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Welcome...

... to the HP-28C Step-by-Step Booklets. These books are designed to
help you get the most from your HP-28C calculator.

This booklet, Algebra and College Math, provides examples and technique
for solving problems on your HP-28C. A variety of algebraic, trigono-
metric and geometric problems are designed to familiarize you with the
many functions built into your HP-28C.

Before you try the examples in this book, you should be familiar with cer-
tain concepts from the owner’s documentation:

S

m The basics of your calculator — how to move from menu to menu, how

to exit graphics and edit modes, and how to use the menu to assign
values to, and solve for, user variables.

m Entering numbers and algebraic expressions into the calculator.

Please review the section "How To Use This Booklet." It contains impor-
tant information on the examples in this booklet.

For more information about the topics in the Algebra and College Math
booklet, refer to a basic textbook on the subject. Many references are
available in university libraries and in technical and college bookstores.
The examples in the booklet demonstrate approaches to solving certain
problems, but they do not cover the many ways to approach solutions to
mathematical problems.

Our thanks to Roseann M. Bate of Oregon State University for developing
the problems in this book.

Welcome...
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How To Use This Booklet

Please take a moment to familiarize yourself with the formats used in this
booklet.

Keys and Menu Selection

A box represents a key on the calculator keyboard:

o|[> m@m
o |2z
Og (@] =
3 m
< b

ALGE

@

RA

In many cases, a box represents a shifted key on the HP-28C. In the
example problems, the shift key is NOT explicitly shown (for example,
requires the press of the shift key, followed by the ARRAY key,
found above the "A" on the left keyboard).

The "inverse" highlight represents a menu label:

=DRAWE (found in the menu)

ZI1SOLE (found in the menu)
EABCDEZ (a user-created name, found in the menu)

Menus typically include more menu labels than can be displayed above the
six redefinable menu keys. Press and to roll through the
menu options. For simplicity, and are NOT shown in the
examples.

How To Use This Booklet 7



Solving for a user variable within = SOLVR £ is initiated by the shift key, fol-
lowed by the appropriate user-defined menu key:

[ JZABCD

i

The keys above indicate the shift key, followed by the user-defined key
labeled "ABCD". Pressing these keys initiates the Solver function to seek a
solution for "ABCD" in a specified equation.

The symbol indicates the cursor-menu key.
Interactive Plots and the Graphics Cursor

Coordinate values you obtain from plots using the and digitizing
keys may differ from those shown, due to small differences in the positions
of the graphics cursor. The values you obtain should be satisfactory for
the Solver root-finding that follows.

Display Formats and Numeric Input

Negative numbers, displayed as

-5
-12345.678
[[-1,-2,-3 [ -4,-5,-6 [ ...

are created using the key:

5 [cHs]
12345.678
([l [cHs] ,2 [cHS] , ...

The examples in this book typically specify a display format for the
number of decimal places. If your display is set such that numeric displays
do not match exactly, you can modify your display format with the

menu and the £ FIX £ key within that menu (e.g. 2EFX3).

:

8 How To Use This Booklet



Rational Functions and Polynomial Long
Division

The quotient of two polynomials is a rational function. The Taylor series
command TAYLR can be used to find the equivalent polynomial if the
denominator divides evenly into the numerator. If it does not, then

TAYLR gives an expression that approximates the quotient. The following
examples show how to evaluate rational functions.

Example: Using the command TAYLR, find the equivalent polyomial
for the following rational function.

63 -5x%-8x +3
2x -3
Press the following keys to put the expression for the numerator in level 1.

' 6xX"3-5xX"2-8xX+3 |[ENTER

'E¥X3-5%X2-8¥KX+3!

Duplicate the expression and then store it in a variable named N (for
"numerator").

[ENTER] 4
'N [sTO] B
1

P B¥XM3-0*XM2-8%X+3!

N has been added to the User menu.

Enter in the expression for the denominator and symbolically divide the
numerator by the denominator.

TR
'2 x X-3 1z /Eg;'ﬁ_%;?*x 2-8%X+3)
[+] [T I A N N

Enter in the variable to be evaluated.

'X 3
21 ' (E¥X"3-T¥R"2-BxNII,
| N8 1 1 ] ] | |

Rational Functions and Polynomial Long Division 9



By inspection, the quotient is of order 2 (n =2). Add the order to the
stack to complete the three inputs needed to execute the Taylor series
command. Also set the display to FIX 2.

2 [ENTER]

[MODE] 2 =FIXE

'(6¥R"3-5¥X"2-8xX13,

2.00
SN[ F1x JIESE I ETEE( Rao ]

=MW

Execute the Taylor function.

%
ETAYLR= 1: 1o 14+2¥X+3xXA2 !

TYLE] IS0L JQUAD] SHOMW JOEGETIERGET

The equivalent polynomial for the rational function is —1+2x +3x2.

Example: Find the polynomial quotient and remainder equal to the
following rational function.

6x3-5x2-8x +3
A2+2x +1

The denominator does not divide evenly into the numerator. The algo-
rithm to solve polynomial long division is on pages 154 and 155 in the
HP-28C Reference Manual. The steps of that algorithm will be followed in
this example and referring to them may help you understand the problem
better.

This example assumes that the expression —1+2x +3x2is in level 1 and
that you've stored 6x®—5x2—8x +3 in the variable N . Modify the expres-
sion in level 1 by substituting "1" for "—1" in the first position of the
expression. This is accomplished by pressing the following keys.

1 3: T 14+2¥X+3%X~ 2"
{1 g ¢ 1.56°5
[THYLE| 130L | C:UAD | SHOW [0EGE TIERGET]

Make the substitution for the first object.

£ 0BSUBE

=MW

=

'1+2%X+3%X"2'
COLCT]ERFAN] ST2E [FORM J0ESUEJERSUE]

10 Rational Functions and Polynomial Long Division



Store this expression in a variable named D (for "denominator") and store
the initial value of 0 in a variable named Q (for "quotient").

'D
0'Q

Recall the numerator N to the stack.

N

Put the denominator D on the stack.

i

D

3
i
COLCT[EXPAN] SIZE |FORM JOESUE|ERSUE

'6XX3-5%R"M2-8¥X+3!

3:

28 '6¥XM3-DEXN2-8xX+3!
1: '1+2%X+3%¥X"2!
e 1o I~ 1 1 1 |

By inspection, divide the highest-order term in the numerator (6x>) by the
highest-order term in the denominator (3x2). The quotient term is 2x.

Enter in 2x.

'2 x X [ENTER]

Store this result in Q.

'Q [s10]

3t '6EXNI-SERN2-BER+3!
2: '1+2%K+3%X°2!
1: '2¥X!
=T I T I B

3: '2¥X!
2: l2*><l

: 0.60
Lo (o I 8 1 1 1 ]
3: '142%X+3%X"2!
2: lz*xl
i: 12xK!
e 1o I8 1 1 I |
3t '6*XM3-S¥XN2-8xX+3!
28 '14+2%X+3%RM2!
1: I2*XI
e | o | N | | 1 |

Rational Functions and Polynomial Long Division 11



Multiply the quotient term and the denominator.

Subtract the result from the numerator.

(-]

28 'EEXMB-DERNM2-GxX+3!
1 ) (14+2%K+3%K 2D ¥ (2¥X)

2:

11 '6%X"3-5xX"2-8¥KX+3-(
1+2%¥X+3¥X 2% (2%X) '

e 1 o I N 1 1 1

Simplify the result by expanding the expression and then collecting terms.

[ALGEBRA| = EXPANZ

10 '6%(X¥X2)-5%(X¥X)=-8
#R+3-((1+2¥ XD % (2%XD+
3¥X 2% (2%X2)!

[COLCTJERPAN] STZE [FORM JOBSUB[ERSUE]

By inspection, another expansion is required for the x2 term.

SEXPANS

18 "6 (XE(X*K) )-S5 (REXD
-8¥X+3- (1% (2¥X)+2%¥X¥
(2%K)+3% (REXD*(2%XD )

All terms are fully expanded, so now collect terms.

E coLct

Collect terms until complete.

ECOLCTE=

2
1: ! ?63;):’."3- 6¥KX"3-9xX"2
[CoLCTIERPAN] ST2E JFORM J0ESUE[ERSUE]

3:
-H
1: '3-9xXM2-18%X"
[COLCTIERFAN] ST2E JFORM JOESUBJERSUE]

The result is a new and reduced numerator. Since its degree is equal to the
denominator’s degree, continue this process of finding a quotient term,
adding it to O, and reducing the numerator.

Put D on the stack.
=D=

3:

2: '3-9xX"2-16%X!
1: '1+2%RX+3¥X"2 "
o (o [ N 1 1 1

12 Rational Functions and Polynomial Long Division



Divide the highest-order term in the numerator —9x?2 by the highest-order
term in the denominator 3x2. By inspection, the result is —3. Enter in this

quotient term.

3 [cHs] [ENTER]

31 13-9¥X"2-10%K"
2: T1H2RKE3RZ
I T I I R

Make a copy of the quotient term and return the quotient variable to the

stack.

ENTER
Q

Store the resultin Q.

'Q [sT0]

Multiply the quotient term and the denominator.

]

3: -3.80
2: -3.80
i: 12T
e 1o I N 1 1 1 |
3: '1+42%K4+3xX"2!
2: -3.8

1: '-3+2%R'
=2 I I A B
3t '3-9xX"2-18%X'
2: '142xX+3xX"2!
1: -3.60
=30 I I I B
3:

28 '3-9xX"2-18%X'
12 ' (142%X+3*X"2)%(-3)"'
e o o8 1 1 1 |

Subtract the resulting expression from the new numerator.

(-]

2:

18 '3-9xX"2- 18*X—(1+2*X
+3%¥X2) % (-

IIIIIEIIIEIIIIIIIIIIIIII

Simplify the expression by expansion and collection of terms.

[ALGEBRA| S EXPANE

18 '3-9x(X#X)-18%X-C(1+
ng)*(-3)+3*X“2*(-3)

[ZOLCT[EXFAN] ST2E [FORM [0BESUE[ERSUE

Rational Functions and Polynomial Long Division 13



Continue until all terms are fully expanded.

S EXPANZ 13 '3-9%(X¥K)- 1B¥K-(1%(
E— LA BHTEREK)
[CUCCT]ERF AN] SI2E | FORH |0B3UEJESSUE

Now collect terms.

SCOLCT=

=MW

16— 4%K "
LCT |ERFAN| SI2E |FokM [OBSUBJEXSUE]

=3

L

The result is the new numerator. Since its degree is less than the
denominator’s degree, the iteration process ends. The polynomial quotient
is stored in Q, and the remainder equals the final numerator divided by
the denominator.

Q= 3:
2: '6-4xX!
1: '-3+2%X!
| ¢ | o [ N ] | | |
Thus the answer is
_3+2x +-6_—4x
A2+2x +1

The command TAYLR can be used to approximate this result. Executing
TAYLR with n =1 gives the result 3—14x.

Purge the variables created in this example and clear the stack.

{IQI 'D''N

14  Rational Functions and Polynomial Long Division



Function Evaluation

The Solver can find the values of a function (be it of one variable or of
several variables) given the values of the independent variables. The values
can be real or complex numbers or symbolic expressions.

Given the function f (x,y)=2m? | Vy2-x2| find f(1V2), f(sinT,1), and
£3,5).

Clear the stack, set the display format, and set the symbolic evaluation
flag.

3:
MODE 4 EFIXE ¢
36 [ENTER] SF [ENTER] (<10 (a0l sc1 [ NG | DEG QD)

Note in the keystrokes above, you could also use = SF = within the [ TEST
menu, as an alternative to typing the letters 'SF’ and the |[ENTER| key.

Put the expression for the function in level 1 and store it in the variable
EQ.

12xr x X*2 X

ABS (v (Y"2-X"2))

N

LBRTER2EABS (T (Y 2-X
(1o [GzeR) scx [ ens [ves (OO0

=STEQ=

HII
Z =MW

[STEQ [RCEQ [SOLVR] TS0L JQUAD] SHOL |

From the SOLV menu, press the = SOLVR £ key to display a menu of the
independent variables.

ESOLVRE

Store a "1" in the variable X .

1

1
x
nn

—

Function Evaluation 15



Store the square root of two in the variable Y.

2 Eﬂ

IHH
IIIH

Evaluate the expression.

SEXPR=E

Convert this expression into a number.

[=NUM]

Clear the previous result and evaluate f(sinT',1).

[DROP]

Put sinT on the stack.

[TRiG]

'=SSINE T [ENTER]

Store the expression in the variable X'.

[sOLv] =SOLVRE =XE

1
T v JeweRsl | |
1: 12%7%1.0000 "
I T ] N N
3:
23
1 6.2832
I N (7] I I
3:
%E
I T (71 I I
3:
2:
1: TSINCTY !
[ZIN [HEIN| Cos | Acos | THN JRTAN]

[}

EXFE= ---'

Note the Solver variable X has been replaced by the variable T'. Store the

number one in the variable Y.
1

Y

'i

16 Function Evaluation

]
.

—




Now compute the function value.

S EXPR= =

'R="JE¥TES 4
2

T TOEnE ' :
1-SINC(T>"2))!
| v | v [ewerz] | | |

To redisplay the variable X, its current symbolic value must be purged.

'X [PURGE]

2%

18 '2xw*SIN(TI 2*¥ABS(I(
1-SINC(TIY" 22!

L v fewek=] 1 1 |

Note that the variable X is again displayed in the Solver menu.

For the last part of the example, clear flag 36 to set the calculator in the
numerical evaluation mode and force numeric evaluation of = in the

expression.

36 =crF=

Put a 3 on the stack and store it in X .

3 [ENTER]

[sOLv] ESOLVRE =X

Store 5inY.

5 =Y

i
nn

5

Evaluate the expression.

SEXPR==

3:
%:
[ sF ] cF [ Fso | FCo JFsoC]Feoc

%

[y
s

Expk=] 1 1 |

[
..

w1 v Jemer=] 1 1

1 226.1947
I I T I .

With flag 36 set, we would have obtained the result 2*r*9*4’,

Function Evaluation 17



Lest the variables X and Y should be inadvertently incorporated in other
calculations, you may elect to purge them from memory. You may also
wish to set flag 36 to its default setting.

{lYlellEQl
36 SF

18 Function Evaluation



Simultaneous Linear Equations

A system of two linear equations in two unknowns can be solved by first
plotting the graphs of the two lines, finding the point of intersection (if any
exists), and then solving for the unknown variables by using the Solver
with the intersection point as the initial guess. The system can also be
solved using matrices, but this method won’t work if the lines are parallel
or coincident. A third method is to isolate one of the variables for one of
the equations, plug this expression into the other equation (giving you one
equation in one unknown), and then solving for that one unknown by using
the Solver.

For example, solve the following system

2x+1y =6
Sx -4y =3

Clear the display and set the mode to FIX 4.

