion formula q,,, = a, +4 by press-

ing F2 [a,] + 4 (Figure 7.88). Now make a, = 7 (because the first term is a; where n = 1) and display a table

that contains the 16th term a,4 to the 20th term a,, by pressing F5 [RNG] F2 [a,] 16 EXE 20 EXE 7 EXE
EXIT F6 [TBL] (Figures 7.89 and 7.90).

INPUT FORMULA

an+i1=an+4
REL] ad

 

Figure 7.88: Recursion formula

  

THBLE Range an+i1=an+4

 

   

 

    
    
   
 

 

n+ n+l dn+1  £dn+d

Strtilé IG 61 59
End 28 11 1 66

ig 13
19 18   

Figure 7.89: TABLE Range Figure 7.90: a,s = 75

To use the explicit formula in a Casio CFX-9800G recursion table, start a new table by pressing F2 [ERS] F1

[YES]. Now make a, =7+(n-1)-4 by press F4 [TYPE]F1 [a,]7 + ( F1 [n]- 1) x 4. Once more, calcu-
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late term a4 by pressing F5 [RNG] 18 EXE 18 EXE EXIT F6 [TABL] (Figures 7.91 — 7.93).

 

Figure 7.91: Explicit formula

 

an=r+(n-12X4
n an £4

   

Figure 7.92: TABLE Range Figure 7.93: a, =175

Technology Tip: A table whose starting and ending range values are the same has just one entry. So to dis-

play a single n-th term series,set both the starting and ending range valuesto ».

There are more detailed instructions for using the table recursion mode in the Casio CFX-9800G manual.

7.7.3 Finding Sums ofSequences: You can use recursion option in the table mode of the Casio CFX-9800G
12

to find the sum of a sequence. For example, suppose you want to find the sum > 4(0.3)" . Erase any existing

n=1

formula by pressing F2 [ERS] F1 [YES]. Now press F4 [TYP] F1 [a,] 4 x (.3 ) A F1 [n]. Now you mustset

the range from 1 to 12 by pressing F5 [RANG] 1 EXE 12 EXE EXIT. Press F6 [TABL]. The last entry in the
table is the sum (Figure 7.94).

 

 

   an=4X.3"n
—3n_

   
   

 

    

n

8 M.BE-5
10 2.3E-5
I ME-B
12 2. |IE-B

  

12

Figure 7.94: > 40.3)"
n=1
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Now calculate the sum starting at » = 0 by editing the range. You should obtain a sum of approximately

5.712848.

7.8 Parametric and Polar Graphs

7.8.1 Graphing Parametric Equations: The Casio CFX-9800G plots parametric equations as easily as it

plots functions. Enter the graph mode by selecting the GRAPH icon from the main menu (MENU 6). Press

EXIT and then change to parametric mode by pressing F3 [TYP] F3 [PRM]. Be sure,if the independent pa-

rameteris an angle measure, that the angle measure has been set to whichever you need, Rad or Deg.

You can now enter the parametric functions. For example, here are the keystrokes need to graph the paramet-

ric equations x = cos’ # and y = sin’ ¢ . First check that angle measureis in radians. Then in the graph screen

press (cos X,6,T) A3 F1[, J(sinX,6T) A 3 EXE (Figure 7.95).

 

Figure 7.95: x =cos’¢ and y =sin’¢

Press RANGE F1 [INIT] to set the standard graphing window and to initialize the values of T. Press RANGE

again to see that the values of T go from 0 to 2m in steps of 4 ~ 0.062832 . In order to provide a better

viewing rectangle press RANGE twice and set the rectangle to go from —2 to 2 horizontally and vertically.

EXIT back to the graph screen and press F6 [DRW] to draw the graph (Figure 7.96).

 

A
Ze 

    
Figure 7.96: Parametric graph of x = cos’ and y =sin®¢

You may ZOOM and TRACE along parametric graphs just as you did with function graphs. As you trace

along this graph, notice that the cursor moves in the counterclockwise direction as T increases.

Note that you can also graph parametric equations in the COMP mode (MENU 1) by using the GRAPH key.
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First clear any existing graph(s) from the graph window by pressing SHIFT F5 [CLS] EXE. Aftersetting the
graph type as parametric and choosing an appropriate RANGE, press GRAPH ( cos X,6,T) A 3, ( sin X,6,T)
A 3) EXE.

7.8.2 Rectangular-Polar Coordinate Conversion: Conversion between rectangular and polar coordinate

systems is accomplished directly through keystrokes on the Casio CFX-9800G. These functions use the cur-

rent angle measure setting, so it is a good idea to check the default angle measure before any conversion. Of

course, you may override the current angle measure setting, as explained in Section 7.4.1. For the following

examples, the Casio CFX-9800G is set to radian measure.

The Casio CFX-9800G uses the variables | and J to store the results of a conversion. So going from rectangu-
lar to polar coordinates, you get (r, 0) = (I, J). Going from polar to rectangular, you get (x, y) = (I, J).

We perform these calculations in the COMP mode. To convert between rectangular and polar coordinates,
activate the coordinate menu at the bottom ofthe screen by pressing SHIFT MATH F5 [COR].

Given the rectangular coordinates (x, y) = (4, —3), convert to polar coordinates (r, 0) by pressing F1 [Pol] 4 ,

— 3) EXE. The value of r is displayed; now press ALPHA J EXE to display the value of 6 (Figure 7.97). The

polar coordinates are approximately (5, —0.6435).

Suppose (r, 0) = (3, m). Convert to rectangular coordinates (x, y) by pressing F2 [Rec] 3 , SHIFT =n ) EXE.
The x-coordinate is displayed; press ALPHA J EXE to display the y-coordinate (Figure 7.98). The rectangular

coordinates are (-3, 0).

 
 

Folcq4,=-32
2.

-8.6435811888

 

  

 

Figure 7.97: Rectangular to polar coordinates Figure 7.98: Polar to rectangular coordinates

7.8.3 Graphing Polar Equations: The Casio CFX-9800G graphs polar functions in the form r = f(8) . En-

ter the graph mode by selecting the GRAPH icon from the main menu (MENU 6). Press EXIT and change to

polar mode by pressing F3 [TYP] F2 [POL]. Be sure that the angle measure has been set to whichever you
need, Rad or Deg. Here we will use radian measure. Press RANGE F1 [INIT] to initialize the graph window

so 0 goes from 0 to 2m.

For example, to graph r =4sin6 , select a location for the function and press 4 sin X,6,T EXE in the graph

screen. Now, when you press the variable key X,0,T, you get a 6 because the calculator is in polar mode..

Choose a good viewing rectangle and an appropriate interval and increment for 0. In Figure 7.99, the viewing

rectangle is roughly “square” and extends from —6 to 6 horizontally and from —4 to 4 vertically. (Refer back

to the Technology Tip in Section 7.2.4.)
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(
Figure 7.99: Polar graph of » =4sin0

 

    

Trace along this graph to see the polar coordinates of the cursor’s location displayed at the bottom of the win-
dow. Zooming worksjust the same as before.

Note that you can also graph polar equations in the COMP mode (MENU 1) by using the GRAPH key. First

clear any existing graph(s) from the graph window by pressing SHIFT F5 [CLS] EXE. After setting the

graph type as polar and choosing an appropriate RANGE, press GRAPH 4 sin X,6,T EXE.

7.9 Probability

7.9.1 Random Numbers: The command Rn# generates a number between 0 and 1. You will find this com-

mand in the PRB (probability) sub-menu of the MATH menu. In the COMP mode (MENU 1) press SHIFT

MATH F2 [PRB] to activate the probability menu at the bottom of the screen. We will assume that this menu
is active for the rest ofthis section. Then press F4 [Rn#] EXE to generate a random number. Press EXE to
generate another number; keep pressing EXE to generate more of them.

If you need a random number between, say, 0 and 10, then press 10 F4 [Rn#] EXE. To get a random number
between 5S and 15, press 5 + 10 F4 [Rn#] EXE.

7.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, ,P;, press 12 F2 [nPr] 7 EXE (Figure 7.100). Thus ,P,; = 3,991,680.

For the number of combinations of 12 objects taken 7 at a time, ,,C,, press 12 F3 [nCr] 7 EXE (Figure

7.100). Thus 12C7 - 792.

 

Figure 7.100: ,P; and ,,C,

7.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player
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wins the top prize. There are ,C¢ ways for the six numbers to be drawn. If you purchase a single lottery

ticket, your probability of winning is 1 in 4,C,. Press 1 + 40 F3 [nCr] 6 EXE to calculate your chances, but
don’t be disappointed.

7.10 Programming

7.10.1 Entering a Program: The Casio CFX-9800G is a programmable calculator that can store sequences

of commands for later replay. Here’s an example to show you how to enter a useful program that solves quad-

ratic equations by the quadratic formula.

Select the PRGM icon from the main menu (MENU A). Press F1 [PRGM)]. You should now have a program

list on your calculator (Figure 7.101). The Casio CFX-9800G has space for up to 38 programs, each named by

a number or letter. If a program location is not used, the word empty appears to the right of its name in the

list.

 

   

 

   

COMP
3997 Byles Freq

PB empty
Pl empty
P2 emprLy
P3 emprly  

Figure 7.101: Program list

Press the up or down arrow keys to move the cursor to an empty program area; you may also press the key

corresponding to a program’s name and jump directly there. For example, to go to program 5, press 5; to edit

program B, press ALPHA B.

With the program area you’ve chosen highlighted, press EXE to write a new program in that area or to edit a

program thatis already there.

Now enter a descriptivetitle, so press SHIFT A-LOCK and name this program QUADRATIC. Press ALPHA
to cancel the alpha lock. Then press EXE to begin writing the actual program. If you do not enter title, the

first line of the program appears in the program list.

Any command you could enter directly in the Casio CFX-9800G’s computation screen can be entered as a

line in a program. There are also special programming commands.

Each time you press EXE while writing a program, the Casio CFX-9800G automatically inserts the .! charac-
ter at the end ofthe previous line. For simplicity, since this happens every time you press EXE, the .J charac-

ter is not shown in the program listing below.

Note that while entering a program the program menu can be activated by pressing SHIFT PRGM (Figure

7.102). This menu is used to access a variety of commands that are needed for writing a program.
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Figure 7.102: Program menu

The instruction manual for your Casio CFX-9800G gives detailed information about programming. Referto it

to learn more about programming and how to use other features of your calculator.

Enter the program QUADRATIC by pressing the given keystrokes.

Program Line Keystrokes

‘ENTER A? > A SHIFT A-LOCKF2 ENTE R SPACE AF2

SHIFT PRGM F4 SHIFT -» ALPHA A EXE

displays the words ENTER A on the Casio CFX-9800G screen and waits
for you to input a value that will be assigned to the variable A

“ENTER B"? » B SHIFT A-LOCKF2 EN TE R SPACE B F2
SHIFT PRGM F4 SHIFT — ALPHA B EXE

“ENTER C"? -» C SHIFT A-LOCKF2 EN TER SPACE C F2
SHIFT PRGM F4 SHIFT — ALPHA C EXE

B2_4AC 5D ALPHA B x? — 4 ALPHA A ALPHA C SHIFT — ALPHA D
EXE

calculates the discriminant and stores its value as D

(-B +vD) = (2A) > M ((-) ALPHA B + SHIFT VY ALPHA D ) + (2 ALPHA A)
SHIFT -» ALPHA M EXE

calculates one root and stores it as M

(-B —vD) + (2A) > N ((-) ALPHA B — SHIFT Y ALPHA ) + (2 ALPHA A)
SHIFT -» ALPHA N EXE

D <0 = Goto 1 ALPHADF2F4 0EXITF1F1F21EXE

tests to see if the discriminant is negative;

if the discriminant is negative, jumps to the line Lbl 1 below; if the dis-
criminantis not negative, continues on to the next line
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D=0= Goto 2 ALPHA D EXIT F2 F1 0 EXIT F1 F1 F2 2 EXE

tests to see if the discriminantis zero;

if the discriminant is zero, jumps to the line Lbl 2 below;if the discrimi-
nantis not zero, continues on to the next line

 

“TWO REAL ROOTS” SHIFT A-LOCKF2 TW O SPACER E AL SPACE
ROOTSF2ALPHA EXE

M4 ALPHA M EXIT F5

displays one root and pauses

N ALPHA N EXE

Goto 3 F1 F2 3 EXE

jumpsto the end of the program

Lbl 1 F3 1 EXE

jumping point for the Goto command above

“COMPLEX ROOTS” SHIFT A.LOCKF2COMPLEXSPACEROOTS
F2 ALPHA EXE

displays a message in case the roots are complex numbers

M4 ALPHA M EXIT F5

N ALPHA N EXE

Goto 3 F1 F2 3 EXE

Lbl 2 F3 2 EXE

“DOUBLE ROOT” SHIFT A.LOCKF2DOUBLESPACEROOT
F2 ALPHA EXE

displays a message in case there is a double root

M ALPHA M EXE

Lbl 3 F33

When you have finished, press MENU to leave the program editor and move on.

If you want to clear a program, enter the program editor again. Move to the program you want to delete, and

when the cursoris blinking next to its name, press F2 to remove it from the calculator’s memory.

7.10.2 Executing a Program: To run the program you have entered, enter the COMP mode (MENU 1) and
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then press SHIFT PRGM F3 and the number or letter that it was named; finally, press EXE to run it. If you

have forgotten its name, you must go back to the program editor to find the program, then press F1 to run it.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax? + bx +c = 0. Input a value, then press EXE to continue the program.

If you need to interrupt a program during execution, press ACN,

7.11 Differentiation

sindx .
In a conven- . _.. .._ sin4

7.11.1 Limits: Suppose you need to find this limit: lim Snax . Plot the graph of f(x) =
x0 Xx

ient viewing rectangle that contains the point where the function appears to intersect the line x = 0 (because

sin4x
 you want the limit as x — 0). Your graph should support the conclusion that lim

x x
=4 (Figure 7.103).

2x | = 2 is reasonable, evaluate f(x)= 2x 2
x +

  To test whether the conclusion that lim
X—o X +

positive values of x (since you want the limit as x — ©). For example, evaluate f{100), 1000), andf{10,000).

for several large

1. Co
in a viewing rectangle that ex- Co . 2x —

Another way to test the conclusion is to examine the graph of f(x) =

tends over large values of x. See, as in Figure 7.104 (where the viewing rectangle extends horizontally from 0

 

  

 

 

       

  

) 2x —1
to 100), whether the graph is asymptotic to the horizontal line y = 2. Enter x for Y1 and 2 for Y2.

x +

Sa I~

SY NY YT

) 3 . sindx ) ) . 2x-1
Figure 7.103: Checking lim =4 Figure 7.104: Checking lim =2

x0 x x0 x +1

7.11.2 Numerical Derivatives: The derivative of a functionfat x can be defined as the limit of the slopes of

Sx +Ax)— f(x — Ax)Ax And for small values of Ax, the expressionsecant lines, so f'(x)= lim
Ax—0

f(x + Ax) - f(x - Ax)
2Ax
 gives a good approximation to the limit.
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The Casio CFX-9800G has a function which is accessed by pressing SHIFT d/dx that will calculate the sym-

JS(x+Ax)— f(x - Ax)
2Ax

and with Ax = 0.001, enter the calculation mode (MENU 1) and press SHIFT d/dx x,6,T A 3, 2.5, .001)

EXE as shown in Figure 7.105. The format of this command is d/dx(expression, variable, value, Ax). The
same derivative is also approximated in Figure 7.105 using Ax = 0.0001. For most purposes, Ax = 0.001 gives

a very good approximation to the derivative.

. So to find a numerical approximation to f'(2.5) when f(x) =x’ metric difference,

     

 

  

 

x .
1

18. 750801
drdx(X*3,2.5:.06
[91>

18. 7500806881

 

  
Figure 7.105: Using d/dx

Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 7.107,

Sx-2 . . oo Co oo .
I and its numerical derivative (actually, an approximation to the derivative given by

x“ +
 the function f(x) =

the symmetric difference) are graphed on viewing window that extends from —6 to 6 vertically and horizon-

—2 for Y1. Move the highlight to Y2 and press SHIFT d/dx

—
SHIFT VAR F3 [GPH] F1 [Y] 1, X6.T, .001 ) EXE (Figure 7.106).

—f -

Figure 7.106: Entering f(x) and f'(x) Figure 7.107: Graphs of f(x) and f'(x)

 tally. In the graph mode (MENU 6), enter >
x

 

 

    

 

The Casio CFX-9800G can compute the derivative of a point on a graph drawn in the graph mode. For ex-

ample, enter the graph mode (MENU 6) and graph the function f(x) = A in a viewing rectangle so that 

the horizontal values are “friendly”; for example let the rectangle extend horizontally from —4.7 to 4.7. Then

press SHIFT G-SOLV F6 [#] F3 [d/dx]. The coordinates for the left-most x-value of the range will appear,
along with the derivative at that point above the y-coordinate. You can use the left and right arrow keys to

move to a specific point, say x = -2.3. Figure 7.108 shows the derivative at that point to be about

—0.774692.
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  ~~.1146S
H=-2.3 Y=-d. |UG263

 

S5x-2
Figure 7.108: Derivative of f(x) =— atx =-2.3

x“ +
 

If more than one function is graphed you can use 4 and Vv to scroll between the functions.

7.11.3 Newton’s Method: With the Casio CFX-9800G, you may iterate using Newton’s method to find the

zeros of a function. Recall that Newton’s Method determines each successive approximation by the formula

Xpel = Xp — Sx) :
S'(x,)

As an example ofthe technique, consider f(x)=2x+x*-x+1. In the calculation mode (MENU 1) enter

this function in the function memory as f1 (refer back to Section 7.2.1). Set the range to the standard viewing

window and clear any graphs from the window (SHIFT FS [CLS] EXE). Graph the function in the calcula-

tion mode by pressing GRAPH SHIFT F-MEM F3 [fn] F1 EXE. A look at the graph suggests that it has a
zero near x = —1, so start the iteration by storing —1 as x. Then, with the function choices still active at the

bottom of the screen, press these keystrokes: X,0,T — F1 [f1] + SHIFT d/dx F1 [f1], Xx,6,T, .001 ) SHIFT —

X,0,T EXE EXE (Figure 7.109) to calculate the first two iterations of Newton’s method. Press EXE repeatedly
until two successive approximations differ by less than some predetermined value, say 0.0001. Note that each

time you press EXE, the Casio will use the current value of x, and that value is changing as you continue the
iteration.

 

134
-1

A—f1+d/dx(f1.,X>.
B81 >2+¥

 

Figure 7.109: Newton’s method

Technology Tip: Newton’s Method is sensitive to your initial value for x, so look carefully at the function’s

graph to make a good first estimate. Also, remember that the method sometimes fails to converge!

You may want to write a short program for Newton’s Method. See your calculator’s manual for further in-

formation.
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7.12 Integration

7.12.1 Approximating Definite Integrals: The Casio CFX-9800G has a function which is accessed by

pressing SHIFT [dx that will approximate a definite integral. For example, to find a numerical approximation

to [cos x%dx first enter the calculation mode (MENU 1) and then press SHIFT Jdx cos X,6,T x*, 0, 1)

EXE (first two lines in Figure 7.110). The Casio CFX-9800G uses a method known as Simpson’s Rule to per-
form the calculation. The format ofthis command is [(expression, lowerlimit, upperlimit, n), wherethe last

optional entry » is an integer from 1 to 9 which gives the number of intervals 2" used in computing the inte-

gral. If » is not specified the calculator will automatically assign a value. The last two lines in Figure 7.110

shows the calculation when # is 7.

 

JCCosS Ac,H,1)
. 98452425

J(cos X2,8,1,7>
B.9045242379

   
Figure 7.110: Using [dx

7.12.2 Areas: You may approximate the area under the graph of a function y= f(x) between x = 4 and

x = B with your Casio CFX-9800G. To do this you must be in the calculation mode (MENU 1) and access the
command by pressing SHIFT G-[dx. For example, here are the keystrokes for finding the area under the

graph of the function y= cosx’ between x = 0 and x = 1. The area is represented by the definite integral

[ cos x*dx . First clear any existing graphs and then press SHIFT G-Jdx cos X,6,T x ,0,1 (Figure 7.111)

followed by EXE to draw the graph. Notice that these keystrokes are nearly identical to the keystrokes used

above in computing the integral; the difference is from using the command G-[dx instead of [dx. You can also

add a third value » to your command to specify the number of intervals used in computing the integral. The

range in Figure 7.112 extends from —5 to 5 horizontally and from —2 to 2 vertically. If you need to change
your range press the RANGE key, enter your range, press EXIT to enter the calculation screen, and then press

EXE to redraw.

  

Graph JCos AE,H,

      Jdx=0.960452425

Figure 7.111: Using G-dx Figure 7.112: Graph and area
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Technology Tip: Suppose that you want to find the area between two functions, y = f(x) and y = g(x)

fromx =A4 and x = B. If f(x) g(x) for A<x< B, then graph the expression f(x)- g(x) in the manner

described above to find the required area.
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8.1 Getting started with the Casio CFX-9850G

8.1.1 Basics: Press the AC" key to begin using your Casio CFX-9850G. The main menu screen will ap-
pear on your calculator (Figure 8.1).

If you need to adjust the display contrast, enter the contrast screen by selecting the CONT icon from the main

menu using the arrow keys and pressing EXE, or by pressing D (Figure 8.2). Then press « (the left arrow

key) to lighten and » (the right arrow key) to darken. If you wish to adjust the tint ofthe three colors, use the

A (the up arrow key) or ¥ (the down arrow key) to scroll the color you wish to adjust, and then use € and ».

      

   
  

7”

40 B Gb

BLUE
GREENIE
= +

CONTRASTC=
[INIT [THA

CCEEgA    DYNA TREBLE RECUR CONICS EQUA

Siexod#8
ERE; =

Figure 8.1: Main menu Figure 8.2: Contrast screen

 

When you have finished with the calculator, turn it off to conserve battery power by pressing SHIFT and then

OFF. Power is automatically switched off approximately six minutes after the last operation.

Technology Tip: To return to the main menu you can press the MENU key. In general, whenever you need

to return to the main menu, you can press the MENU key. Note that to enter any mode from the main menu,

you just need to select the appropriate number or letter. Thus, you can jump quickly to the contrast screen by

pressing MENU D.

Enter the Casio CFX-9850G’s calculation mode by selecting the RUN icon from the main menu (Menu 1).

You can check the settings for this mode (and for any mode you are using) by pressing SHIFT SET UP. Fig-
ure 8.3 displays an example for the calculation mode.

 

Figure 8.3: Calculation set up screen

To change the settings, use ¥ and 4 to highlight the item you wish to change and then press the function key

that corresponds to the option you want. For example, when the highlight is at Mode press F1 to select the

Comp option. To start select the following options: press F1 [Y =] for Func Type, F1 [Con] for Draw Type
F2 [Off] for Derivative, F2 [Rad] for Angle, F1 [On] for Coord, F2 [Off] for Grid, F1 [On] for Axes, F2
[Off] for Label, and F3 [Norm] for Display. (Note that you want Norm1 not Norm2 for Display; if Norm2
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appears,just press F3 [Norm] again.) Press EXIT to leave the set up screen.

8.1.2 Editing: One advantage of the Casio CFX-9850G is that up to seven lines are visible at one time, so

you can see a long calculation. For example, enter the calculation mode (MENU 1) and type this sum (Figure
8.4):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press EXE to see the answer.

 

TITtdToTotTTo1o+10T
11+12+13+14+15+16+17+
18+15+20 ote
12+34+56

   
Figure 8.4: Calculation screen

Often we do not notice a mistake until we see how unreasonable an answer is. The Casio CFX-9850G permits
you to redisplay an entire calculation, edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 8.4 but had not yet pressed EXE, when you realize that 34

should have been 74. Simply press « (the left arrow key) as many times as necessary to move the blinking

cursor left to 3, then type 7 to write over it. On the other hand, if 34 should have been 384, move the cursor

back to 4, press SHIFT INS (the cursor changes to a blinking frame) and then type 8 (inserts at the cursor
position and the other characters are pushed to the right). If the 34 should have been 3 only, move the cursor

to 4, and press DEL to delete it.

Even if you had pressed EXE, you may still edit the previous expression. Press the left or right arrow key to

redisplay the last expression that we entered. Now you can change it. If you press «, the cursor will be at the

end of the previous expression; if you press » the cursor will appear at the beginning. Even if you have al-

ready pressed some keys since the last EXE, but not EXE again, you can still recall the previous expression
by first pressing ACN to clearthe screen and then pressing «4 or ».

In fact the Casio CFX-9850G retains many prior entries. After pressing ACN to clearthe screen, press A

repeatedly to cycle back through previous expressions. If you pass by an expression that you want,just press

Vv as many times as necessary to cycle forward.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account if

there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

t
the balance is P = (1+ Ly , where P = principal, r = rate of interest (expressed as a decimal), » = number of

times interest is compounded each year, and ¢ = number of years. In our example, this becomes

8-2 Casio CFX-9850G Color Power Graphic Calculator



5000(1+.085). Here are the keystrokes for finding the balance after ¢ = 3, 5, and 10 years. Figure 8.5 shows

the first set of keystrokes and the result.

Years Keystrokes Balance

3 5000 (1 + .085) A 3 EXE $6386.45

5 <4 « 5 EXE $7518.28

10 < <« 10 EXE $11,304.92

6386.445625

  
Figure 8.5: Editing expressions

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press the keys to change the last calculation above: 4 4 DEL 4 5 « 4 « 4 «7 EXE.

8.1.3 Key Functions: Most keys on the Casio CFX-9850G offer access to more than one function, just as the
keys on a computer keyboard can produce more than one letter (“g” and “G”) or even quite different charac-

ters (“5” and “%”). The primary function of a key is indicated on the key itself, and you access that function

by a simple press on the key.

To access the second function indicated to the left above a key, first press SHIFT (the cursor changes to a
blinking S and a menu appears at the bottom of the screen) and then press the key. For example to calculate

J25 , press SHIFT [25 EXE.

When you want to use a letter or other character printed to the right above a key,first press ALPHA (the cur-
sor changes to a blinking A and a menu appears at the bottom of the screen) and then the key. For example, to

use the letter K in a formula, press ALPHA K. If you need several letters in a row, press SHIFT A-LOCK,
which is like the CAPS LOCK key on a computer keyboard, and then press all the letters you want. Remember

to press ALPHA when you are finished and wantto restore the keysto their primary functions.

8.1.4 Order of Operations: The Casio CFX-9850G performs calculations according to the standard algebraic

rules. Working outwards from inner parentheses, calculations are performed from left to right. Powers and

roots are evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Enter these expressions to practice using your Casio CFX-9850G.
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Expression Keystrokes Display

7-5.3 7 —- 5x 3 EXE 8
(7-5)-3 (7-5) x3 EXE 6

120-10? 120 — 10 x2 EXE 20

(120-10)? (120 - 10) x* EXE 12100

2 24 +2 A 3 EXE 3
2

24)?
(2 (24 +2) A3EXE 1728

(7--5)--3 (7--5)x-3EXE -36

N(N +1
8.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as M+) af-

ter you have entered a value for N. Suppose you want N = 200. Press 200 —- ALPHA N EXE to store the

value 200 in memory location N. Whenever you use N in an expression, the calculator will substitute the value

N(N +1)
2

200 until you make a change by storing another number in N. Next enter the expression by typing

N(N +1
ALPHA N (ALPHA N + 1) + 2 EXE. For N = 200, you will find that M+) =20100.

The contents of any memory location may be revealed by typing justits letter name and then EXE. And the

Casio CFX-9850G retains memorized values even whenit is turned off, so long as its batteries are good.

8.1.6 Repeated Operations with Ans: The result of your /ast calculation is always stored in memory loca-

tion Ans and replaces any previous result. This makes it easy to use the answer from one computation in an-

other computation. For example, press 30 + 15 EXE so that 45 is the last result displayed. Then press SHIFT

Ans + 9 EXE and get 5 because 45 + 9 = 5.

With a function like division, you press the + after you enter an argument. For such functions, whenever you

would start a new calculation with the previous answer followed by pressing the function key, you may press

just the function key. So instead of SHIFT Ans + 9 in the previous example, you could have pressed simply

+ 9 to achieve the same result. This technique also works for these functions: + — x A xX x.

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (Figure 8.6).
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Pay Period Keystrokes Earnings

8-hour day 5.85 x 8 EXE $46.80

5-day week SHIFT Ans x 5 EXE $234

52-week year x 52 EXE $12,168

 

  
Figure 8.6: SHIFT Ans key

In general, the Casio CFX-9850G does not distinguish between the negative sign and the subtraction operator.

But when you enter —4 as thefirst numberin a calculation, you must use the negative key (-) rather than the —

key. Press these keys for an illustration: 8 EXE — 5 EXE (-) 5 EXE.

8.1.7 The OPTION Menu: Operators and functions associated with a scientific calculator are available ei-

ther immediately from the keys of the Casio CFX-9850G or by the SHIFT keys. You have direct access to

common arithmetic operations x SHIFT J SHIFT x7, A), trigonometric functions (sin, cos, tan), and

their inverses (SHIFT sin™', SHIFT cos™, SHIFT tan™), exponential and logarithmic functions (log, SHIFT
10%, In, SHIFT e”%), and a famous constant (SHIFT x).

A significant difference between the Casio CFX-9850G graphing calculators and most scientific calculatorsis

that the Casio CFX-9850G requires the argument of a function after the function, as you would see in a for-

mula written in your textbook. For example, on the Casio CFX-9850G you calculate J16 by pressing the

keys J 16 in that order.

The Casio CFX-9850G has a special fraction key a A for entering fractions and mixed numbers. To enter a

fraction such as 7. press 2 ab/ 5 EXE. To enter a mixed number like 23, press 2 a A 3 ab/ 4 EXE.

Press FD to toggle between the mixed number and its decimal equivalent. Press SHIFT A and see 23 as

11an improperfraction, —-.

Here are keystrokes for basic mathematical operations. Try them for practice on your Casio CFX-9850G.
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Expression Keystrokes Display

V3? +42 SHIFT \/ (3x*+4x*)EXE 5

21 2 ab/ 1 ab 3EXEFeoD 2.333333333
log 200 LOG 200 EXE 2.301029996

234-10° 2.34 x SHIFT 10% 5 EXE 234000

Additional mathematical operations and functions are available from the option (OPTN) menu. Press OPTN

to see the first five options. The first five options in the calculation mode are listed across the bottom of the

Casio CFX-9850G’s screen and correspond to the function keys, F1 to F5 (Figure 8.7). Press F6 [>] to see

five more options, and press F6 [2] once again to see four more options. The options available differ accord-
ing to the mode you are in.

You will learn in your mathematics textbook how to apply many of them. As an example, calculate 3]. by

pressing OPTN F6 [>] F4 [NUM] (for access to the numeric calculations (NUM) menu) and then F1 [Abs]
(-) 5 EXE (Figure 8.8). To return to a previous menu, press EXIT. In this case, you press EXIT to clear the
NUM menu to get back to the OPTN menu;if you press EXIT again, you clear the OPTN menu since there
is no previous menu.

  

    
Figure 8.7: Option menu Figure 8.8: Numeric calculations menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbol for factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1 - 2 - 3 - 4 = 24. You will

learn more about applications of factorials in your textbook, but for now use the Casio CFX-9850G to calcu-

late 4! Press these keystrokes: 4 OPTN F6 [>] F3 [PROB] F1 [x!] EXE.

 

(2+31)+(4=-21)
8.1+0.8i

Conia (4+51)>
4-51

  

 

Figure 8.9: Complex number calculations

On the Casio CFX-9850G it is also possible to do calculations with complex numbers. Press OPTN F3

[CPLX] to activate the complex number calculation menu at the bottom of the screen. For example, to divide
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2+3iby4—-2ipress(2+3F1[i])+(4-2F1[i]) EXE. The result is 0.1 + 0.8; (Figure 8.9).

To find the complex conjugate of 4 + Si press F4 [Conj] (4 + 5 F1 [i] ) EXE (Figure 8.9).

The Casio CFX-9850G can also solve for the real and complex roots of a quadratic or cubic function in the

equation, mode (MENU A). The functions to be solved must be in the form f(x) =ax’+bx*+cx+d or

f(x) = ax? +bx +c where a #0. Enter the equation mode and press F2 [POLY]. You are then prompted to

for the degree (either 2 or 3) of your polynomial (Figure 8.10).

 

Polynomial
No Data In Memory

 

 

Figure 8.10: Prompt for degree

For example, to find all the zeros of f(x) =x’ —4x% +14x-20 select F2 [3] at the degree prompt and then

enter the coefficients by pressing 1 EXE (-) 4 EXE 14 EXE (-) 20 EXE (Figure 8.11). If you had not

pressed EXE yet, you can change a coefficient by pressing ACand entering a new value. Else, move your

cursor over the coefficient with your arrow keys and enter a new value. Now press F1 [SOLV] and the calcu-

lator will display the solutions (Figure 8.12).

  

and+bastcat+d=y, 4 and+basica+d=y

Core —i
-20

   

   Eo CLR

 

Figure 8.11: Entering the coefficients Figure 8.12: Zeros of f(x) = x’ —4x? +14x-20

To perform a new calculation press F1 [RPT]. If you are computing the roots of another cubic function then
you can either edit the existing coefficients or press F3 [CLR] to reset all the coefficients to zero. If you are
computing the roots of a quadratic function, press F2 [DEL] F1 [YES] F1 [2] and then enter in the coeffi-

cients of the quadratic and proceed.

Note that it may take considerable time for the calculation result of a cubic equation to appear on the display.

Failure of a result to appear immediately does not mean that the unit is not functioning properly.

 

8.2 Functions and Graphs

8.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = yoursales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x. If
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your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s one method to use your Casio CFX-9850G to perform this task. First enter the calculation (RUN)

mode (MENU 1) and press ACto clear your screen. Then set x = 2230 by pressing 2230 — X,6,T. (The
X,0,T key lets you enter a variable x without having to use the ALPHA key.) Then press SHIFT J to allow
another expression to be input on a single command line. Finally, enter the expression 1975 + .10x by press-

ing these keys: 1975 + .10 X,0,T. Now press EXE to calculate the answer (Figure 8.13).
 

22503x4d
1975+. 18K

2198

   
Figure 8.13: Evaluating a function

It is not necessary to repeat all these steps to find the February wages. Simply press » to recall the entire

previous line, change 2230 to 1865, and press EXE.

Another method is to use the function memory. The Casio CFX-9850G can store up to six functions. First be

in the RUN mode and press ACN to clear your screen. Press OPTN F6 [>] F6 [>] F3 [FMEM] to display

the function memory menu at the bottom of the screen. Enter the expression 1975 + .10x by pressing these

keys: 1975 + .10 X,0,T. Then store this as function memory number 1 by pressing F1 [STO] F1 [f1] (Figure

8.14). Press AC/ON to clear the screen, leaving the function memory menu. Then set x = 2230 by pressing
2230 — X,0,T EXE. Recall the entire expression by pressing F2 [RCL] F1 [f1], and then press EXE to calcu-

late the answer (Figure 8.15). To find the February wages, set x = 1865 and then evaluate the function for the

new value by pressing F2 [RCL] F1 [f1] EXE. By pressing F2 F1 you recall the entire expression. You can

also press F3 [RCL] F1 [f1] to get the variable f1.

 
 

== FunclLion Memory == 223583X
f1:1975+. 16% 2230
fa: 1975+. 16%
fas
fy:
fs:
fee

  

    
   

  
Figure 8.14: Storing a function Figure 8.15: Evaluating a function

In general, to store a function enter it first in the calculation screen, but do not press EXE. If the function

memory menu is active, press F1 [STO] and the appropriate function key from F1 to F6, otherwise you must
activate the function memory menu before pressing F1 [STO]. To recall a function from the calculation

screen press F2 [RCL] and the function key corresponding to the function you want. Press F5 [SEE] to see the

list of functions currently in the function memory.

With the Casio CFX-9850G, you can also use your calculator’s table mode to create a table of values for a
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function. From the main menu select the TABLE icon (MENU 7). Press SHIFT SET UP to get the settings

for the table mode. For this section, use the setting shown in Figures 8.16 and 8.17. Press EXIT to leave the
set up.

 

Uariable HERES Plot/Line tBlue
: nal IR

Dual Screen :
Simul Grarh :
Derivative
Backsround

olclpne
LIZ

 

 

 

Figure 8.16: Table settings Figure 8.17: Table settings

Move the highlight so Y1 is selected. and enter the function 1975 + .10x by pressing these keys: 1975 + .10
X,0,T EXE (Figure 8.18). Press F5 [RANG] to set the conditions for the x-variable when generating a function

table. Start is the starting value of the x-variable, End is the ending value of the x-variable, and pitch is the
change ofthe x-variable. In this case set Start to 2230, End to 2230 and pitch to 0 (Figure 8.19).

  

wale Ranse

  

 

 

Figure 8.18: Table function screen Figure 8.19: Table Range

Press EXIT F6 [TBL] to see the table (Figure 8.20). We will now add x =1865 to the table by pressing F3

[ROW] F3 [ADD] 1865 EXE (Figure 8.21).

  

8 Yi

[CEL[INS[ADD

 

1865    

 

 

Figure 8.20: Initial table of values Figure 8.21: Evaluating a function in a table

Press EXIT to get the previous menu at the bottom of the screen. To add more entries use the ROW and ADD

commands as described above. To delete a row use the DEL command. If you wish to change the function

press EXIT to return to the range function screen. You can also add other functions to the list and select which
ones are to be evaluated by pressing F4 [SEL].

 

Technology Tip: The Casio CFX-9850G does not require multiplication to be expressed between variables,

so xxx means x". It is often easier to press two or three x’s together than to search for the square key or the

powers key. Of course, expressed multiplication is also not required between a constant and a variable. Hence

to enter 2x> + 3x2 —4x +5 in the Casio CFX-9850G, you might save keystrokes and press just these keys: 2
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X0TXO0TXOT+3XO0TXOT-4X0T+5

8.2.2 Functions in a Graph Window: On the Casio CFX-9850G, you can easily generate the graph of a

function. The ability to draw a graph contributes substantially to our ability to solve problems.

To graph a function on the Casio CFX-9850G, we use the graph mode. To enter the graph mode select the

GRAPH icon (MENU 5) from the main menu. The graph function (Graph Func) screen will appear. Ob-
serve that any previous function entered in the table function screen will appear.

Press SHIFT SET UP to get the settings for the graph mode. For this section, use the setting shown in Fig-

ures 8.22 and 8.23. Press EXIT to leave the set up.

 

Backsround :HNHone T

    
   

t0n otsLine iBlue
t0ff :R
t0ff
Off

C :None
PlotsLine Blue {
[Con [Filot

Figure 8.22: Graph settings Figure 8.23: Graph settings

Erase any existing functions by scrolling to the desired function and pressing F2 [DEL] F1 [YES]. You can

store up to twenty functions in memory. If the graph function type (Graph Func) is not set to Y= (see top of

Figure 8.24), press F3 [TYPE] F1 [Y=] To enter y = —x> +4x, move the highlight to Y1, and then press (-)

X,0.T A 3 +4 X,0,T EXE (Figure 8.24). Now press F6 [DRAW] to draw the graph (Figure 8.25).

While the Casio CFX-9850G is busy calculating coordinates for a plot, it displays a solid square at the top

right of the graph window. When you see this indicator, even though the screen does not change, you know

that the calculator is working.

UL
Figure 8.24: Graph function screen Figure 8.25: Graph of y = —x> +4x

  

 

   

 

 

Switch back and forth between the graph window and the graph function screen by pressing F6 [G<>T] in the
graph window and SHIFT GeT in the graph function screen.

To change a function in the GRAPH mode, move the highlight to the function you want to edit and use <

and » to move the cursor to where you want to edit. Press EXE when you are done.

8-10 Casio CFX-9850G Color Power Graphic Calculator



Technology Tip: A useful feature on the Casio CFX-9850G is the graph memory. The graph memory lets

you store upto six sets of graph function data and recall it later when you need. For example, we can save our

current screen as GM1 by pressing F5 [GMEM] F1 [STO] F1 [GM1] EXIT. Now you can delete and enter

new functions. If you wish to recall your graph function data, press F5 [GMEM] F2 [RCL] F1 [GM1] EXIT.

We will later use y = —x+4x in Section 8.2.5.

The graph window on the Casio CFX-9850G may look like the one in Figure 8.25. Since the graph of

y= —x> +4x extends infinitely far left and right and also infinitely far up and down, the Casio CFX-9850G

can only display only a piece of the actualgraph. This displayed rectangular part is called a viewing window.

You can easily change the viewing window to enhance your investigation of a graph. For example, press any

of the arrow keys to pan the graph window in the corresponding direction. If you press the down arrow, for

example, the window will pan down so that you may look at points below the current window.

The viewing window for the Casio CFX-9850G in Figure 8.25 shows the part of the graph that extends hori-

zontally form —6.3 to 6.3 and vertically from -3.1 to 3.1. Press SHIFT V-Window (located at the F3 key) to
see information about your viewing window. Figure 8.26 shows the View Window screen that corresponds to
the viewing window in Figure 8.25. This is the initialized viewing window for the Casio CFX-9850G.

 

 

 

Figure 8.26: Initialized viewing window

The variables Xmin and Xmax are the minimum and maximum x-values of the viewing windows; Ymin and
Ymax are the minimum and maximum y-values.

Xscale and Yscale set the spacing between tick marks on the axes.

Use the arrow keys 4 and ¥ to move up and down from one line to anotherin this list. Enter a new value to

over-write a previous value and then press EXE. To leave the View Window screen, press the EXIT key. Fi-
nally, press F6 [DRAW] to redraw the graph. The following figures show different View Window screens and
the corresponding viewing window for each one. To get the window that extends horizontally and vertically

from —10 to 10, press F3 [STD] while in the View Window screen. This is the standard viewing window.

  

 

   
 

 

 

Figure 8.27: Standard viewing window Figure 8.28: Graph of y = —x> +4x
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Figure 8.29: Custom window Figure 8.30: Graph of y = —x+4x

 

To return the viewing window quickly to the initialized viewing window, press SHIFT V-Window F1 EXIT.

Then press F6 [DRAW] to redraw the graph.

As you pan over the graph by pressing the arrow keys, the dimensions in the View Window are updated

automatically. More information about windows is presented later in Section 8.2.4.

Technology Tip: A useful feature on the Casio CFX-9850G is that you can save custom viewing windows to

memory. You can store up to six sets of viewing windows and recall it later when needed. For example, we

can save the custom window in Figure 8.29 as V-W1 by pressing F4 [STO] F1 [V-W1]. To recall it in the

View Window, just press F5 [RCL] F1 [V-W1].

Sometimes you may wish to display grid points corresponding to tick marks on the axes. Press SHIFT SET

UP, scroll down to Grid, and press F1 [On]. You can now redraw your graph with the grid points. In general,

you’ll want the grid turned off; so do that by returning to the graph settings, scrolling down to Grid, and se-

lecting off.

Technology Tip: ltis also possible to graph a function manually from the calculation mode (MENU 1). First

press SHIFT Sketch F1 [CIs] EXE to clear any existing graphs. Then press FS [GRPH)]to activate the graph

command menu. Suppose you want to graph y = —x> +4x. Press F1 [Y=] (-) X,6,T A 3 +4X0TEXE. As

before, you can press SHIFT V-Window to set the viewing window and F6 [G«>T] to switch from the graph

to the calculation screen and SHIFT GT to switch from the calculation screen to the graph. Unless other-
wise noted, we will use the graph mode for our graphs.

8.2.3 Graphing Step and Piecewise—Defined Functions: The greatest integer function, written [[x]], gives

the greatest integer less than or equal to a number x. On the Casio CFX-9850G,the greatest integer function is

called Intg and is located as under the numeric calculations (NUM) sub-menu of the options menu. Calculate

[[6.78]] = 6 in the calculation mode (MENU 1) by pressing OPTN F6 [>] F4 [NUM] F5 [Intg] 6.78 EXE.

To graph y =[[x]], enter the graph mode (MENU 5) and enter the function in Y1 by pressing OPTN F5

[NUM] F5 [Intg] X,6,T EXE F6. (Note that the numeric calculations menu is located in a different location in

the graph mode). Figure 8.31 showsthis graph in a viewing window from -5 to 5 in both directions.

The true graph of the greatest integer function is a step graph, like the one in Figure 8.32. For the graph of

y =[[x]], a segment should not be drawn between every pair of successive points. You can change the Draw

Type from the connected setting to the plotted setting by pressing SHIFT SET UP F2 [Plot]. Press EXIT and

then F6 to draw the new graph (Figure 8.32).
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Figure 8.31: Connected graph of y =[[x]] Figure 8.32: Plotted graph of y =[[x]]

 
 

       
 

It is not possible to graph piecewise—defined functions on the Casio CFX-9850G.

In general, you’ll want the graph to be connected, so do that by returning to the set up screen and pressing F1

[CON].

8.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions but can be “split” into a

top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle of radius 6 whose

equation is x? +»? =36. First solve for y and get an equation for the top semicircle, y =v36—x2 , and for

the bottom semicircle, y = —v36—x? . Then graph the two semicircles simultaneously.

Use the following keystrokes to draw this circle’s graph in the graph mode (MENU 5). Store v36—x? as Y1

by scrolling to Y1 and pressing SHIFT J (36 — X,6,T X* ) EXE. Then store —v36—-x2 as Y2 by pressing

(=) SHIFT J (36 — X,0,Tx* ) EXE (Figure 8.33). Next press F6 [DRW] to graph both halves (Figure 8.34).

Make sure that the RANGE is set large enough to display a circle ofradius 6.

 

   
Figure 8.33: Two semicircles Figure 8.34: One view ofthe circle’s graph

Instead of entering —v36— x? as Y2, you could have entered —Y1 as Y2 and saved some keystrokes. Try this

by going into the graph function screen, scrolling to Y2 pressing (-) VARS F4 [GRPH] F1 [Y] 1 EXE. The
graph should be as before. The VARS key enables you to recall graphic functions and other information from

memory.

If your viewing window was set to the standard viewing window, your graph would look like Figure 8.34.

Now this does not look a circle, because the units along the axes are not the same. You need whatis called a

“square” viewing window. With the graph on the screen press SHIFT F2 [ZOOM] F6 [>] F2 [SQR].The
graph should now be “square” (Figure 8.35).
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Figure 8.35: Changing to a “square” circle

Note that the Casio CFX-9850G’s initialized viewing window is square but too small to display a circle of

radius 6, so you should double the dimensions of the initialized window. Change the range to extend horizon-

tally from —12.6 to 12.6 and vertically from —6.2 to 6.2 (Figure 8.36). The graph for the better circle is shown

in Figure 8.37.

Uiew Window
min :-12.6
max_ :12.6
scale:

Ymin -6.2
max 6.
scale:l
[TRIG[STD

Figure 8.36: Twice standard range Figure 8.37: Better circle

  

 

       

Technology Tip: Another way to get an approximately square graph on the Casio CFX-9850G is to change

the viewing window values so Ymax — Ymin is : (Xmax — Xmin). For example, use the values in Figure

8.38 to get the corresponding graph in Figure 8.39. This method works because the dimensions of the Casio

CFX-9850G’s display are such that the ratio of vertical to horizontalis approximately 1 .

  

Uilew Window
®Xmin 1-14
max 14

yEgalell
 

       

min :-7
max 7
scale:l \/

[INIT [[RIG[STD BDHY

Figure 8.38: vetical _ [2 — J Figure 8.39: “Square”circle

Technology Tip: The square viewing window is also important when you want to judge whether two lines

are perpendicular. The intersection of perpendicular lines will always look like a right angle in a square

viewing window.

