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Graphing Technology Guide

Introduction to Part I

This Guide provides keystroke-level calculator commands and instructions for working through the exer-
cises in your mathematics textbook. It does not replace the instruction manual that comes with the calcula-
tor. Refer to that manual to learn how to use additional capabilities that your calculator may have.

In Part I, we use different typefaces to distinguish keystrokes that you press from the zext of this guide. 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)] represents its corresponding function in the current menu. In Chapter 6, since the HP-
48G calculator has 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 34 5.6 7.

Many of the screens in Chapter 2 were provided by Richard Howell of Texas Instruments. The calculator
manufacturers - Casio, Hewlett-Packard, Sharp, and Texas Instruments - have all been cooperative through
the writing of this guide, and the author gratefully acknowledges their helpfulness.






CHAPTER 1

Texas Instruments T1-81
Graphics Calculator
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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 BN (the up arrow key) to increase the contrast or K& (the down
arrow key) to decrease the contrast. As you press and hold ¥ or K&, 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 T1-81’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 as illustrated in Figure 1.1: normal display, floating decimals, radian
measure, 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+3+445+6+7+8+
S+19+11+12+13+14
+1S+IE+17HIEIO

218
12+34+356

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 ] (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 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 delete it.

Even if you had pressed ENTER, you may still 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 EN.

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(] +§)'”, 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 £ = 3, 5, and 10 years.

Years Keystrokes Balance
3 5000 (1 +.085) "3 ENTER $6386.45
5 s [l 5ENTER $7518.28
10 3 Bl 10 ENTER $11,304.92

28BBC1+.8852"3
6386, 440623

28081+, 8852"35
r218.283451

oEEAC 1+, 8852104
113684.91721

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%, press these keys to change the last calculation above: Ed I DELE 5K K B B B 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
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blinking T ) and then press the key. For example, to calculate +/25, press 2nd /25 ENTER.

When you want to use a 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 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 keys to 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 evaluated first, 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)x3ENTER 6
120-10° 120 - 10 x2 ENTER 20
(120 -10)* (120 -10) x2 ENTER 12100
%;4. 24 + 2 A3 ENTER 3

24}

> (24 +2)~3ENTER 1728
(7--5)--3 (7-(¢)5) x(-)3ENTER -36

1
1.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as iViI_V__wL_) afr-
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. (The STO » key prepares the TI-81 for an alphabetical entry, so it is not
necessary to press ALPHA also.) Whenever you use N in an expression, the calculator will substitute the

. 1
value 200 until you make a change by storing another number in N. Next enter the expression Mz—tl by

typing ALPHA N (ALPHA N + 1) + 2 ENTER. For N = 200, you will find that _N_(I_V2+_1) =20100.
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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.

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, when-
ever 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 ~
x1.

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. 895%8
Ans#*5
Ans*32
|

46.8
234
12163

Figure 1.4: ANS variable

1.1.7 The MATH Menu: 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 (X3, 2nd v, x', A, 2nd ABS), trigonometric functions (SIN, COS, TAN) and their inverses
(2nd SIN, 2nd COS, 2nd TAN"), exponential and logarithmic functions (LOG, 2nd 105, 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-
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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 +/16 by pressing the keys 2nd ¥~ 16 in that order.

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

Expression Keystrokes Display
V34 ond /" (3 x2 + 4 x2) ENTER 5
2% 2+ 3x1ENTER 2.333333333
5] 2nd ABS (-) 5 ENTER 5
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 (Figure 1.5). Press
MATH to see the various options. You will learn in your mathematics textbook how to apply many of them.
As an example, calculate 3/7 by pressing MATH and then either 4 or K& K& K& 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.
2 NUM HYP PRE
PP
sPrRC

33

4:3

5z |

=

e

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
symbol for factorial is the exclamation point. So 4! (pronounced four factorial) 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 =3 &3 Ea3 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 +
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.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 of the 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 one time. If there is already a function Y, press EM 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.

:Y1B1975+. 18K 2238+ x

s Ve= 22308

Y= Y1

sYy= 2198
1865+x

1865
el
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
+3XITXIT-4XIT+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
y

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

MRS

§V3=

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.

RAMGE
Amin=-18
Amax=18
necl=1
Ymin=-18
Ymax=18
Vecl=1
Xres=1

Figure 1.10: 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.

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 M and K@ to move up and down from one line to another in this list; pressing the
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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
- (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 :
smin=-13 :
Xmax=15 3
xscl=1
Ymin=-168
Ymax=1@a
Yscl=1
Kres=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 windows is presented
later in Section 1.2.4.

RANGE
Amin=-3
AMax=3
Xscl=1

Ymin=-18
Ymax=18
Vecl=1
Kres=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 The Greatest Integer Function: 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 un-
der 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
Connected 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 put it into effect and GRAPH to see the re-
sult.

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 equa-

tion is x*> +y? = 36. First solve for y and get an equation for the top semicircle, y = /36— x*, and for the
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bottom semicircle, y = —v36— x? . Then graph the two semicircles simultaneously.