[CLEAR] 4 [MODE| =FIXE

3:
H
510 RETR ST | ENG | oe G D)

Method 1: Using PLOT.

To graph the system, first isolate the variable y in both of the equations
and then set both of these expressions equal to each other.

12 x X+Y=6''Y

=MW

2RR Y76
ot 209 scr Tens [oes Q)

[ALGEBRA| S1SOL =

=MW

'6-2%X'
[THYLE] IS0L JQUAD [ SHOMW JOEGET]ERGET]

'5 x X=4xY=3"''Y ZISOL= 3
2 '6-2%X'
1 ' (5%X-3)/4"

Simultaneous Linear Equations 19



(=] [ENTER]

—MNwW

'6-2%K=(0%x-3)-4'
TAvLE] TS0l JoURD] SHOl J0EGET[ERGET)

Prepare to plot the lines by purging any prior plot parameters. Store the
equation in EQ and draw it.

[PLOT] 'PPAR [PURGE] 3:
=STEQ= %
(STEC [KCEC [FMIN|FHAS [INGEF| DR
EDRAWE f s
1/ S
A

Exit from the plot display. Move the center of the plot to (0,1) and draw
the graph again.

ATIN v
(0,1 ECENTRE 1 A
SDRAW= e

Move the cursor to the approximate point of intersection and digitize the
point by pressing [INS] Press [ATTN]to return to the stack display. The
coordinates of the point are returned to the stack.

GlE] «ee [(J[F) ««. [INS g
ATTN 1: (2.1000, 1.5600)
(ZTE0 | RoEie | PMIN]FH [INGEF] DRfb

Display the Solver menu. The menu consists of the variable X, LEFT =,
and RT =.

SOLV| =SOLVRE= gi
1: (2.1000, 1.8000)
I (T AT I A

Store the digitized point in the variable X as the initial estimate (the
Solver only uses the first coordinate).

X

"é

1
I (YT A I N .

20 Simultaneous Linear Equations



Solve for X .

[]

i
x
1

glgn Eeversa!

1: 2.8769
L Juerr=]Rr= 1 1 1 |

The variable X equals 2.0769. Since both sides of the equation are a sym-
bolic solution for Y, pressing = LEFT= = or = RT= = will give you the numer-
ical solution for Y.

SLEFT==
i: 1.8462
I 8 N N N
ERT=Z H
: 1.8462
I EE O I .
The variable Y equals 1.8462.
Method 2: Using Matrices
Key in the constant vector (the right side of both equations).
[CLEAR] 3
(6 3 1: [ 6.0000 3.0000 ]
{68 K0 I N

Key in the coefficient matrix. The coefficients of the first equation make
up the first row of the matrix. The coefficients of the second equation
make up the second row. Divide the constant vector by the coefficient
matrix.

[[2 1[5 -4 [5] 3
1: [ 2.0769 1.8462 ]
I (YA N I I

The same results as the graphing method are obtained, X =2.0769 and
Y =1.8462.

Clear the stack and purge all the variables that were used in this example.

[CLEAR] {'X''PPAR''EQ' [PURGE]

Simultaneous Linear Equations 21



Method 3: Using Solver

First, enter in the first equation and isolate the variable Y. The result is
an expression for Y.
'2 x X+Y=6'"'Y
SI1SOLE

'6-2%X'
ZOLYE

Enter in the second equation and store it in the variable EQ.

'5 x X=-4 x Y=3"

ESTEQS

'6-2%K'
SOLVE

Display the Solver menu and store the expression for Y in the variable Y.
This gives you one equation in one unknown.

ESOLVR

|

Y

{1111
{1111
1L

|

|

I 6 E GO .

Now solve for X. The same result as the two previous methods is
returned to level 1.

[ =x=

Put the expression for Y on the stack.

Y [ENTER]

Convert this expression into a number.

The value for Y is returned to level 1.

Simuitaneous Linear Equations

glgn Eeversa!

1: 2.08769
I (Y E I I .
3:

2: 2.8769
1: '6-2%X'
I (Y S I N .
3:

2: 2.8769
1: 1.8462
I S O I . .




Purge the variables created in this example.

{lxl Ty IEQI

Simultaneous Linear Equations 23



Quadratic Equations

The zeros of a quadratic equation can be found using the QUAD com-
mand. Plotting the equation is not necessary, but you may be interested in
seeing what the graph looks like and checking if there are two real roots,
two complex roots, or a double root.

For example, solve 3x?—x =0. First plot the equation.

[CLEAR] [MODE] 4 =FIXE

13 x XA2-X-2

—MNwW
se us se

'3xX"2-K-2'
[ ST0 1QpER] sc1 | ENG | DEG [QLI)

A

SSTEQ= . f

'PPAR [PURGE| =DRAWZ= = 4 -

You can easily see that the equation has two real roots. Now use = QUAD =
to find those roots. First, recall the equation and put X' on the stack to
indicate that this is the variable for which you are solving (the coefficients
could be variables, in which case the solution is symbolic).

ATTN| =RCEQE 3:
1 -4 '3 2-K-2!
X [ENTER I 1§
[STEC: [KCEQ [FMIN]FMAR [INDEF]DRA |
Find the roots:
[ALGEBRA] = QUADZ 3:
2:
1: '(1+s1%5)/6"

The QUAD function can also be found in the SOLV menu.

The resulting expression represents both roots. "s1" is a variable whose
value is either +1 or —1. Store this expression in the variable EQ and use
the Solver to find the numerical solutions.

[SOLV] =STEQ= 3t
=SOLVR= H
IS T N I I N
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Let s1 be negative by entering a —1 and pressing the = S1 = menu key.

-1

n

S1

i

%

Press = EXPR= = to get the first root.

EXPR=

111

Let s1 be equal to +1.
1

1

S1

i

Solve for the second root.

EXPR=

1
i

—
s

"

L1 Jewer=] 1 1 1 |

1: -0.6667
S (270 I S

“y

[
e us)

-8.6667

1: 1.0000
S T I N I N

Clear the stack and all the variables used in this example.

(CLEAR]
('s1''PPAR' 'EQ"

3:
2:
1:

For a second example, find the roots for 2x?—4x +3 in the same manner

as the first example.

First store the equation in the variable EQ, then draw it.

12 x XA2-4 x X+3

[PLOT] ESTEQZ =DRAWE

3:
2:
1: '2¥XN2-4%X+3!

o

l
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Since the graph of this equation does not intersect the x-axis, there are no
real roots; the roots are complex. Solve for these roots using the QUAD

command.

ATIN] ERCEQE
"X [SOLV] SQUAD=

N

'(4+s1%
(0. 0000, 2.8284))/4"
SOLVE

Now use the Solver to get the numeric solutions.

=stEas
= SOLVR=

e

Let s equal —1 and solve for one of the roots.

-1 Es1= !Fi!lllllmﬁmmllllllllllll
1
C51 lesersl 1 | [ |
= EXPR= =
1: (1.0000,-0.7071)
S (] A S N
Let 51 equal +1 and solve for the second root.
1l =51
1: ¢1.9000,-0.7071)
51 Jewers] ] 1 T
Z EXPR= =
1: ¢i.006b,0. 7671
IV T I N S

The roots for this equation are 1+0.7071; .

Purge the variables created in this example.

{'s1''PPAR''EQ'
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Logarithms

This series of examples illustrates manipulation of numeric and algebraic

expressions using logarithms.

Example: Use logarithms to evaluate the following.
*
N = 3271*V48.17

2943

First, enter in the equation and then take the logarithm of both sides by

pressing SLOG =.

[CLEAR] [MODE| 4 =FIXE
'N=3.271x /48.17+2.9473"
SLOGE

=N

'LOGCN)=L0OG(3,2710*I
48.1780-2.9400°3) '
[ LoG JALOG] LN | EXP JLNF1JERPHM ]

Expand the equation so that the right side

of the equation is expressed as

the sum or difference of several logarithms. (This involves using the funda-
mental laws of logarithms, but is easily accomplished using the EXPAN

command.)

[ALGEBRA| Z EXPANZ

S EXPANE

Now evaluate this equation.

EVAL

Solve for N by taking the antilogarithm of
SALOGE

1: 'LOGCN)>=L0GC(3.2710%]
§§'- 1708>-L0G(2. 9488"

[CULCTJERFAN] SI2E [FORM JoESUE[ERSUE

3:
-H
1: 'LOGC(N>=-8.0490"'

[COLCTERFAN] STZE [FORM JOESUEJERSUE]

both sides of the equation.

3:
-H
1: 'N=ALOG(-8.8498) '

LNF1 [EXFHM
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Press to get the numerical solution.

EVAL

MW

'N=8.8934"'
L LoG JhLoG] LN | EXP JLNFLJEXFM |

Example: Solve for x by using logarithms.

a2t—3=bz

Enter in the equation and take the logarithm of both sides.

TAA (2x X-3)=B~X'

Expand the equation.

[ALGEBRA| S EXPANZ

= EXPAN =

SELOGE

2

-]
(1)

ékg(}} (A™(2%KX-3>>=L0G(
Lo [nLoG] LN | EXP JLNFL]ERFM |

L

élsggfﬂ)*(2*x—3)=LUG(
[COLCTJERFAN] SIZE [FORM J0ESUE]ESS

2
1

'LOGCAY*(2%X)-LOGCAY
*3 LOG(B) X

The object is to isolate x on the left side (or right side, if you wish) of the
equation by first moving all the terms with x to the left side and all the
terms with no x to the right side.

Add 3log(4) to both sides of the equation. Rather than entering in this
term, retrieve the term by using EXGET. First duplicate the equation.

Logarithms

2: 'LOGCAY*(2%X)-LOGCAH..
1: 'LOG(H)*(2§X) LOGCR)

*3=L0G
COLCT]ERFAN] ST2E JFokH J0ESUE]ERSUE)




Enter in the position of the third multiplication sign, which, in this case, is
10. (The first position consists of 'TLOG’; the variable A is in the second
position, ** is in the third position, and so on.)

Execute the EXGET command. The expression 3log(A4 ) is returned to the

stack.

10 =EXGETE

MW

: 'LOGCRY*¢2%X)-LOGCA..
: 'LOGCARY*3"

TAVLE

Add 3log(A4 ) to both sides of the equation and collect the terms.

[+]

= COLCT

1: 'LOGCR>*(2*X>-LOGC¢A>
*3+L0OG(A)*3=L0G(B>*X
+LOG(R)*3"'

2
1

'2*LUG(H)*X LOGCBY*X
+3%L G( )

[COLCTERFAN] ST2E JFokM JoESUE]EXSUE]

Now move xlog(B) to the left side of the equation by subtracting it from
both sides of the equation. This can be accomplished using the EXGET
command.

[ENTER]

10 =EXGETE=

= COLCT

AY*¥X=LOG(BY*,,
Eg*X=LOG By *X

2: '2*L0GC
1: '2*L0GC

+3%L0G(
[COLCTJERFAN] STZE [FORM J0BSUE[EXSUE]

3:
2: '2#LO0GC(RY*X=LOGC(B)%,.
1: LOG B)*X'

1: '2%LOG(R) *¥*X-LOGCB)*X
EEEG( B)¥X+3*LOGCA>-
TAvLE] T50L JCURD] SHOM JOEGET]ERGET]

2
1: ! 2*LOG(FI)*X LOGCB> *X
..3*!_

EXPHN SIZE IIEI]
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Use the FORM editor to merge 2xlog(4 ) and xlog(B) into (2log(4 ) -
log(B))x . Press = FORM £, move the cursor to the minus sign, press

= M— = (merge right), then press to exit FORM and return the
modified equation to the stack.

=FORME =[-]E ... HeE
((((2*LOG(A)) *X)[-](LOG (B
) *X) )=(3*LOG(A)))
= = |ATIN 2
1: '(Z*LOG(H) LOG(B>>*X
=3*%L0G(A>'
[CoLCT[ERFAN] STIE JFikM JoESLIE[ERSLIE]

Divide 2log(A4 ) -log(B) into both sides of the equation by first using
EXGET to retrieve the subexpression.

ENTER 2 ' (2*L0GC(AI-LOGCB) ) *,.
1: '(2*LOGCA)-LOGC(BY > *X
=3%L0G(A> "
[COLCTERPAN] STZE JFORM JOESUE[ERSUE]
5 SEXGETZ 3:
2t ' (2*¥LOGCA)-LOG(B) ) *.,
1: 2 OG(H) LOG(B)

THVLE SHOW

[+] 1: '(2*L0GCAY-LOGCB) Y *¥
#C2%xLOGCAY-LOGCB)Y>=3
*LUG(H)/(2*LOG(H)-

Collect the terms.

ECOLCT=

=N

'X—S/(2*LOG(FI) -LOG(B
2)*L0

m:mam

The resulting equation is the solution to this example.

_ 3log(4)
2log(4)-log(B)
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Example: Solve for x in the following expression.
log(x +3)=0.7

The goal is to isolate x, which is easily done using the isolate command
ISOL. First put the equation on the stack.

31
'LOG (X+3)=.7" % ' LOGCX+3)=0. 7608 "
N T B T N

Enter in the variable to be isolated X, and execute ISOL.

'X [ALGEBRA] ZI1SOLE

—=NwW
»e se 5

2.8119
TRYLR] T50L | QUAD] SHOW JOBGET]EXGET]

The result isx =2.0119 .

Example: Find log;36.

The HP-28C calculates logarithms to base 10 and base e (the LN func-
tion). You can write a program to calculate the logarithms to any given
base using the following formula.

log,of

log,a

Key in the following program that returns the logarithm of a given number

to a given base (provided the base is in level 2 and the number in level 1 of
the stack).

3
« LOG SWAP LOG = {:  « LOG SWAP LOG ~ »
[U05 [ALOG] LN | tAF JLNFI]ERFIE

log,t =

Store this program in the variable LBN .

'LBN' 3
1:
ten | 1 1 1 ] |
Now compute log;36.
7 3
36 SLBNE 1: 1.8416
I I I R R
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This program will calculate the logarithm to a given base of a given
number.
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Graphs of Algebraic Functions

This section illustrates a number of algebraic function plots including
manipulation of plot parameters for enhanced representation of the func-

tion characteristics.

Example: Plot the power functiony =x~3,

Store x~3 in the variable EQ.

CLEAR| [MODE| 4 =FIXE

'X~(-3) [PLOT| =ESTEQE

Plot the expression.

'PPAR [PURGE| =DRAWE

STEQ JRCEC [PMIN]FMAR JINCEF|DRAL

Igfinite Result

STEQ |RCEQ: | PMIN]FMAR [INDEF| DRAL

Version "1BB" of the HP-28C will give the error indication above, unless
flag 59 is clear (59 CF [ENTER]) or you take steps to avoid evaluation of
the function atx =0. An error was returned because the function is
infinite at x =0. Another way to avoid this error is to change the plot
minima and maxima PMIN and PMAX, such that DRAW does not evalu-
ate the function at the point of error. Let PMIN be (-6,-1.5) and PMAX

be (6,1.5).