 

 

 

     

 

 

 

Select Equation ;(X-H)2+(Y-K>2=Re
Y=ACX-K)2+H AA H=0 2
V=RAXZ+BX4C AA

CF]
TH

DRAW

Figure 8.40: General equation ofcircle Figure 8.41: Setting the circle
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Technology Tip: The conics mode allows you to directly graph circles on the Casio CFX-9850G From the
main menu select the CONICS icon (MENU 9). Scroll down until the general equation ofthe circle is high-

lighted (Figure 8.40). Press EXE. To graph x + y? =36,setH=0,K=0,and R = 6 (Figure 8.41). Set an

appropriate viewing window and press F6 [DRAW] or EXE.

8.2.5 TRACE: In the graph mode (MENU 5) graph the function y = —x3+4x from Section 8.2.2 using the

initialized window. (If you had saved this as GM1, recall it now by pressing F5 [GMEM] F2 [RCL] F1

[GM1] EXIT.) Press F6 [DRAW]. When the graph window is displayed, press F1 to enable « (the left arrow

key) and » (the right arrow key) to trace along the function. The coordinates that are displayed belong to

points on the function’s graph, so the y-coordinate is the calculated value ofthe function at the corresponding

x-coordinate (Figure 8.42). (Note that on the Casio CFX-9850G the x-coordinate ofthe trace beginsat the left-

most value of the window so the cursor will not appear until it is traced onto the screen.)

 UT=-R3+3%

\
17
 

  Azole

Figure 8.42: Using trace

Now plot a second function, = -25x, along with y = —x3 +4x. From the above graph window, return top y grap

the GRAPH screen by pressing EXIT, and enter the second function as Y2 by highlighting Y2 and pressing
(=) .25 x,6,T EXE (Figure 8.43). Finally, press F6 to draw both functions (Figure 8.44).

—\J
Va

Figure 8.43: Two functions Figure 8.44: Graph of y =—-25x and y= —x> + 4x

  

 

    

 

 

Technology Tip: The Casio CFX-9850G can display a graph in one of three colors: blue, orange, and green.

So when you are plotting more than one function, it’s helpful to color their graphs distinctly. In the graph

function screen, move the highlight onto a function and press F4 [COLR] to activate the color menu, and then

select F1 [Blue] for blue, F2 [Orng] for orange, and F3 [Grn] for green. Notice that each function’s formula

is colored to match its graph. Press EXIT to remove the color menu.

Technology Tip: Since the Casio CFX-9850G always draws axes in green, you may wish to color graphs in

blue and orange for contrast. Also, the trace cursor will always be orange.

Notice that in Figure 8.43 the equal signs next to Y1 and Y2 are both highlighted. This means that both func-
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tions will be graphed. In the GRAPH screen, move the cursor onto Y1 and press F1 [SEL]. The equal sign

next to Y1 should no longer be highlighted (Figure 8.45). Now press F6 and see that only Y2 is plotted

(Figure 8.46).

 
 

 

—]

Figure 8.45: Only Y2 active Figure 8.46: Graph of y = —-25x

   

 

 

Up to twenty different functions can be stored in list of functions in the graph function screen and any combi-
nation of them may be graphed simultaneously. You can make a function active or inactive for graphing by

scrolling to the function pressing the F1 [SEL]. Now go back to the graph function screen and do what is

needed in order to graph Y1 but not Y2.

Now activate both functions so that both graphs are plotted. Press F1 to trace and the cursor will be on the

graph of y = —x° + 4x becauseitis higher up on the list of active functions in the graph function screen. Press

the up A or down Vv arrow key to move the cursor vertically to the graph of y = —25x . Next press the left

and right arrow Keysto trace along the graph of y = —25x . When more than one function is plotted, you can

movethe trace cursor vertically from one graph to another in this way.

Technology Tip: On the Casio CFX-9850G, when there is more than one function plotted, the function of
the graph being graphed ortraced can be displayed. In SET UP, move your cursor down to Graph Func and

press F1 [ON] to turn the display on or F2 [OFF] to turn it off.

Technology Tip: By the way, trace the graph of y =-25x and press and hold either «4 or ». Eventually

you will reach the left or right edge of the window. Keep pressing the arrow key and the Casio CFX-9850G

will allow you to continue the trace by panning the viewing window. Check the View Window screen to see

that the Xmin and Xmax are automatically updated.

The Casio CFX-9850G has a display of 127 horizontal columns of pixels and 63 vertical rows, so when you

trace a curve across a graph window, you are actually moving from Xmin to Xmax in 126 equal jumps, each

, Xmax— Xmin :
called Ax. You would calculate the size of each jump to be Ax =Hm. Sometimes you may want

the jumps to be friendly numbers like 0.1 or 0.25 so that, when you trace along the curve, the x-coordinates

will be incremented by such a convenient amount. Just set your viewing window for a particular increment Ax

by making Xmax = Xmin + 126 - Ax. For example,if you want Xmin = -5 and Ax = 0.3, set Xmax = -5 +

126 - 0.3 =32.8.

On the Casio CFX-9850G,to center your window around a particular point, say (4, k), and also have a certain

Ax, set Xmin = h — 63 - Ax and make Xmax = h + 63 - Ax. Likewise, make Ymin = k£ — 31 - Ay and make

Ymax = hk + 31 - Ax. For example, to center a window around the origin (0, 0), with both horizontal and verti-
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cal increments of 0.25, set the range so that Xmin = 0 — 63 - 0.25 = —15.75, Xmax = 0 + 63 - 0.25 = 15.75,
Ymin=0-31-0.25=-7.75and Ymax=0 +31 -0.25=7.75.

The Casio CFX-9850G’s initialized window is already a friendly viewing window, centered at the origin (0,
0) with Ax = Ay =0.1.

See the benefit by first plotting y = x? +2x +1 in a window that extends from —10 to 10 in both directions.

Trace nearits y-intercept, which is (0, 1), and move towardsits x-intercept, which is (1, 0). Then initialize

the range to the standard window and trace again nearthe intercepts.

8.2.6 ZOOM: Plot again the two graphs, for y = —x> +4x and y =—25x . There appears to be an intersec-

tion near x = 2. The Casio CFX-9850G provides several ways to enlarge the view around this point. You can

change the viewing window directly by pressing SHIFT V-Window and editing the values of Xmin, Xmax,

Ymin, and Ymax. Figure 8.47 shows a new viewing window for the range extending from 1.5 to 2.5 horizon-
tally and from —2.5 to 2.5 vertically.

Figure 8.47: Closer view

 

 

  
 

Trace along the graphs until coordinates of a point that is close to the intersection are displayed.

A more efficient method for enlarging the view is to draw a new viewing window with the cursor. Start again

with a graph of the two functions y = —x3+4x and y = —25x in the initialized window.

Now imagine a small rectangular box around the intersection point, near x = 2. Press F2 [Zoom] to activate
the Zoom menu at the bottom ofthe screen (Figure 8.48).

Now press F1 [BOX] to draw a box to define this new viewing window. Use the arrow keys to move the cur-
sor, which is now free-moving and whose coordinates are displayed at the bottom of the window, to one cor-

ner of the new viewing window you imagine (Figure 8.49).

—LJ) /\
EOX LAT li=1.5 TTY=-0.8

I

 
 

  

       
Figure 8.48: Zoom menu Figure 8.49: One corner selected

Press EXE to fix the corner where you moved the cursor. Use the arrow keys again to move the cursor to the
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diagonally opposite corner of the new rectangle (Figure 8.50). If this box looks all right to you, press EXE.
The rectangular area you have enclosed will now enlarge to fill the graph window (Figure 8.51).

/\
R=g. U Y=-0.3

 
 

 

      

Figure 8.50: Box drawn Figure 8.51: New viewing window

You may cancel the zoom any time before you press this last EXE. Press another function key such as F1 to

cancel the zoom andinitiate a trace instead, or press F2 to zoom again and start over. Even if you did execute

the zoom, you maystill return to the original viewing window and start over by pressing F2 [Zoom] F6 [>]

F1 [ORIG].

The Casio CFX-9850G has a split screen feature that enables you to see two views of a graph simultaneously.

In SET UP, move the cursor down to Dual Screen and toggle it to Graph (press F1). Now when you zoom,
the left window displays the original graph and the right window displays the result of the zoom (Figure 8.52).

|
J

Figure 8.52: Dual graph

 

 

     

In the Casio CFX-9850G’s dual graph mode, only the left side can be acted on. So to achieve another zoom,

first press OPTN F2 [SWAP] to exchange the left and right windows. When you press SHIFT V-Window,

you will find two ranges that can be changed independently. The F6 key toggles between the left side range

and the right side range.

Technology Tip: Use the F6 key to toggle the Casio CFX-9850G from the dual graph to full-screen left side

to full-screen right side to the graph function screen.

The Casio CFX-9850G can quickly magnify a graph around the cursor’s location. Return once more to the

initialized window for the graph of the two functions y = —x* +4x and y =-25x . Trace along the graphs to

move the cursor as close as you can to the point of intersection near x = 2 (Figure 8.53). Then press F2 F3

[IN] and the calculator draws a magnified graph, centered at the cursor’s position (Figure 8.54). The range

values are changed to reflect this new viewing window. Look in the View Window screen to check.

As you see in the Zoom menu (press F2), the Casio CFX-9850G can zoom in (press F3 [IN]) or zoom out (F4

[OUT)). Zoom out to see a larger view of the graph, centered at the cursor position. You can change the hori-

zontal and vertical scale of the magnification by pressing F2 [FACT] and editing Xfact and Yfact, the hori-
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zontal and vertical magnification factors.

 

 

 

  TT   

 

 

Lil. ¥z-0.415

Figure 8.53: Before a zoom in Figure 8.54: After a zoom in

Technology Tip: An advantage of zooming in from the default viewing window is that subsequent windows
will also be square. Likewise,if you zoom in from a friendly viewing window, the zoomed windows will also

be friendly.

The default zoom factor is 2 in both directions (press F1 [INIT] in the zoom factor screen). It is not necessary

for Xfact and Yfact to be equal. Sometimes, you may prefer to zoom in one direction only, so the other factor

should be set to 1, Press EXIT to leave the zoom factor screen.

Technology Tip: If you should zoom in too much and lose the curve, zoom back to the original viewing

window and start over. Or use the arrow keys to pan over if you think the curve is not too far away. You can

also just initialize the range to the Casio CFX-9850G’s standard window.

Technology Tip: The Casio CFX-9850G can automatically select the necessary vertical range for a function.

For auto scaling, activate the zoom menu (F2 [Zoom]) and then press F5 [AUTO]. Take care, because some-
times when you are graphing two functions together, the calculator will auto scale for one function in such a

way that the other function will no longer be visible. For example, plot the two functions y = —x3 +4x and

y = —25x in the Casio CFX-9850G’s initialized window, then auto scale and trace along both functions.

8.2.7 Relative Minimums and Maximums: Graph y = —x? +4x once again in the initialized window. This

function appears to have a relative minimum near x = —1 and a relative maximum near x = 1. You may zoom

and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point Trace along the curve until the y-coordinate is as small as you can getit, so that

you are as close as possible to the local minimum, and zoom in (press F2 [Zoom] F3 [IN] or use a zoom box).

Now trace again along the curve and, as you move from point to point, see that the coordinates change by

smaller amounts than before. Keep zooming and tracing until you find the coordinates of the local minimum

point as accurately as you need them, approximately (1.15, -3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as great

as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local maximum

point on the graph of y = —x? +4x is approximately (1.15, 3.08).

The Casio CFX-9850G can automatically find the maximums and minimums for functions drawn in the
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GRAPH mode. After graphing y = -x> + 4x, press F5 [G-Solv] to activate the graph solve menu at the

bottom ofthe screen (Figure 8.55).

[Ro0T [MAX [MIN he [3

 

 

    
Figure 8.55: Graph solve menu

After activating the graph solve menu, press F3 [MIN] to calculate the minimum (Figure 8.56). Then find the
maximum by pressing SHIFT G-SOLV F2 [MAX] (Figure 8.57).

 
 

Y1I=-R"3+4K Y1=-R73+4x  F

 
 

    
Figure 8.56: Minimum of y = —x* +4x Figure 8.57: Maximum of y = —x> +4x

Note that if you have more than one graph on the screen,the calculator will pause until you specify the graph

whose maximum or minimum you want to calculate. As you use the up and down arrow keys to move be-

tween graphs, press EXE when the equation you want to evaluate appears on the screen.

If your graph has more than one maximum or minimum, you can use the left and right arrows to move be-

tween them.

8.3 Solving Equations and Inequalities

8.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,

where a curve crosses the x-axis. For example, the graph of y = x —8x crosses the x-axis three times (Figure

8.58). After tracing over to the x-intercept point that is farthest to the left, zoom in (Figure 8.59). Continue this

process until you have located all three intercepts with as much accuracy as you need. The three x-intercepts

of y =x? —8x are approximately —2.828, 0, and 2.828.

 
 

 

 

      

] TT=R"3-B% \

| \/ 18z-2.85 Y=-0.3U81285

Figure 8.58: Graph of y =x — 8x Figure 8.59: Near an x-intercept of y = x* — 8x
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Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis
so that the viewing window shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the error is less than the distance between two tick marks. Change the x-scale from

the View Window screen. Move the cursor down to Xscale and enter an appropriate value.

The x-intercept of a function’s graph is a root of the equation f(x) =0, and the Casio CFX-9850G can auto-

matically search for the roots. First plot the function in the graph mode and then activate the graph solve menu

by pressing F5 [G-Solv]. (Refer back to Figure 8.55.) Then press F1 [ROOT] to locate an x-intercept on the
graph in the current window (Figure 8.58). The calculator searches from left to right to find an x-intercept in
the current window; press the right arrow key to search for the next x-intercept to the right.

/
Nn

|#=-2. 828uz112un Y=0

Figure 8.60: A root of y = x> —8x

 

Y1=X"3-8X

 

  

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the graphs

of y= —x* +4x and y=-25x. Trace along one of the graphs until you arrive close to an intersection point.

Then press A or w to jump to the other graph. Notice that the x-coordinate does not change, but the y-

coordinate is likely to be different (Figures 8.61 and 8.62).

 T=-R3+d% =.

Pe Prt
 

 

    
  

 

lr=1.8 ¥=0. 741 x=1.9 ¥=-0,415

Figure 8.61: Trace on y = —x® +4x Figure 8.62: Trace on y = -25x

When two y-coordinates are as close as they can get, you have come as close as you now can to the point of

intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as close

as possible. Continue this process until you have located the point ofintersection with as much accuracy as

necessary.

 

 

 ISECT
|#=-2.0615528128 Y=0.5]53882032  

Figure 8.63: An intersection of y = —x? +4x and y=-25x
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While the graphs are displayed, automate the Casio CFX-9850G to search for points of intersection by press-

ing F5 [G-Solv] F5 [ISCT]. If more than two functions are being plotted, the calculator will ask you to spec-
ify the two whose intersection you seek. The calculator searches from left to right to find an intersection point

in the current window; press the right arrow to continue the search for the next intersection point. Figure 8.63

shows one of the intersection points.

8.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x% —36x+17=0. First

graph y = 24x% —36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all the

equation’s roots. Then use trace and zoom or the ROOT command, to locate each one. In fact, this equation
has just one solution, approximately x = —1.414.

Remember that when an equation has more than one root, it may be necessary to change the viewing window

a few timesto locate all of them.

Technology Tip: To solve an equation like 24x> +17 = 36x, you may first transform it into standard form,

24x% 36x +17 =0, and proceed as above. However, you may also graph the two functions y =24x> +17

and y = 36x, then zoom and trace to locate their point of intersection or use the ISCT command.

8.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of inter-

section of their graphs (Figure 8.64). For example, to solve the system y=x>+3x?-2x-1 and

y =x? —3x—-4, first graph them together. Then use zoom and trace or the ISCT command, to locate their

point ofintersection, approximately (2.17, 7.25).

JY

 

 

    
Figure 8.64: Graph of y = x3 +3x% -2x-1 and y= x? -3x-4

If you zoom and trace, you must judge whether the two current y-coordinates are sufficiently close for x = —

2.17 or whether you should continue to zoom and trace to improve the approximation.

The solutions of the system of two equations y = x3 +3x2-2x-1 and y=x?-3x—4 correspond to the

solutions of the single equation x> +3x% —2x—1= x2 —3x—4, which simplifies to x> +2x2 +x+3=0. So

you may also graph y = x> +2x? +x +3 and find its x-intercepts to solve the system.

8.3.4 Solving Inequalities by Graphing: Consider the inequality 1-= > x —4. To solve it with your Casio
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CFX-9850G, graph the two functions y =1-= and y = x—4 and locate their point of intersection, at x = 2

(Figure 8.65). The inequality is true when the graph of y =1-2 lies above the graph of y = x —4 , and that

occurs when x < 2. So the solution is the half-line x <2, or (—o, 2].

 

 

  

Y1=x-
Y2=1-3X+2 \ J

| NS ISECT
|EE Y=-2

 

Figure 8.65: Solving 1-= >x—-4

The Casio CFX-9850G is capable of graphing inequalities of the form y < f(x), y< f(x), y= f(x), or

y > f(x). For example, to graph y > x2 =1 in the graph mode, scroll to Y3, press F3 [TYPE] F6 [>] F3

[Y=], input x —1, and press EXE (Figure 8.66). (Be sure the other graphs are not selected.) Now press F6 to
draw the graph (Figure 8.67).

 

rarh Func Ya
YIEKE-1

 

  

 

  

Figure 8.66: Inequality options Figure 8.67: Graph of y> x2 —1

Next press F1 to trace along the boundaries of the inequality. Notice that the Casio CFX-9850G displays co-

ordinates appropriately as inequalities. Zooming is also available for inequality graphs.

 

 

 

 

3
Figure 8.68: Graphs of 1-= >y and y>x-4

3 : : , .
Solve a system of inequalities, such as 1—= >y and y > x —4, by plotting the two inequality graphs simul-
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taneously. First, clear the graph window and reset the range to a convenient window. Input 1-5 as an ine-

quality type in Y1 by scrolling to Y1 and pressing F3 [TYPE] F6 [>] F4 [Y<] 1 — 3 X,0,T + 2 EXE. Like-

wise, input x—4 in Y2 by scrolling to Y2 and pressing F3 [TYPE] F6 [>] F1 [Y>] X.0,T — 4 EXE. Now
press F6 to draw the two inequalities as in Figure 8.68

Technology Tip: Since you can change the mode of the Casio CFX-9850G at any time, you can graph ine-

qualities and equations together at the same time. Simply change to inequality type before entering an ine-

quality, and change to rectangular type (Y=) before entering an equation.

8.4 Trigonometry

8.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the Casio CFX-9850G is configured for whichever measure you

need. From the main menu, enter the calculation mode (MENU 1) and press SHIFT SET UP to see the cur-

rent settings. To change your angle setting while in the calculation mode, press SHIFT SET UP, scroll to

Angle and select the appropriate angle setting.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° SHIFTSETUP v v v v F1

EXIT sin 45 EXE 0.7071067812
sin 7° sin SHIFT nm EXE 0.05480366515
sin 1 SHIFTSETUP v v v v F2

EXIT sin SHIFT mn EXE 0
sin 45 sin 45 EXE 0.8509035245

sin sin ( SHIFT n= 6 ) EXE 0.5

The first line of keystrokes sets the Casio CFX-9850G in degree mode and calculates the sine of 45 degrees.

While the calculator is still in degree mode, the second line keystrokes calculates the sine of © degrees, ap-

proximately 3.1415°. The third line changes to radian mode just before calculating the sine of © radians. The

fourth line calculates the sine of 45 radians (the calculator remains in radian mode).

The Casio CFX-9850G makes it possible to mix degrees and radians in a calculation. Execute these key-

strokes to calculate tan45°+sin% as shown in Figure 8.69: OPTN F6 [>] F5 [ANGL] tan 45 F1 + sin (

SHIFT nn + 6 ) F2 EXE. Pressing OPTN F6 [>] F5 [ANGL] activates the angular unit menu at the bottom of

the screen. Do you get 1.5 whether your calculator is in set either in degree mode or in radian mode?
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Figure 8.69: Angle measure

8.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-

sin 30x
 ful attention to the choice of graph window. For example, graph y = in the standard viewing win-

dow. Trace along the curve to see where it is. Zoom in to a better window, or use the period and amplitude to

establish a better window.

Technology Tip: In the View Window screen of the Casio CFX-9850G the viewing window can be set by
pressing F2 to a special window for trigonometric functions so that horizontal range is from —-37 to 3w in

radian mode or from —540° to 540° in degree mode and the vertical range is from —1.6 to 1.6.

8.5 Scatter Plots

8.5.1 Entering Data: The table shows the total prize money (in millions of dollars) awarded at the Indian-

apolis 500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

 

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989
 

 
Prize $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

($million)           
We’ll now use the Casio CFX-9850G to construct a scatter plot that represents these points and to find a linear

model that approximates the given data.

In the main menu select the STAT icon (MENU 2) to enter the statistics mode. Press SHIFT SET UP. You

want to set the mode to the following settings: Auto for Stat Wind, On for Graph Func, None for Back-

ground, Blue for Plot/Line, Rad for Angle, On for Coord, Off for Grid, On for Axes, Off for Label, and

Norm1 for Display. The first screen ofthe set up is shown in Figure 8.70.

Press EXIT to get back to the list screen. First clear any lists by moving the highlight to column you want to

delete and pressing F6 [>] F4 [DEL-A] F1 [YES].Instead of entering the full year 198x we will enter only

X. Now enter the X’s in List 1 by moving the cursor to the first entry in List 1 and press 1 EXE. Continue to

enter all the other years (pressing EXE after each entry). Then move to the first entry of List 2 by pressing »

and enter the corresponding prize data (Figure 8.71).

You may edit the lists in the same way you edit expressions in the home screen. Move the cursor to the value
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for any entry you wish to change, then type the correction and press EXE. To insert or delete data, move the

cursor to the value for any entry you wish to add or delete. Press F6 [>] F5 [INS] and a new entry in the list

is created; press F3 [DEL] and the entry is deleted. (You may have to scroll the bottom menu by pressing F6

[P1)

= 18 at. 1 4a] 5]

  
Figure 8.70: Statistics mode set up Figure 8.71: Entering the data

8.5.2 Plotting Data: Once all the data points have been entered, press F1 [GRPH)]to activate the statistics

graph menu. (You may have to scroll the bottom menu by pressing F6 [].) Press F4 [SEL] to see if Stat-
Graph1 is set on. Set this screen as in Figure 8.72. Press EXIT and then F6 [SET] F1 [GPH1] to check the

set up for StatGraph1. Set this screen as in Figure 8.73. Press EXIT.

  

   
  StatGrarkl Drawn

atiGrar tDrawC
StatGrarh3 :Drawlff

    

  [on[OFF

Figure 8.72: Select StatGraph 1 Figure 8.73: Setting up StatGraph 1

  

To get the scatter plot of the data press F1 [GPH1]. Figure 8.74 shows the scatter plot in a viewing window
automatically determined by the calculator.

 

5[Fea[re[3AT[5    
Figure 8.74: Scatter plot

8.5.3 Regression Line: The Casio CFX-9850G calculates the slope and y-intercept for the line that best fits

all the data. From the plot ofthe data, press F1 [x] to calculate the linear regression. As you can see in Figure

8.75 the result of the calculation names the y-intercept b and calls the slope a. The numberr (between —1 and

1) is called the correlation coefficient and measures the goodness of fit of the linear regression with the data.

The closer the absolute value of r is to 1, the better the fit; the closer the absolute value of r is to 0, the worse

the fit.
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To graph the line y = ax + b by pressing F6 [DRAW]. See how well this line fits with your data points (Figure
8.76).

  

Linearke
a=0.

     [Med [XA~7 [XAT[XA[TD
 

Figure 8.75: Linear regression model Figure 8.76: Linear regression line

8.5.4 Exponential Growth Model: The table shows the world population (in millions) from 1980 to 1992.

 

Year 1980 1985 1986 1987 1988 1989 1990 1991 1992
 

 
Population 4453 4850 4936 5024 5112 5202 5294 5384 5478

(millions)            
In the statistics mode (MENU 2), follow the procedure described above and enter the year into the List 1 and

the corresponding population into List 2. Use 0 for 1980, 5 for 1985, and so on.

Now press F1 [GRPH] F1 [GPH1] as before to make a scatter plot. The calculator will automatically choose

a suitable viewing window. To compute the exponential growth model y = ae”, press F6 [>] F2 [Exp]

(Figure 8.77). In this case, the exponential growth model is y = 445 10017303

Press F6 [DRAW] to plot the exponential growth model with the scatter plot (Figure 8.78).

 
 

 

[Med[X~3[XA3[X~[1D    

 

 

Figure 8.77: Exponential growth model Figure 8.78: Graph of exponential growth model

8.6 Matrices

 

8.6.1 Making a Matrix: The Casio CFX-9850G can work with 26 different matrices (Mat A through Mat 2).

1 4 3 5

Here’s how to create this 3x4 matrix -1 3 -1 -3| in your calculator as Mat A.

2 0 -4 6

Enter the matrix mode by selecting the MAT icon from the main menu (MENU 3). The display will show the

Graphing Technology Guide 8-27



dimension of each matrix if the matrix exists; otherwise, it will display None (Figure 8.79). Move the high-

light to Mat A and press 3 EXE 4 EXE to enter its dimensions of 3 rows by 4 columns. You will now be in

the screen for Mat A.

Use the arrow keys or press EXE repeatedly to move the cursor to a matrix element you want to change. If
you press EXE, you will move right across a row and then back to the first column of the next row. The ele-

ment in the second row and first column in Figure 8.80 is highlighted, so that the element’s current value ig

displayed at the bottom right corner of the screen. Continue to enter all the elements of Mat A; press EXE
after inputting each value.

  

    
Figure 8.79: Matrix list Figure 8.80: Editing a matrix

When you are finished, leave the editing screen by pressing EXIT once to return to the matrix list. To edit an

existing matrix, scroll to the matrix and press EXE.

8.6.2 Matrix Math: To perform matrix calculations you must enter the calculation mode (MENU 1) and then

press OPTN F2 [MAT] to activate the matrix calculation menu. We will assume that this menu will be active

throughout our matrix calculations. To calculate the scalar multiplication 2 Mat A, press 2 F1 [Mat] ALPHA

A EXE. The resulting matrix is displayed on the screen and is stored in matrix memory as Mat Ans (Figure

8.81). If you would rather have the matrix stored as specific matrix, say Mat C, you should press 2 F1 [Mat]

ALPHA A — F1 [Mat] ALPHA C EXE. The calculator will display the matrix.

 

Hns__1_ _c __3 3
1 : -8 5 H
2 pr 5 -2 -6
3

  

 2  
Figure 8.81: 2 Mat A

To add two matrices, say Mat A and Mat B, create Mat B (with the same dimensions as Mat A) in the matrix

mode (MENU 3). Then enter the calculation mode (MENU 1), activate the matrix calculation menu by

pressing OPTN F2 [MAT], and then press F1 [Mat] ALPHA A + F1 [Mat] ALPHA B EXE. Again, if you

want to store the answer as a specific matrix, say Mat C, then press —»> F1 [Mat] ALPHA C before executing

the above command. Subtraction is performed in a similar manner.
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Now set the dimensions of Mat C as 2x3 and enter the matrix : as Mat C. Again you must

-5 -1

switch between matrix and calculation mode. For matrix multiplication of Mat C by Mat A, press (assuming

the matrix calculation menu is active) F1 [Mat] ALPHA C x F1 [Mat] ALPHA A EXE. If you tried to multi-

ply Mat A by Mat C, your calculator would signal an error because the dimensions of the two matrices do not
permit multiplication in this way.

The transpose of a matrix is another matrix with the rows and columns interchanged. To calculate the trans-
pose of Mat A, press (assuming the matrix calculation menu is active) F4 [Trn] F1 [Mat] ALPHA A EXE.

8.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides a more careful explanation of the elementary row operations and their uses.

In the matrix mode enter the editing screen for Mat A. Press F1 to activate the row operations menu at the
bottom of the calculator screen (Figure 8.82).

After you select a row operation, your calculator will prompt you through it. For example, to interchange the

second and third rows of Mat A defined above, press F1 2 EXE 3 EXE, while the calculator prompts for the

row numbers (Figure 8.83). The format of this command is Swap Row m <> Row n.

  

   

    

a I z 3 T a I T 3 T
I =u i | | -u 3 5
[ =1 3 = -3 2 = 3 = |
3 [ 0 -u B 3 2 0 -4 B

1 m? 2
[Rue SW3p Rou W-ROW fy

Figure 8.82: Row operations menu Figure 8.83: Swap rows 2 and 3

To add row 2 and row 3 and store the results in row 3, press F4 2 EXE 3 EXE. The format of this command

is Row m + Row n —> Row n.

To multiply row 2 by —4 and store the results in row 2, thereby replacing row 2 with new values, press F2 (-)
4 EXE 2 EXE. The format of this command is k x Row m —» Row m.

To multiply row 2 by —4 and add the results to row 3, thereby replacing row 3 with new values, press F3 (-)

4 EXE 2 EXE 3 EXE. The format of this command is k x Row m + Row n — Row n.

Note that as you perform row operations on the Casio CFX-9850G, your old matrix is replaced by the new

matrix, so if you want to keep the original matrix in case you need it, you should save it under another name.

 

x-2y+3z=9

For example, use row operations to solve this system of linear equations: -x+3y=—4.

2x-5y+5z=17
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1 2 3 9

First enter this augmented matrix as Mat A in your Casio CFX-9850G: |-1 3 0 —-4]|. Next store this

2 5 5 17

matrix as Mat E, so you may keep the original in case you need to recall it. Press MENU 1 to enter the calcu-

lation mode and then press OPTN F2 [MAT] F1 [Mat] ALPHA A — F1 [Mat] ALPHA E EXE.

Now return to the matrix mode and edit Mat E. Here are the row operations and their associated keystrokes.

At each step, the result is stored as Mat E and replaces the previous Mat E. The completion of the row opera-
tions is shown in Figure 8.84. First press F1 to begin performing row operations.

Row Operations Keystrokes

add row 1 to row 2 F4 1 EXE 2 EXE

add -2 times row 1 to row 3 F3 (-) 2 EXE 1 EXE 3 EXE
add row 2 to row 3 F4 2 EXE 3 EXE

multiply row 3 by + F2 1 +2 EXE 3 EXE

H I € 3 4
 

  

  
Figure 8.84: Final matrix after row operations

Thusz=2,sox=1andy=-1.

1 -2 3

8.6.4 Determinants and Inverses: Enter this 3x3 square matrix as Mat A: |-1 3 0]. To calculate its

2 55S

1 2 3
determinant |—-1 3 OJ, enter the calculation mode and press OPTN F2 [MAT] F3 [Det] F1 [Mat]

2 55

ALPHA A EXE. You should find that the determinant is 2 as shown in Figure 8.85.

 

 

 

 

 
Figure 8.85: Determinant of Mat A Figure 8.86: Inverse of Mat A
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Since the determinant of the matrix is not zero,it has an inverse matrix. Press F1 [Mat] ALPHA A SHIFT x
EXE to calculate the inverse. The result is shown in Figure 8.86.

x-2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Once again, consider -x+3y=—-4.

2x-5y+5z=17

1 -2 3

The coefficient matrix for this system is the matrix -1 3 0| which was entered in the previous example.

2 55

9

In the matrix mode enter the matrix —4 as Mat B. Then in the calculation mode, press OPTN F2 [MAT] F1

17

[Mat] ALPHA A SHIFT x" x F1 [Mat] ALPHA B EXEto get the answer as shown in Figure 8.87.

 

 

 

Figure 8.87: Solution matrix

The solution is still x=1,y=-1,and z = 2.

8.7 Sequences

8.7.1 Iteration with the Ans key: Compute the following in the calculation mode (MENU 1). The Ans fea-

. . . n-—1
ture enables you to perform iterations to evaluate a function repeatedly. As an example, calculate 1 for n

n—1 . . . .
= 27. Then calculate “5 for n = the answerto the previous calculation. Continue to use each answer as » in

the next calculation. here are keystrokes to accomplish thisiteration on the Casio CFX-9850G calculator. (See

the results in Figure 8.88.) Notice that when you use Ans in place of » in a formula, it is sufficient to press

EXE to continue an iteration.
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Iteration Keystrokes Display

 

1 27 EXE 27

2 (SHIFT Ans - 1) + 3 EXE 8.666666667

3 EXE 2.555555556

4 EXE 0.5185185185

5 EXE -0.1604938272

20
27

(Ans-1>+3
8. 66666666  
 

2.99555555
8.518518518
-0.160493827

 
 

N
A
N

     
Figure 8.88: Iteration

Press EXE several more times and see what happens with this iteration. You may wish to try it again with a

different starting value.

8.7.2 Arithmetic and Geometric Sequences: Use iteration with the Ans variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Enter the first term 7, then start the progression with the recursion formula, SHIFT

Ans + 4 EXE. This yields the 2nd term, so press EXE sixteen more times to find the 18th term. For a geo-

metric sequence whose common ratio is 4, start the progression with SHIFT Ans x 4 EXE.

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence

t,=a+(n-1)d . First enter values for the variables a, d, and n, then evaluate the formula by pressing

ALPHA A + ( ALPHA N - 1) ALPHA D EXE. For a geometric sequence whose n-th term is given by

t, = a-r""!, enter values for the variables a, d, and n, then evaluate the formula by pressing ALPHA A

ALPHA R A (ALPHA - 1) EXE.

 

Recursion

 

Figure 8.89: Recursion formula

You can also define the sequence recursively with the Casio CFX-9850G in the recursion mode. From the

main menu enter the recursion mode by selecting the RECUR icon (MENU 8). If the recursion type a,,1 is
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not selected, press F3 [TYPE] F2 [a, , ;] to select this type. Once again, let’s find the 18th term of an arith-
metic sequence whose first term is 7 and whose common difference is 4. Input the recursion formula

a,,; =a, +4 by pressing F4 [n,a,] F2 [a,] + 4 EXE (Figure 8.89). Now make a, = 7 (because the first term

is a, where n = 1) and display a table that contains the 16th term a,to the 20th term a,, by pressing F5

[RANG] F2 [a,] 16 EXE 20 EXE 7 EXE EXIT F6 [TABL] (Figures 8.90 and 8.91).

  

able Ranse n+l
Start: 16
End :28
ail 7

 

 

 
anolr:
bnStr: 8
a0 al  

Figure 8.90: TABLE Range Figure 8.91: a,3 = 75

To use the explicit formula in a Casio CFX-9850G recursion table, start a new table by pressing EXIT to re-

turn to the recursion table, moving the highlight onto the formula, and pressing F2 [DEL] F1 [YES]. Now

make a, =7+(n—1)-4 by press F3 [TYPE] F1 [a,] 7 + (F4 [n]- 1) x 4 EXE. Once more,calculate term

as by pressing F5 [RANG] 18 EXE 18 EXE EXIT F6 [TABL] (Figures 8.92 — 8.94).

 

  

able Range n
Start:18

      
 

Figure 8.93: TABLE Range Figure 8.94: a;3 = 75

Technology Tip: A table whose starting and ending range values are the same has just one entry. So to dis-

play a single n-th term series, set both the starting and ending range values to n.

 

There are more detailed instructions for using the recursion mode in the Casio CFX-9850G manual.

8.7.3 Finding Sums ofSequences: You can use recursion mode of the Casio CFX-9850G to find the sum of
12

a sequence. For example, suppose you want to find the sum >403)" . First check the set up by pressing

n=1

Graphing Technology Guide 8-33



SHIFT SET UP. If Z Display is set to Off, press F1 [On]. Press EXIT and erase any existing formula by

pressing F2 [DEL] F1 [YES]. Now press F3 [TYP] F1 [a] 4 x ( .3) A F4 [n] EXE. Now you must set the

range from 1 to 12 by pressing F5 [RANG] 1 EXE 12 EXE EXIT. Press F6 [TABL]. The last entry in the
table is the sum (Figure 8.95).

 

an=4x(, 3on

Cin
Edn

5 1.1142
5 1.7142
6 1.1142
B

84803

  

 

  

 

              
12

Figure 8.95: »_ 4(03)"
n=1

Now calculate the sum starting at » = 0 by editing the range. You should obtain a sum of approximately

5.712848.

8.8 Parametric and Polar Graphs

8.8.1 Graphing Parametric Equations: The Casio CFX-9850G plots parametric equations as easily as it

plots functions. Enter the graph mode by selecting the GRAPH icon from the main menu (MENU 5). Change
to parametric mode by pressing F3 [TYP] F3 [Parm]. Be sure, if the independent parameter is an angle meas-

ure, that the angle measure has been set to whichever you need, Rad or Deg.

You can now enter the parametric functions. For example, here are the keystrokes need to graph the paramet-

ric equations x = cos’# and y =sin’¢ . First check that angle measure is in radians and unselect any existing

functions. In the graph function screen select a location for the equation of x and press ( cos X,0,T) A 3 EXE

(sin X,6,T) A 3 EXE (Figure 8.96).

 

 

Figure 8.96: x = cos’ ¢ and y =sin’¢

Press SHIFT V-Window F1 [INIT] to set the standard graphing window and to initialize the values of T.

Scroll down the screen to see that the values of T go from 0 to 27 in steps of 8 ~ 0.062832 . In order to pro-

vide a better viewing window scroll back up the screen and set the rectangle to go from —2 to 2 horizontally

and vertically. EXIT back to the graph screen and press F6 [DRAW] to draw the graph (Figure 8.97).
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Figure 8.97: Parametric graph of x = cos’ and y =sin’¢

You may zoom and trace along parametric graphs just as you did with function graphs. As you trace along

this graph, notice that the cursor movesin the counterclockwise direction as T increases.

Note that you can also graph parametric equations in the calculation mode (MENU 1). First in the calculation
mode set up screen, set Func Type as Param. Exit the set up and clear any exiting graph(s) from the graph

window by pressing SHIFT Sketch F1 [Cis] EXE. After setting an appropriate viewing window, press F5
[GRPH] F3 [Parm] ( cos X,6,T) A 3, (sin X,6,T) A 3) EXE.

8.8.2 Rectangular-Polar Coordinate Conversion: Conversion between rectangular and polar coordinate
systems is accomplished directly through keystrokes on the Casio CFX-9850G. These functions use the cur-

rent angle measure setting, so it is a good idea to check the default angle measure before any conversion. Of
course, you may override the current angle measure setting, as explained in Section 8.4.1. For the following

examples, the Casio CFX-9850G is set to radian measure.

We perform these calculations in the calculation mode (MENU 1). To convert between rectangular and polar

coordinates, activate the coordinate conversion menu at the bottom of the screen by pressing OPTN F6 [2]
F5 [ANGL] F6 [P].

Given the rectangular coordinates (x, y) = (4, —3), convert to polar coordinates (r, 0) by pressing F1 [Pol(] 4 ,

— 3) EXE. The value of r is displayed in the first row of the column and the value of 0 is displayed in the
second row (Figure 8.98). The polar coordinates are approximately (5, —0.6435).

Suppose (7, 0) = (3, n). Convert to rectangular coordinates (x, y) by pressing F2 [Rec(] 3 , SHIFT =n ) EXE.
The x-coordinate is displayed in the first row and the y-coordinate is displayed in the second row (Figure

8.99). The rectangular coordinates are (3, 0).

  

   -8.6435011088   

 

Figure 8.98: Rectangular to polar coordinates Figure 8.99: Polar to rectangular coordinates

8.8.3 Graphing Polar Equations: The Casio CFX-9850G graphs polar functions in the form » = f(0) . En-

ter the graph mode by selecting the GRAPH icon from the main menu (MENU 5). Clear or unselect any ex-
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isting graphs. Change to polar mode by pressing F3 [TYP] F2 [r =]. Be sure that the angle measure has been
set to whichever you need, Rad or Deg. Here we will use radian measure. Press SHIFT V-WINDOW F1
[INIT] to initialize the graph window so 6 goes from 0 to 2.

For example, to graph r =4sin6 , select a location for the function, and press 4 sin X,0,T EXE in the graph
screen. Now, when you press the variable key X,,T, you get a 6 because the calculator is in polar mode.

Choose a good viewing window and an appropriate interval and increment for 6. In Figure 8.100, the viewing
window is roughly “square” and extends from —8 to 8 horizontally and from —4 to 4 vertically. (Refer back to

the Technology Tip in Section 8.2.4.)

Figure 8.100: Polar graph of » = 45in0

 

 

    

Trace along this graph to see the polar coordinates of the cursor’s location displayed at the bottom of the win-

dow. Zooming works just the same as before.

Note that you can also graph polar equations in the calculation mode (MENU 1). First in the calculation mode

set up screen, set Func Type as r =. Exit the set up and clear any exiting graph(s) from the graph window by

pressing SHIFT Sketch F1 [CIs] EXE. After setting an appropriate viewing window, press F5 [GRPH] F2

[r=] 4 sin X,0,T EXE.

8.9 Probability

8.9.1 Random Numbers: The command Ran# generates a number between 0 and 1. You will find this

command in the PROB (probability) sub-menu of the MATH menu. In the calculation mode (MENU 1) press

OPTN F6 [2] F3 [PROB] to activate the probability menu at the bottom of the screen. We will assume that

this menu is active for the rest of this section. Then press F4 [Ran#] EXE to generate a random number. Press
EXE to generate another number; keep pressing EXE to generate more of them.

If you need a random number between, say, 0 and 10, then press 10 F4 [Ran#] EXE. To get a random num-

ber between 5 and 15, press 5 + 10 F4 [Ran#] EXE.

8.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, |,P,, press 12 F2 [nPr] 7 EXE (Figure 8.101). Thus ,,P, = 3,991,680.

For the number of combinations of 12 objects taken 7 at a time, ,,C,, press 12 F3 [nCr] 7 EXE (Figure

8.101). Thus ,,C, = 792.
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[TD   
Figure 8.101: ,P, and ,,C,

8.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player

wins the top prize. There are 4,C4 ways for the six numbers to be drawn. If you purchase a single lottery

ticket, your probability of winning is 1 in 4,Cg. Press 1 + 40 F3 [nCr] 6 EXE to calculate your chances, but
don’t be disappointed.

8.10 Programming

8.10.1 Entering a Program: The Casio CFX-9850G is a programmable calculator that can store sequences

of commands for later replay. Here’s an example to show you how to enter a useful program that solves quad-

ratic equations by the quadratic formula.

Select the PRGM icon from the main menu (MENU B). You will get the Program List screen. If you have

not entered a program yet, the message No Programs will appear (Figure 8.102). Programs will be listed by

the file name of the program.

 

Program List

No Programs

  
Figure 8.102: Program list

 

To write a program press F3 [NEW]. Now enter a descriptivetitle, say QUADRATI (note only eight charac-
ters can be used in the title). The alpha lock is automatically turned on, so just type name. Then press EXE to

begin writing the actual program.

Any command you could enter directly in the Casio CFX-9850G’s computation screen can be entered as a

line in a program. There are also special programming commands.

Each time you press EXE while writing a program, the Casio CFX-9850G automatically inserts the .J charac-

ter at the end ofthe previous line. For simplicity, since this happens every time you press EXE, the .J charac-

ter is not shown in the program listing below.

Note that while entering a program the program menu can be activated at the bottom of the screen by pressing
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SHIFT PRGM (Figure 8.103). This menu is used to access a variety of commands that are need for writing a
program.

 

  
Figure 1.103: Program menu

The instruction manual for your Casio CFX-9850G gives detailed information about programming. Referto it
to learn more about programming and how to use other features of your calculator.

Enter the program QUADRATIC by pressing the given keystrokes.

8-38

Program Line Keystrokes

‘ENTER A"? > A SHIFT A-LOCKF2 "ENT E R SPACE AF2 ["]
SHIFT PRGM F4 [?] > ALPHA A EXE

displays the words ENTER A on the Casio CFX-9850G screen and waits

for you to input a value that will be assigned to the variable A

‘ENTER B"? > B SHIFT A-LOCKF2 ['/ENT E R SPACE B F2 ["]

SHIFT PRGM F4 [?] -> ALPHA B EXE

‘ENTER C"? > C SHIFT A-LOCKF2 [JEN TE R SPACE C F2 ["]

SHIFT PRGM F4 [?] -> ALPHA C EXE

B’-4AC > D ALPHA B x* — 4 ALPHA A ALPHA C —> ALPHA D EXE

calculates the discriminant and stores its value as D

(-B + VD) + (2A) > M ((=) ALPHA B + SHIFT Vv ALPHA D ) = (2 ALPHA A)
—> ALPHA M EXE

calculates one root and stores it as M

(-B —vD) = (2A) > N ((-) ALPHA B — SHIFT Y ALPHA ) = (2 ALPHA A)
—> ALPHA N EXE

D < 0 = Goto 1 ALPHA D F6 [>] F3 [REL] F4 [<] 0 EXIT F6 [>]
F3 [JUMP] F3 [=] F2 [Goto] 1 EXE

tests to see if the discriminant is negative;

if the discriminant is negative, jumps to the line Lbl 1 below;if the dis-
criminant is not negative, continues on to the next line
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D = 0 = Goto 2 ALPHA D EXIT F6 [>] F3 [REL] F1 [=] 0 EXIT F6 [2]
F3 [JUMP] F3 [=] F2 [Goto] 2 EXE

tests to see if the discriminant is zero;

if the discriminant is zero, jumps to the line Lbl 2 below; if the discrimi-
nantis not zero, continues on to the next line

“TWO REAL ROOTS” SHIFT A-LOCK F2 ["] TW O SPACE R E AL SPACE
ROOTSF2 [ALPHA EXE

M4 ALPHA M EXIT F5 [4]

displays one root and pauses

N ALPHA N EXE

Goto 3 F3 [JUMP] F2 [Goto] 3 EXE

jumpsto the end of the program

Lbl 1 F1 [Lbl] 1 EXE

jumping point for the Goto command above

“COMPLEX ROOTS” SHIFT A-LOCKF2['J/COMPLEXSPACEROOTS
F2 ["] ALPHA EXE

displays a message in case the roots are complex numbers

M4 ALPHA M EXIT F5 [4]

N ALPHA N EXE

Goto 3 F3 [JUMP] F2 [Goto] 3 EXE

Lbl 2 F1 [Lbl] 2 EXE

“DOUBLE ROOT" SHIFT A-LOCKF2 [/DOUBLESPACEROOT
F2 ['] ALPHA EXE

displays a message in case there is a double root

M ALPHA M EXE

Lbl 3 F1 [Lbl] 3

 

When you have finished, press EXIT three times to leave the program editor and reenter the program list
screen.

If you want to clear a program, enter the program list screen. Move to the program you want to delete, and

when the cursor is blinking next to its name, press F4 [DEL] F1 [YES] to remove it from the calculator’s

memory.
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8.10.2 Executing a Program: To execute the program you have entered, go to the program list screen, high-

light the program name and then press F1 [EXE] or EXE.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax’ + bx +c = 0. Input a value, then press EXE to continue the program. After the program has run, you can
press EXE to run the program again.

Note that when you execute a program, the calculator puts you into the calculation mode, so if you need to

return to the program list you must press MENU B.

8.11 Differentiation

sin4x sin4x
. Plot the graph of f(x) = in a conven-  8.11.1 Limits: Suppose you need to find this limit: Lim

xX Xx

ient viewing rectangle that contains the point where the function appears to intersect the line x = 0 (because

sin4x
 you want the limit as x — 0). Your graph should support the conclusion that lim

x—> X
=4 (Figure 8.104).

2x —1 ~x = 2 is reasonable, evaluate f(x) = 2x1  To test whether the conclusion that lim for several large
x0 X +

positive values of x (since you want the limit as x — ©). For example, evaluate f{100), 1000), and/{10,000).

