
• • • • • • • • • • 

• • • • • • 

Step-by-Step Solutions 
For Your HI' Calculator 

Algebra and 
College Math 

HP-28S 
HP-28C 

(Ii.] ~:~K'::J6 



Blank Page 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Algebra and College Math 

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

rhii1l HEWLETT 
~J:. PACKARD 

Edition 1 December 1987 
Reorder Number 00028-90101 



Notice 

This book and any keystroke programs contained herein are provided -as 
is" and are subject to change without notice. Hewlett-Packard Com paoy 
makes no warranty of any kind with regard to. this book or the keystroke 
programs contained herein, including, but Dot limited to, the implied 
warranties or merchantability and fitness for a particular purpose. 
Hewlett-Packard Company shall not be liable for any errors or for 
incidental or consequential damages in connection witb the furnishing, 
performance, or use of this book or the keystroke programs contaioed 
herein. 

C> Hewlett-Packard Company 1987. All rights reserved. Reproduction, 
adaplarion, or translation of this book, including any programs, is prohi­
bited without prior written permission of Hewlell-Packard Company, 
except as allowed under the copyright laws. Hewlett-Packard Company 
grants you the right to use any program contained in this book in a 
Hewleu-Packard calculator. 

The programs that control your calculator are copyrighted and all rights 
are reserved. Reproduction, adaptation, or translation of those programs 
without prior written permission of Hewlett-Packard Company is aJso 
prohibited. 

Corvallis Division 
1000 N.E. Cirde Blvd. 
Corvallis, OR 97330, U.s.A. 

Printing History 

Edition 1 December 1987 Mfg No. 00028-90106 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Welcome ... 

... to the HP-2SS and HP-28C Step-by-Step Solution Books. These books 
are designed to help you get the most from your HP-28$ 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; 

• The basics of your ca1culator: how to move from menu to menu, how 
to exit graphics and edit modes, and bow to use the menu to assign 
values to, and solve for, user variables. 

• 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 exam pies in this book. 

For more inrormation about the topics in lbeAlgebra and College Math 
book, refe r 10 a basic textbook on the subject. Many references are avail· 
able in university libraries and in technical and colh:gt: lxIokslores. nle 

examples in the book demonstrate approacbes to solving certain problems, 
bUllhcy do not cover the many ways to approach solutions to mathemati· 
cal problems. Our thanks to Roseann M. Bate of Oregon State University 
for developing the problems ill this book. 

We leo..... 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. 

I ARRAY I 
IPLOTl 

IALGEBRAI 

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 I requires you to press the shirt key, followed by the ARRAY key, 
found above the "A" on the left keyboard.) 

The "inverse" highlight represents a menu label: 

Key: 

DRAW 

ISOL 

ABeD 

Description: 

Found in the I PLOT I menu. 
Found in the I SOLV I menu. 

A user-created name. If you created 
a variable by this name, it could be 
found in either the 1 USER I menu or 
the SOLVR menu. If you created a 
program by this name, it would be 
found in the I USER I menu. 

How To U •• Dis Book 7 



Menus typically include more menu labels £han can be displayed above the 
six redcfinable menu keys. Press I NEXT I and IpREV ) to roU through the 
menu options. For simplicity, I NEXT I and I PREV I 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: 

o ABCD . 

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

The symbol G2J indicates the CllIsor-menu key. 

Interactive Plots and the Graphics Cursor: Coordinate values 
you obtain from plOlS using the IINS I and I DEL I digitizing keys may differ 
from those shown, due to small differences in the positions of the graphics 
cursor. The values you obtain should be satisfactory for the Solver root­
finding that follows. 

Display Formats and Numeric Input: Negative numbers, 
displayed as 

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

are created using the ICHS I key. 

5 ICHsl 
12345.678 ICH51 
[[1 1<><5 1,2 1<><51, 

The examples in this book typically specify a display format for the 
number of decimal places. U your display is set such that numeric displays 
do not match exactly. you can modify your display formal with the I MODE I 
menu and the ~ AX ~ key within tbat menu. (For example, I MODE 12 ~ FIX ~ 
will set the display to the FIX 2 format.) 

• How To U •• Thl. Book 
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Programming Reminders: Before you key in the programming 
examples in (his book, familiarize yourself with the locations of program­
ming commands that appear as menu labels. By using the menu labels to 
enrer 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 arc set off by spaces. Therefore, the 
arrow ( ---t ) in the command R--+C (the reaJ to complex conversion func­
tion) is interpreted differently (han 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 ffil. B . and@]keysto cntcr the R-G com­
mand will result in the expression A - C • and, ultimately, in an error in 
your program. As you key in programs on the HP-28S, take particuJar 
care to avoid space.. .. inside commands, especially in commands that 
include an _ . 

The HP-28C does not automatically insert spaces around operators or 
commands as they arc 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 arc differences in the 
I MODE I menu and SOlVA screen that HP-28C users should be aware of. 

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

HP-28C I MODE l display. 

HP-28S I MODE I display. 

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

Ho. To Us. This Book • 



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

Hp·28C SOLVA display. 

HP-28S SOLVR display. 

Both of these screens include the Solver variables ~ A~, ~ B ~, ~ R ~, ~ S1 ~, 
and EXPR . The HP-28C displays Solver variables in gray on a black 
background. The HP-28S prints Solver variables in black on a gray back­
ground. 

User Menus: A I PURGE I 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 I USER I menu contains your own user­
defined variables or programs, the I USER I 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 I USER I 
menu; this will not affect the calculator's performance. 