(-6,-1.5 =PMINE
(6,1.5 =PMAX

Plot the expression again.

= DRAWE

MW

[STEC [RCED [FMINIPHAR JINCEF]DRAL |

o

Rl

Press to return to the stack display and purge the plot parmeters

that are stored in the variable PPAR.

ATIN
' PPAR

3:
2%
1:
[FPAR | KES | ARES [CENTR] ¥4 | ¥H |
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Example: Plot the power functiony = +V/x . StoreVx in the variable
EQ and plot the expression.

W X

SSTEQS

IHII

3:
%E
[STEC [KCEC JFMIN]PMAR JINGEF| DEAL |

1
1

= DRAWE an- real Result

[STECQ [RCEC JPHMINIFHAY JINDEF]DRAL |

Again, version "1BB" of the HP-28C traps this error and interrupts the
plot. This time an error is given because y is imaginary for x <0. You
could write a program that only plots the function for x >0, but a simpler
way is to take the real part of the functiony. Recall the expression.

§ RCEQ = 3:
2:
1: Rr e
[STEC [RCEC [FMINTFMAR [INDEF]DRAM |
Take the real part of the function.
CMPLX| =EREES g:
1: 'RECIX) !
[ Fac | Cok | KE | TM ] CONJ]SIGN |

If you plotted the function now, only positive values of y would be plotted.
A trick to plot both positive and negative values of y at the same time is to
make a copy of the function, negate the copy, and set both functions equal
to each other. (They really are not equal to each other — this is just a way

to plot two functions at the same time on the HP-28C.)

Duplicate the function.

[ENTER] 3t
2: ECIX)!
1: ! RE(J’X) '
[ Faec ] xR | RE [ TM JCONJ]SISN]

Negate the function.

CHS 3:
-4 'RECIRY!
1 : '-RECIX) !
[ FaC [ cak | RE ] IM JCONJ]STGN |
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Now set the two functions equal to each other.

[=] [ENTER]

Store this equation in EQ and plot it.

1

=STEQ=

G
i

DRAW

3:
2
1: 'RE(IX)=-RE(IX>"'
[ k3C | C3R | RE | IM | CONJJSIGN ]
3:
2:
1:

RCEC |FMIN]PMii [INDEF] DRAL

L
P~

Purge the plot parameters for the next example.

ATTN

' PPAR

3:
%’:
[PPAR | RES | ARES [CENTR] ¥W | ¥H |

Example: Plot the exponential function y =e*/2.

Enter in the function exp(x /2) and store it in the variable EQ. Then plot

the function.

"EXP (X+2) EZstEQ=
= DRAWE=

_,/I/

Press to return back to the stack display. This time let the point

(0,1) be the center of the display.
(0,1 ECENTRE

Plot the function again.

DRAW =

3:
"f:
[ PPAR | RES | ARES JCENTR] ¥W | ¥H |

_
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Purge the plot parameters.

ATIN] 'PPAR

e

[FPik | RES ] HEES JCENTE J

Example: Plot the logarithmic function y =xlog (x2+2).

Enter in the expression and store it in EQ.
'XXLOG (X"~2+2) =STEQ=

=MW

FMIN|FMAYX [INDEF m}

Plot the function.

EDRAWE L//
!

Example: Plot the polynomial function y =x3+2x%-11x —12.

Enter in the expression and store it in the variable EQ.

'X2342 x X72-11 x X-12 3:
SSTEQE %
[STEQ [KCEC: |FHMIN|FMAR [INDEF|DRAM |
Plot the function.
= DRAWE

1
1

Much of the graph is not shown on the display. To see more of the graph
adjust the plot parameters by multiplying the height by 15.

ATIN| 15 =*HE

=MW

[FPAF | RES | ARES JCENTR] %W | ¥H ]
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Draw the function again.

EDRAWE=

Purge the variables created in this example.

{'PPAR' 'EQ'
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Polynomial Equations

The roots of polynomial equations can be found by several methods.
Graphing the polynomial enables you to estimate the roots. The estima-
tions can then be used as guesses for the Solver or for the ROOT com-
mand. An alternative to graphing the polynomial to obtain the "guesses" is
using *+p /q where the values of p are the positive divisors of the constant
term and the values of g are the positive divisors of the coefficient of the
highest-powered term. In most cases it is easier and quicker to graph the
polynomial to find the approximate roots.

Example: Plot the graph and find the roots of
x*+3x3-3x2-Tx +6=0

First, clear the display and any current plot parameters. Then, enter in the
expression, store it in the variable EQ, and plot it.

' PPAR N
' XA 4+43xXA3-3xX"2-7xX+6 .
ESTEQE L ‘
= DRAW=

Multiply the height by 10 and plot the graph again.

[ATIN] 10 =+*HE B

SDRAWE V/hi\ L

Digitize the three points where the function equals zero (i.e., where the
graph intersects or touches the x-axis) by moving the cross hairs to each of
the three points and pressing When you press the key, the

coordinates of the three points are displayed. The x coordinate of each
point will be used as initial estimates for the Solver.

o e 3 Chimmnaan

o [INS] 1: (1.6000, 0. 0660

. e [ETEG [ReE |PMIN]FHA [INDEF| DRAL

ATIN

Now use these values in the Solver.

SOLV] SSOLVR= 3 ¢-3.0000,0.0000)
2t ¢-2.0000, 0. 0000)
1: (1.0000,0.0008)
I (127 I N N
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Store the point in level 1 in the variable X .

X

)

1: {-2. 0000, 0. 6658
I 7270 I I S N

Now solve for X . The result is shown in level 1.

[ =x=

Clear this result and find the next root.

Clear this result and find the last root.

[DROP]
Ex= [] Ex=

The three roots are -3, —2, and 1.

1t ° 1.0000
I T I I N

e -2.0000
N (572 I I I R

ero
-3.0000

-I----_

Example: Plot the graph and find one of the roots of
x3-32-15¢ +6=0

For this example you will again plot the function to get the initial guesses

and then use the ROOT command to find the roots.
expression and store it in the variable EQ.

[CLEAR]

'X~23-3 x X*2-1.5 x X+6
ESTEQ=

Plot the graph.

= DRAW =

First, enter in the

HNOJ

mmamaz DRAK

7
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Since the plotting parameters from example 1 were not purged, the height
is still multiplied by 10. Decrease the vertical scale by multiplying the

ATTN 3:
.5 =*H= o
[Fik | KES | AiEs CENTR] ¥4 | ¥H

Draw the graph again. Use the cross hairs and the [INS] key to digitize the
left-most point that crosses the x-axis.

DRAW ’f\

The ROOT command requires three inputs, in this case, the polynomial
expression, the name of the variable you’re solving for, and the initial
guess. The polynomial is in level 3, the name is in level 2, and the guess is
in level 1. The digitized guess is in level 1 after the key above. Now
recall the expression.

(= 1.4988 . 8000
éX"‘S 3¥X*2-1 SBBB R+

[ZTEC |RCED JPMIN]PHAY JINCEF| DRI ]

ATTN| ERCEQE 2
1

Put the variable name X on the stack.

'X [ENTER]

3: (-1.4000,08.0008)
%- 'KA3-3¥K~2-1. SBBB*ﬁ...

[STEC JRCEQ [PMIN]FMAR JINDEF] DRAL |

To move the coordinates for the initial guess to level 1, rotate the stack.

[STAGK] ZPOT=

'RM3-3xKM2-1. 5989??{(.:.

3:
2:
1: (-1.4000,08.8080)
| 0UP JoVER JOUF2 [DROP2] KOT JLISTS]

Now solve for X and find one of the roots of the equation.

ZROOT=

3

2

1 -1.3580
jkoor ] 11 1 1 |

:‘-

Purge the variables used in these two examples.
{'X''PPAR' 'EQ
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Determinants of Matrices

The HP-28C does calculations using matrices whose elements are real
and/or complex numbers. The determinant of a matrix is easily found by
using the command DET. But since DET is a command, it cannot be
used in algebraics.

Example: Find the determinant of the following matrix.

2 6 1 -2
-3 4 5 7
4 21 3
5 3 -4 6
Key in the matrix and find the determinant.
[CLEAR] [MODE] 2 EFIXE 1: [[ 2,00 6.00 1,60 -..
[[2 6 1 -2[-3 4 5 7[4 E 2 s0-2:88 788 -
-2 1 3[53 -46 (510 (0P o1 L enc [ oo [E0Y

ARRAY

DET

2439.080
i055] 00T | DET | AES JRNEHM]CNEHM)

Example: Solve forx andy.

7 6 5 x2y
1 2 1|=0and|2 3 4|=2
y -2x 157

Using the definition of the determinant of a 3 x 3 matrix, these two equa-
tions can also be written as the following:

14x +6y —10-(10y —14+6x) =0 and 21x +8+ 10y — (3y +20x +28) =2

The problem reduces to a system of two equations in two unknowns. To
find y, isolate x in one of the equations, then substitute this expression for
x in the other equation. To find x, substitute the value for y in the expres-
sion for x.
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First, key in one of the equations and simplify it by collecting terms.

1 14xX+6xY-10-(10xY-14

+6xX)=0 [ALGEBRA] ZCOLCT=

Store this equation in the variable EQ.

=STEQ=

'4+8%X-4xY¥=0"

Key in the other equation and simplify it also.

'21xX+8+10xY - (3xY+20xX
+28)=2 [ALGEBRA| =COLCT=

|- 2O+R+TEY =2
FoRM

Obtain a symbolic expression for x by isolating the variable.

'X ZISOLE

whe

'2-7¥Y+20"

EXGET

Use the Solver to substitute the expression for x in the equation that is
already stored in the variable EQ and solve for y. First, display the Solver

menu.

SOLV| ESOLVRE

3:
2:
1: '2-7%Y+28"
| % | v JLeFT=[RkT= | | |

Press £ X=. The expression from level 1 is stored in the variable X . Notice
that the variable X disappears from the Solver menu.

X

i
1

%

Now solve fory.

[]

1]
<
i
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\
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Recall the expression for x.

X |ENTER 3:
2: 3.00
1: '2-7%Y+28'
I YT N . .

Find the numerical value for x by evaluating the expression.

31
2t 3.0000
1: 1.6600
v _Jwerr=fRT= 1 1 1 |

Thusx =1 andy =3.
Purge the variables created in this example.

{lyl X IEQ
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Systems of Linear Equations

Using matrices, solve the following system.

ar+1y-3z+0w=37
-2c+3y+5z2-Tw= 6
& +0y+4z-5w=T75
-Ty-4z+1w= 7

A similar example is shown in the HP-28C Getting Started Manual on
pages 168-170.
Clear the display, set the display mode, and key in the constant vector.

[CLEAR] [MODE] 1 EFIXE
[37 6 75 7

=MW

[ 37.8 6.8 75.8 7.0..
L 2T0 JQpeipl =cT | ENG | NES [RLI)

3

Key in the coefficient matrix and divide the constant vector by the
coefficient matrix.

[[6 1 -3 0[-2 3 5 =7
[8 0 4 -5[0 -7 -4 1 [5]

MW

[ 7.0 -2.8 1.8 -3.0..
10 1qpel scT NG | DEG QTR

The solution to the system isx =7,y =-2,z=1, andw = -3.
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Infinite Sequences and Series

Calculations involving infinite sequences and series are best solved by
writing programs. By using FOR loops in programs, calculations can be
repeated as many times as desired.

Example: Find the first 10 terms of the sequence whose general term is
the following.

x!

e
A general program that calculates any number of terms for this sequence
is listed below. Enter in the program and store it in the variable FDE (for
factorial divided by exponent’). To run the program press and then
press the user variable key = FDE . When you run the program, a prompt
is displayed that asks for the number of terms you want calculated. Enter

a number, such as 10, press[ ] to continue running the program.
The program returns a list of the first 10 numbers in the sequence.

Program Listing: Explanation:

2 FIX Set the display format to two
digits.

“# OF TERMS?" CLLCD 1 DISP  Prompt message.

HALT Program halts (you key in a
number and press CONT).

— N« The number is stored in the
variable n .

1 nFOR X Loop: do for X from 1ton.

XFACT Calculate the factorial of X .

X EXP Take the exponent of X

= and divide the two numbers.

NEXT Increment X and repeat until X >n.

n —LIST Put the n terms into a list.
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Now key in the program.

CLEAR

« 2 FIX "# OF TERMS?"
CLLCD 1 DISP HALT — n
« 1 n FOR X X FACT

X EXP <+ NEXT n —LIST

> [ENTER] [<>]

Store the program in the variable FDE .

' FDE

Run the program.

=FDE=

g2 CLLCD
T =2

AL
XX FHCT x

MNwWp

# OF TERMS?

Enter in the number 10 and press to continue running the program.
The list of the first 10 terms of the sequence is displayed.

10 [CONT]

Run the program again.

EFDES

1: { 8.37 8.2
a.4 .

# OF TERMS?

Enter in the number 5 (or any other integer) and continue running the

program.

5 [conT]
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Example: Find the sum of the first 100 terms of the series

r=n

b

z=1

x(x+1)

where n is the total number of terms.

The program that finds the sum of the first n terms is listed below. When
this program is run, a prompt asking for the number of terms is displayed.
After entering in the number and continuing the program, the prompt
message and the number n is displayed in level 2 and the sum of the first n

terms is in level 1.

Program Listing:

STD

CLLCD "# OF TERMS? "
DUP 1 DISP

HALT

— N«

n—STR +
01nFORX

INV((X x (X+1))’ EVAL
+

NEXT

CLLCD DUP 3 DISP
SWAP 1 DISP »

Key in the program.

CLEAR

« STD CLLCD
"4 OF TERMS?" DUP 1
DISP HALT — n «
+ 01 n FOR X
'YINV((X x (X+1))'

Explanation:

Standard display format.
Prompt message.
Make a copy and display and line 1.
Program halts
(you key in a number).
Store one copy of the number inn.
Convert the number into a string
and concatenate with the prompt.
Loop: do for X from 1ton with
initial zero sum.
1/((X)(X +1)).
Add to the accumlating total.
Increment X and repeat until X >n.
Generate final display.

1: « STD CLLCD
"# OF TERMS?" DUP
1.88 DISP HALT » n «
n »*STR + 8.80 1.88 n

n —STR

EVAL

+ NEXT CLLCD DUP 3 DISP
SWAP 1 DISP »
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Store the program in the variable "ONE’ (the series converges to one for
large n).

'ONE 3‘
2t
i:
Run the program.
SONE= # OF TERMS?

Enter in the number 100 and continue running the program. The sum of
the first 100 terms is returned to level 1.

100 # OF TERMS?10@
. 990899009897

Purge the two programs created in these examples.

{'ONE' 'FDE'
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Hyperbolic and Inverse Hyperbolic Func-

tions

The LOGS menu contains hyperbolic and
The arguments to these functions can be e

inverse hyperbolic functions.
ither numeric or symbolic.