 Co . 2x-1 Lo
Another way to test the conclusion is to examine the graph of f(x) = " in a viewing rectangle that ex-

x +
tends over large values of x. See, as in Figure 8.105 (where the viewing rectangle extends horizontally from 0

 

  

 

  

      

  

: . . 2x —1
to 100), whether the graph is asymptotic to the horizontal line y = 2. Enter x for Y1 and 2 for Y2.

xX +

A ;

. . ._sinédx . . . 2x-1
Figure 8.104: Checking lim =4 Figure 8.105: Checking lim =2

x=0 Xx xoxo x+1

8.11.2 Numerical Derivatives: The derivative of a function fat x can be defined as the limit of the slopes of

Sx +Ax)— f(x — Ax)
The And for small values of Ax, the expressionsecant lines, so f'(x)= lim

Ax—0

f(x +Ax)- f(x -Ax)
2Ax
 gives a good approximation te the limit.
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The Casio CFX-9850G has a function in the function analysis menu that will calculate the symmetric differ-

f(x +Ax)- f(x - Ax)
2Ax

press OPTN F4 [CALC]. The function you want is activated by pressing F2 [d/dx]. So to find a numerical

approximation to f’(2.5) when f(x) =x and with Ax = 0.001, press F2 [d/dx] x,6,T A 3, 2.5, .001 ) EXE

as shown in Figure 8.106. The format of this command is d/dx(expression, variable, value, Ax). The same

derivative is also approximated in Figure 8.105 using Ax = 0.0001. For most purposes, Ax = 0.001 gives a
very good approximation to the derivative.

 ence . To activate the function analysis menu in the calculation mode (MENU 1)

(Ad/ dx ’ K)

“18.756
drdx(X~3,2.5, . DOD1 )

18. 5608001

 

  

     
  

 

RAUT BRE ea SLIDRE: JOR BY

Figure 8.106: Using d/dx

  

Technology Tip: lt is sometimes helpful to plot both a function and its derivative together. In Figure 8.108,

S5x-2 . . CL Co . o .
and its numerical derivative (actually, an approximation to the derivative given bythe function f(x) =—

x“ +1
 

the symmetric difference) are graphed on viewing window that extends from —6 to 6 vertically and horizon-

for Y1. Move the highlight to Y2 and press OPTN F22
x +1

[CALC] F1 [d/dx] VARS F4 [GRPH] F1 [Y] 1, x,8,T, .001 ) EXE (Figure 8.107).

 tally. In the graph mode (MENU 5), enter

  

Pe
—f

Figure 8.107: Enteringf(x) andf(x) Figure 8.108: Graphs off(x) andf(x)

 

   

 

 

The Casio CFX-9850G can compute the derivative of a point on a graph drawn in the graph mode. Enter the

graph mode (MENU 5), press SHIFT SET UP, scroll down to Derivative, and press F1 [On]. Return to the

. -2 Co .
graph function screen. For example, graph the function f(x) = x in the viewing window that extends

x“ +
 

from —6.3 to 6.3 horizontally and from —6.2 to 6.2 vertically. Then press F1 [Trace]. The coordinates for the

left-most x-value of the range will appear, along with the derivative at that point above the y-coordinate. You

can use the left and right arrow keys to move to a specific point, say x = —2.3. Figure 8.109 shows the deriva-

tive at that point to be about —0.774692.
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Y1I=COR=2)+(RE+]1)

———
 

dY/d%=-0. 14
1#=-2.3 Y=-2. IU62639103

Sx-2

x? +1

  
 Figure 8.109: Derivative of f(x) = atx =-2.3

If more than one function is graphed you can use 4 and V¥ to scroll between the functions.

8.11.3 Newton’s Method: With the Casio CFX-9850G, you may iterate using Newton’s method to find the

zeros of a function. Recall that Newton’s Method determines each successive approximation by the formula

Xnel = Xp — SC)
J'(x)

As an example ofthe technique, consider f(x)=2x>+x?-x+1. In the calculation mode (MENU 1) enter

this function in the function memory as f1 (refer back to Section 8.2.1). Set the range to the standard viewing

window and clear any graphs from the window (SHIFT SKETCH F1 [CLS] EXE). Graph the function in the

calculation mode by pressing SHIFT Sketch F5 [GRPH] F1 [Y =] OPTN F6 [>] F6 [>] F3 [FMEM] F3
[fn] F1 [f1] EXE. A look at the graph suggests that it has a zero near x = —1, so return to the calculation screen

by pressing F6 [G>T] and start the iteration by storing —1 as x. Then, press these keystrokes (assuming the
list of functions isstill at the bottom of the screen): x,6,T — F1 [f1] + OPTN F4 [CALC] F2 [d/dx] OPTN F6

[PP] F6 [P] F3 [FMEM] F3 [fn] F1 [f1] , x,6,T, .001 ) = x,6,T EXE EXE (Figure 8.110) to calculate the first
two iterations of Newton’s method. Press EXE repeatedly until two successive approximations differ by less

than some predetermined value, say 0.0001. Note that each time you press EXE, the Casio will use the cur-

rent value ofx, and that value is changing as you continue the iteration.

 

 

13x 1

3-f1+ddxlf1.X,. 001)

-1.333333111
-1.243386229

 

Figure 8.110: Newton’s method

Technology Tip: Newton’s Method is sensitive to yourinitial value for x, so look carefully at the function’s

graph to make a good first estimate. Also, remember that the method sometimes fails to converge!

You may want to write a short program for Newton’s Method. See your calculator’s manual for further in-

formation.
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8.12 Integration

8.12.1 Approximating Definite Integrals: The Casio CFX-9850G has a function which is accessed from the
function analysis menu that will approximate a definite integral. For example,to find a numerical approxima-

tion to [cos x’dx first enter the calculation mode (MENU 1) and then press OPTN F4 [CALC] F4 [Idx] cos

X,6,Tx°, 0, 1) EXE (first two lines in Figure 8.111). The Casio CFX-9850G uses a method known as Simp-

son’s Rule to perform the calculation. The format of this command is (expression, lower limit, upper limit,

n), where the last optional entry » is an integer from 1 to 9 which gives the number of intervals 2" used in

computing the integral. If » is not specified the calculator will automatically assign a value. The last two lines
in Figure 8.111 shows the calculation when nis 7.

 

J(cos K%,0,1)
0.90

S{cos XK2,8,1,7)
8.90645

452425

242379

 

 

Figure 8.111: Using [dx

8.12.2 Areas: You may approximate the area under the graph of a function y = f(x) between x = 4 and

x = B with your Casio CFX-9850G. To do this you must be in the calculation mode (MENU 1) and access the

command by pressing SHIFT Sketch F5 [GRPH] F5 [G-|dx]. For example, here are the keystrokes for

finding the area under the graph of the function y = cosx? between x = 0 and x = 1. The area is represented

by the definite integral [ cos x’dx . First clear any existing graphs and select an appropriate viewing window.

Then press SHIFT Sketch F5 [GRPH] F5 [G-Idx] cos X.6,T x} ,0,1 (Figure 8.112) followed by EXE to

draw the graph. Notice that these keystrokes are nearly identical to the keystrokes used above in computing

the integral; the difference is from using the command G-/dx instead of [dx. You can also add a third value »

to your command to specify the number ofintervals used in computing the integral. The range in Figure 8.113

extends from —2 to 2 horizontally and from -2 to 2 vertically. If you need to change your range press F3 [V-

Window], enter your new values, press EXIT to enter the calculation screen, and then press EXE to redraw.

  

Grarh Jcos Ae,1

   C1z [Tana[Hornd Ines Joke Sdx=0.90452425

Figure 8.112: Using G-Jdx Figure 8.113: Graph and area
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Technology Tip: Suppose that you want to find the area between two functions, y = f(x) and y = g(x)

from x =A4 and x = B. If f(x)2> g(x) for A<x<B, then graph the expression f(x)- g(x) in the manner

described aboveto find the required area.
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Chapter 9

Sharp EL-9200/9300
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9.1 Getting started with the Sharp EL-9200/9300

9.1.1 Basics: Press the ON key to begin using your Sharp EL-9200/9300 calculator. If you need to adjust the

display contrast, first press 2ndF and then press OPTION. Next press + (the plus key) to increase the con-
trast or — (the minus key) to decrease the contrast. Leave this menu by pressing QUIT. When you have fin-
ished with the calculator, turn it off to conserve battery power by pressing 2ndF and then OFF.

 

lass”

BBE Ea
Figure 9.1: Operation mode keys

   

The four keys left of ON are used to set the Sharp EL-9200/9300’s operation mode: for calculations, graphs,

programming, statistics, statistical graphs, and solving equations (EL-9300 only). Press the first mode key,

the one with arithmetic operators, for calculation mode. You need to press the calculation mode key before

performing computations or evaluations.

Check the Sharp EL-9200/9300’s settings by pressing SETUP. If necessary, use EM (the up arrow key) or

Ea (the down arrow key) to highlight a setting you want to change; you may also jump to a setting by

pressing its letter. Next press ENTER or HB (the right arrow key) to move to a sub-menu of options; use an

arrow key to move to your choice and press ENTER to put it into effect. Once again, you may just jump to

an option by pressing its number. To start with, select these options as illustrated in Figure 9.2 by pressing

the indicated keys: radian measure, press B 2; floating decimal point, press C 1; rectangular coordinates, E

1; one-line editing, F 2; decimal answers, G 1. Details on alternative options will be given later in this guide.

For now, leave the SETUP menu by pressing QUIT. You may return to this menu at any time.

 

Now press MENU 1 for real-number calculation mode.

9.1.2 Editing: One advantage of one-line editing on the Sharp EL-9200/9300 is that up to 8 lines are visible

at a time , so you can see a long calculation. For example, type this sum (see Figure 9.3):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20
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Then press ENTER to see the answer, too.

Often we do not notice a mistake until we see how unreasonable an answer is. The Sharp EL-9200/9300

permits you to re-display an entire calculation, edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 9.3 but had not yet pressed ENTER, when you realize that

34 should have been 74. Simply press [fl (the left arrow key) as many times as necessary to move the blink-

ing cursorleft to 3, then type 7 to write overit. On the other hand, if 34 should have been 384, move the cur-

sor back to 4, press 2ndF INS (the cursor changes to a blinking arrow) and then type 8 (inserts at the cursor
position and other characters are pushed to the right). Press 2ndF INS again to cancel insert mode. If the 34
should have been 3 only, either move the cursor onto 4 and press DEL to delete it, or move the cursor just

after the 4 and press BS to back space overit.

12+34+36

   
Figure 9.3: Editing expressions

Technology Tip: To move quickly to the beginning of an expression you are currently editing, press 2ndF

Bl; to jump to the end of that expression, press 2ndF B.

Even if you had pressed ENTER, you may still edit the previous expression. Press CL and then any arrow
key to recall the last expression that was entered. Pressing the up or left arrow key restores the previous ex-

pression with the cursor at the end ofthe line; pressing the down or right arrow key restores the last expres-
sion with the cursor at the beginning of the line. Now you can change it. In fact, the Sharp EL-9200/9300

retains many prior entries in a “last entry” storage area. Press 2ndF and an arrow key repeatedly to cycle

through previous command lines that the calculator has remembered.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account

if there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

the balance is P(1+1)", where P = principal, r = rate of interest (expressed as a decimal), n = number of

times interest is compounded each year, and t+ = number of years. In our example, this becomes

5000(1+.085)’. Here are the keystrokes for finding the balance after t = 3, 5, and 10 years.

9-2 Sharp EL-9200/9300 Graphing Scientific Calculator



Years Keystrokes Balance

3 CL 5000 ( 1 +.085) a® 3 ENTER $6386.45

5 Bl Bf 5 ENTER $7518.28

10 fl 10 ENTER $11,304.92

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press these keys to changethe last calculation above: fl I DEL 50 Kl BO Bf 7 ENTER.

9.1.3 Key Functions: Most keys on the Sharp EL-9200/9300 offer access to more than one function, just as

the keys on a computer keyboard can produce more than one letter (“g” and “G”) or even quite different

characters (“5 and “%”). The primary function of a key is indicated on the key itself, and you access that

function by a simple press on the key.

To access the second function indicated in yellow above a key, first press 2ndF (an indicator appears at the

top of the screen) and then press the key. For example,to calculate 57, press 5 2ndF x! ENTER.

When you wantto use a letter or other character printed in blue above a key, first press ALPHA (another in-
dicator appearsat the top ofthe screen) and then the key. For example, to use the letter K in a formula, press

ALPHA K. If you need several letters in a row, press 2ndF A-LOCK, which is like CAPs Lock on a computer
keyboard, and then press all the letters you want. Remember to press ALPHA when you are finished and

wantto restore the keysto their primary functions.

9.1.4 Order of Operations: The Sharp EL-9200/9300 performs calculations according to the standard alge-

braic rules. Working outwards from inner parentheses, calculations are performed from left to right. Powers

and roots are evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Note that the Sharp EL-9200/9300 distinguishes between subtraction and the negative sign. If you wish to

enter a negative number, it is necessary to use the (-) key. For example, you would evaluate —5—(4--3) by

pressing (-) 5— (4 x (-) 3) ENTER to get 7.

Enter these expressions to practice using your Sharp EL-9200/9300.

Expression Keystrokes Display

7-5-3 7-5x3 ENTER -8

(7-5)-3 (7-5)x3 ENTER 6

20-10° 120 — 10 x2 ENTER 20

(120-10)? (120-10) x2 ENTER 12100

2 24 = 2 a> 3 ENTER 3
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24) X
= (24 +2) ab 3ENTER 1728

(T==5)--3 (7-5) x (-) 3ENTER 36

mA after

you have entered a value for N. Suppose you want N = 200. Press 200 STO N to store the value 200 in
memory location N. (The STO key prepares the Sharp EL-9200/9300 for an alphabetical entry,so it is not
necessary to press ALPHA also. And there is no need to press ENTER at the end.) Whenever you use N in an
expression, the calculator will substitute the value 200 until you make a change by storing another numberin

N. Next enter the expression mE by typing ALPHA N (ALPHA N + 1) + 2 ENTER. For N = 200,

N(N +1)

9.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as

you will find that =20100.

The contents of any memory location may be revealed by typing just its letter name and then ENTER. An-
other way to recall the value of N is to press 2ndF RCL N. And the Sharp EL-9200/9300 retains memorized
values even when it is turned off, so long as its batteries are good.

9.1.6 Repeated Operations with ANS: The result of your last calculation is always stored in memory loca-

tion ANS and replaces any previous result. This makes it easy to use the answer from one computation in

another computation. For example, press 30 + 15 ENTER so that 45 is the last result displayed. Then press
2ndF ANS + 9 ENTER and get 5 because 4 =5.

With a function like division, you press the + key after you enter an argument. For such functions, whenever

you would start a new calculation with the previous answer followed by pressing the function key, you may

press just the function key. So instead of 2ndF ANS + 9 in the previous example, you could have pressed

simply + 9 to achieve the same result. This technique also works for these functions: + - x x2 ab 3

2ndF x".

Here is a situation where thisis especially useful. Suppose a person makes $5.85 per hour and you are asked
to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (results are shown in Figure 9.4):

Pay period Keystrokes Earnings

8-hour day 5.85 x 8 ENTER $46.80

5-day week x 5 ENTER $234

52-week year x 52 ENTER $12,168
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46.8

234.

12168.

 

 

Figure 9.4: ANS variable

9.1.7 The MATHMenu: Operators and functions associated with a scientific calculator are available either
immediately from the keys of the Sharp EL-9200/9300 or by 2ndF keys. You have direct key access to

common arithmetic operations (x2, J , 2ndF x1, ab, 2ndF 8 ), trigonometric functions (sin, cos, tan) and

their inverses (2ndF sin-!, 2ndF cos’, 2ndF tan''), exponential and logarithmic functions (log, 2ndF 10%,

In, 2ndF e%), and a famous constant (2ndF Tr).

A significant difference between the Sharp EL-9200/9300 and many scientific calculators is that the Sharp

EL-9200/9300 requires the argument of a function after the function, as you would see a formula written in

your textbook. For example, on the Sharp EL-9200/9300 you calculate J16 by pressing the keys J 16 in

that order.

Here are keystrokes for basic mathematical operations. Try them for practice on your Sharp EL-9200/9300.

Expression Keystrokes Display

+4? J (3x2+4x2) ENTER 5

21 2 + 32ndF x' ENTER 2.333333333

log 200 LOG 200 ENTER 2.301029996

2.34-10° 2.34 x 2ndF 105 ENTER 234000

Y125 32ndF §/ 125 ENTER 5

Back in Section 9.1.1, you used the SETUP menu to select one-line editing. The Sharp EL-9200/9300 calcu-
lator also supports equation editing, so that mathematical expressions appear on the screen as they do in your

textbook (see Figure 9.5 and Figure 9.6 for a comparison). Press SETUP F 1 ENTER to enable equation
editing and once again execute the keystrokes listed above.

The equation editor displays “built-up” expressions and reduces the need for parentheses, but the calculator’s

response to keystrokes can be slower.

In equation editing, you terminate the scope of some functions by pressing B. instead of adding extra paren-

theses. For example, evaluate v3? +42 +5? with the following keystrokes in one-line editing: / (3 x2 +4

x2) + 5 x2 ENTER. The answer is 50. Try these keystrokes again in equation editing and the answeris dif-
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ferent because you are evaluating ,/(3* +47)+5> and not v3? +4% +5” here. Now press these keysin the

equation editor: J 3x2 +4 x2 [l +5x2 ENTER to get 50 again. In practice, simply watch the screen and

the cursor to see when 0 is needed during equation editing.

Additional mathematical operations and functions are available from the MATH menu (Figure 9.7). Press

MATH to see the various options. You will learn in your mathematics textbook how to apply many of them.

As an example,calculate |-5| by pressing MATH A 1 (-) 5 ENTER. To leave the MATH menu and take no

other action, press QUIT.

  

      

2+3-1= DO.
2.333333333 2+3-1=

pbs -5= s 2.333333333
' I -5I

Figure 9.5: One-line editing Figure 9.6: Equation editing

  
Figure 9.7: MATH menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbolfor factorial is the exclamation point. So 4! (pronouncedfourfactorial) is 1-2-3-4 = 24. You will learn

more about applications of factorials in your textbook, but for now use the Sharp EL-9200/9300 to calculate

4! Press these keystrokes: 4 MATH A 5 ENTER.

The Sharp EL-9200/9300 can do arithmetic with complex numbers. In calculation mode, press MENU A 4;

then press SETUP H and either 1 for rectangular complex coordinates or 2 for polar complex coordinates.
Choose rectangular coordinates to divide 2+3i by 4—2i; press (2 +3 2ndF i) + (4-2 2ndF i ) ENTER
to get .1+.8i.

9.2 Functions and Graphs

9.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = yoursales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x.
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If your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s how to use your Sharp EL-9200/9300 to perform this task. Let x = 2230 by pressing CL 2230 STO

X/6/T. (The X/6/T key lets you enter the variable x easily without having to use the ALPHA key.) Then

evaluate the expression 1975 + .10x for January’s wages by pressing these keys: 1975 + .10 x/6/T ENTER.

Now set x = 1865 by pressing 1865 STO X/6/T. These steps are shown in Figure 9.8. Recall the expression

1975 + .10x by pressing 2ndF EX twice, then press ENTER (see Figure 9.9) to find the February wages.

 

      

2250FX 5225 1975+. 10K=

1975+. 18%= 2161.5
2198.

18653X
1865.

Figure 9.8: Evaluating a function Figure 9.9: February’s wages

Each time the Sharp EL-9200/9300 evaluates the function 1975 + .10x,it uses the current value ofx.

Technology Tip: The Sharp EL-9200/9300 does not require multiplication to be expressed between vari-

ables, so xxx means x". It is often easier to press two or three x’s together than to search for the square key or

the power key. Of course, expressed multiplication is also not required between a constant and a variable.

Hence to enter 2x” +3x” —4x+5 in the Sharp EL-9200/9300, you might save keystrokes and press just these

keys: 2 X/0/T X/6/T X/6/T + 3 X/0/T X/0/T - 4 X/6/T + 5.

9.2.2 Functions in a Graph Window: Enter the graph mode of the Sharp EL-9200/9300 by pressing the sec-

ond key in the top row. The ability to draw a graph contributes substantially to our ability to solve problems.

For example, here is how to graph y = —x’ +4x. First press the graph mode key and delete anything that may

be there by moving with the up or down arrow key (in equation editing, press 2ndF and then the arrow key)

to Y1 or to any of the other functions and pressing CL wherever necessary. Then, with the cursor on the top

line Y1, press (-) X/6/T ab 3 + 4 X/6/T to enter the function (as in Figure 9.10 for one-line editing and Figure

9.11 for equation editing).

 

   

     

32 18-47+4%
I=

g4=

ShagT1v2vsve
SLELor
>=200R Y1Y¥Y2Y3Y4

Figure 9.10: Graph entry - one-line editing Figure 9.11: Graph entry - equation editing
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Now press the graph mode key again and the Sharp EL-9200/9300 changes to a window with the graph of

y=-x"+4x. You may return to edit the function by pressing either EQTN or MENU A and a number.

Your graph window may look like the one in Figure 9.12 or it may be different. Since the graph of

y=-x"+4x extends infinitely far left and right and also infinitely far up and down, the Sharp EL-

9200/9300 can display only a piece of the actual graph. This displayed rectangular partis called a viewing

rectangle. You can easily change the viewing rectangle to enhance your investigation of a graph.

1H
|

Figure 9.12: Graph of y = x’ +4x

 

 

    

The viewing rectangle in Figure 9.12 shows the part of the graph that extends horizontally from -4.7 to 4.7

and vertically from -3.1 to 3.1. Press RANGE to see information about your viewing rectangle; press arrow

keys to move between the X RANGE and the Y RANGE screens. Figures 9.13 and 9.14 show the RANGE
screens that correspond to the viewing rectangle in Figure 9.12. This is the default viewing rectangle for the

Sharp EL-9200/9300.

  

      

RANGE RANGE

Kmin= Ymin=
-4. T -2. i

Kmax= Ymax=
4.7 3.1

Kscl= Yscl=
1. 1.

Figure 9.13: Default X RANGE Figure 9.14: Default Y RANGE

The variables Xmin and Xmax are the minimum and maximum x-values of the viewing rectangle; Ymin and
Ymax are its minimum and maximum y-values. Xscl and Yscl set the spacing between tick marks on the
axes.

Use the arrow keys EM and E& to move up and down from one line to another in these lists; pressing the

ENTER key will move down the list. Input a new value. The Sharp EL-9200/9300 will not permit a maxi-
mum that is less than the corresponding minimum. Also, remember to use the (-) key, not - (which is subtrac-

tion), when you want to enter a negative value. The following figures show different viewing rectangles with

their ranges.
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T NN.
1 A

Figure 9.15: Window [-15, 15] by [-10, 10] Figure 9.16: Window [-3, 3] by [-10, 10]

  

        

To set the range quickly to default values (see Figures 9.13 and 9.14), press RANGE MENU A ENTER.
You may also set range values suitable for graphing particular functions, such as power and root functions

(RANGE MENU B), exponential and logarithmic functions (RANGE MENU C), and trigonometric func-
tions (RANGE MENU D).

Technology Tip: After you input a function, press 2ndF AUTO to draw the graph in a window with the cur-
rent X RANGE values but automatically scaled in the vertical direction. This is an advantage when you are

not sure how tall a viewing rectangle to set.

9.2.3 Piecewise-Defined Functions: The greatest integer function, written [[x]], gives the greatest integer

less than or equal to a number x. On the Sharp EL-9200/9300, the greatest integer function is called int and is

located by pressing MATH A 2 (see Figure 7.7). So calculate [[6.78]] = 6 by pressing the calculation mode
key and then MATH A 2 6.78 ENTER.

To graph y = [[x]], press the graph mode key, move beside Y1, and press CLEAR MATH A 2 X/6/T. Then

press the graph mode key again to draw the graph. Figure 9.17 shows this graph in a viewing rectangle from

-5 to 5 in both directions.

fe =
  

  

        

Figure 9.17: Connected graph of y = [[x]] Figure 9.18: Dot graph of y = [[x]]

The true graph of the greatest integer function is a step graph, like the one in Figure 9.18. For the graph of y

= [[x]], a segment should not be drawn between every pair of successive points. You can change from Con-

nected line to Dot graph on the Sharp EL-9200/9300 by pressing MENU C 2. Restore the calculator to
Connected by pressing MENU C 1.

9.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions, but that can be “split”

into a top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle whose equation
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is x2 +y? =36. First solve for y and get an equation for the top semicircle, y = y36— x’, and for the bottom

semicircle, y = —y/36— x. Then graph the two semicircles simultaneously.

The keystrokes to draw this circle’s graph follow. Enter 4/36 — x as Y1 and —v36—x* as Y2 (see Figure

9.19) by pressing the graph mode key and then J (36 - x/6/T x2) ENTER ¢(-) J ( 36 - X/6/T x2). Press

the graph mode key again to draw them both.

 

28 -[36-Xz

   

 

Figure 9.19: Bottom semicircle Figure 9.20: Circle’s graph

If your range were set so that the viewing rectangle extends from -10 to 10 in both directions, your graph

would look like Figure 9.20. Now this does not look like a circle, because the units along the axes are not the

same. Press RANGE and change the viewing rectangle to extend from -12 to 12 in the horizontal direction
and from -8 to 8 in the vertical direction and see a graph (Figure 9.21) that appears more circular.

Technology Tip: The way to get a circle’s graph to look circular is to change the range variables so that the

value of Ymax - Ymin is 4 times Xmax - Xmin. The method works because the dimensions of the Sharp

EL-9200/9300’s display are such that the ratio of vertical to horizontal is approximately 4.

TN
NW

 

 

    
Figure 9.21: A circle

The two semicircles in Figure 9.21 do not meet because of an idiosyncrasy in the way the Sharp EL-

9200/9300 plots a graph.

Technology Tip: A square viewing rectangle, in which units along both axes are the same, is also important

when you want to judge whether two lines are perpendicular. The intersection of perpendicular lines will

always look like a right angle in a square viewing rectangle.

9.2.5 TRACE: Graph y=-x"+4x in the default viewing rectangle. Presseither of the arrow keys fl or O

and see the cursor move along the graph. The coordinates of the cursor’s location are displayed at the bottom

of the screen, as in Figure 9.22, in floating decimal format. The cursor is constrained to the function. The
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coordinates that are displayed belong to points on the function’s graph, so the y-coordinate is the calculated

value of the function at the corresponding x-coordinate.

LJ
#=1.8 ¥=1.368

 

 

    
Figure 9.22: Trace on y = —x'+4x

Press 2ndF [] or 2ndF B to jump to the endpoints of the part of the graph that is displayed in a window.

Remove the trace cursor and its coordinates from the graph window by pressing CL.

Now plot a second function, y =—.25x, along with y = —x’+4x. Press MENU A 2 and enter —.25x for Y2,

LJ
VT

Figure 9.23: y=—x"+4x and y =-.25x

then press the graphing mode key.

 

 

    

Note that the equal signs next to Y1 and Y2 are both highlighted. This means both functions will be graphed.
Press MENU A 1, move the cursor directly on top of the equal sign next to Y1 and press ENTER. This equal
sign should no longer be highlighted. Now press the graph mode key and see that only Y2 is plotted.

So up to 4 different functions may be stored in the Y= list and any combination of them may be graphed si-

multaneously. You can make a function active or inactive for graphing by pressing ENTER on its equal sign
to highlight (activate) or remove the highlight (deactivate). Go back and do whatis needed in order to graph

Y1 but not Y2.

Now activate Y2 again so that both graphsare plotted. Press [J or 0 and the cursor appearsfirst on the graph

of y= —x’ +4x because it is Y1. Press EM to move the cursor vertically to the graph of y =—.25x; move the

cursor back to y = —x’+4x by pressing KE@l. Next press the right and left arrow keys to trace along the graph

of y=-.25x. When more than one function is plotted, you can move the trace cursor vertically from one

graph to another in this way.

Technology Tip: By the way, trace along the graph of y =—-.25x and press and hold either k or B Even-

tually you will reach the left or right edge of the window. Keep pressing the arrow key and the Sharp EL-
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9200/9300 will allow you to continue the trace by panning the viewing rectangle. Check the RANGE screen

to see that Xmin and Xmax are automatically updated.

The Sharp EL-9200/9300’s display has 95 horizontal columns of pixels and 63 vertical rows. So when you

trace a curve across a graph window, you are actually moving from Xmin to Xmax in 94 equal jumps, each
. . X — Xmi .

called Ax. You would calculate the size of each jump to be Ax = mm——— Sometimes you may want the

jumps to be friendly numbers like .1 or .25 so that, when you trace along the curve, the x-coordinates will be

incremented by such a convenient amount. Just set your viewing rectangle for a particular increment Ax by

making Xmax = Xmin + 94-Ax. For example, if you want Xmin = -5 and Ax = .3, set Xmax = -5 + 94.3 =

23.2. Likewise, set Ymax = Ymin + 62-Ay if you wantthe vertical increment to be some special Ay.

To center your window around a particular point, say (h, k), and also have a certain Ax, set Xmin = h - 47-Ax

and Xmax = h + 47-Ax. Likewise, make Ymin = k - 31-Ay and Ymax = k + 31-Ay. For example, to center a

window around the origin, (0, 0), with both horizontal and vertical increments of .25, set the range so that

Xmin=0-47-25=-11.75, Xmax=0 + 47-25 = 11.75, Ymin=0- 31.25 = -7.75, and Ymax =0 + 31-25 =
7.75.

The Sharp EL-9200/9300’s standard window is already a friendly viewing rectangle, centered at the origin

(0, 0) with Ax = Ay = 0.1.

See the benefit by first plotting y = x +2x+l ina graphing window extending from -5 to 5 in both direc-

tions. Trace near its y-intercept, which is (0, 1), and move towardsits x-intercept, which is (-1, 0). Then ini-

tialize the range to the default window and trace again near the intercepts.

9.2.6 ZOOM: Plot again the two graphs, for y=—x"+4x and for y=—-.25x. There appears to be an inter-

section near x = 2. The Sharp EL-9200/9300 provides several ways to enlarge the view around this point.

You can change the viewing rectangle directly by pressing RANGE and editing the values of Xmin, Xmax,
Ymin, and Ymax. Figure 9.22 shows a new window extending from 1 to 3 horizontally and from -2 to 1 ver-

tically. Trace has been turned on and the coordinates of a point on y = —x”+4x that is close to the intersec-

tion are displayed.

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start

again with a graph of the two functions y =—x'+4x and y=-.25x in a default viewing rectangle (press

RANGE MENU ENTERfor the default window, from -4.7 to 4.7 along the x-axis and from -3.1 to 3.1 along

the y-axis).
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Figure 9.24: Closer view

 

  

Now imagine a small rectangular box around the intersection point, near x = 2. Press ZOOM 1 (Figure 9.25)

to draw a box to define this new viewing rectangle. Use the arrow keys to move the cursor, whose coordi-

nates are displayed at the bottom of the window,to one corner of the new viewing rectangle you imagine.

 

   
, #=g. 0571446 ¥=-0.51%361

Figure 9.25: ZOOM menu Figure 9.26: New viewing rectangle

 

 

 

Press ENTER to fix the corner where you have moved the cursor. Use the arrow keys again to move the cur-
sor to the diagonally opposite corner of the new rectangle. If this box looks all right to you, press ENTER.
The rectangular area you have enclosed will now enlargeto fill the graph window (Figure 9.26).

You may cancel the zoom any time before this last ENTER by pressing CL.

You can also gain a quick magnification of the graph around the cursor’s location. Return once more to the

default range for the graph of the two functions y = —-x’+4x and y=-.25x. Trace as close as you can to the

point of intersection near x = 2 (see Figure 9.22). Then press ZOOM 2 and the calculator draws a magnified

graph, centered at the cursor’s position (Figure 9.27). The range variables are changed to reflect this new

viewing rectangle. Look in the RANGE menu to check.

As you see in the ZOOM menu (Figure 9.25), the Sharp EL-9200/9300 can zoom in (press ZOOM 2) or
zoom out (press ZOOM 3). Zoom out to see a larger view of the graph, centered at the cursor position. You
can change the horizontal and vertical scale of the magnification by pressing ZOOM 4 and editing X-
FACTOR and Y-FACTOR,the horizontal and vertical magnification factors.

J
=
[#=2. D5 ¥=-0.5125

Figure 9.27: After a zoom in
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It is not necessary for X-FACTOR and Y-FACTORto be equal. Sometimes, you may prefer to zoom in one
direction only, so the other factor should be set to 1. As usual, press QUIT to leave the ZOOM menu.

Technology Tip: If you should zoom in too much and lose the curve, press ZOOM 5 for auto scaling and

start again.

An advantage of zooming in from the default viewing rectangle or from a friendly viewing rectangle is that

subsequent windows will also be friendly.

9.2.7 Relative Minimums and Maximums: Graph y=—-x"+4x once again in the default viewing rectangle

(Figure 9.12). This function appears to have a relative minimum near x = -1 and a relative maximum near x =

1. You may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point. Trace along the curve until the y-coordinate is as small as you can get it, so

that you are as close as possible to the local minimum, and zoom in (press ZOOM 2 or use a zoom box).

Now trace again along the curve and, as you move from point to point, see that the coordinates change by

smaller amounts than before. Keep zooming and tracing until you find the coordinates of the local minimum

point as accurately as you need them, approximately (-1.15, -3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as

great as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local

maximum point on the graph of y = —x’ +4x is approximately (1.15, 3.08).

HA
(#=-1.1341  ¥=-3.013201

 

 

  

 

   
Figure 9.28: JUMP menu Figure 9.29: Relative minimum on y = —x’ + 4x

The Sharp EL-9200/9300 automates the search for relative minimum and relative maximum points. Trace

along the curve until the cursoris to the left of a local extreme point. Then press 2ndF JUMP (Figure 9.28)
and choose 2 for a minimum value of the function or 3 for a maximum value. The calculator searches from

left to right for the next relative minimum or maximum and displays the approximate coordinates ofthe rela-

tive minimum/maximum point (see Figure 9.29).

9.3 Solving Equations and Inequalities

9.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,
. 3 . .

where a curve crosses the x-axis. For example, the graph of y =x" —8x crosses the x-axis three times (see
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Figure 9.30). After tracing over to the x-intercept point that is furthest to the left, zoom in (Figure 9.31).
Continue this process until you have located all three intercepts with as much accuracy as you need. The

three x-intercepts of y = x’ —8x are approximately -2.828, 0, and 2.828.

mi /
Figure 9.30: Graph of y = x’ —8x Figure 9.31: An x-intercept of y = x’ —8x

 
 

  

      

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the error is less than the distance between two tick marks. Change the x-scale on the

Sharp EL-9200/9300 from the RANGE menu. Move the cursor down to Xscl and enter an appropriate value.

The Sharp EL-9200/9300 automates the search for x-intercepts. First trace along the graph until the cursor is

just left of an x-intercept. Press 2ndF JUMP (Figure 9.28) and choose 4 to find the next x-intercept of this
function. Repeat until you have located all x-intercepts of this graph.

An x-intercept of a function’s graph is a root of the equation fix) = 0. So these techniques for locating x-

intercepts also serve to find the roots of an equation.

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the

graphs of y= —x’+4x and y =—.25x. Trace along one of the graphs until you arrive close to an intersection

point. Then press IM or Ka to jump to the other graph. Notice that the x-coordinate does not change, but the

y-coordinate is likely to be different (see Figures 9.32 and 9.33).

When the two y-coordinates are as close as they can get, you have come as close as you now can to the point

of intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as

close as possible. Continue this process until you have located the point of intersection with as much accu-

racy as necessary.

Sui —L{
IRS

iL 3. l#=2 ¥=-0.5

  

 
 

      
Figure 9.32: Trace on y = —x’ +4x Figure 9.33: Trace on y =—.25x
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Automate the search for points of intersection by tracing along one curve until you are left of an intersection.

Then press 2ndF JUMP 1 to locate the next intersection point. The calculator displays approximate coordi-
nates; zoom in to improve the approximation.

9.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x’ —=36x+17=0. First

graph y= 24x’ =36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all the

equation’s roots. Then use trace and zoom, or the Sharp EL-9200/9300's JUMP menu,to locate each one. In
fact, this equation has just one solution, approximately x = -1.414.

Remember that when an equation has more than one root, it may be necessary to change the viewing rectan-

gle a few times to locate all of them.

Technology Tip: To solve an equation like 24x’ +17 = 36x, you may first transform it into standard form,

24x’ -36x+17= 0, and proceed as above. However, you may also graph the two functions y = 24x’ +17

and y =36x, then zoom and trace to locate their point of intersection.

9.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points ofinter-

section of their graphs (Figure 9.34). For example, to solve the system y= x’ =3x-4 and

y= x’ +3x° —2x-1, first graph them together. Then zoom and trace, or 2ndF JUMP,to locate their point

of intersection, approximately (-2.17, 7.25).

 

 

    
Figure 9.34: Solving a system of equations

You must judge whether the two current y-coordinates are sufficiently close for x = -2.17 or whether you

should continue to zoom and trace to improve the approximation.

The solutions of the system of two equations y = x +3x’ =2x-1 and y= x =3x-4 correspond to the so-

lutions ofthe single equation x 43x" =2x-1=x"-3x- 4, which simplifies to x +2x" +x+3=0.So you

may also graph y = x’ +2x° + x+3 and find its x-intercepts to solve the system.

9.3.4 Solving Inequalities by Graphing: Consider the inequality 2 2 x—4. To solve it with your Sharp

EL-9200/9300, graph the two functions y=1-" and y =x —4 (Figure 9.35). First locate their point of in-
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tersection, at x = 2. The inequality is true when the graph of y = 1-2 lies above the graph of y=x-4, and

that occurs for x < 2. So the solution is the half-line x <2, or (=o,2].

\
 

 

    
Figure 9.35: Solving -= 2x—-4

The Sharp EL-9200/9300 is capable of shading the region above or below a graph or between two graphs.

For example, to graph y > x* —1, first input the function y=x*—1 as Y1. Then press MENU 5 (see Figure

9.36). Move the cursor to Y1 in the FILL ABOVE part and press ENTER to highlight it. These keystrokes
instruct the calculator to shade the region above y = x*> —1. Theresult is shown in Figure 9.37.

     

 

Y<=RM2l Y1¥2Y3¥4

ILL ABOVE

NON KlY2Y3Y4

 

     

Figure 9.36: FILL menu Figure 9.37: Graph of y > x —1

To clear the shading, press MENU 5 and highlight NON for both FILL BELOW and FILL ABOVE.

Now use shading to solve the previous inequality, -o >2x—4. Input y=1-n as Y1and y=x-4 as Y2.

Then press MENU 5 and highlight Y1 for FILL BELOW and Y2 for FILL ABOVE. The shading extends left

from x = 2, hence the solution to —" 2 x —4 is the half-line x £2, or (—eo, 2].

 

  

  

NON KllY2Y3Y4

ILL ABOVE

Y>=NON Y1EY3Y4      
Figure 9.38: FILL menu Figure 9.39: Graph of =>x—4
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9.4 Trigonometry

9.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radians

or degrees, but you should take care that the Sharp EL-9200/9300 is configured for whichever measure you

need. Back in calculation mode (press the calculation mode keyfirst), press SETUP to see the current set-
tings. Next press B and then 1 for degrees or 2 for radians. To leave the SETUP menu, press QUIT.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° SETUP B 1 ENTER
sin 45 ENTER 0.707106781

sin’ sin 2ndF nm ENTER 0.054803665

sin 7 sin 2ndF nr SETUP B 2

ENTER ENTER 0.

sin45 sin 45 ENTER 0.850903524

sin £ sin 2ndF nt 3; 6 ENTER 0.5

The first line of keystrokes sets the Sharp EL-9200/9300 in degree mode and calculates the sine of 45 de-

grees. While the calculatoris still in degree mode, the second line of keystrokes calculates the sine of ®t de-

grees, 3.1415°. The third line changes to radian mode just before calculating the sine of ®t radians. The fourth

line calculates the sine of 45 radians (the calculator is already in radian mode).

Technology Tip: Here’s how to mix degrees and radians in a calculation. Execute these keystrokes to calcu-

late tan45° +sin£ as shown in Figure 9.40: tan 45 SETUP B 1 ENTER ENTER + sin 2ndF nt , 6

SETUP B 2 ENTER ENTER. Do you get 1.5 whether your calculator began either in degree mode or in
radian mode?

 

d.
tan 45=

i.

. JI o_
Ans+sin €

1.5   
Figure 9.40: Angle measure
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9.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay care-

ful attention to the choice of graph window. For example, graph y =me in the default viewing rectangle.

Trace along the curve to see where it is. Zoom in to a better window, or use the period and amplitude to es-
tablish better RANGE values.

Technology Tip: Create a good viewing rectangle for a trigonometric graph by pressing RANGE MENU D
and selecting from the list of trigonometric functions.

9.5 Scatter Plots

9.5.1 Entering Data: This table shows total prize money (in millions of dollars) awarded at the Indianapolis

500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989

Prize ($ million) $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $449 $5.03 $5.72

We’ll now use the Sharp EL-9200/9300 to construct a scatter plot that represents these points and to find a

linear model that approximates the given data.

To enter statistics mode, press the fourth operation mode key, the one with the image of a data card. Before

entering the data, press MENU D 2 ENTER to clear away any previous data. Then press 3 to select two-
variable data format (Figure 7.41).

 

  

 

   

Figure 9.41: DATA FORMAT menu Figure 9.42: DATA card

A DATA card (Figure 9.42) is now on the screen. Instead of entering the full year 198x, enter only x. Here

are the keystrokes for the first three years: 1 ENTER 1.61 ENTER 2 ENTER 2.07 ENTER 3 ENTER
2.41 ENTER and so on. Continue to enterall the data.

Use the left and right arrow keys to browse through the data cards. MENU B enables you to jump to the first

data card (2ndF fl] is a shortcut), the last data card (2ndF 0 is a shortcut), or any data card that you specify

by its number. You may edit statistical data in the same way you edit expressions in the home screen. Move

the cursorto the x or y value for any data point you wish to change, then type the correction.
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9.5.2 Plotting Data: Once all the data points have been entered, press 2ndF and the statistics graphing key

(the fourth key in the operation mode row) then E ENTER to draw a scatter plot. Your viewing rectangle is
important, so you may wish to change the RANGE to improve the view of the data. Figure 9.43 shows the
scatter plot in a window extending from 0 to 10 horizontally and from 0 to 6 vertically.

 

[

   
Figure 9.43: Scatter plot

9.5.3 Regression Line: The Sharp EL-9200/9300 calculates the slope and y-intercept for the line that best

fits all the data. After the data points have been entered, press the statistics mode key and MENU 2 to calcu-
late a linear regression model. As you see in Figure 9.44, the Sharp EL-9200/9300 names the y-intercept a

and calls the slope b. The number r (between -1 and 1) is called the correlation coefficient and measures the

goodness offit of the linear regression equation with the data. The closer Irl is to 1, the better the fit; the

closer Irl is to 0, the worsethe fit.

 

       

Figure 9.44: Linear regression model Figure 9.45: Linear regression line

Graph the line y = a + bx by pressing 2nF and the statistics graphing key, then F 1. See how wellthisline fits

with your data points (see Figure 9.45).

Technology Tip: In calculation mode, you gain access to the quantities a, b, and r from the MATH menu,
option G.

9.6 Matrices

9.6.1 Making a Matrix: The Sharp EL-9200/9300 can display and use 26 different matrices, each identified

1 -4 3 5

by a letter of the alphabet. Here’s how to create this 3x4 matrix [-1 3 —1 -=3| in your calculator.

2 0 4 6
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In calculation mode, press MENU A 3 for matrix mode, then MENU B 0 1 to edit matrix A. If some other
matrix A were already in the calculator's memory, first press MENU D 0 1 ENTER to clear it away, then
MENU B 0 1 to create a new one. You will be prompted for matrix A's dimensions, so press 3 ENTER 4
ENTER. If you need to change the dimensions of matrix A, press MENU C 0 1 and input its new dimen-
sions.

Use the arrow keys to move the cursor directly to a matrix element you want to change. If you press ENTER,
you will move down a column and then right to the next row. Continue to enter all the elements of matrix A.

Leave matrix editing by pressing QUIT and return to the home screen.

9.6.2 Matrix Math: With your Sharp EL-9200/9300 set in matrix mode, you can perform many calculations
with matrices. First, let’s see matrix A itself (the one you created in the preceding section) by pressing MAT

A ENTER.

Technology Tip: Now, because the calculator is in matrix mode, press the variable key X/6/T for the mat

prefix. And this MAT key prepares your Sharp EL-9200/9300 for an alphabetical entry,so it is not necessary

to press ALPHA before typing the letter name for a matrix.

Calculate the scalar multiplication 2A by pressing 2 MAT A ENTER. To replace matrix B by 2A, press 2
MAT A STO MAT B ENTER. Press MENU to verify that the dimensions of matrix B have been changed
automatically to reflect this new value.

Add two matrices A and B by pressing MAT A + MAT B ENTER. Subtraction is similar.

0
Now set the dimensions of matrix C to 2x3 and enterthis as C: ; 5 | For matrix multiplication of C

8 -8 6 28
by A, press MAT C x MAT A ENTER. You should get :

4 -19 12 14

Technology Tip: If you tried to multiply A by C, your Sharp EL-9200/9300 would signal an error because
the dimensions of the two matrices do not permit multiplication this way.

You may use Xx? to abbreviate multiplying a matrix M byitself, but take care that M is a square matrix or

such multiplication is not possible. For example,to calculate M-M, press MAT M x2 ENTER.

The transpose of a matrix A is another matrix with the rows and columns interchanged. The symbol for the

transpose of A is AT. To calculate AT, press MATH E 5 MAT A ENTER.

9.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a matrix.

Your textbook provides more careful explanation of the elementary row operations and their uses.

To interchange the second and third rows of a matrix A, press MATH F 1 ALPHA A ALPHA, 2 ALPHA, 3

) ENTER. The format of this command is row swap(matrix, row1, row2).
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To add row 2 and row 3 and store the results in row 3, press MATH F 2 ALPHA A ALPHA , 2 ALPHA, 3)

ENTER. The format of this command is row plus(matrix, row1, row2).

And to multiply row 2 by -4 and store the results in row 2, thereby replacing row 2 with new values, press

MATH F 3 (-) 4 ALPHA , ALPHA A ALPHA , 2 ) ENTER. The format of this command is row

mult(scalar, matrix, row).

To multiply row 2 by -4 and add the results to row 3, thereby replacing row 3 with new values, press MATH
F 4 (-) 4 ALPHA , ALPHA A ALPHA , 2 ALPHA , 3 ) ENTER. The format of this command is row

m.p.(scalar, matrix, row1, row2).

Technology Tip: It is important to remember that your Sharp EL-9200/9300 does not store a matrix obtained

as the result of any row operations. The calculator places a result only in the temporary ANS matrix. So when

you need to perform several row operations in succession,it is a good idea to store the result of each one in a

temporary place. You may wish to use matrix Z to hold such intermediate results.

x-2y+3z=9

For example, use elementary row operations to solve this system of linear equations: -x+3y=-4.

2x-5y+5z=17

1 -2 3 9

First enter this augmented matrix as A in your Sharp EL-9200/9300: |[-1 3 0 —4|. Next store this ma-

2 55 17

trix in C (press MAT A STO MAT C ENTER) so you may keep the original in case you need to recallit.

Here are the row operations and their associated keystrokes. At each step, the result is stored in C and re-

places the previous matrix C.

Row Operation Keystrokes

row plus(C, 1, 2) MATH F 2 ALPHA C ALPHA, 1 ALPHA, 2) STO MAT C

row m.p.(-2, C, 1, 3) MATH 4 (-) 2 ALPHA , ALPHA C ALPHA, 1 ALPHA, 3)

STO MAT C

row plus(C, 2, 3) MATH F 2 ALPHA C ALPHA ,2 ALPHA, 3) STO MAT C

row mult('z, C, 3) MATHF 31 +2 ALPHA , ALPHA C ALPHA ,3) STO MAT C

You should see thatz=2,soy=-1and x= 1.
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1 -2 3

9.6.4 Determinants and Inverses: Enter this 3x3 square matrix as A: |-1 3 0|. To calculate its deter-

2 5 5

1 -2 3

minant, -1 3 0, press MATH E 6 MAT A ENTER. You should find that |A | = 2.