10 How To Use This Book 
--------------------------
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R!lt!o.nal Functions and Polynomial Long 
D,v,s,on 

The quotient of two polynumials is a ralional function. The Taylor series 
command TA YLR can be used to find the equivalent polynomial if the 
denominator divides evenly into the numerator. If it does not, then 
TA YLR gives an expression that approximates the quotient. The following 
examples show how to evaluate rational functions. 

Ezample: Using the command TA YLR, find the equivalent polyno­
mial for the following rational function. 

(ir3-5x2-&r+3 

2x 3 

Press the following keys to put the expression for the numerator in level L 

'6x}{ A 3-5xX A 2-8xX+3 I ENTER I 4: 
3' 
2' 
1: '6*X"'3-5*XA 2-8*X+3' 

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

N has been added to the User menu. 

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

IUSERI 
'2xX-3 I ENTER I 
I±l 

Enter the variable to be evaluated. 

'X I ENTER I 

2' 
1: '(6*X"3-5*W'2-8*X+3) 

/(2*X-3) , -------
3' 
2: '(6*X"3-5*X"'2-8*X+3". 
1: 'X' -------

12 Rational Functions and PolyftoWl.a' Loftg Division 
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• • • By inspection, the quotient is of order 2 (n =2). Add the order to the 
• stack to complete tbe three inputs needed to execute the Taylor series 
• command, and sel the display [0 RX 2. 
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Execute the Taylor function. 

I ALGEBRA I 
_ TAYLA _ 

The equivalent polynomial for the rational funct ion is - 1 +2x + 3.t-2• 

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

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 trus 
example, and referring to them may help you understand the problem 
better. 

Before attempting this example, complete the previous example. The 
expression -1+2r +:k2from the previous example must appear in level! 
and 6x3_~2_8x +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 accomplisbed by pressing tbe following keys. 

1 tENTER t 
{l tENTER t 

Make the substitution for the first object. 

OBSUB 

3: '_1 +2*X+3*W"2 I 

2: 1.00 
1: { 1. BB-
IliIIllIDIillIIll!IlIiIIilIilDrmIllllIiW 

Rdonal Functions _d POI,Ro.'al Long Di.,lsloa 13 



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

~ ~ QI y~~ 1 ILtmmlimlllmlmml!llmll 
Recall the numerator N to the stack. 

Put the denominator D on the stack. 

By inspection, divide the highesc-order term in the numerator (6r~ by the 
highest-order term in the denominator (3:r~. The quotient term is 2x. 
Enter 2x. 

'2xX I ENTER I 3: ' 6*XA 3- 5*XA 2-8*X+3' 
2: 'l+2*X+3*XA 2' 
1: '2*X' .... -=---

Make a copy of the quotient term and relurn the current quotient variable 
to the stack. 

Add this copy to Q. 

[±] 

Store this result in Q . 

'Q ISTOI 

3 : ' 2*X' 
2: '2*X' 
1: 0.00 .... IEII __ _ 

3: '6*XA 3 S*XA 2-8*X+3' 
2: 'l+2*X+3*XA 2' 
1: '2*)<' ------

14 Rational Functions and Polyno.ial Long Diwision 

. 1 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Multiply the quotient term and the denominator. 

Subtract the result from the numerator. 

2: '6*XA 3-5*XA 2 8*X+3' 
1: : <1+2*X+3*XA 2)*<2*X) ...... _--

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

I ALGEBRA I EXPAN 

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

EXPAN 1= '6*<K*"(X*X»-5*<X*X) 
-8*X+3-(1*<2*X)+2*X* 
(2*X)+3*(X*X)*<2*X» 

1<llDl1iIIllIll1imI1lllllDI!Il!I!ll00!ill1 

All terms are fully expanded, so now collect terms. 

COLer 

Collect terms until complete. 

_ COLCT -

"'2'c---- - - - ' 
1: '3+6*XA 3- 6*XA 3-9*XA 2 

-10*X' 
1EDII!lI:I:CIII!IIIII!llIDIilB!J][!lD!I] 

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 Q, and reducing the numerator. 

Put D on the stack. 

IUSER I ~ D~ 

nationa' Functions ad PoIrno.laI Long Dr.iaioll 15 



Divide the highest-order term in the numerator, _ 9x2, by the highest­
order term in the denominator, 3:r2• By inspection, the result is -3. Enter 
this quotient term. 

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

Add this copy to Q . 

GJ 

Store the result in Q . 

'Q ISTOI 

3: 3.00 
2: -3.00 
1: '2*X' ...... _--
3: '1+2*X+3*X ..... 2' 
2: - 3.00 
1: '-3+2*X' ...... _--

Multiply the quotient term and the denominator. 

Subtract the resulting expression from the new numerator. 

2' 
1: '3-9*X ..... 2-10*X-(1+2*X 

+3*X ...... 2H(-3) , ------
Simplify the e.xprcssion by expansion and collection of terms. 

I ALGEBRA I EXPAN 

11 RaUona' Functions and Polyno .. la' Long Diylsion 
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Continue until all te rms are fuUy expanded. 

::: EXPAN 

Now collect terms. 

COLer 

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

Thus the answer is 

3' 
2: '6-4*X' 
1: ' - 8+2*X I ------

- 3+2r+ 6-<b: 
lt2 +2x+ l 

The command T A YLR can be used to approximate this result. Executing 
TA YLR with n =1 gives the result 3- 14x. 

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

{'Q' 'O'IN' I PURGE I 

Rdonal fa.ctlo •• ad Pol,no ••• ' Long D""alon 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 JI). As an 
algebraic, the complex number is represented by 'x +(v' , 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~28S. 