The keystrokes to draw this circle’s graph follow. Enter ¥36—x> as Y, and —v36— x> as Y, (see Figure
1.18) by pressing Y= CLEAR 2nd v (36 - XIT x2) ENTER CLEAR (-) 2nd v (36 - XIT x? ). Then press
GRAPH to draw them both.

1B (36-KE)
B-IC3e-x221

-
L
L

e
rwm

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
viewing 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 ¢ times Xmax - Xmin. For example, see the RANGE in Figure 1.20 and the correspond-

ing graph in Figure 1.21. The method works because the dimensions of the TI1-81’s display are such that the
ratio of vertical to horizontal is %.

RANGE C
amin=-12 ;
Amax=12 ;
xecl=] U ST
Ymin=-8 ;
Ymax=od kﬁx_foj
ares=1 [

Yscl=1
Figure 1.20; predical - 16 —2 Figure 1.21: A “square” circle

horizontal — 24

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 v36—x? as Y, and —/36—x? as Y,, you could have entered -Y, as Y, and saved
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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 be just as it was before.

1.2.5 TRACE: Graph y=—x" +4x in the standard viewing rectangle. Press any of the arrow keys 4 Ea
B [ and see the cursor move from the center of the viewing rectangle. The coordinates of the cursor’s lo-

cation are displayed at the bottom of the screen, as in Figure 1.22, 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.

fA=-4.726B42 Y=5.B7301E8

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
center of the viewing rectangle. If you press ENTER, the cursor will reappear at the same point you left it.

Press TRACE to enable the left f] and right [§ arrow keys 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 be-
long to points on the function’s graph, so the y-coordinate is the calculated value of the function at the cor-
responding x-coordinate.

A=-2. 421053 ¥=4.506779Y4

Figure 1.23: Trace on y = —x +4x

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

Y1B-REH4R
el -. 2550
Y=
sYy=
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).

Y= -K3+4 K
Yzl . 25K
tYz=

sYy=

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
simultaneously. 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 what is
needed in order to 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 because it is higher up in the Y= list. Press the up M or down K& 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, trace along the graph of y=—-25x and press and hold either B or J§.
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Eventually 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 would calculate the size of each jump to be Ax = mx;-;)_(m‘ 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 incre-
mented 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 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 + 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=2.5
Xscl=1 .
Ymin=-2.5 — b
Ymax=2.5l .

Yscl=1 ]
Xres=1 %=2.0578947 Y=-.4B34627

Figure 1.28: New RANGE Figure 1.29: 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
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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 co-
ordinates are displayed at the bottom of the window, to one corner of the new viewing rectangle you imag-
ine.

Ox [
sZ2o0om Ihn :
SfZoom Out | |DTTo N AL
4:5et Factors [ o
2! Square :
6:5Standard L]
rdTrig ¥=1.3684211 Y¥=-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.

d=2. 8421053 Y=.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 range 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
1.34). Then press ENTER and the calculator draws a magnified graph, centered at the cursor’s position
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(Figure 1.35). The range variables are changed to reflect this new viewing rectangle. Look in the RANGE
menu to check.

+
—_— .
#=1.1578947 ¥=1_ 1111111 #=1.1842105 ¥=1.1507937
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.
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.

Z00OM FACTORS
AFact=40
VFact=4

Figure 1.36: Set zoom factors

Technology Tip: 1f 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 rec-
tangle (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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“irst 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 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).

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,
. 5 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.

n=-2.B15789 Y=.0396B25Y4
Figure 1.37: Graph of y = x’ -8x Figure 1.38: An x-intercept of y = x° —8x
p y

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 ap-
proximation will be such that the 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 intersec-

tion point. Then press M or K& 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 1.39 and 1.40).

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

------ T R ——
E _‘_‘—\—\__‘_
R=z =0 K=z ¥=-.E
Figure 1.39: Trace on y = - +4x Figure 1.40: Trace on y = —-25x

1.3.2 Solving Equations by Graphing: Suppose you need (o 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, approxi-
mately 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,
245’ —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 in-
tersection of their graphs (Figure 1.41). For example, to solve the system y= x’-3x-4 and
y= X +3x7 = 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
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 find its x-intercepts to solve the system.
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Figure 1.41: Solving a system of equations

1.3.4 Solving Inequalities by Graphing: Consider the inequality 1—325— 2 x-4. To solve it with your TI-
81, graph the two functions y=1- 37x and y = x—4 (Figure 1.42). First locate their point of intersection, at

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

for x < 2. So the solution is the half-line x <2, or (-0, 2].

w= Y=-2

Figure 1.42: Solving 1- 3% >x-4

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 because this 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.

Now use shading to solve the previous inequality, 1_32_x > x—4. The function whose graph forms the lower
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boundary is named first in the SHADE command (see Figure 1.47). To enter this in your TI-81, press these
keys: 2nd DRAW 7 XIT - 4 ALPHA , 1 - 3 xIT + 2 ALPHA , 2 ) ENTER (Figure 1.48). The shading ex-

tends left from x = 2, hence the solution to 1 —37)6 > x—4 is the half-line x <2, or (-, 2].