2 5 5

Since the determinant of this matrix A is not zero, it has an inverse, A''. Press MAT A 2ndF x' ENTER to
calculate the inverse of matrix A.

x=2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Once more, consider -x+3y=-4.

2x-S5y+5z=17

1 -2 3

The coefficient matrix forthis system is the matrix [—1 3 0 that was entered in the previous example. If

2 55

9

necessary, enter it again as A in your Sharp EL-9200/9300 and enter the matrix of constants —4 as B. Then

17

1

press MAT A x' x MAT B ENTERto calculate the solution matrix, —1 |. The solutions are still x =1, y =

2

-1,and z=2.

9.7 Sequences

9.7.1 Iteration with the ANS Key: The 2ndF ANS feature enables you to perform iteration, the process of

evaluating a function repeatedly. As an example, calculate pt for n=27. Then calculate rt for n = the

answer to the previous calculation. Continue to use each answer as n in the next calculation. Here are key-

strokes to accomplish this iteration on the Sharp EL-9200/9300 calculator (see the results in Figure 9.46).

Notice that when you use Ans in place of n in a formula,it is sufficient to press ENTER to continue an itera-

tion.

Assure that you are in the correct mode by pressing the calculation mode key, then MENU 1.
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Iteration Keystrokes Display

1 27 ENTER 217.

2 (2ndF ANS - 1) + 3ENTER 8.666666667

3 ENTER 2.555555556

4 ENTER 0.518518518

5 ENTER -0.160493827

Press ENTER several more times and see what happens with this iteration. You may wish to try it again with

a differentstarting value.

 

20.
(Ans-1>/3=

8.66666666T
2.555555556
B.518518518|
-8.168493827   

Figure 9.46: Iteration

9.7.2 Arithmetic and Geometric Sequences: Use iteration with the Ans variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Enter the first term 7, then start the progression with the recursion formula, 2ndF

ANS + 4 ENTER. This yields the 2nd term, so press ENTER sixteen more times to find the 18th term. For a
geometric sequence whose commonratio is 4, start the progression with 2ndF ANS x 4 ENTER.

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence,

t =a+(n—1)d. First enter values for the variables a, d, and n, then evaluate the formula by pressing

ALPHA A + ( ALPHA N - 1) ALPHA D ENTER. For a geometric sequence whose n-th term is given by
n-l1t =a-r , enter values for the variables a, r, and n, then evaluate the formula by pressing ALPHA A

ALPHA R a ( ALPHA N - 1) ENTER.

9.8 Parametric and Polar Graphs

9.8.1 Graphing Parametric Equations: The Sharp EL-9200/9300 plots parametric equations as easily asit

plots functions. Just use the SETUP menu (Figure 9.2), go to COORD, and select XYT (press SETUP E 3).
Be sure, if the independent parameter is an angle measure, that DRG is set to whichever you need, Rad or
Deg.

For example, here are the keystrokes needed to graph the parametric equations x = cos’t and y= sin’ . First

check that angles are currently being measured in radians. Change to parametric mode and press the graphing
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mode key. Enter the two parametric equations by pressing ( cos X/6/T ) a® 3 ENTER for X1T and ( sin

x/6/T) a® 3 ENTER for Y1T . Now, when you press the variable key X/6/T, you get a T because the calcula-

tor is in parametric mode.

Also look at the new RANGE menu. In the default window, the values of T go from 0 to ® in steps of

Z5 =.0334, since the Sharp EL-9200/9300 plots in 94 increments across the screen, and the default view ex-

tends from -4.7 to 4.7 in the horizontal direction and from -3.1 to 3.1 in the vertical direction. But here T has

been changed to continue to 27 (the step size Tstp is automatically changed to 2% =.0668). And a good

viewing rectangle extends from -2 to 2 in both directions. Press the graphing mode key again to see the

parametric graph (Figure 9.47).

 

Ss
~~
 

    
Figure 9.47: Parametric graph of x = cos’ t and y= sin’ ¢

You may ZOOM and TRACE along parametric graphs just as you did with function graphs. As you trace
along this graph, notice that the cursor moves in the counterclockwise direction as T increases.

9.8.2 Rectangular-Polar Conversion: The MATH menu (Figure 9.7) provides functions for converting be-

tween rectangular and polar coordinate systems. These functions use the current settings, so it is a good idea

to check the default angle measure before any conversion. For the following examples, the Sharp EL-

9200/9300 is set to radian measure; check thatit is in calculation mode,too.

Given rectangular coordinates (x, y) = (4, -3), convert from these rectangular coordinates to polar coordi-

nates (r, 0) by pressing 4 ALPHA , (-) 3 MATH D 3. The value of is displayed; press ALPHA 6 ENTER to

display the value of 6.

 

ds -221r0
S.

P=

-8.6435681188
Zs FX

-3.    
Figure 9.48: Coordinate conversions
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Suppose (r,8)=(3, 7). To convert from these polar coordinates to rectangular coordinates (x,y), press 3

ALPHA , 2ndF nm MATH D 4. The x-coordinate is displayed; press ALPHA Y ENTER to display the y-

coordinate.

9.8.3 Graphing Polar Equations: The Sharp EL-9200/9300 graphs a polar function after you press SETUP
E2.

For example,to graph r = 4sin@, press the graphing mode key and input 4 sin X/0/T; note that the X/6/T key

produces 6 in polar mode. Choose a good viewing rectangle and an appropriate interval and increment for 6

(in particular, use 21 for max).

9.9 Probability

9.9.1 Random Numbers: The command random generates a number between 0 and 1. In real number calcu-

lation mode, press MATH A 8 ENTER to generate a random number. Press ENTER to generate another
number; keep pressing ENTER to generate more of them.

If you need a random number between, say, 0 and 10, then press 10 MATH A 8 ENTER. To get a random

number between 5 and 15, press 5 + 10 MATH A 8 ENTER.

9.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, denoted by ,,P,, press 12 MATH A 7 7 ENTER. Thus ,,P, = 3,991,680.

For the number of combinations of 12 objects taken 7 at a time, denoted by ,,C,, press 12 MATH A 6 7
ENTER. So ,C, =792.

9.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different numbers

from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the player

wins the top prize. There are ,,C, ways for the six numbers to be drawn. If you purchase a single lottery

ticket, your probability of winning is 1 in ,C,. Press 1 + 40 MATH A 6 6 ENTER to calculate your chances,
but don’t be disappointed.

9.10 Programming

9.10.1 Entering a Program: The Sharp EL-9200/9300 is a programmable calculator that can store sequences

of commands for later replay. Here’s an example to show you how to enter a useful program that solves

quadratic equations by the quadratic formula.

Press the programming mode key (in the middle of the top row) to access the programming menu, where you

will find a list of any programs that were input previously. The Sharp EL-9200 has space for up to 55 pro-

grams, and the Sharp EL-9300 has space for up to 99 programs.
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To create a new program, press C ENTER, then 4 so this program will run in complex mode. The ALPHA
indicator is on, so press letter keys to name this program quadratic. Then press Ea@ to continue.

Notice that the name quadratic is in lowercase letters. In programming mode, pressing ALPHA or 2ndF

A-LOCKallows you to enter a lowercase letter. For uppercase letters, press ALPHA 2ndF or 2ndF A-LOCK

2ndF.

A single uppercase letter, when used for a variable name, refers to a memory location. It is called a global

variable. For any other program, or even outside programming mode, this memory location retains the value

you store there until you store something else. However a lowercase letter names a local variable that exists

only during the current program. Values stored in local variables cannot be passed to another program and

are not available outside the program in which they are created.

Lowercase variable names can be longer than one letter. For example, length is a valid local variable name.

So multiplication between local variables must be expressed: you must enter length x width for a product.

Any command you could enter directly in the Sharp EL-9200/9300’s home screen can be entered as a line in

a program. There are also special programming commands.

You must press ENTER or E& after each line to complete the entry. Press CL to clear a single line; press
2ndF CA to delete an entire program.

Enter the program quadratic by pressing the keystrokes given in the listing below. You may interrupt pro-

gram input at any time by pressing a mode key. To return later for more editing, press the programming

mode key, then B, use the arrow keys to locate the program’s name in the listing, and press ENTER. Take
care, however, that the keystrokes given here assume that you are entering these lines of code sequentially.

Frequently, for example, when you press 2ndF A-LOCK to put the calculator in alphabetic entry mode for

one line of code, subsequent lines will assume that the calculatoris already in that state.

Program Line Keystrokes

Print "Enter a 2ndF COMMAND A 1 2ndF COMMAND 2

2ndF A-LOCK2ndFENT ER SPACE A Ea

displays the words Enter a on the Sharp EL-9200/9300 screen

Input a 2ndF COMMAND 3A Ea

waits for you to input a value that will be assigned to the variable a

Print "Enter b 2ndF COMMAND 1 2ndF COMMAND 2
2ndFEN TER SPACEB Ea

Input b 2ndF COMMAND 3B Ea

Print "Enter c 2ndF COMMAND 1 2ndF COMMAND 2
2ndFENTERSPACEC =a

Input c 2ndF COMMAND 3C Ea
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d = b%-4axc D =B ALPHA x2-4 ALPHA A x ALPHA C Ea

calculates the discriminant and storesits value as d

m = (-b+Vd)/(2a) ALPHA M ALPHA = ( (-) ALPHA B + V ALPHA ) +
(2ALPHAA) £2

calculates one root and stores it as m

n = (-b-Vd)/(2a) ALPHA N ALPHA = ( (-) ALPHA B —V ALPHA D ) +
(2ALPHA A) Ea

If d<0 Goto 1 2ndF COMMAND B 3 ALPHA D 2ndF COMMAND C 2 0
ALPHA SPACE 2ndF COMMAND B21 Ea

tests to see if the discriminant is negative;

in case the discriminantis negative, jumps to the line Label 1 below;

if the discriminantis not negative, continues on to the next line

If d=0 Goto 2 2ndF COMMAND 3 ALPHA D 2ndF COMMAND C 10
ALPHA SPACE 2ndF COMMAND B22 ka

tests to see if the discriminantis zero;

in case the discriminant is zero, jumps to the line Label 2 below;

if the discriminant is not zero, continues on to the next line

Print "Two real roots 2ndF COMMAND A 1 2ndF COMMAND 2 2ndF A-LOCK

2ndF TWO SPACEREALSPACEROOTS =a

Print m 2ndF COMMAND 1 M Ea

displays one root

Print n 2ndF COMMAND 1 N ALPHA =a

End 2ndF COMMAND 6 a

stops program execution

Label 1 2ndF COMMAND B11 Ea

jumping point for the Goto command above

Print "Complex roots  2ndF COMMAND A 1 2ndF COMMAND 2

2ndF A.LOCK2ndFCOMPLEXSPACEROOTS =a

displays a message in case the roots are complex numbers

Print m 2ndF COMMAND 1M Ea

displays one root
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Print n 2ndF COMMAND 1 N ALPHA Ea

End 2ndF COMMAND 6 Ea

Label 2 2ndF COMMAND B12 Ea

Print "Double root 2ndF COMMAND A 1 2ndF COMMAND 2

2ndF A.LOCK2ndFDOUBLESPACEROOT =a

displays a message in case there is a double root

Print m 2ndF COMMAND 1M Ea

End 2ndF COMMAND 6 Ea

When you have finished, press any mode key to leave the program editor.

9.10.2 Running a Program: To run the program just entered, press the programming mode key and

ENTER. Go to its name in the program listing, then press ENTER to select this program and to executeit.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax’ + bx +c = 0. Input a value, then press ENTER to continue the program.

If you need to interrupt a program during execution, press QUIT.

The instruction manual for your Sharp EL-9200/9300 gives detailed information about programming. Refer

to it to learn more about programming and how to use other features of your calculator.
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9.11 Differentiation

  

 

 

 

 

 

       

 

  

. +... +. sind in4x .
9.11.1 Limits: Suppose you need to find this limit: lim SIX Plotthe graph of f(x) = SAX in a conven-

xX—> X

ient viewing rectangle that contains the point where the function appears to intersect the line x = 0 (because

: ._sin4
you want the limit as x — 0). Your graph should lend support to the conclusion that Lim SIMAX _4,

x—> x

~ oy | Co

CY V YT

. : . _sin4x . 2x-1
Figure 9.48: Checking lim =4 Figure 9.49: Checking lim =2

x0 x xoxo x +1

 . . . 2x1
To test the reasonableness of the conclusion that lim =2, evaluate the function f(x)=—— for

x0 x +1 x+1

several large positive values of x (since you want the limit as x — oo). For example, evaluate £100),

(1000), and (10,000). Another way to test the reasonableness of this result is to examine the graph of

Fx) = 2x-1

xX +
viewing rectangle extends horizontally from 0 to 100), whether the graph is asymptotic to the horizontal line

y =2 (enter 2x = for Y1 and 2 for Y2).
x +

 in a viewing rectangle that extends over large values of x. See, as in Figure 9.49 (where the

 

9.11.2 Numerical Derivatives: The derivative of a functionfat x can be defined as the limit of the slopes of

f(x +Ax)- f(x)
Ax

secant lines through the point (x, f{x)), so f'(x) = lim . And for small values of Ax, the
-

S(x+Ax)— f(x)
Ax

The Sharp EL-9200/9300 has a function d/dx( in the MATH CALC menu (Figure 9.50) to calculate the dif-

f(x + Ax) - f(x)
Ax

with Ax = 0.001, press (for one-line editing) MATH C 8 x/6/T A 3 ALPHA , 2.5 ALPHA, .001 ) ENTER as

shown in the top line of Figure 9.51. The format of this command is d/dx( expression, value, Ax). The same

derivative is also approximated in Figure 9.50 using Ax = 0.00001. For most purposes, Ax = 0.00001 gives a

expression gives a good approximation to the limit.

ference quotient, . So to find a numerical approximation to f'(2.5) when f(x)= x* and
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very good approximation to the derivative and is the Sharp EL-9200/9300 calculator’s default. So if you do
use this value,just enter d/dx( expression, value) as in the final calculation of Figure 9.51.

 

    
Figure 9.50: MATH CALC menu Figure 9.51: Using d/dx(

Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 9.53,

5x-2 . . oo oo . oo .
and its numerical derivative (actually, an approximation to the derivative given bythe function f(x) =—

x +1
 

5x-2

x2 +1

2 again, and finally ALPHA ,
x“ +1

for Y1. Then enter the difference quotient) are graphed. You can duplicate this graph by first entering

5x —

2
 its numerical derivative for Y2 by pressing MATH C 1, the keystrokes for

X/6/T ) as you see in Figure 9.52.
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Figure 9.52: Entering f(x) and f'(x) Figure 9.53: Graphs of f(x) and f'(x)

9.11.3 Newton’s Method: With your Sharp EL-9200/9300, you may iterate using Newton’s method to find

the zeros of a function. Recall that Newton’s Method determines each successive approximation by the for-

f(x, )mula x,=x, —~——
te)

As an example of the technique, consider f(x) = 2x +x —x+1. A look at its graph suggests that it has a

zero near x = —1, so start the iteration by storing —1 as x (see figure 9.54). Then execute these keystrokes:

 

xe — ( followed by the keystrokes for 2x* + x*> —x +1; next press ) + MATH C 1 again followed by the
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keystrokes for 2x> + x? — x +1; andfinally press ALPHA , X/0/T ) STO X/o/T. Press ENTER repeatedly until
two successive approximations differ by less than some predetermined value, say 0.0001. Note that each time

you press ENTER, the Sharp EL-9200/9300 will use its current value of x, and that value is changing as you
continue the iteration.

 

 

- 3 -1.

(PRATRZKHL)
atPRARE1
PRT. 332238891

_1.2342286344
C1.5432286344  

Figure 9.54: Newton’s method

Technology Tip: Newton’s Method is sensitive to your seed value for x, so look carefully at the function’s

graph to make a good first estimate. Also, remember that the method sometimes fails to converge!

You may want to save the Newton’s Method formula as a short program. See your calculator’s manual for

further information on programming the Sharp EL-9200/9300.

9.12 Integration

9.12.1 Approximating Definite Integrals: The Sharp EL-9200/9300 has the function | in the MATH CALC

menu to approximate an integral by Simpson’s Rule,

b
 [ofCode ==20(20) +41(0) +21(3) + 4S(x3) +--+ 4(iy) +S(5)
3

So to find a numerical approximation to Js cosxdx with 20 subdivisions (a number that controls the accu-

racy of the approximation), press these keystrokes for one-line editing: MATH C 2 COS x/orT x* ALPHA , 0
ALPHA , 1 ALPHA , 10 MATH 3 ENTER as shown in Figure 9.55. For equation editing, press MATH C 2
ox 1[§ COS wert x¥* ALPHA , 10 MATH 3 ENTERasillustrated in Figure 9.56. The format ofthis com-

mand is | expression, lower limit, upper limit, 1/2 the number of subdivisions dx.

Note that this calculator requires that integration begin with an integral sign and conclude with a dx. Also,

since the usual statement of Simpson’s Rule requires an even number of subdivisions, you enter any integer

and the Sharp EL-9200/9300 uses double that number of subdivisions. The same integral is also approxi-
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mated in Figure 9.55 using 100 subdivisions, this calculator’s default that is used when no other numberis
specified.

  

      

cos kZyB 1s 1bdx Bi

reo. 23904524244 Cos Ky 10dz=

(C0 B. 5bas24237 5. 904524244

Figure 9.55: One-line editing: [dx Figure 9.56: Equation editing: | dx

9.12.2 Areas: You may approximate the area under the graph of a function y = f(x) between x = 4 and x = B

with your Sharp EL-9200/9300. For example, the area under the graph of the function y = cos x” between

x =0 and x = 1 is represented by the definite integral f, cos x 2dx , which is approximated as shown above.

Technology Tip: Suppose that you want to find the area between two functions, y =f(x) and y = g(x), from

x=Atox=B.If f(x)= g(x) for A<x< B, then approximate [3f(x)-g(x))dx to find the required area.
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10.1 Getting started with the HP-48G

10.1.1 Basics: Press the ON key to begin using your HP-48G calculator. If you need to adjust the display

contrast, first press and hold ON, then press + to darken the display or — to lighten the display. When you

havefinished with the calculator, turn it off to conserve battery power by pressing the green = key and then

OFF.

Check the HP-48G’s settings by pressing and then MODES. Atthe bottom of the screen is a menu line of
options, each corresponding to the white function key below it (see Figure 10.1).

Throughout this chapter of the Guide, we write [COMMAND] to represent the white function key directly
below the menu item COMMAND. For example, [OK] will represent the far-right function key, below OK in
the menu line of Figure 10.1.

 

  CALCULATOR MODES
NUMBER FORMAT: [E1Xa|
ANGLE MEASURE: Radians
COORD SYSTEM: Rectangular
v BEEP _CLOCK  _FM.

CHOOSE NUMBER DISPLAY FORMAT
___JcHoos] JFLAGJehNiL]DOF |

Figure 10.1: CALCULATOR MODES
  
 

Use the arrow keys, EM Ea Rk and B. to move the highlight to a mode you want to change. A prompt is

displayed at the bottom of the window, just above the menu options. To change the number format, for ex-

ample, move the highlight to the top of the window and press the function key [CHOOQOS]. Then move the
highlight to Standard and press the function key [OK] to choose the standard display mode. Change other
modes as necessary to configure your calculator for number format, angle measure, and coordinate system as

illustrated in Figure 10.1. Details on alternative options will be given later in this guide.

Another way to change a mode setting is to highlight what you wish to change and press the +/- key to cycle

among alternatives until the setting you wantis displayed.

Accept the displayed settings by pressing [OK]. Cancel any changes and return to the home screen by press-

ing [CANCL].

The four numbered lines in the home screen (Figure 10.2) correspond to the first four cards in the HP-48G’s

stack. Mathematical objects - numbers, expressions, equations, matrices - are stored in this stack, which may

contain a very large number of cards. New cards are entered at the front of the stack, and existing cards are

renumbered. The stack level of a card increases by one as each new card is created. The reverse occurs when

you use values from the stack.

Press these keys to observe stack entry: 5.1 ENTER 6.2 ENTER 7.3 ENTER 8.4 ENTER 9.5 ENTER.
Now 5.1 has been pushed up to stack level 5; to see it again, press the purple € key and then DROP to drop
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every card one level (see Figure 10.2). The number 9.5 that was at stack level 1 is now discarded. (When

there is no command line displayed,it is sufficient to press just the DROP key without the €7 key beforeit.)

 

 

M
W
A

O
J
O
N

=
I

MECTR[MATE]LISTHYP[REAL[EASE
Figure 10.2: The card stack

   
Clear the entire stack by pressing €3 CLEAR or just CLEAR.(Since there is no command line displayed,it
is sufficient to press CLEAR without the preliminary €9.) It’s a good idea to clear the stack before each new
sequence of calculations.

The HP-48G offers two ways of performing arithmetic calculations. The stack method is useful for quick

calculations. Arguments, or numbers, are entered into the stack first, followed by an operation. For example,

to compute J16, press 16. The stack moves up to make room for a command line. Next press Vx and the

answer 4 is putin stack level 1. To calculate 12 + 34, press 12 ENTER 34 ENTER +. Actually, the second

ENTER, after 34, is not really necessary, because mathematical keys like the + key automatically cause an
ENTER before performing the indicated mathematical operation. For example, press 126 ENTER 6 + and
get 21.

  

RAD RAD
HOME } HOME }i

3: ‘16!
£5 46 4
5: 126 12+33.

WECTE[MATE]LITHYPREALEASE WECTE[ MATE]LIZTHYPREALEASE
Figure 10.3: Arithmetic by the stack method Figure 10.4: Arithmetic by the algebraic method

  

I
U
=

      
In the algebraic method, you enter an expression first and then you evaluate it. Begin by pressing ' because

algebraic expressions must be surrounded by “tick marks.” For example, calculate J16 again by pressing

CLEAR ' v/x 16 ENTER. Press ENTER once more to duplicate the expression into stack level 2. Finally,

press EVAL to evaluate the expression in stack level 1 and get 4/16 = 4 (see Figure 10.4). Next, to calculate

12 +34, press ' 12 + 34 ENTER ENTER EVAL.
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The HP-48G provides an EquationWriter application to simplify the creation of algebraic expressions. To

access the EquationWriter, press €3 EQUATION. Use the following keystrokes to input v3° +4” : 4x 3 y"

2 [§ + 4 y* 2 ENTER (see Figure 10.5). The right arrow B keyis used to advance the cursor and conclude

exponents, roots, fractions, and others. The HP-48G User’s Guide provides detailed examples to illustrate its

EquationWriter.

The expression is now properly formatted with tick marks and entered in stack level 1. So press EVAL to
evaluate it.

{

[3%+4%0 ]
: (3724472)!

MECTR[MATR]LISTHYPREAL[EASE MECTR[MATE]LISTHYPREALEASE]

Figure 10.5: EquationWriter Figure 10.6: Calculating Vv3% +47

  

 

      
Technology Tip: Erase a command line or cancel any command by pressing ON, which serves as the HP-

48G’s general-purpose CANCELkey.

10.1.2 Editing: Often we do not notice a mistake until we see how unreasonable an answer is. The HP-48G

permits you to re-display an entire calculation, edit it easily, then execute the corrected calculation.

 

RAD ALG
HOME }
 

{
3:

e:
'12+34+064
WECTE[HATE]LIZTHYP[REALEASE]

Figure 10.7: Editing the command line
   

Suppose you had typed 12 + 34 + 56 as in Figure 10.7 but had not yet pressed ENTER, when you realize that

34 should have been 74. Simply press Kk (the left arrow key) as many times as necessary to move the blink-

ing cursor left to 3, then press DEL 7 to delete the 3 and insert 7. You might also move the cursorto just right

of 3, press wm to backspace overit, then press 7. On the other hand, if 34 should have been 384, move the

cursor back to 4 and type 8 (inserts at the cursor position and other characters are pushed to the right). If the

34 should have been 3 only, move the cursor to 4 and press DEL to delete it.
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You may edit an expression so long as it remains in the stack. Press ON to clear the command line and €«

EDIT to edit the expression currently in stack level 1. Use the left and right arrow keys to move through the
expression; press DEL or 4m to delete unwanted characters; directly enter new characters as required. While

editing, you may press > kd to jump to the left end of an expression; press 0 to jump to the right end.

When your editing is completed, press ENTER to put the edited expression into stack level 1; otherwise,
press CANCEL to quit without saving any changes.

Torestore the stack to its state before the last command was executed, press 2 UNDO.

If the line you wish to edit is higher up in the stack, press DROP (if there is no command line, otherwise

press €3 DROP) as many times as necessary to move the line down the stack until it is at level 1; then press
€ EDIT as before. Another techniqueis to press ON (to clear the command line) and EM as many times as

needed to move the cursor up to the stack level you want; then press €3 EDIT. When you have completed

editing, press ENTER to put the edited expression in the stack level from which you began.

You may prefer to move an expression from the stack into EquationWriter for editing. Consult the User’s

Guide forinstructions on how to edit in EquationWriter.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account

if there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

the balance is P(1+£)", where P = principal, r = rate of interest (expressed as a decimal), n = number of

times interest is compounded each year, and t = number of years. In our example, this becomes

5000(1+.085)". Hereare the keystrokes for finding the balanceafter t = 3, 5, and 10 years.

Years Keystrokes Balance

'5000x € ()1+.085 J y* 3
ENTER ENTER ENTER ENTER
me EDT JH = 5ENTER
mm EDIT [fl = 10ENTER

3 ENTER EVAL $6386.45

5 DROP EVAL $7518.28

10 DROP EVAL $11,304.92

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press these keys after the last calculation above: DROP € EDIT = [J D=«s5000Q0 =7

ENTER EVAL. The balance you get should be $7178.15.
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HOME }

'S8AB=(1+.885)"3"
'580H=(1+,685)"14'

7/918. 28345089
WECTE[ HATE]LIZTHYP[REALEASE

Figure 10.8: Editing expressions

 

—
P
a
a
h
]

   
10.1.3 Key Functions: Most keys on the HP-48G offer access to more than one function, just as the keys on

a computer keyboard can produce more than one letter (“g” and “G”) or even quite different characters (“5”
and “%”). The primary function of a key is indicated on the key itself, and you access that function by a

simple press on the key. For example, to calculate J25 by the stack method, press 25 Vx.

To access the purple function indicated to the left abovea key,first press €3 (the € annunciator appears at

the top of the window) and then press the key. For example,to calculate 0’, press 3 € 10”.

For the green function indicated to the right above a key,first press 2 (now the > annunciator appears at

the top of the window) and then press the key. For example,to calculate log 1000, press 1000 #2 LOG.

When you wantto use an uppercase letter printed below a key, first press a (the a annunciator appears at the

top of the window) and then the key. For example,to use the letter K in a formula, press o K. For a lowercase

letter, press o. €7 before you press the letter key. So press a. €7 K forthe letter k. If you need several upper-

case letters in a row, press o o, which is like CAPs Lock on a computer keyboard, and then press all the letters

you want. You may also press and hold the o key and then press as many letter keys as you wish. To lock in

lowercase alpha mode, press a. oo € 0. Rememberto press a0 when you are finished and want to restore the

keysto their primary functions; ENTER and CANCEL also terminate alpha lock.

10.1.4 Order of Operations: When you put mathematical objects directly into the stack, the operations fol-

low the order of entry. For example, press 3 ENTER 4 ENTER 5 + x and get 27, because you are calculat-
ing 3-(4 + 5). Next press 3 ENTER 4 ENTER 5 x + and get 23, because this time you are computing 3 +

(4-5).

When you use algebraic editing, the HP-48G performs calculations according to the standard algebraic rules.
Working outwards from inner parentheses, calculations are performed from left to right. Powers and roots are
evaluatedfirst, followed by multiplications and divisions, and then additions and subtractions.

Note that the HP-48G distinguishes between subtraction and the negative sign. If you wish to enter a negative

number, it is necessary to use the +/- key. Press +/- to change the sign after the number is entered. For ex-

ample, you would evaluate —5— (4-3) by pressing ' 5 +/- — €3 () 4 x 3 +/- EVAL to get 7.

Enter these expressions to practice using your HP-48G.
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Expression Keystrokes Display

7-5-3 '7-5x3 EVAL -8

(7-5) 3 '€q() 7-5 x3EVAL 6

20-10? "120-10 y* 2 EVAL 20

(120-10)? '€()120-10 J y* 2 EVAL 12100

2 '24 +2 y* 3EVAL 3
2

24} ‘
3 “a ()24+-2 fy EVAL 1728

(7--5)--3 '€y ()7-5+/-§ x3+/-EVAL -36

N(N +1
10.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as NN

after you have entered a value for N. Suppose you want N = 200. Press ' oo N € = 200 € DEF to store the

value 200 in memory location N. Whenever you use N in an expression, the calculator will substitute the

: N+1
value 200 until you make a change by storing another number in N. Next enter the expression mA by

typing' oN x €1 () aN +1 [J + 2 EVAL. For N = 200, you will find that NN=20100.

The contents of any memory location may be revealed by typing justits letter name and then ENTER. And
the HP-48G retains memorized values even whenit is turned off, so long as its batteries are good.

10.1.6 Repeated Operations: The result of your last calculation is always stored in stack level 1. This makes

it easy to use the answer from one computation in another computation. For example, press 30 ENTER 15 +
so that 45 is the last result displayed. Then press 9 + and get 5 because 4 =5.

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods.

Pay period Keystrokes Earnings

8-hour day 5.85 ENTER 8 x $46.80

5-day week 5 x $234

52-week year 52 x $12,168
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10.1.7 The MATHMenu: Operators and functions associated with a scientific calculator are available either
immediately from the keys of the HP-48G or by the purple € or green 2 shift keys. You have direct key

access to common arithmetic operations (Wx, € xz, y*, %), trigonometric functions (SIN, COS, TAN) and

their inverses (ASIN, ACOS, ATAN), exponential and logarithmic functions (#2 LOG, € 10%, > LN, ©
e¥), and a famous constant (€ 7).

A significant difference between the HP-48G and many scientific calculators is that the HP-48G’s algebraic

calculation method requires the argument of a function after the function, as you would see a formula written

in your textbook. For example, on the HP-48G you calculate J16 by pressing the keys vx 16 in that order.

Here are keystrokes for basic mathematical operations. Try them for practice on your HP-48G.

Expression Keystrokes Display

3a? "JX © ()3y*2+4y  2EVAL 5

24 '2+1+3EVAL 2.3333

log 200 "> LOG 200 EVAL 2.3010

2.34-10° '2.34 x 10 y* 5 EVAL 234000

Additional mathematical operations and functions are available from the math menu (Figure 10.8). Press

MTH to see the various options. You will learn in your mathematics textbook how to apply many of them. As

an example, calculate |-5| by pressing 5 +/- MTH [REAL] NXT [ABS] to see 5.

 

RAD
HOME }
 

—
M
r
a
W
h

A
n

   
Figure 10.9: Factorial in the MTH menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbolfor factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1-2-3-4 = 24. You will learn

more about applications of factorials in your textbook, but for now use the HP-48G to calculate 4! Press these

keystrokes:-4 MTH NXT [PROB] [!].

The complex number a+ bi is represented by the HP-48G as an ordered pair (a,b). Perform arithmetic with

complex numbers by using this ordered pair notation. So to divide 2+3i by 4-—2i, first put (2,3) in the

stack, next enter (4,—2), then divide them to get (.1,.8) for .1+.8i.

Graphing Technology Guide 10-7

 



Use the calculator’s polynomial root-finder to determine all the zeros, both real and complex, for a polyno-

mial. So start to find the zeros of f(x)=x"-3x’+6x’> +2x—60 by pressing » SOLVE ka Ea [OK].

Move the highlight to COEFFICIENTS and enter the polynomial’s coefficients between square brackets by
pressing €1 [] 1 SPC 3 +/- SPC 6 SPC 2 SPC 60 +/- [OK]. Then press [SOLVE] and seethatits zeros are
3,-2, +3i,and -3i; they are also entered in stack level 1.

Technology Tip: You must enter all the coefficients of a polynomial, especially a coefficient O for any

“missing” term. So to find the zeros of x +1, you would enter its coefficients as [1 0 1].

10.2 Functions and Graphs

10.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = your sales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x.

If your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s how to use your HP-48G to perform this task. Input the equation W = 1975 + .10x by pressing these

keys: ' a W €3 =1975 + .10 x a. € X € DEF(see Figure 10.10).

  

  

RAD ALG RAD ALG
{ HOME } { HOME }

qt 3: l=1973+, ] #1!
2: co: 'w=730'
1: "W=1975+, 1%’ 1: 2198
ine348 'w=1865"
WECTRIMATE]LISTHYPREALERZE] WECTR[MATR] LIZTHYPREALEASE]      

Ce 10.10:Erie a formula Figure 10.11: Ealing the formula

Assign the value 2230 to the variable x by these keystrokes: ' a. € X €3 = 2230 € DEF. Next press a W
EVAL and find January’s wages (see Figure 10.11). Repeat these steps to find the February wages. Each time

the HP-48G evaluates W,it uses the current value ofx.

Another way to accomplish this is to define the function W(x) = 1975 + .10x by pressing ' a W €1 () a €3

X HB © =1975 + .10 x a € X €q DEF (see Figure 10.12). Then press ' a W €3 () 2230 EVAL to

evaluate W(2230). Repeat for W(1865).
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MECTRIMATE]LISTHYP[REALERZE
—10.12: Defining and evaluating a function

   
Technology Tip: The HP-48G allows variable names to be longer than a single letter. You may define such

variables, for example, as length and width. For this reason, the HP-48G requires multiplication to be ex-

pressed, so 3x must be input as 3-x. The calculator would interpret xxx as a three-letter variable name, not as
3

X .

10.2.2 Functions in a Graph Window: On the HP-48G, once you have entered a function, you can easily

generate its graph. The ability to draw a graph contributes substantially to our ability to solve problems.

For example, here is how to graph y= —x’ +4x. First press > PLOT.If the plot type is not Function, thengrap p
move the highlight to the TYPE: field, press [CHOOS], move to Function, and press [OK]. The independent
variable is set for X by default; you may change it if you wish. You can get the independent variable quickly

by pressing a function key. Move the highlight, if necessary, to EQ: and enter the function (as in Figure

10.13) by pressing ' - [X] y* 3 + 4 x [X] [OK]. Now press NXT [ERASE] [DRAW] and the HP-48G switches

to a window with the graph of y=—x"+4x.

While the HP-48G is calculating coordinates for a plot, it displays a busy indicator at the top of the graph

window.

Your graph window may look like the one in Figure 10.14 or it may be different. Since the graph of

y=—x"+4x extends infinitely far left and right and also infinitely far up and down, the HP-48G can display

only a piece of the actual graph. This displayed rectangular part is called a viewing rectangle. You can easily

change the viewing rectangle to enhance your investigation of a graph.

  

      
  

0 PLOT Zossneenmmmnns

TYPE: Funct i10n £: Rad
EQ:
INDEP: X H-VIEW: =6.5 6.95
_AUTOSCALE Y-VIEW: =3,1 3.2 So
KHER!
IEIITTT [200Mv3[TRACE]FONEDIT[CANIL

Figure 10.13: PLOT screen Figure 10.14: Graph of y =—x" + 4x
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The viewing rectangle in Figure 10.14 shows the part of the graph that extends horizontally from x_. =-6.5

to x_. = 6.5 and vertically from y_.=-3.1to y__ = 3.2. This is the default viewing rectangle for the HP-

48G. The PLOT screen has information about your viewing rectangle.

Use the arrow keys to move around the PLOT menu and enter new values for the horizontal dimensions x;

and x__ and for the vertical dimensions y_. and y__. Remember to use the +/- key, not — (which is subtrac-

tion), when you want to enter a negative value. The following figures show different viewing rectangles for

the same function, y = —x+4x.

In Figures 10.15 and 10.16, the menu was turned off by pressing [EDIT] NXT [MENU]. Restore the menu by
pressing any function key.

 

 

 

       
Figure 10.15: Window [-15, 15] by [-10, 10] Figure 10.16: Window [-3, 3] by [-10, 10]

To set the plot parameters quickly back to their default values (see Figure 10.13), press [ZOOM] [ZDFLT]
while in a plot window.

Leave the plot window and return to the home screen by pressing CANCEL.

10.2.3 Piecewise-Defined Functions: The greatest integer function, written [[x]], gives the greatest integer

less than or equal to a number x. On the HP-48G, the greatest integer function is called FLOOR and is lo-
cated under the REAL sub-menu of the MTH menu (see Figure 10.12). So calculate [[6.78]] = 6 by pressing

6.78 MTH [REAL] NXT NXT [FLOOR].

To graph y = [[x]], go in the PLOT menu, move beside EQ:, and press ' MTH [REAL] NXT NXT [FLOOR]
o. X ENTER. Figure 10.16 shows this graph in a viewing rectangle from -5 to 5 in both directions.

The true graph of the greatest integer function is a step graph, like the one in Figure 10.18. For the graph of y

= [[x]], a segment should not be drawn between every pair of successive points. You can change from a con-

nected line graph to a dot graph on the HP-48G from the PLOT menu. Press [OPTS] and move to

CONNECT;toggle [v" CHK] to remove the check mark next to CONNECT;then press [OK]. Erase the pre-

vious graph and draw a new one.
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Figure 10.17: Connected graph of y = [[x]] Figure 10.18: Dot graph of y = [[x]]

You should also change to Dot graph when plotting a piecewise-defined function. For example, to plot the

x41, x<0 )
graph of f(x)= , enter the expression (x +1)(x <0)+(x-1)(x 20) for EQ: in your PLOT

x=1, x20

menu by pressing ' € () [X]y* 2+1 [x € () [XIPRG [TEST][<]OQ+€v()aX-1 x €1() a

X [2] 0 ENTER. Then uncheck the CONNECToption, erase any prior graph, and draw the new one.

Usually you want a connected graph, so go back to the plot options menu and toggle CONNECT on again.

10.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions, but that can be “split”

into a top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle whose equation

is x” +y* = 36. First solve for y and get an equation for the top semicircle, y =v36— x? , and for the bottom

semicircle, y = —y/36— x* . Then graph the two semicircles simultaneously.

The keystrokes to draw this circle’s graph follow. In the PLOT menu, execute these keystrokes to fill the

EQ: field with a lisof the two semicircles: € {}' vx €1() 36 - [X]y* 2 BOspc:- Jx © () 36 -

[X]y* 2 [OK]. Then press [ERASE] [DRAW] to draw them both.

  

    

  

 

  
   

     

 

  

PLOT SRR 1

TYPE: Function  &: Rad
ex: DEES TN
INDEP: X H-VIEW: —15 15 ME — pi

_AUTOSCALE Y-VIEW: —168 18 No]

ENTER FUMCTIOMCS) TO PLOT T

EDIT[CHOO=]|OPT:[ERAZE|ORAL] ETCPTEEAEAETT

Figure 10.19: Two semicircles Figure 10.20: Circle: [-15, 15] by [-10, 10]

In the viewing rectangle of Figure 10.20, the graph does not look like a circle, because the units along the

axes are not the same. Change the window so that the value of y__ - y. is + times x_,_ - x_. . For exam-
max

Graphing Technology Guide 10-11

 



ple, see Figure 10.21 and the corresponding graph in Figure 10.22. The method works because the dimen-
sions of the HP-48G’s display are such that the ratio of vertical to horizontal is approximately +-.

  

 

PLOT
TYPE: Funct ion &: Rad
EQ:  { 'J(36-¥"2)' '-. 1
INDEP: X H-VIEW: —]1 2 12 freer pt

_RAUTOSCALE V-VIEW: —65

ENTER MAXIMUM VERTICAL VALLE

 

     
  

TE IEEETHET
Figure 10.21; pega. = 12 = 1 Figure 10.22: A “square” circle 

The two semicircles in Figure 10.22 do not meet because of an idiosyncrasy in the way the HP-48G plots a

graph.

10.2.5 TRACE: Graph y=-x’+4x in the default viewing rectangle. Press any of the arrow keys EM Ea

B BO and see the cursor move from the center of the viewing rectangle. Press [(X, Y)] so that the coordinates

of the cursor’s location are displayed at the bottom of the screen, as in Figure 10.23, in floating decimal for-

mat. This cursor is called a free-moving cursor because it can move from dot to dot anywhere in the graph

window.

 

A
Figure 10.23: Free-moving cursor

   
Remove the cursor’s coordinates and restore the menu by pressing NXT.

Toggle [TRACE] on (a white square replaces the “E”) to enable the left f] and right [J arrow keys to move

the cursor along the function. Also press [(X,Y)] to display the cursor’s coordinates. The cursor is no longer
free-moving, but is now constrained to the function. The coordinates that are displayed belong to points on

the function’s graph, so the y-coordinate is the calculated value of the function at the corresponding x-

coordinate.
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CW
4: 1.8 ¥: 2.304

Figure 10.24: Trace on y = —x’ +4x
  
 

Now plot a second function, y =—-.25x, along with y=—x"+4x. In the PLOT menu’s EQ: field, press the

following keys: €3 {}' - [X] y* 3 + 4 x [X] [§ SPC ' .25 +/- x [X] (see Figure 10.25). Their graphs are

plotted together in Figure 10.26.

  

 

co|: Sh“VIEW: ry«5 ge, 5
_AUTOSCALE Y-VIEM: 3.1 3.2

{1-H3+qxR' '-,25%8']
HEIITTT ETEEEREEEEEETAETT     
  

Figure 10.25: Two functions Figure 10.26: y = —x’+4x and y=-25x

Toggle TRACE on, with the cursor’s coordinates displayed. The cursor appears first on the graph of

y=-x"+4x because it is defined first in the list. Press the up EN or down E& arrow key to move the cursor

vertically to the graph of y =-.25x. Next press the right and left arrow keys to trace along the graph of

y =-.25x. When more than one function is plotted, you can move the trace cursor vertically from one graph

to another in this way.

Technology Tip: By the way, to remind you of the function being graphed, press €3 and hold VIEW. This
is especially helpful when you are tracing along two or more graphs.

The HP-48G’s display has 131 horizontal columns of pixels and 64 vertical rows. So when you trace a curve

across a graph window, you are actually moving from Xmin to Xmax in 130 equal jumps, each called Ax.
Xmax — Xmin

130

friendly numbers like .1 or .25 so that, when you trace along the curve, the x-coordinates will be incremented

by such a convenient amount. Just set your viewing rectangle for a particular increment Ax by making Xmax

= Xmin + 130-Ax. For example, if you want Xmin = -5 and Ax = .3, set Xmax = -5 + 130-.3 = 34. Likewise,

set Ymax = Ymin + 63-Ay if you wantthe vertical increment to be some special Ay.

You would calculate the size of each jump to be Ax = . Sometimes you may want the jumps to be
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To center your window around a particular point, say (h, k), and also have a certain Ax, set Xmin = h - 65-Ax

and Xmax = h + 65-Ax. Likewise, make Ymin = k - 31-Ay and Ymax = k + 32-Ay. For example, to center a

window around the origin, (0, 0), with both horizontal and vertical increments of .25, set the range so that

Xmin=0- 65-25 =-16.25, Xmax = 0 + 65-25 = 16.25, Ymin=0- 31-25 =-7.75, and Ymax =0 + 32-25 =

8.

The HP-48G’s default window is already a friendly viewing rectangle, centered at the origin (0, 0) with Ax =

Ay =0.1.

See the benefit by first plotting y = x’ +2x+lina graphing window extending from -10 to 10 in both direc-

tions. Trace near its y-intercept, which is (0, 1), and move towards its x-intercept, which is (-1, 0). Then

change to the default viewing rectangle, and trace again near the intercepts.

10.2.6 ZOOM: Plot again the two graphs, for y=—x"+4x and for y =—.25x. There appears to be an inter-

section near x = 2. The HP-48G provides several ways to enlarge the view around this point. You can change

the viewing rectangle directly by changing the horizontal and vertical view parameters in the PLOT menu.
Figure 10.28 shows a new viewing rectangle for the parameters displayed in Figure 10.27. Trace has been

turned on and the coordinates of a point on y = —x" +4x that is close to the intersection are displayed.

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start

again with a graph of the two functions y= x’ +4x and y=-.25x in a default viewing rectangle (press

[ZOOM] [ZDFLT]for the default window).

  

 

PLOT
TYPE: Function  <: Rad
EQ: { ! —R3+4xR ! — mm

INDEP: ¥ H-VIEW: 1.5 2.5
_AutoscaLe v-view: -2.5 ENE ——

EN  
 

 

ENTER MAXIMUM VERTICAL VALUE      

EDT]|[OPTE[ERAZE|DERAL H: 2.06E0 ¥: -5.15E-1

Figure 10.27: New view parameters Figure 10.28: Closer view

Now imagine a small rectangular box around the intersection point, near x = 2. First move the cursor to one

corner of the new viewing rectangle you imagine. Then press [ZOOM] [BOXZ] (Figure 10.29) to draw a box

to define this new viewing rectangle. Use the arrow keys to move the cursor to the diagonally opposite corner

of the new rectangle (Figure 10.30). If this box looks all right to you, press [ZOOM]. The rectangular area
you have enclosed will now enlarge to fill the graph window (Figure 10.31).
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EETEEEIECETEEEEE 111[ANd]200H]
Figure 10.29: One corner selected Figure 10.30: Box drawn

      

You may cancel the zoom at any time by pressing [CANCL].

 

A: 2.08 ¥: -5.14E-1

Figure 10.31: New viewing rectangle
   

You can also gain a quick magnification of the graph around the cursor’s location. Return once more to the

standard range for the graph of the two functions y = —x’+4x and y=-.25x. Use arrow keys to move the

cursor as close as you can to the point of intersection near x = 2 (see Figure 10.32). Then press [ZOOM]
[ZIN] and the calculator draws a magnified graph, centered at the cursor’s position (Figure 10.33). The view
variables are changed to reflect this new viewing rectangle. Look in the PLOT menu to check.

  

 

 

ng ¥:-.5 #: 2.075 ¥: -.51875

Figure 10.32: Before a zoom in Figure 10.33: After a zoom in
      

As you see in the ZOOM menu (Figure 10.29), the HP-48G can zoom in (press [ZOOM] [ZIN]) or zoom out
(press [ZOOM] [ZOUT)). Zoom out to see a larger view of the graph, centered at the cursor position. You
can change the horizontal and vertical scale of the magnification by pressing [ZOOM] [ZFACT] (see Figure
10.34) and editing X-FACTOR and Y-FACTOR,the horizontal and vertical magnification factors.
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The default zoom factor is 4 in both directions. It is not necessary for X-FACTOR and Y-FACTOR to be
equal. Sometimes, you may prefer to zoom in one direction only, so the other factor should be set to 1. As

usual, press [OK] or [CANCL] to leave the ZOOM FACTORS menu.

 

 

a 200M FACTORS
H-FacTOR: ENN
Y-FACTOR: 4
RECENTER AT CROSSHAIRS

 

ENTER HORIZONTAL 200M FACTOR
ECT] 11JeANcL]OF

Figure 10.34: Set zoom factors
   

Technology Tip: If you should zoom in too much and lose the curve, zoom back to the default viewing rec-

tangle and start over. Also, you may wish to use [ZOOM] [ZSQR] to make a viewing rectangle in which the
vertical scale matches the horizontal scale. This would be helpful if you want to graph the two halfs of a cir-

cle, as in Section 10.2.4.