EIample: Evaluate the following expression. 

sin(.S +.3i) + (3 - 4i). (2 +i )1/3 

In(S Si) arccosh(2+9i) 

First, set the display for F1X 4. 

I CLEAR I 
IMODE I 4 ~ F!X~ 

Calculate sin(.5 +.3i). 

(.5,.3 ITRIGI ~SIN~ 

Key in the complex number 3 - 4i . 

(3,-4 I ENTER I 

Key in the complex number 2 + i . 

(2, 1 I ENTER I 

Take the inverse of the number 3. 

3 [ili] 

3: 
2= (0. 501 2, O.26( 2) 
1= (3.0000,-4.0000) 
Emlmm.a.maRl:lIilliI:l 

3 : (0.501 2, 0 . 2672) 
2: (3.0000~-4.0000) 
1: (2.000~ , 1 .0000) 
IliI3m:J:11ED1IlDiBD:CIIJ:mCII 

3: (3.0000 -4.0000) 
2= (2. 000h, 1.0000 ) 
1: 0.3333 
IIillIImrnaalilllillllllillllm:I:I 
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Calculate the third root of 2 + i . 

Multiply the resulting complex number by 3-4i . 

B '"3~'---------------' 
2: (0.5012,O.2672) 
1: (4.6814,-4.5644) 
IlElllmEIlBBlrJmiIEmI 

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

3' 
2' 
1: (5.1826,-4.2972) 
1IillIIrm:llBBlmlIBI3IIliI3 

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

'LN(5-8xi)-ACOSH(2+9xi) 
I-NUM I 

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

3' 
2' 
1 : (1.1041,2.5049) 
1lEllImEIIBBIIlWiIG::JImmI 

Example: Verify the following definition by showing that both sides of 
the equation are equal for the easex ",3 andy =::4. 

tan(x + iy) siner )cos(x) + j. sinh(y )cosh(y) 
sinh(y )2+COS(X)2 

Set the calculator to radians mode and key in the algebraic expression. 

I MODE I "RAD " I CLEAR I 
'TAN(x+yxi)~(SIN(x)x 
COS(x)+SINH(y)xCOSH(y)x 
i)+(S I NH(y)'2+COS(x)'2) , 
I ENTER I G2J 



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

~ - STEQ ­
SOl VR 

Store the number 3 in the variable x . 

3 §x§ 

Store the number 4 in the variable y . 

4 §y§ 

Evaluate the left~hand side of the expression. 

_LEFT __ 

Convert this expression into a number. 

I-NUMI 

~r:l!i*nnGm'l:{fQ 

1: 'TAN(3+4*i)' ==LliliII:lliJ== 

3' 
2' 
1: (-0.0002.0 . 9994) 
[J[JITJw:IElLlliJc::::Jc:::::J 

Evaluate the right-hand side of the expression. 

~RT·~ ~ 

Convert this expression into a number to show that the right and left sides 
of the equation are equal. 

I---+NUMI 3' 
2: (-0.0002,0.9994) 
1: (-0.0002 .0.9994) 
[J[JITJw:IElLlliJc::::Jc:::::J 

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

ISOLvl I CLEAR I 
{'y"x"EQ' I PURGE I 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • :1 
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Example: Express the following complex numbers in polar notation. 

8 . 3-2v'3i 

b. -1/2+ '7i 
c.3+4i 

First, set the angle mode to degrees. 

IMODE _ DEG _ 

a. Enter the number 3. 

3 I ENTER I 

Enter the number - 2. 

-2 I ENTER I 

Take the square foot of the number 3. 

3GZl 

Multiply - 2 by the square root of 3. 

Q 3' 
2: 3.0000 
1: -8 .4641 
I!mIIDlDllDIIrnHllImDffi1l 

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

ITRIG I -R-+C - 8' 
2 ' 
1: (3.0000,-3.4641) 
mIIDlIII:IZ!IIDDI.:ilH_ 



Convert the complex number in rectangular notation to polar notation. 

R-P 3' 
2' 
1: (4.5826, -49.112166) 
IEIImrlGamll.mll_ 

b. Enter the complex number - 1/2 + v: i as an algebraic expression. 

Convert the expression into a number. 

I CLEAR I 
'-l+2+j"3+2xi' I-+NUM I 

3' 
2' 
1: (-121.5121121121,121.866121) ------

Convert the complex number from rectangular fonn to polar form. 

_ R-P _ 3' 
2' 
1: (1. 121121121121,12121.121121121121) ------

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

I CLEAR I 

(3,4 I REAL I ~ABS~ 

Return (3,4) to the stack. 

ILASTI 
(If lAST is disabled, you must re-enter (3,4». 

Press _ ARG _ . The polar angle is returned. 

ITRIG I ARG 3' 
2: 5.121121121121 
1: 53.131211 
IEIImrlGaIlmJll.mll_ 

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

R---+C 3: 
2' 
1: (5.1211211210,53.1301> 
IEIInmGaIlmJllI:llD_ 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Hyper,bolic and Inverse Hyperbolic 
FunctIons 

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

Example: Given Z =4/..j(7), find sinh Z, csch Z, cDshZ, sech Z, 
tanh Z , and coth Z . 

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

I Cl~A I IMODE I 3 ~AX ~ r.13~'--------------J--' 

IL.Ii1ltIRDlIDDIGB 

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

4 I ENITA I ~13~'-------------m--' 7 ~ 2~ 4.00 
1. 2.64 
~1jJ!I"I_Il:DDD 

I z IS10 I 

Calculate sinh Z. 

z I LOGS I SlNH 

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

Hyperbolic .nd lawer .. Hyperltollc Function. 23 



Calculate cosh Z . 