Example: Given Z =4/,/(7), find sinh Z, csch Z, cosh Z, sech Z,

tanh Z, and coth Z.

Clear the display and set the number of display digits to 3.

[CLEAR] [MODE] 3 =FIXE

A

[ 570 (il scT [ ENG | DEG QLTI

Calculate 4/y/(7) and store it in the variab

4 [ENTER]
7

3:

2t 4,060
1: 2.646
[ <70 _[Q@epl scT [ ENG | DEG |

E

MW

: 1.512
[ ST0_{qgcipl sc1 | ENG | DEG |QTIQ)

'2 [sTO]

Calculate sinh Z .
Z SSINHE

Calculate csch Z. The csch Z is equal to the inverse of sinh Z.

[1/x]

3:
2:
1: 0.464
[ SINH [ASTNH] COSH JACOSH] THNH [ATANH]
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Calculate cosh Z .
Z =COSHE

3:
2: 9.464
1: 2.378

Calculate sech Z . The sech Z is equal to the inverse of cosh Z.

:Z: 3:
23 B.464
1: 8.421

SINH

Calculate tanh Z .

Z =STANHE 3: B.464
2% 8.421
1: 8.987
[ SINH [ASINH] COZH [RCOSH] THNH JHTHNH

Calculate coth Z. The coth Z is equal to the inverse of tanh Z .

3: 8.464
2: 8.421
1: 1.182
[SINH [ASINH] COSH [HCOSH] TANH [ATANA]

Example: Verify that acosh(2.378) =1.512 using the definition
acosh(x)=In(x +Vx2-1), forx>1.

Key in the equation for the definition and store it in the variable EQ.

3:
"ACOSH (X) =LN (X+/ (X*2 et
-1))! SSTEQZE [STEC [RCEC [SOLUR] T50L | GURD [SHOM

Display the Solver menu, key in the number 2.378 and assign it to the vari-
able X.

SSOLVRE 2.378 =X=

i

1
I {EE O I N

Now check if the left side of the equation acosh(x) equals 1.512.

S LEFT=S

i

1 1.5 1%
% _JueFT=fRr=1 1 1
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Now check if the right side of the equation is 1.512.

1 1.513
I (V) T I I

Purge the variables used in these examples.

{IXIIEQIIZ!
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Trigonometric Relations

and Ildentities

This section illustrates calculations involving simple trigonometric rela-

tions and identities.

Example: Given cot (x)=0.75, find tan (x), sec(x), cos(x), sin(x), and

csc(x) without solving for x.

Set degrees mode and the number of display digits to FIX 5.

[CLEAR] [MODE] ZDEGZ
5 EFIXE

whw

BN F1x JIESEEETEN( oeG JIETTH

Enter in the number .75, which is equal to cot(x).

.75

Take the inverse to calculate tan(x ), since

[1/]

=N
se se an

0. 75800
[ ST0_IQpER] scT | ENG [qiachl RAD |

]

tan(x)=1/cot(x).

=MW

1.33333

[ 370 _IQ2¢€R] scT | ENG [qJ3cPl RAr |

Calculate sec(x) using the relation sec(x )=V tan?(x ) + 1. First, calculate

the square of tan(x).

7]

Add 1 to the square of tan(x).
1

=MW

1.77778
[ 570 IQ2ER] scT | ENG [Pl FnD |

a1

—MNwW

: 2.77778
[ ST0 1] scT | ENG [qd3cPl RAD |

Take the square root of the number to calculate sec(x).

v

=MW

1.66667

[ =70 |Q3 ] scT | ENG [QUcR] RAD |
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Calculate cos(x) by taking the inverse of sec(x).

3:
2:

1: 0. 66600
[ ST JQpER] =cT | ENG Jqicp] RrD |

Calculate sin(x ) by using the relation sin(x )= V 1-cos?(x ). First, calculate

the square of cos(x).

7]

=MW

8. 36800

(ST (QRER] =cX | ENG JQUp] Fnb |

Enter in the number 1 and switch the order of the 1 and the square of

cos(x).

1 [swap]

3

2 1.680000
1 0.36880
N[ FIi JIESEEETEN( oe6 I

Subtract the square of cos(x) from 1.

(=]

3
2
1 0. 64000
L =70 JQ2E] scT | ENG |Q1{p] FnD |

Take the square root of this number to cal

culate sin(x).

V4

Take the inverse of sin(x) to calculate csc(x).

(1]

3:
2:
1: 0.86000
[ S0 _1QcRl scI | ENG |QdcPl RAD |
2
1: 1.25600|

Clear the stack.

Trigonometric

[ ST0 ¢l scT | ENG |QTdcP] RAD |

=MW

| <70 [N3¢R| SCI | ENG [WILR] FRD |
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Example: Plot the unit circle sin®(x ) +cos?(x)=1.

The program to plot the unit circle is listed below.

Program Listing: Explanation:

DEG Set the angle mode to degrees.

CLLCD DRAX Clear the display and
draw the axes.

0360 FOR X Loop: do for X from 0 to
360 degrees.

X SIN Calculate sin(X).

X COSs Calculate cos(X).

R—C Form a coordinate pair
(sin(X),cos(X)).

PIXEL Plot the point.

5 STEP Increment X by 5 and repeat
until X >360.

Key in the program.

SSTDE 1: « DEG CLLCD DRAX O

268 RSC PIXeC 5 Step
« DEG CLLCD DRAX 0 360 »

FOR X X SIN X COS
R—-C PIXEL 5 STEP

» [ENTER] [<>]

Run the program.

EVAL
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Trigonometric Functions for One and Two
Angles

Trigonometric relations, such as the law of cosines or the identity for the
cosine of the sum of two angles, are not built into the HP-28C. However,
the algebraic formula for the relations can be stored in a variable. Then
by using the Solver, you can solve for any unknown in the formula.

Example: Given an oblique triangle XYZ with the following parame-
ters

x=3n

y=n?-1

z=20

Z =949 degrees,

where n is a positive integer, solve for n and then find sidesx and y and
angles X and Y.

First, set the number of display digits to 2 and select the degree mode.

3t
MODE] 2 EFIXZ e
EDEGE [ ST0 1q@eRl scI | ENG [Qdachl RnD |

Normally, capital letters denote the angles of the triangle and lower case
letters denote the corresponding opposite sides. Since capital and lower

case letters are indistinguishable in the Solver and User menus, let X, Y,
and Z be called ANGX , ANGY, and ANGZ , respectively. Also, letn , x,
y,and z be represented by capital letters.

Enter ’3*N’ and the variable X.

13N 'X! 3:
2 ‘3!

Enter ’N"2-1’ and the variable Y.

'NA2=-1"'"'Y"' [ENTER 3t 2'1'
2: INA - !
1: IYI

BN F1x JIESEEETI veG JIETN
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Enter the number 20 and the variable Z .

20'z!

28,99
ST ¢ IESEMNETEN oeG AT

=MW

Store the numbers in the variables X,Y, and Z.

3:
e
10 RETL ST | ENG (RTTP] fhb |

Store the number 94.9 in the variable ANGZ .

94.9'ANGZ'

3:
21
510 QETRL SCI | ENG (RITP) hab |

You can solve for N by using the law of cosines and the Solver. Enter in
the formula for the law of cosines and store it in EQ. (Note: since capital
and lower case letters are indistinguishable in the Solver menu, let the
angle variable be ANGA rather than 4.) Display the Solver menu.

1AA2=BA2+CA2-2xBxCx
COS (ANGA) * =sTEQ=
=SOLVRE

3:
2

L n | & 1 € [ANGH]LEFT=

Store the value of the variable Z in the variable 4 (Note: Only press [Z] If
you included single quotes, then the letter Z would be stored in the vari-

!:
1:
A | B | C IANGRJLEFT=] KT= ]

Store the value of the variable X in the variable B. (Notice that the Solver
menu changes - the variable B is replaced by the variable N.)

X

i
@
n

|

i

1
A L N | € [WNGRILEFT=
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Store the value of the variable Y in the variable C.

Y

1

c

i

1
[ A 1 N_|iNGhJLEFT=] KT= | ]

Store the value of the variable ANGZ in the variable ANGA .

ANGZ =ANGA=

F

1
L 1 N _[WNGARILEFT=] k1= | |

Since N is a positive integer, let the number 1 be an initial guess for N.

1 ENE
Solve for N.
[ ] ENE

Display all digits of the computed result.

!:
1:
| A | N_IiNGaJLEFT=] RT= | |

o1gn Keversa
1: 4.060
A I _N_IANGRIJLEFT=] RT= ] ]

W

: 4,00074339952
LB Fix | scT | ENG [QITD] FhD |

—

Since N is defined to be a positive integer, store the integer 4 in the vari-

able N.

=FIXE [DROP
[soLv] ZSOLVRE
4 =NE

|

i

1 4.080
A 1 _N_IaNGrJLEFT=] RT= ] |

Solve for side X by pressing = X = and then The same result can be
obtained by pressing the letter [X] followed by

=XE

EVAL

3:
2:
1: 12.608
[LIEH E I - . .
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Solve for side Y by pressing = Y = followed by

SYE 3:

EVAL 2 18.89
CLIEH I B I A .

Purge the variables that were used in the law of cosines formula. Clear
the stack.

{'ANGA''C''B''A"' [PURGE %
g
[ N ] EC JaNcz] v ] 2 ] # |

Use the law of cosines again to find ANGX and ANGY . First, solve for
ANGX.

[SOLV] =SOLVRE 31
£t
L | |ANGLEFT=] KT= |

Store X in the variable 4. Notice that ’3*N’ is still stored in X.
X

|

n
>
i

1
LN LB ] € JANGRJLEFTS

Store Y in the variable B.

Y =B

i

1
-:-mm—~

Store Z in the variable C.

2 =C= !mmm_.

i
1

1:
N1 [aNGhJLEFT=] RT= | |

You have just substituted X, Y, and Z into the law of cosines equation
giving X2=Y2+Z2-2XY cos(ANGA ). Find angle X by solving for
ANGA.

[ ] EANGAE 1015 T
ero

1: 36.71
W] C [ANGR[LEFT=] k1= | |
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Purge the following variables. Rather than typing the variable names,
display the User menu and press [{] followed by [']EANGAE['],[[]JECEZ['],

and so forth.

{'ANGA' 1TCrigripan
-CLEAR

Display the Solver menu again.

SOLV| ESOLVRE

[ A 1 & | € |ANGHIJLEFT=

Find angle Y in a similar manner. Store Y in the variable 4 .

Y =A

nn
i

i

Store X in the variable B.
X

1

B

{111

i

Store Z in the variable C.
Z =C

1
1

1

L N1 B I ¢ IANGHILEFT=

1
-z-mm—]

—

[ _N_| C [aNGAlLEFT=] KT= | |

The resulting equation is now Y2=X2+22-2XZ cos(ANGA ). Find

ANGY by solving for ANGA .
[ ] EANGA

1

Purge the variables used in this example.

!EI"O

1: 48.335
N1 € IANGRILEFT=] k1= | |

{'ANGA' rcrige! A IEQI tZriyriyn INI
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Example: Given the two right triangles shown below, and the relation-
ships cos(4 +B)=-0.5077 and 0<x <10, find x.

Use the following trigonometric identity.

cos(4 +B)=cos(A )* cos(B)-sin(4 )*sin(B)

2x+3
x—1 x+7

A

] B n
x=2 X

From the diagram, cos(4 )= (x —2)/5, cos(B)=x /(2x +3),

sin(4)=(x —1)/5, and sin(B)=(x +7)/(2x +3).

Substituting into the identity equation that was given results in the follow-
ing:

cos(4 +B)=% ;2 ik '5‘1 *;r++73 = -0.5077.

Simplifying,

- -x-D*x+7)

=-0.5077.
5*%(2x +3)
Enter in this equation.
17 ' (CR-2)%X-(R-1D%(R+7
V((X-2)x X=(X-1)x(X+7)) 22 7(3%(2%K+3))=-8.51
+(5x(2x X+3))=-.5077 [STEG [RCEC: [S0LYR] T50L | GUIAD SHoM
Store the equation and display the Solver menu.
SSTEQ= 3t
SSOLVRE o
L Jerr=jRr= 1 1 1 ]

Store the initial guess of 1 in the variable X .

1 =X !ﬂ_l

i
I

1:
Y E O N N
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Solw
]

forX.

(¢]
=

L]
x
1

,
u]%

ero

: D.08
% Jterv=fRv=1 1 1

Purge the variables created in this example.

'EQ [PURGE| 'X [PURGE]
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Graphs of Trigonometric Functions

This section illustrates how to plot various trigonometric functions.
Example: Plot the functiony =sin(x)/x.

Version "1BB" of the HP-28C will generate an error when the DRAW

function evaluates the function above at x =0. The following program
checks for evaluation at zero, and avoids the error that would occur.

Program Listing: Explanation:
CLLCD RAD Clear the display and set

the angular mode to radians.
IFTE(X==0,1,SIN(X)+X)’ Evaluate the function for

X not zero.
STEQ DRAW Store the function and draw it.
Key in the program.
CLEAR 2

f o gucp o, ggTeck

« CLLCD RAD STEQ ORAN »

'IFTE (X==0,1,SIN(X)+X)"
STEQ DRAW

[MODE] £SsTD

[<>]

Restore the default plot parameters, expand the width by a factor of three,
and press to run the program.

3 =*wW=
EVAL

' PPAR i\
A BN
=
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Example: Plot the first 10 terms of the Fourier series.
G 40 1 B 4 in . .
9

sin(x ) +sin +sin
A general program can be written that plots a specified number of terms.
The program below assumes you key in the desired number of terms, and
then execute the program.

Program Listing: Explanation:
CLLCD RAD Clear the display and
set the mode to radians.
01ROT2xFORnN Loop: do for n from 1 to 2N.
NnXxSINn-+ Calculate sin(n*x)/n.
+ Add the sine term.
2 STEP Increment n by 2 and repeat
until n >2N .
STEQ DRAW Store the equation and

draw the function.

Key in the program.
« CLLCD RAD 0 1 ROT 2 x [If ¢ CLLCD RAD & { KOT
FOR nn Xx SINn + + * n_n_a_¥

. /7 + 2 STEP STEQ®
2 STEP STEQ DRAW DRAW »

Store the program in the variable SQWV. (The graph is an approximation
of a square wave.) Purge any existing variable named X.

'SQWV 41
'X H
1:

Display the User menu and execute the program for 10 terms.

[USER] 10 Zsawvs IS

Run the program again, this time for 5 terms.

ATTN
5 =sQWV=
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Example: Plot the function y =2sin(x ) + cos(3x ). If you have the

HP 82240A printer, also print the graph.

Key in the function and store it in EQ.

1 2xSIN (X) +COS (3xX) 3
SSTEQS q

Purge the plot parameters and plot the function.

