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Welcome...

... to the HP-28S and HP-28C Step-by-Step Solution Books. These books
are designed to help you get the most from your HP-28S or HP-28C calcu-
lator.

This book, Algebra and College Math, provides examples and techniques
for solving problems on your calculator. A variety of algebraic, tri-
gonometric, and geometric problems are designed to familiarize you with
the many functions built into your calculator.

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

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, programs, and algebraic expressions into the calcu-
lator.

Please review the section "How To Use This Book." It contains important
information on the examples in this book.

For more information about the topics in the Algebra and Coliege Math
book, refer to a basic textbook on the subject. Many references are avail-
able in university libraries and in technical and college bookstores. The
examples in the book demonstrate approaches to solving certain problems,
but they do not cover the many ways to approach solutions to mathemati-
cal problems. Our thanks to Roseann M. Bate of Oregon State University
Jor developing the problems in this book.

Welcome... 3
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How To Use This Book

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

Keys and Menu Selection: A box represents a key on the calcula-
tor keyboard.

In many cases, a box represents a shifted key on the calculator. In the
example problems, the shift key is NOT explicitly shown. (For example,
ARRAY | requires you to press the shift key, followed by the ARRAY key,
found above the "A" on the left keyboard.)

The "inverse" highlight represents a menu label:

Key: Description:

ZDRAW = Found in the menu,

EISOL= Found in the menu.

SABCD= A user-created name. If you created

a variable by this name, it could be
found in either the menu or
the = SOLVR = menu. If you created a
program by this name, it would be
found in the menu.

How To Use This Book 7



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.

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

[ ]EABCDE.

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 [INS]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: Negativeé numbers,
displayed as

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

are created using the key.

5 [CcHS
12345.678
[[1 f2 f L]

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. (For example, 2EFIXE
will set the display to the FIX 2 format.)

8 How To Use This Book



Programming Reminders: Before you key in the programming
examples in this book, familiarize yourself with the locations of program-
ming commands that appear as menu labels. By using the menu labels to
enter commands, you can speed keying in programs and avoid errors that
might arise from extra spaces appearing in the programs. Remember, the
calculator recognizes commands that are set off by spaces. Therefore, the
arrow ( — ) in the command R—C (the real to complex conversion func-
tion) is interpreted differently than the arrow in the command — C
(create the local variable "C").

The HP-28S automatically inserts spaces around each operator as you key
it in. Therefore, using the [R], [=], and [C]keys to enter the R—C com-
mand will result in the expression R — C , and, ultimately, in an error in
your program. As you key in programs on the HP-28S, take particular
care to avoid spaces inside commands, especially in commands that
include an —.

The HP-28C does not automatically insert spaces around operators or
commands as they are keyed in.

A Note About the Displays Used in This Book: The menus

and screens that appear in this book show the HP-28S display. Most of the
HP-28C and HP-28S screens are identical, but there are differences in the
menu and = SOLVRE screen that HP-28C users should be aware of.

For example, the first screen below illustrates the HP-28C menty,
and the second screen illustrates the same menu as it appears on the
HP-28S. :

HP-28C display. %: ]
1:
[ =70 THEEEEEREETEN veG | T
HP-28S [MODE | display. gﬁ
i:
[ =Thm | FI4 | 20T ) ENG | BEGE | RAD |

Notice that the HP-28C highlights the entire active menu item, while the
HP-28S display includes a small box in the active menu item.

How To Use This Book 9



The screens shown below illustrate the HP-28C and HP-28S versions of
the = SOLVR E menu.

HP-28C = SOLVR = display. % :
i:
[ 6 | E | K | =1 JERFR=] |
HP-28S = SOLVR = display. |§: -
| 1 .

|\

o
-
o
i
El

I
X
Ll
il
m
Il
III

Both of these screens include the Solver variables : =, ERE, =515,
and = EXPR= =, The HP-28C displays Solver vanables in gray on a black
background Thc HP-28S prints Solver variables in black on a gray back-
ground.

User Menus: A [PURGE|command follows many of the examples in
this book. If you do not purge all of the programs and variables after
working each example, or if your menu contains your own user-
defined variables or programs, the menu on your calculator may
differ from the displays shown in this book. Do not be concerned if the

variables and programs appear in a slightly different order on your [USER]
menu; this will not affect the calculator’s performance.

10 How To Use This Book
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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 polyno-
mial for the following rational function,

6r°-5x?-8¢ +3
2x -3
Press the following keys to put the expression for the numerator in level 1.
" 6xX"3-5xX*2-8xX+3 [ENTER

=Pl

'EER D= TERCE-BENE!

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

az
‘N 3
13 '6¥R"S-D¥HT2-BER+E!

N has been added to the User menu.

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

7 2xX-3 [ENTER Tt CEENAS-SENN2-BRN4D)
2] T P T T

Enter the variable to be evaluated.

’X [ENTER

H
%E '{EEEMI-SEN2- B*HT%J
B R R T

12 Rational Functions and Polynomial Long Division



By inspection, the quotient is of order 2 (7 =2). Add the order to the
stack to complete the three inputs needed to execute the Taylor series
command, and set the display to FIX 2.

2 L B8 (EERAB-5EKN2- BN

[MODE] 2 ZFXE el 5. Bp
570 [F1ae | el | EWG | DEG [Ribe |

Execute the Taylor function.

[ALGEBRA I?

STAYLRE : -1+ 2EHETER R
TaELR] TS0L [ Gl | SHOH WEGET|ERGET)

The equivalent polynomial for the rational function is —1+2x + 32,

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

6x3—5x2-8x +3
w2+2 +1

The denominator does not divide evenly into the numerator. The algo-
rithm to solve polynomial long division is included in your calculator’s
reference manual. The steps of that algorithm will be followed in this
example, and referring to them may help you understand the problem
better.

Before attempting this example, complete the previous example. The
cxpression —1+2x +3x? from the previous example must appear in level 1
and 6x3—5¢2- 8r +3 must be stored 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 [ENTER 535 Lo +REMETERAR!
(1 & ¢ 1.006%8
THYLE] TzoL [ CUIAL]EHk WEGET[EWEET]

Make the substitution for the first object.

Z0BSUBE §= !
1: ' H2EREBERND |
£:-:s- :

Rational Functions and Polynomial Long Division 13



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 g8:
07Q %:
[COLCT [ERFAM] SI2E [FURH [0EEUE[ERSUE
Recall the numerator N to the stack,
3t
=N= 1; 'GERE-DERCE-0EKFS !

Put the denominator D on the stack.

=D= -1
28 'E¥X3-SERS2-8xH+D!
iz "1+2EE+3ER2"
v - e ) [

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

r2xX [ENTER Z: EEXNB-TENOZ-0EM+D!
28 "1+2ERFZERE!
1= PRER!
B ST N P BT
Make a copy of the quotient term and return the current quotient variable
to the stack
ENTER 2z o
=q= 23 taey!
EQ=E 12 &, 68
B I B O R P
Add this copy to 0
3: TI+ZEREEERE
23 - taER
1z '2ER"
TR R R T IR e e,
Store this result in Q.
rQ [sT0] 13r 'EENB-SENT2-SEK+3’
E%g R
R T W RS

i4 Rational Functions and Polynomial Long Division



Multiply the quotient term and the denominator.

[x]

2@ 'GERS3-GEHN2-BER3!
13 ) CI+2¥R+IFRNZI(ZEHD

Subtract the result from the numerator.

(=]

25

13 'E#ERME-0RKN2-8ERID-C
1+2FE+IERZI R (2ERD

I T T s )

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

|ALGEBRA| S EXPAN= 10 'EECKENARI-SE(REH)-
FH+3-0 1+2*>¢)*(2*}~1} +
SEARE(ZER

mma:mmm

By inspection, another expansion is required for the x? term.

=GR AI- (12 (2EKI+22K
CRERIFIECHENDIX(2RKD D

= EXPAN = 11 "EFCAR(KEND ) -G (KEHD
fcnLcT[ENFAN] STRE [FORH [DESLIE[ERELIE]

All terms are fully expanded, so now collect terms.

IIEI!

ODLCT = 2
1! 'S+EEXI-6EX3-9EKN2
-1@%X"

SI2E | FOREY ESLIEJERELIE]

Collect terms until complete.

=COLCT= %:
1: ' 3-GEH P 1B
[E0LCT [EHPAN] SIZE | b |OESUELERSUE

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.

USER| =D= = H
T =H C'S-9xKA2-18ER"
1z "1+Z2ERE+SxM~ 2!
s i R R TS

Rational Functions and Polynomial Long Division 15



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

3 ENTER

=H PE=QEKN2- 1 BER
%E '1+2*H+3*E“Eé
R L O R

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

stack.

i

ENTER

1
o
I

|

Store the result in 0.

'Q [s10]

Multiply the quotient term and the denominator,

[x]

cH -2.68
2z .88
iz 'oER!
T v ) e el
3: +2RK+ZEHA2!
H -3. 806
1: '-34+2xH!
R I N o P e
3: ‘39K 2= 10%E!
2 Vi+2¥K+3ER2!
11z -3, 08
R e R
=

28 '3-9xH M P-18%R
12 'Cl42%8438E~ 2% (-3
e R T T R R B

Subtract the resulting expression from the new numerator.

[-]

=H

1 '9-0%X 2-18%K- (1423
+3EH 2 F(-3)!

Y R T T R B

Simplify the expression by expansion and collection of terms.

[ALGEBRA| =

EXPANZ

1: 'E 9*(2*%) IE*K—((1+
Ha#(-3a+3xHm 22 (-

)
[COLCTIERFHM] ST2E JFORM [NESUEIEHSUIE]

16 Rational Functions and Polynomial Long Division



Continue until all terms are fully expanded.

Z EXPAN = 15 "3-9xCXxEd-10%K8-C1%C
;%3;%?3*( B FSECEEED

[COLCT [ERFAR] ST2E | FUkb 0ESUEIERSLIE]

Now collect terms.

= COLCT= 3:
E-

'E-dER !

[CULCTIERFHE] SIZE |FURK J0ESUEIERSUE]

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.

[USER] EQ= 35
23 "By
1: '-3HEER
T T S )

Thus the answer is
6—4x _
3x%+2x +1
The command TAYLR can be used to approximate this result. Executing
TAYLR with n =1 gives the result 3—-14x.

~342¢ +

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

{!Q: IDFIN’

Rational Functions and Polynomial Long Division 17



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). Asan
algebraic, the complex number is represented by “x +iy”, where x andy
are real numbers and i is a constant equal to the complex number (0,1).
Calculations with complex numbers are easily solved on the HP-288S.

Example: Evaluate the following expression.

sin(.5+.3i )+ (3—4i )* (2+i)1/°
In(5-8i)-arccosh(2+9i)

First, set the display for FIX 4.
[CLEAR]

[MODE| 4 =FIXE

Calculate sin(.5+.3i).
(.5,.3 =SINE

Key in the complex number 3-4i .

(3,-4 [ENTER]

Key in the complex number 2+i.

(2,1 [ENTER]

Take the inverse of the number 3.

3 [

18 Complex Numbers

H

e

[ST0 | FIie | SCT | ERIS | DEG | RAle
8

13 (B, 5812, 8. 2672
1M [ 3TN oz [ Rcos | TR [ATRN |
31

21 (B, 5812, 8. 2672)
1 ¢3. BOOE, - 4. BARGE
[SIN [ ASIN] Cos [ RCOz | TAN | ATAN]
31 (B.5812, 0. 26720
21 (3. BBRE, -4 . BEE0
i . BEm0, 1. BE6E
TN [T | coz ] ACDS | THN | FTAN |
3: (3,008, -4.0000)
2 Bab, 1 8008)
léﬂlﬁﬂﬂﬂlﬁﬁlﬁﬁﬁllrnl AT N




Calculate the third root of 2+i.

3t <8.5012, 8. 2672)
= (3. 8888 agaa )
1: (1.292i B.2615)
ZIN LHEIN | cos ] RCO: | TAN [ATHN]

Multiply the resulting complex number by 3—47.
[x]

o

(8,5012,8.2672)
t4.56514,-4. 3644,

| SIH JrsIH | cos | Rcos | THN | ATAN |

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

3
1 (5.1826,-4.2972)
"SI | ASIH| oz [RCOZ | TAN | ATAN|

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

Y IN (5-8x1) ~ACOSH (2+9xi ) g ETe e
_—+ : ]
[=Num] 1: (-D. 6728, -2 3656

ZIN L RSIN | C05 | RCDS ] TN | ATHN]

Divide the numerator by the denominator to obtain the final result.