ShadecY1.18,200

I IIITITY

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

Shade(k—4, 1-3x-2
» 220

I

Figure 1.47: DRAW Shade command Figure 1.48: Graph of 1- 3% >x-4

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 radi-
ans or degrees, but you should take care that the TI-81 is configured for whichever measure you need. Press
MODE to see the current settings. Press Kl twice and move down to the third line of the mode menu
where angle measure is selected. Then press f] or [J to move between the displayed options. When the
blinking cursor is on the measure you want, press ENTER to select it. Then press 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 particu-
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lar 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
sin45° MODE =a =& [§ ENTER

2nd QUIT SIN 45 ENTER 7071067812
sinz’ SIN 2nd = ENTER 0548036651
sin SIN 2nd n MODE £3 2

ENTER 2nd QUIT ENTER 0
sin45 SIN 45 ENTER .8509035245
sin% SIN(2nd = = 6) ENTER .5

The first line of keystrokes sets the TI-81 in degree mode and calculates the sine of 45 degrees. While the
calculator is still in degree mode, the second line of keystrokes calculates the sine of m degrees, 3.1415°.
The third line changes to radian mode just before calculating the sine of n radians. The fourth line calcu-
lates the sine of 45 radians (the calculator is already in radian mode).

The TI-81 makes it possible to mix degrees and radians in a calculation. Execute these keystrokes to calcu-
late tan45° +sinZ as shown in Figure 1.45; TAN 45 MATH 6 + SIN (2nd = + 6 ) MATH 7 ENTER. Do

you get 1.5 whether your calculator is set either in degree mode or in radian mode?

%én 45°+sin (n-6

1.3
|

Figure 1.45: Angle measure

1.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay
sin30x

careful attention to the choice of graph window. For example, graph y = in the standard viewing

rectangle. Trace along the curve to see where it is. Zoom in to a better window, or use the period and am-
plitude to establish better RANGE values.

Technology Tip: Since & ~ 3.1, set Xmin = 0 and Xmax = 6.3 to cover the interval from O 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
Connected 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 ($ milion)  $1.61 $2.07 $2.41 $2.80 $3.27 $4.00 3$449 $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.

DATA
x1=1
":ll 1.61
w2=2
'.-.IE 2 a7y
3342 41l

Figure 1.46: Entering data points

Before entering the data, press 2nd STAT f] 2 ENTER to clear away any previous data.

Note that you can select a sub-menu from the STAT menu by pressing either f] or [J. It is a bit easier to
press [l once than to press [J twice to get to the DATA sub-menu.

Now press 2nd STAT [l 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 1.46). 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 statisti-
cal 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 point is 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 [§ 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 1.47 shows the scatter plot for the range

in Figure 1.48.

[ - RANGE
i L Xmin=8
i : Xmax=108
- . Xscl=1
Ymin=-1
Ymax=6
— Vscl=1
Xres=1

Figure 1.47: Scatter plot Figure 1.48: 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 1.49, 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 equa-
tion with the data. The closer Itl is to 1, the better the fit; the closer Itl is to 0, the worse the fit.

Figure 1.49: Linear regression model Figure 1.50: 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 well this line fits
with your data points (see Figure 1.50).
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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

1 4 3 5
and 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 1.51); then press [§ to switch to the matrix EDIT menu
(Figure 1.52). Whenever you enter the matrix EDIT menu, the cursor starts at the top matrix. Move to an-
other matrix by repeatedly pressing Ell. For now, just press ENTER to edit matrix [A].

EDIT MATR]I X
QwSwar( gﬂ [A] X

s Row+( : [B] 2%3
32 *Row( 3¢ [C] ©&Xxe
q:kRow+(
2+ det,
6T

Figure 1.51: MATRX menu Figure 1.52: 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
rectangle appears at the top of the TI-81 screen, as in Figure 1.53. This rectangle represents the matrix and
shows its size and the element where the cursor is positioned.

AT 374~

~

LY

MU -

b |

Lot 1P |8

b

FIP I N e e s i
LAl

|

=)

Figure 1.53: Editing the 2nd row, 1st column element

Use ¥ and K& 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
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Figure 1.53, there is ¥ instead of = to indicate that more elements are below, off the screen. Go to them by
pressing K@ as many times as necessary. The white mark in the black rectangle indicates that the cursor in
Figure 1.53 is currently on the element in the second row and first column. Continue to enter all the ele-
ments of matrix [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 1.54).

A

Y
1 0

[A]

[1 -4 3 323_]
[ -1 3 -1 -3]
‘2 B -4 6 ]

-H""‘HMI-'"—H—H
£ RIDRY |-
o I
+
o [ I o [ Y
om

Figure 1.54: Matrix [A] Figure 1.55: 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, or if you do this immediately after calculating 2[A], press only
STO» 2nd [B] ENTER (see Figure 1.55). Press MATRX u 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.

2 0 3
Now set the dimensions of matrix [C] to 2x3 and enter this as [C]: [ { 5 J. For matrix multiplication
of [C] by [A], press 2nd [C] x 2nd [A] ENTER. If you tried to multiply [A] by [C], your TI-81 would sig-
nal an error because the dimensions of the two matrices do not permit multiplication this way.