Z COSH 3' 
2: 0.464 
1: 2.378 
amcm:mDElI3l1llm::cJCII:l:IlI 

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

CalcuJate tanh Z . 

Z -TANH - 3: 0.464 
2' 0.421 
1: 0.907 
ImIlIII:IIlmlDElI3l1llm::cJm:rn::J 

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

E][ample: Verify that acosh(Z.378) == 1.512 using the definition 

acosh(x) ==In(x +V x2 _1), for x;:::':1. 

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

l@&D 
'ACOSH(X)=LN(X+V(XA 2 
-1) ) I Isolvi STEQ 

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

- SOlVR - 2.378 ~X~ 

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

1~~· .. gN I 1: 1. 512 = UililDilil=== 
- LEFT= -

24 Hyperbolic .nd Invers. HyperboliC Functions 
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Now check if the right side of the equation is 1.512. 

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

Note to HP-2SS users: If you do not exit from the Solver before attempt­
ing to purge EO, the calculator will display the message EQUATION 
NOT FOUND. (EO will be cleared even though the message is 
displayed.) To avoid displaying this message, always exit from the Solver 
before purging equations and variables. 

I SOlV I {'X"EQ"Z' (PURGE I 
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Function Evaluation 

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

Given the function f (x ,Y )=21r.t2 I ,v' y2_x2
1 find f(l,v'2), f(sinT ,1), and 

1(3,5). 

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

Note in the keystrokes above, you could aJso use ~ SF ~ within the I TEST I 
menu as an alternative to typing the letters 'SF' and the I ENTEA I key. 

Put the expression for the function in levell and store it in the variable 
EO. 

'2X1rXX"'2x 
ABS (v'(Y'2-X'2» I ENTER I 

[§Qlli 
STEQ-

From the SOL V menu, press the SOlVA key to display a menu of the 
independent variables. 

SOlVA 

Store the number 1 in the variable X . 

1 .§x.§ 
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Store the square Toot or two in the variable Y. 

21ZJ 
= y § 

Evaluate the expression. 

_ EXPR- "" 

Convert this expression into a number. 

I ~NUM I 

Ir: RIE I 
==!iiW=== 

Irwin ,Y_T!lTJIl! 
1: '2*w*1 . 0000' = = EiiUiJ== 

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

Put sinT on the slack. Notice that in this instance we use the § SIN ~ key 
in the I TRIG I menu to entcr the function. 

Store the expression in the variable X. 

I SOlV I salVR § X§ 

Note the Solver variable X has been replaced by the variable T. Store the 
number one in the variable Y. 

1 § Y § 

FMnction EwaiuMion Z1 



Now compute the function value. 

EXPR", 

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

I x IpURGEI 2 ' 
1: '2 .. lT .. S IN(T) .... 2 .. ABS(.[( 

1-SIN<T)"' 2» , ==tiiffiJ=== 
Note that the variable X is again displayed in the Solver menu. 

for the last part of tbe example, clear nag 36 to set the calculator in the 
numerical evaluation mode and force numeric evaluation of 1r in [he 
expression. 

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

3 I ENTER I 
ISOLV I SOLVR ~ X ~ 

Slore 5 in Y. 

5 ~ y ~ 

Evaluate the expression. 

EXPR· 

With flag 36 set, the result would have been '2$11"*9*4'. 

To insure that the variables X and Y are not inadvertently incoqxuated in 
other ca1culations, exit from the Solver and purge the variables from 
memory. You may also wish to set flag 36 to its default selling. 

ISOLVI {'Y' 'X' 'EQ ' IpURGE I 36 SF IENTER 

za Function E •• ludon 
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Graphs of Algebraic Functions 

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

Example: Plot the power functiony ~X-3. 

Purge any plot parameters,that may be stored in the variable PP AR. 

I CLEAR I r;;:TfN] 
, PPAR [PURGE] 

Storex-3 in the variable EQ. 

[CLEAR ] IMODE I 4 ~FIX~ 
'XA (-3) I PLOT] STEQ 

Notc to HP-28C users: Version IBB of the HP-28C will give an 
"INFINlTE 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 I ENTER I 

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

(-6,-1. 5 _ PMIN_ 

(6,1.6 _PMAX 
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Plot the expression. 

DRAW 

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

StoreYx in the variable EO, then proceed to the appropriate solution 
method below. 

'v'X STEO 

HP-28C Melhod_ If you plot the expression now, your HP-28C will 
trap an error and display the mes.sage "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. 

RCEO 

Take the real part of the function . 

ICMPLX I ~ RE ~ 

If you plot the function now, only positive values ofy will appear. 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 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.) 

30 Graph. of Algebraic Function. 
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Duplicate the function. 

I ENTER I 

Negate the function. 

leHs l 

Set the two functions equal to each other. 

Store this equation in EO and plot it. 

I PLOT I STEQ 

DRAW 

8' 
2: 'RE(IX)' 
1: '-RE(..fX) , 
DD1BaIlHlllImllImDIiE::J 

"'8'0---- ---, 
2' 
1: ' RE(.J"X)=-RE(IX), 
GamllEJIIlImB!CD1im 

Exit from the plo.t screen and proceed to the next example. 

HP-28S Method. Uyou 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 Dot equal to 
each other - this is just a way to plot two functions at the same time on the 
HP-2BS.) 



Recall the expression. 

_ RCEQ_ 

Duplicate the expression. 

I ENTER I 

Negate the expression. 

3' 
2= 'IX ' 
1: '-IX I 
IiffiIIlmJiIIIilllImlllIl:ImFJJilIl 

Now set the two expressions equal to each other. 

Store this equation in EO and plot it. 