10.2.7 Relative Minimums and Maximums: Graph y= —x’+4x once again in the standard viewing rec-

tangle (Figure 10.9). This function appears to have a relative minimum near x = -1 and a relative maximum

near x = 1. You may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point. Trace along the curve until the y-coordinate is as small as you can get it, so

that you are as close as possible to the local minimum, and zoom in (press [ZOOM] [ZIN] or use a zoom
box). Now trace again along the curve and, as you move from point to point, see that the coordinates change

by smaller amounts than before. Keep zooming and tracing until you find the coordinates of the local mini-

mum point as accurately as you need them, approximately (-1.15, -3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as

great as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local

maximum point on the graph of y=—x’ +4x is approximately (1.15, 3.08).

 

Al
EXTRM: (1.15470053838.3.07920143561

Figure 10.35: Relative minimum
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The HP-48G automates the search for relative minimum and relative maximum points. Trace along the curve

until the cursor is near a local extreme point. Then press [FCN] [EXTR]. The calculator searches for the near-
est relative minimum or maximum (actually, it searches for the nearest “critical point” of the graph) and dis-

plays the coordinates of the local extreme point it finds (see Figure 10.35).

10.3 Solving Equations and Inequalities

10.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,
. 3 . .

where a curve crosses the x-axis. For example, the graph of y =x" —8x crosses the x-axis three times (see

Figure 10.36). After tracing over to the x-intercept point that is furthest to the left, zoom in (Figure 10.37).

Continue this process until you have located all three intercepts with as much accuracy as you need. The

three x-intercepts of y = x’ —8x are approximately -2.828, 0, and 2.828.

  

 

    200H[itv[TRACE]FON EDIT R: -2.83125 ¥: -.01875
Figure 10.36: Graph of y = x’ —8x Figure 10.37: An x-intercept of y = x’ —8x

  

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the error is less than the distance between two tick marks. Go to the PLOT
OPTIONS sub-menu (press [OPTS] in the PLOT menu). Move the cursor down and enter an appropriate
spacing for the ticks.

An x-intercept of a function’s graph is a root of the equation fix) = 0. So these techniques for locating x-

intercepts also serve to find the roots of an equation.

Once more, the HP-48G automates the search for x-intercepts. First trace along the graph until the cursor is

close to an x-intercept. Press [FCN] [ROOT] to find the nearest x-intercept of this function. Repeat until you

have located all x-intercepts ofthis graph.

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the

graphs of y = —x’+4x and y =-.25x. Trace along one of the graphs until you arrive close to an intersection

point. Then press IZM or Ea to jump to the other graph. Notice that the x-coordinate does not change, but the

y-coordinate is likely to be different (see Figures 10.38 and 10.39).
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When the two y-coordinates are as close as they can get, you have come as close as you now can to the point

of intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as
close as possible. Continue this process until you have located the point of intersection with as much accu-
racy as necessary.

 
 

    A: 2.05 ¥: -.415125 X: 2.05 ¥: -.5125

Figure 10.38: Trace on y = —x' +4x Figure 10.39: Trace on y =-.25x
  

Automate the search for points ofintersection by tracing close to an intersection. Then press [FCN] [ISECT]
to locate the nearest intersection point.

10.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x" =36x+17=0. First

graph y=24x —-36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all its

roots. Then use trace and zoom to locate each one. In fact, this equation has just one solution, approximately

x=-1.414.

Remember that when an equation has more than one x-intercept, it may be necessary to change the viewing

rectangle a few times to locate all of them.

Technology Tip: To solve an equation like 24x" +17=36x , you may first transform it into standard form,

24x -36x+17= 0, and proceed as above. However, you may also graph the two functions y = 24x’ +17

and y=36x, then zoom and trace to locate their point of intersection. On the HP-48G, when you enter an

equation like 24x" +17=36x in the EQ:field of the PLOT menu, the calculator graphs both sides of the
equation.

10.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of

intersection of their graphs. For example, to solve the system y= x’ =3x-4 and y= x 43x —2x- 1, first

graph them together. Then zoom and trace to locate their point of intersection, approximately (-2.17, 7.25).

You must judge whether the two current y-coordinates are sufficiently close for x = -2.17 or whether you

should continue to zoom and trace to improve the approximation.
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The solutions of the system of two equations y = x’ +3x" =2x-1 and y= x’ =3x-4 correspond to the so-

lutionsofthe single equation x’ 43x’ =2x-1=x" =3x—-4, which simplifies to x’ +2x’ +x+43=0.So0 you

may also graph y = x’ +2x" + x+3 and find its x-intercepts to solve the system.

10.3.4 Solving Inequalities by Graphing: Consider the inequality = 2 x—4. To solve it with your HP-

48G, graph the two functions y = 1-2 and y =x —4 (Figure 10.40). First locate their point of intersection,

at x = 2. The inequality is true when the graph of y=1-® lies above the graph of y = x—4, and that occurs

for x < 2. So the solution is the half-line x <2, or (—es,2].

 

 

na ¥: -2   
Figure 10.40: Solving —" 2x—-4

10.4 Trigonometry

10.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radi-

ans or degrees, but you should take care that the HP-48G is configured for whichever measure you need. If

your calculator is currently set for radian measure, the RAD annunciator is displayed at the top left of the

home screen. If the calculatoris set for degree measure, there is no annunciator. You may change the default

in the MODES menu (see Section 10.1.1). Or toggle quickly between radians and degrees by pressing €
RAD.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° ~> MODES &4
press +/- until Degreesis displayed, then [OK]
45 SIN 0.7071

Graphing Technology Guide 10-19

 



sin’ € 1 SIN € NUM 0.0548

sin € RAD a nt SIN 0.0000

sin 45 45 SIN 0.8509

sin Z € 16 + SIN € INUM 0.5000

The first line of keystrokes sets the HP-48G in degree mode and calculates the sine of 45 degrees. While the

calculatoris still in degree mode, the second line of keystrokes calculates the sine of nt degrees, 3.1415°. The

third line toggles to radian mode just before calculating the sine of ®t radians. The fourth line calculates the

sine of 45 radians (the calculator is already in radian mode).

Technology Tip: Here’s how to mix degrees and radians in a calculation. For example, calculate

tan45° +sin £. First evaluate tan45° in degree mode, then press ENTER to place this value in the stack.

Next toggle to radian mode, evaluate sin%, and enterits value in the stack. Finally, press + to add the two

latest stack entries and get 1.5.

10.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay
in 30x
 carefulattention to the choice of graph window. For example, graph y = > in the default viewing rec-

tangle. Trace along the curve to see where it is. Zoom in to a better window, or use the period and amplitude

to establish a better view.

Technology Tip: The HP-48G has a quick way to make a good window for graphing trigonometric func-

tions. Press [ZOOM] NXT NXT [ZTRIG] for a window in which Ax =% and Ay =0.1.

Next graph y =tanx in the default window. The HP-48G plots consecutive points and then connects them

with a segment, so the graph is not exactly what you should expect. You may wish to change from connected

line to dot graph (see Section 10.2.3) when you plot the tangent function.

10.5 Scatter Plots

10.5.1 Entering Data: This table shows total prize money (in millions of dollars) awarded at the Indianapo-

lis 500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989

Prize ($ million) $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

We'll now use the HP-48G to construct a scatter plot that represents these points and to find a linear model

that approximates the given data. Go to the PLOT menu and change the type to Scatter. Check Autoscale
so the calculator will display all the data in the largest possible window (see Figure 10.41).
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PLOT
TYPE: Scatter
oa: [[ 1 1... cos: 1 2

. H-VIEW: B 18
YJAUTOSCALE Y-VIEW: Aut O

AUTOSCALE VERTICAL PLOT RANGE?
1cHe]OPT:[ERASE[DRAM

Figure 10.41: Setup for scatter plot

 

  
 

Now move the highlight to ZDAT: to input the data table; press [CHOOS] [NEW] and name this data table

INDY. Then move to the Object field and press r= MATRIX. Instead of entering the full year 198x, enter
only X. Here are the keystrokes for the first three years: 1 ENTER 1.61 ENTER Ed 2 ENTER 2.07
ENTER 3 ENTER 2.41 ENTER and so on (see Figure 10.42). Pressing the down arrow key after entering
the first row is a signal that the last column of data has been reached; hereafter, press ENTER and move
across rows and down columns. Continue to enter all the given data. Press ENTER when you have finished.

 

 

414
SIRE ETE ET TES

Figure 10.42: Data table
  
 

10.5.2 Plotting Data: Once all the data points have been entered, press [ERASE] [DRAW] to draw a scatter
plot. As with other plots, you may zoom and also display the coordinates of the cursor’s position.

 

  8: ¥: 3.92E0
Figure 10.43: Scatter plot
 

10.5.3 Regression Line: The HP-48G calculates the slope and y-intercept for the line that best fits all the

data. After the data points have been entered, go to the home screen and press > STAT to calculate a linear
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regression model. Select Fit data... as you see in Figure 10.44, then verify that the MODEL: choice is Linear
Fit. Press [OK] and the linear regression model is put in stack level 3. Below it in stack level 2 is the number r
(between -1 and 1), called the correlation coefficient. It measures the goodness of fit of the linear regression

equation with the data. The closer Irl is to 1, the better the fit; the closer Irl is to 0, the worse the fit. Press

DROP twice for a better look at the linear regression model.

  

 

r
i

= =
a HOME }

\ 932ee+al.
Correlation: .9949..

Covariance: 3.835

 Single-uvar.. —
rE

Summary stats.   

E
E

=
f
]

™

    
  

 

IICTT WECTR[HATR] LIZTHYPREALEASE]
Figure 10.44: Statistics menu Figure 10.45: Linear regression model

#: 6.54E0 ¥: 4.2BE0   
Figure 10.46: Linear regression line

Graph the linear regression model over the data by returning to the scatter plot and pressing [STATL]. See
how wellthis line fits with your data points (see Figure 10.46).

10.5.4 Exponential Growth Model: After data points have been entered, press 2 STAT and select Fit
data... again, but now choose Exponential Fit for MODEL: to calculate an exponential growth model

y=a-e" for the data. Convertthis to the familiar form y =a-b" by setting b =e".

10.6 Matrices

10.6.1 Making a Matrix: The HP-48G can display and use many different matrices. Here’s how to create
1 4 3 5

this 3x4 matrix [-1 3 —1 -3| as matrix A in your calculator. Since we’re using only integers in these

2 0 4 6
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examples, change to the standard number display format by pressing » MODES and then +/- until Std ap-
pears; next press [OK].

Press 2» MEMORY [NEW]to create a new variable (Figure 10.47 shows the new variable menu); then with
the OBJECT:field highlighted, press > MATRIX to switch to the MatrixWriter application (Figure 10.48).

NEW VARIABLE 3-4 S—f—
pedecT: [[ 1 -4 23 5 1 .. -
waree: Liem
—- DIRECTORY 2 OI

  

  

      H+ ~ 44
IIIEN(TTYTE E0IT [VEC«HID [LID

Figure 10.47: Matrix A named Figure 10.48: MatrixWriter

Starting in the 1st row and 1st column, press 1 ENTER. Note the box to the right of GOW in the menu in Fig-
ure 10.48. Thissignifies that pressing ENTER results in a move to the right along a row. If you would prefer
ENTER to cause the cursor to move down the current column, pressthe last function key. For now, set your

calculator so that entry moves right. Here are the keystrokes you need to continue to inputthe first row: 4 +/-

ENTER 3 ENTER 5 ENTER. When you reach the end ofthe first row, press Kal to mark the final column
of this matrix. Hereafter, input the remaining elements of the matrix and press only ENTER after each; the

cursor will move to the right along each row, then jump back to the first row in the next column. You must

press 0 ENTER to input 0 as an element of the matrix. When the whole matrix is entered, press ENTER
once more.

With the cursor in the NAMEfield (see Figure 10.47), press ao A ENTER to call this matrix A. Finally, press

[OK] NXT [OK] and return to the home screen.

10.6.2 Matrix Math: From the home screen you can perform many calculations with matrices. First, let’s see

matrix A itself by pressing oo A ENTER (Figure 10.49).

  

RAD RAD
{ HOME } { HOME }

I: [[ 1-4
3

  

[ 1 33] [
[ -1 3-1-3] [ -
[ 28-46 1] [

WECTEI MATE] LITHYPKEWLERE RARER DEALT REAL ERE
Figure 10.49: Matrix A si 10.50: Matrix B

5
1
m
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Calculate the scalar multiplication 2A by pressing 2 ENTER a A x. To set matrix B equal to 2A, press r>

MEMORY [NEW] NXT [CALC] 2 ENTER a A x [OK]. Name this matrix B and return to the home screen;

press oo B ENTER to see it (Figure 10.50).

Add the two matrices A and B by pressing oo A ENTER a B +. Subtraction is similar.

 

RAD
HOME }

   
Figure 10.51: Matrix A + matrix B

0 3

5 -1

A x. If you tried to multiply A by C, your HP-48G would signal an error because the dimensions of the two

matrices do not permit multiplication this way.

2
Now create this 2x3 matrix as C: § | For matrix multiplication of C by A, press oo C ENTER a

 

RAD
{ HOME }

COW10HTEMKOM[RANE]SIZE
Figure 10.52: AT

   
The transpose of a matrix A is another matrix with the rows and columns interchanged. The symbol for the

transpose of A is AT. To calculate AT, press « A ENTER MTH [MATR] [MAKE] [TAN].

10.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a ma-

trix. Your textbook provides more careful explanation of the elementary row operations and their uses.

To interchange the second and third rows of the matrix A that was defined above, press o« A ENTER 2

ENTER 3 MTH [MATR] [ROW] NXT [RSWP] (see Figure 10.53). The format of this command is matrix
ENTER row? ENTER row2 MTH [MATR] [ROW] NXT [RSWP].
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1
-3 ]
8 1]      

[2]:IIII(T0 AEEEETA
Figure 10.53: Swap rows 2 and 3 Figure 10.54: Add -4 times row 2 to row 3

To multiply row 2 by -4 and store the results in row 2, thereby replacing row 2 with new values, press a. A

ENTER 4 +/- ENTER 2 MTH [MATR] [ROW] [RCI]. The format of this command is matrix ENTER fac-
tor ENTER row MTH [MATR] [ROW] [RCI].

To multiply row 2 by -4 and add the results to row 3, thereby replacing row 3 with new values, press o. A

ENTER 4 +/- ENTER 2 ENTER 3 MTH [MATR] [ROW] [RCIJ] (see Figure 10.54). The format of this
command is matrix ENTER factor ENTER row? ENTER row2 MTH [MATR] [ROW] [RCIJ].

Technology Tip: It is important to remember that your HP-48G does not store a matrix obtained as the result

of any row operations. So when you need to perform several row operations in succession, you may wish to

store the result of each operation in a temporary place.

x=2y+3z=9

For example, use elementary row operations to solve this system of linear equations: -x+3y=-4.

2x-5y+5z=17

1 -2 3 9

First enter this augmented matrix as A in your HP-48G: [-1 3 0 4].

2 5 5 17

Here are the row operations and their associated keystrokes. Note that steps 2, 3, and 4 assume the previously

calculated matrix is already in stack level 1. The solution is shown in Figure 10.55.

Row Operation Keystrokes

add row 1 to row 2 oo AENTER 1 ENTER 1 ENTER 2
MTH [MATR] [ROW] [RCIJ]

add -2 times row 1 to row 3 2 +/- ENTER 1 ENTER 3 [RCIJ]

add row 2 to row 3 1 ENTER 2 ENTER 3 [RCIJ]

multiply row 3 by 2 1 ENTER 2 + 3 [RCI]
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RAD
{ HOME }
Z
1 [ [ 1-239]

[B133]
[BB 171]

ECTCATES[ATECAEME
Figure 10.55: Final matrix after row operations

   
Thusz=2,so0y=-1and x= 1.

1 -2 3

10.6.4 Determinants and Inverses: Enter this 3x3 square matrix as A: |-1 3 0]. To calculate its de-

2 55

1 -2 3

terminant, [-1 3 0 |, press « A MTH [MATR] [NORM] NXT [DET]. You should find that |A| = 2.

2 55

Since the determinant of matrix A is not zero, it has an inverse, Al. Press a A }% to calculate the inverse of

matrix A, as seen in Figure 10.56.

  

RAD RAD
{ HOME 3
2
1 [

  

’
[ 7.3 -2.3 -%.3_1]
[ 2.3 -.3 -1.0 1] [ -1_1]
[ -.5 .5 .5 1] [ 2 1]

[ETANSTEIENGTA {IGENETTT)IT       
Figure 10.56: |A|and A"! Figure 10.57: Solution matrix

x—-2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Once more, consider -x+3y=-4.

2x-5y+5z=17
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1 -2 3

The coefficient matrix for this system is the matrix [—1 3 0 that was entered in the previous example. If

2 55

9

necessary, enterit again as A in your HP-48G. Enter the matrix —4 as B. Then press a A }% o B x to calcu-

17

late the solution matrix (Figure 10.57). The solutions are still x= 1, y =-1, and z = 2.

10.7 Sequences

oo. : : -1
10.7.1 Iteration: Iteration is the process of evaluating a function repeatedly. As an example, calculate =

n—1 . . .
for n=27. Then calculate 3 for n = the answer to the previous calculation. Continue to use each answer

as n in the next calculation. Here are keystrokes to accomplish this iteration on the HP-48G calculator (see the

results in Figure 10.58).

Iteration Keystrokes Display

'‘aY€Er=63()aN-1[J +3 €DEF

1 27 ENTER ENTER 'a N STO 27

2 oY EVALENTER'aN STO  8.66666666667

3 oY EVALENTER 'aN STO  2.55555555556

4 oY EVALENTER 'a N STO 51851851852

5 oY EVALENTER'aN STO  -.16049382716

Continue several more times and see what happens with this iteration. You may wish to try it again with a

different starting value.

 

RAD

x
=
=
a 2 m (

 

M
W
A

WECTR[MATE]LIZTHYP KER
Figure 10.58: Iteration

F
o   
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10.7.2 Arithmetic and Geometric Sequences: lt is easy to use direct stack input to determine the n-th term of

a sequence. For example,find the 18th term of an arithmetic sequence whose first term is 7 and whose com-
mon difference is 4. Enter the first term 7 in the stack, then start the progression by pressing 4 +. This yields

the 2nd term, so repeat 4 + sixteen more times to find the 18th term. For a geometric sequence whose com-

monratio is 4, start the progression with 4 x.

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence,

t =a+(n-1)d. First store valuesfor the variables a, d, and n, then evaluate the formula by pressing ' o. €3

A+€ ()a€erN-1[ x a € DEVAL. For a geometric sequence whose n-th term is given by

t= ar”, enter values for the variables a, r, and n, then evaluate the formula by pressing *' o “Axa 6

Ry" €1()a€1N-1EVAL

12

10.7.3 Sums of Sequences: Calculate the sum Y4(0.3)" in the HP-48G’s EquationWriter application by
n=1

pressing > Za N [J 1 [§ 12 [§ 4 x .3 y* oo N ENTER. Then press EVAL; you should get 1.71428480324.
The format of this command is ‘X(variable=begin, end, expression)’.

10.8 Parametric and Polar Graphs

10.8.1 Graphing Parametric Equations: The HP-48G plots parametric equations as easily as it plots func-

tions. Just go to the PLOT menu (Figure 10.59) and change the type setting to Parametric. Be sure,if the
independent parameter is an angle measure, that your calculator is set to whichever you need, radians or de-

grees.

  

    
  

    
  

PLOT (R(T). Y(TX) PLOT OPTIONS

TYPE: Parametric < Rad INDEP: T LD: © Hi:
EQ: ! CCOSCT>"3, SINCT.. ¥ RAKES v CONNECT  _ SIMULT

INDEP: T H-VIEW: —¢ 4 STEP: Df 1t _ PIXELS

MauTosCALE V-VIEW: —2 2 H-TICK: 1@ V-TICK: 183  # PIXELS

AUTOSCALE YERTICAL PLOT RANGE? ENTER MAXIMUM INDEP VAR VALUE

ITRTEETEETE 5H IIEETTTTE

Figure 10.59: Parametric PLOT menu Figure 10.60: Parametric plot options

For example, here are the keystrokes needed to graph the parametric equations x = cos’ t and y= sin’ t. First

check that angles are currently being measured in radians. After setting plot type to parametric, change the

independent variable to T. Also change the view to extend horizontally from -4 to 4 and vertically from -2 to

2. Press [OPTS] so that you may change LO: and HI: values for T so that T ranges from 0 to 6.3
(approximately 2m). Press [OK] to accept these changes and return to the main PLOT menu.
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Move the cursor to EQ: (Figure 10.59) and enter the two parametric equations in the form (x(t), y(t)) by

pressing €1 ()COSoaTQy 36, ea ()SINaT [J y* 3 ENTER. Press [ERASE] [DRAW]to see
Figure 10.61.

 

  [ETT]CENLTI

Figure 10.61: Parametric graph of x = cos’ t and y= sin’ ¢

 

You may ZOOM and TRACE along parametric graphs just as you did with function graphs. As you trace
along this graph, notice that the cursor moves in the counterclockwise direction as T increases.

10.8.2 Rectangular-Polar Coordinate Conversion: The HP-48G converts easily between rectangular and

polar coordinate systems. Since the conversion uses the current MODES settings,it is a good idea to check
the default angle measure beforehand. Of course, you may press € RAD to change the current angle meas-

ure setting at any time, as explained in Section 10.4.1. For the following examples, the HP-48G is first set to

degree measure and rectangular coordinates.

  

R&Z
HOME } HOME }
  

—
M
N
o
w
W
p
h
™

M
W
A

(9,£-36.86989/6458)
(3,£184) H)

IEDCrANEANECENEE |IEpCrRrEaEa rE Ed
Figure 10.62: Polar coordinates Figure 10.63: Rectangular coordinates

    
  

Given rectangular coordinates (x, y)=(4,—3), convert from these rectangular coordinates to polar coordi-

nates (r, 6) by pressing €1 () 4 €3, 3 +/- ENTER to input (4, -3). Then press > POLAR to toggle the

calculator into polar display mode. Notice the polar display annunciator at the top left of the screen (Figure

10.62).

Suppose (r,0)=(3,180°). To convert from these polar coordinates to rectangular coordinates (x, y), press

€ ()3 6, > £180 ENTER to input (3, 180°). Once again,press 2 POLAR to toggle the HP-48G off
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polar display mode. There should no longer be a polar display annunciator at the top left of the screen (see

Figure 10.63).

10.8.3 Graphing Polar Equations: The HP-48G graphs a polar function in a polar plot. To graph r =4sin8,

go to the PLOT menu and change plot type to Polar. Make 8 the independent variable by pressing a #2 F in

the INDEP:field. Choose a good viewing rectangle and appropriate options LO: and HI: for the parameter 6.

In Figure 10.64, the graphing window extends horizontally from -6.5 to 6.5 and vertically from -1.1 to 5.2.

 

    I

8: .66322511576 ¥: 2.4GE0    
Figure 10.64: Polar graph of r =4sin6

10.9 Probability

10.9.1 Random Numbers: The command RAND generates a number between 0 and 1. You will find this
command in the probability sub-menu of the MTH menu. Press MTH NXT [PROB] [RAND] to generate a
random number. Press [RAND] to generate another number; keep pressing [RAND] to generate more of
them.

If you need a random number between, say, 0 and 10, then press 10 ENTER [RAND] x. To get a random
number between 5 and 15, press 5 ENTER 10 ENTER [RAND] x +.

10.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, ,P;, press 12 ENTER 7 MTH NXT [PROB] [PERM]. Then ,,P, = 3,991,680, as shown in Figure
10.65.

 

 

3991680
12

   
Figure 10.65: ,P, and ,,C,
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For the number of combinations of 12 objects taken 7 at a time, ,,C,, press 12 ENTER 7 MTH NXT [PROB]
[COMB]. So 12C4 = 792.

10.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different num-

bers from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the

player wins the top prize. There are ,,C4 ways for the six numbers to be drawn. If you purchase a single lot-

tery ticket, your probability of winning is 1 in ,Cq. Press 40 ENTER 6 MTH NXT [PROB] [COMB] }% to

calculate your chances, but don’t be disappointed.

10.10 Programming

10.10.1 Entering a Program: The HP-48G is a programmable calculator that can store sequences of com-

mands for later replay. Its programming language is structured, like other modern computer programming

languages you may know.

An HP-48G program is an object in the stack and can be stored in a variable. Programs are sequences of

commands and numbers, the same as you would enter directly in the calculator. The elements of a program

are contained between double angle brackets, which you get by pressing €3 « », and they are separated by

spaces, using the SPC key.

The HP-48G has a collection of sample programs that you can see and use and even modify. To get them

from the calculator’s memory, enter the word TEACH in the command line, then press ENTER. This loads
the EXAMPLES directory. There is a listing of the sample programs in your User’s Guide. To view any pro-
gram,enterits name into stack level 1 and press €3 EDIT.

10.10.2 Executing a Program: To execute a program, enter its name in stack level 1 and press ENTER.

The instruction manual for your HP-48G gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.

Graphing Technology Guide 10-31

 



10.11 Differentiation

sin 4x . Plot the graph of f(x) = sin 4x  10.11.1 Limits: Suppose you need to find this limit: lim in a con-
x—0 xX

venient viewing rectangle that contains the point where the function appears to intersect the line x = 0

(because you want the limit as x — 0). Your graph should lend support to the conclusion that lim Sin 4x =4.
x— xX

 

 

 

 

   
    

in4 : -SINAX _ 4 Figure 10.67: Checking lim 2x |
Xx x0 x +1

=2  Figure 10.66: Checking lim

 : : . 2x —1
To test the reasonableness of the conclusion that lim =2, evaluate the function f(x)== for

xX +xo x +1
several large positive values of x (since you want the limit as x — ©). For example, evaluate f{100),

(1000), and £f{10,000). Another way to test the reasonableness of this result is to examine the graph of

f(x) = 2x—1

xX +
viewing rectangle extends horizontally from 0 to 100), whether the graph is asymptotic to the horizontal line

1

 in a viewing rectangle that extends over large values of x. See, as in Figure 10.67 (where the

 y=2 (plot both y = 2x and y = 2).
x+1

10.11.2 Numerical Derivatives: The HP-48G calculates derivatives numerically as well as symbolically. For

example, to find a numerical approximation to f'(2.5) when f(x)=x>, first press > SYMBOLIC and

select Differentiate. Enter x’ as the expression and specify x as the variable with respect to which you want to

differentiate. Press the +/— key to cycle among alternatives until the Numeric result type is displayed and en-

ter 2.5 as the value of x for which you want to find the derivative (see Figure 10.68). Finally, press [OK] for

the answer (Figure 10.69).
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8% DIFFERENTIATE RAD
EPR: ' x3! { HOME }
VAR: x 4:
RESULT: [INIT-Tb 3:
VALUE: 2,5 5
CHOOSE RESULT TYPE 1: 18.75
I(TTF)IIE(TTTE WECTR[MATE[LISTWYPREALERZE
 
  

Figure 10.68: DIFFERENTIATE Numeric Figure 10.69: Numerical derivative

If you need to differentiate symbolically, first purge your variable from memory by recalling the variable to

the stack and pressing “2 PURG.Next follow the preceding steps except choose the Symbolic result type

(Figure 10.70). The press [OK] for the symbolic derivative (Figure 10.71). If you would like to see the inter-

mediate steps taken by the HP-48G as it performs a differentiation, press [Step] to place in the stack the result

of the first step. Then press EVAL for subsequent steps in the process of symbolically differentiating the ex-
pression.
 

 

DIFFERENTIATE RAD  
 

  

      

EXPR: ' x3’ L
VAR: x 4:
RESULT: EEsI=p B= 3:

CHOOSE RESULT TYPE 1: 'Jxx"2!
[__JcHOOE[STEPJUWNGL]OK MECTE[MATE]LIZTHYP[RERLERZE

Figure 10.70: DIFFERENTIATE Symbolic Figure 10.71: Symbolic Derivative

To find a derivative in EquationWriter, press f > 5 and enter x (be sure you have already purged the vari-

able x from memory) as the variable of differentiation (see Figure 10.72). Press g and enter the expression x,

then press ENTER to place thisin the stack. Now press EVAL a couple of times for the result (Figure 10.73).
 

 

 

      

RAD
{ HOME }

a| 30 4:

an 3: "ax (x3)!
ct ox(x)*3*#x™ (3-1)
1: ' J¥x2

MECTE[HATR]LIZTHYPREALERE IERENRENESETECTETE
Figure 10.72: Differentiation with EquationWriter Figure 10.73: Symbolic derivative

Technology Tip: It is sometimes helpful to plot a function and its derivative together. In Figure 10.74,the

function f(x) = >= and its numerical derivative are both graphed.
+
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Figure 10.74: Graphs offix) and f'(x)

   

S5x-2

x? +1

NFO OeXEON =()5xaIX-2B+ () a YX y*2 + 1 ENTER. Then

press “DEF to makethis equation the definition of a new function.

RAD RAD
{ HOME } { HOME }¥

You can duplicate this graph by creating the equation f(x) = (Figure 10.75) with these keystrokes: ‘ a

 

 

 

o
w

—
0 M
r
a

HF Ox)=(0%x-2) 7 ("E+ IE(24)1(EaeB0
1)" i _ (Fx)(w+)!

VECTEMATE]LIZT|HYP|REALJEAE] WECTE|MATE]LIT|AVP]REAL|EAE|
5x -2

x2 +1

  

      
Figure 10.75: Definingf{x) = Figure 10.76: Defining Df(x) = f'(x)

Nextcreate the equation Df(x) = f(x) by entering ‘ a D oo $F 7) () oo $7 X directly into the stack.

: . . . 0
Be sure to purge the variable x from memory. Use EquationWriter to create the expression Fr f(x) and put it

2

in the stack. Press EVAL several times until the derivative is fully simplified (Figure 10.76). Then press A

= DEF to make an equation and define a new function.

The finalstep is to plot the function and its derivative simultaneously. Go into the PLOT menu, move beside

EQ: and press SY {} 0cYF ()aAX J ASPC aD oaOF () a $M X [OK]. Also

enter a. $Y X beside INDEP: to establish x as the independent variable. Figure 10.74 shows the result after

you press [ERASE] [DRAW].

You may also approximate a derivative while you are examining the graph of a function. When you are in a

graph window, trace along the curve to a point where you want the derivative (see Figure 10.77 for the graph
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5x-2
a at x = 2.3) and press [FCN] [SLOPE]. The value ofthe derivative is displayed at the bot- of /(x)=— n

tom of the graph window (as in figure 10.78) and also entered in the stack.

 

 

 
      

 
 
 

 

%: -2.3 ¥: -2.15E0 SLOPE: -.774692208342
-2 )Figure 10.77: f= -atr=-23 Figure 10.78: f'(~2.3)

XxX +

Technology Tip: With the HP-48G, you can graph a function along with the tangent line at one ofits points.

 

. S5x-2 . .
So plot the function f(x) =—; . once again. Then trace with the cursor to a point of interest and press

x“ +
[FCN] NXT [TANL]. The equation of the tangent line is displayed in the graph window and also entered into
the stack. You may continue to draw more tangent lines.

“~ } | | t
f

-  g ’ -r > ” v v — ” >

 

  
TAMLINE: 'Y=-_774692208342%K~-3.9280   
 

Figure 10.79: Tangent line at x = -2.3

10.11.3 Newton’s Method: With your HP-48G, you may iterate using Newton’s Method to find the zeros of

a function. Recall that Newton’s Method determines each successive approximation by the formula

(x,)
Xpel = Xn — PACH] :

f(x)

As an example of the technique, consider f(x) = 2x* + x? — x +1. First define this function and also defineits

derivative as Df(see Figure 10.80). A look at the graph ofthe function suggests thatit has a zero near x = —1,

so start the iteration by storing —1 as the variable x. Enter the Newton’s Method formula
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f(x) f(x)mye
fl Df)

ENTER ‘ a X STO. Execute this sequence of keystrokes repeatedly until two successive approximations dif-

fer by less than some predetermined value, say 0.0001. Note that each time you execute these keystrokes, the

HP-48G will use its current value of x, and that value is changing as you continue the iteration.

  y=Xx-— as shown in stack level 4 of Figure 10.81. Then press these keys: a Y EVAL

  

  

RAD RAD
{ HOME } { HOME }

3: 4: 'Y=R—t ln)DEC)!
2: 'FLRI=2EHIHR"2-KT., 3: -1.33333333333
1: 'DFCKI=22(3xr"2)+2% os -1.24336624339

n=l 1: -1.23385519835
MECTRMATR]LISTHPREALEASE] VECTR[MATR]LITHYPTRERL[ERZE      

Figure 10.80: Definingf(x) and Df(x) Figure 10.81: Newton’s method

Technology Tip: Newton’s Method is sensitive to your seed value for x, so look carefully at the function’s

graph to make a good first estimate. Also, remember that the method sometimes fails to converge!

You may want to save the Newton’s Method formula as a short program. See your calculator’s manual for

further information on programming the HP-48G.

10.12 Integration

10.12.1 Approximating Definite Integrals: The HP-48G approximates integrals numerically and also evalu-

ates them symbolically. For example, to find fo cos x dx, first press f > SYMBOLIC and select Integrate.

Enter cos x as the expression and specify x as the variable for this integration.
 

  INTEGRATE
EXPR: 'COS(x)'
VAR: w LD: § Hi: 1

RESULT: [RINTOT=]ub
NUMBER FORMAT: Std

CHOOSE RESULT TYPE
I(TTFII(VTAT

Figure 10.82: INTEGRATE Numeric
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Set 0 as the lower limit and 1 as the upper limit. Press the +/— key to cycle among alternatives until the Nu-

meric result type is displayed (see Figure 10.82). Finally, press [OK] for the answer (stack level 3 in Figure

10.84).

If you need to integrate symbolically, first purge your variable from memory by recalling the variable to the

stack and pressing “\ PURG.Next follow the preceding steps except choose the Symbolic result type. Then

press [OK] for the symbolic integral (stack level 1 in Figure 10.83) and EVALto evaluate it (stack level 1 in

Figure 10.84).

RAD RAD
{ HOME } HOME }

  

 
 

      

{

es . 541478984808 4:RBaoRT- / = :t | we ®=1w

y3T f: 841470904068
ELIECELTEECEEEERIECRETE ECTCHET]EECEE]ELTAGIELE

Figure 10.83: INTEGRATE Symbolic Figure 10.84: fo cos x dx

Technology Tip: Suppose you want to find an indefinite integral, say [cosx dx . Purge the variable x from

memory and integrate symbolically. Enter 0 for the lower limit and the variable x for the upper limit. Press

[OK] to compute a closed-form expression and place it on stack level 1 (Figure 10.85). Now press PRG

[TYPE] [OBJ—] 3 = STACK NXT [DRPN] to discard the lower limits and press EVAL to evaluate the
result for the upper limit and obtain the indefinite integral (Figure 10.86).

 

 

FAD
AME } HOME }
 

 

      

{

7 1
FRINGE [Br sINGoAworm

de "LIZTHYPREHLERE IETC0CE

Figure 10.85: Indefinite integral Figure 10.86: [cosx dx

To find a definite integral in EquationWriter, press > [ and then enter the lower limit followed by 0 ,

the upper limit followed by 0 , and the integrand followed by 0 . Next enter the variable of integration (see

Figure 10.87 for f, cosx dx) and press ENTER to place this integral in the stack. Now press EVAL a couple

of times for the result (Figure 10.88).
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{

1
COS() dd] 3

? Z : 508, 1,0050%),%)"
: 541476954808     
 

MATE] LITHYP[REALEAZE] [UP0UPE[DUPJOROR2[ORFM|

Figure 10.87: Integration with EquationWriter Figure 10.88: Symbolic integration

10. 12.2Areas: You may approximate the area under the graph of a function y = f{x) between x = 4 and x = B

with your HP-48G. For example, here are keystrokes for finding the area under the graph of the function

y = cos x” between x = 0 and x = 1. This area is represented by the definite integral fy cosx?dx . So graph

f(x) = cos x” and trace along the curve to where x = 0, the lower limit. Press the multiplication key x to mark

this place (see Figure 10.89). Now trace again to the upper limit, where x = 1, and press NXT [FCN] [AREA].

The area of region under the graph between the lower limit and the upper limit is calculated and displayed.

Technology Tip: When approximating the area under f{x) = cos x” between x =0 and x = 1, you must trace

along the curve to exactly where x = 0 and x = 1. Now to trace along the curve to x = a, the viewing rectangle

must be chosen so that the function is evaluated at x = a. The window shown in Figure 10.89 was made first

by zooming to a decimal window, and then changing its vertical dimensions to appropriate values. By con-

trast, find the area under f(x) = cos x* between x = 0 and x = 1 in a window that extends horizontally from

-4 to 4.  

AREA: 3045242373

Figure 10.89: Area under a curve

   
Technology Tip: Suppose that you want to find the area between two functions, y = f{x) and y = g(x), from

x=Atox=B.If f(x)>g(x) for A<x<B, then use f(x) — g(x) for the integrand and proceed as before to

find the required area.

10-38 HP-48G Series Calculator



Chapter 11

Hewlett Packard HP 38G
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11.1 Getting started with the HP 38G

11.1.1 Basics: Press the ON key to begin using your HP 38G. If you need to adjust the display contrast, first

press and hold ON, then press + to increase the contrast or press — to decrease the contrast.
 

 

Midway between the ON key and the ENTER key is turquoise key that functionslike the SHIFT key on a
computer keyboard. We use thesymbol JJ} for this turquoise shift key. After you pressRBthe symbol «2 ap-

pearsat the top left cornerofthe screen.

Across the top of the HP 38G’ s keypad are six black function keys that assume different functionsiindifferent

contexts. Whenpressinga black key has theeffect COMMAND withinthecurrentcontext, we usethe symbol

[COMMAND]toreferto thatkey.
 

When you have finished with the calculator, turn it off to conserve battery power by pressing the turquoise

shift key [Jj and then OFF. Poweris automatically switched off after several minutes of inactivity.

Check the HP 38’s settings by pressing [Jj MODES.If necessary, use the arrow keys to move the blinking

cursor to a setting you want to change, Press [CHOOSE] to select a new setting. To start with, select the op-
tions illustrated in Figure 11.1: degrees, standard number format, and dot (period) for the decimal point. Now

return the home screen by pressing HOME

HOME MODES 3

 

CHOOSE ANGLE MEASURE
ITTF

Figure 11.1: HOME MODES

11.1.2 Editing: The HP 38G’s home screen has labels for the six black function keys across the bottom (not

every function key may be active, in which caseits label is blank). Above the function key labelsis the edit

line, where input first appears; and above the edit line is a history area, where previous input and results are

stored. For example, enter the home screen and type this sum:

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press ENTER to movethis up into the history area and see the answer (Figure 11.2).

 

1+2+3+4+5+6+7+8+9+10+...
218
 

——

Figure 11.2: Home screen
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Often we do not notice a mistake until we see how unreasonable an answer is. The HP 38G permits you to
redisplay an entire calculation, edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56, but had not yet pressed ENTER, when you realize that 34 should have

been 74. Simply press « (the left arrow key) as many times as necessary to move the blinking cursor left to 3,

then press 7 DEL. On the other hand,if 34 should have been 384, move the cursor back to 4, and then type 8.
The 8 is inserted at the cursor position and the other characters are pushed to the right. If the 34 should have
been 3 only, move the cursorto 4, and press DEL to deleteit.

Technology Tip: To move quickly to the beginning of an expression you are currently editing, press [Jj <;

to jump to the end of that expression,press [Jj ».

The history area may contain many previous entries, arranged from the most recent at the bottom to the oldest

entry way above, even out of view. You may still edit one of these older expressions. First, press ON to clear

the edit line. Next press 4 and V¥ as necessary to move the highlight up and down through the history list

until you reach the expression you want, then press [COPY] to bring it back to the edit line. Now you can
change it. When you are finished, press ENTERto evaluate this new expression.

Technology Tip: To move quickly to the oldest entry at the top of the history area (which may be out of

view), press [J] 4; to jump back down to the edit line, press [fj Vv.

The HP 38G retains its history area even when it is turned off, so long as its batteries are good. When you

want to clear the history area, press [J CLEAR;this clears the edit line at the same time. Since the history
area takes up calculator memory, it’s a good idea to clear the history area frequently.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment account if

there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

. t . . . .

the balance is P = ( + Ly , where P = principal, r = rate of interest (expressed as a decimal), » = number of

times interest is compounded each year, and t+ = number of years. In our example, this becomes

5000(1+.085) . Here are the keystrokes for finding the balance after ¢ = 3, 5, and 10 years (Figure 11.3).

Years Keystrokes Balance

3 5000 (1 + .085) x¥ 3 ENTER $6386.45

5 A A [COPY] « 5 DEL ENTER $7518.28

10 A A [COPY] « 10 DEL ENTER $11,304.92

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press the keys to change the last calculation above: 4 A [COPY] DEL DEL 5 « « « « « 7 DEL
ENTER.

Technology Tip: Press A as many times as necessary to move the highlight up into the history area and onto

one of the expressions you just entered. Then press [SHOW] for the HP 38G to display this expression in
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standard mathematical form, the way you see expressions in your textbook. This is especially helpful for
checking your entry of a complicated formula. When you have finished examining the expression in standard

form, press [OK]to return to the home screen. Figure 11.4 illustrates this with the last calculation.

 

  

   

 

   

: REE

segoxci+. 088%ia 5000-(1+. 875)

— I I

Figure 11.3: Editing expressions Figure 11.4: [SHOW]

11.1.3 Key Functions: Most keys on the HP 38G offer access to more than one function,just as the keys on

a computer keyboard can produce more than one letter (“g” and “G”) or even quite different characters (“5”

and “%”). The primary function of a key is indicated on the key itself, and you access that function by a sim-

ple press on the key.

To access the second function indicated above a key, first press J} and then press the key. For example to
calculate 5°, press 25 [i x? ENTER.

When you want to use an uppercase letter at the lower right corner of a key,first press A...Z. The symbol a.

appears at the top of screen. Then press the key. For example, to use the letter K in a formula, press A...Z K. If

you need several letters in a row, press and hold A...Z, and press all the letters you want. For a lowercase let-

ter, press [J] @...z and then the letter. So press [Jj a...z K for the letter «.

11.1.4 Order of Operations: The HP 38G performs calculations according to the standard algebraic rules.

Working outwards from inner parentheses, calculations are performed from left to right. Powers and roots are

evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Enter these expressions to practice using your HP 38G.

Expression Keystrokes Display

7-53 7-53 ENTER -8
(7-5)-3 (7-5) +3 ENTER 6

120-10? 120 — 10 |} ¥* ENTER 20
(120-10)? (120-10) [} ¥* ENTER 12100

= 24/2 x’ 3 ENTER 3
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24)
(2 (24/2) x’ 3ENTER 1728

(7--5)--3 (7--x5)*-x3 ENTER -36

N(N +1)
2

after you have entered a value for N. Suppose you want N = 200. Press 200 [STOP] A...Z N ENTERto store
the value 200 in memory location N. Whenever you use N in an expression, the calculator will substitute the

V(r) by

11.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as

value 200 until you make a change by storing another number in N. Next enter the expression

N(N +1
typing A..ZN * (A..ZN+1)/2 ENTER. For N = 200, you will find that M+) =20100.

The contents of any memory location may be revealed by typing just its letter name and then ENTER. And
the HP 38G retains memorized values even whenit is turned off, so long as its batteries are good.

11.1.6 Repeated Operations with Ans: The result of your last calculation is always stored in memory loca-

tion Ans and replaces any previous result. This makes it easy to use the answer from one computation in an-

other computation. For example, press 30 + 15 ENTER so that 45 is the last result displayed. Then press [Jj
ANSWER / 9 ENTER and get 5 because 45 + 9 = 5.

With a function like division, you press the / key after you enter an argument. For such functions, whenever

you would start a new calculation with the previous answer followed by pressing the function key, you may

press just the function key. So instead of Jj ANSWER / 9 in the previous example, you could have pressed

simply / 9 to achieve the sameresult. This technique also worksfor these functions: + — * Xx’ xX x.

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (Figure 11.5).

Pay Period Keystrokes Earnings

8-hour day 5.85 x 8 ENTER $46.80
5-day week * 5 ENTER $234

52-week year * 52 ENTER $12,168

 

 

EE |
Lsvawf[111

Figure 11.5: Using Ans
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11.1.7 The MATH Menu: Operators and functions associated with a scientific calculator are available either

immediately from the keys of the HP 38G or by the JJ} keys. You have direct access to common arithmetic

operations (Jj Xx, Jx , 1B x, x"), trigonometric functions (SIN, COS, TAN), and their inverses (IR ASIN,

ll ACOS, [| ATAN), exponential and logarithmic functions (Jfj LOG, [lj 10%, I} LN, |} €"), and a famous
constant (Jj nr).

A significant difference between the HP 38G graphing calculators and most scientific calculators is that the

HP 38G requires the argument of a function affer the function, as you would see in a formula written in your

textbook. For example, on the HP 38G you calculate J16 by pressing the keys VX 16 in that order.

Here are keystrokes for basic mathematical operations. Try them for practice on your HP 38G.

Expression Keystrokes Display

V3? + 42 Ix (3X +4 Wx) ENTER 5
21 2 +3 x" ENTER 2.33333333333

|-5| BW ABS —x 5 ) ENTER 5
log 200 Bl LOG 200 ) ENTER 2.30102999566

234-10° 2.34 + 10" 5 ENTER 234000

Additional mathematical operations and functions are available from the MATH menu (Figure 11.6). Press
MATH to see the various options. You will learn in your mathematics textbook how to apply many of them.

To leave the MATH menu and take no other action, press [CANCL].

DEG+RAD
FLOOR

»|FNROOT

 

Figure 11.6: MATH menu

The factorial of a non-negative integer is the product of all the integers from 1 up to the given integer. The

symbol for factorial is the exclamation point. So 4! (pronounced fourfactorial) is 1-2 - 3 - 4 = 24. You will

learn more about applications of factorials in your textbook, but for now use the HP 38G to calculate 4! The

factorial commandis located in the MATH menu’s Prob submenu. To compute 4! press these keystrokes: 4
MATH A » v [OK] ENTER.

On the HP 38G it is also possible to do calculations with complex numbers. A complex number will appear as

an ordered pair (a, b) where a is the real part and 4 is the complex part. For example, press Ix =x 1

ENTER. This is the imaginary number i, which is returned as (0, 1).

You can enter a complex number a + bi on the HP 38G either as (a, b) or a + bi. To enter i on your calculator,
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press [ll a..z |. For example, to divide 2 + 3iby 4 — 2i,press (2 + 3} a..z1)/ (4-2 a..z) ENTER
or(2,3)/(4, —x 2) ENTER (Figure 11.7). The result is 0.1 + 0.8i.

Commands for manipulating complex number are found in the MATH menu’s COMPLEX submenu. For

example, to find the complex conjugate of 4 + Si press MATH [Jj 4 v » v [OK] (4 +5 a...z 1) ENTER
(Figure 11.7).

 

(4,-5>

mnmnnn

Figure 11.7: Complex number calculations

11.2 Functions and Graphs

11.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = your sales in dollars; then your wages W in dollars are given by the equation W = 1975 + .10x. If

your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s how to use your HP 38G to perform this task. Press the LIB key to display the APLET LIBRARY
(Figure 11.8) where the calculator organizes its built-in applications. Move the highlight, if necessary, to

FUNCTION and press [START] or ENTER.

You may enter as many as ten different functions here for the HP 38G to use at one time. If there is already a

function F1, use the up or down keys to move the highlight to F1 and press DEL to delete whatever was
there.

Technology Tip: Press [Jj CLEAR to erase all ten functions in FUNCTION SYMBOLIC VIEW.

Technology Tip: To move quickly to the first function (which may be out of view), press [Jj 4; to jump

downto the Jast function, press [Jj Vv.

Enter the expression 1975 + .10x for F1 by pressing these keys: 1975 + .10 X,7,6 ENTER (Figure 11.9).