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 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 MATRX 1 2nd
[A] ALPHA |, 2 ALPHA , 3) ENTER (see Figure 1.56). The format of this command is RowSwap(matrix,
rowi, 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).

RowSwarC [Al.2:3) *Row+( -4, [A],2,3

[ 1 43 51 1 -4 3 5_1
2 8 -4 6] -1 3 -1 -3]
-1 3 -1 -3] 6 -12 8 18]

-

[
[
n

Figure 1.56: Swap rows 2 and 3 Figure 1.57: 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 *kRow(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 1.57). The format of this
command is *kRow+(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 interme-
diate 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-81: |-1 3 0 —4|. Next store this matrix in [C]
2 55 17

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

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 1.58.

Row Operation Keystrokes

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

A
A RIRICGAY
R0 —pOn

]
]
Cl.32>
]
1
]

Q=D 2E

-Hl—ll—ll—l * — p—
|

Figure 1.58: 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 -5 5
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 calcu-
late the inverse of matrix [A], also shown in Figure 1.59.

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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det. [A]
[A]1-

[ 7.5 -2.
[ 2.5 -.5
[ -.5 .5
|

2

Figure 1.59: |[A]

The coefficient matrix for this system is the matrix | -1

[A]-1*
2 [ 1]
[ -1]
-4.5] [ 2 1]
-1.351] ]
]
and [A]
1 -2 3

2 55
9

Figure 1.60: Solution matrix

3 0] that was entered in the previous example.

If necessary, enter it again as [A] in your TI-81. Enter the matrix | —4 | as [B]. Then press 2nd [A] X' x 2nd

[B] ENTER to calculate the solution matrix (Figure 1.60). The solutions are still x= 1, y = -1, and z = 2.

1.7 Sequences

17

1.7.1 Iteration with the ANS Key: The ANS feature permits you to perform iferation, the process of

. . - -1
evaluating a function repeatedly. As an example, calculate %—1 for n=27. Then calculate nT for n =

the answer to the previous calculation. Continue to use each answer as z in the next calculation. Here are
keystrokes to accomplish this iteration on the TI-81 calculator (see the results in Figure 1.61). Notice that

when you use ANS in place ¢f n in a formula, it is sufficient to press ENTER to continue an iteration.

Iteration
1

2
3
4
5

Keystrokes

27 ENTER

(ANS - 1)+ 3 ENTER
ENTER

ENTER

ENTER

Display

27
8.666666667
2.555555556
5185185185

-.1604938272

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

with a different starting value.
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27

27

CAns-1>-3
8. 666666667
2. 955555556
.0185185185
-. 1684938272

Figure 1.61: 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 geometric sequence whose common ratio 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,
L= 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 7-th term is given by
L = a-r"", enter values for the variables a, r, and 7, then evaluate the formula by pressing ALPHA A

ALPHA R~ ( 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
Function 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’t.

First check that angles are currently being measured in radians. Change to parametric mode and press Y= to
examine the new parametric equation menu (Figure 1.62). Enter the two parametric equations by pressing (
COS xIT) 2~ 3 ENTER ( SIN xIT ) ~ 3 ENTER. Now, when you press the variable key XIT, you geta T
because the calculator is in parametric mode.

Also look at the new RANGE menu (Figure 1.63). In the standard window, the values of T go from 0 to 2n
in steps of 5 =.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
1.64).
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RANGE
Tmin=8
Tmax=6.2831
Tstep=.1847
Xmin=-2
Amax=2
recl=1
Ymind -2

S~
wao
=0
=
——
o
>
A (A
|

59387
19735

= K==L
- - = - -

W MR o=k b

Figure 1.62: Parametric Y= menu Figure 1.63: Parametric RANGE menu

Figure 1.64: 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.

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 fol-
lowing examples, the TI-81 is set to radian measure.

Given rectangular coordinates (x, y) = (4, - 3), convert from these rectangular coordinates fo polar coordi-
nates (r,6) by pressing MATH 1 4 ALPHA , (-) 3) ENTER. The value of r is displayed; press ALPHA 0

ENTER to display the value of 6.

Suppose (r,8)=(3, 7). To convert from these polar coordinates fo rectangular coordinates (X, y), press

MATH 2 3 ALPHA , 2nd n ) ENTER. The x-coordinate is displayed; press ALPHA'Y ENTER to display
the y-coordinate.
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RrPCd; -30
2

-. 6435011688
PFRC3: M) -

Yl

Figure 3.65: 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 =4sin6, enter the parametric equations x =(4sinf)cos? 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
1.66, the graphing window is square and extends from -6 to 6 horizontally and from -4 to 4 vertically.

Figure 1.66 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 loca-
tion.

T=4.0840704
n=1.902112  ¥=2.61803Y4

Figure 1.66: Polar graph of r = 4sin@
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 [l 1 ENTER to generate a

random number. Press B ENTER to generate another number; keep pressing B ENTER to generate
more of them.

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

1-30 TI-81 Graphics Calculator



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

Note that you can select a sub-menu from the MATH menu by pressing either ﬂ or H It is easier to press
once than to press [§ 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 [l 2 7 ENTER. Then ,,P, = 3,991,680, as shown in Figure 1.67.