' PPAR ~

Double the height and plot the function again.

TT

z

H

ni

{

p
L
[y

| &0 [3
il
*

DRAW =

ATTN

To print the graph on the printer, first key in the following program.
3

2
« CLLCD DRAW PRLCD » 2! ¢ CLLCD DRAW PRLCD

Store the program in the variable PRPLT .

' PRPLT

=MW

FIVNEL CLMF |FELCD

Execute the program PRPLT which draws the graph of the expression

stored in EQ and then prints it.

USER| EPRPLT

Purge the variables used in this section.

{'SQWV' 'PPAR' 'EQ' ' PRPLT
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Inverse Trigonometric Functions

The inverse trigonometric functions arc sine, arc cosine, and arc tangent
are built-in to the HP-28C. To calculate arc cosecant, arc secant, and arc
cotangent of a number, simply take the inverse of the number and calcu-
late the arc sine, arc cosine, or arc tangent, respectively.

Example: Find the principal values of

a. arcsin(.5)

b. arccos(-.95)

€. arctan(-8.98)

d. arccsc(—7.66)

e. arcsec(2) and

f. arccot(2.75) in HMS format.

First set the angle mode to degrees and the display setting to FIX 5.
SDEGS

I"""“’

sTo_IQRER] sc1 | ENG |QUAcP] Khb |

a. Compute arcsin(.5) in HMS format.

.5 [TRIG] EASINE 31
2%
i 30, 02003

Since the angle is an integer, there is no need to convert to HMS format.

= HMS

i

30. 6680006
[FHHEHME* [HMS s (M- ] D3R | R3D |

b. Compute arccos(-.95) in HMS format.
.95 [CHS] EACOSE

3:
2: 30.080000
1: 161.868513

1
1]

—HMS = 3:
2% 30. 88088
1 : 161 48185
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c. Compute arctan(—8.98) in HMS format.
8.98 SATANZ

3:
?5 161.48185

d. Compute arccsc(—7.66). Note that arccsc(—7.66) = arcsin(—1/7.66).
Calculate the inverse of —7.66.

7.66 [CHS] [1/x]

: 161.48185
: -83.38449
: -8 13855
H

Press = ASIN £ to find arccsc(—7.66) = arcsin(—1/7.66).
SASINE

161. 48185
83 38 23
[ SIN [#SIN] Cos Jhacos | THN [ ATAN |

Convert the resulting angle to HMS format.

= JHMS = 3:
= 2: ~83.384
U3 | HHZ | HMS® HP5= | D3k ] Fat

e. Compute arcsec(2). First, find the inverse of 2.

2 [1x]

3: 3.38449
28 7. 380846
1 : B. SBEIBB
R0

Calculate the arccosine of the number since arcsec(2) =arccos(1/2).

SACOSE 3t -83.238449
I 2: 27.3004¢
TN L ASIN] C05 L ACOS [ TAN [ ATAN]
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Since the resulting angle is an integer, there is no need to convert it to

HMS format.

f. Compute arccot(2.75) in HMS format.

2.75 [1/x]

ASIN

Calculate the arctangent of the resulting number to find arccot(2.75).

1

S ATANE

3: -7.38046
2: 60. 88000
1: 19.98311
[ SIN JRsIN] Cos JhRcos | THN ] HTAN |
3: -7.38046
2: 60. 88800
1: 19.58592

[#HMSHME 3 [HMS [HHME-] D3R | K30 |

4

Example: Evaluate sin(arccos(-.9)—arcsin(.6))

First, calculate arccos(-.9).

.9 SACOSE

Next, calculate arcsin(.6).

.6 =ASINE

Subtract arcsin(.6) from arccos(-.9).

(-]

Calculate the sine of the resulting number.

1
n

Inverse Trigonometric Functions

3:
2%
1: 154.15867
| SIN [ASIN Cos ACOS | TAN | ATAN]

154. 15867
36.86990

SIN JRSIN] Cos [ ncos | TAN [ HTAN]

=MW

117.28817

=MW

9.88871

bl
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Trigonometric Equations

Solutions to trigonometric equations can be found by graphing the equa-
tion, by using the Solver, or both. This section demonstrates one way to

solve a trigonometric equation.

Solve cos?(x ) +cos(3x ) - Ssin(x ) =0, 0 <x < 2.

First, set the angle mode to radians and set the display to FIX 2.

CLEAR

1
2
[w)
1

\V]
n
I
x
i

Key in the expression.

1COS (X) A2+COS (3xX)
-5xSIN(X)=0"

3:
21
510 RETRL SCT | ENG | ves )

PN

'COSCXI2+4C0S(3*¥X)-5
*SINC(X)=0'
[ ST0_|QpE] sc1 | ENG | DEG Q1)

Store the equation and display the Solver menu. The menu shows X as the

only variable.

ESTEQ=

ESOLVRE

Let 0 be an initial estimate for X .

0

X

i
i

|

Solve for X.

[J ExE

Try solving for X again with the number 3

3.14 =x=
[ ] ExE

n
1
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3:
2
I (Y658 O N N .

1:
| % JuEFT=J k7= | | | |

!ero
1: .31
I Y6 E O I N .

.14 as the initial estimate.

glgn Eeuersa!

1: 3. 14

| R Jerr=l kY= | 1 _ |




Check your results by plotting the function.

=DRAWE

Increase the height by 5 and draw the function again.

™~ //\_t //_\_"\

.

Between x =0 and x =6.28, the graph intersects the x-axis at approximately

x=.3andx =3.1.

Purge the variables used in this example.

{'X''EQ' 'PPAR
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Complex Numbers

Complex numbers x +iy can be represented in two ways, as an object or as
an algebraic. A complex number object has the form (x,y). As an alge-
braic, the complex number is represented by “x +iy”, where x and y are
real numbers and i is a constant equal to the complex number (0,1). Cal-
culations with complex numbers are easily solved on the HP-28C.

Example: Evaluate the following expression.
sin(.5+.3i)+(3-4i)* (2+i)'/?

In(5-8i)—arccosh(2+9i).

First, set the display for FIX 4.

CLEAR
[MODE] 4 =FIXE

Calculate sin(.5+.3i).
(.5,.3 SSINE

Key in the complex number 3-4i .

(3,-4

Key in the complex number 2+i .

(2,1

Take the inverse of the number 3.

3 [
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(B.5012,0.2672)

3:
2: (0.5812,0 26?2)
1: (3.888@ -4. 0800

3:
2
1:
ACOS ATAN

3t (3,0000, -4. 6000)
§5 9996,1 5000)

[ SIN [RSIN] Cos [ heos | THN | ATAN]




Calculate the third root of 2+i .

] 3: (0.5012,0.2672)
2: (3, 0006, - 4. BOBE)
1: ¢1.2921,0.26135
SIN TAN | ATAN

Multiply the resulting complex number by 3 -

x] 3:
31 <8,5012,8.2672)
1 ¢4.6814,-4.56445
“SIN [ASIN] €05 ] ACOS | TAN ] ATAN]

Add the two numbers in levels 1 and 2. The sum is equal to the numera-
tor.

[+]

3:
2
1: (5.1826,-4.2972)

Calculate the denominator by entering it in as an algebraic expression and
then converting the expression into a number.

' LN (5-8xi) ~ACOSH (2+9xi) 5. 1826, -4.2972)
S. L]

3

— 3

[=Num] 1 (-B.6758,-2. 5656)
COIN [ HSIN T Co ] Ates | Thn ] aTan]

Divide the numerator by the denominator to obtain the final result.
B 3
12 (1.1041,2.5849)

Example: Verify the following definition by showing that both sides of
the equation are equal for the case x =3 and y =4.

sin(x )cos(x ) +i* sinh(y )cosh(y)

tan(x +iy)=
(+) sinh(y )2+ cos(x )?
Key in the algebraic expression.
. L3 [ TANGoryxi =CSINGOR
T ey smon | SESSERA
COS (x) +SINH (y)xCOSH (y) x X2

i)+ (SINH(y)"2+4+COS(x)"2)"
[ENTER] [<>]
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Store the equation in the variable EQ and display the Solver menu.

SSTEQ=

ESOLVRE

Store the number 3 in the variable x .
3

i

X

Store the number 4 in the variable y .
4

Y

i

=MW

[ p 1 v Jierr=]R1=] 1 |

|
1
LeFT=] RT=1 1 |

1
L 1 v Qerr=lrr=1 1 |

Evaluate the left-hand side of the expression.

SELEFT=S

Convert this expression into a number.

[=NUM]

Evaluate the right-hand side of the expression.

3

1 'TANC3+4%i) "
I I (VA A
2t

1: (-0.0002, 8.9994)
I I (V. A S

T T¢-0, +745, 2594 %1
2/745.7197!
I N (A T

Convert this expression into a number to show that the right and left sides

of the equation are equal.

[=NUM]
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3:

2: (-0.00682,0.9994)
1: (-8.0002,0,.9994)
Lk v Jtert=] RT=] 1 |




Clear the stack and purge the following variables.

{('y''x''EQ

3:
2:
1:
[STEC JRCEC [ooLVR] TS0L JOURD] SHIM |

Example: Express the following complex numbers in polar notation.

a.3-2/3i
b. -1/2+ \/Tgi

C.3+4i

First, set the angle mode to degrees.

SDEG=

a. Enter in the number 3.

3 [ENTER]

Enter in the number -2.

-2 [ENTER]

Take the square root of the number 3.

3 [V

Multiply -2 by the square root of 3.

3:
2
ST F1+ JESEMNTEN oG TN

3:
21
1: 3. 8080
[ ST JQgcl] sc1 | ENG [Qi3chl RAD |

3:

2: 3.60008
1: -2.080680
| STD_|Yptl scI | ENG [QdcR] RAD |

3: 3. 8008
2: -2.08000
1: 1.7321
[ 570 IQ2E] scT | ENG | I{P] RAD |
3:

2: 3.806008
1: -3.4641

[ ST0_[Q@peipl scT | ENG g P RAD |
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Combine the two numbers in levels 1 and 2 into a complex number.

SRoC=

3:
2t
1: (3.000808,-3.4641)
[ PoR | F3F I R¥C ] COR | ARG ] |

Convert the complex number in rectangular notation to polar notation.

R—P=

3:
H
1: (4.5826,-49.10866)
[ PR [ Rk [ R3C T COR | ARG ] |

b. Enter in the complex number -1/2+ -\é—gi as an algebraic expression.

Convert the expression into a number.

T—122+/322x1 "

3:
2:
1: (-8.56000,0.8668)
[ PR [ R3P [ RICT COR | ARG ] |

Convert the complex number from rectangular form to polar form.

n

R—PE=

3:
H
1: (1.0000, 120.06600)
[ PR L RIP [ RIC ] CIR | ARG ] |

€. Enter in the complex number 3+4i in rectangular form and take the
absolute value of it. The magnitude is returned.

(3,4 SABSE

3:
2
1: 5. 66060
[ AES [STGNMaNTIRFoN] 1 ]

Return (3,4) to the stack. (If LAST is disabled, you must re-enter (3,4)).

LAST

Press = ARG £. The polar angle is returned.

TRIG| EARG=
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3:

2: 5. 00008
1: (3.0000,4.00008)
LABS ISTGNIMANTIRFONT 1 |

3:

2: 5.080808
1: 53.1301
[ Pak | kb | Rac ] cok ] wRG 1 ||




Combine the magnitude and the polar angle into a complex number.

1
1L

3:
28
1: (5.0000,53.13081)
[ Pok ] Fab J RIC] CoR | ARG | |
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Rectangular Coordinates

This section illustrates how to solve various problems dealing with rec-
tangular coordinates. The object (x,y) represents either a complex
number or the coordinates of a point; thus it is an acceptable argument to
all of the arithmetic functions.

Example: Given triangle ABC with vertices A (x 1y 1)=(-4,3),
B (x2y2)=(2,5), and C(x3y3)=(-3,-1), find

a. the length of side AC,

b. the coordinates of the midpoint of side 4B,

c. the slope of side BC and the inclination,

d. the area of triangle ABC, and

e. the equivalent polar coordinates of the three points.

First, set the angle mode to degrees and the display to FIX 2.
CL

2

R

1

o

m

(9]

1
:mw

[\V]
nn
I

x

I
y

EEI( FIx JIEESE TN oec JTTH

Next, enter in the coordinates of the point A and store it in the variable A4 .

(=4,3)'A 3:
it
s 1 1 1 1 1 ]
Do the same for points B and C.
(2,5)'B 3:
(-3,-1)'C F
Lo e 1w 1 1 1 |

a. The length of side AC is V (x3-x 1)+ (y3—y 1)2. The easiest way to

find the length is to subtract A from C and calculate the absolute value of

the difference. (The absolute value of the complex argument (x ) is
x2+y2)

=ECE 3:
21
1: (-3.008,-1.688)
L c & | n | | | |
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Put point A on the stack.

A

{110
1

|

Subtract point A from point C.

(-]

3:
3: ¢-3.08,-1.00)
1: ¢Za.0b,3.005
A I T N N
3:
23
1: ¢1.00,-4.00)
T I T A N N

Calculate the absolute value by pressing = ABS =. The resulting number is

the length of side AC.
REAL| ZABSE

=MW

: 4.12
["ABS [SIGN [MaNT[®PoN] | |

b. The coordinates of the midpoint M (x ,y) of side AB isx =(x1+x2)/2

andy =(y1+y2)/2. Thus

M@Exy)=(x1+x2)/2,(y1+y2)/2)=(x1+x2y1+y2)/2=(4 +B)/2.

Put the coordinates for point 4 on the stack.

[CLEAR]

3:
2:
1: (-4.080,3.080)
I I T I R .

3:

28 (-4.80,3.0808)
1: (2.88,5.88)
L 1 e 1o 1 1 1 |

Add the two coordinates together. The sum is shown in level 1.

[+]

(-2.00,8.688)
L c 1 e 1 a1 1 1 |
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Divide the sum by 2 to obtain the coordinates for the midpoint.

2 [4]

PN

(-1.608,4.00)
e 1o I 1 1 ]

€. The slope m of line BC ism =(y3-y2)/(x3-x2). The slope is also
equal to tan(f) where 4 is the inclination. To calculate the slope, subtract
B from C, separate the result, swap the order, and divide the two

numbers.

First, put the coordinates for C on the stack.

[CLEAR]

c

Put the coordinates for B on the stack.

i

B

Calculate C -B.
(-]

Separate the coordinates.

ECRE

Swap the order of the x and y coordinates.

[SwaP]

3:
23
1: ¢-3.008,-1.08)
I I T I S
3:
31 ¢-3.00,-1.88)
1: (2.00,5.00)
A I T I N B
3:
2%
1: (-5.008,-6.00)
I T I N
3:
2: -5.00
1: -&. 00
R>C | Coh | KE | IM | CONJISIGN]
3:
2: -6.00
1: -5.00
[FC | Coh | RE | Ir1 | CONJJSIN ]
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Calculate the slope by dividing the y coordinate in level 2 by the x coordi-

nate in level 1.