(The X,T,0 key lets you enter a variable X without having to use the A...Z key.) Now press HOME to return to

the main calculations screen.

FREE FUNCTION SYMBOLIC VIEW $5558

DEEPEST Eo
F2(X>=

Sas APLET LIBRARY 33

    
  

     

  

   

      

F3¢(X)=
F4(X)=
F5¢X)= v
NEPTIETTTT

Figure 11.8: APLET LIBRARY Figure 11.9: FUNCTION SYMBOLIC VIEW
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Technology Tip: The function key [X] in the FUNCTION SYMBOLIC VIEW screen, as you see at the bot-
tom of Figure 11.9, serves the same purpose as X,T,6.

Set 2230 to the variable x by pressing 2230 [STO »] X,T,0. Then press [Jj : to allow another expression to be

entered on the same command line. Like your textbook the HP 38G uses standard function notation. So press
the following keystrokes to evaluate F1 and find January’s wages: A...Z F 1 ( X,T.6 ) ENTER.

It is not necessary to repeatall these steps to find the February wages. Simply copy the previous input line to

the edit line, change 2230 to 1865, and press ENTER (Figure 11.10).

 

 

Figure 11.10: Using function notation

You may also have the HP 38G create a table of values for a function. Press [fj NUM to set up the numerical

tables. For NUMTYPE, choose Build Your Own (Figure 11.11); the other options are not important now.

Then press NUM, enter 2230 for x, and press [OK] or ENTER. Continue to enter additional values for x and
the calculator automatically completes the table with corresponding values of F1 (Figure 11.12).

 

 

  
  

 

FEE FUNCTION NUMERIC SETUP$8 X Fi
: 2230 [2148

- 2161.5

] [Ay i

CHODSE TABLE FORMAT
[111 lisWil]OK LECTING[SORT]ENSJOEFN]|

Figure 11.11: FUNCTION NUMERIC SETUP Figure 11.12: Numericaltable

Technology Tip: The HP 38G does not require multiplication to be expressed between variables, so xxx

means x". It is often easier to press two or three x’s together than to search for the square key or the powers

key. Of course, expressed multiplication is also not required between a constant and a variable. Hence to enter

2x* +3x% —4x +5 in the HP 38G, you might save keystrokes and press just these keys: 2X,TO XTOXT0+3

XTOXT0—-4XTO+5

11.2.2 Functions in a Graph Window: On the HP 38G, you can easily generate the graph of a function. The

ability to draw a graph contributes substantially to our ability to solve problems.

Once you have started the HP 38G’s Function aplet and entered an expression in the FUNCTION

SYMBOLIC VIEW,just press PLOT to see its graph.

For example, here is how to graph y= —x> +4x . First press LIB, select Function, and then press [START].
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Next press SYMB and delete anything that may be there by pressing J} CLEAR [YES]. Then, with the high-

light on the line with F1, press —x X,T.0 XY 3 + 4 Xx,T.0 ENTER (Figure 11.13). Now press PLOT to draw the
graph (Figure 11.14).

SEES FUNCTION SYMBOLIC VIEW S558

1(X)==RX3+42X /\
 

 

F4(X)=
FS(X)= v

LECITCHE]3[SHOW]EVAL 4: 0 F108): 0 [HENU
   

 

Figure 11.13: FUNCTION SYMBOLIC VIEW Figure 11.14: Graph of y = —x> + 4x

Technology Tip: Press [MENU] a couple of times to clear the screen of everything except the graph. Tap
any function key to restore the menu option.

The graph window on the HP 38G may look like the one in Figure 11.14. Since the graph of y = —x> +4x

extends infinitely far left and right and also infinitely far up and down, the HP 38G can only display a piece of

the actual graph. This displayed rectangular part is called a viewing rectangle. You can easily change the

viewing rectangle to enhance your investigation of a graph.

The viewing rectangle for the HP 38G in Figure 11.14 shows the part of the graph that extends horizontally

form —6.5 to 6.5 and vertically from 3.1 to 3.2. Press [Jj PLOT to see information about your viewing rec-
tangle. Figure 11.15 shows the FUNCTION PLOT SETUP screen that corresponds to the viewing rectangle
in Figure 11.14. This is the standard viewing rectangle for the HP 38G.

asses FUNCTION PLOT SETUP

SrNG: EIS
YRNG: -3. 1

RTICK: 1
RES: Faster

ENTER MINIMUM HORIZONTAL VALUE
EETTTT

 

Figure 11.15: Standard viewing rectangle

The values following XRNG are the minimum and maximum x-values of the viewing rectangle; the values

following YRNG are the minimum and maximum y-values.

XTICK and YTICKset the spacing between tick marks on the axes.

 

 

   

 

 

SEE FUNCTION PLOT SETUP \

YO
Faster \

ENTER HORIZONTAL TICK SPACING

LECT]|PeSEw]||

Figure 11.16: Custom window Figure 11.17: Graph of y = —x> +4x
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Use the arrow keys to move around thislist. Enter a new value and press ENTER or [OK] to move along to

the next item. You may also press [EDIT] to edit a highlighted entry as you would edit an expression in the
home screen. Remember to use the —x key, not the — key (which is subtraction), when you want to enter a

negative value. The following figures show different plot setups and the corresponding viewing rectangles.

 

SR FUNCTION PLOT SETUPSETg \
YENG: —4 4
TICK: YTICK: 1
RES: Faster

ENTER HORIZONTAL TICK SPACING
THEETEN

 

 

    
Figure 11.18: Custom window Figure 11.19: Graph of y = —x +4x

To set the range quickly to standard values (Figure 11.15), press [JJ CLEAR when you are in FUNCTION
PLOT SETUP. Press PLOT to redraw the graph.

Sometimes you may wish to display grid points corresponding to tick marks on the axes. This and other graph

format options may be changed by pressing [JJ PLOT [PAGE] to display the second page of the

FUNCTION PLOT SETUP menu. Use the arrow keys to move the highlight cursor to GRID and press

[v'CHK]; then press PLOT to redraw the graph. Figure 11.21 shows the same graph as Figure 11.19 but with
the grid turned on. In general, you’ll want the grid turned off, so do that by return to the second page of the

FUNCTION PLOT SETUP menu by pressing [fj PLOT [PAGE v], moving the highlight cursor back to

GRID, and press [v'CHK] again.

Bec FUNCTION PLOT SETUP 33858858 i \ . .

— INV. CROSS oN. LN
— LABELS . . b . .

®Grip

C__Ieinclapise[|| LL \

Figure 11.20: FUNCTION PLOT SETUP Figure 11.21: Grid turned on

 

 

 

    

11.2.3 Graphing Step and Piecewise—Defined Functions: The greatest integer function, written [[x]], gives

the greatest integer less than or equal to a number x. On the HP 38G, the greatest integer function is called

FLOOR and is located in the REAL submenu of the MATH menu. To calculate [[6.78]] = 6, enter the home

screen and press MATH » v wv [OK] 6.78 ENTER.(It is not necessary to type the closing parenthesis.)

To graph y =[[x]], we assume that the Function aplet is already set up. Press SYMB and enter the function

as F1 by moving the highlight to F1 and pressing MATH » v wv [OK] X,T,6 ENTER. Press PLOT to draw

the graph. Figure 11.22 shows this graph in a viewing rectangle from —5 to 5 in both directions.

The true graph of the greatest integer function is a step graph, more like the one in Figure 11.23. For the graph

of y =[[x]], a segment should not be drawn between every pair of successive points. You can change from

Graphing Technology Guide 11-9

 



the connected setting to the plotted setting by pressing [fj PLOT [PAGEv] to display the second page ofthe
FUNCTION PLOT SETUP menu. Use the arrow keys to move the highlight cursor to CONNECT and press

[v'CHK]; then press PLOT to redraw the graph (Figure 11.23).

A [I=
~~ L-

Figure 11.22: Connected graph of y =[[x]] Figure 11.23: Plotted graph of y =[[x]]

  

  

      
  

In general, you'll want the graph to be connected, so do that by returning to the second page of the

FUNCTION PLOT SETUP menu by pressing Jj PLOT [PAGE ¥], moving the highlight cursor back to

CONNECT,and press [v'CHK] again.

It is also possible to graph piecewise—defined functions on the HP 38G. We use the test functions located in

the TEST submenu of the MATH menu. The test functions return either a 1 (for true) or 0 (forfalse). For ex-

ample, in the home screen press 1 MATH v v wv » [OK] 0 ENTER. The calculator returns 0 since the rela-
tion 1 <0 is nottrue.

x? +1, x<0
Suppose we want to graph the piecewise—defined function f(x) = . Assuming that Function

x-1, x20

aplet is selected, press SYMB to enter FUNCTION SYMBOLIC VIEW and move the highlight onto F1. We

enter the piecewise function as f(x) = (x2 + 1)(x < 0) + (x — 1)(x = 0) by pressing ( X,T,6 B x + 1) ( X,T.0

MATH v v v » [OK]0) + (XT6—-1)(XT6o MATH v v v » >» v [OK] 0) ENTER (Figure 11.24).

Use the standard viewing rectangle and press PLOT (Figure 11.25).

SEE FUNCTION SYMBOLIC VIEW S88
CELCRSRELORE, \] J

FaCX)=

 

 

 

Fackd= Y

[20011[Thali]FENTEENTHEN]
  F5(X>= v

ITTTTSIEEIELTT21ETT
   

x? +1, x<0

x—1, x=>0

x? +1, x<0
Figure 11.25: Graph of f(x) =

x—1, x=>0
Figure 11.24: Inputting f(x) =
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The graph in Figure 11.25 was drawn in the connected setting, so you can see a segment drawn from (0, 1) to

(0, —1). Again, you can turn of the connected setting as described earlier if you do not wish to see this.

11.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions but can be “split” into

a top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle of radius 6 whose

equation is x2 + y? = 36. First solve for y and get an equation for the top semicircle, y =+v/36—x? , and for

the bottom semicircle, y = —v36— x2 . Then graph the two semicircles simultaneously.

Use the following keystrokes to draw this circle’s graph, assuming that you have already started the HP 38G’s

Function aplet. Press SYMB and enter v36-x> as F1 byscrolling to F1 and pressing Jx (36-XToR

x2) ENTER. Then store —v36-x2 as F2 by pressing -x vx ( 36 — X,T.,0 @ x* ) ENTER (Figure 11.26).
Next press PLOT to graph both halves (Figure 11.27). Make sure that the viewing rectangle is set large
enough to display a circle of radius6.

SEFUNCTION SYMBOLIC VIEW SHE
vF1(X)=I(36-X2)
wFEZCX)==T(36=-X2)
ER

F4(X)=
FS(X>= v

LEWT JwiHE]8 |[HOW]EVAL]  
Figure 11.26: Two semicircles Figure 11.27: One view ofthe circle’s graph

If your viewing rectangle was set to extend from —10 to 10 in both directions, your graph would look like

Figure 11.27. Now this does not look a circle, because the units along the axes are not the same. You need
what is called a “square” viewing rectangle.

The HP 38G’s standard viewing rectangle is square but too small to display a circle of radius 6, so you should

double the dimensions of the standard viewing rectangle. Change the range to extend horizontally from

—13 to 13 and vertically from —6.2 to 6.2 (Figure 11.28). The graph for the better circle is shown in Figure

 

 

   

 

 

11.29.

g FUNCTION PLOT SETUP 3g

#RNG: [EES 7TN
YRNG: -6.2 .
KTICK: 1 :

RES: Faster

ENTER MINIMUM HORIZONTAL VALUE i

[ECT]|Phew |||

Figure 11.28: Twice standard range Figure 11.29: Better circle

Technology Tip: Another way to get an approximately square graph on the HP 38G is to change the viewing

rectangle values so Ymax — Ymin is 1 (Xmax — Xmin). For example, use the values in Figure 11.39 to get

the corresponding graph in Figure 11.31. This method works because the dimensions of the HP 38G’s display
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are such that the ratio of vertical to horizontal is approximately 1 .

RUSEFUNCTION PLOT SETUP$25

RANG: 14 7EN

: Faster

ENTER MINIMUM HORIZONTAL VALUE J

EIAETT

Figure 11.30: etieal _ J3_ J Figure 11.31: “Square” circle

 

 

    

 

The two semicircles in the figures do not meet because of an idiosyncrasy in the way the HP 38G plots a

graph.

Instead of entering —v36— x2 as F2, you could have entered —F1 as F2 and saved some keystrokes. First go

back into FUNCTION SYMBOLIC VIEW by pressing SYMB. Then scroll F2 and press -x A...Z F 1 ( [X])

ENTER (Figure 11.32). The graph should be as before.

SEE FUNCTION SYMBOLIC VIEWSE
vF1(X)={(36-X2)
vF2(X)="F1(X)
=
F4
FS(X>= v

EIENZTEEIETT)TT

Figure 11.32: —-F1 as F2

 

Technology Tip: The square viewing rectangle is also important when you want to judge whether two lines

are perpendicular. The intersection of perpendicular lines will always look like a right angle in a square
viewing rectangle.

11.2.5 TRACE: Graph the function y = —x> +4x from Section 11.2.2 using the standard viewing rectangle.

Right after you plot, press €4 and » and see the cursor move from the center of the viewing rectangle. The

coordinates that are displayed belong to points on the function’s graph, so the y-coordinate is the calculated

value of the function at the corresponding x-coordinate (Figure 11.33).

|
H: .5 F1(X): 1.875 [HENLU

 

 

   
Figure 11.33: Tracing on y = —x> +4x
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Press [MENU] to display the various options for exploring this graph (Figure 11.34). Tap [TRACE] to turn
the trace feature on and off. When the trace feature is off, use any ofthe arrow keys to move the cursor, called

a free-moving cursor because it can move anywhere in the graph window. When the cursor is free-moving,
press [(X,Y)] to display the coordinates of the cursor (Figure 11.35).

LY A
¥

 
 

 
 

      

 

[2000[Thinca[iti.FCN[DEENJHENU] #: -1.5 v1.3 [HEN]

Figure 11.34: Plot menu Figure 11.35: Free-moving cursor

Now plot a second function, y =-25x, along with y= —x> +4x . From the above graph window, press

SYMB,and enter the second function as F2 by highlighting F2 and pressing —x .25 X,T,6 ENTER (Figure

11.36). Finally, press PLOT to draw both functions (Figure 11.37).

HEE FUNCTION SYMBOLIC VIEWSe
vF1(X)=-X3+4%X —

=-, 25%X
[SIT

FSC(Xo= v WT
IETSIEET)ETT

Figure 11.36: Two functions Figure 11.37: Graph of y =-25x and y = —x> +4x

 

 

 

    

Notice that in Figure 11.36 there are check marks left of both F1 and F2. This means that both functions will

be graphed. In the FUNCTION SYMBOLIC VIEW screen, move the cursor onto F1 and press [v'CHK]. The
check mark next to F1 should no longer be there (Figure 11.38). Now press PLOT and see that only F2 is

plotted (Figure 11.39).

 

 

LECIT[woHE]8[SHOW]EVAL R: 0 Fac): ¢

Figure 11.38: Only Y2 active Figure 11.39: Graph of y = -25x

   

 

Many different functions can be stored in SYMBOLIC FUNCTION VIEW list and any combination of them
may be graphed simultaneously. You can make a function active or inactive for graphing by scrolling onto the

function pressing the [v"CHK]. Now go back to SYMBOLIC FUNCTION VIEW and do what is needed in
order to graph Y1 but not Y2.

Now activate both functions so that both graphs are plotted. Press PLOT and the trace cursor appears on the
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graph of y= —x3 +4x becauseit is higher up on the list of active functions. You know the cursor is on F1

because F1(X) is displayed on the bottom of the screen. Press the up 4 or down ¥ arrow key to move the

cursor vertically to the graph of y = -25x. Now F2(X) is displayed on the bottom of the screen. Next press

the left and right arrow keys to trace along the graph of y = —25x. When more than one function is plotted,

you can move the trace cursor vertically from one graph to another in this way.

Technology Tip: By the way, trace the graph of y =—-25x and press and hold either «€ or ». Eventually

you will reach the left or right edge of the window. Keep pressing the arrow key and the HP 38G will allow

you to continue the trace by panning the viewing rectangle. Check the FUNCTION PLOT SETUP screen
(press J} PLOT) to see that the XRNG is automatically updated.

Technology Tip: Jump quickly to the left-most point (or to the right-most point) of a function in the current

view by pressing [Jj < (or J} ») while tracing on its graph.

The HP 38G has a display of 131 horizontal columns of pixels and 64 vertical rows, so when you trace a

curve across a graph window, you are actually moving from Xmin to Xmax in 130 equal jumps, each called

, , Xmax— Xmin :
Ax. You would calculate the size of each jump to be Ax =Te Sometimes you may want the

jumps to be friendly numbers like 0.1 or 0.25 so that, when you trace along the curve, the x-coordinates will

be incremented by such a convenient amount. Just set your viewing rectangle for a particular increment Ax by

making Xmax = Xmin + 130 - Ax. For example, if you want Xmin = —-5 and Ax = 0.3, set Xmax = —-5 +
130-0.3=19.

On the HP 38G,to center your window around a particular point, say (4, k), and also have a certain Ax, set

Xmin = A — 65 - Ax and make Xmax = 4 + 65 - Ax. Likewise, make Ymin = k — 31 - Ay and make Ymax = h +

32 - Ax. For example, to center a window around the origin (0, 0), with both horizontal and vertical incre-

ments of 0.25, set the range so that Xmin =0-65-0.25=-16.25, Xmax=0 +65 -0.25=16.25, Ymin=0 —

31-025=-7.75and Ymax=0 +32 -0.25=8.

The HP 38G’s standard viewing rectangle is already a friendly viewing rectangle, centered at the origin (0, 0)

with Ax = Ay = 0.1.

See the benefit by first plotting y = x*> +2x +1 in a window that extends from —10 to 10 in both directions.

Trace nearits y-intercept, which is (0, 1), and move towardsits x-intercept, which is (1,0). Then initialize the

range to the standard viewing rectangle and trace again near the intercepts.

11.2.6 ZOOM: Plot again the two graphs, for y = —x> +4x and y = —25x . There appears to be an intersec-

tion near x = 2. The HP 38G provides several ways to enlarge the view around this point.

You can change the viewing rectangle directly by pressing J} PLOT and editing the values of XRNG and
YRNG. Figure 11.40 shows a new viewing rectangle for the range extending from 1.5 to 2.5 horizontally and

from -2.5 to 2.5 vertically. Trace along the graphs until coordinates of a point that is close to the intersection

are displayed.
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|B: 2.061538 F1(X): -.515263 MENU |

Figure 11.40: Closer view

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start again

with a graph of the two functions y = —x3+4x and y =-25x in the standard viewing rectangle. (Press JJ}

PLOT [Jj CLEARto set the standard window. Then press PLOT.)

Now imagine a small rectangular box around the intersection point, near x = 2. Press [MENU] [ZOOM] ¥ to

select Box... (Figure 11.41). Press [OK] to draw a box to define this new rectangle.

Use the arrow keys to move the cursor, which is now free-moving and whose coordinates are displayed at the

bottom of the window, to one corner of the new viewing rectangle you imagine (Figure 11.42).

—J)
 

 

 

    

 

SELECT FIRST CORNER
 

Figure 11.41: Zoom menu Figure 11.42: One corner selected

Press [OK] or ENTERto fix the corner where you moved the cursor. Use the arrow keys again to move the
cursor to the diagonally opposite corner of the new rectangle (Figure 11.43). If this box looks all right to you,

press ENTER. The rectangular area you have enclosed will now enlarge to fill the graph window (Figure

—J)
SELECT SECOND CORNER

 
 

 

  

 

   

Figure 11.43: Box drawn Figure 11.44: New viewing rectangle

You may cancel the zoom any time before you pressthis last ENTER. Press [CANCL] and start over.

The HP 38G has a split screen feature that enables you to see two views of a graph simultaneously. First re-

draw the graph in the standard viewing rectangle (press [Jj PLOT [lj CLEAR PLOT). Then press [l} VIEWS
[OK]. The graph is plotted twice (Figure 11.45). Press [MENU] [ZOOM] and draw a box as you did before.
The graph on the right side is now the zoomed graph (Figure 11.46).
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Figure 11.45: Split screen Figure 11.46: Split screen with zoom

The plot on the left side is called the base plot and is the plot which you act on. If you press [<--], the base

plot will be converted to the scale of the plot on the right. To unsplit the plot, press PLOT and the base plotis

displayed in the whole screen.

The HP 38G can quickly magnify a graph around the cursor’s location. Return once more to the standard

viewing rectangle for the graph of the two functions y = —x> + 4x and y =—=25x . Trace along the graphs to

move the free-moving cursor as close as you can to the point of intersection near x = 2 (Figure 11.47). Then

press [MENU] [ZOOM] v v [OK] and the calculator draws a magnified graph, centered at the cursor’s posi-

tion (Figure 11.48). The range values are changed to reflect this new viewing rectangle. Look in FUNCTION
PLOT SETUPscreen to check.

—11
LAT

  

 

 

     
H: 2 ¥: WH: 2 y: -.8

Figure 11.47: Before a zoom in Figure 11.48: After a zoom in

As you see in the zoom menu (Figure 11.41), the HP 38G can zoom in (select In) or zoom out (select Out).

Zoom out to see a larger view of the graph, centered at the cursor position. You can change the horizontal and

vertical scale of the magnification by going into the zoom menu and moving the highlight up or down to Set

Factors...; press [OK] and you can edit XZOOM and YZOOM, the horizontal and vertical magnification
factors.

The default zoom factor is 4 in both directions (press Jj CLEAR in the SET ZOOM FACTORS screen to
reset). It is not necessary for XZOOM and YZOOM to be equal. Sometimes, you may prefer to zoom in one

direction only. In this case you can choose X-Zoom In, X-Zoom Out, Y-Zoom In, or Y-Zoom Out from the

zoom menu. Press [CANCL] to leave the zoom menu without taking any action.

Technology Tip: The HP 38G remembers the window it displayed before a zoom, so if you should zoom in

too much and lose the curve, you can press [Zoom] 4 [OK] to select Un-zoom and go back to the previous

window.

Technology Tip: The HP 38G can automatically select the necessary vertical range for a function. For auto

scaling, press J} VIEWS and select Auto Scale. Take care, because sometimes when you are graphing two
functions together, the calculator will auto scale for one function in such a way that the other function will no
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longer be visible. For example, plot the two functions y = —x> +4x and y = -25x in the HP 38G’s standard

viewing rectangle, then auto scale and trace along both functions.

11.2.7 Relative Minimums and Maximums: Graph y = —x> +4x once again in the standard viewing rec-

tangle. This function appears to have a relative minimum near x = —1 and a relative maximum near x = 1. You

may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point Trace along the curve until the y-coordinate is as small as you can getit, so that

you are as close as possible to the local minimum, and zoom in. Now trace again along the curve and, as you

move from point to point, see that the coordinates change by smaller amounts than before. Keep zooming and

tracing until you find the coordinates of the local minimum point as accurately as you need them, approxi-

mately (-1.15, -3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as great

as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local maximum

point on the graph of y = —x> +4x is approximately (1.15, 3.08).

The HP 38G has a feature that can automatically find the maximums and minimums for functions. After

graphing y = —x> +4x , trace your cursor near a minimum or maximum. From the plot menu, press [FCN].

Then press A [OK] to select the Extremum option (Figure 11.49).

 

 

[I[Anil]OF]

Figure 11.49: Extremum option

The calculator will calculate the minimum or maximum at where the cursor was closest. Figures 11.50 and

11.51 show the minimum and maximum of y = —x3 +4x.

| wa
EXTRM: (1.1547005....3.079201...[E[E:1

 
 

 
 

        

 

Eo

EXTRM: (-1.154700....-3.07920...[1  

Figure 11.50: Minimum of y = —x +4x Figure 11.51: Maximum of y = —x> +4x
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11.3 Solving Equations and Inequalities

11.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,

where a curve crosses the x-axis. For example, the graph of y = x —8x crosses the x-axis three times (Figure

11.52). After tracing over to the x-intercept point that is farthest to the left, zoom in (Figure 11.53). Continue

this process until you have located all three intercepts with as much accuracy as you need. The three x-

intercepts of y = x> —8x are approximately —2.828, 0, and 2.828.

aN /
 

 

 

 

     
H: 0 F1(¥): 0 RH: -2.825 F1(%): . 0547344 EIT

Figure 11.52: Graph of y = x* — 8x Figure 11.53: Near an x-intercept of y = x> — 8x

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-
mation will be such that the error is less than the distance between two tick marks. Change the x-scale from
the FUNCTION PLOT SETUP screen. Move the cursor down to XTICK and enter an appropriate value.

The x-intercept of a function’s graph is a root of the equation f(x) =0, and the HP 38G can automatically

search for the roots. First plot the function and then trace to a point near an x-intercept. From the plot menu

press [FCN] [OK] to select the Root option (Figure 11.54). The value ofthe nearest root will be displayed
(Figure 11.55); repeatthis process to find the other roots.

 
 

 

   

 

|ROOT: -2.82842718474

Figure 11.54: Root option Figure 11.55: A root of y = x> —8x

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the graphs

of y=-x>+4x and y=-25x. Trace along one ofthe graphs until you arrive close to an intersection point.

Then press 4 or w to jump to the other graph. Notice that the x-coordinate does not change, but the y-

coordinateis likely to be different (Figures 11.56 and 11.57).

When two y-coordinates are as close as they can get, you have come as close as you now can to the point of

intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as close

as possible. Continue this process until you have located the point of intersection with as much accuracy as
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necessary.

 
 

—\1 —\1
  

      
H: 2.1 F1(¥): -.B61 R: 2.1 F2(¥): -.525

Figure 11.56: Trace on y = —x> +4x Figure 11.57: Trace on y = —-25x

While the graphs are displayed, the HP 38G can search for points of intersection automatically. Trace along

one graph near an intersection. From the plot menu press [FCN] v [OK] to select the Intersection option
(Figure 11.58). Move the highlight, if necessary, to the name of the second function (Figure 11.59) and press

[OK]. Figure 11.60 shows one ofthe intersection points.

  

     

 

Ext remum   
Figure 11.58: Intersection option Figure 11.59: Choosing the second function

—\/
 

 

   |1-SECT: (2.0615528....~.515380...B11
 

Figure 11.60: An intersection of y = —x> +4x and y = -25x

11.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x% -36x+17=0. First

graph y =24x> —36x+17 in a window large enough to exhibit all its x-intercepts, corresponding to all the

equation’s roots. Then use trace and zoom or the Root option, to locate each one. In fact, this equation has

just one solution, approximately x = —1.414. (Note that when using the ROOT option, you may get an extre-

mum instead. If that is the case, move the cursor near the root and then use the ROOT option.

Remember that when an equation has more than one root, it may be necessary to change the viewing rectangle

a few times to locate all of them.

Technology Tip: To solve an equation like 24x% +17 = 36x, you may first transform it into standard form,

24x —36x+17=0, and proceed as above. However, you may also graph the two functions y = 24x +17

and y = 36x, then zoom and trace to locate their point of intersection or use the Intersection option.
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11.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of

intersection of their graphs (Figure 11.61). For example, to solve the system y=x>+3x%-2x-1 and

y = x2 —3x—4, first graph them togetherin a suitable window. Then use zoom and trace or the Intersection

option, to locate their point ofintersection, approximately (-2.17, 7.25).

NI
Ye

Figure 11.61: Graph of y = x* +3x%> -2x-1 and y =x? -3x-4

 

 

    

If you use zoom and trace, you must judge whether the two current y-coordinates are sufficiently close for x =

—2.17 or whether you should continue to zoom and trace to improve the approximation.

The solutions of the system of two equations y = x? +3x2-2x-1 and y= x2 -3x-4 correspond to the

solutions of the single equation x> +3x? —2x—1= x? — 3x —4, which simplifies to x* +2x?> +x+3=0. So

you may also graph y = x* +2x? +x +3 and findits x-intercepts (roots) to solve the system.

11.3.4 Solving Inequalities by Graphing: Consider the inequality 1-2 > x—4. To solve it with your HP

3 oo : .
38G, graph the two functions y =1-= and y = x—4 and locate their point of intersection, at x = 2 (Figure

11.62). The inequality is true when the graph of y =1-2 lies above the graph of y = x —4 , and that occurs

when x < 2. So the solution is the half-line x <2, or (-o, 2].

NN
I-SECT: (2-2) [HENU||

 

 

    
: 3Figure 11.62: Solving 1-= >x—4

11.4 Trigonometry

11.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radi-
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ans or degrees, but you should take care that the HP 38G is configured for whichever measure you need. Press

I MODES to see your current settings. Press [CHOOS] and move your cursor over the measure you want
and then press [OK] or ENTER.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular

measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° ll MODES [CHOOQS]
(move cursor to Degrees) [OK]

HOME SIN 45 ENTER 707106781187
sin T° SIN |} = ENTER 5.48036651488E-2

sin 7 ll MODES [CHOOS] v [OK]

HOME SIN Jj n ENTER -2.06761537357E-13

sin 45 SIN 45 ENTER .850903524534

sin SIN = /6) ENTER 5

Thefirst line of keystrokes sets the HP 38G in degree mode and calculates the sine of 45 degrees. While the

calculatoris still in degree mode, the second line keystrokes calculates the sine of m degrees, approximately
3.1415°. The third line changes to radian mode just before calculating the sine of n radians. The fourth line

calculates the sine of 45 radians (the calculator remains in radian mode).

Note that for sin n the HP 38G does not return 0, but a very small number which we take as being 0 since it is
so small.

The HP 38G makesit possible to convert a number in degrees to radians and vice versa in a calculation. The

commands for these are located in the REAL sub-menu of the MATH menu. If your calculator is set for radi-

ans, we use the DEG—RAD command. Execute these keystrokes to calculate tan 45°+ sin % as shown in Fig-

ure 11.63: TAN MATH » v [OK] 45) ) + SIN Jj =n / 6) ENTER. If your calculatoris set to degrees, we

use the RAD—>DEG command. Execute these keystrokes to calculate tan45°+sin% as shown in Figure

11.64: TAN 45 )+ SINMATH >» A A A A A [OK](Jin/6))ENTER

  
  

ST

TANCDEGIRAD45> )+SINC., TANC45) +SINCRADDEG(m..

Figure 11.63: Using DEG—->RAD Figure 11.64: Using RAD—->DEG

11.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay

careful attention to the choice of graph window and your angle setting. To change your angle setting, press [Jj

Graphing Technology Guide 11-21

 



SYMB. (We assume that you have activated the Function aplet.) Then select the appropriate angle measure as

sin 30x
 you did before. For example, graph y = in the standard viewing window in radians. Trace along the

curve to see where it is. Zoom in to a better window, or use the period and amplitude to establish a better win-

dow.

Technology Tip:. The viewing window ofa trigonometric graph on the HP 38G can be set to a trigonometric

scale Press [Jj VIEWS A [OK]. The XRNG now goes from ~28. to vn if the calculator is set for radians

and from —472.5 to 472.5 for degrees. The YRNG goes from 3.1 to 3.2. This setting allows for convenient

tracing. Your cursor moves in horizontal increments of 7; in radians and 12° in degrees.

11.5 Scatter Plots

11.5.1 Entering Data: The table shows the total prize money (in millions of dollars) awarded at the Indian-

apolis 500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

 

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989

 

 
Prize $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

($million)          
 

We'll now use the HP 38G to construct a scatter plot that represents these points and to find a linear model

that approximates the given data.

Press LIB to display the APLET LIBRARY. Move the highlight to Statistics and press [START] or ENTER.
A data columns screen like the one in Figure 11.65 should appear. If the second right menu item at the bottom

of the screen displays 1VAR as in Figure 11.65, press [1VAR], so it changes to 2VAR.

Next press SYMB to set the columns which make up our data. In this case we use the settings for S1 as

shown in Figure 11.66; if not, press [C] 1 for the independent variable and [C] 2 for the dependent variable.

The default setting for Fit1 should be the linear regression model m*X + b. (If not, press JJ} SYMB, move the

cursor to the setting for S1FIT, press [CHOQOS], and select Linear. Return to STATISTICS SYMBOLIC

VIEW by pressing SYMB.) Select S1 by checkmarking it by pressing [v'CHK], if it is not already checked.

 

 

 

 

  

n|] Cl | C2 C3 C4 SEE STATISTICS SYMBOLIC VIEW S858
1 vS1: C1 cz

vFitl: [ERs

S2:
Fit2: mxX+b v

ECT INS[ZO0RT]BIG[1VARe[ZTATE

   ENTER USER DEFINED FIT

 

NEPTEENNETTITT

Figure 11.65: Statistics Figure 11.66: STATISTICS SYMBOLIC VIEW
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Press NUM to return to the data columns screen. If necessary, clear all columns by pressing [J] CLEAR and

selecting All Columns. Instead of entering the full year 198x we will enter only x. Now begin entering the X’s

in C1 by having the cursor in the first row of C1 and pressing 1 ENTER. As your cursor moves down the

column, continue to enter all the other years (pressing ENTER after each entry). Then move the cursor to the

first row of C2 by pressing » and enter the corresponding prize data (Figure 11.67).

 

Cl C21 C3 C4
3.27
44g
5.03

3

 

 =  S
L
O
A
h
n

1

ECT IN:[ORT]EG[2Vnke[TATS

    
  

Figure 11.67: Entering the data

To edit an entry in a column move the cursor to the value for any entry you wish to edit; then press [EDIT],

edit the expression as you would in your home screen, and press ENTER. To change an entry move the cur-
sor onto the entry, type a new entry, and press ENTER. To insert or delete data, move the cursor to the value

for any entry you wish to add or delete. Press [INS] and a new entry in the list is created; press DEL and the
entry is deleted. (You can scroll to the bottom and top of a column by pressing [Jj 4 and JJ} Vv, respectively.)

11.5.2 Plotting Data: Once all the data points have been entered, press Jj [PLOT] v v [CHOOS] v [OK]

to select a mark for S1 that is more visible. The screen should be set as in Figure 11.68. The default setting

for the viewing rectangle can be set by pressing [Jj CLEAR. Although, this will change the mark back to a

dot. Set the viewing rectangle so XRNG and YRNG is from -2 to 10.

To get the scatter plot of the data press PLOT. Figure 11.69 showsthe scatter plot in the default setting.

 

EEMBBE STATISTICS PLOT SETUP

HRNG: —2

   

 

 
YRNG: —2 18.6 +SIMARK: [BF] SEMARK: & SIMARK: 4 . *
SUMARK: 2° SEMARK: XX go

CHOOSE MARK FOR SCATTER PLOT
IETEETE S10 13:1. 1.61 EE

Figure 11.68: STATISTICS PLOT SETUP 1 Figure 11.69: Scatter plot

11.5.3 Regression Line: The HP 38G can draw and calculate the equation for the line that bestfits all the
data. From the plot of the data press [MENU]. Then press [FIT] and this line is drawn (Figure 11.70).

Je

  

 

  
  

. 011333333333X+. 93222:

     

1

[Z00r]TRAC]Cr]FITS]CEFN[HEN] [1[lok]

Figure 11.70: Linear regression line Figure 11.71: Equation ofline
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To see the equation ofthe line, press SYMB, move the cursor to entry for Fit1, and press [SHOW]. The equa-
tion will be displayed (Figure 11.71).

11.5.4 Exponential Growth Model: The table shows the world population (in millions) from 1980 to 1992.

 

Year 1980 1985 1986 1987 1988 1989 1990 1991 1992
 

 
Population 4453 4850 4936 5024 5112 5202 5294 5384 5478
(millions)           
As in the linear regression example, press NUM (assuming that the Statistics aplet is selected) and enter the
data in C1 and C2. Use 0 for 1980, 5 for 1985, and so on.

Press [J SYMB and change the setting for S1FIT to Exponential. Now press [Jj VIEWS and select Auto
Scale. The scatter plot should appear with or without the exponential growth model in a viewing rectangle

automatically determined by the calculator. If the model is not there, press [MENU] [FIT]. You may need to

set a suitable YTICK. To do this press [fj PLOT [PAGE ¥] and enter a suitable YTICK, for example, 100.

Redraw the graph by pressing PLOT (Figure 11.72)

To see the equation of the exponential growth model, press SYMB, move the cursor to entry for Fit1, and

press [SHOW]. The equation will be displayed (Figure 11.73). Press [OK] when you are done.

  

4450. 97259861 EXP(1. 73¢

     -

S10 11:0. 4453 EE 1[1[[0K]

Figure 11.72: Graph of exponential growth model Figure 11.73: Exponential growth model

11.6 Matrices

11.6.1 Making a Matrix: The HP 38G can work with 10 different matrices. Here’s how to create this 3x4

1 4 3 5S

matrix [-1 3 -1 -3] in your calculator.

2 0 -4 6

Press [Jf MATRIX to see the MATRIX CATALOG (Figure 11.74).

Technology Tip: To delete a single matrix, move the highlight there and press DEL; to delete every matrix

in the catalog, press J} CLEAR. To move quicklyto the first matrix (which may be out of view), press [Jj 4;

to jump down to the /ast matrix, press [Jj v.

Move the highlight to M1 and press [NEW] to create a new matrix with that name. Make this a Real matrix
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because all its elements are real numbers.

MATRIX CATALOG

[SaLRA

M2 181 REAL MATRIX

M3 1%1 REAL MATRIX

M4 1%1 REAL MATRIX

MS 181 REAL MATRIX v

 

[ECT[NEW [[SEND[Rec]|

Figure 11.74: MATRIX CATALOG

Press [OK]. Tap [GO] until [GO->] is displayed so that the cursor will automatically move to the right after

each entry. Input the top row by pressing 1 ENTER —x 4 ENTER 3 ENTER 5 ENTER. Now press ¥to
move down to the second row and back to the first column, then press -x 1 ENTER 3 ENTER —x 1 ENTER
—x 3 ENTER 2 ENTER 0 ENTER —x 4 ENTER 6 ENTER to finish creating this matrix (Figure 11.75).

1 | 2 3 : 4
1 5 3 5
-1 -1 -3

0 -4 6

LECT IN:[Goxfens||

Figure 11.75: Creating a new matrix

 

 

 
w
u
n

   

Technology Tip: You may delete any row (or column) by moving the highlight into that row (or column)

and pressing DEL. Insert a row above (or columnto the left) of the highlight by pressing [INS].

Press [J MATRIX again and see that matrix M1 is now listed as a 3x4 real matrix. If you wish to change ma-
trix M1, press [EDIT] and use the arrow keys to move directly to any element.

11.6.2 Matrix Math: Matrix calculations can be performed in the home screen. To calculate the scalar mul-

tiplication 2 M1 press 2 A...Z M 1 ENTER. The resulting matrix is displayed in a form where each element
and row is separated by a comma (Figure 11.76).

ESSRD

 

2%M1
[[2,-8,6,181,[-2,6,~2..

ETTIIA

Figure 11.76: 2 Mat A

To add two matrices, say M1 and M2, create M2 (with the same dimensions as M1) in the same manner as

you created M1. Then enter the home screen and then press A..ZM 1 + A..ZM 2 ENTER. If you want to
store the answer as a specific matrix, say M3, then press [STOP®] A...Z M 3. Subtraction is performed in a
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similar manner.

3

=5 -1

M 1 ENTER. If you tried to multiply M1 by M3, your calculator would signal an error because the dimen-
sions of the two matrices do not permit multiplication in this way.

2
Now enter the matrix : as M3. For matrix multiplication of M3 by M1, press A...ZM 3 x A..Z

The transpose of a matrix is another matrix with the rows and columns interchanged. To calculate the trans-

pose of Mat A , use the command TRN found in the MATRIX sub-menu of the MATH menu. In the home

screen, press MATH 4 A A » A [OK]A...ZM 1 ENTER.

11.6.3 Row Operations: The HP 38G does not have row operations built in.

1 -2 3

11.6.4 Determinants and Inverses: Enter this 3x3 square matrix as M1: [-1 3 0/. To calculate its de-

2 -5 5

1 2 3

terminant |-1 3 0, go in the home screen and press MATH 4 A A » v v v [OK]A.Z M1

2 55

ENTER. You should find that the determinant is 2 (Figure 11.77). You can also compute the determinant by

first holding down the A...Z key and pressing D E T, and then pressing ( A...Z M 1 ENTER.

Since the determinant of the matrix is not zero, it has an inverse matrix. Press MATH A A A » » p [OK]
A..ZM 1 ENTERto calculate the inverse (Figure 11.77).

      
(M1

T

VERSE (M1)

#
D

I
[[7.5,-2.5,-4.51,[2.5..

E

L
Lsvoe][1[|

Figure 11.77: Determinant of Mat A

x=2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Consider the system -x+3y=—4.

2x-5y+5z=17

1 -2 3

The coefficient matrix for this system is the matrix -1 3 0| which was entered in the previous example.

2 55
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Enter the matrix —4 as M2. Then in the home screen, press MATH A A A » » » [OK]A.ZM 1) *

17

A..Z M2 ENTERto get the answer as shown in Figure 11.78.

 

INVERSE (M1) *M2
CC13,C-11,C211]

[ESTININEEE

Figure 11.78: Solution matrix

The solutionisx=1,y=-1, and z = 2.

11.7 Sequences

11.7.1 Iteration with the Ans key: The Ans feature enables you to perform iterations to evaluate a function

-1 -1
repeatedly. As an example,calculate = for n = 27. Then calculate = for n = the answerto the previous

calculation. Continue to use each answer as » in the next calculation. Here are keystrokes to accomplish this

iteration on the HP 38G calculator (Figure 11.79). Notice that when you use Ans in place of # in a formula, it

is sufficient to press ENTER to continue an iteration.

Iteration Keystrokes Display

1 27 ENTER 27

2 (IM ANSWER -1)/3 ENTER 8.66666666667

3 ENTER 2.55555555556

4 ENTER 51851851852

5 ENTER —-.16049382716

 

(Ans-1>/3
8.66666666667
2.9595555555556

|nn|

Figure 11.79: Iteration

Press ENTER several more times and see what happens with thisiteration. You may wish to try it again with
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a different starting value.

11.7.2 Arithmetic and Geometric Sequences: Use iteration with the Ans variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose
common difference is 4. Enter the first term 7, then start the progression with the recursion formula, [Jj

ANSWER + 4 ENTER. This yields the 2nd term, so press ENTER sixteen more times to find the 18th term.

For a geometric sequence whose common ratio is 4, start the progression with [Jj ANSWER x 4 ENTER.

You can also define the sequence recursively with the HP 38G by pressing LIB and starting Sequence in the

APLET LIBRARY. Once again, let’s find the 18th term of an arithmetic sequence whose first term is 7 and
whose common difference is 4. You need to enter the first two terms and a formula for the n-th term. For the

sequence U1 set the first term », = 7 and the second term u, = 11. Make u, =u,_; +4 by moving the high-

light to U1(N) and pressing [U1] [(N-1)] + 4 [OK] (Figure 11.80).

Now press NUM to leave this menu and go to a numerical table. To find the 18th term u,3 of this sequence,
either scroll to the line where n = 18 or else enter 18 directly into the first column (Figure 11.81).

 

 

  

 

  

HEE SEQUENCE SYMBOLIC VIEW $EE8K N [1}]

vU1(1)>=7 : 75

ARH -
RYE = Ji

LECIT Jw ihk]| [SHOW]EVAL fit [| [UEFN]|

Figure 11.80: SEQUENCE SYMBOLIC VIEW Figure 11.81: a;3=75

Technology Tip: Up to ten different sequences may be entered in SEQUENCE SYMBOLIC VIEW. To

move quickly to the first sequence,press [J] A; to jump downto the last sequence, press [Jj V.

Technology Tip: While you are scrolling through the numericaltable, press [DEFN] to toggle between dis-
playing the formula and the numerical value at the bottom ofthe screen.

Of course, you could use the explicit formula for the n-th term of an arithmetic sequence, ¢, =a+(n—-1)d .

First enter values for the variables a, d, and »n in the home screen; then evaluate the formula by pressing A...Z

A+ (A..Z n—1)A..ZDENTER. For a geometric sequence ¢, = a-r""', enter the values for the vari-

ables a, r, and » in the home screen; then evaluate the formula by pressing A...Z AA...ZR x’ (A.ZN-1)

ENTER.

11.7.3 Finding Sums ofSequences: You can use the £ command found in the Loop sub-menu of the MATH
12

menu to find the sum of a sequence. For example, suppose you wantto find the sum D403)" . In the home

n=1

screen press MATH A A A A » A [OK] xTo MATH v v » [OK] 1,12, 4 * 3 x’ x,T,0 ENTER

(Figure 11.82).
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Now calculate the sum starting at » = 0 by editing the expression. You should obtain a sum of approximately

5.712848. In general, the command is in the form Z ( variable = initial value, final value, expression).

 

Z(N=1,12,4%.3"N>
1.714284808324

|

12

Figure 11.82: )_4(03)"
n=1

11.8 Parametric and Polar Graphs

11.8.1 Graphing Parametric Equations: The HP 38G plots parametric equations as easily as it plots func-

tions. First press LIB, select Parametric, and then press [START]. Be sure,if the independent parameteris an

angle measure, that the angle measure has been set to whichever you need, radians or degrees. To set the ap-
propriate angle measure press [} SYMB and select the angle measure you want.

You can now enter the parametric functions. For example, here are the keystrokes needed to graph the

parametric equations x = cos’ and y= sin’ 7 . First check that angle measureis in radians and then return to

PARAMETRIC SYMBOLIC VIEW by pressing SYMB. Clear or uncheck any existing functions and then

select a location for the equation ofx, say X1(T). Press ( COS x,T.0) ) xX) 3 ENTER ( SIN x,T0)) x’ 3

ENTER (Figure 11.83).

8PARAMETRIC SYMBOLIC VIEW SE

vX1¢T)=C0S(T)"3
vY1¢T)=SINCT)3
Y2(T)=
K3(To= v
ITSETTT

 

Figure 11.83: x =cos’t and y= sin’ ¢

 

A
~

1:0 (1.0) GEM

 

   
Figure 11.84: Parametric graph of x = cos’t and y= sin’ 1

Press [Jj PLOT [J] CLEARto get the default range settings. Notice that the values of TRNG go from 0 to 12
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in steps of .1. In order to provide a better viewing rectangle and set the XRNG and YRNG to go from -2 to 2.
Press PLOT to draw the graph (Figure 11.84).

You may zoom and trace along parametric graphs just as you did with function graphs. As you trace along

this graph, notice that the cursor moves in the counterclockwise direction as T increases.

11.8.2 Rectangular-Polar Coordinate Conversion: lt is not possible to directly convert between rectangular

and polar coordinate systems on the HP 38G.

11.8.3 Graphing Polar Equations: The HP 38G graphs polar functions in the form » = f(0) . First press

LIB, select Polar, and then press [START]. Be sure that the angle measure has been set to whichever you

need, radians or degrees. To set the appropriate angle measure press Jj SYMB and select the angle measure

you want. Here we will use radian measure.

Return POLAR SYMBOLIC VIEW by pressing SYMB and clear or unselect any existing graphs. Here we
will use radian measure. For example, to graph r =4sin0 , select a location for the function, say R1(6) and

press 4 SIN X,T,06 ENTER.

Press Jj PLOT [Jj CLEARto get the default range settings. Notice that the values ofRNG go from 0 to 27.
Choose a good viewing rectangle and an appropriate interval and increment for 0. In Figure 11.85, the view-

ing window is roughly “square” and extends from —8 to 8 horizontally and from —4 to 4 vertically. (Refer

back to the Technology Tip in Section 11.2.4.) Press PLOT to draw the graph.

Q
9: 0 R1C8): 0 EE

 

 

   
Figure 11.85: Polar graph of r = 4 sin

Trace along this graph to see the polar coordinates of the cursor’s location displayed at the bottom of the win-

dow. Zooming works just the same as before.