For the number of combinations of 12 objects taken 7 at a time, ,,C,, press 12 MATH [l 3 7 ENTER. So
12C7 = 792.

12 nPr ¢
39916808

12 nCr ¥
: raz2

Figure 1.67: ,P; and ,,C,

1.9.3 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 ,,Cs ways for the six numbers to be drawn. If you purchase a single
lottery ticket, your probability of winning is 1 in ,,Cs. Press 1 + 40 MATH K§ 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 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 PRGM to access the programming menu. The TI-81 has space for up to 37 programs, each named by
a number or letter. If a program area is empty, there will be nothing to the right of its name in the PRGM
window. You may ERASE a program area to make one clear by pressing and then the number or let-
ter of the program. When you see a clear program area, press u or [l as many times as necessary to move
the cursor to EDIT; then press the key corresponding to its number or letter. For example, to edit program
5, press 5; to edit program B, press ALPHA B.
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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.

1-32

Program Line

: Disp “Enter A”

Keystrokes
PRGM 1 2nd A-LOCK"ENTER . A"ENTER

displays the words Enter A on the TI-81 screen

:Input A

PRGM [J 2 ALPHA A ENTER

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

: Disp “Enter B”
: Input B

: Disp “Enter C”
2input C
:B*-4AC > D

PRGM J 1 2nd ALOCK"ENTER . B" ENTER
PRGM [§ 2 ALPHA B ENTER
PRGM l§ 1 2nd ALOCK"ENTER . C" ENTER

PRGM [J 2 ALPHA C ENTER
ALPHA B X2 - 4 ALPHA A ALPHA C STO» D ENTER

calculates the discriminant and stores its value as D

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

: (-B+VD)/(2A) » S

((-)ALPHAB + 2nd VALPHA D) + (2 ALPHA A)
STO» S ENTER

calculates one root and stores it as S

:Disp S

displays one root

PRGM [§ 1 ALPHA S ENTER
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. (-B-VD)/(2A) >S  (()ALPHAB-2nd VALPHAD) + (2 ALPHA A)
STO» S ENTER

:Disp S PRGM [ 1 ALPHA S ENTER
: End PRGM 7 ENTER
stops program execution
:Lbi1 PRGM 1 1 ENTER
jumping point for the Goto command above
: Disp “NO REAL PRGM 1 1 2nd A-LOCK"NO . REAL .,

SOLUTION’ SOLUTION"ENTER
displays a message in case the roots are complex numbers
: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 ¢ in a quadratic equa-
tion 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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21 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 ¥ (the up arrow key) to increase the contrast or K& (the down
arrow key) to decrease the contrast. As you press and hold EN or K&, 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
measure, function graphs, connected lines, sequential plotting, and full screen display. Details on alterna-
tive options will be given later in this guide. For now, leave the MODE menu by pressing CLEAR.

o P Eng 14+243+4+5+6+7+8+
loat 8123456?89 2+18+11+12+13+14
Degree +15+16+17+18+19+
ar Pol Se« 28
----- 2 Dot 210
Simul 124+34+56
SPrlit
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+24+34+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, edit it 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 [] (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 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 ENTER, you may still 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 ENTRY repeatedly until the previous line you want replaces
the current 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 the balance is P(l +§)’", 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 ¢ = 3, 5, and 10 years.

Years Keystrokes Balance
3 5000 (1 +.085)~ 3 ENTER $6386.45
5 2nd ENTRY [l 5 ENTER $7518.28
10 2nd ENTRY Bl 10 ENTER $11,304.92

o8BA(1+.885)°3
6386, 440625

o888 1+, 885"
ro18. 283431

o8eac1+. 885"
11384.91

= i fl
M
[y

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 QI DELO SO OB O QBB 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
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blinking 1 ) and then press the key. For example, to calculate +/25, press 2nd v 25 ENTER.

When you want to use a 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 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 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 7-5x3ENTER -8
(7-5)-3 (7-5)x3ENTER 6
120-10? 120 - 10 2 ENTER 20
(120 -10)* (120-10) X2 ENTER 12100
% 24 + 223 ENTER 3
24 3
(7) (24 - 2)N3ENTER 1728
(7--5)--3 (7-(¢-)5)x () 3ENTER -36

N (1\; +1) af-
ter you have entered a value for N. Suppose you want N = 200. Press 200 STO» ALPHA N ENTER to
store the value 200 in memory location N. Whenever you use N in an expression, the calculator will substi-
tute the value 200 until you make a change by storing another number in N. Next enter the expression

2.1.5 Algebraic Expressions and Memory: Your calculator can evaluate expressions such as

NN+D o (ooing ALPHA N ( ALPHA N + 1) + 2 ENTER. For N = 200, you will find that
2

NON+D 26100,
2
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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.

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 ENTER and get 5 because 4 =5.

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

0. 82%8
Ans*3
Ans*52
|

46.8
234
12168

Figure 2.4: ANS variable

2.2.7 The MATH Menu: 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 Vv, x*, 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 e*),
and a famous constant (2nd ).