SlEQ 

=0 DRAW = - --

Exit from the plot screen to prepare for the next example. 

32 Graphs of Algelnalc Functions 
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Eumple: Plot the exponential functiony =e%/2. 

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

I EXP(X+ 2) SlEQ 

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

I ATTN I (0,1 CENTR 

Plot the function again. 

DRAW 

Purge the plot parameters. 

I ATTN I 'PPAR I PURGE I 

Example: Plot the logarithmic functiony =x1og (X2+ 2). 

Entcr the expression and store it in EO. 

, XxLOG(X"'2+2) STEQ 

Plot the function. 

_ DRAW_ 
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Example: Plot the polynomial functiony =x3 +2r2 - 1lx - 12. 

Entcr the expression and store it in the variable EO. 

'XA 3+2xXA 2-11xX-12 
_ STEQ_ 

Plot the function. 

DRAW 

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. 

Draw the function again. 

- DRAW-

Purge the variables created in this example. 

I ATTN I {'PPAR"EQ' I PURGE I 

34 Gnp •• of AI ...... e FuHtlons 
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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 cbecking whether tbere are two real 
roots, two complex roots, or a double root. 

For example, solve Jr1 - x - 2=0. First plot the equation. 

I CLEAR I I MODE I 4 ~ FIX ~ ~3:O, - - ----- - ----, 
, = 2' 3xX"2-X-2 ~ 1: '3*X"2-X-2' 

mnllmam.1D:DI1IB1!:ID 

DRAW 

You can easily see that the equation has two real roots. Now use QUAD 

to find those roots. F .... rsl, rec:a1l the equation and put X on the stack to 
indicate that this is tbe variable for which you are solving (the coefficients 
could be variables, in which- case the solution is symbolic). 

IATTN ! RCEQ _ 
'X I ENTER I 

Find the roOlS; 

l ALGEBRA I QUAD -

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

The resulting expression represents both roots. ~sl· is a variable whose 
value is either + 1 or - 1. Store this expression in the variable EO and use 
the Solver to find the numerical solutions. 

Isolvi STEO 
- SOlVR-
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Let s 1 be negative by entering a ~ 1 and pressing the ~ 81 ~ menu key. 

-1 ~ 81 ~ 

:P~"~'~'~EX~PR~.;:]to get the first root. 

- EXPR : -

Let s1 be equal to + 1. 

1 ~S1~ 

Solve for the second root. 

EXPR-

I ~:'"· IN.,., I 
1: -0.6667 
=~==== 

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

IsoLv l I CLEAR I 
{'sl' 'PPAR' 'EQ' I pURGEI 

Example: Find the roots for 2t2 -4x +3. First store the equation in the 
variable EQ, then draw it. 

'2xX~2-4xX+3 IENTER I 

I PLOT i STEQ _ _ DRAW_ 

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

@TTNI RCEQ 2: 
'X Isolv l QUAD 1: '(4+51* 

(0 . 0000,2.8284»/4' 
mElllmI!i!m:lJDmlI!l'!IiEIIiliiID 

Now usc the Solver to get the numeric solutions. 

STEQ 

Letsl equal -1 and solve for one of the roots. 

- 1 ~ 81 ~ 

EXPR 

1: (1.a~aa!i0 . 7071) =£iilliJ= == 
Let s 1 equal + 1 and solve for the second root. 

1 ~Sl ~ I~~ij~~iiiiiiiiii~ 

The roots for this equation are 1±O.707li. 

1: (1.0~00:i0.7071) =£iilliJ= == 

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

ISOLV] {/sl"PPAR"EQ' I PURGE I 
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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 llsed as guesses for the Solver or for the ROOT com­
mand. An alternative to graphing the polynomial to obtain the "guessestt is 
using ±p /q where the values of p are the positive divisors of the constant 
term and the values of q 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: Piot the graph and find the roots of 

x 4 +3x3 - 3x2 - 7x +6=0 

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

I CLEAR I 'PPAR I PURGE I 
'XA 4+3xXA 3-3xXA 2-7xX+6 
I PLOT I STEQ 

DRAW 

r: 

Multiply the height by 10 and plot the graph again. 

~ 10 ~*H~ 
DRAW 

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 IINS ~ When you press the I ATTN I key, the 
coordinates of the three points are displayed. The x coordinate of each 
point will be used as initial estimates for the Solver. 

D 
D .. . 
D .. . 

3: (-3.1313013, e. 09121121) 
2: (-2.1313130, e. 1313139) 
1: (1 .1313130, 13 .13131313 ) 
1iIM1lmIum::JlDJiJlImIimlIJiIIl 

IATTN I 

Now use these values in the Solver. 
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Store the point in levell in the variable X. 

;; x ;; piiii~ 

Now solve for X by pressing the shift key foUov.-cd by the ~ X § key in the 
Solver menu. The result is shown in level I. 

o ;;x;; 

O ear this result and find the next root. 

Gear this result and find the last rool. 

10A0P1 
;; x;; 0 ;;x . 

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

ero 
1: 1.01300 

=~==== 

I'ero .. , .. , I 
tD~==d~ 

Example: Plot the graph and frnd one of the roots of 

x3 _ :k1- l .5r + 6=0 

For this example YOLl will again plot the function to get the initial guesses 
and then use the ROOT command to find the roots. First, entcr the 
expresslon and store it in the variable EO. 

101 EARl 
' XA 3-3xX ~ 2 -1 . 5xX+6 

I PLOT ] STEQ 

Plot tbe graph. 

DRAW 

Pol,no.'.' Equations 3S 



Since the plotting parameters from example 1 were not purged, the height 
is.sciU multiplied by 10. Decrease the vertical scale by multiplying the 
height by .5. 