[+] g : ’
1t ¢1.1841,2.5649)
"EIM | ASIN | Cos | ACOZ | TAM [ATAN]

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 Jeosh(y)
sinh(y )%+ cos(x )?
Set the calculator to radians mode and key in the algebraic expression.

tan(x +iy )=

) £t e GG
r Py —

TAN (x+yx1)=(SIN (x)x 32137 CEINHE 5 ~E+005
COS (x) +SINH (y)xCOSH (y)x GaREY
i)+ (SINH(y)A2+COS (x)A2) *

': ENTER] <>E

Complex Numbers 19



Store the equation in the variable EQ and display the Solver menu.

=STEQ=

= SOLVR=

Store the number 3 in the variable x.
3

X

i

Store the number 4 in the variable y .
4

Y

i
1

i

[ [t

% L7 JLEFT=ICRT=1I II |

T
-

AT EEFT=IET= 11 i

1
[

% L% JEEFT=ICRT=1I 1 |

Evaluate the left-hand side of the expression.

SLEFT==

Convert this expression into a number.

[=NuM]

Evaluate the right-hand side of the expression.

I
[

RT:

i: 'TAN(S+4%i) |
T I 73 7 — —
EE

1: (-@.0082,0. 9994:-
¥ JLEFT=IlEi= Il

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

of the equation are equal.

—rNUM|

Exit from the Solver, clear the stack, and purge the following variables.

SOLv| [CLEAR _
{’y' "X’ "EQ’ [PURGE

20 Complex Numbers

(-8.08082,0.9994)
(-8, BEAZ, B, 9994 )
T T LEr=lET= I Il |

B L LA

]
%
[STEC [RCEC [S0LVE] TE0L [CUHD] SHild |




Example: Express the following complex numbers in polar notation.

a.3-2/3i
b. -1/2+ @i

C.3+4

First, set the angle mode to degrees.

[MODE EDEG=

a. Enter the number 3.

3 [ENTER]

Enter the number —2.

-2 [ENTER]

Take the square root of the number 3.

3

Multiply -2 by the square root of 3.

:
: 3. Bago
Lo [FIve] soi | EWG [DEGe] Bl |

3: 3. 0e85
23 -2« B8
1z 1.7321
|70 JFItm | so1 | EWiG [UEGH | EAL |
3.

2k 3. 868868
1z -3. 4641
| ST0 JFItm ] ST | ENG |

Combine the two numbers in levels 1 and 2 into a complex number.

[TRIG] £R-C

=H
2:
1: {3.0008,-3.46412
| 3R | EaF | R3C | Cok | ARG ||

Complex Numbers 21



Convert the complex number in rectangular notation to polar notation.

SRP= [3 _
.1 (4.5926,-49. 1866}

b. Enter the complex number —1/2+ 1/251’ as an algebraic expression.

Convert the expression into a number.

et =
' =1+2+/322x1" [oNUM] o <-a.5aaa,a.aaan
T N T I

Convert the complex number from rectangular form to polar form.,

| 3

1- C1.BR6EE, 128, 8886 )
| BRI R T T

R—P

c. Enter the complex number 3+4i in rectangular form and take the abso-
lute value of it. The magnitude is returned.

[CLEAR]
(3,4 SABSE

i

=0
[LETKT]

5. 0008
B e

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

s e

(ersT] |2 5, 6080
{1s (3. H886, 4. BARE)
L AEE [ZIGM [MANTIRFOM] ] |

Press = ARG =. The polar angle is returned.

G| SARGE T e s

R 2 2. BEER
1: 53. 1361
N T T T T

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

=R-C= g:
i: (5. 00080, 53. 1381)
BT B B TN T

22 Complex Numbers



Hyperbolic and Inverse Hyperbolic
Functions

The LOGS menu contains hyperbolic and inverse hyperbolic functions.
The arguments to these functions can be either numeric or symbolic.

Example: GivenZ =4/1/(7), find sinh Z, csch Z, cosh Z, sech Z,

tanh Z, and coth Z .

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

[CLEAR] [MODE] 3 EFIXE

a:
2
[ ET0 [FIde ] ScT | ENG | DEG | RALe |

Calculate 4/4/(7) and store it in the variable Z.

4 [ENTER
7 V]

=]

’Z [s10]

Calculate sinh Z.

Z |LOGS

SSINHE

o
E 4. 868
2. 645
—mm[sm
3s
i
1= 1.512
| STh [ FIde | 3cT | ENG | DEG | RADs |
2t
2:
EEIEEIIW
a:
2-
: 15?
m:ﬂmmm

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

/%]

2-
1 8. 454
|5 INH [AZINH] Ciczh JACUH] THNH [HTANH]

Hyperbolic and Inverse Hyperbolic Functions 23



Calculate cosh Z .

7 SGoSHE 3
28 H. 4
1z 2. 378
[SINH [nSINH] CocH [ncozH] THRH [RTANH]

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

— |

: 8. 464

1- . 421r
[ZIRH [ASIRH] CiSH [RCOSH] THRH [HTHRH]

Calculate tanh Z .

Z =TANHE a: @. 464
2: 8. 421/
1 @. 9iv|
| SIRH [ASTHH] CisH HCOEH] THNH [HTHNH]

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

8t o 8. 464
2: 8.421|
1: 1.182
[ IHH JREINH] CiiH [RCIEH] THNH [HTARH]

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

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

3:
/ ACOSH (X) =LN (X+/ (X2 <l
-1)) ' [sOw]| =STEQ= Erec: [Roec [SuLVE] T30t [Gn | SHi

Display the Solver menu, key in the number 2.378, and assign it to the
variable X .

=SOLVRE 2.378 EX= 5

LEFT=

24 Hyperbolic and inverse Hyperbolic Functions



Now check if the right side of the equation is 1.512.

=mT-= e :

i
[HHL

1: 1.513
CEEEFTEller= 10 { —

Exit from the Solver menu and purge the variables used in these examples.

Note to HP-28S users: If you do not exit from the Solver before attempt-
ing to purge EQ, the calculator will display the message EQUATION
NOT FOUND. (EQ will be cleared even though the message is
displayed.) To avoid displaying this message, always exit from the Solver
before purging equations and variables.

(X’ "EQ’’'Z’ [PURGE]

Hyperbolic and Inverse Hyperbolic Functions 25



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)=2m2 | Vy2-x2| find f(1,V'2), f(sinT,1), and
£3,5).

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

[CLEAR g1
[MODE] 4 SFXE =
36 SF [ENTER] | 570 | FItie [ SCI | ENG | DEG | RAbs |

Note in the keystrokes above, you could also use = SF = within the [TEST)

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

F 2xmx XM 2% 2
ABS (\/(YAz_xAz) ) 1z L%?g?H“E*HBS(I(H"“E-E

31
= STEQ= e ‘
STEC |RCEG |2 | T20L [ UG SHk |

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

=H
2

i:
{ I |m] 1L || |

Store the number 1 in the variable X .

1 =x2 S P PR S
1:
Lyl '|'_|Eﬁ_ﬁﬁﬂ| | | |
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Store the square root of two in the variable Y.

2 [Vl ‘!H._E!E_
V= !

1%
[y Ezre=l IL 1l |

SEXPR=Z
1t HEE "
I 775 | _—
Convert this expression into a number.
—NUM| ' ET
P=H
1z &. 2832
Iy JEzeEsll Il | ]
Clear the previous result and evaluate f(sinT",1).
[DROP] '%=
i
|| 377 —

Put sin7 on the stack. Notice that in this instance we use the ZSIN = key
in the [TRIG | menu to enter the function.

'=GINE T [ENTER

=H
oH
1: 'STMCT !
| 1M JREIH] Cos JRcos | TAN [RTAN ]

Store the expression in the variable X.

"i

[SOLV] ESOLVRE =X= |

I JEsre=l ] | |

Note the Solver variable X has been replaced by the variable T'. Store the
number one in the variable Y.

1 Ev= i . — _‘
I1 =‘|f' || | TR Il Il ]

Ik
=<
i
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Now compute the function value,

= EXPR= =

R
1-5
Ty

THC- et S F:
IH(T)"E)}'
| 573775 | | N

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

"X [PURGE 21
TS
I |77 | N | — —

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,

31 |
36 [TEST] SCF= T |
[ [ ce [Fev [Foe [roic[roac

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

3 [ENTER ﬁw
[SOLV] ESOLVRE =xX= :

1t
T | I | T | | J

Store 5inY.

5 =v= _ :
1:
L -] e
Evaluate the expression.
= EXPR==
i: 226. 1947

With flag 36 set, the result would have been 2*7%9*4’,

To insure that the variables X and Y are not inadvertently incorporated in
other calculations, exit from the Solver and purge the variables from
memory. You may also wish to set flag 36 to its default setting.

{7Y’’X"TEQ'’ [PURGE| 36 SF [ENTER

28 Function Evaluation

00 0000000000000 0060OOCGOGOGOIOOIOOIOOOSNOSNONOGS



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—>.

[GLEAR) [ATTN] 3
"PPAR [PURGE] I

1: .
[FEb | RES | RRES JCEWTR] sl 1 %0}

Store x~2 in the variable EQ.

[CLEAR| [MCDE| 4 =FIXE ET
TXA(=3) =STEQ= b
[ £TEC [ RCED [FMIM|FHMAY [TMOEF] DRAE |

Note to HP-28C users: Version 1BB of the HP-28C will give an
"INFINITE RESULT" error unless flag 59 is clear, or you take steps to
avoid evaluation of the function atx =0. HP-28C users only perform one
of the following two steps to avoid the INFINITE RESULT error.

To clear flag 59, enter:
59 CF [ENTER|

2t
'%
L=TEC [RCED: [FHIH | FHAY [THOEF] DRG]

To avoid evaluation of the function at x =0, change the plot minima and
maxima (PMIN and PMAX) such that = DRAW = does not evaluate the
function at the point of the error. Let PMIN be (-6,-1.5) and PMAX be

(6, 1.5).

(-6,-1.5 ZPMIN=
(6,1.6 =PMAX=

2
2
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Plot the expression.

= DRAW

Example: Plot the power function y = +Vx . The solution for this
example depends upon whether you use an HP-28C or an HP-28S.

StoreVx in the variable EQ, then proceed to the appropriate solution
method below.

'\/X E5TEQE T
2

HP-28C Method. If you plot the expression now, your HP-28C will
trap an error and display the message "Non-real Result" because y is ima-
ginary for x <0. To avoid this error, take only the real part of the function
y.

Recall the equation that you just stored.

= RCEQ= a:
2 ! J‘HI
[SIEC: [BLEc: [FHIN [Prins [INGEF| DAk

Take the real part of the function.
[CMPLX] ERES %= ____;
'RECTX) |
mmmmn:@n\

If you plot the function now, only positive values of y will appear. A trick
to plot both positive and negative values of y at the same time is 10 make a
copy of the function, negate the coy and set both functions equal to each
other. (They are not really equal to each other - this is just a way to plot
two functions at the same time on the HP-28C.)
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Duplicate the function.

[ENTER]

Negate the function,
CHS|

Set the two functions equal to each other.

[=] [ENTER

Store this equation in EQ and plot it,
PLOT] =STEQ=

I
2
=
nil

Exit from the plot screen and proceed to the next example.

ATTN

=H

2t TRECTHY
Tt TRESTHY
CRaC | C3k | BE | IM | CORJ |SIGN)
=H

2 TRECIHY
1 -RECTHY !
[R#c | L3R | RE | Ift | M) [SIGN)
:

1 'RECTHI=-RECTH) !
R T R R T ST

a:
21
1t

G [RCECH | FEAIN] Frai [INDEF] DRf |

P

=H
2
[FEAR | RES |FiES JCENTH) 3hd | 3H

HP-28S Method. If you plot the function now, only positive values of
y will appear in the graph. 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-28S.)
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Recall the expression,

ERCEQE

Duplicate the expression.

i ENTER|

Negate the expression.

Now set the two expressions equal to each

[=] [ENTER]

Store this equation in EQ and plot it.
ﬁ

Exit from the plot screen to prepare for th

ATTN

EH

21 e
1: I
[GiEx:[Feec | Friin] Frins [TNDEF) ohaki|
31 l
21 Lp
1 - I
(STEC: |RLEC: |PMIN (FPAi (NDEF) DEAI )
other.

k= H

oH

1 ' IR=- I ‘
(ST |CEC: |FHTNPrAA: [TWOEE] DhAbd |
T ]
et

[TEG: | RCEC: |FIIN | FHAE [THDEF| DRAE |

ol

P

e next example.
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Example: Plot the exponential functiony =e*/2

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

'EXP(X+2) =STEQ

EDTWE: _______Tf

Press [ATTN ] to return back to the stack display. This time let the point
(0,1) be the center of the display.