A significant difference between the TI-82 and many scientific calculators is that the TI-82 requires the ar-
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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 /16 by pressing the keys 2nd V_ 16 in that order.

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

Expression Keystrokes Display
NEYE 2nd v (3x2+4x2) ENTER 5
2% 2+ 3x'ENTER 2.333333333
[-5| 2nd ABS (-) 5 ENTER 5
log 200 LOG 200 ENTER 2.301029996
2.34.10° 2.34 x 2nd 100 5 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.
As an example, calculate 37 by pressing MATH and then either 4 or B3 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.
?lé HUM HYF PRB

FFrac

FDec

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 four factorial) 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 4 ENTER 0or 4 MATH [l =a =a k& ENTER ENTER.

Note that you can select a sub-menu from the MATH menu by pressing either f or [J. It is easier to press
once than to press [J three times to get to the PRB sub-menu.
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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 = 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-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 IEM or K@l 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. (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+. 18- 2238+X Y
Y= 2193
Y= 1865+Rr: V1
Yy= 2161.5

Ye= |
Ve=
Y=
YB=
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» XT16. 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.

Y (22380
Y1 018637

2193
161.5

Figure 2.8: Function notation

It is not necessary to repeat all these steps to find the February wages. Simply press 2nd ENTRY to recall
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the entire previous line and change 2230 to 1865. Each time the TI-82 evaluates the function Y}, it uses the
current value of x.

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
ENTRY to 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 ThiSet to sct 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
completes the table with corresponding values of Y. Press 2nd QUIT to leave the TABLE screen.

TABLE SETUP % ' 1]
ThlMin=6 2230 | 2198
aThl=5 1865 | 2iGi.5

Indrnt.: Auto IIEHE
Derend: I Hs

Y181975+. 18X

Figure 2.9: TbiSet screen Figure 2.10: Table of values

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 XT,0 X T8
XTO+ 3 XTOXTO-4XTO+ 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 XT0 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.

Technology Tip: 1If you would like to see a function in the Y= menu and its graph in a graph window, both
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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
window 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 eas-
ily change the viewing rectangle to enhance your investigation of a graph.

UH-Y5+4
V=
Vi=
Yy=

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

s

"]

The viewing rectangle in Figure 2.12 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
2.13 shows the WINDOW screen that corresponds to the viewing rectangle in Figure 2.12. This is the stan-
dard viewing rectangle for the TI-82.

FORMAT
min=-18
B“max=18
ascl=1
Ymin=-18
Ymax=108
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 M and K& 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
min=-15.16129..
Amax=15.161298...
#scl=1
Ymin=-18
Ymax=18
Yscl=1

Figure 2.14: Square window Figure 2.15: Graph of y = - +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 windows is presented

later in Section 2.2.4.

FORMAT
Mmin=-3

Kmax=3 !
®scl=1 : N 2N
Ymin=-108
Ymax=18
Yscl=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
want the 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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W INDOW
c

! ar
Mt i CDDPdDFF
JFldH++ GridOn
ANy AxesOff
5LelH++ LabelOn

Figure 2.18: WINDOW FORMAT menu Figure 2.19: Grid turned on for y = —x’ +4x

2.2.3 The Greatest Integer Function: 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 un-
der the NUM sub-menu of the MATH menu (see Figure 2.5). 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 u 4 X170 GRAPH.
Figure 2.20 shows this 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
Connected 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 put it into effect and GRAPH to see the re-
sult.

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 equa-

tion is x> +y* = 36. First solve for y and get an equation for the top semicircle, y =+36-x”, and for the
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bottom semicircle, y = —/36—x* . Then graph the two semicircles simultaneously.

The keystrokes to draw this circle’s graph follow. Enter ¥36—x? as Y, and —v36—x> as Y, (see Figure
2.22) by pressing Y= CLEAR 2nd v/ (36 - x1,0 xX2) ENTER CLEAR (-) 2nd v (36 - XT,0 X2 ). Then
press GRAPH to draw them both.

ViBT (36-H2) s
V2@ - (36-%2) 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
viewing 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 approximately 4 times Xmax - Xmin. For example, see the WINDOW in Figure 2.24 and

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 %.

FORMAT
min=-12
Xmax=12
»wscl=1

Ymin=-8
Ymax=8
Yscl=1
Figure 2.24; jrgal, - 16 =2 Figure 2.25: A “square” circle

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—-x2 as Y, and —v36—x? as Y,, you could have entered -Y, as Y, and saved
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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 just as it was before.

2.2.5 TRACE: Graph y=-x’ +4x in the standard viewing rectangle. Press any of the arrow keys 9 K&l
¢} u and see the cursor move from the center of the viewing rectangle. The coordinates of the cursor’s lo-

cation are displayed at the bottom of the screen, as in Figure 2.26, 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.

=-4.892617 IY=5F.H0BMEL1S

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.

Press TRACE to enable the left f] and right [J arrow keys 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 be-
long to points on the function’s graph, so the y-coordinate is the calculated value of the function at the cor-
responding x-coordinate.