11.9 Probability

11.9.1 Random Numbers: The command Random generates a number between 0 and 1. You will find this

command in the Prob. sub-menu of the MATH menu. In the home screen press MATH 4 » v v wv [OK]
ENTER to generate a random number. Press ENTER to generate another number; keep pressing ENTER to
generate more of them.

If you need a random number between, say, 0 and 10, then press 10 MATH A » v v v [OK] ENTER. To

get a random number between 5 and 15, press 5 + 10 MATH A » v v v [OK] ENTER.
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11.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, ,P,, press MATH 4 » v v [OK] 12, 7 ENTER (Figure 11.86). Thus ,P; = 3,991,680.

For the number of combinations of 12 objects taken 7 at a time, ,,C,, press MATH 4 » [OK] 12, 7 ENTER
(Figure 11.86). Thus ,,C; = 792.

 

COMB(12,7>

I———

Figure 11.86: |,P; and ,,C,

  

11.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different num-

bers from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the

player wins the top prize. There are ,,C¢ ways for the six numbers to be drawn. If you purchase a single lot-

tery ticket, your probability of winning is 1 in 4,C¢. Press 1 / MATH A » [OK] 40 , 6 ENTER to calculate

your chances, but don’t be disappointed.

11.10 Programming

11.10.1 Entering a Program: The HP 38G is a programmable calculator that can store sequences of com-

mands for later replay. Here’s an example to show you how to enter a useful program that solves quadratic

equations by the quadratic formula.

Press [Jj PROGRAM to access the PROGRAM CATALOG. The HP 38G has space for many programs,
each called by a name you give it. The names of all your programs are listed alphabetically in the

PROGRAM CATALOG.Create a new program now, so press [NEW].

Now enter a descriptive title, say Quadratic. Notice that there is a function key [A...Z] in addition to the cal-

culator’s A...Z key. Press [A...Z], which acts as a letters lock, and type all the letters you want. Remember to
press [A...Z] when you are finished and wantto restore keys to their primary functions. To lock in lower case

letters, press [J] [A...Z]. To unlock from lowercase, press [A...Z] again. So press A...Z Q [| [A..ZJUADR
A T | C (Figure 11.87) and then press [OK] or ENTER to move to the program editor. The function key

[A...Z] is also available in the program editor.

3% NEW PROGRAM 5358

 

|___o..zefirNiL]OF

Figure 11.87: Entering title
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Any command you could enter directly in the HP 38G’s home screen can be entered as a line in a program.

There are also specialacommands.
 

 

 

rdinstead of allthe oystickesforMATH (CMDS/Branchiif[OK].Justpiggy 3
 

The instruction manual for your HP 38G gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.

Enter the program Quadratic by pressing the keystrokes given below. Individual program commands are

separated by :. You may interrupt program input at any stage. To return later for more editing, press JJ}

PROGRAM, move the highlight down to this program’s name, and press [EDIT].

Program Line Keystrokes

INPUT A, “Coefficient”; MATH [CMDS/Prompt/INPUT] [OK] [SPACE] A..ZA IR;
“A”,"Enter number”; 1: CHARS A [OK]A.ZCR[A.ZJOEFFIENT

[a..z] Jl CHARS 4 [OK]; ll CHARS A [OK] A..Z A
Bl CHARS 4 [OK] li; ll CHARS 4 [OK]A..ZERIA...Z]
NTE R[SPACE]N UMB ER [a..z] J} CHARS 4 [OK]
BB: ENTER

waits for you to input a value that will be assigned to the variable A

INPUT B; “Coefficient”, MATH [CMDS/Prompt/INPUT] [OK] [SPACE] A..ZB IR ;
“B”;”"Enter number”; 1: CHARS A [OK]IA.ZC RIA.ZIOEFFIENT

[a..z] |} CHARS 4 [OK] |; I CHARS A [OK] A..ZB
ll CHARS 4 [OK] |} ; ll CHARS 4 [OK]A.ZER[A...Z]
NTER[SPACE]NUMBER [a..z] Jj CHARS 4 [OK]
BB; : ENTER

INPUT C: “Coefficient”: MATH [CMDS/Prompt/INPUT] [OK] [SPACE] A..ZC I ;
“C”.’Enter number”; 1: Bl CHARS A [OK]A.ZCI[A.Z]OEFFIENT

[a..z] ll CHARS 4 [OK] |i ; ll CHARS 4 [OK]A..ZC
Bl CHARS 4 [OK] li; ll CHARS 4 [OK]A..ZERIA...Z]
NTE R[SPACE]N UMB ER [a..z] J} CHARS 4 [OK]
BW; B: ENTER

B2-4AC » D A.ZBRX*-4A.ZAA.ZC[STO»]A.ZDR:
ENTER

calculates the discriminant and stores its value as D
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CASE MATH [CMDS/Branch/CASE] [OK] ENTER

begins a series oftests on the discriminant

IF D>0 MATH [CMDS/BranchiIF] [OK] [SPACE]
A...Z D MATH [MTH/Tests/>] [OK] 0 [SPACE]

tests to see if the discriminantis positive

THEN MSGBOX MATH [CMDS/Branch/THEN] [OK] [SPACE]
“Two real roots: ” MATH [CMDS/Prompt/MSGBOX] [OK] [SPACE]
(-B + YD)/(2A) *, * Bl CHARS 4 [OK] A..Z TR [A...Z] W O [SPACE]
(-B — VD)/(2A): END REAL[SPACEJROOTS [a..z] Il : [SPACE]

Bl CHARS 4 [OK] (-XA..ZB+ Vx A.ZD)/(2A..ZA)
Bl CHARS 4 [OK], [SPACE] fi CHARS 4 [OK]
(-xA.ZB-Jx A.ZD)/(2A.ZA)R:
[SPACE] MATH [CMDS/Branch/END] [OK] ENTER

displays the two real roots

IF D==0 MATH [CMDS/BranchiIF] [OK] [SPACE]
A...Z D MATH [MTH/Tests/==] [OK] 0 [SPACE]

tests to see if the discriminant is zero

THEN MSGBOX MATH [CMDS/BranchiTHEN] [OK] [SPACE]
“Double root: ” MATH [CMDS/Prompt/MSGBOX] [OK] [SPACE]
_B/(2A): END I CHARS 4 [OK] A..ZD RR [A...Z] O UB L E [SPACE]

ROO T[a..z] i : [SPACE] Jl CHARS 4 [OK]
—xA.ZB/(2A.ZA)R: [SPACE]
MATH [CMDS/Branch/END] [OK] ENTER

displays the double root

IF D<0 MATH [CMDS/BranchiIF] [OK] [SPACE]
A...Z D MATH [MTH/Tests/<] [OK] 0 [SPACE]

tests to see if the discriminant is negative

THEN MSGBOX MATH [CMDS/Branch/THEN] [OK] [SPACE]
“Complex conjugates: ” MATH [CMDS/Prompt/MSGBOX] [OK] [SPACE]
-B /(2A)" + “Y-DI/(2A)"i": Il CHARS A [OK]A..ZCR[A...Z]OMP LE X[SPACE]
END CONJUGATES][a..z] |} : [SPACE]

Bl CHARS A [OK] -xA..ZB/(2A..ZA)
Bl CHARS 4A [OK] [SPACE]
Bl CHARS » » » » » » » [OK] [SPACE]
I CHARS 4 [OK] (VX —XA..ZD)/(2A..ZA)
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Bl CHARS A [OK] li A...Z | i CHARS A[OK]
B : [SPACE] MATH [CMDS/Branch/END] [OK] ENTER

displays the complex roots; since D < 0, we must use —D as the radicand

END MATH [CMDS/Branch/END] [OK]

marks the end of a CASE group of commands

When you have finished, press HOME to leave the program editor and enter the home screen.

If you want to erase a program from memory, press [JJ PROGRAM, move the highlight to the program’s

name, and press DEL to delete the entire program.

11.10.2 Executing a Program: To run the program you have entered, press Jj PROGRAM, move the high-
light to the program’s name, and press [RUN]. Or in the home screen, type RUN Quadratic and press

ENTER.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax? + bx +c = 0. Input a value, then press ENTERto continue the program.

If you need to interrupt a program during execution, press ON.

11.11 Differentiation

 11.11.1 Limits: Suppose you need to find this limit: lim sin 4x . Start the Function aplet and plot the graph
x—0 x

sin4x
 in a convenient viewing rectangle that contains the point where the function appears to in-of f(x) = .

tersect the line x = 0 (because you want the limit as x — 0). Your graph should support the conclusion that

sin4x
 lim =4 (Figure 11.88).

x0 Xx

2x1 = 2 is reasonable, evaluate f(x) = 2x
x +

  To test whether the conclusion that lim
Xo X +

positive values of x (since you want the limit as x — ©). For example, evaluate f{100), 1000), and/10,000).

for several large

 Lo. . 2x-1 Lo
Another way to test the conclusion is to examine the graph of f(x) = in a viewing rectangle that ex-

tends over large values of x. See, as in Figure 11.89 (where the viewing rectangle extends horizontally from 0

to 100), whether the graph is asymptotic to the horizontal line y = 2. Enter 2x H for F1(X) and 2 for F2(X).
x +
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NY.. r
    
  

®: 0 F1¢X): UNDEFINED (EET X: 50 Fac): 1.941176 EEN

} . ._sin4 } —
Figure 11.88: Checking lim SAY _4 Figure 11.89: Checking lim 2x1 =2

x0 Xx xo x +1

11.11.2 Numerical Derivatives: The HP 38G has a command in the Calculus sub-menu of the MATH menu

that can compute the derivative of a function fat x. For example, to find f'(2.5) when f(x)= x’, enter the

home screen and press 2.5 [STOP»] xT,0 ENTERMATH v v v v v » [OK] x,T0 (x,T,0 xX’ 3 ENTER as

shown in Figure 11.90. The format of this command is 0 variable (expression, variable, value, Ax).

 

 

Figure 11.90: Using 0

Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 11.92,

: S5x-2 ar oo Ce
the function f(x) =— and its numerical derivative (actually, an approximation to the derivative given by

x“ +
 

the symmetric difference) are graphed on viewing window that extends from —6 to 6 vertically and horizon-

tally. In the FUNCTION SYMBOLIC VIEW, enter Fs for F1(X). Move the highlight to F2(X) and press
x“ +

MATH vY v v vv >» [OK] xTo(A..ZF1(XT06)ENTER (Figure 11.91). Then press PLOT. Note the
calculator may take some time in producing the graph.

=f

 

 

  HEHE FUNCTION SYMBOLIC VIEWSE
SERRaSRE
v

 

    
  

 

     v

 

[EOITihk]H[HOW]EMAL] #0 F1(R): -2 [HENL]

Figure 11.91: Entering f(x) and f'(x) Figure 11.92: Graphs of f(x) and f'(x)

Once the derivative is stored as F2(X) you can recall it in the home screen to evaluate. For example to com-

pute f'(-2.3), first press A..Z F 2 ( —x 2.3 ) ENTER. This returns the unevaluated expression for the de-

rivative offat —2.3. Then recall and evaluateit by pressing 4 [COPY] ENTER (Figure 11.93).
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Figure 11.93: Evaluating f'(-2.3)

Technology Tip: To approximate the second derivative f(x) of a function y = f(x) or to plot the second

derivative, first enter the expression for F1(X) and its derivative for F2(X) as above. Then enter the second

derivative by moving the highlight to F3(X) and pressing MATH v v v v v » [OK] x,T.6 ( A..Z F 2 (

X,T.0 ) ENTER.

The HP 38G can compute the derivative of a point on a graph drawn in the graph mode by computing the

slope. For example, graph the function f(x)= nw in a viewing rectangle that extends from —6.5 to 6.5
x“ +
 

horizontally and from —6.2 to 6.4 vertically. Then use the left arrow key to move the cursor so the

x-coordinate is —2.3. Then press [MENU] [FCN], select Slope, and press [OK]. You can use the left and right
arrow keys to move to a specific point, say x = —2.3. Figure 11.94 shows the slope (derivative) at that point to

be about —-0.774692.

 

 

   
fe

SLOPE:-.774692208342

5x -2
 Figure 11.94: Slope of f(x) = atx=-23
x2 +1

11.11.3 Newton’s Method: With the HP 38G, you may iterate using Newton’s method to find the zeros of a

function. Recall that Newton’s Method determines each successive approximation by the formula

ACH),X =X :n+l n f'(x,)

As an example ofthe technique, consider f(x)=2x>+x>-x+1. In the FUNCTION SYMBOLIC VIEW,

enter the function as F1(x). Set the range to the standard viewing rectangle and clear or uncheck any other

graphs. Graph the function. A look at the graph suggests that it has a zero near x = —1, so return to the home

screen and start the iteration by storing —1 as x (press —x 1 [STO ®] X,T,6 ENTER). Then, press these key-

strokes: X,T0 —A.ZF1(XT6)/ MATHv vv v v » [OK] XTe(A.ZF1(XT6)) [STOP] XTe
ENTER ENTER (Figure 11.95) to calculate the first two iterations of Newton’s method. Press ENTER re-

peatedly until two successive approximations differ by less than some predetermined value, say 0.0001. Note
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that each time you press ENTER, the HP 38G will use the current value of x, and that value is changing as
you continue the iteration.

 

X-F1 (%)70R¢EL (RIP
33333333333

= i 24338624339

 

 

[ELITINI BE    
Figure 11.95: Newton’s method

Technology Tip: Newton’s Method is sensitive to your initial value for x, so look carefully at the function’s

graph to make a good first estimate. Also, remember that the method sometimes fails to converge!

You may want to write a short program for Newton’s Method. See your calculator’s manual for further in-

formation.

11.12 Integration

11.12.1 Approximating Definite Integrals: The HP 38G has a function which is accessed from the function
analysis menu that will approximate a definite integral. For example, to find a numerical approximation to

[cos x*dx enter the home screen and press MATH v v v v v » v [OK] 0,1, COS XxTol} x?) , XT.0

) ENTER (Figure 11.96).

 

 

Figure 11.96: Using |

11.12.2 Areas: You may approximate the area under the graph of a function y = f(x) between x = 4 and

x = B with your HP 38G. For example, suppose you want to find the area under the graph of the function

y= cosx? between x = 0 and x = 1. The area is represented by the definite integral [cos x2dx . First graph

y =cosx’ using the range that extends from —6.5 to 6.5 horizontally and from -3.1 to 3.2 vertically. The

horizontal range is important, since we want “friendly” values to move the cursor from 0 to 1. Press [MENU]
[FCN], select Area..., and the press [OK] when the x-coordinate of the cursor is 0. Then move the cursor so

the x-coordinate is 1 and then press [OK] (Figure 11.97).
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Figure 11.97: Graph and area

Technology Tip: Suppose that you want to find the area between two functions, y= f(x) and y = g(x)

fromx=A4 and x = B. If f(x)> g(x) for 4<x< B, then graph the expression f(x)- g(x) in the manner

described above to find the required area.
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Chapter 12

Texas Instruments TI-86

 





12.1 Getting started with the TI-86

12.1.1 Basics: Press the ON key to begin using your TI-86. If you need to adjust the display contrast,first

press 2nd, then press and hold ¥ (the down arrow key) to lighten or A (the up arrow key) to darken. As you

press and hold v or 4, an integer between 0 (lightest) and 9 (darkest) appears in the upper right corner of the

display. When you have finished with the calculator, turn it off to conserve battery power by pressing 2nd and
then OFF.

Check your TI-86’s settings by pressing 2nd MODE. If necessary, use the arrow keys to move the blinking

cursor to a setting you want to change. Press ENTERto select a new setting. To start with, select the options
along the left side of the MODE menuas illustrated in Figure 12.1: normal display, floating decimals, radian
measure, rectangular coordinates, function graphs, decimal number system, rectangular vectors, and differen-

tiation type. Details on alternative options will be given laterin this guide. For now, leave the MODE menu

by pressing EXIT or 2nd QUIT or CLEAR.

     
       
 

I T+2F3+475+6+FE19F10+
Flo 11+12+13+14+15+16+17+
Fac 18+15+26
A 218
2 12+434+56
[=
of:

Figure 12.1: MODE menu Figure 12.2: Home screen

12.1.2 Editing: One advantage of the TI-86 is that up to eight lines are visible at one time, so you can see a

long calculation. For example, type this sum (Figure 12.2):

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20

Then press ENTER to see the answer too.

Often we do not notice a mistake until we see how unreasonable an answer is. The TI-86 permits you to re-
display an entire calculation, edit it easily, then execute the corrected calculation.

Suppose you had typed 12 + 34 + 56 as in Figure 12.2 but had not yet pressed ENTER, when you realize that

34 should have been 74. Simply press « (the left arrow key) as many times as necessary to move the blinking

cursor left to 3, then type 7 to write over it. On the other hand, if 34 should have been 384, move the cursor

back to 4, press 2nd INS (the cursor changes to a blinking underline) and then type 8 (inserts at the cursor
position and the other characters are pushed to the right). If the 34 should have been 3 only, move the cursor

to 4, and press DELto delete it.

Technology Tip: To move quickly to the beginning of an expression you are currently editing, press A (the
up arrow key); to jump to the end ofthat expression, press ¥ (the down arrow key).
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Even if you had pressed ENTER, you maystill edit the previous expression. Press 2nd and then ENTRYto
recall the last expression that was entered. Now you can change it. In fact, the TI-86 retains many prior entries

in a “last entry” storage area. Press 2nd ENTRYrepeatedly until the previous line you want replaces the cur-
rent line.

Technology Tip: When you need to evaluate a formula for different values of a variable, use the editing

feature to simplify the process. For example, suppose you want to find the balance in an investment accountif

there is now $5000 in the account and interest is compounded annually at the rate of 8.5%. The formula for

t
the balance is P(l +¥ , where P = principal, r = rate of interest (expressed as a decimal), » = number of

times interest is compounded each year, and ¢ = number of years. In our example, this becomes

5000(1+.085) . Here are the keystrokes for finding the balance after = 3, 5, and 10 years.

Years Keystrokes Balance

3 5000 (1 + .085) ~ 3 ENTER $6386.45
5 2nd ENTRY « 5 ENTER $7518.28

10 2nd ENTRY « 10 ENTER $11,304.92

«4435625
(1+,

(1+. A
. 9172096

 

Figure 12.3: Editing expressions

Then to find the balance from the same initial investment but after 5 years when the annual interest rate is

7.5%, press the keys to change the last calculation above: 2nd ENTRY « DEL <4 5 « 4 4 <« « 7 ENTER.

12.1.3 Key Functions: Most keys on the TI-86 offer access to more than one function, just as the keys on a

computer keyboard can produce more than one letter (“g” and “G”) or even quite different characters (“5” and

“%"). The primary function of a key is indicated on the key itself, and you access that function by a simple
press on the key.

To access the second function indicated to the left above a key,first press 2nd (the cursor changes to a blink-

ing T) and then press the key. For example to calculate J25, press 2nd J 25 ENTER.

When you want to use a capital letter or other character printed to the right above a key, first press ALPHA

(the cursor changes to a blinking A) and then the key. For example, to use the letter K in a formula, press

ALPHA K. If you need several letters in a row, press ALPHA twice in succession, which is like the CAPS
LOCK key on a computer keyboard, and then press all the letters you want. Remember to press ALPHA when
you are finished and want to restore the keys to their primary functions. To type lowercase letters, press 2nd
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alpha (the cursor changes to a blinking a). To lock in lowercase letters, press 2nd alpha 2nd alpha or 2nd

alpha ALPHA. To unlock from lowercase, press ALPHA ALPHA (you’ll see the cursor change from blinking
a to blinking A and then to the standard blinking rectangle).

12.1.4 Order of Operations: The TI-86 performs calculations according to the standard algebraic rules.

Working outwards from inner parentheses, calculations are performed from left to right. Powers and roots are

evaluated first, followed by multiplications and divisions, and then additions and subtractions.

Enter these expressions to practice using your TI-86.

Expression Keystrokes Display

7-5-3 7 - 5x 3 ENTER -8
(7-5)-3 (7-5) x3 ENTER 6

120-10? 120 - 10 x? ENTER 20

(120 — 10)? (120 - 10) x* ENTER 12100

2 24 + 2 A 3 ENTER 3

24°
(2 (24 +2) A 3ENTER 1728

(7--5)--3 (7-(=)5) x (=) 3ENTER ~36

N(N +1
12.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as NWN

after you have entered a value for N. Suppose you want N = 200. Press 200 STO* N ENTERto store the

value 200 in memory location N. (The STO®* key prepares the TI-86 for alphabetical entry, so it is not neces-

sary to press ALPHA also.) Whenever you use N in an expression, the calculator will substitute the value 200

N(N +1)
2

until you make a change by storing another number in N. Next enter the expression by typing

N(N +1
ALPHA N ( ALPHA N + 1) + 2 ENTER. For N = 200, you will find that M+) =20100.

The contents of any memory location may be revealed by typing just its letter name and then ENTER. And
the TI-86 retains memorized values even whenit is turned off, so long as its batteries are good.

A variable name in the TI-86 can be a single letter, or a string of up to eight characters that begins with a letter

followed by other letters, numerals, and various symbols. Variable names are case sensitive, which means that

length and Length and LENGTH may represent different quantities.
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12.1.6 Repeated Operations with ANS: The result of your /ast calculation is always stored in memory loca-
tion ANS and replaces any previousresult. This makes it easy to use the answer from one computation in an-

other computation. For example, press 30 + 15 ENTER so that 45 is the last result displayed. Then press
2nd ANS + 9 ENTER and get 5 because 45 + 9 = 5.

With a function like division, you press the + affer you enter an argument. For such functions, whenever you

would start a new calculation with the previous answer followed by pressing the function key, you may press

just the function key. So instead of 2nd ANS + 9 in the previous example, you could have pressed simply

+ 9 to achieve the sameresult. This technique also works for these functions: + — x ~ x* x.

Here is a situation where this is especially useful. Suppose a person makes $5.85 per hour and you are asked

to calculate earnings for a day, a week, and a year. Execute the given keystrokes to find the person’s incomes

during these periods (results are shown in Figure 12.4).

 

Pay Period Keystrokes Earnings

8-hour day 5.85 x 8 ENTER $46.80

5-day week x 5 ENTER $234
52-week year x 52 ENTER $12,168

5. 85%8
46.8

Ans#*3
234

Ans#*32
12168

   
Figure 12.4: ANS variable

12.1.7 The MATH Menu: Operators and functions associated with a scientific calculator are available either

immediately from the keys of the TI-86 or by the 2nd keys. You have direct access to common arithmetic

operations 4, 2nd J , 2nd x, MN), trigonometric functions (SIN, COS, TAN), and their inverses (2nd

SIN"! 2nd cOS™, 2nd TAN, exponential and logarithmic functions (LOG, 2nd 10”, LN, 2nd €*), and a

famous constant (2nd =).

A significant difference between the TI-86 graphing calculators and most scientific calculators is that TI-86

requires the argument of a function affer the function, as you would see in a formula written in your textbook.

For example, on the TI-86 you calculate J16 by pressing the keys 2nd J 16 in that order.
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Here are keystrokes for basic mathematical operations. Try them for practice on your TI-86.

Expression Keystrokes Display

V32 +42 2nd ,[ (3x*+4x*) ENTER 5

24 2 +32nd xENTER 2.33333333333

log 200 LOG 200 ENTER 2.30102999566

234.10 2.34 x 2nd 10" 5 ENTER 234000
or 2.34 x 10» 5 ENTER

Additional mathematical operations and functions are available from the MATH menu. Press 2nd MATH to
see the various options that are listed across the bottom of the screen (Figure 12.5). These options are acti-

vated by pressing corresponding menu keys, F1 through F5.

 

  
   

  

2+5°1
2. 33333333333

log 2088
2.38182999566

2.34%18"5
234000

 
Figure 12.5: Basic MATH menu

For example, pressing F1 brings up the NUM menu of numerical functions. You will learn in your mathemat-

ics textbook how to apply many of them. Note that the basic MATH menu items have moved up a line; these
options are now available by pressing 2nd M1 through 2nd M5. As an example, determine |-5| by pressing

2nd MATH F1 and then F5 (=) 5 ENTER (see Figure 12.6).

  

abs 0 >  

  

1.91293118277

      

 

TITHE FROE ANGLE  HYF MIE
[roundl iPart K¢Part int ab

Figure 12.6: MATH NUM menu Figure 12.7: MATH MISC menu

NUM FEDE ANGLE HYP ITT

Next calculate 3/7 by first pressing 2nd MATH F5 (when the MATH NUM menu is displayed, as in Figure

12.6, just press 2nd M5) to access the MISC menu of miscellaneous mathematical functions. The arrow at the
right end ofthis menu indicates there are more items that you can access. You may press the MORE key re-

peatedly to move down the row of options and back again. To calculate 7, press 2nd MATH F5 MORE 3

F4 [i] 7 ENTER; this will result in 1.91293118277 (Figure 12.7). To leave the MATH menu and take no

other action, press EXIT a couple oftimes.
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The factorial of a non-negative integeris the product of all the integers from 1 up to the given integer. The
symbol for factorial is the exclamation point. So 4! (pronouncedfourfactorial) is 1 - 2 - 3 - 4 = 24. You will
learn more about applications of factorials in your textbook, but for now use the TI-86 to calculate 4! Press

these keystrokes: 2nd MATH F2 [PROB] 4 F1 [I] ENTER.

On the TI-86 it is possible to do calculations with complex numbers. The complex number a + bi is repre-

sented as ordered pair (a, b). Using ordered pair notation to divide 2 + 3iby 4 — 2, press (2,3) + (4, (-)
2) ENTER. The result is displayed as (.1, .8) for .1 + .8i (Figure 12.8).

To find the complex conjugate of 4 + 5i press 2nd CPLX F1 [conjj (4 , 5) ENTER (Figure 12.8).

 

(2: 3)7C4, 2)

cond (4,35)
Col:.80

4, -5

   
Figure 12.8: Complex number calculations

12.2 Functions and Graphs

12.2.1 Evaluating Functions: Suppose you receive a monthly salary of $1975 plus a commission of 10% of

sales. Let x = your sales in dollars; then your wages # in dollars are given by the equation W = 1975 + .10x. If

your January sales were $2230 and your February sales were $1865, what was your income during those

months?

Here’s one method to use your TI-86 to perform this task. Press the GRAPH key and then F1 to select y(x)=

to get access to the function editing screen (Figure 12.9). Press F4 [DELf] as many times as necessary to de-
lete any functions that may be there already. Then with the cursor on the top line to the right of y1= enter the

expression 1975 + .10x by pressing these keys: 1975 + .10 F1. As you see, the TI-86 uses lowercase letters
for its graphing variables, just like your mathematics textbook. Note that pressing F1 in this situation is the

same as pressing either X-VAR or 2nd alpha X. The x-VAR key lets you enter the variable x easily without

having to use the ALPHA key. Now press 2nd QUIT to return to the main calculations screen.

 
 

   

 

 

Ploti Plotz Plots 22303x: dl
\w1B1975+. 18x 2198

1865+x2yl
2161.5

+ 200M TEARCE SEARFH
|INSF IDELF |

Figure 12.9: y(X)= screen Figure 12.10: Evaluating a function
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Assign the value 2230 to the variable x by using these keystrokes (see Figure 12.10): 2230 STO» x-VAR.

Then press 2nd : to allow another expression to be entered on the same command line. Next press the follow-
ing keystrokes to evaluate y1 and find January’s wages: 2nd alpha Y 1 ENTER.

It is not necessary to repeat all these steps to find the February wages. Simply press 2nd ENTRY to recall the

entire previous line, change 2230 to 1865, and press ENTER. Each time the TI-86 evaluates the function y1,

it uses the current value ofx.

Like your textbook, the TI-86 uses standard function notation. So to evaluate y,(2230) when y,(x) = 1975 +

10x, 2nd alpha Y 1 ( 2230 ) ENTER (see Figure 12.11). Then to evaluate y,(1865), press 2nd ENTRY to
recall the last line and change 2230 to 1865.

 

102250)

91(1865)
2198

2161.5

   
Figure 12.11: Function notation

You may also have the TI-86 make a table of values for the function. Press TABLE to get the TABLE menu

across the bottom of the screen and then press F2 [TBLST] to set up the table (Figure 12.12). Move the
blinking cursor onto Ask beside Indpnt:, then press ENTER. This configuration permits you to input values
for x one at a time. Now press F1 [TABLE], enter 2230 in the X column, and press ENTER (see Figure

12.13). Continue to enter additional values for X and the calculator automatically completes the table with
corresponding values of y1. Press 2nd QUIT to leave the TABLE screen.

 

TABLE SETUP
ThlStart=1

Indpht : Auto

 

 

  
Figure 12.12: TBLSET screen Figure 12.13: Table of values

Technology Tip: The TI-86 does not require multiplication to be expressed between variables, so xxx means

x. It is often easier to press two or three x’s together than to search for the square key or the powers key. Of

course, expressed multiplication is also not required between a constant and a variable. Hence to enter

2x*+3x? —4x+5 in the TI-86, you might save keystrokes and press just these keys: 2 x-VAR x-VAR

X-VAR + 3 x-VAR x-VAR — 4 x-VAR + 5.

12.2.2 Functions in a Graph Window: Once you have entered a function in the y(X) screen of the TI-86, just

press 2nd M5 [GRAPH]to see its graph. The ability to draw a graph contributes substantially to our ability to

solve problems.
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For example, here is how to graph y = —x* + 4x. First press GRAPH y(x)= and delete anything that may be

there by moving with the arrow keys any of the existing functions and pressing F4 [DELf]. Then, with the

cursor on the top line to right of y1, press (=) Xx-VAR A 3 + 4 x-VAR to enter the function (as in Figure

12.14). Now press 2nd M5 [GRAPH] and the TI-86 changes to a window with the graph of y= —x> +4x

(Figure 12.15). To remove the menu from bottom ofthe display screen, press CLEAR.

While the TI-86 is calculating coordinates for a plot, it displays a busy indicator at the top right of the graph

window.

rar
Figure 12.14: y(X)= screen Figure 12.15: Graph of y = —x> + 4x
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Your graph window may look like the one in Figure 12.15 or it may be different. Since the graph of

y= —x> +4x extends infinitely far left and right and also infinitely far up and down, the TI-86 can display

only a piece of the actual graph. This displayed rectangular part is called a viewing rectangle. You can easily

change the viewing rectangle to enhance your investigation of a graph.

The viewing rectangle in Figure 12.15 shows the part of the graph that extends horizontally from —10 to 10

and vertically from —10 to 10. Press F2 [WIND] to see information about your viewing rectangle. Figure

12.16 shows the WINDOW screen that corresponds to the viewing rectangle in Figure 12.15. This is the stan-
dard viewing rectangle for the TI-86.

 
WINDOW

  

 

Figure 12.16: Standard WINDOW

The variables xMin and xMax are the minimum and maximum x-values of the viewing rectangle; yMin and

yMax are the minimum and maximum y-values.

xScl and yScl set the spacing between tick marks on the axes.

Scrolling to the bottom ofthe screen, XRes sets pixel resolution (1 through 8) for function graphs.

Technology Tip: Small Xres values improve graph resolution, but may cause the TI-86 to draw graphs more

slowly.
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Use the arrow keys 4 and ¥ to move up and down from one line to anotherin this list; pressing the ENTER

key will move down the list. Enter a new value to over-write a previous value and then press ENTER. Re-
member that a minimum must be less than the corresponding maximum or the TI-86 will issue an error mes-

sage. Also, remember to use the (=) key, not — (which is subtraction), when you want to enter a negative

value. Figures 12.15-16, 12.17-18, and 12.19-20 show different WINDOW screens and the corresponding
viewing rectangle for each one.

 

 
 

 

    

WINDOW
®xMin=-16,9978674487
xMax=16.9970674487
x5cl=1 1)
uMin=-10 U
gMax=10

J9Scl=1

 

Figure 12.17: Square window Figure 12.18: Graph of y = —x> +4x

To initialize the viewing rectangle quickly to the standard viewing rectangle (Figure 12.16), press F3

[ZOOM] F4 [ZSTD]. To set the viewing rectangle quickly to a “square” window (Figure 12.17), press F3

[ZOOM] MORE F2 [ZSQR]. More information about square windows is presented later in Section 12.2.4.

WINDOW
xMin=-3
xMax=3
x5cl=1
gMin=-10
gMax=10

JyScl=1

Figure 12.19: Custom window Figure 12.20: Graph of y = —x+4x

  

 

       

 

Sometimes you may wish to display grid points corresponding to tick marks on the axes. This and other graph
format options may be changed by pressing GRAPH MORE F3 [FORMT] to display the FORMAT menu
(Figure 12.21). Use arrow keys to move the blinking cursor to GridOn; press ENTER and then F5 [GRAPH]
to redraw the graph. Figure 12.22 shows the same graph as in Figure 12.20 but with the grid turned on. In
general, you’ll want the grid turned off; so do that now by pressing GRAPH MORE F3 [FORMT], using the

arrow keys to move the blinking cursor to GridOff, and pressing ENTER and EXIT.

 

 

     
Figure 12.21: FORMAT menu Figure 12.22: Grid turned on for y = —x3 +4x
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Technology Tip: On the TI-86, the style of your graph can be changed by changing the icon to the left of y1

on the y(x)= screen. To change the icon enter the y(Xx)= screen and move your cursor onto the line of the

function whose style you want to change. Then press MORE and F3 [STYLE] repeatedly to scroll through
the different styles available.

12.2.3 Graphing Step and Piecewise-Defined Functions: The greatest integer function, written [[x]], gives

the greatest integer less than or equal to a number x. On the TI-86, the greatest integer function is called int

and is located under the NUM sub-menu of the MATH menu (Figure 12.5). From the home screen, calculate

[[6.78]] = 6 by pressing 2nd MATH F1 [NUM] F4 [int] 6.78 ENTER.

To graph y =[[x]], go into the y(X)= menu, move beside y1 and press CLEAR 2nd MATH F1 [NUM] F4

[int] EXIT F1 [x] 2nd M5 [GRAPH]. Figure 12.23 showsthis graph in a viewing rectangle from —5 to 5 in
both directions.

The true graph of the greatest integer function is a step graph, like the one in Figure 12.24. For the graph of

vy =[[x]], a segment should not be drawn between every pair of successive points. You can change from

DrawLine to DrawDot format on the TI-86 by opening the GRAPH FORMT menu. Another option is to
change the style of the graph from line to dot by using the method described in the above Technology Tip.

(The style will be indicated by three dots along a diagonal.)

— T=

fr TT
Figure 12.23: Connected graph of y =[[x]] Figure 12.24: Dot graph of y =[[x]]

  

  

      

Make sure to change your TI-86 back to DrawLine, since most of the functions, which you will be graphing
should be viewed this way.

The TI-86 can graph piecewise-defined functions by using the options in the TEST menu that is displayed

across the bottom of the screen by pressing 2nd TEST. Each TEST function returns the value 1 if the state-
mentis true, and the value 0 if the statementis false.

2

¥ +l x<0 , enter the following keystrokes for y1 in the y(x)=
x-1, x20

screen: ( X-VAR x? + 1) (x-VAR 2nd TEST F2 [<] 0) + ( x-VAR = 1) ( x-VAR F5 [>] 0) (Figure 12.25).
Press EXIT to remove the TEST menu, and then press 2nd M5 [GRAPH] to display the graph. Figure 12.26

showsthis graph in a viewing rectangle from —5 to 5 in both directions with the style set to dot.

For example, to graph the function f(x) =
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Ploti Plot2 Plots

~u1B(x2+1) (x<B)+(x-1.. AN _

+ 200M TERCE SEAFH

 

      
Figure 12.25: Piecewise-defined function Figure 12.26: Piecewise-defined graph

12.2.4 Graphing a Circle: Here is a useful technique for graphs that are not functions but can be “split” into

a top part and a bottom part, or into multiple parts. Suppose you wish to graph the circle of radius 6 whose

equation is x* + y% = 36. First solve for y and get an equation for the top semicircle, y=v36-x? , and for

the bottom semicircle, y = —v36— x? . Then graph the two semicircles simultaneously.

  

Ploti Plot2 Plot3

“1B(36-%2)
“928 -I{36-x2) FN

Loo: TEIERAra 7

Figure 12.27: Two semicircles Figure 12.28: Circle’s graph - standard WINDOW

 

    

 

Use the following keystrokes to draw this circle’s graph. Enter V36-x? as y1 and —V36-x2 as y2 (see

Figure 12.27) by pressing GRAPH F1 [y(x)] CLEAR 2ndJ 36 — x-VAR x* ) ENTER CLEAR (-) 2nd

J ( 36 — x-VAR x? ). Then press 2nd M5 [GRAPH] to draw them both (Figure 12.28). Make sure that the

WINDOW isset large enough to display a circle of radius 6.

Instead of entering —v36— x” as y2, you could have entered —y1 as y2 and saved some keystrokes. On the

TI-86, try this by going into the y(X)= screen and pressing ¥ to move the cursor down to y2. Then press

CLEAR (-) 2nd alpha Y 1 (Figure 12.29). The graph should be as before.

 

Ploti Plotz Plot3

~ylBI(36-%x2)
u28-9l~

 

 

FISHEL WIND 200M TRHCE GRAFH
xvINSF ADELF

Figure 12.29: Using y1
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If your range were set to a viewing rectangle extending from —10 to 10 in both directions, your graph would

look like Figure 12.28. Now this does not look a circle, because the units along the axes are not the same. You

need what is called a “square” viewing rectangle. Press F3 [ZOOM] MORE F2 [ZSQR] and see a graph that
appears more circular.

Technology Tip: Another way to get a square graph is to change the window variables so that the value of

yMax — yMin is approximately 19 times xMax — xMin. For example, see the WINDOW in Figure 12.30 to

get the corresponding graph in Figure 12.31. This method works because the dimensions of the TI-86’s dis-

play are such that the ratio of vertical to horizontal is approximately 1 :

  

 

Mine 13.6xMin=-13.
xMax=13.6
X5g1=2 IN
gMin=-
gMax=

495c1=2 /   

 

  
Figure 12.30:i= 25 = 19 Figure 12.31: A “square” circle

The two semicircles in Figure 12.31 do not meet because of an idiosyncrasy in the way the TI-86 plots a

graph.

12.2.5 TRACE: Graph the function y = —x> +4x from Section 12.2.2 using the standard viewing rectangle.

(Rememberto clear any other functions in the Y= screen.) Press any of the arrow keys A v « » and see the

cursor move from the center of the viewing rectangle. The coordinates of the cursor’s location are displayed at

the bottom ofthe screen, as in Figure 12.32, in floating decimal format. (Recall that if you have a menu at the

bottom of the screen, you can remove it by pressing CLEAR.) This cursor is called afree-moving cursor be-

cause it can move from dot to dot anywhere in the graph window.

\e
\/

x=-.952380952Y Iy=3.5483870968

 

 

   

 

 

Figure 12.32: Free-moving cursor

Remove the free-moving cursor and its coordinates from the window by pressing CLEAR, ENTER, or

GRAPH (this also restores the GRAPH menu). If you press an arrow key once again, the free-moving cursor
will reappear at the same point you left it.
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With the GRAPH menu active at the bottom of the screen, press F4 [TRACE] to enable the left € and right

> arrow keys to move the cursor along the function. The cursor is no longer free-moving, but is now con-

strained to the function. The coordinates that are displayed belong to points on the function’s graph, so the y-

coordinate is the calculated value of the function at the corresponding x-coordinate (Figure 12.33).

bh
X=-2.3809523H1 |¥=3.9736529532

Figure 12.33: TRACE

 

 

    

Now plot a second function, y =-.25x, along with y = —x3 +4x. Press GRAPH F1 [y(x)=] and enter —.25x

for y2, then press 2nd M5 [GRAPH] to see both functions (Figure 12.36).

Notice that in Figure 12.34 the equal signs next to Y; and Y, are both highlighted. This means that both func-

tions will be graphed. In the y(X)= screen, move the cursor to y1 and press F5 [SELCT] to turn off the selec-
tion of the function. The equal sign besides y1 should no longer be highlighted (Figure 12.36). Now press

2nd M5 [GRAPH] and see that only y2 is plotted (Figure 12.37).

Plot Plotz Plots
~glB x"3+4x
~u2B8-.25 x

PISFHE LIND 200M TRACE GRAFH

  

 

    

 

  

 

    

 

Figure 12.34: Two functions Figure 12.35: y = —x> +4x and y=-25x

Plot Plotz Plot3

Shao
s ’ —EE

200TEHCE SEHFH

(DELF T2000

Figure 12.36: only Y, active Figure 12.37: Graph of y = -25x

Many different functions can be stored in the y(x)= list and any combination of them may be graphed simul-

taneously. You can make a function active or inactive for graphing by pressing SELCT to highlight (activate)

or remove the highlight (deactivate) from the equal sign. Now go back to the y(x)= screen and do what is

needed in order to graph y1 but not y2.

Now activate both functions so that both graphs are plotted. Press GRAPH F4 [TRACE] and the cursor ap-

pears first on the graph of y = —x° + 4x because it is higher up on the y(x)= list. You know that the cursoris

on this function, y1, because the number 1 is displayed in the upper right corner of the screen. Press the up 4
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or down Vv arrow key to move the cursor vertically to the graph of y = —25x . Now the function the number 2

is displayed in the upper right corner of the screen. Next press the left and right arrow keys to trace along the

graph of y =-25x. When more than one function is plotted, you can move the trace cursor vertically from

one graph to another with the 4 and v keys.

Technology Tip: By the way, trace the graph of y =—-25x and press and hold either € or ». Eventually

you will reach the left or right edge of the window. Keep pressing the arrow key and the TI-86 will allow you

to continue the trace by panning the viewing rectangle. Check the WINDOW screen to see that the xMin and

xMax are automatically updated.

If you trace along the graph of y= —x3 +4x, the cursor will eventually move above or below the viewing

rectangle. The cursor’s coordinates on the graph will still be displayed, though the cursor itself can no longer

be seen.

When you tracing along a graph, press ENTER and the window will quickly pan over so that the cursor’s
position on the function is centered in a new viewing rectangle. This feature is especially helpful when you

trace near or beyond the edge of the current viewing rectangle.

The TI-86 has a display of 127 horizontal columns of pixels and 63 vertical rows, so when you trace a curve

across a graph window, you are actually moving from xMin to xMax in 126 equal jumps, each called Ax. You

: : xMax — xMin : :
would calculate the size of each jump to be Ax =Te Sometimes you may want the jumps to be

friendly numbers like 0.1 or 0.25 so that, when you trace along the curve, the x-coordinates will be incre-

mented by such a convenient amount. Just set your viewing rectangle for a particular increment Ax by making

xMax = xMin + 126 - Ax. For example,if you want xMin = —15 and Ax = .25, set xMax = —15 + 126 - .25 =

16.5. Likewise, set yMax = yMin + 62Ay if you want the vertical increment to be some special Ay.

To center your window around a particular point, say (A,k), and also have a certain Ax, set XMin = 4h — 63 - Ax

and make xMax = 4 + 63 - Ax. Likewise, make yMin = k — 31 - Ay and make yMax = k + 31 - Ax. For exam-

ple, to center a window around the origin (0, 0), with both horizontal and vertical increments of 0.25, set the

range so that xXMin =0 - 63 - 0.25 =-15.75, xMax = 0 + 63 - 0.25 = 15.75, yMin = 0 - 31 - 0.25 = -7.75 and

yMax =0+31-0.25=17.75.

See the benefit by first plotting y = x” +2x+1 in a standard graphing window. Trace near its y-intercept,

which is (0, 1), and then move towards its x-intercept, which is (1, 0). Then change to a viewing rectangle

that extends from —6.3 to 6.3 horizontally and from —3.1 to 3.1 vertically (center at the origin, Ax and Ay both

.1), and trace again nearits y-intercept. The TI-86 makesit easy to get this particular viewing window: press

GRAPH F3 [ZOOM] MORE F4 [ZDECM].
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12.2.6 ZOOM: Plot again the two graphs, for y = —x +4x and y = —25x . There appears to be an intersec-

tion near x = 2. The TI-86 provides several ways to enlarge the view around this point. You can change the
viewing rectangle directly by pressing WINDOW and editing the values of xMin, xMax, yMin, and yMax.
Figure 12.39 shows a new viewing rectangle for the range displayed in Figure 12.38. The trace feature has

 

been turned on and the coordinates are displayed for a point on y = —x> +4x close to the intersection.

 

WINDOW
xMin=1.
xMax=2.5
x5cl=1
gMin=-2.5
gMax=2.5

uScl=1

 

   

 

Figure 12.38: New WINDOW Figure 12.39: Closer view

A more efficient method for enlarging the view is to draw a new viewing rectangle with the cursor. Start again

with a graph of the two functions y= ~x3+4x and y=-25x in a standard viewing rectangle. (Press

GRAPH F3 [ZOOM] F4 [ZSTD] for the standard viewing window.)

Now imagine a small rectangular box around the intersection point, near x = 2. Press GRAPH F3 [ZOOM]
F1 [BOX] to draw a box to define this new viewing rectangle. Use the arrow keys to move the cursor, whose

coordinates are displayed at the bottom of the window, to one corner of the new viewing rectangle you imag-

ine.

Press ENTERto fix the corner where you moved the cursor;it changes shape and becomes a blinking square
(Figure 12.40). Use the arrow keys again to move the cursor to the diagonally opposite corner of the new rec-

tangle (Figure 12.41). If this box looks all right to you, press ENTER. Then press CLEAR to remove the
menu from the bottom ofthe screen. The rectangular area you have enclosed will now enlarge to fill the graph

window (Figure 12.42).

1 |
 

 

 
 

       
 

\ 8

x=1.5873015873 Iv=-1.290322581 x=2.5396825397 |y=.9677419355

Figure 12.40: One corner selected Figure 12.41: Box drawn

 

N
———

Figure 12.42: New viewing rectangle
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You may cancel the zoom any time before you press this last ENTER. Press EXIT or GRAPH to interrupt the

zoom and return to the current graph window. Even if you did execute the zoom, you may still return to the

previous viewing rectangle by pressing F5 [ZPREV] in the ZOOM menu.

You can also quickly magnify a graph around the cursor’s location. Return once more to the standard window

for the graph of the two functions y =-x> +4x and y=-25x. Start the zoom by pressing GRAPH F3

[ZOOM] F2 [ZIN]; next use arrow keys to move the cursor as close as you can to the point of intersection
near x = 2 (see Figure 12.43). Then press ENTER and the calculator draws a magnified graph, centered at the
cursor’s position (Figure 12.44). The range variables are changed to reflect this new viewing rectangle. Look

in the WINDOW menu to verify this.

\my
x=1.746031746 y= -.967741935¢5 x=1.746031746 ¥=-.9677419355

  

 

 

       

Figure 12.43: Before a zoom in Figure 12.44: After a zoom in

Selecting in the ZOOM menu, the TI-86 can zoom in (press F2 [ZIN]) or zoom out (press F3 [ZOUT)).
Zoom out to see a larger view of the graph, centered at the cursor position. You can change the horizontal and

vertical scale of the magnification by pressing GRAPH F3 [ZOOM] MORE MORE F2 [ZFACT] (see Figure

12.45) and editing xFact and yFact, the horizontal and vertical magnification factors.

 

 

Figure 12.45: Set zoom factors

The default zoom factoris 4 in both direction. It is not necessary for xFact and yFact to be equal. sometimes,

you may prefer to zoom in one direction only, so the other factor should be set to 1. As usual, press GRAPH

or EXIT to leave the ZOOM FACTORS menu.

Technology Tip: If you should zoom in too much and lose the curve, zoom back to the standard viewing

rectangle and start over or return to the previous viewing rectangle by pressing F5 [ZPREV] in the ZOOM
menu.
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12.2.7 Relative Minimums and Maximums: Graph y= —x* +4x once again in the standard viewing rec-

tangle. This function appears to have a relative minimum near x = —1 and a relative maximum near x = 1. You

may zoom and trace to approximate these extreme values.