(0,1 =CENTRE % a
1:
[FFAK | HES | RHES |CENTR| &k ] 3H |

Plot the function again.

= DRAWE _/V

Purge the plot parameters.

ATIN|  PPAR |PURGE =H
=H
i:
| FEAR | RES | BRES [CEWTE] W | %H ]

Example: Plot the logarithmic functiony =xlog (x?+2).

Enter the expression and store it in EQ.

I ¥xLOG (X~ 2+2) ESTEQE %
1
[TEG: | e | FEIN] Pt [THOEF]DRAW |
Plot the function.
= DRAW = 1,_-/3'
- Jr }
s
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Example: Plot the polynomial function y =x®+2¢%—11x —12.

Enter the expression and store it in the variable EQ.

TXA34+2xXA2-11xX~12 ET

=sreaz 2
!mﬂ]ﬂﬂ[ﬂ]}ﬁ]mﬂ

Plot the function.

SDRAWE ™ : i

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.

AW 15 SFE 3
13 e

Draw the function again,

e
S L 1

I SN
S \+\._.JJ’
s -

Purge the variables created in this example.

ATIN] { PPAR’'EQ’
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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 whether there are two real
roots, two complex roots, or a double root.

For example, solve 3x%—x —2=0. First plot the equation.

[CLEAR] [MODE| 4 EFIXE 3:

I'3)(}{/\2_}{_2 %; IB*HAE“K-EI
[ =70 [Fifte [ <CT [ ENG | DEG | RilDs |

[PLOT] ESTEQ= B . 1, . ]

' PPAR [PURGE| =DRAWES ‘ Elf

You can easily see that the equation has two real roots. Now use = QUADZ
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] ERCEQE 31
IR 2 'SERTE-R-2!
X [ENTER T G
[ZTEC [REEC [FRIN|FMAL [INOEF|DEAR |
Find the roots:
[ALGEBRA| SQUADE %:
1: '(1+51%5) /6"
TR 20l [etab] sHOW 0B GET]ERGET]

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| ESTEQ= EE
= SOLVR= gl
W0 | 775 | — —
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Let s1 be negative by entering a —1 and pressing the = $1 = menu key.

Press = EXPR= = to get the first root.

= EXPR= =

Let 5! be equal to +1.
1

51

Solve for the second root.

III;EEEEEH 1L 1L Il 1

1
| 777 | I | I — ]

1:
I | 7 | — | —|

Exit from the Solver and clear the stack and all the variables used in this

example.

SOLV| [CLEAR]

{"s1’"PPAR’ 'EQ’ [PURGE

=H
2

Example: Find the roots for 2x2-4x +3. First store the equation in the

variable EQ, then draw it.
F2x{~2=4xX+3 |ENTER

-
2
|é
Il
@
m
[s]

il
i
o
3
I

36 Quadratic Equations

ar
21
i '2ER2-4EK+3!
CECH[SOLYE | T20L | CUIRD] SHOM |




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

ATIN] SRCEQS 2 et
“oLV] = QUADS D (sl
X [SOV] ZQUAD= (6. G008, 2. 82542 14"

[STER [RCEC [o0LVR [ TE0L ] CAD] SHidd |

Now use the Solver to get the numeric solutions.

= 8TEQ= =T
= SOLVR= o
EEsER:] Il | — ]

Let 57 equal — 1 and solve for one of the roots.

-1 =

HEl
len
{ —
1l

i
R
i
]
Il
i

el

Let 51 equal +1 and solve for the second root.

{1.0000,-8, FAF] )
CEJEqre=]l i Il | —

The roots for this equation are 1+0.7071i.

Exit from the Solver and purge the variables created in this example.
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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 ¢ 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

x4 3332 - T +6=0

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

CLEAR] 'PPAR [PURGE _ 1_ % ;
TXAL+3xXA3=3xXA2=TxX+6 i |
[PLOT] ESTEQ= B ‘
= DRAW =

Multiply the height by 10 and plot the graph again.

[ATIN] 10 ==*HE L

SDRAWS U/ﬂi\

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 [INS]. 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.

<] ... [<] [INS] fa: E g gg%ﬁ

] .. [] (] (1. 0505 B: DABA)
>] .. [>] [INs ||ﬁﬂiﬁﬁﬁ:ﬁﬁﬂﬂﬁﬂﬂﬂﬁnﬁﬂmmnm
|ATTN|

Now use these values in the Solver.

[sOLV] ESOLVRE =H (-2. 0866, 6. ABEE )
21 (-2.0868,8. 86000
1: ¢1. 0660, 3. BEEE )
| 777 A —
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Store the point in level 1 in the variable X

Now solve for X by pressing the shift key followed by the EX = key in the
Solver menu. The result is shown in level 1.

[] EXE Gt
!ern
1= 1. 8886
EEsREEL || || il |
Clear this result and find the next root.
DROP | (B3 |
Sy= ey ero
=x= [] EXE 1 -2. (00D
I | 73| | I | I —

Clear this result and find the last root.

DROP| R
=x= [ ] X ero

SEA= 1t —S.iIIEIEIEIE:

The three roots are -3, -2, and 1.

Example: Plot the graph and find one of the roots of
x3-3?-1.5¢ +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. First, enter the
expression and store it in the variable EQ.

CLEAR] 3t
rXA3-3xX"2-1.5xX+6 G

PLOT] ESTEQ= [2TE [RoE: [PHIN]FHiks [INDEF|ORAk |
Plot the graph.

= DRAW

3
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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
height by .5.

|ATTN] a
.5 E*H= el
[FFi# [ HES | AHES [CENTHL 84 -] H _

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

DRAW | .

P

The ROOT command requires three inputs in this case, the polynomial
expression, the name of the variable you are 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 [INS]key above. Now
recall the expression.

ATIN] ERCEQZ= T (51,4808, 8. 0808)
B 1 éwa 3%K~2-1.5000

[STEC: [RCEC: [FPINTFMAS [TNDEF] DR |

Put the variable name X on the stack.

"X [ENTER a: (-1, 4000, 0, BEEE>
. gi 'x°3-33R"2-1.5600% 5
S N AT

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

1: ¢-1,4000, 0. OOHE)
[wUF | 0VEF: | 0UJFa [0RRFa] BT |LTZ73]

Solve for X and find one of the roots of the equation.

[sov] EROOTE %:
1: -1,5580
T s s ) e

Purge the variables used in these two examples.

{rxr 'PPAR' 'EQ'
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Simultaneous Linear Equations

A system of two linear cquations in two unknowns can be solved by first
plotting the graphs of the two lines, finding the point of intersection (if
one 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 onc 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| ZFIXE ga
1:
[Lzrv [Fois | scr [ ENG ] DES [RAls

Method 1: Using PLOT. To graph the system, first isolate the vari-
abley in both of the equations and then set both of these expressions
equal to each other,

" 2xX+Y=67 'Y [ENTER ET
§5 '2*H+T=$'
[FI¥m | 5T [ ENG | OEG | RAle |
[ALGEBRA] ZISOL= 3: !
: 6oz
|

T 5y X=4xY=3"7Y =ISOLE =H
I 2: 'E-2ER!
1: ‘(E*K 3)»’4'
[TRVLE | 1201 | EUAb ] sHob [k SET[ERSET]
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[=] [ENTER %
1' '6—2*H—ﬁ5*>€-3)»’4'
[TAYUR| Tznl | oTah | HOL [0EGET[EXGET)

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

{PLOT| 'PPAR [PURGE 35
= STEQ= g
-m
— a |
.-"II L ll'a. i

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

ATTN] -‘ 7
0,1 ECENTREZ | fr’{-._
W PR Py i

1|

1

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

5l ... B T
1: (2. 1008, 1.9608)
S A e A

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

[SOLv] =SOLVRE

HN!'.IJ
am e ms

(2. 16098, 1. 9006
COEEGEI L]

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

X

|
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Solve for X.
L] ExE

149n ausrss ‘
111 2. 7569
|=X JLEET=ICRT=11 10 [ ]

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==

1.2462
i |

i:
| |LEH5!!__[_‘;T= Il [

1
|
=
I
IH1
py
L]
L] ]
il
-

= II.ELI_I_! Rzl [

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 [ENTER] 1: [ 6.0009 2.0000 ]
= IEE_EH RI= 1 i | —

Key in the coefficient matrix. The coefficicnts 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 [ 31
1: 28769 1.8462 1
EEii.:r_Lli BT= [ u ] |

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

Exit from the Solver, clear the stack, and purge all the variables that were
used in this example.

soLv] [CLEAR] { /X’ ’PPAR’’EQ’ [PURGE]
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Method 3: Using Solver. First, enter the first equation and isolate
the variable ¥'. The result is an expression for: Y.

F2xX+¥=6'"Y

1: 'E-2ER!
LETEC [RCEC ] [I20L JCsUAD] SHO |

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

=SOLVRE =Y=

1%
[ 35O | — —

Now solve for X. The same result as the two previous methods is

returned to level 1.

L]

X

Put the expression for Y on the stack.
Y [ENTER]

Convert this expression into a number.

—NUM

The value for Y is returned to level 1.

44  Simultaneous Linear Equations
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glgn EEUEFSE! |

1: 2. 8759
CEIEEFT=IET=11 Il 1l I
=

21 2. 8759
1 'e-2Ex
[ JEEFT=IlET= 1l Il 1[ ]
= H

28 2.687E9
1= « 562
CEOErT=ET= 0
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Exit from the Solver and purge the variables created in this example.

SOLV] { /X’ 7Y’’EQ’ [PURGE

Simultaneous Linear Equations
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Systems of Linear Equations

Using matrices, solve the following system.

6x+1y—3z+0w=37
—2x+3yp+52-Tw= 6
& +Qy+4z-5w="75
-Fy-dz+1w= 7

Clear the display, set the display mode, and key in the constant vector.

[CLEAR| [MODE] 1 =FIXE <H
2t

[37 6 75 7 11 [ 37.8 6.8 75.8 7.0
210 | Fm ] 5oL | ENG | DEG | hnde

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

[[6 1 -3 0[-2 3 5 -7 3
[8 04 -5[0 =7 =4 1[:] §i [ 7.8 -2.0 1.8 -3.0.
ETD TPt L | ENG | Tee | EAT ]

The solution to the system isx =7,y = -2,z =1, and w = -3,
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Infinite Sequences and Series
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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 the program and store it in the variable FDE (for
"factorial divided by exponent"). To run the program, press |USER|and

calculator displays a prompt that asks for the number of terms you want
calculated. Enter a number, such as 10, then press[|[CONT] (the shift key
followed by the continue key) to continue running the program. The pro-
gram returns a list of the first 10 numbers in the sequence.

After entering the program, store it in the variable FDE .

Program: Comments:

« 2 FIX Set the display format to two
digits.

£ OF TERMS?"

CLLCD 1 DISP Prompt message.

HALT Program halts. (Key in a
number and press 2)

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

1 n FOR x Loop: do forx from 1ton.

X FACT Calculate the factorial of x.

x EXP Take the exponent of x

+ and divide the two numbers.

NEXT Increment x and repeat untilx >n.

n —LIST »» Put the n terms into a list.

[ENTER] FDE [STO
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Clear the display, then run the program.
[GLEAR] [USER| = FDE= # OF TERMS? \

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

10 [CONT! 1: £ B.87 B.27 8,328
B l44E1811?84.E-EI
12.58 44.73 164,75
s e

Run the program again.

FDE

11

# OF TERMS?

Enter the number 5 (or any other integer) and continue running the pro-
gram.

5 [CONT] 2: { 8.37 B.27 B.30 B...
- 1: { B.37 B.27 8.39
3.44 8,81
T e R R e

Example: Find the sum of the first 100 terms of the series

T=n

>

where 1 is the total number of terms,
Sxlx+D)

The program that finds the sum of the first 7 terms is listed below. When
this program is run, a prompt asking for the number of terms is displayed.
After entering the number and continuing the program, the prompt mes-
sage and the number n is displayed in level 3 and the sum of the first n
terms is in level 1.

Enter the program below and store it in the variable ONE . (The series
converges to one for large n .)

Infinite Sequences and Series 43



Program:

« STD

CLLCD "# OF TERMS? "
DUP. 1 DISP

HALT

— 1N «

n —-STR +
0 1 n FOR x

FINV((x x (x+1)) 7
EVAL

_+_

NEXT

CLLCD DUP 3 DISP
SWAP 1 DISP »»

ENTER] /ONE [STO

Run the program.
[USER] SONE=

Comments:

Standard display format.