2]

The slope is equal to 1.20.

[ R3C ] C3R | RE | IM ] CONJ]SIGN

3:
2t
1: 1.2BJ

Compute the inclination by taking the arctangent of the slope.

TRIG) SATANE

MW

: 50.19
[ SIN [ #sIN] Cos Jhcos | THN [ ATAN ]

d. The area of the triangle formed by the three points is the absolute value

of the following:

x1yl1
1/2 [x2 y2 1
x3y31

To put the three points in a matrix, you first have to separate the coordi-
nates and then put the number 1 on the stack for each of the three points.

Separate the coordinates of point A4 .

CLEAR
C—R

>
1

1

Complete row 1 of the matrix.

1 [ENTER]

Separate the coordinates of point B and complete row 2 of the matrix.

B SCR=
1

cH

2t -4.00
1: 360
ok | BoP | B3C | CoR | ARG | ]
H -4.080
3 3. 69
1: 1. 60
[P ok | BoP | ByC | Coh | ARG | ]
3z 2.00
2: 5,00
P2k | BaP | EYC | Coh | ARG | ]
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Separate the coordinates of C and complete row 3 of the matrix.

C SCR=
1 [ENTER]

3: -3.680
-4 -1.60
1: 1.080
[ PaR | FaP L R3C ] Cok | ARG | |

Put the nine numbers into a three-by-three matrix.

{3,3 [ARRAY] =—ARRYZ=

Compute the determinant of the matrix.

=DET=

1: [[ -4.00 3.6868 1.6808_1]
E 2.688 5.?@ 1.688 %

FAREY|ARRY > FUTI

=MW

: -26.00
choss] poT | DET | #ES |ENEM]CNEM]

Divide the determinant by 2 and take the absolute value of the result. The

area of the triangle is returned to level 1.

2 []

IIII
II|||

13.00
CRoss] 00T | DET | AES JENEM]CNRM)

e. To convert the points from rectangular to polar form, simply key in the

variable name and press = R—P=.

Key in the variable name 4 and convert point 4 to polar form.

[CLEAR]
A CE

3:
2:

(5 89 143.13)
lﬂE-

Key in the variable B and convert the point to polar form.

B =ERP=

Do the same for point C.

C =ERP=

80 Rectangular Coordinates

3:

3: (3.0, 143.13>
1: ¢5.3%,68.20)
T T A T T

3: (5.00, 142. 13>
2: ,68.20)
i: ¢3.16,-161.57)
Pak | BoP | K3C ] Coh | ARG [ ]




Purge the three variables used in this example.

{C B A [PURGE]
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Polar Coordinates

A point in a plane can be represented in rectangular notation or polar
notation. To draw a point that is described in polar notation on the
HP-28C, first convert it to rectangular form and then plot it. To draw the
graph of a polar equation, you can either write a program to do so or con-
vert the polar equation to rectangular form.

Example: Convert the following polar coordinates (whose angles are
expressed in degrees) to rectangular coordinates and then plot the points.

A(4,-15) B(-4,380) C(-2,570) D (2,-195)

Converting polar coordinates is easily accomplished by executing the
Polar-to-Rectangular function P—R. One way to plot the four points is to
put the four points on the stack and use the PIXEL command four times,
but be sure to clear the display first by pressing = CLLCD £. You may also
wish to draw the axes by executing the DRAX command. Another way to
plot the points is to separate the coordinates, put them in a four-by-two
matrix, and then use the statistical scatter plot commands STOX and
DRWZ.

To illustrate the first approach, set the angle mode to degrees and set the
display to FIX 2.

3
=DEG= it
2 EFXE (570 Q28] scr 1 enc TP kao

Key in point 4 and convert it to rectangular coordinates.

(4,-15 [TRIG] EP=R= 3t
21
1: (3.86,-1.04)
[ P3k | Rop | kaC | C3k [ ARG [

Enter in the coordinates for point B and convert it to rectangular form.

(-4,380 =P=RE

=MW

(3.86,-1.84)>
(-3.76,-1.37)
[ P2k | RaF | R3C ] C3R | ARG ] ]
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Do the same for points C and D.

(-2,570 Zp=R= 3: (3.86,-1.04)
— 21 (-3.76,-1.37)

1: ¢i.73,1.60)

P2k | R3P | K>C | C3R | ARG | ]

(2,-195 =P-RE= 3t (-3,76,-1.37)
2: .73,1.6085
1: (-1.93,8.52)
Pk | k3P | haC | (3R | ARG |

The rectangular form of the four points are A4 (3.86,—1.04),
B (-3.76,-1.37), C(1.73,1.00), and D (-1.93,0.52).

Clear the plot parameters, clear the display and draw the axes. Note the
soft key labeled [|] will execute = DRAX £ after pressing = CLLCD =.

' PPAR }
= CLLCD =
= DRAXE l

Although you can’t see them, the coordinates for the four points are still
on the stack. Therefore, they are still available for use.

Draw point D (which is in level 1 of the stack) by executing the PIXEL
command. (Press the soft key labeled [*])

S PIXELE - i

i

Draw points C, B, and A by executing the PIXEL command three more
times.

S PIXEL = i
EPIXELE -
S PIXEL = . ‘

Press to exit from the plot display; then purge the variable PPAR.

ATTN 3:

] 2%

PPAR [PURGE H
| PPAR | RES | ARES [CENTR] ¥W | #H |
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Example: Sketch the rose r =2sin (§) for 0<6<360.

The following program draws the graph of a polar equation. The program
assumes that the equation is in the form r =f (6), where f () is an expres-
sion with 4 as the unknown variable. The input to the program is the

expression f (6).

Program Listing:

"EXPRESSION?"
HALT

—r

« DROP
DEG
CLLCD
0360 FOR |
| 'theta’ STO

r EVAL
theta
R—C
P—R

PIXEL
3 STEP

{ PPAR theta }
PURGE

Key in the program.

"EXPRESSION?" HALT
— r « DROP DEG CLLCD
0 360 FOR I I 'theta'
STO r EVAL theta R—C

<«

Explanation:

Prompt message.
Program stops

(you key in the expression).
Store the expression

in the local variable r.

Drop the prompt message.
Set the angle mode to degrees.
Clear the display.

Loop: do for I from 0 to 360.
Store the current I

in the variable theta.
Evaluate the expression for r.
Put theta on the stack.
Combine r and theta.
Convert (r,theta)

to rectangular form.

Draw the point.

Increment I by 3 and

repeat until I>360.

Purge the plot parameters
and theta.

1: « "EXPRESSION?" HALT
+ r « DROP DEG CLLC
0.00 360.88 FOR I I
'theta' STO r EVAL

o)

P—R PIXEL 3 STEP { PPAR

theta } PURGE » »
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Store the program in the variable PEPLT (for "polar equation plot").

' PEPLT

Display the User menu and execute the pr

[USER] EPEPLTE

=NWH

: "EXPRESSION?"
%1 I N N . .

Key in the expression *2xSIN(2xtheta)’ and press

'2xSIN (2xtheta)

If you don’t want to save the program, then purge 'PEPLT’.

ATIN] 'PEPLT'

3
T
oROERJCLUSRIMEM ] 1 1 ]

Example: Transform r (1-sin(d)) =2 into its rectangular form, substi-

tuting x2+y? for 72 and y for rsin(§).

Key in the equation. Let the angle be called ’th’.

'rx(1-SIN(th))=2

—=MNw

'r¥(1-SINCth))=2"
[ SIN [ASIN] Cos [hcos | THN | HTAN]

Display the Algebra menu. Expand the equation to get r —rsin(f)=2.

[ALGEBRA| S EXPANE

: 'r¥1-r*SINC(th)=2"

Add rsin(f) to both sides of the equation. To do this, press the key

to duplicate the expanded equation.

3:

2: 'r¥l-r*SIN(th)=2"'
1: 'r¥1-r*SINCth)=2"'
[COLCTJERPHN] ST2E JFORM J0ESUE]ENSUE]
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Next, enter the number 6 and press

returned.

6 =EXGET

i

1]

EXGET

The subexpression 7 sin(f) is

3:
a: 'rel-r#SINC(thy=2"
1: SIN(th)'

Then, add this subexpression to the expresssion in level 2.

Simplify the expression.

ECOLCTE

IHH

2:

1: 'r*l- r*SIH(th)+r*SIN
Cthy=2+r*SIN(L

IM!IJEHIEEMEHMHIHHHIIHEI

r'—2+SIN(th)*r' !
CTJEHRFAN] ST2E JFORM oEsUE

i'—‘mw

Square both sides of the equation. The equation r?=(2+rsin(6))? is
returned to level 1.

[¥]

2%

1: '??(r)=SQ(2+SIN(th)*
r

[COLCTIERFAN] ST2E JFORHM JOESUEERSUE]

Now you can substitute x2+yZ for 72 and y for r sin(). The Expression Sub-
stitute conmand EXSUB can accomplish this task.

Since ’SQ(r)’ is in the first position of the equation, put the number 1 on

the stack.

1 [ENTER]

Enter in X2+ Y"2’ and press Z EXSUB .

YXA24¥Y12

= EXSUBE
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=MW

'SQ(F)-SQ(2+SIH(fih%a
LCT]ERFAN] STZE | FORM J0BSUE]ERSUE]

=

CO

2
13

L T

'R2+Y 2=SR(2+SIN(th
d¥r) !

[COLCT[EXPAN] STZE [FORM [OBESUB[EXSUE




The subexpression *SIN(th)*r’ is in the fourteenth position, therefore key

in the number 14.

14 [ENTER]

Substitute Y’ for *SIN(th)*r’.
'Y =ZEXSUBE

] — MW

'Rh2+Yna= Sl:!(2+S{N(%6
Ermmmm

3
2:
1: 'RA2+YN2=SRC2+Y) !
COLETIERFAN] ST2E JFORM JOESUBJERSUE]

To simplify this equation, subtract ’SQ(2+Y)’ from both sides of the equa-
tion, expand the equation, and then collect terms.

First, duplicate the equation by pressing the key.

[ENTER]

Enter the number 9 and press = EXGET =.
returned to level 1.

9 =EXGETE

3:

2: | RADEYAD=SRCDHY) !
1: 1RABHYAZ=SRCD+YD !
EOLCT[ExPAN] STZE [FoRM [DESLIE[ERSUE

The subexpression SQ(2+Y)’ is

MW

: LAY A2=CRC24Y) !
: ' 8ACS+YS
[TRTLK] 1501 | G:LAD ] SHOM TUEGET[EAGET]

Subtract ’SQ(2+Y)’ from both sides of the equation.

(-]

Expand the equation.

i

= EXPAN

Simplify the equation by collecting terms.

SCOLCT=

2:
13 'XA24YA2-SRC2+Y)=0"
[THVLK ] 1500 [ CURD] SHOM [0EGETIERGET]

2
1

+§§§iE?Y- (2h2+2%2%Y+H
COLCTIERFAN] SIZE [FORM JOESUE[ERSUE]

2
1

S TARN2HYNR-YA2- 43 Y=
COLCTIESFAN] ST2E | okt [DESUEESUE
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Collect terms.

SCOLCT =

3
2
1 |- 44RA2-4%Y=0"
EOLCT [ERF AN SIZE JFORM [0k SUBJERS U]

The final result is the equation of a parabola.
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The Straight Line

This section includes some basic analytic geometry problems for the
straight line and methods to solve them on the HP-28C.

Example: Given the line passing through points A4 (8,-10) and

B (-10,26), find

a. the y -intercept and slope of the line, and
b. the corresponding value for y, givenx = —4.

First, set the display to FIX 2.

[MODE] 2 =FIXE

3:
2
510 QETR S | ENG (RTTP) hab |

The solutions to this example can all be found by using the commands in
the Statistics menu. Since statistical data points are entered in as arrays,
use brackets around the coordinates instead of parentheses.

Key in point A and press = £+ =. The matrix IDAT is created with point

A as the first entry in the matrix.

[8,-10

i
™
+

1

Add point B to the matrix.
[-10,26

i
™
+

1

=MW

[ E+ | F- | NZ | CLE [sTOE[RCLT]

3:
2t

a. Find the y -intercept and the slope by executing the Linear Regression
function LR. The y -intercept is returned to level 2 and the slope to level 1.

1

LR

1

3:

2: 6.008
1: -2.80
[CoLz JCork ] cov | Lk _JFREOV] |
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b. To find the corresponding value for y given x = -4, enter in the number
-4 and compute the predicted value. The value for y is returned to level
1.

-4 = PREDVE 3: 6.008
2: -2.808
1: 14.60
[ COLE [ Cokk | cov | LR [PREDV] |

Clear the display and purge the variables that were created in this exam-
ple.

{ 'ZPAR' 'EDAT'

Example: Given the vertices D (-4,3), E (2,5), and F (-3,-1) of
triangle DEF , find

a. the equation of lines DE and DF in the normal form and
b. the equation of the bisector of angle D .

a. Given two points (x 1,y 1) and (x 2,y 2), the normal form of the equation
of the line connecting the two points is s* (4x +By +C)/(V.A2+B?) =0,
wheres ={-1or1},4 =y1-y2 B =x2-x1,and C =x1*y2-x2*1.

If C>0,thens =-1.

If C <0, then s =1.

If C =0 and B is non-zero, then the sign of s agrees with the sign of B .
If C =B =0, then the sign of s agrees with the sign of 4 .

First, store ’Y1-Y2’ in the variable 4 .

'Yi-y2''A 3:

-H

i:

a1 | | | | |
Store ’X2-X1’ in the variable B.
'X2-X1''B 3:

2

i:

| & | a | I | ] |
Store X1xY2-X2xY1’ in the variable C.
'X1xY2-X2xY1''C 3:

21

1:

| ¢ | B A | | | |
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Key in the normal form of the equation.

' Sx (AxX+BxY+C) +
v (Ar2+B72) !

Store the equation in the variable EQ and

2t
1: 'S*(A*X+B*Y+CO I (A2
+B*2) !

display the Solver menu. A

menu of the variables is shown in the display.

SSTEQ=

= SOLVRE

MW

s 1 viJ va | & | w2 | X1 ]

Find the equation for line DE . Let point D be the first point and E be

the second. First, enter the coordinate —4

Enter in the number 3 and store it in Y'1.
3

n

Y1

nn

|

Enter in a 2 and store it in X2.
2

1
i

Enter in a 5 and store it in the variable Y2.

5

1

Y2

5

Determine the sign of the variable S.

C [ENTER]

and press the = X1 = soft key.

5

L s ovi f va f u | wa | ®1_]

s va f va J u | na | H1 ]

1:
s 1w [ va | % | %2 | #l |

1]

s L vi | va | % | #a | 1 |

oW

'R1*Y2-X2%Y1'
s L vi J va | & [ #e | X1 ]
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Evaluate C.
EVAL

3:
-H
1: -26.00

The value of C is returned to level 1 and it is negative. Drop the value of

C from the stack.