I ~~N~ 'H ' IL ____ aJlJ 
Draw tbe graph agaio. Use the cross hairs and the llNs l key to digitize the 
left-most point that crosses the x-axis. 

.. 

" 

The ROOT command requires three inputs in this case, tbe polynomial 
expression, the name of the variable you are solving for, and the initial 
guess. The polyoomial is in level 3, the name is in level 2, and the guess is 
in level 1. The digitized guess is in level] afler the IINS I key ahove. Now 
recall the expression. 

I ATTN I - RCEQ -

Put the variable name X on the stack. 

' X I ENTER I 3: ( 1.4000,0.00£10) 
2: 'X"'3-3*X"2-1. 5000*X,. 
1: 'X' 
6Hi1Il1m1Imll1 

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

I STACK I ~ ROT § 3: 'X"'3 3*X"'2-1.5000*X". 
2: 'X' 
1: (-1.4000,0.00£10) 
DIIIaDlmDmmIflDmIDm 

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

ISOLv l ROOT r-lf"i--------1.-~-5--,8 ,1lm!III----;;J 
Purge the variables used in these two examples. 

{'X ' ' PPAR"EQ' I PURGE I 
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Simultaneous Linear Equations 

A sy:;tcm of two linear cquation.s 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 Lo isolate onc of tbe variables for onc of 
!.he equations, plug this expression into the other equation (gi\omg you ooe 
equation in one unknown), and then solving for lha[ onc unknown by using 
the Solver. 

For example, solve the following system 

{
2<+lY '6} 
S< -4y-3 . 

Clear the display and set the mode to FIX 4. 

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

'2XX+Y=6"Y IENTERJ 

I ALGEBRA I _ ISOL _ 

, 5xX-4xY=3' , Y ISOL 

3' 
2= '2"X+Y=6' 
1= 'Y' _1iIlIII __ lImImD 

3' 
2. 
1: ' (S*X-3)/4' 
mmlIDIIIlIIlil!mlillllllMlilil 



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

I PLOT I 'PPAR I PURGE I 
STEQ 

DRAW t " , '. , '. . "\ 
, . 

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

~1 CENTR l /X:'. 
-DRAW-

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

DO ... tJ tJ ... IINsl "'37' - - -------, 
~ 2: 
LMlliJ " (2.1000,1. 9000) 

II!iiEImMum::JIDIlEI!l:EI311]]l1I1 

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

ISOlV I SOlVR 

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

.. S._.ltaneous Unnr Equations 
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Solve for X . 

19n QVQrs. 
1: 2.0769 =UililCiEJ=== 

The variable X equa1s 2.0769. Since both sides of the equation are a sym­
bolic solution for Y. pressing LEFT · or ~ AT '" ~ will give you the numer­
ical solution for Y. 

"" LEFT ", ~ 

The variable Y equa1s 1.8462. 

Method 2: Using "atrices. 
side of both equations) . 

I ClEAR I 
[6 3 I ENTER I 

Key in the constant vector (the right 

3' 
2' 
I. [ 6.0000 3.0000 l =LiffilCiliJ=== 

Key in the coefficient matrix. The coefficients of rhe frrst equation make 
up the ftrst 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 I±l 3' 
2 ' 
~ [2.0769 1. 8~~ =UililCiEJ==L-

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. 

ISOLVIICL£AR I {'X' 'PPAR' 'EQ' IpUHGE I 



Method 3: Using Solver. First, enter the first equation and isolate 
the variable Y. The result is an expression for; Y. 

, 2xX+Y=6' , Y 
Isolv l ISOl 

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

'5xX-4xY=3' STEQ 

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

SOLVR ~Y ~ I~TE;; I 
=WECiEl=== 

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

o ~x~ 

Put the expression for Y on the stack. 

y It:NTEA I 

Convert this expression into a number. 

luNUM I 

The value for Y is returned to level!. 

44 SI ....... eou. Un .. r E .... don. 

3 ' 
2: 2.0769 
1: '6-2*X' =WECiEl=== 
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Exit from the Solver and purge the variables created in this example. 

ISOlV I ('X' "i' 'EQ' I PURGE I 



Systems of linear Equations 

Using matrices, solve the following system. 

6x+1y - 3z+Ow=37 

-2x+3y+5z-7w= 6 
&+~+ 4z - 5w= 75 

(k-7y-4z+1w= 7 

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

(CLEAR I I MODE l 1 ~ FIX ~ 
[37 6 75 7 I ENTER I 

3' 
2' 
1: [ 37.86.0 75.8 7.0 ... 
I!iilIIIiEIEBlIDlI!IIIIlIDIlIllltI 

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

[[6 1 -3 0[-2 3 5 -7 
[8 0 4 -5 [0 -7 -4 1 I±l 

3' 
2' 
1: [ 7.0 -2.0 1.0 -3.0 .. 
~m:a1m:ll1I:Dl1IH1JiID 

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

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

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

x! 
e' 

A general program that calculates any number of terms for this sequence 
is listed below. Enter the program and store it in the variable FDE (for 
"factorial divided by exponent"). To run the program, press I USER I and 
then press the user variable key ~ FOE ~. When you run the program, the 
calculator displays a prompt that asks for the number of terms you want 
calculated. Enter a number, such as 10, then press D lcONT I (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: 

« 2 FIX 

11# OF TERMS?II 
CLLCD 1 DISP 
HALT 

----> n « 

1 n FOR X 
x FACT 
X EXP 

NEXT 
n ---->LIST »» 

I ENTER I 'FDE ISTO I 

Comments: 

Set the display format to two 
digits. 