R=-2.340426 1¥Y=3.4EH1923

Figure 2.27: Trace on y = -x’ +4x

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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VB -¥3+4%

YVzB-.25%0

Yz=

Yy= e
Ye= |
Ye=

Vo= \

Ya=

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).

Vi=-K3+4H
YezB-.25%1
Y=

|

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 simul-
taneously. 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 what is needed in
order to 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 because it is higher up in the Y= list. You know that the cursor is on this function,

Y,, because of the numeral 1 that is displayed in the upper right corner of the window (see Figure 2.27).
Press the up I 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 comer 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 another in this way.

Technology Tip: By the way, trace along the graph of y=-25x and press and hold either f] or u
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Eventually 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 XmaXx 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 =_x&9;xm. 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 incre-
mented 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 XmaXx = 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=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 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 of the intersection.

FORMAT
min=1.35
wmax=2.3
rscl=1
Ymin=-2.9 Y —
Ymax=2.2 .
Vscl=10

¥=2.0531915 Y=-.5E45161
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
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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
2.34) 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 imag-

ﬁé MEMORY
0x
oom In

Decimal ' ) g ——

ZStandard
JZ2Trig ¥=1.4893617 ly=-1.290323

Figure 2.34: ZOOM menu Figure 2.35: One corner selected

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.

R=Z.7ES957E I¥Y=. 64516128 w=2.1276596 Y=-.32cz5H06
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
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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.
—— _‘_‘-;__ A A
3 + _b-h-'_‘—-\_
#=1.7021277 IY=-89&6774189 ¥=1.7021277 Y=-.9677419
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.

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.

ZO0M |51 Z00M FACTORS
ZPrevious #Fact=4
: ZoomSto YFact=4
JiZ2oomkc]
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 [§ 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 [§ 2 to store the current window’s di-
mensions. Later, press ZOOM [§ 3 to recall the stored window.
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2.2.7 Relative Minimums and Maximums: Graph y=—x’ +4x once again in the standard viewing rec-
tangle (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 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 mini-
mum point as accurately as you need them, approximately (-1.15, -3.08).

F]
valye

: oot
tminimum
Maximum
ihtersect
s dygdx Guess?
JEoxadx =-.63B2979 IY=-2.293134

Figure 2.42: CALCULATE menu Figure 2.43: Finding a minimum

3
4
)
6
7

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).

#=-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). Choose 3 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
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minimum/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 mark-
ing 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 start its search. Good choices for the lower bound, upper
bound, and guess can help the calculator work more efficiently and quickly. Press ENTER and the coordi-
nates of the 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,
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.

) .
¥=-2.B15789 Y=.0396H254
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 ap-
proximation 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 f{x) = 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 intersec-
tion point. Then press I or K& 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).
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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
accuracy as necessary.

R=Z Y=o n=2 =5
Figure 2.47: Trace on y = —x° +4x Figure 2.48: Trace on y = -.25x

You can also find the point of intersection 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,
Ux’ —36x+17= 0, and proceed as above. However, you may also graph the fwo 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 in-
tersection of their graphs (Figure 2.49). For example, to solve the system y= x’=3x-4 and
y=x3 +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.
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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
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 find its Xx-intercepts to solve the system.

ANV,

Figure 2.49: Solving a system of equations

2.3.4 Solving Inequalities by Graphing: Consider the inequality 1——3% 2> x—4. To solve it with your TI-
82, graph the two functions y=1- —325- 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-—32£ 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].

"=z ¥=-<

Figure 2.50: Solving 1- ’%x 2x-4

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-vAars 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
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value of 2. The result is shown in Figure 2.52.

To clear the shading, press 2nd DRAW 1.

ShadecY1: 18,251

Figure 2.51: DRAW Shade Figure 2.52: Graph of y > x* -1.

Now use shading to solve the previous inequality, 1——3; 2 x—4. The function whose graph forms the lower

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 XT0 + 2, 2 ) ENTER (Figure 2.54). The shading extends left from x =

2, hence the solution to 1— ng > x—4 is the half-line x <2, or (-, 2].

Shade(X-4, 1-3X-2
» 220

Figure 2.53: DRAW Shade command Figure 2.54: Graph of 1——322(— 2x-4

More information about the DRAW menu is in the TI-82 manual.
24 Trigonometry

2.4.1 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-82 is configured for whichever measure you need. Press
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MODE to see the current settings. Press K@l twice and move down to the third line of the mode menu
where angle measure is selected. Then press f] or ﬂ to move between the displayed options. When the
blinking cursor 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 particu-
lar 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
sin45° MODE xa =a [§ ENTER

2nd QUIT SIN 45 ENTER 7071067812
sinzr® SIN 2nd = ENTER 0548036651
sin’ SIN 2nd » MODE E2 &3

ENTER 2nd QUIT ENTER 0
sin45 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
calculator is 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 calcu-
lates the sine of 45 radians (the calculator is already in radian mode).

The TI-82 makes it possible to mix degrees and radians in a calculation. Execute these keystrokes to calcu-
late tan45° +sinZ as shown in Figure 2.55: TAN 45 2nd ANGLE 1 + SIN (2nd = + 6 ) 2nd ANGLE 3

ENTER. Do you get 1.5 whether your calculator is set either in degree mode or in radian mode?