Prompt message.

Make a copy and display 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 forx from 1ton with
initial zero sum.

/(@) +1)).

Add to the accumulating total.
Increment x and repeat untilx >n .
Generate final display.

# OF TERMS?

?
!
r

Enter the number 100 and continue running the program. The sum of the

first 100 terms is returned to level 1.
100 [CONT]

# OF TERMS?166
« 9988996889897

If desired, purge the two programs created in these examples.

{'ONE’ 'FDE’ [PURGE]
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Determinants of Matrices

The HP-28S and HP-28C do 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 can-
not be used in algebraics.

Example: Find the determinant of the following matrix.

2 6 1 -2
-3 4 5 7
4 -2 1 3
5 3 -4 6

Key in the matrix and find the determinant.

[CLEAR] [MODE| 2 EFIX= 1t [E 2. %964@3@15@3@_
[([2 61 -2[-3 4 5 7[4 [ 4.608 -2.00 1.08 .
-2 1 3[5 3 -4 6 [ENTER] [To | FIim | SEI | EN | DEG | R |
ARRAY| = DET= %
1t 2439, 00
[FRies3] DOT | DET | AES |RHEH [CHEH)

Example: Solve forx andy.

7 6 5 x 2y
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.

[CLEAR] :
7 14xX+6xY=10- (10x¥~-14 el 4+ BER- dEY=E
+6xX) =0 [ALGEBRA] ZCOLCT= (EoLc [EiiF ] ST2€ [Pkt JuEsUElensTE

Store this equation in the variable EQ.,

[SOLv] =STEQ=

LETEC: {REECE [SOLVE SO SHOK |

Key in the other equation and simplify it also.
F21xX+8+10x¥ - (3x¥+20xX 2=

= =rc = 25
+28)=2 [ALGEBRA| =COLCT= 1 D@ PEY=D
L eT[ERFAN] STZE [FORH [0k SUEIERSUE]

Obtain a symbolic expression for x by isolating the variable.

'X EISOL= z
1: '2-?*¥+28
mm

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] = SOLVRE

'2-TEY- EEI'
P |I_£fj_|| Ei= 1L [

[ ]t

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

s .mw -

1
[ JLEFT=ICE=_1I [ [ ]

Now solve for y. Press the shift key followed by £Y = from the Solver
menu.

[ EY=
=] aw]
: 2.66
Y ILEFT=IlET=11 Il Il ]
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Recall the expression for x.

X [ENTER .
b1 3.60
1: ' 2-FEY+28’
(| WA | W | I | |

Find the numerical value for x by evaluating the expression.

[EvAL] a:
= 3.8
1: 1. 606
I | T O | | | —

Thus,x =1 andy =3.
Exit from the Solver and purge the variables created in this example.

[SOLv] {’Y’’X’’EQ’ [PURGE
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Logarithms

This series of examples illustrates manipulation of numeric and algebraic
expressions using logarithms.

Example: Usc logarithms to evaluate the following,
_3271*v 4817
2.94°

First, enter the equation and then take the logarithm of both sides by
pressing SLOG=.

[CLEAR] [MODE| 4 =FIX= 21

= = A~ 18 "LOGCMY=L0GCS, 2?13*4'
N 3._27].)(\/48.17.2.94 37 48, 1 7R3 . SABH~ 3)
LOGS] SLOG

Loz JaLoG] LN ] ERE PLHEL]EHEE ]
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| S EXPANE 1: 'LOGCHY=LOGES, 2710%]

g?.l?BB}—LDGiE . S48~

TR ) S e e

SEXPANE 1t 'LOGCHY=LOGLR. 27100+
léngéma 1780)-L0GC

m&a PRk 0ESUR|ERCLE

Now evaluate this equation.

EVAL

=[O0

: 'LOGCMY=-8, B498 "
[CoLCT|EXFAM] 2I2E [FOkH [0ESUE[ERZUE

Solve for N by taking the antilogarithm of both sides of the equation.

3:
28
1 'H=ALOG{-8. 8496 .‘-’"]
[ Lo JAaLaG] LW | ERF | LMFL[EXFH |
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Press to get the numerical solution.
EVAL

=H
22
12 'N=@.8224"
[ Los JALboG] LN ] ERF [ LNFL[EHFH |

Example: Solve forx by using logarithms.

aﬂx—-?»: b=
Enter the equation and take the logarithm of both sides.

CLEAR z: o ﬂ

rAN (2xX-3) =B~ X' =10G= 1t ékaggﬁﬁﬂE*K—E}:‘:LDG
L LoG [RLoc] EW | EXP | LHELJEREH |

Expand the equation.
[ALGEBRA! = EXPANZ=

=
1: é'sEﬁ'-:H:'*( 2xr-20=L0G(C
[COLCT [ERFAM] STZE JFORM JUESLIBJERZLIE

flit

EXPAN = %:

'LEIG':FI)*(E*H} LOGCAY
*3=L00G

mm&a:mmmm

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 withx 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 this term,
retrieve the term by using EXGET. First duplicate the equation.

21 'LOGCR)#C2%X)-LOGCA,,
1: ;%ugmma*m LOGCARD
[COLCT |EHFA] ZIZE | F ik (06 2LIglERSUE]
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Enter the position of the third multiplication sign, which, in this case, is 10.
(To determine the position, count each operator or number, excluding
parentheses and quotes. The first position is LOG, the second position is
the variable 4, ’* is in the third position, and so on.)

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

stack.

10 =ZEXGET=

"‘“-""‘-"

'LDGEH}*(E*H? LOGCA.,
GLAY¥3F

ﬂﬂ!lilﬂlﬁﬂﬂiﬂﬁﬂﬂﬂﬁ!llﬂﬂl

X

Add 3log(4 ) to both sides of the equation and collect the terms.

1: 'LOG{AY*{2+x2-LOGCAN
¥HLOGCAY*3=L 0GCB ) ¥X
H OGLAY*3'

[TAYLEL TS0l | cxtian] SHOL JOEGETIERGET|
2=
1= 'E*LDG{H}*K LOGCE ) #5

-I-E*

[COLCTIEREAN] STZE JFORH [ESUE[EHELE]

Now move x log(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 =EXGET=

SCOLCT=
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2: '2xLO0GLRY*X=LOGEE ) *,,

12 ' Z2EL OGCRI¥R=LOGIE) #4
3 LUG(FI}

[CULCTJERFHN] 2T2E [FORH ESUE|ERSLIE]

21 25LOGCRI*=LOGE) %,
1;¢rllﬂlﬁﬂmﬂﬁﬂmﬂﬂﬂﬂllﬁﬂl

1 "2*LOGCAXEX-LOGCR ) %X
=LOGCB*X+3% L 0GCAS -

LDG(E) H
[THYLE} T20L | 2dhD ] ZHOM [BGET[ERGET]

2
1 'E*LDG(H}*H LOGCR ) %5

....3*

Eﬂ:mm




Use the FORM CdltOI‘ to merge 2x log(A ) and x log(B ) mto (2log(A4) -

EM-E (_mcrge nght), then press [ATTN| to exit FORM and return the

modified equation to the stack.

FORM

=12 ...

'-.-d,_.\

((2*LOG (A) ) *X)[=](LOG (B
*X) )=(3*LOG(A)))

o

11 '(E*LDG(H}-LUGiE}};%
=3%L0GLAY !

[CoLCT]Ed AN] T2k [Fok [ogsUE[ERSUE]

Divide 2log(A4 ) - log(B ) into both sides of the equation, first using

EXGET to retrieve the subexpression.

ENTER|

5 ZEXGET=

o

Collect the terms,

SCOLCT=

2: ' (2#LOGCAY-
13 ' (2xL0GCRY-

=PI

: ' (2#LOGCAY-LOGLED I #.,
: ' ZL0GCAI-LOGCEY |
[THi LR | 130 [ CI0RD [HUL B SETIERGET)

2t

i '®=3/(2+L0GCAI-LOGCB
>Y#LOGCAY

[SULCT [Esi AN] SIZE [FORH [DESUEERSUE]

The resulting equation is the solution to this example.
3log(4)

210g(/-i )-log(B)
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Example: Solve forx 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.

CLEAR| [LOGS| %
'TOG(X+3)=.7" [ENTER 1: JLDG{H+3:, a. ?gaa
LLoc feost LR | ESF [LNFLJEHEM |

Enter the variable to be isolated (X') and execute ISOL.
T

E:
Ell 19
m [EHGET]

’X [ALGEBRA| SISOLE

The result isx =2.0119 .

Example: Find log;36.

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

log;of

logyoa

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).

[CLEAR] [LOGS]
« LOG SWAP LOG + [ENTER

log,t =

3:
2
[: & LOG SWAP LOG ~ 3|
[tus TaiosT un [ Eip [ oned [earii]

Store this program in the variable LEN .

' LBN [ST0] [USER]

T R s R R Y
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Now compute log;36.

7 [ENTER 3
36 SLBN= 1z 1.8416

The program LBN will calculate the logarithm to a given base of a given
number and may be stored in the calculator’s memory for your
convenience.
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Trigonometric Relations and ldentities

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.

SEaF) (WODE) SORGE —
5 :le— %

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

« 75 |ENTER| %:
: 8. 75066
lﬁﬂlﬁﬁﬂ!lﬁﬂllﬂﬁlﬁﬁﬁ:lﬂﬂl
Take the inverse to calculate tan(x ), since tan(x)=1/cot(x).
5%:
1: 1,23333
(270 [Fun | cr | ewis | nom | Fib |

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

1: 1.77778
[ s [Foim | scr | e [ oess] fab ]
Add 1 to the square of tan(x ).
1 [+] %:
1: 2.77778
(570 |FItm | SC1_| EWG | DEGs | A |
Take the square root of the number to calculate sec(x ).
Vi %ﬁ" [
1: 1.66667|
570 [Fim | 50T | ENG | bEGs ] D |
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Calculate cos(x) by taking the inverse of sec(x).

[1/x] %:
1t 8. 60P6E
570 | FIiim | SCI°| ENiG | DEGH | RAD |

Calculate sin(x ) by using the relation sin(x )= V' 1-cos%(x). First, calculate
the square of cos(x).

[

8. 36866
[ 570 [FIbm | 50T | EHG | DEG ] RAD |

Enter the number 1 and switch the order of the 1 and the square of
cos(x).

1 [SwApP =T )
T z: 1. 68858
1z H. 266860
| 570 | Fifm| =01 | EWG | DEGE] RAD |
Subtract the square of cos(x) from 1.
] 5:
i: @, 64086
[ sT0 | FIfim | 0T | ENG | DEGs | Ral |
Take the square root of this number to calculate sin(x).
] 3
1t @, 80960
[ 570 | FIim ] sc1 | EMG [DEGE ]| RAD |
Take the inverse of sin(x ) to calculate csc(x).
(] —— . ~
2:
1: 1. 25606
[ 270 | FI¥m ] SCT | EMS | DEGE ] RHD |
Clear the stack.
[DROP] %: -
1:
510 | F1iw | 301 | ENG | DEGe | FAD |

64 Trigonometric Relations and Identities

000000000000 000000O0C0OCOCGOGOIOGIOIOIOIONOIONONOSTYS



Example: Plot the unit circle sin(x ) + cos?(x ) =1.

The program to plot the unit circle is listed below. Key in the program and

store it in the variable "UCIR".

Program:

« DEG
CLLCD DRAX

0 360 FOR x
¥ SIN

¥ COS

R-C

PIXEL
5 STEP »

ENTER| ‘UCIR [STO]

Run the program.
|USER| EUCIRE

Comments:

Set the angle mode to degrees.
Clear the display and
draw the axes.
Loop: do forx from 0 to
360 degrees.
Calculate sin(x ).
Calculate cos(x ).
Form a coordinate pair
(sinfx ),cos(x)).
Plot the point.
Increment x by 5 and repeat
until x >360.

W
N

If desired, purge the program created in this section.

ATIN] ‘UCIR
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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-28S or HP-28C.
However, the algebraic formula for the relations can be stored in a vari-
able. Then by using the Solver, you can solve for any unknown in the
formula.

Example: Given an oblique triangle XYZ with the following
parameters

X= 3n

y=n?-1

z=20
Z =949 degrees,

where 1 is a positive integer, solve for n and then find sidesx andy and
angles X and Y.

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

CLEAR a:
[MODE] 2 EFXE 2
=DEGS O R R T T

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 .

"3xN’ "X’ [ENTER 31
2: oy
(10 [Fie [ sor | ENG | DEGe | BAD |

Enter "N"“2-1’ and the variable Y.