First trace along the curve near the local minimum. Notice by how much the x-values and y-values change as

you move from point to point. Trace along the curve until the y-coordinate is as small as you can getit, so that

you are as close as possible to the local minimum, and zoom in (use ZIN or a zoom box). Now trace again

along the curve and, as you move from point to point, see that the coordinates change by smaller amounts

than before. Keep zooming and tracing until you find the coordinates of the local minimum point as accu-
rately as you need them, approximately (-1.15, 3.08).

Follow a similar procedure to find the local maximum. Trace along the curve until the y-coordinate is as great

as you can get it, so that you are as close as possible to the local maximum, and zoom in. The local maximum

point on the graph of y = —x> +4x is approximately (1.15, 3.08).

The TI-86 can automatically find the maximum and minimum points. Press GRAPH MORE F1 [MATH] to

display the MATH menu across the bottom of the screen (Figure 12.46). Choose F4 [FMIN] to calculate the
minimum value of the function and F5 [FMAX] for the maximum. You will be prompted to trace the cursor

along the graph first to a point eft of the minimum/maximum (press ENTER to set this left bound). Then
move to a point right of the minimum/maximum and set a right bound by pressing ENTER. Note the two
arrows near the top of the display marking the left and right bounds (as in Figure 12.47).

AN
MATH INQATSIN [A 80 gh fx 0 3 Aur] ] 3
ROOT HdvsdxH SCO FFMIN HFM

 
 

 
 

         Guess?
x=-1.111111111 [¥=-3.072702332
 

Figure 12.46: MATH menu Figure 12.47: Finding a minimum

Next move the cursor along the graph between the two bounds and as close to the minimum/maximum as you

can. This serves as a guess for the TI-86 to start its search. Good choices for the left bound, right bound, and
guess can help the calculator work more efficiently and quickly. Press ENTER and the coordinates of the
relative minimum/maximum point will be displayed (Figure 12.48).

1%
Minimum
x=-1.154700493 ly=-3.079201436

 

 

    
Figure 12.48: Relative minimum on y = —x> +4x
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12.3 Solving Equations and Inequalities

12.3.1 Intercepts and Intersections: Tracing and zooming are also used to locate an x-intercept of a graph,

where a curve crosses the x-axis. For example, the graph of y = x3 —8x crosses x-axis three times (Figure

12.49). After tracing over to the x-intercept point that is farthest to the left, zoom in (Figure 12.50). Continue

this process until you have located all three intercepts with as much accuracy as you need. The three

x-intercepts of y = x3 —8x are approximately —2.828, 0, and 2.828.

N\

N x=-2.817460317 Lo

Figure 12.49: Graph of y = x3 8x Figure 12.50: Near an x-intercept of y = x3 —8x

 
 

 

 

      

Technology Tip: As you zoom in, you may also wish to change the spacing between tick marks on the x-axis

so that the viewing rectangle shows scale marks near the intercept point. Then the accuracy of your approxi-

mation will be such that the error is less than the distance between two tick marks. Change the x-scale on the

TI-83 from the WINDOW menu. Move the cursor down to XScl and enter an appropriate value.

The x-intercept of a function’s graph is a root of the function, so press GRAPH MORE F1 [MATH] to dis-

play the MATH menu across the bottom ofthe screen (Figure 12.46) and choose F1 [ROOT] to find a zero of
this function. Set a left bound, right bound, and guess as described in Section 12.2.7. The TI-86 shows the

coordinates of the point and indicates thatit is a zero (Figure 12.51).

 

 

   ROOT
x=-2.828427125 Iv=0
 

Figure 12.51: Arootof y= x3 —8x

TRACE and ZOOM are especially important for locating the intersection points of two graphs, say the graphs

of y=—x?+4x and y=-25x . Trace along one ofthe graphs until you arrive close to an intersection point.

Then press A or Vv to jump to the other graph. Notice that the x-coordinate does not change, but the

y-coordinate is likely to be different (Figures 12.52 and 12.53).
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When two y-coordinates are as close as they can get, you have come as close as you now can to the point of

intersection. So zoom in around the intersection point, then trace again until the two y-coordinates are as close

as possible. Continue this process until you have located the point of intersection with as much accuracy as

 

  

  

      
  

necessary.

1/\ |

Figure 12.52: Trace on y = —x3 +4x Figure 12.53: Trace on y = -25x

You can also find the point of intersection of two graphs by pressing GRAPH MORE F1 [MATH] MORE

F3 ISECT]. Trace with the cursor first along one graph near the intersection and press ENTER; then trace

with the cursor along the other graph and press ENTER. Marks are placed on the graphs at these points. Fi-

nally, move the cursor near the point ofintersection and press ENTER again. Coordinates of the intersection
will be displayed at the bottom of the window (Figure 12.54).

—LJ
x=2.0615528128 ly=-.S153882032

 

 

    
Figure 12.54: An intersection of y = —x> +4x and y=-25x

12.3.2 Solving Equations by Graphing: Suppose you need to solve the equation 24x -36x +17 =0. First

graph y = 24x>-36x +17 in a window large enough to exhibit all its x-intercepts, corresponding to all the

equation’s zeros (roots). Then use trace and zoom, or the TI-86’s root finder, to locate each one. In fact this

equation has just on solution, approximately x = —1.414.

Remember that when an equation has more than one x-intercept, it may be necessary to change the viewing

rectangle a few times to locate all of them.

Technology Tip: To solve an equation like 24x3 +17 = 36x , you may first transform it into standard form,

24x -36x+17=0, and proceed as above. However, you may also graph the two functions y = 24x +17

and y = 36x , then zoom and trace to locate their point of intersection.
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12.3.3 Solving Systems by Graphing: The solutions to a system of equations correspond to the points of

intersection of their graphs (Figure 12.55). For example, to solve the system y=x +3x%>-2x-1 and

y= x? —3x—4, first graph them together. Then use zoom and trace or the ISECT option from the MATH

menu to locate their point ofintersection, approximately (-2.17, 7.25).

NL
NOS

Figure 12.55: Graph of y = x3 +3x%>-2x-1 and y= x2 -3x-4

 

 

   

If you did not use the ISECT option, you must judge whether the two current y-coordinates are sufficiently
close for x = —2.17 or whether you should continue to zoom and trace to improve the approximation. The so-

lutions of the system oftwo equations y = x3 +3x*-2x-1 and y= x? -3x-4 correspond to the solutions

of the single equation x3 +3x2 2x —1=x? -3x-4, which simplifies to X+2x2 +x+3=0. So you may

also graph y = x3 +2x? +x +3 and find its x-intercepts to solve the system.

12.3.4 Solving Inequalities by Graphing: Consider the inequality 1-2 > x —4. To solve it with your TI-

86, graph the two functions y =1-2 and y = x—4 (Figure 12.56). First locate their point of intersection, at

x = 2. The inequality is true when the graph of y=1-> lies above the graph of y =x —4, and that occurs

when x <2. So the solution is the half-line x <2 , or (—x,2].

\_
 

 

   x=2 y=-2
 

Figure 12.56: Solving 1-2 >x-4
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The TI-86 is capable of shading the region above or below a graph, or between two graphs. For example,to

graph y > x? —1, first graph the function y = x> —1 as y1 in the GRAPH y(x)= screen. Then press GRAPH

MORE F2 [DRAW] F1 [Shade] 2nd alpha Y 1, 100 ) ENTER (see Figure 12.57). These keystrokes in-

struct the TI-86 to shade the region above y = x> —1 and below y = 100 (chosen because this is the greatest y-

value in the graph window). The result is shown in Figure 12.58.

 

 

ade (yl, 1vy)

       

 

MATH ETTTRE FORMT STS0E RCOGDE

 

Figure 12.57: DRAW Shade Figure 12.58: Graph of y> x? —1

To clear the shading when you are already in the DRAW menu, press MORE MORE F1 [CLDRW].

Another method for graphing y > x2 -1isto change the style of y1 in the y(x)= screen. To do this, press

GRAPH F1 [y(x)=] MORE F3 [STYLE] F3 [STYLE] so the icon to the left of y1 is an upper right triangle

(Figure 12.57). Then press 2nd M5 [GRAPH] (Figure 12.60).
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Figure 12.59: Shade above STYLE Figure 12.60 Graph of y > x? —1

3
Now use shading to solve the previous inequality, 1-= > x — 4. The function whose graph forms the lower

boundary is namedfirst in the SHADE command (see Figure 12.61). To enter this in your TI-86, press these

keys: GRAPH MORE F2 [DRAW] F1 [Shade] x-VAR —4 , 1 — 3 x-VAR + 2) ENTER (Figure 12.62).

The shading extends left from x = —2, hence the solution to 1-2 > x —4 is the half-line x <2, or (-, 2].

 

ade(x—-4, 1-3 x72)

 

 

   
Figure 12.61: DRAW Shade command Figure 12.62: Graph of 1-= >x-4

More information about the DRAW menu is in the TI-86 manual.

Graphing Technology Guide 12-21



12.4 Trigonometry

12.4.1 Degrees and Radians: The trigonometric functions can be applied to angles measured either in radi-

ans or degrees, but you should take care that the TI-86 is configured for whichever measure you need. Press

2nd MODE to see the current settings. Press ¥ twice and move down to the third line of the mode menu

where angle measure is selected. Then press €4 or » to move between the displayed options. When the

blinking cursor is on the measure you want, press ENTER to select it. Then press EXIT or 2nd QUIT to leave
the mode menu.

It’s a good idea to check the angle measure setting before executing a calculation that depends on a particular
measure. You may change a mode setting at any time and not interfere with pending calculations. Try the

following keystrokes to see this in action.

Expression Keystrokes Display

sin 45° 2nd MODE v v » ENTER
EXIT SIN 45 ENTER 1707106781187

sin 7° SIN 2nd © ENTER 054803665149

sin 2nd MODE v v ENTER
EXIT SIN 2nd « ENTER 0

sin 45 SIN 45 ENTER 850903524534

sin SIN (2nd 7 + 6 ) ENTER 5

The first line of keystrokes sets the TI-86 in degree mode and calculates the sine of 45 degrees. While the
calculatorisstill in degree mode, the second line of keystrokes calculates the sine of m degrees, approximately

3.1415°. The third line changes to radian mode just before calculating the sine of nt radians. The fourth line

calculates the sine of 45 radians (the calculator remains in radian mode).

The TI-86 makesit possible to mix degrees and radians in a calculation. Execute these keystrokes to calculate

tan45°+sin = as shown in Figure 12.63: TAN 45 2nd MATH F3 [ANGLE] F1 J + SIN (2nd 7 + 6 ) F2
[r] ENTER. Do you get 1.5 whether your calculatoris in set either in degree mode or in radian mode?

 

tan 40°+s1n ter 5

NUM FROE [TITER HWE MIEC

 

orv'IpDMSH|

Figure 12.63: Angle measure
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12.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay
careful attention to the choice of graph window and to your angle measure configuration. For example, graph

sin 30x
 in the standard viewing rectangle in radians mode. Trace along the curve to see where it is.

Zoom in to a better window, or use the period and amplitude to establish better WINDOW values.

Technology Tip:. Since © ~ 3.1, set Xmin = 0 and Xmax = 6.2 to coverthe interval from 0 to 27x.

Next graph y = tan x in the standard window first, then press F3 [ZOOM] MORE F3 [ZTRIG] to change to a

special window for trigonometric functions in which the horizontal increment is -7 or 7.5° and the vertical

range is from —4 to 4. The TI-86 plots consecutive points and then connects them with a segment, so the graph
is not exactly what you should expect. You may wish to change from DrawlLine to DrawDot (see Section
12.2.3) when you plot the tangent function.

12.5 Scatter Plots

12.5.1 Entering Data: The table shows the total prize money (in millions of dollars) awarded at the Indian-

apolis 500 race from 1981 to 1989. (Source: Indianapolis Motor Speedway Hall of Fame.)

 

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989
 

 
Prize $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 $4.49 $5.03 $5.72

($million)           
We’ll now use the TI-86 to construct a scatter plot that represents these points and to find a linear model that

approximates the given data.

The TI-86 holds data in the list editor. To enter the list editor either press 2nd STAT F2 [EDIT] or press 2nd
LIST F4 [EDIT]. There are three columns given, but you can create and edit up to 20 lists. Before entering
data, clear all the datalists. This can be done in the list editor by highlighting each list title (xStat, yStat, etc.)

and pressing CLEAR ENTER.

Now enter the data. Instead of entering the full year 198x, enter only X. Move the cursor under xStat and

press 1 ENTER 2 ENTER 3 ENTER and so on, then press » to move to the first element of the next list

(yStat) and press 1.61 ENTER 2.07 ENTER 2.41 and so on (see Figure 12.64). Press 2nd QUIT when you
have finished.

Graphing Technology Guide 12-23

 

 



 

Figure 12.64: Entering data points

You may edit statistical data in the same way you edit expressions in the home screen. Move the cursor to any

value you wish to change, then type the correction. To insert or delete data, move the cursor over the data

point you wish to add or delete. Press 2nd INS and a new data pointis created; press DEL and the data point
is deleted.

12.5.2 Plotting Data: Once all the data points have been entered, press 2nd STAT F3 [PLOT] to display the
STAT PLOTS screen (Figure 12.65). Press F1 [PLOT1] ENTER to turn Plot1 on, have the other options

selected as shown in Figure 12.66, and press GRAPH F5 [GRAPH]. (Make sure that you have cleared or

deselected any functions in the Y= screen, or those functions will be graphed with the plot.) Figure 12.67
shows this plot in a window from 0 to 10 horizontally and vertically. You may now press TRACE to move
from data point to data point.

 

    

 

   
Klist Name=xStat
Y1ist Name=4Stat
Mark=a

    

 

 [PLOT SWEENE

Figure 12.65: STAT PLOTS menu Figure 12.66: Plot1 menu

[RIA

 

Pi

  xz2 ¥=2.07

Figure 12.67: Scatter plot

 

To draw the scatter plot in a window adjusted automatically to include all the data you entered, press GRAPH

F3 [ZOOM] MORE F5 [ZDATA] CLEAR.

When you no longer want to see the scatter plot, either enter the Plot1 menu and select OFF or press GRAPH
F1 [y(x)=], move the cursor to the highlighted Plot1 at the top of screen, and press ENTER. Plot1 should no
longer be highlighted. The TI-86 still retains all the data you entered.

12-24 TI-86 Graphics Calculator



 

12.5.3 Regression Line: The TI-86 calculates slope and y-intercept for the line that best fits all the data. Af-

ter the data points have been entered in the list editor for xStat and yStat, enter 1 for each entry under the

fStat column. Then quit the list editor and press 2nd STAT F1 [CALC] F3 [LinR] ENTER to calculate a
linear regression model with the slope named b and the y-intercept named a (Figure 12.68).

 

 

    
1
994983653

   
  
ETT EIT FLOT  DRAKL WWE

 

Figure 12.68: Linear regression model

Technology Tip: The number corr (between —1 and 1) is called the correlation coefficient and measures the
goodness of fit of the linear regression with the data. The closer the absolute value of is to 1, the better the

fit; the closer the absolute value of r is to 0, the worse the fit.

Turn Plot1 on again, if it is not currently displayed. To graph the regression line y = a + bx enter the y(x)=

editor, deselect or clear any existing functions, and enter the regression variable by pressing 2nd STAT F5
[VARS] MORE MORE F2 [RegEq] ENTER GRAPH F5 [GRAPH] CLEAR. See how well this line fits
with your data points (Figure 12.69). Figure 12.69 shows this graph in a window from 0 to 10 horizontally

and vertically.

 

 aa

Figure 12.69: Linear regression line

  

12.5.4 Exponential Growth Model: The table shows the world population (in millions) from 1980 to 1992.

 Year 1980 1985 1986 1987 1988 1989 1990 1991 1992

Population 4453 4850 4936 5024 5112 5202 5294 5384 5478

(millions)

 

          
 

Follow the procedure described above to enter the data in order to find an exponential model that approxi-

mates the given data. Use 0 for 1980, 5 for 1985, and so on.
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The TI-86 will not compute the exponential growth model y = ae”. The exponential regression that the

TI-86 will compute is of the form y = ab®. To get this exponential growth model press 2nd STAT F1 [CALC]
FS [ExpR] ENTERto find the values of a and b (Figure 12.70). In this case, the exponential growth model is
y =4451(1.0174537"). To convert this to the form y = ae, the required equation is ¢ = In b, and the exponen-

tial growth modelin this case is y = 4451e*™10174337 or 5, = 44510017303

 

     
  

B EDIT FLOT DRAM VYRES

Figure 12.70: Exponential growth model

If you wish to plot the data and graph the regression model, follow the method for the linear regression model.

Note that the exponential regression model does not need to be converted to the form y = ge” before graphing.

12.6 Matrices

12.6.1 Making a Matrix: The TI-86 can display and use many different matrices, each with up to 255 rows

1 4 3 5

and up to 255 columns! Here’s how to create this 3x4 matrix |-1 3 -1 -=3]| in your calculator.

2 0 4 6

Press 2nd MATRX F2 [EDIT] to see the matrix edit menu (Figure 12.71). You must first name the matrix;

let’s name this matrix A (the TI-86 is already set for alphabetic entry) and press ENTER to continue.

You may change the dimensions of matrix A to 3x4 by pressing 3 ENTER 4 ENTER. Simply press ENTER
or the down arrow key to accept an existing dimension. The matrix shown in the window changes in size to

reflect a changed dimension.

 

 

 

Figure 12.71: Editing a matrix

Use the arrow keys or press ENTER repeatedly to move the cursor to a matrix element you want to change. If
you press ENTER, you will move right across a row and then back to the first column of the next row. At the
right edge of the screen in Figure 12.72, there are dashes to indicate more columns than are shown. Go to

them by pressing » as many times as necessary. The ordered pair at the bottom left of the screen shows the
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cursor’s current location within the matrix. The element in the second row and first column in Figure 12.72 is

highlighted, so that the ordered pair at the bottom of the window is 2,1 and the screen shows that element’s

current value. Continue to enter all the elements of matrix A; press ENTER after inputting each value.

 

 

 
Figure 12.72: Editing a matrix

When you are finished, leave the editing screen by pressing 2nd QUIT to return to the home screen.

12.6.2 Matrix Math: From the home screen, you can perform many calculations with matrices. To see ma-

trix A, press ALPHA A ENTER (Figure 12.73).

Perform the scalar multiplication 2A pressing 2 ALPHA A ENTER. The resulting matrix is displayed on the

screen. To create matrix B as 2A press 2 ALPHA A STO#* B ENTER (Figure 12.74), orif you do this im-

mediately after calculating 2A, press only STO* B ENTER. The calculator will display the matrix. Return to
the matrix edit screen to verify that the dimensions of matrix B have been changed automatically to reflect

these new values.

  

      

A TT, 4 3, 5.1
[[1, 43 5 [-1 3 =1 =3]
[-1 3 =1 =3] [2° 8 -46 1]

461] 2A-+B
[[2 -86_ 10]
[26 -2 -6]
4" 8 -8 1211

Figure 12.73: Matrix A Figure 12.74: Matrix B

To add two matrices, say A and B, create matrix B (with the same dimensions as A) and then press ALPHA A

+ ALPHA B ENTER. Again, if you wantto store the answer as a specific matrix, say C, then press STO*» C
ENTER. Subtraction is performed in similar manner.

2 3
Now create a matrix C with dimensions of 2x3 and er for C. For matrix multiplication of C

1 -5 -1

by A, press ALPHA C x ALPHA A ENTER.If you tried to multiply A by C, your TI-86 would signal an er-
ror because the dimensions of the two matrices do not permit multiplication in this way.

The transpose of a matrix is another matrix with the rows and columns interchanged. The symbol for the

transpose of A is AT. The transpose operator is found in the matrix math menu. So to calculate [A], press

ALPHA A 2nd MATRX F3 [MATH] F2 [J ENTER.
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12.6.3 Row Operations: Here are the keystrokes necessary to perform elementary row operations on a ma-

trix. Your textbook provides a more careful explanation of the elementary row operations and their uses.

To interchange the second and third rows of the matrix A that was defined above, press 2nd MATRIX F4

[OPS] MORE F2 [rSwap] ALPHA A, 2, 3 ) ENTER (see Figure 12.75). The format of this command is

rSwap(matrix, row1, row2).

 
    rSwapr(H MRAJAC “45H: 2,5)

[ [1 4 3

 

 

NAMES E0IT MATH INTER CFLY
aud Irswapl radd multkImRS MEAddN

Figure 12.75: Swap rows 2 and 3 Figure 12.76: Add —4 times row 2 to row 3

To add row 2 and row 3 and store the results in row 3, press 2nd MATRX F4 [OPS] MORE F3 [rAdd]
ALPHA A, 2, 3) ENTER. The format of this command is rAdd(matrix, row1, row2).

To multiply row 2 by —4 and store the results in row 2, thereby replacing row 2 with new values, press 2nd

MATRX F4 [OPS] MORE F4 [multR] (-) 4 , ALPHA A, 2 ) ENTER. The format of this command is
multR(scalar, matrix, row).

To multiply row 2 by —4 and add the results to row 3, thereby replacing row 3 with new values, press 2nd
MATRX F4 [OPS] MORE F5 [mRAdd] (-) 4 , ALPHA A, 2, 3) ENTER (see Figure 12.76). The format

of this command is mRAdd(scalar, matrix, row1, row2).

Note that your TI-86 does not automatically store a matrix obtained as the result of any row operation. So,

when you need to perform several row operations in succession,it is a good idea to store the result of each
one in a temporary place.

x-2y+3z=9

For example, use row operations to solve this system oflinear equations: —x+3y=-4.

2x-Sy+5z=17

1 2 3 9

First enter this augmented matrix as A in your TI-86: |-1 3 0 —4|. Next store this matrix as C (press

2 -5 5 17

ALPHA A STO» C ENTER), so you may keep the original in case you need to recallit.

Here are the row operations and their associated keystrokes. At each step, the result is stored in C and replaces

the previous matrix C. The completion of the row operations is shown in Figure 12.77.
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Row Operations Keystrokes

add row 1 to row 2 2nd MATRX F4 MORE F3 ALPHA C, 1, 2)

STO» C ENTER

add -2 times row 1 to row 3 F5(-)2,ALPHAC,1,3)STO* C
ENTER

add row 2 to row 3 F3ALPHAC, 2,3) STO» C ENTER

multiply row 3 by 1 F41+2,ALPHAC,b 3) STO» C ENTER

 

NAMES EDIT MATH INTE CFRLY

 

Figure 12.77: Final matrix after row operations

Thusz=2,soy=-1andx=1.

Technology Tip: The TI-86 can produce a row-echelon form and the reduced row-echelon form of a matrix.
A row-echelon form of matrix A is obtained by pressing 2nd MATRX F4 [OPS] F4 [ref] ALPHA A ENTER

and the reduced row-echelon form is obtained by pressing 2nd MATRX F4 [OPS] F5 [rref] ALPHA A

ENTER. Note that a row-echelon form of a matrix is not unique, so your calculator may not get exactly the
same matrix as you did by using row operations. However, the matrix that the TI-86 produces will result in

the same solution to the system.

1 -2 3

12.6.4 Determinants and Inverses: Enter this 3x3 square matrix as A: |-1 3 0]. To calculate its de-

2 -5 5

1 2 3

terminant -1 3 0}, go to the home screen and press 2nd MATRX F3 [MATH] F1 [det] ALPHA A

2 55

ENTER. You should find that the determinantis 2 as shown in Figure 12.78.

Since the determinant of the matrix is not zero, it has an inverse matrix. Press ALPHA A 2nd x" ENTER to

calculate the inverse. The result is shown in Figure 12.79.
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det A AT
2 [[7.3 -2.5 -4.3]

[2.5 -.5 -1.5]
[-.5 .5 5 11

Figure 12.78: Determinant ofA Figure 12.79: Inverse ofA

x-2y+3z=9

Now let’s solve a system of linear equations by matrix inversion. Once again, consider -x+3y=-4.

2x-5y+5z=17

1 2 3

The coefficient matrix for this system is the matrix [-1 3 0| which was entered as matrix A in the previ-

2 55

9

ous example. Now enter the matrix —4 as B. Then press ALPHA A 2nd x x ALPHA B ENTERto get the

17

answer as shown in Figure 12.80

A+B
[r1 1
[-1]
211]

|n

   
Figure 12.80: Solution matrix

The solution is still x =1,y=-1,and z = 2.

12.7 Sequences

12.7.1 Iteration with the ANS key: The ANS key enables you to perform iteration, the process of evaluating

a function repeatedly. As an example, calculate ve for n = 27. Then calculate v2 for n = the answer to

the previous calculation. Continue to use each answer as # in the next calculation. here are keystrokes to ac-
complish this iteration on the TI-86 calculator. (See the results in Figure 12.81.) Notice that when you use

ANS in place of » in a formula,it is sufficient to press ENTER to continue an iteration.

12-30 TI-86 Graphics Calculator



Iteration Keystrokes Display

1 27 ENTER 27

2 (2nd ANS - 1) + 3ENTER  8.66666666667

3 ENTER 2.55555555556

4 ENTER 518518518519

5 ENTER ~.16049382716

20
 

(Ans—-1>~

 

   
Figure 12.81: Iteration

Press ENTER several more times and see what happens with this iteration. You may wish to try it again with
a different starting value.

12.7.2 Arithmetic and Geometric Sequences: Use iteration with the ANS variable to determine the n-th term

of a sequence. For example, find the 18th term of an arithmetic sequence whose first term is 7 and whose

common difference is 4. Enter the first term 7, then start the progression with the recursion formula, 2nd

ANS + 4 ENTER. This yields the 2nd term, so press ENTER sixteen more times to find the 18th term. For a

geometric sequence whose common ratio is 4, start the progression with 2nd ANS x 4 ENTER.

Of course, you could also use the explicit formula for the n-th term of an arithmetic sequence

t, =a+(n-1)d. First enter values for the variables a, d, and », then evaluate the formula by pressing 2nd

alpha a + ( 2nd alpha n — 1) 2nd alpha d ENTER. For a geometric sequence whose n-th term is given by

t, =a-r""! enter values for the variables a, d, and , then evaluate the formula by pressing 2nd alpha a 2nd

alphar a (2nd alphan-1) ENTER.

12.7.3 Finding Sums ofSequences: You can find the sum of a sequence by combining the sum command

with the seq command, both found on the MATH MISC menu. The format of the sum( command is
sum(list, start, end), where the optional arguments start and end determine which elements of list are
summed. The format of the seq( command is seq( expression, variable, begin, end, increment), where

the optional argument increment indicates the difference between successive points at which expression is
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12
evaluated. For example, suppose you want to find the sum >403) . Press 2nd MATH F5 [MISC] F1

n=1

[sum] F3 [seq]4 (. 3)" ALPHA N , ALPHA N, 1, 12) ENTER (Figure 12.82). Note that the sum(
command does not need a starting or ending point, since every term in the sequence is being summed. Also,

any letter can be used for the variable in the sum, i.e., the N could just have easily been an A or an K.

 

sum seq(dk,SN N>, 1,12

’ 1.71428480324

NUM FEOE ANGLE HYF (Misc) 

 

12

Figure 12.82: D403)"
n=1

Now calculate the sum starting at » = 0 by using 2nd ENTRY to edit the range. Your calculator should dis-
play a sum of 5.71428480324.

12.8 Parametric and Polar Graphs

12.8.1 Graphing Parametric Equations: The TI-86 plots parametric equations as easily as it plots functions.

In the MODE menu (Figure 12.1) go to the fifth line from the top and change the setting to Param. Be sure,

if the independent parameteris an angle measure, that the angle measure in the MODE menu has been set to

whichever you need, Radian or Degree.

You can now enter the parametric functions. For example, here are the keystrokes need to graph the paramet-

ric equations x =cos># and y =sin’¢. First check that angle measure is in radians. Then press GRAPH F1

[E(t)=] to enter the parametric equation menu. Then enter the two parametric equations by pressing ( COS F1

[t]) "3 ENTER (SIN F1 tJ) » 3 ENTER (Figure 12.83).

  

    
  

Plot Flotz Plots
xt18¢cos tI2"3
gt1B(sin t>"3

WINDOW

  

 

IIE WIND 200M TRACE GRAFH
txtwtJDELF] 3

Figure 12.83: x =cos’¢ and y =sin’¢ Figure 12.84: Parametric WINDOW menu

Press WINDOW to set the graphing window and to initialize the values of t. In the standard window, the val-

ues of t go from 0 to 2x in steps of 5; ~ 0.1309, with the view from —10 to 10 in both directions. In order to

provide a better viewing rectangle press ENTER three times to move the cursor down, then set the rectangle
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to go from -2 to 2 horizontally and vertically (Figure 12.84). Now press F5 [GRAPH] CLEAR to draw the
graph (Figure 12.85).

 

rN
<< 

    
Figure 12.85: Parametric graph of x = cos’ and y =sin’¢

You may ZOOM and TRACE along parametric graphs just as you did with function graphs. However, unlike

with function graphs, the cursor will not move to values outside of the t range, so the left arrow <€ will not

work when t = 0, and the right arrow » will not work when t = 2x. As you trace along this graph, notice that
the cursor moves in the counterclockwise direction as t increases.

12.8.2 Rectangular-Polar Coordinate Conversion: The CPLX menu (Figure 12.86) provides function for
converting between rectangular and polar coordinate systems. These functions use the current angle measure
setting, so it is a good idea to check the default angle measure before any conversion. Of course, you may
override the current angle measure setting, as explained in Section 12.4.1. For the following examples, the TI-
86 is set to radian measure.

Given the rectangular coordinates (x, y) = (4, —3), convert to polar coordinates (r, 6) by pressing 2nd CPLX

MORE (4, (-) 3) F2 PPol] ENTER. The values of » and 8 are calculated (Figure 12.86). The polar coor-
dinates are approximately (5, —0.6435).

Suppose (7, 8) = (3, mn). Convert to rectangular coordinates (x, y) by pressing 2nd CPLX MORE ( 3 2nd £
2nd nt ) F1 PRec] ENTER. The rectangular coordinates are (-3, 0) (Figure 12.86).

 

4, -3rPol
(52-.643501108793)

(3zn) Rec
(-3.a

   PRec I PPo1 I 1 1
 

Figure 12.86: Coordinate conversion

12.8.3 Graphing Polar Equations: The TI-86 graphs polar functions in the form » = £(0) . In the fifth line

of the MODE menu, select Pol for polar graphs. Be sure that the angle measure has been set to whichever you

need, Radian or Degree. Here we will use radian measure.

For example, to graph » =45in0 , press GRAPH F1 [r(8)=] for the polar graph editing screen. Then enter the
expression 4sin® for r1 by pressing 4 SIN F1 [0] ENTER.
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Choose a good viewing rectangle and an appropriate interval and increment for 0. In Figure 12.87, the view-
ing rectangle is roughly “square” and extends from —6.5 to 6.5 horizontally and from —4 to 4 vertically. That

is, XMin, xMax, yMin, and yMax are —6.5, 6.5, —4, and 4, respectively.

 

i

 

0=.5235087756
x=1.7320508076 Iy=1    

Figure 12.87: Polar graph of r = 4 sin

Figure 12.87 shows rectangular coordinates of the cursor’s location on the graph. You may sometimes wish

to trace along the curve and see polar coordinates of the cursor’s location. The first line of the GRAPH

FORMT menu (Figure 12.21) has options for displaying the cursor’s position in rectangular (RectGC) or
polar (PolarGC) form.

12.9 Probability

12.9.1 Random Numbers: The command rand generates a number between 0 and 1. You will find this

command in the PROB (probability) sub-menu of the MATH menu. Press 2nd MATH F2 [PROB] F4 [rand]

ENTER to generate a random number. Press ENTER to generate another number; keep pressing ENTER to
generate more of them.

If you need a random number between, say, 0 and 10, then press 10 2nd MATH F2 [PROB] F4 [rand]

ENTER. To get a random number between 5 and 15, press 5 + 10 2nd MATH F2 [PROB] F4 [rand]
ENTER.

12.9.2 Permutations and Combinations: To calculate the number of permutations of 12 objects taken 7 at a

time, ,,P,, press 2nd MATH F2 [PROB] 12 F2 [nPr] 7 ENTER (Figure 12.88). Thus ,,P; = 3,991,680.

For the number of combinations of 12 objects taken 7 at a time, ,,C,, press 2nd MATH F2 [PROB] 12 F3
[nCr] 7 ENTER (Figure 12.88). Thus ,,C; = 792. Note that you do not have to press 2nd MATH F2 [PROB]
again if the MATH PROB menu is active.

 

 

Nutt ITTTE ANGLE HYF MISC

Figure 12.88: |,P; and ,,C,
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12.9.3 Probability of Winning: A state lottery is configured so that each player chooses six different num-

bers from 1 to 40. If these six numbers match the six numbers drawn by the State Lottery Commission, the

player wins the top prize. There are 4C¢ ways for the six numbers to be drawn. If you purchase a single lot-

tery ticket, your probability of winning is 1 in 4,Cq. Press 1 + 2nd MATH F2 [PROB] 40 F3 [nCr] 6 ENTER
to calculate your chances, but don’t be disappointed.

12.10 Programming

12.10.1 Entering a Program: The TI-86 is a programmable calculator that can store sequences of commands

for later replay. Here’s an example to show you how to enter a useful program that solves quadratic equations

by the quadratic formula.

Press PRGM to access the programming menu. The TI-86 has space for many programs, each named by a

name you give it. To create a new program now, start by pressing PRGM F2 [Edit] and enterits name.

For convenience, the cursor is a blinking A, indicating that the calculator is set to receive alphabetic charac-

ters. Enter a descriptive title of up to eight characters, letters, or numerals (but the first character must be a

letter or 6). Namethis program QUADRAT and press ENTER to go to the program editor.

In the program, each line begins with a colon (©) supplied automatically by the calculator. Any command you

could enter directly in the TI-86’s home screen can be entered as a line in a program. There are also special

programming commands.

Input the program QUADRAT by pressing the keystrokes given in the listing below. You may interrupt pro-
gram input at any stage by pressing 2nd QUIT. To return later for more editing, press PRGM F2 [EDIT],
select the program name using the appropriate function key, and press ENTER.

Each time you press ENTER while writing a program, the TI-86 automatically inserts the : character at the

beginning of the next line.

The instruction manual for your TI-86 gives detailed information about programming. Refer to it to learn

more about programming and how to use other features of your calculator.

Enter the program QUADRAT by pressing the given keystrokes.

Program Line Keystrokes

: Disp “Enter A” F3 F3 MORE MORE F1 ALPHA E 2nd alpha ALPHA
NTER_ ALPHAAF1 ENTER

displays the words Enter A on the TI-86 screen

: Input A MORE F1 ALPHA A ENTER

waits for you to input a value that will be assigned to the variable A
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: Disp “Enter B” F3 MORE MORE F1 ALPHA E 2nd alpha ALPHA
NTER_ ALPHABF1 ENTER

: Input B MORE F1 ALPHA B ENTER

: Disp “ENTER C” F3 MORE MORE F1 ALPHA E 2nd alpha ALPHA
NTER_ ALPHA C F1 ENTER

> Input C MORE F1 ALPHA C ENTER

: CILCD MORE F5 ENTER

clears the calculator’s display

- BZ-4A*C—>D ALPHA B x? — 4 ALPHA A x ALPHA C STO#* D ENTER

calculates the discriminant and stores its value as D

: If D>0 EXIT F4 F1 ALPHA D 2nd TEST F3 0 ENTER

tests to see if the discriminant is positive

: Then EXIT F2 ENTER

in the case the discriminant is positive, continues on to the next line;

if the discriminantis not positive, jumps to the comman after Else below

: Disp “Two real roots” EXIT F3 F3 MORE MORE F1 ALPHA T 2nd alpha ALPHA
WO_REAL_ROOTSF1ENTER

: (-B+,/ (D))/(2A)>M ((-)ALPHAB + 2nd ,/ ALPHA D) + (2 ALPHA A)
STO» M ENTER

calculates one root and stores it as M

: Disp M MORE F3 ALPHA M

displays one root

: (-B-,[ (D))/(2A)>N ((-) ALPHA B - 2nd JALPHA D)+(2ALPHAA)

STO» N ENTER

: Disp N MORE F3 ALPHA N

: Else EXIT F4 F3 ENTER

continues from here if the discriminant is not positive

If D== F1 ALPHA D 2nd TEST F1 0 ENTER

tests to see if the discriminant is zero
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: Then EXIT F2 ENTER

in the case the discriminant is zero, continues on to the nextline;

if the discriminantis not zero, jumps to the command after Else below

: Disp “Double root” EXIT F3 F3 MORE MORE F1 ALPHA D 2nd alpha ALPHA
OUBLE_ROOTF1ENTER

. _BI(2A)>M (-) ALPHA B = (2 ALPHA A ) STO» M ENTER

 

the quadratic formula reduces to = when D=0
a

: Disp M MORE F3 ALPHA M ENTER

: Else EXIT F4 F3 ENTER

: Disp “Complex roots” EXIT F3 F3 MORE MORE F1 ALPHA C 2nd alpha ALPHA
OMPLEX_ROOTSF1ENTER

displays a message in case the roots are complex numbers

- Disp “Real part’ MORE F3 MORE MORE F1 ALPHA R 2nd alpha ALPHA
EAL_PART F1ENTER

. _B/(2A)>R (=) ALPHA B + (2 ALPHA A) STO» R ENTER

calculates the real part = of the complex roots
a

: Disp R MORE F3 ALPHA R ENTER

: Disp “Imaginary part’ F3 MORE MORE F1 ALPHA | 2nd alpha ALPHA
MAGINARY _PART F1ENTER

: J-DI(2A)- 2nd / (-) ALPHA D + (2 ALPHA A) STO» | ENTER

 calculates the imaginary part of the complex roots;

since D < 0, we must use —D as the radicand

: Disp | MORE F3 ALPHA | ENTER

: END EXIT F4 F5 ENTER

marks the end ofan If-Then-Else group of commands

: END F5

When you have finished, press 2nd QUIT to leave the program editor and move on.
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12.10.2 Executing a Program: To execute the program you have entered, press PRGM F1 [NAME] and

look for QUADRAT. The names of the available programs are displayed alphabetically at the bottom of the

screen; press MORE to advance through the listing. Press the function key corresponding to QUADRAT to
select the program, and the press ENTER to executeit.

The program has been written to prompt you for values of the coefficients a, b, and c in a quadratic equation

ax? + bx +c =0. Input a value, then press ENTER to continue the program.

If you need to interrupt a program during execution, press ON.

12.11 Differentiation

  

 

 
 

 

 

       
 

  

12.11.1 Limits: Suppose you need to find this limit: lim TX Plot the graph of f(x) = Sin 4x in a con-
X—> X

venient viewing rectangle that contains the point where the function appears to intersect the line x = 0

(because you want the limit as x — 0). Your graph should lend support to the conclusion that lim sin 4x =4.
x—>0 x

(See Figure 12.89.)

: ._sin4x : : . 2x-1
Figure 12.89: Checking lim =4 Figure 12.90: Checking lim =2

x0 Xx xoo x +1

2x—1 2x-1
  To test the reasonableness of the conclusion that lim for

xo X+

several large positive values of x (since you want the limit as x — oo). For example, evaluate £100),

(1000), and £10,000). Another way to test the reasonableness of this result is to examine the graph of

=2, evaluate the function f(x)=
x+1

 
-1. oo Cn

f(x) = 2x in a viewing rectangle that extends over large values of x. See, as in Figure 12.90 (where the
x +

viewing rectangle extends horizontally from 0 to 100), whether the graph is asymptotic to the horizontal line

y =2 (enter 2x1 for y1 and 2 for y2).
x +1
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12.11.2 Numerical Derivatives: The derivative of a functionfat x can be defined as the limit of the slopes of

f(x +Ax)- f(x-Ax)
TA . And for small values of Ax, the expressionsecant lines, so f'(x)= lim

Ax—0

JS(x+ Ax) — f(x — Ax)
2Ax
 gives a good approximation to the limit.

The TI-86 has a function nDer( in the CALC menu to calculate the symmetric difference,

JS(x+Ax)- f(x - Ax)
2Ax

most purposes, & = 0.001 gives a very good approximation to the derivative and is the TI-86’s default (see

. This calculator uses a value for step size Ax that has been stored in the variable 8. For

Figure 12.92). So to find a numerical approximation to f'(2.5) when f(x) = x> and with Ax = 0.001, press

2nd CALC F2 [nDer] Xx-VAR # 3, x-VAR , 2.5 ) ENTERas shown in the top line of Figure 12.91. The for-
mat of this command is nDer(expression, variable, value). If you are evaluating for the current stored

value of the variable, write enter nDer(expression, variable). Figure 12.91 shows the same derivative ap-

proximated again after entering the TOLERANCE menu by pressing 2nd MEM F4 [TOL] and changing § to
0.00001.

  

      

AOEr(X37 Xs 2: 39 TOLERANCE
18. 7500081 tol=1e-S

5 3=.001
1e-5

nDer(x"3,x,2.5)
18.75

Figure 12.91: Using nDer Figure 12.92: TOLERANCE menu

Note that the function nDer calculates an approximate numerical derivative whose accuracy depends on the

choice of 8. For a calculation that employs the rules of differentiation to yield a value as accurate as the TI-86

can be, use the special functions der1 for a first derivative and der2 for a second derivative (both are in the
CALC menu). These commands use the same format as nDer, so you would write der1(expression, vari-

able, value).

Technology Tip: In general, you may use der1 and der2 with expressions involving the basic calculator

operations and functions (for example, sin x and x%) or built up from them with simple arithmetic (for exam-

ple, sin x” or sin x + x%). Referto the TI-86 manual for more details about restrictions on expressions that can

be used with der1 and der2.

You may not use nDer or der1 or der2 in the expression for a der1 or der2 command. However, you can
use der1 and der? in the expression for an nDer command. So to approximate the third derivative of sin x” at

x = 2, you may press 2nd CALC F2 [nDer] F4 [der2] SIN x-VAR x*, x-VAR ) , x-VAR , 2). (See Figure

12.93).
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hher(derZ(sin X<,xXJ),X

’ 59. 9962047625

   suglF I nper § derd 1 der2 1 ¢nint M

Figure 12.93: f"(2) forfx) = sin x’

 

Technology Tip: It is sometimes helpful to plot both a function and its derivative together. In Figure 12.95,

the function f(x)= aa and its numerical derivative are graphed. You can duplicate this graph by first
x“ +
 

S5x-2

x2 +1

1, 2nd M1), as you see in Figure 12.94.

for y1 and then entering its numerical derivative for y2 by pressing 2nd CALC F3 2nd M2 entering

  

 

   

 

Plot PlotZz Plots

\91B(5 x-2)/(x2+1)
~y2Bder1(yl, x f

y
kd i INSP DELF  ZELCT

Figure 12.94: Entering f(x) and f'(x) Figure 12.95: Graphs of f(x) and f'(x)

You may also approximate a derivative while you are examining the graph of a function. When you are in a

graph window, press GRAPH MORE F1 [MATH] F2 [dy/dx], then enter the x-value where you want the de-
rivative (Figure 12.96) and press ENTER to display the approximate derivative (Figure 12.97). The TI-86

uses the current value of the variable § for this approximation.

  

  

     
 

 
 

 

1

— f—

x=-2.3 dy/dx=-.?746922083

Figure 12.96: f(x) = x2 atx=-2.3 Figure 12.97: dy/dx at x = -2.3
xX" +

Technology Tip: With the TI-86, you can graph a function and the tangent line at one ofits points. So graph

the function f= once again. Then press GRAPH MORE F1 [MATH] MORE MORE F1
xX +

 

[TANLN], enter the x-value at which you want the tangent line, and press ENTER (Figure 12.98). You may
continue to draw more tangentlines, or clear them by pressing GRAPH MORE F2 [DRAW] MORE MORE

F1 [CLDRW].
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dy/dxs 2746922083 x=-1.314250747 Iv=-3.14281343Y4

 
 

        

Figure 12.98: Tangent line Figure 12.99: Point of inflection

In a similar way, the TI-86 locates a point of inflection. Graph the function, press GRAPH MORE F1

[MATH] MORE F1 [INFLC], trace with the cursor to the left of a point of inflection and press ENTER,trace

to the right of the point of inflection and press ENTER, and finally move the cursor near the point of inflec-
tion and press ENTER (Figure 12.99).

You may choose the method of differentiation used by the TI-86 for graphing tangent lines and for locating

points of inflection. In the MODE menu (Figure 12.1), move the cursor down to the last line and select either

dxDer1 (exact differentiation) to use der1 or dxNDer (numeric differentiation) to use nDer. Recall that der1

is more accurate but also more restrictive,since it applies only to certain functions.

12.11.3 Newton’s Method: With your TI-86, you may iterate using Newton’s method to find the zeros of a

function. Recall that Newton’s Method determines each successive approximation by the formula

ACH)
Xnel = Xn — =

S'(xy)

As an example of the technique, consider f(x) = 2x3 +x? —x+1. Enter this function as y1. A look at its

graph suggests that it has a zero near x = —1, so start the iteration by going to the home screen and storing —1

as x (see Figure 12.100). Then press these keystrokes: x-VAR — 2nd alpha Y 1 + 2nd CALC F3 [der1] 2nd

alphaY 1, x-VAR ) STOP» x-VAR. Press ENTERrepeatedly until two successive approximations differ by

less than some predetermined value, say 0.0001. Note that each time you press ENTER, the TI-86 will use its
current value ofx, and that value is changing as you continue the iteration.

 

 

“13x

-1-der]s

-1.
-1.

-1.

-1

 

   
Figure 12.100: Newton’s method

Technology Tip: Newton’s Method is sensitive to your seed value for x, so look carefully at the function’s

graph to make a goodfirst estimate. Also, remember that the method sometimes fails to converge!

You may want to save the Newton’s Method formula as a short program. See your calculator’s manual for

further information on programming the TI-86.
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12.12 Integration

12.12.1 Approximating Definite Integrals: The TI-86 has the function fnint in the CALC menu to approxi-

mate an integral. So to find a numerical approximation to fy cosx’dx press 2nd CALC F5 [fnint] COS

x-VAR x? , X-VAR , 0 , 1) ENTER as shown in Figure 12.101. The format of this command is

fnint(expression, variable, lower limit, upper limit). In this example, the tolerance tol (which controls the

accuracy of the approximation) is 0.00001, the TI-86’s default. You may reset the tolerance by pressing 2nd

MEM F4 [TOL] (refer back to Figure 12.92) or by assigning a value to the variable tol.

 

thnlnt(cos x€,x,W,1)
. 98045242379

   cuglF I nDer | derd 1 der2 1 fnint M

Figure 12.101: fnint

 

12.12.2 Areas: You may approximate the area under the graph of a function y =f(x) between x = 4 and x = B

with your TI-86. For example, here are keystrokes for finding the area under the graph of the function

y = cos x” between x = 0 and x = 1. This area is represented by the definite integral f, cosx’dx . So graph

f(x) = cos x” and press GRAPH MORE F1 [MATH] F3 [If(x)]. Then enter the x-value for the lower limit and

press ENTER; then enter the x-value for to the upper limit (see Figure 12.102) and press ENTER. The region
under the graph between the lower limit and the upper limit is marked and its area is displayed as in Figure

12.103. The TI-86 uses fnint with the default tolerance tol = 107 in this calculation.

Technology Tip: When approximating the area underf(x) = cos x” between x = 0 and x = 1, both limit points

must be visible in the current viewing rectangle.

  

MARA STN AANA
TVA TATE
Upper Limit?
o= SE(x)=.9045242379

 

      
Figure 12.102: Setting the upper limit Figure 12.103: [fox

Technology Tip: Suppose that you want to find the area between two functions, y = fix) and y = g(x), from

x=Atox=B.If f(x)>g(x) for 4<x< B, then enter the expression fx) — g(x) for y1 and proceed as be-

fore to find the required area.
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