Prompt message. 
Program halts. (Key in a 
number and press I CONT I. ) 

The number is stored in the 
variable n . 

Loop: do for x from 1 to n . 
Cillc\llat~ th~ factorial of x_ 
Take the exponent of x 
and divide the two numbers. 
Incrementx and repeat until x >n. 
Put the n terms into a list. 

... Infinite Sequence. and Seri .. 
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Clear the display, then run the program. 

I ClEARI I USER I HDE " 1# OF TERMS? 

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

10 I CONT I 

Run the program again. 

~ FOE ~ 

1: { B.37 0. 27 B.S0 
0.440.81 1.784.60 
13.5344.78 164.75 -----

1# OF TERMS? 

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

5 I CONTI 2' ( 0.37 0.27 0.3" e . • 
l' ~.~43~.RI2~ 0. 3" Ifil1III __ _ 

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

z=n. 1 
:E where n is the total number of terms. 
"=lX~ +1) 

The program that finds the sum of the first n terms is listed below. When 
this program is run, a prompt asking for the number of terms is displayed. 
After entering 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 tbe program below and store it in the variable ONE. (The series 
converges to one for large n .) 



Program: 

« STD 
CLLCD 11 # OF TERMS ? II 
DUP 1 DISP 
HALT 

....... n «( 

n --5TR + 

o 1 n FOR x 

'INV( (x x ( X+1)) , 
EVAL 
+ 
NEXT 
CLLCD DUP 3 DI SP 
SWAP 1 DISP » » 

I ENTER I 'ONE ISTol 

Run the program. 

I USER I ONE -

Comments: 

Standard display format. 
Prompt me.<;sage. 
Make a copy and display line 1. 
Program halts 
(you key in a number). 

Store one copy of the number in n . 
Convert the number into a string 
and concatenate with the pro mpt. 

Loop: do for x from 1 to n with 
initial zero sum. 
l/«x)(x + 1)). 

Add to the accumulating total. 
Increment x and repeal until x >n. 
Generate final display. 

1* OF TERMS? 

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

100 I CONT I .. OF TERMS?199 

.990£199009897 

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

{'ONE/FDE ' I PURGE I 

50 Inll .... Seq.-c .. __ SerIes 
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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 malrix is easily 
found by using the command DET. But since DET is a command, it can­
not be llsed in algebraics. 

Example: Find the determinant of the following matrix. 

2 6 1 - 2 
-3 , 5 7 , - 2 1 3 
5 3 -, 6 

Key in the matrix and find the determinant. 

I CLEAR I IMODE I 2 ~ FIX ~ 
[[ 2 6 1 -2[-3 4 5 7[4 
-2 1 3 [ 5 3 -4 6 IENTERI 

EIample: Solve for x and y. 

10 [[ 2.00 6.00 1.00 
[ -3. 00 4.00 5.00 
[ 4.00 -2.88 1.1313 ... 

~m:aIHBlEBlGDmD 

765 x2y 
121 ",Oand 234 =2 

Y - 2 x 1 5 7 

Using the definition of the determinant of a 3 x 3 matrix, these t",'o equa­
tions can also be written as the following: 

11k +6y - 10 - (lQy - 14+& )=0 and Zlx +8 + lQy - (3y +2(k +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. 

52 ~inan" of Matrices 
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First, key in one of the equations and simplify it by collecting terms. 

I CLEAR I 
, 14xX+6xY-IO- ( lOxY-14 
+6xX) = O I ALGEBRA I - COLCT-

Store this equation in the variable EQ. 

Isolv l -STEQ -

Key in the other equation and simplify it also. 

, 21xX+8+10xY- (3xY+20xX 
+28) =2 I ALGEBRA I COlCT 

~3~'------------' 

2' 
1= ' - 20+X+7*Y=2' 
ml!ilIi!IImlI:iH1llIillimMli!l]Im!D 

Obtain a symbolic expression for x by isolating the variable. 

'X ISOl 

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

I SOlV I SOlVR 3' 
2' 
1: '2-7*Y- 20, ==[llli][ili]== 

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

r'~lm-iiiiii .. m'iiiiii I 

.=[llli][ili]=== 
Now solve for y. Press the shift key followed by ~ y ~ from the Solver 
menu. 

o ~y § 

I ~·ro ." I 1: 3.00 =[llli][ili]=== 



Recall the expression for x . 

X I ENTER I 8' 
2: 3.00 
1: '2-7*Y+20' =Llffil[lllJ=== 

Find the numerical value for x by evaluating the expression. 

Thus, x =1 andy :=3. 

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

Isolvi {'Y"X"EQ' I PURGE I 

54 o.mtn.ln.nts 0' ... trlces 
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Logarithms 

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

Example: Use logarithms to evaluate the following. 

N = 3271 *v'48.i7 
2.943 

First, enter the equation and then take the logarithm of both sides by 
pressing - LOG -, 

[CLEAR 1 [MODE I 4 ~ FIX ~ 
'N=3 . 271xV48.17+2.94A3' 

I LOGS ] ~lOG~ 

Expand the equation so that the right side of the equation is expressed as 
the sum or difference of sevcral1ogarithms. (This involves using the funda­
rnenlallaws of logarithms, but is easily accomplished using the EXP AN 
command.) 

I ALGEBRA I EXPAN 

EXPAN 

Now evaluate this equation. 