%ﬁn 45°+sin (n-6

1.5
n

Figure 2.55: Angle measure

2.4.2 Graphs of Trigonometric Functions: When you graph a trigonometric function, you need to pay
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sin30x in the standard viewing

careful attention to the choice of graph window. For example, graph y =

rectangle. Trace along the curve to see where it is. Zoom in to a better window, or use the period and am-
plitude to establish better WINDOW values.

Technology Tip: Since 7 ~ 3.1, set Xmin = 0 and Xmax = 6.3 to cover the interval from 0 to 27.

Next graph y = tan x in the standard window first, then press ZOOM 7 to change to a special window for
trigonometric functions in which the horizontal increment is ;. 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.

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 3449 $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.

Lz Lz

1. 51 | ——
2.0
2.4l
Z.8
3.27

y

4.45
Lzc1>=1.61

Figure 2.56: Entering data points

-l

SN W -

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
keystrokes for the first three years: 1 ENTER 2 ENTER 3 ENTER and so on, then press u 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.
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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 INS and a new data point is created; press DEL and the data
point is deleted.

2.5.2 Plotting Data: Once all the data points have been entered, press 2nd §23¥1 to display the Plot1

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.

Plot1l [ Fi

!I Off

gre: BN |~ 08 Iy .
RlistiMLzLILYLE LG [ o
Y1ist: LAMELZLYLELE [ g O
Mark: B + - ] 5 @ ®

[R=2 e =207 o

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].

When you no longer want to see the scatter plot, press 2nd E-Lrél 1, move the cursor to OFF, and press

ENTER. The TI-82 still retains all the data you entered.

2.5.3 Regression Line:

LinRkReg
g=ax+b
E=.51133

A A = A A A A -

Figure 2.59: Linear regression model Figure 2.60: Linear regression line
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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 ENTER to 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 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.

Turn Plot1 on again, if it is not currently displayed. Graph the regression line y = ax + b by pressing Y=,
inactivating any existing functions, moving to a free line or clearing one, then pressing VARS 5 § B 7

GRAPH. See how well this line fits with your data points (Figure 2.60).

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

1 4 3 5
3x4 matrix [-1 3 -1 -3 in your calculator.
2 0 4 6

Press MATRX to see the matrix menu (Figure 2.61); then press [J [ or just B} 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 E@l. For now, press ENTER to edit matrix [A].

w MATH EDIT MATRIXIA] 3 x4
2 [E] hwmm i° 5 -
3 [C] [z 5 ) -
4: [D]
a: [E]
221="1
Figure 2.61: MATRX menu Figure 2.62: Editing a matrix

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.

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
pressing ﬂ 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 cur-
rently highlighted, so the ordered pair at the bottom of the window is 2, 1. Continue to enter all the ele-
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ments 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).

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.

[R] 2[R1+I[B]
[[1 -2 3 9] [[2 4 & 18]
[-1 3 B8 4 ] [-2 6 B 8 1]
[2 55 1711 [4 -180 18 3411
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.

2 0 3
Now set the dimensions of matrix [C] to 2x3 and enter this as [C]: L 5 ljl. For matrix multiplication

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.

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 MATRX 1 MATRX [§ 2 ENTER.

2.6.3 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 MATRX n 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 u 9 MATRX 1,2, 3) ENTER. The
format of this command is row+(matrix, row1, row2).
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rowSwar¢ [A]l ;2,32 ’;PDN"'( -4, [A]l.:2,3
[([1 -2 3 9.1 ({1 -2 3 9]
[2 -5 5 17] [-1 3 8 4]
[-1 3 8411 e -17 5 111

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 store the results in row 2, thereby replacing row 2 with new values, press
MATRX [§ 0(-) 4, MATRX 1, 2 ) ENTER. The format of this command is >krow(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 u ALPHA A (-) 4, MATRX 1, 2, 3) ENTER (see Figure 2.66). The format of this command is

krow+(scalar, matrix, row1, row2).

Technology Tip: 1t 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 interme-
diate 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 55 17

(press MATRX 1 STO» MATRX 5 ENTER) so you may keep the original in case you need to recall it.

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 u 9MATRX5,1,2)
STO» MATRX 5 ENTER

*row+(-2, [E], 1, 3) MATRX § ALPHA A ()2, MATRX 5,1,3)
STO» MATRX 5 ENTER
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row+([E], 2, 3) MATRX § 9 MATRX 5,2, 3)
STO» MATRX 5 ENTER

*row('z, [E], 3) MATRX [J 01+ 2, MATRX5,3)
STO» MATRX 5 ENTER

Figure 2.67: Final matrix after row operations

Thusz=2,s0y=-land 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 -5 5
1 -2 3
terminant, | -1 3 0}, press MATRX [J 1 MATRX 1 ENTER. You should find that |[A]]| = 2, as
2 55

shown in Figure 2.68.

Since the determinant of matrix [A] is not zero, it has an inverse, [A]". Press MATRX 1 x' ENTER to cal-
culate the inverse of matri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>