'NA2-1''Y’ [ENTER 31 ) T
2 Wzl
mﬁmﬂmm
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Enter the number 20 and the variable Z .

20’7 [ENTER] = -
i 28,49
L 2TR I FIne | ST | ENG | DEGE | RAD

Store the numbers in the variables X,Y, and Z.
2t
2t
§TO
Store the number 94,9 in the variable ANGZ .

94 .97ANGZ [STO|

You can solve for N by using the law of cosines and the Solver. Enter the
formula for the law of cosines and store it in EQ. (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.

ra~2=B~24+C»2=-2xBxCx a:
COS (ANGA) ’ =stEqs el
= SOLVR= R e I € JHGRIEFT=IRT= ]

Store the value of the variable Z in the variable 4. (Note: Only press [Z].
If you include the single quote, then the letter Z will be stored in the vari-
able A.)

p

AZ

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 .)

Store the value of the variable Y in the variable C.
y

1
0
fim

1
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Store the value of the variable ANGZ in the variable ANGA .

ANGZ ZANGA= B K P
1:
Since N is a positive integer, let the number 1 be an initial guess for N.
!1!5
a1 IRHGAIEEFT=ICET= 1]
Solve for N,
1an euersa
iz 4,68
T (T | W | T
Display all digits of the computed result.
=STD= g E
1: 4. 00074339952
S N N T R BT

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

2 =FXE [DROP Ezmmm-_
[SOLV] ESOLVRE :

1:
4 =N= | | T | YT | W | W | I

Solve for side X by pressing =
obtained by pressing the letter [X]

and then [EVAL|. The same result can be
followed by [EVAL |

USER| EX= %:

EVAL 1: 12.00

Solve for side Y by pressing = Y = followed by |EVAL |

o it 12.60

LEVAL : 15.00
LIRS S s )
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Purge the variables that were used in the law of cosines formula. Clear

the stack.

{"ANGA’’C’’'B’’A’ [PURGE| [3:
]2

2
|“mm“““

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

[SOLV| =SOLVR=

e I [eRGAILEFT=I[ET= ]

Store Y in the variable B.
Y

|||||[
|||||{

=B=

Store Z in the variable C.
A

i

c

I_!LJI_I_Il&HEﬂﬂ.Ef_T_ILEI_II__I

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

[ ] ZANGAZ

36,71
I"_'EIII:'::I-EEE'.'TEIEEIE:I
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Purge the following variables. Rather than typing the variable names,
display the User menu and press [{] followed by ']EANGA=['],['|EC=[]
and so forth,

[USER] B
{TANGA’'C’’B’'A’ [PURGE| %:
| N N T I N
Display the Solver menu again.
[SOLV| =SOLVR= 3
iz
[ [ e

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

AS

Store X in the variable B.

Store Z in the variable C.

1:

The resulting equation is now Y2=X2+Z2-2XZ cos(ANGA). Find
ANGY by solving for ANGA .

[ ] EANGA= !

(= pu]
1z 43.35
CE I eHEallEFT=ITRT=1 ]

Exit from the Solver and purge the variables used in this example.

SOLV
{IANGA! IANGZI !C! fB! !A! !’EQI!‘Z!!Y! !X! !N!
PURGE|
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Example: Given the two right triangles shown below, and the relation-
ships cos(A4 +B)=-0.5077 and 0<x <10, find x.

Use the following trigonometric identity.

cos{A +B)=cos(A4 )xcos(B ) —sin(A4 )xsin(B )

//‘ '
e %43
5.~ .
o x-1 - x+7
- P
/// // |
A4 J B O
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 trigonometric identity equation that appears above
results in the following;

cos(A +f:a‘)=)‘:;2><2;ir3 xslx;;-i-?3 -0.5077.

After simplifying this equation we obtain,
(e =2)xx @ -Dx(x +7) _

-0.5077.
5%(2x +3)

Enter this equation.
CLEAR 13 (K- 2:-*>¢--:><—1:|*-:><+?|
T ((X=2)xX= (X=-1)x(X+7)) 22/ (3% (2¥R+3) )=-0.31|
+ (5% (2xX+3) ) =-.5077 mmmm!j
[ENTER]
Store the equation and display the Solver menu.
S STEQ= 38
=SOLVR= o

[ JEEF=ICET=10 | —

Store the initial guess of 1 in the variable X .

EH.JLELEII = I II  —
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Solve for X .
ero
1: 5. 0806
CEJEFT=ICET=I Il | —

Exit from the Solver and purge the variables created in this example.

Sov] {YEQ’ "X [PURGE
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Graphs of Trigonometric Functions

This section illustrates how to plot various trigonometric functions.

Example: Plot the function y =sin(x)/x. The technique for this exam-
ple depends upon whether you are using an HP-28C or HP-28S.

HP-28C Method. Version "1BB" of the HP-28C will generate an error
when the = DRAW = function evaluates the example function atx =0. The
following program checks for evaluation at zero and avoids the error that
would occur.

Program: Comments:
« CLLCD RAD Clear the display and set

the angular mode to radians.
FIFTE(X==0, 1, Evaluate the function for
SIN(X)+X) ' X not equal to zero.
STEQ DRAW Store the fuction and draw it.
=ST=[<>]

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

|

3 =*W= R - ~

S IR |

HP-28S Method. Onthe HP-28S it is not necessary to avoid evalua-
tion at zero.

Set the calculator to radians mode, then key in the function and store it in
EQ.

MODE] =RAD = ET ' %
ISIN(X)+X F
[PLOT] =STEQ= [STEC [RCEC: |FMIN] Frn [TNDEF] Dkib
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Restore the default plot parameters, expand the width by a factor of three,
and press = DRAW = to plot the function.

*1

"PPAR |PURGE +
3 =AW= ; lex‘_,_

Example: Plot the first 10 terms of the Fourier series.
(%)

sin(e) +sinCEL 4 gin ) 4 gin B L 5 O6) .
3 5 7

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.

Key in the program and store it in the variable name "SQWV". (The graph
is an approximation of a square wave.)

Program: Comments:
« CLLCD RAD Clear the display and
set the mode to radians.
0 1 ROT 2 x FOR n Loop: do for n from 1 to 2N.
n X x SIN n + Calculate sin(n*x) /a.
+ Add the sine term.,
2 STEP Increment # by 2 and repeat
untiln >2N,
STEQ DRAW » Store the equation and
draw the function.

ENTER|  SQWV

Set the display to standard mode and purge any existing variable named X,

|CLEAR] [MODE] ZSTDE 4z

'X [PURGE

=Pa0)
am oam an

Display the User menu and execute the program for 10 terms.
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Run the program again, this time for 5 terms.

o, T aew

e o
-'\-'h'{ iV,

— —

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.

7 2xSIN (X) +COS (3xX) 3:
[PLOT| SSTEQS 2

Purge the plot parameters and plot the function.

7 PPAR ~ L R o
1. = i '-' -

Printing the Graph with the HP-28S. To print the graph using
the HP-28S, press the [ON| key, and, while still holding the key, press
the [L] key. Release both keys. The printcr annunciator will appear on
your display while the printer prints the graph.

Purge the variables used in this section.

{"SQWV’ 'PPAR’ 'EQ’ [PURGE]

Printing the Graph with the HP-28C. If you are using an HP-
28C, key in the following program to print the graph on your printer.

ATTN | 3z |
«CLLCD DRAW PRLCD » 2: « CLLCD DRAW PRLCD |
[ENTER] I
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Store the program in the variable PRPLT .
' PRPLT ‘

a:
2
1:
cLico] pIzk JPISEL] ORAR JCLEAF [PRLCH]

Execute the program PRPLT which draws the graph of the expression
stored in EQ and then prints it.

e

.

S ;
s

v

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 into the HP-28S and HP-28C. To calculate arc cosecant, arc
secant, and arc cotangent of a number, simply take the inverse of the
number and calculate 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(-7.60),

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.

CLEAR| [MODE| =DEG = ET ]
5 ZFXZ g |

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

.5 [TRIG] EASINE 3: ' |
1: 38. 80008
[N [hsTN| coz | Acos | TAN [ATAN]

Since the angle is an integer, pressing = HMS = does not change the display.

== ;
21
1 34, EIEIEIEIEI
[FHEE [HME S [HEAEs JHME- ] D3E ] Rl ]

b. Compute arccos(—.95) in HMS format.

.95 [CHS| ZACOS= EE '
2t 36, GEaEE
1: 161.8605132
| SIN [ aeIM | cos [hcs | TN [ ATAH |

=SHVS= ET '

T 2: 36. 688008
1: 161.48183
TR R I e T W
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¢. Compute arctan(—8.98) in HMS format.

8.98 [CHS| ZATAN=

= HMS =

RIS
L]
[y
T
-
LIS ]
S
g P00
q O3
o 0000
I

=1 30. 008EE
21 1el. 48185
1: ~g3, 238445
[FHMEHMES [ HM S [HME- ] D3R | R+D ]

d. Compute arccsc(—7.66). Note that arccsc( —7.66) =arcsin( —1/7.66).

Calculate the inverse of —7.66.

7.66 [oHs] [1/x]

Press £ ASINE to find arcesce(—7.66) =arcsin( - 1/7. 66)

—ASIN—

Convert the resulting angle to HMS format.

s. o iEI”45135
1 =3 5@123
"IN | AZIN| 0 | ACOZ | TAM | ATAN |

= H
oH
1:

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

2 [14]

3: -83 384€ =
23 A46
1 - E :ﬁﬁl' a
mmmmﬂm

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

SACOS=
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=H ~88.35858449
23 =7 . 268845
1: 0. HEE0G
| SIN JAsIH] cos | hcos | THH | HTHN |




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

1. Compute arccot(2.75) in HMS format.

2.75 [1/x] a:  -7.30848
%= 6. B@@B@
laniﬁﬁmnlmﬁlnﬂuilnnnnnmm

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

=ATANZ ET -7 . 30046|

E—— 23 6. BRGEG

19.95311

[EIN LASIN] Cos | RCos | TAN JHTAN]

EHMS = [a: -7.30645

— 2: £8. BEARE
19.5

EXRE e TR CRES e TR
Example: Evaluate sin(arccos(—.9) - arcsm(.6))

First, calculate arccos(—.9).

CLEAR B 3t
.9 [CHS] ZACOSE 1; 154, 15687
[ sIN [AsIN] ns [alis ] THR [ ATHM ]
Next, calculate arcsin(.6).
.6 ZASINE S
=t 154 ISEEI?
1t 36. 853906
[ ZIM [asTH [ o JRcos | TRH [ATAK]
Subtract arcsin(.6) from arccos(—.9).
(-] %5
: 117. 2881?
Eﬂlm]ﬂmll‘ﬂll
Calculate the sine of the resulting number.
SSINE EL !
2:
8.88871)
Eﬂlmmm]
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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 ) —5sin(x )=0, 0 <x < 2.

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

Key in the expression.

! COS (X) ~2+C0OS (3xX)
~5xSIN (X)=0" [ENTER]

=H
2z
1

pzH

1: 'COSCRZ+C05CE+K0- 5
*SIH{H}—E

[ =TD | FIde | £CT [ EMG | DEG [ RAlis |

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

only variable.
8OLV| ESTEQE

Solve for X.

L
i

Try solving for X again with the number 3,

.14 =x=

j w
|\||||‘

8¢ Trigonometric Equations

It i ]

I Il

g I.QI'I EEUEI"EE !

14 as the initial estimate.

iz
& JLEFT=ICET= 11

S.14
] Il |




0000000000000 0000000000000000006060

Check your results by plotting the function.
[PLOT| /PPAR [PURGE R f
SDRAW= et

Increase the height by 5 and draw the function again.

o

SDRAWE ‘J, 4‘-/# .

Betweenx =0 and x =6.28, the graph intersects the x-axis at approximately
x=3andx =3.1L

Exit from the graph and purge the variables used in this example.

ATIN] {’X’"EQ’’PPAR’ [PURGE]
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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 4 (x 1y 1)=(-4,3),
B (x2y2)=(2,5), and C (x3y3)=(~3,- 1), find

the length of side AC,

. the coordinates of the midpoint of side AB,

. the slope of side BC and the inclination,

. the area of triangle ABC, and

. the equivalent polar coordinates of the three points.

canTw

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

[CLEAR] 1 )
[MODE| ZDEGE 9
2 =FIX= |Emmmmlmg

Next, enter the coordinates of point 4 and store it in the variable 4.

(-4,3)'A [sT0 3
T
i e e e R

Do the same for points B and C.

(2,5)'B 3 \
(=3,-1)’C [s10] ¥ |
e i T e P

a. The length of side AC is \/(x3 -x1)2+(y3-y 1)% The easiest way to

find the length is to subtract 4 from C and calculate the absolute value of

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

Put C on the stack.