3:
2
I T T N N T

Since C is negative, S is equal to 1. Enter the number 1 into the variable

S

S.
1

n
1

Display the resulting expression.
EEXPR= =

AER= LTl =Y 2 5n+lxs—M
V(R %Y 2= D% 7 (
Y1-Y2372+(X2-X1>72)"'

v JqeweR=] 1 1 1 ]

Evaluate the expression by pressing The left side of the normal
form of the equation of line DE is returned to level 1. (The right side is

equal to zero.)

EVAL

Now find the equation for line DF .

2
1

' (= (2%X)+6*Y-26)7/
6.32'

Store the coordinate —3 in the variable X2.

-3

1]
i
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Store the coordinate —1 in the variable Y2.

Press [C] followed by the key.

C [ENTER]

Evaluate C.
EVAL

H =(Z2¥X)to¥Y~- /
6.32'
L s L v | va | & | e | 1]

3:

28 '(- (2*X)+6*'T’ 26276, .
1: X1#Y2-X2%Y1'
s 1 v | ve | & | ue | w1 |
3:

28 ' (-(2¥RI+HEXY-26) /6,
1: 13. 060
s 1 v va | ® ] wa | ¥1 ]

C is positive. Drop the value of C from the stack.

Since C >0, then S =-1. Enterina —1 and press=S=

Display the resulting expression.

S EXPR= =

2%
1: é(éég*X)+6*Y—26)/

k)

32'
[s 1 vi[ve [ & Jwe | w1 |

E S

.
i

EY+H(X]1 XY 2-K2¥ )
(CY1-Y2)72+(K2-K1)"2

I T I . .

Evaluate the expression to obtain the normal form of the equation of line
DF . This is also only the left side of the equation; the right side is equal to

Z€ro.

EVAL

3:

2i 1 (=(2EXI+H6XY-26) 76,
18 '-((4*X+¥Y+13074.12)"'
I ] N A .
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b. To find the equation of the bisector of angle D simply equate the two
expressions in levels 1 and 2 and simplify. To simplify this process even
more, subtract the two expressions and equate the difference to zero.

(-]

12 ' (-(2¥X)+6%Y-26)0/

6.32+(4*¥X+Y+13)74.12

v Jexer=] 1 1 1 ]

Key in the number 0 and set the expression in level 2 equal to the number

in level 1.

0 [ENTER]
(=] [ENTER]

Expand the equation.

[ALGEBRA] S EXPAN =

Expand it again.
S EXPANE

12 ' (=(2%X)+6xY-26)07/

6,32+ (axK+V+13574. 12
[ Jewees] |1 1

18 ' (-(2%X0+6%Y) /6,32
26/6.32+((4xX+Y )/
4.12+13/4.12)=0"

COLCTJERFAN] ST2E JFORM J0BSUE[ERSUE

18 '-(2%K)/6.32+6xY/
6.32-26/6.32+(4xKX/
4.12+Y74.12+13-4.12)

EVFAN FOREM EXSUE

Simplify the equation by collecting terms. The final result is the equation

of the bisector of angle D .

ECOLCT =

Purge the variables used in this example.

2
1

159-96+0. 655 %41, 19%Y
coLcT]ERPAN] ST2E [F ok [0bSUEIERSUE]

{!SI Ty2vixariyqrexy! IEQI 1crIpripe
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The Circle

Finding the points of intersection of two equations is a common problem
in analytic geometry. In this section yow’ll work through the steps to find

the points of intersection of two circles.

Example: Given two circles x2+y2-5=0 and (x +2)%+(y —1)2-20=0,
find the point(s) of intersection, if any exists.

First, set the display to FIX 2.

CLEAR
[MODE] 2 =FIXE

MW

| STD _[§3¢| SCI | ENG [QidcPB| RAD |

Key in the expression for the second circle as shown below and simplify it

by expansion and collection of terms.

' (X+2) 722+ (Y-1)~2-20"
[ALGEBRA| = EXPANZ

Expand again.
= EXPAN =

Simplify the expression by collecting terms.

ECOLCT=

2:

1 RO2+2%¥X¥2+272+ (Y2
2*'1"* 1+1 "2) B

[COLCT[EXPAN] STZE JFORM JOBSUBJERSUB]

2:

13 RER+2ERF2+2¥2+(Y*Y -
2*Y*1+1*1 )-208

[COLCTJERFRN] ST2E JFORM J0BSUEIERSUE]

DI 1SHRA2HY A4 RK-2RY

COLCTIERFHN] STZE [FORM JOESUEJERSUIE]

Key in the expression for the first circle as shown below and press

1XA24YA2-5

3
2% "= 15+XA24+Y N 2+4ER- 2%,
1 'XA2+Y2-5!

=3
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Find the equation for the radical axis by subtracting the expression in level
1 from the expression in level 2.

-]

M)

- 15+X"2+Y"2+4*X 2%Y)
- (X"2+Y"2-
COLCTIERFAN] STZE [FORM JOESUE

Expand the expression.

S EXPANE=

N

T - ISHRERHYEYHEEK-2%Y
- (REXTYEY-5)
[COLCT (£ AN] STZE | FORH [0F ZUEJES3OE

Simplify the expression by collecting terms. The result is the left side of
the equation for the radical axis. (The right side is equal to zero.)

SCOLCT =

] =MW
s ss o

- IB+4*X 2*'\’ !
Eﬂﬂ!l

To find the point(s) where the two circles intersect, simultaneously solve
the equation for the radical axis and either one of the equations for the
circles. In this example, take the equation for the radical axis and solve for
the variable Y. Then substitute the resulting expression for Y in the equa-
tion for the first circle. This gives an equation with one unknown, namely,
X . Solve for X and then find the corresponding value(s) for Y.

Solve for the variable Y.

'Y SISOLE

o--ml’:?

' (-10+4%K) /2"
ENGET

Store this expression in the variable Y.

'Y [sTO]

MW

TAYLR| I50L |QUAD[SHOMW [OBEGET|ERGET

Key in the equation for the first circle. Then use the command SHOW to
substitute the expression stored in Y into the equation of the circle. The
resulting equation is a function of one variable, X .

'XA22+4Y"2-5=0"'"'X =SHOWE 2:
1: I§23T<(-18+4*X)/2)A2

TrLR] T0L JCURD] SHOL JoEGET[ERGET)
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Since the equation in level 1 is a quadratic, use the QUAD command to
find the value(s) of X .

'X ZQUADE

=MW

: 2. 080

The single number X =2 is returned to level 1, thus the circles intersect in
one point. If there were two values of X, then the circles intersect in two
points. A complex value of X means there are no intersection points.

Now use the Solver to find the corresponding value of Y. First, put the
expression stored in the variable Y on the stack.

'Y [RCL] :
2t 2.90
L: MG LLLs Ve

Store this expression in the variable EQ and display the Solver menu.

ESTEQ= g:
= SOLVRE < .00
C# lewves] | 1 T

Store the value that you just found in the variable X .

X

I

1
ENN LT I I N .

Press = EXPR= = to get the corresponding value of Y.

SEXPR== PR
1: -1.08
| R _Jewpr=] | | ] |

Thus the circles intersect at the point (2,-1).
Purge the variables that were created in this example.

{lxl IEQI 1y
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The Parabola

This section describes how to plot the graph of a parabola. Vertical para-
bolas are plotted as you would expect — solve for y, store the expression,
and draw with the = DRAW = key. If you attempt to draw a horizontal para-
bola in the same manner, an error would result. This section demonstrates
a program to draw a horizontal parabola.

Example: Plot the graph of xZ=4(y +1).

First, set the display to FIX 2.

CLEAR
[MODE] 2 =FIXE

[ 70 JQpE] scT | ENG [Pl RaD |

=MW

ul

The semi-reduced form of the equation of a vertical parabola is

(x —h)2=4p (y -k ), where (h k) is the vertex, x =h is the axis, (h k +p) is
the focus, and y =k —p is the directrix. In this example, h =0, k = -1, and
p =1. Therefore, the vertex is V(0,-1); the axis is x =0; the focus is
F(0,0); and the directrixisy = —2.

Key in the equation for the parabola.

1 XA2=4x (Y+1)

3:
2%
1: 'RA2=4ECY+1)!
N[ F1x JIESEEETEN( peG I

Isolate the variable Y.

'Y [ALGEBRA] £1SOL

MW

'Xh2s4-1"
TAVLR EXGET

Store the expression for Y in the variable EQ.

SSTEQE :
ZTEC: [RCEC [FHIN]FHni [INCEF] DRAL |
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Draw the graph of the parabola.

= DRAW= R 1 4

Purge the variables created in this example.

{'PPAR' 'EQ'
Example: Plot the graph of the horizontal parabola yZ= —4(x —1).

The general equation of a horizontal parabola is (y —k )?=4p (x —h ). The
vertex is (h ,k); the axis is y =k ; the focus is (h +p k); and the directrix is
x =h —p . Therefore, in this case, h, k, and p are equal to 1,0, and -1,
respectively. The vertex is V(1,0); the axis is y =0; the focus is at (0,0); and
the directrix is x =2.

The following program plots a horizontal parabola. The program expects
three numbers to be entered onto the stack as inputs into the program -
the values of 4, k, and p . (A prompt message is displayed requesting you
to enter the numbers.) Given these three numbers, the program draws the
graph of the parabola with the vertex at the center of the display and each
tic mark on the axes represents 10 units.

Program Listing: Explanation:
"ENTER h,k,p" Prompt message.
HALT Program halts

(you key in 3 numbers).
—hkp« Store the 3 numbersink k andp.
DROP Drop the prompt message.
CLLCD Clear the display.
10 *H 10 *W Multiply the height and width by 10.
h k R—C CENTR The center of the display is (4 k).
DRAX Draw the axes.
(Y-K)"2=4xpx(X-h)’ Equation for a horizontal parabola.
X’ ISOL Isolate X in the above equation.
X' STO Store the expression in the variable X .
k20 - k20 + FOR| Loop: do for I from k —20 to k +20.
1'Y’ STO Store the current / in variable Y.
XEVALY R—-C Evaluate X and form point (X,Y).
PIXEL Draw point (X,Y).
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1 STEP

{ XY PPAR } PURGE

Key in the program as shown below.

« "ENTER h,k,p" HALT
— h k p « DROP CLLCD

10 *H 10 *W h k R—C

CENTR DRAX ' (Y-k)*2=

4xpx(X-h)' 'X' ISOL

'X' STO k 20 - k 20 +
FOR I I 'Y' STO X EVAL

Y R—C PIXEL 1 STEP

{ X Y PPAR } PURGE » »

[ENTER] [<>]

Increment / by 1 and repeat
until 7 > (k +20).
Purge variables X, Y, and PPAR.

13 ¢ "ENTER hikap"
> hkp « DRD
10,00 5H 10 60
k R>C CENTR DR

Store the program in variable HPAR (for ’horizontal parabola’).

'HPAR'

Display the User menu and execute the pr

EHPARE

—MNWH

ogram.

3:

2%
1: "ENTER h,k,p"
ﬂm-----

Enter in the values for h, k, and p. Continue running the program by
pressing The graph of the parabola is drawn.

0,-1

Press to exit from the plot display.
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Example: Plot the graph of (y +10)2=12(x +35).

This is the equation of a horizontal parabola with the vertex at
V(h k)=(-35,-10) and p=3. Run the program HPAR.

= HPARZE

Key in the value of & .

=35 [ENTER]

Key in the value of k.
=10 [ENTER]

3:

2:

1: "ENTER hsk,p"
T I I N
3:

2 "ENTER hyk,p*
T30 N I R
3: "ENTER hyksp"
: -8
T3 I I I

Key in the value for p and continue running the program. The graph of

the parabola is drawn.

3 [conT]

To purge the program HPAR, do the following.

"HPAR [PURGE]
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Example: Horizontal Parabolas Using DRAW.

The program below is an alternate approach from the point-by-point func-
tion plot in program HPAR. This program takes &, k, and p from the
stack and creates an EQ representing the upper and lower halves of the
parabola and uses the DRAW command to create the plot. Note for
y3(x) < 0, the DRAW routine produces a line intersecting the curve at the
vertex.

Key in the following program.
« 'X' PURGE 1: « .>2<IJ'I:IE|§GI'E'|)+ I;u k p
& '2% -h)*p)’
—hkp « ' EVAL DUP NEG = k +
2 x v/ ((X-h)xp) RE STEQ CLLCD DRAW »

EVAL DUP NEG = k + RE
STEQ CLLCD DRAW

Store the program by the name HPAR?2 and purge the current plot
parameters.

'HPAR2
' PPAR

W

Execute the program for the previous horizontal parabola.

}s

1,0,-1 [USER] =HPAR2

Purge program HPAR?2 if you wish.

'"HPAR2

102 The Parabola




The Ellipse and Hyperbola

This section describes the procedure for drawing the graphs of ellipses and
hyperbolas.

Example: Plot the graph of the following ellipse.

@+2?, =12 _,
9 4

The general equation of an ellipse is

(x _h)z + ()’ _k)2 =1
a? b2

The center is at the point (h,k). If a>b, then the major axis is parallel to
the x-axis. The vertices are at points (h +a ,k); the foci are at points
(h £c k), where ¢ =V a%-b?; and the ends of the minor axis are at points
(h &k £b).If b >a, then the major axis is parallel to the y-axis; the vertices
are at points (h k +b); the foci are at points (h k +c); and the ends of the
minor axis are at points (h *a k).

For this example, h = -2,k =1,a =3, b =2, ¢ =2.24, and the major axis is
parallel to the x-axis. The center is at (3,2); the vertices are at points (1,1)
and (-5,1); the foci are at (0.24,1) and (—4.24,1); and the ends of the
minor axis are at points (-2,3) and (-2,-1).

The following program draws the graph of an ellipse. After a prompt mes-
sage is displayed, the program expects the values of h,k,a, and b to be
entered onto the stack. The graph of the ellipse is drawn with its center in
the center of the display. Each tic mark on the axes represents two units.

Program Listing: Explanation:
"ENTER h,k,a,b" Prompt message.
HALT Program halts

(you enter in the 4 values).
—hkab Values are stored in h,k,a and b.
DROP Drop the prompt message.
CLLCD Clear the display.
2*H2*W Multiply the height and width by 2.
h k R—C CENTR The center of the display is (,k).
DRAX Draw the axes.
‘X-h)"2/a™2+ The general equation
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(Y-K)"2/b"2=1’ of an ellipse.

Y’ ISOL Isolate Y from the equation.

'Y’ STO Store the expression in the variable Y.

-11FORJ Loop1: do forJ from -1to 1.

J’s1’ STO Store the currentJ in variable s 1.

ha-ha+ FORI Loop2: do for I fromh —a toh +a.

I’X' STO Store the current I in variable X'.