C

2
it 3.88,-1.98)
nnn--_-
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Put point 4 on the stack.

SAS ET
|21 (-3.608,-1.88)
{1: (-4, 08, 3. 68
Subtract point 4 from point C.
[-] 3
1: Cl.808,-4.80)

Calculate the absolute value by pressing = ABS =. The resulting number is
the length of side AC.

REAL] EABSE |§=
12
mﬁﬁﬂm__

b. The coordinates of the midpoint M (x y ) of side AB isx =(x1+x2)/2
andy =(y1+y2)/2. Thus

MEy)=(x1+x2)/2,(y1+y2)/2)=(x1+x2y1+y2)/2=(4 +B)/2.

Put the coordinates for point 4 on the stack.

o 5 ‘
F___W EAS 1: ¢(-4.88,3,08)
“““___‘

Put the coordinates for point B on the stack.

EBE 3:

- 23 (- 4 EIEI 3.8a8>
1: Hy S, BE
“““_--

Add the two coordinates.

[+] igi
1 (-2,008,5,08)
-_““-_-

Divide the sum by 2 to obtain the coordinates for the midpoint.

2 [1] 3: ]
21 |
1: (-1.68,4.868)
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€. The slope m of line BC ism =(y3-y2)/(x3-x2). The slope is also
equal to tan(f) where 0 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| a1

=c= 21

== 1: t=3.068,-1.88)

Put the coordinates for B on the stack.

=B= a:
2t (-3.608,-1.88>
1 {2.88,5.00)
5 e R I

Calculate C -B.

[-] 3
1: (-5.00,-5.00)
T e e

Separate the coordinates.

CMPLX] £C—RE It

[OWPLX] GRS : e
ChC L Coh | RE | TH | Cund [SIGN]

Swap the order of the x and y coordinates.

SWAP L T

T b=H] -G a%

1z -5.808
[ R | c3k | RE | IHM [CoN.F|STGEH |

Calculate the slope by dividing the y coordinate in level 2 by the x coordi-
nate in level 1.

T
[+] g
1: 1.20
Lrec [ cai | RE | IH [ConJ[15H]
The slope is equal to 1.20.
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€. The slope m of line BC ism =(y3-y2)/(x3-x2). The slope is also
equal to tan(f) where 0 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| a1

=c= 21

== 1: t=3.068,-1.88)

Put the coordinates for B on the stack.

=B= a:
2t (-3.608,-1.88>
1 {2.88,5.00)
5 e R I

Calculate C -B.

[-] 3
1: (-5.00,-5.00)
T e e

Separate the coordinates.

CMPLX] £C—RE It

[OWPLX] GRS : e
ChC L Coh | RE | TH | Cund [SIGN]

Swap the order of the x and y coordinates.

SWAP L T

T b=H] -G a%

1z -5.808
[ R | c3k | RE | IHM [CoN.F|STGEH |

Calculate the slope by dividing the y coordinate in level 2 by the x coordi-
nate in level 1.

T
[+] g
1: 1.20
Lrec [ cai | RE | IH [ConJ[15H]
The slope is equal to 1.20.
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Compute the inclination by taking the arctangent of the slope.

TRIG| S ATANZ %.
1 5@, 19|
"SIN [ 631N ] Cos | Acs | TAN [ATAR I

d. The arca of the triangle formed by the three points is the absolute value
of the following:
x1yl1
1/2 |x2 y2 1
x3 y3 1

To put the three points in a matrix, separate the coordinates then put the
number 1 on the stack for each of the three points.

Separate the coordinates of point A .

2 4.00
A EC-RZ 1: 3. 60
[Fak | 63P | ke | C3R | ARG T

Complete row 1 of the matrix,

1 o T
%5 3.00
AR

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

B =C-R= 5 2.8
1 [ENTER 1: 1.66
T N T T T

Separate the coordinates of C and complete row 3 of the matrix.

C =CR=
1 [ENTER

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

{3,3 |ARRAY| =—-ARRY= 1: [[ -4.0@ 3.88 1, EIB ]
E [ 2.88 5.008 1,058
[ _3 EB —l.Eﬂa 1 Eam
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Compute the determinant of the matrix.

DET

-26, 06

I
T a0

Divide the determinant by 2 and take the absolute value of the result. The
arca of the triangle is returned to level 1.

2:
13. 08
|mmm&mm

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] 3E
=pp= 2t
A SRoP= 1: (5.00,142.12)

-

2h | R*F | RC ] ok J ARG ] ]

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

B ER-P= =H

I 21 (5.088,143.13)
i: i5.35,68. 205
BT T T T T

Do the same for point C.

C =RoP=

T (5.09, 143, 137
21 ¢5,35,68. 285
1: (3.16,-161.572
P2k | B | B2 ] Cob | ARG [

Purge the three variables used in this example.

{!c! .I"BJ" IAI ;EURGE
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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-28S or HP-28C, first convert it to rectangular form and then plot it.
You can either write a program to draw the graph of a polar equation or
convert the equation to rectangular form before attempting to draw it.

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

A(4,-15) B(-4380) 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,
being 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

CLEAR 3:
EDEGE £
2 =FIXE | ZT0 | FIfm | 501 | ENG | DEGE | RAD |

Key in point 4 and convert it to rectangular coordinates.

(4,-15 [TRIG] EP=R= 3 [
1 (3.86,-1.,04>
(3R | hab | hac | cok | Aka | |

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

(-4,380 =PR= a:
2z (3.86,-1.84)
1: (-2.76.-1.37)
| P3| R3F | RaC | L3R | ARG |

Do the same for points C and D.

(=2,570 =P-R= ET (3.86,-1.04)
|28 (-3,76:-1.37)
1: 73,1005

ag Polar Coordinates
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00000000000 00000000000000000C0O0COSS

(2,-195 =P=RE 3: -3.76:-1.37)
=H ¢i.75,1 885
1: (-1.93,@.52)
T T T Y T

The rectangular form of the four points are 4 (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 Lhe dlsplay and draw the axes. Note The

inates the menu dlsplay

PLOT| /PPAR [PURGE] L i ‘
SCLLCD= '

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 [*].)

e I B
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Press to exit from the plot display.

Example: Sketch the rose r =2sin (§) for 0<#<360.

The following program draws the graph of a polar equation. The program
assumes that the equation is in the form r =f (), where f (6) is an expres-

sion with 4 as the unknown variable. The input to the program is the
expression f (¢).

Key in the program listed below and store it in the variable PEPLT (for
"polar equation plot.")
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Program: Comments:
« "EXPRESSION?" Prompt message.
HALT Program stops

(Enter the expression).
— T Store the expression

in the local variable 7.
« DROP Drop the prompt message.
DEG Set the angle mode to degrees.
CLLCD Clear the display.
0 360 FOR j Loop: do for j from 0 to 360.
j ’theta’ STO Store the current j

in the variable theta.
r EVAL Evaluate the expression for r.
theta Put theta on the stack.
R—-C Combine r and thefa.
P—-R Convert (r theta)

to rectangular form.
PIXEL Draw the point.
3 STEP Increment j by 3 and

repeat until j >360.
{ PPAR theta )} Purge the plot parameters
PURGE » » and theta.

[ENTER] / PEPLT [sTO|

Display the User menu and execute the program,

[U5ER) SFerTs _g_ ; |
1 "EXPRESSIONT"
[ e e AT
Key in the expression 2<SIN(2xtheta) and press [CONT].
" 2xSIN (2xtheta) [CONT] s
(0
If you do not want to save the program, purge PEPLT .
ATIN| "PEPLT’ [PURGE %
|1z
[UROER[CLusklMER] ] T ]
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Example: Transform r(1—sin(f))=2 into its rectangular form, substi-
tuting x2+y? for 72 and y for rsin(f).

Kcy in the equation. Let the angle be called "th".

TRIG ETH

- — B 2:
‘rx(1-SIN(th))=2 [ENTER]  |i ' 4¢1-SINCLhY =2
SN TReIN oo Thcos | ToN Lot |

Display the Algebra menu. Expand the equation to gct 7 —rsin(f) =2.

ALGEBRA EXPAN = %
1t rEl- r*SIN(th}—E'
[E0LET [ERFAR) STZE |FORH [0ESUEESTE

Add rsin(6) to both sides of the equation. To do this, press the [ENTER] key
to duplicate the expanded equation.

[ENTER 31
28 'rEl-reSIN(LR)=2"'
1: 'rEL-r#SINCLR)=2"
|Wﬂﬂﬁﬂimﬂﬂmm

Next, enter the number 6:and press = EXGET =. The subexpression 7 sin(f) is
returned.

6 = EXGET—

: 'rE1-rESINCEhI=2!
: FESINCLRD
T T T R e

=0y

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

m =
It 'r21-rsSINCEhY+r#5IN
I:th} 2+r‘*51N(th;.
m
Simplify the expression.
1: F=2+SIHCER) #r ' |
mmmmmm

Square both sides of the equation. The equation r2=(2+7sin(9))? is
returned to level 1.

[x%] 2z |
1: '?l'l(l":'-':SE!':EPSIH(th)*

r
[ChLCT JEkP RN ST2E [FOEM IESUEEESUIE
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Now you can substitute x?+y? for 72 and y for r sin(§). The Expression Sub-
stitute command 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] 3:
21 '90Cr)=9RCRHSINCth,
T I T G

Enter X"2+Y"2 and press Z EXSUB =.
FXN2+Y"2 ZEXSUBE

2
i1 ‘K“2+Y“E—5Q( 2+5INCL R

! }*r)
| [COLCTERFAR] SIZE [FORM [0ESLIE[ERSUE]

The subexpression "SIN(th)*r" is in the fourteenth position; therefore, key
in the number 14.

4 % 'H“E+?“E'EE'{E+BIH(L..
mmmm

Substitute "Y" for "SIN(th)*r".

'Y SEXSUBE ET
% 'RO2EYS2=0Q(2+Y )
[CoLcT]EnFaR] STZE [Fukt [EUEERZUE

To simplify this equation, subtract "SQ(2+Y)" from both sides of the
equation, expand the equation, then collect terms.

First, duplicate the equation by pressing the |[ENTER | key.

i _—————
[ENTER] E; RNEHY 2SS )"
PRARHYA2=SEC 24!

lnmnlEEEMImnlnnmlmﬁnﬂﬁﬂnm

Enter the number 9 and press = EXGET =. The subexpression ’SQ(2+ YY) is
returned to level 1.

9 ZEXGET= 31
= EXGET % E 1 xA2+'f’~2-SE! ( E+‘r‘ } !
mm
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Subtract 'SQ(2+ YY) from both sides of the equation.

-] ET

= 'K“‘2+"f"‘2-3|31(2+‘r')—3'
[TAYLE] T30 | olihn ] SHOM OB GETIERGETH

Expand the equation.

SEXPAN= 21
- T8 ' HEdEY - (252425 2%+
Y 2=

COLCT

FORHM

= COLCT= 23
== i1z é'- G 22N 2= Y =
[COLCTIEHFANT ST2E [FORM I0ESUEIERZUIE)
Collect terms
ECOLCT= 2=
: - geRnP-4ay=0"
|E=mma:ﬂ:mmm

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-28S or HP-28C.

Example: Given the line passing through points A (8, - 10) and
B (-10,26), find

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

First, set the display to FIX 2.

MODE| 2

FIX=

IﬁWE

T

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

Keyin point 4 and press =2+ =. The matrix ZDAT is created with point
A as the first entry in the matrix.

STAT 3:
[8,-10 =x+= H
= ERoLE ]

Add point B to the matrix.

[-10,26 =n+= Eg
IEIIEIIEIHMIIH!IH!

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.
]

-89

LR

HNIUJ

: -2.8
mu.nmm:mmuu-mﬁmlll
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b. To find the corresponding value for y givenx = —4, enter the number
-4 and compute the predicted value. The value for y is returned to
level 1.

=4 E=PREDVZ= |31 .00
2: -2.060
i: 14,66
[ coL= ] cokR [ cov | LE JFREDV] ]

Clear the display and purge the variables that were created in this
example.

[CLEAR] { 'ZPAR’ ’YDAT’ [PURGE

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 X(4x +By +C)/(V A%+B?%) =0,
wheres ={-1or1},4 =y1-y2,B=x2-x1,and C=xIxy2-x2xy 1.

IfC>0,thens =—1.