XY EVALR—C Form the point (X,Y).

PIXEL Plot the point (X,Y).

.2 STEP Increment I by .2 and repeat
until/ >h +a.

2 STEP Increment J by 2 and repeat loop1.

{PPARXYs1} Purge the variables

PURGE created by this program.

Key in the program as shown below.

« "ENTER h,k,a,b" HALT 1: "
— h k a b « DROP
CLLCD 2 *H 2 *W h k
R—C CENTR DRAX
''(X-h)~*2+ar2+(Y-k)*2+
br2=1"' 'Y' ISOL 'Y' STO
-1 1 FORJ J 'sl' STO
ha-ha+FORITI 'X'
STO X Y EVAL R—C PIXEL
.2 STEP 2 STEP {PPAR X
Y s1 } PURGE » »

[ENTER] [<>]

Store the program in the variable ’ELLIPSE’.
'ELLIPSE'

—=NwWH

Display the User menu and run the program. The prompt message is
returned to level 1.

SELLPE g
1: "ENTER hyksasb"
(T2 I N S S
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Enter in the value for /.

-2 T
%- "ENTER h,k,g,g'@'
Erire] T

Key in the value for k.

1 % "ENTER h,k,g,ga
1: 1.68
W I N N R

Enter in the value for a.

3 3: -2.@0
2: 1.00
1: 3.68
ecerel | | | ] |

Enter in the value for b and press to continue running the pro-
gram. The graph of the ellipse is drawn.

2 [ConT] —

=T

Press to exit from the plot display and, if desired, purge the pro-
gram.

ATIN] 'ELLIPSE

Example: Plot the graph of the vertical hyperbola

O+ x-4%
4 2

The graph of the vertical hyperbola can be drawn by first isolating the
variable y . Since y is a squared term, the result of isolating y is an expres-
sion representing the two solutions. One solution represents the top half
of the hyperbola and the other solution represents the lower half. Use the
Solver to find the two solutions. After the two expressions for y are found
set them equal to each other and draw their graphs. (This technique is
used to draw two functions simultaneously).

&
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Enter in the equation as shown below.

'(Y+1)A2+4-(X-4)A2+2=1"

2:
1: l&"lr’+1)"2/4-(x-4)"2/2
okpER]cLUsRIMEM ] 1 1 |

Isolate the variable Y. The result is an expression representing two solu-
tions. The variable s1 can be either +1 or —1.

'Y SISOLE

=N

;§1T{((1+(x-4)*2/2)*

Store the expression for Y in the variable EQ and display the Solver menu.

=STEQE
ESOLVRE

Store the number 1 in the variable s1.
1

S1

Press Z EXPR==.
ZEXPR= =

Store the number -1 in the variable s1.

i
3
iy

106 The Ellipse and Hyperbola

3:
2
S T I N

gmum—

1:
s 1w fewpR=] 1 1 ]

rLIE

s o n JewpR=] 1 1 ]

|

: i +(A- s2)¥4)-

1
51 % fewpk=] 1 1 |

! T |—§!Ei+€H—E§EE /di §*§>

[ 51 ] ® JewpR=) 1 1 |




Set the expression in level 2 equal to the one in level 1.

(=] [ENTER]

13 'J(C1+(X-40"2-,20%4)-
%=1{((1+(X—4)"2/2)*4

[ s1 | % JewpR=| | 1 |

Store this equation in the variable EQ and plot the graph of the hyperbola.

STEQS

DRAW

i
i

Press to exit from the plot display and multiply the height by 10.

ATTN|] 10 =*HE
Multiply the width by 10.
10 =*w=

i N

l

=MW

[PPAR | RES | AHES JCENTR] ¥1d | ¥H ]

MW

[PPAR | RES | ARES JCENTR] %14 ] ¥H ]

Draw the graph again. Each tic mark represents 10 units.

DRAW =

i

Press [ATTN] and purge the variables used in this example.

{('"PPAR''s1''EQ"

~ I.
S S
/
.
o~
N
. \.

3
i
LPPik ] RES | AHES JCENTR] 34 ] ¥H |
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Example: Plot the graph of the horizontal hyperbola
(x-4?2 (y +1X=1
4 2

The general equation of a hyperbolais (x -h)2/a 2-(y -k)2/b 2=1.
For this example h =4,k =-1,a =2,and b =V 2.

A combination of the program to draw a horizontal parabola and the pro-
gram to draw an ellipse can be used to draw the horizontal hyperbola. (A
listing and explanation is not given here. Refer to the section entitled "The
Parabola" for an explanation of specific program steps.)

Key in the program as shown below.

« "ENTER h,k,a,b" HALT 1: ﬁHENTEﬁ E’k’g’b"
<> 3 &«

— h k ab « DROP DROP CLLCD 2.88 *H

CLLCD 2 *H 2 *W h k 2.00 0 R k RC

R—C CENTR DRAX
''(X-h)~2+ar2-(Y-k) "2+
br2=1' 'X' ISOL 'X' STO
-1 1 FOR J J 'sl' STO
k4 -k 4+ FORITI 'Y
STO X EVAL Y R—C PIXEL
.2 STEP 2 STEP { X Y sl
PPAR } PURGE » »

Store the program in the variable HHYPERBOLA (for ’horizontal hyper-
bola’).

'"HHYPERBOLA'

=MW

Display the User menu and execute the program. A prompt message is
displayed requesting you to enter in the values for h,k,a, and b.

USER| EHHYPEE=

31
I: WENTER hyksasb"
(T I . I
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Enter in the value for & .

4 [ENTER]

Enter in the value for k.

-1 [ENTER]

Key in the value for a.
2

=MNw

"ENTER hskya,b"
4.0608

Waveel | | | ] |
3: "ENTER hsk,a,b"
2: 4.060
1: -1.060
waveel | [ | ] |
3: 4,80
2: -1.608
1: 2.080
eveel 1| | ] |

Calculate the value of b by entering in the number 2 and taking the square
root of it. Press to continue running the program. The graph of the

horizontal hyperbola is drawn.

2 [v] [conT]

If desired, purge the program.

'HHYPERBOLA

d

AN
2N
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Example: Plotting the General Form of the Equation.

As an alternative to point-by-point plotting of the functions, the DRAW
command can be used by separating the ellipse and hyperbola equations
into upper and lower halves. The following programs take #,k,a, and b
from the stack and produce an EQ representing the ellipse and hyperbola
equations. The two halves are then drawn in parallel. The program
HHYP and MELL will draw horizontal lines at points where y%(x) < 0.

Key in the programs below.

The first program’s parameters specify a vertical hyperbola.

« =1 1 MCON 3:
'VHYP it
LT I I N N

The second program’s parameters specify a horizontal hyperbola.

« 1 =1 MCON |ENTER 3t
"HHYP 7
ICT YT N N S

An ellipse has both squared terms positive, and thus parameters 1,1.

« 1 1 MCON 3:
'MELL it
[MELL JHHvE Jubve ] 1 ] ]

The last program implements the general form of the equation for an
ellipse and hyperbola, with parameters input from programs VHYP,
HHYP and MELL.

« {X Y s1l) PURGE 31
— h k a b sx sy « F
'sxxSQ((X-h)+a)+ [MCON[MELL | HHYP JwHvP | |

syxSQ((Y-k)=+b)=1"

EVAL 'Y' ISOL DUP 1 's1'
STO EVAL SWAP 'sl' SNEG
EVAL = RE STEQ CLLCD
DRAW 'sl' PURGE » »
'MCON
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Now try the previous examples from this section. Purge any plot parame-
ters that have been specified.

' PPAR N i
-2,1,3,2 : :
SMELLE S

Note the difference in the centering of the ellipse from the previous pro-
gram in the section.

Now draw the vertical hyperbola.

ATTN
4,-1,2,'/2 I\““—’”/

SVHYP=

The horizontal hyperbola has the same parameters as the preceding
graph.

ATTN f\
41-1121'\/2 <l» oy o
S HHYPE —_

Purge the programs above if desired.

{ "VHYP' 'HHYP' 'MELL"' 'MCON"
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Parametric Equations

Typical parametric equation problems include plotting the graph

described by the equations and describing the path of a projectile. Exam-

ples of these two problems are included in this section.

Example: Make a table of values and plot the points for
x=2-3cos(t) andy =4+2sin(t),0 <t <360.

First, set the angle mode to degrees.

3:
SDEGE 7t
| STO [QpE| SCI | ENG [QUIB] Rl |

The following program creates a table of values and plots the points. The
program assumes the expression for the x coordinate is stored in variable
X and the expression for the y coordinate stored in the variable Y. The
program also assumes that the variable for time is capital 7. The inputs to
the program are the range (the low and high values) and the increment of

T.

Program Listing:

Explanation:

"LO,HLINC?" Prompt message.
HALT Program halts

(you enter in the 3 inputs).
—lo hiinc Inputs are stored in the respective variabl
« DROP Drop the prompt message.
lohi FOR | Loop: do for I from lo to hi.
I'T" STO Store the current I in the variable T'.
TXEVALY EVAL Take T, X, and Y and put them
{3} —-ARRY in a vector.
4+ Add the vector to the EDAT matrix.
inc STEP Increment I by the value inc

and repeat loop.
CLLCD Clear the display.
23COLZ Denote which columns to plot.
SCLY DRWZ Scale the coordinates

{T PAR PPAR}
PURGE
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Key in the program as shown below.

« "LO,HI,INC?" HALT 1: « "LO,HI,INC?" HALT
— lo hi inc « DROP TolBi EoANS T DROP
lo hi FOR I I 'T' STO T X EVAL Y EVAL

STO T X EVAL Y EVAL
{3} —ARRY I+

inc STEP CLLCD

2 3 COLY SCILu

DRWX { T XIPAR

PPAR } PURGE » »

Store the program in the variable PAREQ (for ’parametric equations’).

' PAREQ 3
3:
1:

Key in the expression for the x coordinate and store it in the variable X .

12-3xCOS (T) ' 'X

W

Key in the expression for the y coordinate and store it in the variable Y.

'4+2xSIN(T) ' 'Y 3
3:
1:

Display the User menu and execute the program. The prompt message is
returned to level 1.

SPARE= g:
1: "L0,HI, INC?"
I N T N I
Enter in the low value of T
0 3:
2% "LOyHI, INC?"
1: 8. 60
I I T I I
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Enter in the high value of T'.

360 g "LO,HI, IECES
1 360. 0B
I T I I

Let the value for the increment be 20. Continue running the program.

20 [ConT]

The graph of the parametric equations is plotted. Press to exit from
the plot display. The table of values is stored in XDAT. T is in column 1;
X is in column 2; and Y is in column 3. You can see the first few entries to
the matrix by pressing the soft key labled ZDAT. To see the individual
entries, use the GETI command.

Purge the variables used in this example.
{'CDAT''Y''X''PAREQ'

Example: An archer stands 200 meters from a target. (The target is at
the same height as the archer.) The archer shoots the arrow at an initial
velocity of 170 miles per hour. At what angle should the archer aim the

arrow in order to hit the target?

First, set the angle mode to degrees and the display to FIX 2.

=DEG= 3:
2 SFRx= %
| STD W3¢ SCI | ENG [QIAB] RAD |

The parametric equations for the path of a projectile moving in a plane at
time ¢ with the origin as the starting point are
x =v;t cos (o) and y =v;t sin(a)—.5gt2

where v; is the initial velocity, « is the angle from the horizontal at which
the projectile starts, and g is the force due to gravity. (All other forces are
assumed negligible.)

When the arrow hits the target, the height y is zero and the range x is 200

meters. The initial velocity is v; =170 mph. Thus there are two equations
in two unknowns (the angle and time). To find the angle, first isolate t in
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the first parametric equation. The result is an expression for ¢ . Substitute
the expression in the second parametric equation. Now you have one
equation in one unknown. Use the Solver to find the angle.

Key in the first parametric equation and isolate T'.

' X=VXTXCOS (A) ''T
SI1SOLE

Store the resulting expression for 7T in the

'T [sTO]

—Mow

'R/COSCAY ~Y!

variable T.

3:
%:
SHOW

Key in the second parametric equation with g =9.8m /s2. Substitute the
expression for T in the equation by using the SHOW command so that all

implicit references to X are made explicit.

the path in rectangular coordinates.

'Y=VxXTXSIN (A) -. 5x
9.8xT"2"'"'X =SHOWE=

Store the equation in the variable EQ and

SSTEQS
S SOLVRE

Store the number 0 in the variable Y.
0

Y

1
i

i

Store the number 200 in the variable X .
200 =x=

The result is the equation for

'Y=V% (K COSCRY /YD *
NCRY -8, 50%9, 8B% (X
A) ) A2!

RCEC |SOLYE

display the Solver menu.

3:
2
I I R T A G

—
1]

Ly L v 1 | n JLEFT=

ﬁ

1
G
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Since we are using SI units to solve this problem, convert mph to m/s.

Enter in the number 170.

170

Key in the units ‘'mph’.
'mph

3:
2
1: 178.88
| v 1 v ] B | # JLEFT=] KT= |
3:
2: 170.0608
i: lmphl
v v 1 % | k JLEFT=] RT= |

Convert 170 mph to m/s. Key in the units "m/s". Since m/s is not in the
Units catalog, use double quotes around the units. CONVERT recognizes
multiplicative combinations of the units listed in the catalog.

"m:s"

CONVERT

Drop "m/s".

3:
2t 76.00
1 : n m/s n
[ L v [ & | & Jueri=] k= |
3:
2%
1: 76.00
[t L v [ & | & Jleri=[&r= |

Store the velocity 76 m/s in the variable V.

Vv

|

I T I B (Y

Let the number 0 be an initial estimate for the angle 4 .

0 =A

i

Find the angle.

[] ==
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glgn Eeuersa!
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VL v 8 R JLEFT=[ RT= ]




Thus the archer must aim the arrow at an angle of 9.92 degrees to hit the
target.

How long will it take for the arrow to hit the target? To find the time,
simply press [T] followed by (Equivalently, T will
recall the expression and then evaluate it with the current variable assign-
ments).

T g:
2t 9.92
1: 2.67
L v [ v 1 # | # JLeFr=[kr=|

Purge the following variables.

{lAl ryrixreye IEQI e

Parametric Equations 117









Step-by-Step Examples
for Your HP-28C

Algebra and College Math contains a variety of examples and
solutions to show how you can solve your technical problems
more easily.

® Functions and Equations
Rational Functions and Polynomial Long Division
Complex Numbers
Hyperbolic and Inverse Hyperbolics
Function Evaluation and Plotting
Quadratic and Polynomial Equations
Systems of Linear Equations

® Infinite Sequences and Series

® Trigonometry
Relations and Identities
Functions of One and Two Angles
Function Plotting
Inverse Trigonometric Function
Trigonometric Equations

® Geometry
Rectangular and Polar Coordinates
Line, Circle, Parabola, Ellipse and Hyperbola Plotting
Parametric Equations
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