If C <0, thens =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-Y?2’ in the variable 4 .

ryl-Y2’ ’A [STO] [USER ?!% """ w
1s
S Vo R 0 B
Store X2 -X1’ in the variable B .
rX2-X1’'B [STO (31
Store *X1xY2-X2xY1’ in the variable C.
' X1xY2-X2xY1’’C [STO |%= o
1
T T T O RS R
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Key in the normal form of the equation.

7 Sx (AXX+BxY+C) + =H ‘
v (AA2+4BA2) 7 [ENTER] f1: 'S*(FI*H+EF*'T'+C)-"~T(H""E

Il!ll[!llﬁllllllllllllll

Store the equation in the variable EQ and display the Solver menu. A
menu of the variables is shown in the display.

[soLv] EsTEQ= g:
SSOLVRE &
0 - O |

Find the equation for line DE. Let point D be the first point and E be
the second. First, enter the coordinate —4 and press the = X1 = soft key.
-4 1=

i

1
lsllull'railx_l_laa_l[_u__l

Enter the number 3 and store it in Y 1.

3 EViE [T Seue )

1|
= IIﬂIIi"E_IIHHHE_JI_HJ.A

2 X8 B S B

iz
= Ir_'.-1 || I | J e 0]

Enter the number 5 and store it in ¥2.

5 =V !m_
l_'s_Jl_u_Jua_u_Lu_aa_uu
Determine the sign of the variable S.
C [ENTER] ET
2:
1: 'R EYR-REEYL

| | |

96 The Straight Line



Evaluate C.
[EVAL (3

% -26. 688
W - |

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

M=

s 10w 0ye JCw e ]

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

S

1%
L iy W ya I & M g3 Wes |

S.
1

H

Display the resulting expression.

Evaluate the expression by pressing [EVAL]. 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 [2s
1z ‘li (E*HHE*H’ 2EIS
= IE&'L&.JI I[ I[ Il ]
Now find the equation for line DF.
Store the coordinate —3 in the variable X2.
-3 =X2=
: ~(ZERITEET-C0 )/
£.887 -
o

Store the coordinate —1 in the variable Y2.
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Press [C| followed by the [ENTER] key.

C [ENTER] [g:
21 (= (2¥KIHFEEY-26) 76,
1t IMlxYE=Haey]!
(L 70 | -

Evaluate C.

EVAL i=H
28 (- (2EMIHEEY-26)0 76, .
1: 13. 88
| ILvx I ye M 8 § %3 If 81 1

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

[DROP

-
18 ' (-{2xx2+6xY-260~
6.32"

5 W 3 | R

Since C >0, then § =-1. Enter a —1 and prcss—s—

I - (SEE ) TREY 2D
6. 32"

| I T | I | R

Display the resulting expression.

SEXPR=Z

| 71—

{{'1"1 Y3y AS(Ra- Ki)‘l"‘E_
| —

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
ZEr0.

SAL CTE
22 (- (2EMIFEEY-2EISE, ..
18 '—Codxd+y+1304, 120"

L L yx I y2 I & 10 sg I #1 |

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.

[-]

T T IV

1t
| 6. 32+ (4EK+Y+150 74,12
!I ¥ JESFE=][ I | || ]
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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 EXPANZ

Expand it again.

SEXPANS

1t ' (- (20 +62Y-26)~
§é$2+{4*x+Y+13>x4.12

L= J0ya Wy W & Il wa |l 1

1t "{-(2¥X0+6%Y) 6. 32
2676, 32+ (AEHEY DA
4,12+1374.122=8"

[COLET |ERFAN] SIZE |FORH [0ESUEIESUIE

18 - (2EH) /6, B2+6EY
6. 30— D6/6., 20+CA%K,
4.12+¥-4.12%13/4.12)

oL e T [ENFAN] ST2E [FORH J0ESLIEJERSLIE]

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

of the bisector of angle D .

=COLCT =

Purge the variables used in this example.

2
1

'—0, 96+0. 654K+ 1. 195

[coLcT [ERpam] ST3E [FOkH J0ESUE]ERSUE]

{!5! TY2T X271y X1 TEQ! rorrgrrp’
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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=0and (x +2)?+(y -1)2-20=0,
find the point(s) of intersection, if any exist.

First, set the display to FIX 2.

= Iiis m ENG ._ilm“ .m

Key in the expression for the second circle as shown below, and simplify it
by expansion and collection of terms.

! (X+2) "2+ (Y-1)~2-20" 21 o
(ALoER] ZoPATE b X
nmlﬂﬁﬂﬂmEEE!EEHIEEEEEEEE
Expand again,
SEXPANZ 21
' 18 'HEd42eEe24252+(YEY-
2¥Y#1+1%17-2@"
[CoLcT]ERPAN] =17k TFoRH [0EsUElEssUE

Simplify the expression by collecting terms.

ECOLCT= 2:
L = 154RA24Y N 2445K-25Y)

CoLCT [EXFRK] ST2E JFofH [oEsUE]EHZUE]

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

r¥X~2+Y¥Y~2=5 [ENTER T
1= >s' 2+ ‘{“E a'

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

[-] 2:
1: —15+H“2+?“2+4*H 2%Y!
— (RSP R-5)
C0LCT[EAFAN] STZE [FORM [0k ZUE[ERSLIE]
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Expand the expression.

Z EXPANE 2:

1z '- 15+>¢*H+'1"*"|"+4*H 2%y
| -(K*K+ =5
immmm EHELIE

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.)

I: = 144N - Y

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 ¥ in the equa-
tion for the first circle. This gives an equation with one unknown, namely,
X . Solve for X, then find the corresponding value(s) for Y.

Solve for the variable Y.

'Y SisOL= 3t
1: (- 1EFdEN) A2
[TRILE] T30L | A0 ] SHOM [OEGETIERSET

Store this expression in the variable Y.

'Y (81O

3
i
[THILE] IE0L | G0 | SHikd 0B GETIENGET]

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

!XA2+YA2_5=0; ;X ;SHOW; 2= — o o
1: 'E:ET((-IB+4*H)KE)“2

THILE] T30 | S0 ] SHk [OEGET|ERGET]

Since the equation in level 1 is a quadratic, use the QUAD command to
find the value(s) of X

"X EQUADE

=Ml

2. 88
[THYLE ] T20L ] CUAD ] SHOE JOEGETIERGET]
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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 ¥ on the stack.

'Y [RCL] a:
2t 2.86
1 "{— 1|3+4*H3'a-’2'
[THYLE] I50L {QUAD] SHOK [OEGET|ERGET]

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

[soLv| =STEQ= s
= BOLVHE I: 2,80
P B . S

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

= = f

{1z
| I JEZFE=I] 1l L | ]

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

SEXPR- = A R B

-1.686

1z
e IEsFR=Il Il Il Il ]

Thus the circles interscct at the point (2,-1).

Exit from the Solver and purge the variables that were created in this
example.

[sowv] {’X'"EQ’ 'Y’

102 The Circle



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 will result. This section demonstrates a
program to draw a horizontal parabola.

Example: Plot the graph of x2=4(y +1).

First, set the display to FIX 2.

CLEAR |3t
[MODE] 2 SFIXZ o
| sT0 [ FIdm | 2cT | EMG |DEGa | RaD |

The semireduced form of the equation of a vertical parabola is

(c —h )?=4p (y —k), where (h k) is the vertex, x =h is the axis, (h & +p) is
the focus, and y =k —p is the directrix. In this example, # =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.

' X~2=4x(Y+1) [ENTER] E
1: RAP=4% (Y +1) "
[ 270 | FIde | 2CT | EMG | DEGe | RAD -]
Isolate the variable Y.
/Y [ALGEBRA| EISOL= %
1 RApsd-1"
TRAILR] T30l Joint | SHob (0B GETIERGET]

Store the expression for Y in the variable EQ.

[PLOT] ESTEQ= 3 ‘
ééﬂﬂﬁﬁiﬂﬂﬁﬂﬂﬁﬁﬂﬂﬂmﬁﬂﬂﬁnu

Draw the graph of the parabola.

SDRAW= i N




Exit from the graph and purge the variables created in this example.
ATIN| { 'PPAR’’EQ’ [PURGE
Example: Plot the graph of the horizontal parabola y2= -4(x - 1).

The general equation of a horizontal parabola is (y —k )>=4p (x —h ). The
vertexis (h & ); the axis is y =k ; the focus is (2 +p & ); and the directrix is
x=h —p . Therefore, in this case, &, k, and p are equalto 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 isx =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 %2, 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.

Key in the program below and store it in the variable HPAR (for "hor-
izontal parabola"). '
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Program: Comments:
« "ENTER h, k,p" Prompt message.
HALT Program halts

(vou key in 3 numbers).
—+ h k p « Store the 3 numbersin & 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 (k k).
DRAX Draw the axes.
" (Y-k)*2=4xpx(X-h)’ Equation for a horizontal parabola.
X’ ISOL Isolate X in the above equation.
rX?’ STO Store the expression in the variable X .
k 20 - k 20 + FOR j  Loop: doforj fromk —20 to k +20.
j ¥’ STO Store the current j in variable Y.
X EVAL Y R—C Evaluate X and form point (X ,Y’).
PIXEL Draw point (X,Y).
NEXT Increment j by 1 and repeat

until j > (k +20).
{ X Y PPAR } PURGE »» Purge variables X, Y, and PPAR.

[ENTER] HPAR [STO

Display the User menn and execute the program.

= HPARE 3 -
1: “ENTER hyksF"
L P R S M

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

1,0,-1 [conT] o a
IRRRES! -

Press [ATTN] to exit from the plot display.
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Example: Plot the graph of (y +10)?=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.

= HPARE 3
1t "ENTER hsk;p"
Key in the value of A .
=35 [ENTER] 31
%: "ENTER hé E
---——
Key in the value of k.
—=10 [ENTER] a: "EMTER hak ﬁ“
¢ “§%.22
m-_-—-

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

the parabola is drawn.

3 [conT]

]

Exit from the graphics display and purge the program HPAR, if you wish.

[ATTN] 'HPAR [PURGE]
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Example: Horizonial Parabolas Using DRAW. The program
below is an alternate approach from the point-by-point function plot in
program HPAR. This program takes k,k, and p from the stack, creates
an equation representing the upper and lower halves of the parabola, and
uses the DRAW command to create the plot. Note for y%(x) < 0, the
DRAW routine produces a line intersecting the curve at the vertex.

Key in the following program.

« "X’ PURGE 10 *H 10 *W
— h k P «

"2%/ ((X-h)xp)’

EVAL DUP NEG = Kk + RE
STEQ CLLCD DRAW |ENTER| [<>|

18 % 'Pﬁ‘.‘ F‘LIRGE 18 _xH 1El
¥ 2+ h k € "2E[

}' EEHL DUF HEG

= k + RE STE@ CLLCD

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

'HPAR?2 [STO]

Execute the program for the previous horizontal parabola.

1,0,-1 [USER] =HPAR2Z w ‘
P |

Exit from the plot display and purge program HPAR? if you wish.

ATIN| HPAR2 |PURGE
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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?, -1 _,
9 4

The general equation of an ellipse is

@=h)Y , G-kP _.
a? b2

The center is at the point (h k). If @ >b, then the major axis is parallel to
the x-axis. The vertices are at points (h +a & ); the foci are at points
(h £c k), where ¢ =V a?—b% and the ends of the minor axis are at points
(A, £b).1f 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 (5 &k +¢ ); and the ends of the
minor axis are at points (2 @ k).

For this example, 7 = -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.

Key in the program and store it in the variable ELLIPSE .
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Program:

« "ENTER h,k,a,b"
HALT

—+— hkab

« DROP

CLLCD

2 *H 2 *W

h kX R—-C CENTR
DRAX

! (X-h)r2+ar2+
(Y-k)"~2+br2=1"
'yr ISOL

ryr STO

-1 1 FOR j

j ’sl’ STO
ha-ha+ FOR n
n ‘X’ STO

X Y EVAL R—-C
PIXEL

.2 STEP

2 STEP

{ PPAR X Y s1 }
PURGE »»

ENTER] ELLIPSE

Comments:

Prompt message.
Program halts

(Enter the 4 values).
Values are stored in A,k,a, and b.
Drop the prompt message.
Clear the display.
Multiply the height and width by 2.
The center of the display is (h,k).
Draw the axes.
The general equation

of an ellipse.
Isolate Y from the equation.
Store the expression in the variable Y.
Loopl: dofor j from —1to 1.
Store the current j in variable s 1.
Loop2: doforn fromh —a toh +a.
Store the current n in variable X'.
Form the point (X,Y).
Plot the point (X,Y).
Increment 7 by .2 and repeat
untiln >h +a.
Increment j by 2 and repeat loopl.
Purge the variables

created by this program.

Display the User menu and run the program. The prompt message is

returned to level 1.
[USER| ZELLIP=

Enter the value for A .

=2 |[ENTER!

:-3=

ot

1: "ENTER haksa,b"
ECLTE [seilg el enmal i s [ e
3t l
22 "ENTER h,k,a,b“]
1: -Z2.88
[ e e R e
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Key in the value for k.

1 !gg ENTER h,k,g,léél
1 .
I----—

Enter the value for a.

3 g -2.08
25 1.808
i: 3.88
(I 2 i Pl e R )

Enter the value for b and press [CONT|to continue running the program.
The graph of the ellipse is drawn.

1

Press to exit from the plot display and, if desired, purge the

program.
[ATIN] /ELLIPSE [PURGE]

Example: Plot the graph of the vertical hyperbola

G+ -4 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.)

Enter the equation as shown below.

F(Y+1)A2+4-(X-4)"2+2=1" [ai —
ENTER] T3 1(y+137204-Ch-d)02r2
EDERJCLUZEIMER] | | ]
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Isolate the variable Y. The result is an expression representing two solu-
tions. The variable 57 can be either +1 or -1,

'Y [sOLv] £1SOL=E T |
1z 51*¢ﬂ(1+ﬂH 432,23 %

mm ZOLVE Em‘

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

ssigs = ‘
= SOLVR= g ,_
5 777 | |

Store the number 1 in the variable s1.

1 Ssi= . —

iz
‘I 50 | Imagjjp___ Il I[ ]

S EXPR==

Store the number —1 in the variable s1.

-1 E8i=

_1|
E s IERre=l | [ ]

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

[=] [ENTER 15 'TC(14(%-d42" 2 20 %40
§=I{(<1+tx—4>ﬂzz2>*4
il 10 # _!EEE{I Il il |

Store this equation in the variable EQ, and plot the graph of the hyper-
bola.

PLOT| ESTEQ= i N
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Press |ATTN | to exit from the plot display, and multiply the height by 10.

ATIN] 10 =*H= 3

i: .
[FFik | KE: | RRES CENTRL #bi | ¥H |

Multiply the width by 10.

10 =*»w=

=[a0)
um EN BN

[FEAR | KES | AHES JCEMTE] #ld | %H ]

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

= DRAW E \, ]r_ ;,.-

+— .
B
. .H'-

Exit from the plot display, and purge the variables used in this example.

ATTN g
{’PPAR’ 's1’ TEQ' |PURGE 1
| FPAR | KES | ARES [CEHTE] K | #H |
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Example: Plot the graph of the horizontal hyperbola

4
The general equation of a hyperbola is

@-4 @+12_,
SR

@-hY?_ G-kP _,

a2

For this example, # =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
— h k a b « DROP

CLICD 2 *H 2 *W h k
R—C CENTR DRAX

' (X-h)~2+a~2—-(Y¥-k) 2+
br2=1f 7Xf ISOL X’ STO
-1 1 FOR j j ’sl1’ STO
k4 -k 4+ FORnn 'y’
STO X EVAL Y R—C PIXEL
.2 STEP 2 STEP { X Y sl
PPAR } PURGE »»

[ENTER

Store the program in the variable HHYPE (for "horizontal hyperbola").

*HHYPE’

ol

Display the User menu and execute the program. A prompt message is
displayed requesting you to enter the values for h, 4, a,and b.

[USER| EHHYPEZ

The Ellipse and Hyperbola
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1

"ENTER h

[ ke [ E=F] b"
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Enter the value for k.
4 [ENTER]

Enter the value for k.
=1 |ENTER|

Key in the value for a.

2 |ENTER

3: |
2 "ENTER hiks3.b
m:m:-_——-

f%_ "ENTER hyks2.b°
1t -1:68

3: 4. BE
=4 -1.84
1: 2. 00
(T e e i ey

Calculate the value of b by entering the number 2 and taking the square
root of it. Press [CONT] to continue running the program. The graph of the
horizontal hyperbola is drawn.

2 [/] [CONT

If desired, purge the program.
USER] 'HHYPE [PURGE
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Example: Plotting the General Form of the Equation. Asan
alternative to point-by-point plotting of the functions, the DRAW com-
mand 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 equation 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 [ENTER g
'VHYP [sTO g

The second program’s parameters specify a horizontal hyperbola.

« 1 -1 MCON 2 )
*HHYP o

ST e ] I s
An ellipse has both squared terms positive, and, thus, parameters 1,1.
« 1 1 MCON 33:
'MELL %

[MELL [Wave Juwve ] 1 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 sl} PURGE
— h k a b sx sy «

’sxxSQ( (X-h)+a)+ [FecoN MELL | KHVF LORTF L T
syx8Q((Y-k)+b)=1"'

EVAL 'Y’ ISOL DUP 1 ’'sl1f
STO EVAL SWAP ’'sl’ SNEG
EVAL = RE STEQ CLLCD
DRAW ’sl1' PURGE »»

=000
» umam

ENTER
"MCON ([sT0]
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Now try the previous examples from this section. Purge any plot parame-
ters that have been specified.

' PPAR [PURGE l__..__ ]l —
-2,1,3,2 [ENTER | s ;
USER] SMELLE | St

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

Now draw the vertical hyperbola.

IS0 - '
11,2,y Iq
= VHYP=

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

ATTN }\\
4,-1,2,'/2 [ENTER ' -

SHHYPZ

Exit from the plot display and 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(f),0 <t < 360.

First, set the angle mode to degrees.

[CLEAR] T
MODE| SDEG= %

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 is 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.

Key in the program and store it in the variable PAREQ (for "parametric
equations").

Program: Comments:
"T0,HI,INC?Y Prompt message.
HALT Program halts
(Enter the 3 inputs).
— lo hi inc Inputs are stored in the respective variable
« DROP Drop the prompt message.
lo hi FOR n Loop: do for n from lo to hi.
n ‘T’ STO Store the current n in the variable 7.
T X EVAL Y EVAL Take T, X, and Y and put them
{3} —ARRY in a vector.
ot Add the vector to the EDAT matrix.
inc STEP Increment n by the value inc
and repeat loop.
CLLCD Clear the display.
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2 3 COLE Denote which columns to plot.
SCLEZ DRWX Scale the coordinates
and draw the points.
{T LPAR PPAR)} Purge the variables
PURGE created by the program.

[ENTER] ’PAREQ (STO

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

12-3xCOS(T) F 'X [STO

[Pt

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

14+2xSIN(T) ’’Y [STO :

Display the User menu and execute the program. The prompt message is

returned to level 1.

SPAREZ % :
1: L0, HI, INC?"

Enter the low value of T.

0 [ENTER T N
= % "LOyHI, INC?"
T e s B
Enter the high value of T'.
360 T U0, HI, Igcaaﬁ
1: 266, BA
TS e e

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
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the plot display. The table of values is stored in XDAT. T is in column 1;
X isin column 2; and Y is in column 3. You can see the first few entries to
the matrix by pressing the soft key labeled SDAT. To see the individual
entries, use the GETI command.

Purge the variables used in this example.

{’SDAT’ '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.

SDEGE 3:
2 FIX

1Y
i

12

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 () and y =v;t sin(a)-.5gt2 |

where v; is the initial velocity, o 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 ¢ in
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.

1 X=VXTxCOS (A) ' ' T 31
=ISOL= 1 'R ACOSCAY AN
[STEC [RCEG [20LME ] T20L [GURDEH |
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Store the resulting expression for T in the variable 7.

T [ST0]

o | RCECE J20LYE MEM\

II-"I"\Jl'.l.'I
— TR

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 result is the equation for
thc path in rectangular coordinates.

FY=VxTxSIN (A) -.5x% 1: 'Y=¥x(KAC08CAM Yo%
9.8xTA21 X ,E_SHOW._% E%EEH) -a. 59*9 SEECAA
[STEC [REEC [FULUR] T20L | S0 [ SHIK ]

Store the equation in the variable EQ and display the Solver menu.

= 8TEQ= i=H
=SOLVR= %
i

.\'II'.'IIHIIHILEHQLﬁ]‘_u

Store the number 0 in the variable Y.
0 EVE

T

1
Iy e s JLEFT=IlRT=1

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

|

1
[

T e I % Il a ILEFT=ICRI= ]

Since this problem uses SI units, convert mph to m/s. Enter the number
170.

170 [ENTER]

176,88
¥ L7 L8 s JREFT=I[®T=1

B A

Key in the units "mph."

’mph 31
P 2: 170.806
I1= lm L}

i

\-nuuullnIEEE]
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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" 3 6. 08

ECONVERT 1; "m flS"
O T e EFT=IlRT= |

Drop "m/s".

[DROP] ]

=H
28
i: 76. 84
Iy s JLerr=IlEi=1

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

|

¥ v = Il & JLEFi=llEi=1

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

0 EAZS fRisio s
[ .. E )|

Find the angle.

[] EA= !‘W
19N ayersa
it 9,92
[y L E s JLEFT=ILET= ]

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 [EVAL]
will recall the expression and then evaluate it with the current variable
assignments).

T [=NUM]

9.92
: 2.67
v L% & Ja JLEFT=I[ETI=1

[~

Exit from the Solver and purge the following variables.

{'A’ IJIIXIIYrTEQT T |£L_J_RGE
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More Step-by-Step Solutions
for Your HP-28S or HP-28C Calculator

These additional books offer a variety of examples and keystroke pro-
cedures to help set up your calculations the way you need them.

Practical routines show you how to use the built-in menus to solve prob-
lems more effectively, while easy-to-follow instructions help you create
personalized menus.

Calculus (00028-950102)

® Perform function operations: definition, composition, analysis, angles
between lines, and angles between a line and a function.

m Solve problems of differential calculus: function minimization, com-
puting tangent lines and implicit differentiation.

m Obtain symbolic and numerical solutions for integral calculus prob-
lems: polynomial integration, area between curves, arc length of a
function, surface area, and volume of a solid of revolution.

Vectors and Matrices (00028-90105)

® Perform general matrix operations: summation, multiplication, deter-
minant, inverse, transpose, conjugate, and minor rank.

® Solve a system of linear equations.

m Calculate several important vector operations.

® Learn methods for calculating eigenvalues and eigenvectors.

@ Perform the method of least squares and Markov Chain calculations.

Probability and Statistics (00028-90104)
® Set up a statistical matrix.

m Calculate basic statistics; mean, standard deviation, variance, covari-
ance, correlation coefficient, sums of products, normalization, delta
percent on paired data, moments, skewness, and kurtosis.



Perform regression techniques: curve fitting, multiple linear, and
polynomial regression.

Compute several test statistics.

And Specifically for Your HP-25S...

Electrical Engineering (00028-90103)

Use ready-to-go utilities for quick results.

Calculate mesh currents and nodal voltages of DC or AC circuits.
Display and optionally print a Bode diagram of a transfer function,
Calculate the impedance of a passive one-port network,

Convert impedance valucs between delta and Y networks.

Perform ladder network analysis, truth table generation, finite Fourier
transforms, and voltage/current division.

Mathematical Applications (00028-90111)

Find the area and all sides and angles of any plane triangle.
Perform synthetic division on polynomials of arbitrary order.

Calculate all the roots of a first, second, third, and fourth degree poly-
nomial, with real or complex coefficients.

Solve first and second-order differential equations.

Convert the coordinates of two or three-dimensional vectors between
two coordinate systems, where one system is translated and/or rotated
with respect to the other.

Collect statistical data points, and fit curves to the data.

How to Order...

For the location and number of the U.S. dealer nearest you, call toll-free
1-800-752-0900. To order a book your dealer does not carry, call toll-free
1-800-538-8787 and refer to call code P270. Master Card, Visa, and
American Express cards are welcome. For countries outside the U.S.,
contact your local Hewlett-Packard sales office.






Step-by-Step Solutions
for Your HP-28S or HP-28C Calculator

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

B Functions and Equations
Rational Functions and Polynomial Long Division ¢ Complex
Numbers « Hyperbolic and Inverse Hyperbolic Functions « Function
Evaluation » Graphs of Algebraic Functions » Quadratic Equations
+ Polynomial Equations  Simultaneous Linear Equations * Systems
of Linear Equations

B Infinite Sequences and Series
# Logarithms

H Trigonometry
Trigonometric Relations and Identities » Trigonometric Functions for
One and Two Angles » Graphs of Trigonometric Functions « Inverse
Trigonometric Functions « Trigonometric Equations

B Geomeftry
Rectangular Coordinates « Polar Coordinates « The Straight Line
* The Circle » The Parabola « The Ellipse and Hyperbola
+ Parametric Equations
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