IEVALI 

1: 'LOG(H) LOG(8.2710H 
48. 1780)-LOG(2.9400A 

3) , 
1IIilm1illlllll1iD1iiIlID1iIJ!iIIl1!IIiIIII 

1= 'LOGOD=LOG(3. 27UD+ 
LOG(J48.1700)-LOG( 
2. 94013H3 , 

m:mmmrn.lifBllimll!:lli!BmmII 

~i 
1: 'LOG<t-D=-0.0490' 
1IIilm1illlllll1iD1iiIlID"""''''''' 

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

ILoosl ALOG 

56 Logarilllms 

3' 
2' 
1: 'N=ALOG(-0.0490) , 
1llilillIilmll!llllll!llll!llDUIIID 
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Press I EVAL I to get the numerical solution. 

3' 
2' 
1: 'N=0.8934' 
1BlRm:!D.:!:IIlHlI:.l!::IIJoam 

Example: Solve for x by using logarithms. 

a2£-3=b" 

Enter the equation and take the logarithm of hoth sides. 

Expand the equation. 

I ALGEBRA I EXPAN -

EXPAN 

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

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

I ENTER I 2: I LOG(A)H2*X)-LOG(A .. , 
1: 'LOG(A>*<2*X)-LOG<R) 

*3=LOG(BH-X' 
8lmllllIiI:llimlllmDDlBIE'!DlB!II 
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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 A ,'.' is in the third position, and so on.) 

Execute the EXGET command. The expression 310g(A ) is returned to the 
stack. 

10 ::: EXGET-

Add 31og(A ) to both sides of the equation and collect the terms. 

- COLCT-

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 EXGEf 
command. 

10 _ EXGET_ 

COLCT 

58 Log_rHh._ 
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Use [be FORM editor to merge 2x log(A ) and x log(B) into (21og(A ) ­
log(8»)x . Press FORM • move the cursor to the minus sign, press 
~ M-. @j (merge right), then press [AfrN I to exit FORM and recurn the 
modified equation to the stack. 

FORM ~ I ..... J ~ .•• ~ ( ..... J ~ 

««2*LOG(A»*X) [J (LOG( B 
)*X» ~ (3*LOG(A») 

2' 1: I (2*LOG(A)-LOG(S)H 
=3*LOG(A) , 

m8D1!lI1:I:IHmlD:!I!DIIm!I1 

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

I ENTER I 

5 - EXGET _ 

Colle ct the terms. 

_ COLCT 

2: '<2*LOG ( A) -LOG<B) >* ... 
l' '(2*LOG( A) -LOG(S»*X 

=3*LOCi <A), 
omJ1iIIJlIll1imIDllm1D!lllJ1lIIiII 

2' 
1: I X=3/(2*LOG<R)-LOG<E »*LOG (A) ' __ 
omJIiIIJlIllIimIDllmID!lllJ~ 

The resulting equation is the solution to this example. 

310g(A ) 
x 

2Iog(A) log(8) 



Example: Solve for x in the following expression. 

log(r + 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. 

I CLEAR I I LOGS I 
'LOG(X+3 ) =.7' I E~R I 

3' 
2' 
1: 'LOG(X+3)=0.7000' 
II!!1!IIcm_D!JIlmlfJiiiD 

Enter the variable to be isolated (X) and execute ISOL. 

, X I ALGEBRA I ISOL "13".-------------,1 
f~ 2.8119 
,mm:a_lil!I:IlImIDmilImII, 

The result isx =2.0119. 

Example: Find \08736. 

The HP-28S and HP-28C calcu1alc logarithms to base 10 and base e (the 
LN function). You can write a program 10 calculate the logarithms to any 
given base using the following formula. 

log,. 
log.t =-­

lo!l.1<p 

Key in the following program thai returns the logarithm of a given Diunber 
to a given base (provided the base is in level 2 and tbe number in level 1 of 
the stack). 

I CLEAR I I LOGS I 
« LOG SWAP LOG 

Store this program in the variable LBN . 

'LBN ISTO ll uSERI 

10 LogarHII •• 

3' 
2' 1: «LOG SWAP LOG / > 
II!!1!IIcm_D!JImID 

11L. _____ 1 
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Now compute iog736. 

7 IENTER I 
36 :: LBN § I ~~ l.J 1mI ___ _ 

The program LBN will calculate me logarithm to a given base of a given 
number and may be Slored in the calculator's memory for your 
convenience. 



Trigonometry 
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Trigonometric Relations and Identities 

This section illustrates calculations involving simple trigonometric rela­
tions and identities. 

Example: Given cot (x ) =0.75, find tan (x), see(x), cos(x), sin(x), and 
escex) without solving for x . 

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

(CLEAR I I MODE l DEG 

5 ~ FIX~ 

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

.75 I ENTER I 

Take the inverse to calculate tan(x), since taDex) '" l/cot(x ). 

~ 3: 
2' 
1: 1.88888 
BIIIDlItI_EaDEJIIimII 

Calculate sec,",) using the relation see(x) "'v tan2(x) + 1. First, calculate 
the square of tan(x). 

IZl 

Add 1 to the square of tan(x). 

1 ['] 3' 
2' l ' 2.77778 
IIilIIDlItIlllmllo:DIGElDnll 

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

3' 
2' l' 1.66667 
BIIIIDtIEDlEaDmIl!lllll 
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Calculate cos(x) by taking the inverse of sec(x). 

~ ~3~'----------------' 

2' 
1: 0.60008 
~m:aIm1lRHIIE3~ 

Calculate sin(x) by using the relation sin(x) '" v l -cos2(x). First, calculate 
the square of cos(x). 

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

1 I SWAP I 

Subtract the square of cos(x) from 1. 

3. 
2: 1 .00008 
1: 0 .36000 
~m:almJlrnHGE:lmiWi 

3' 
2' 
I' 0.64000 
1!iIlII1ilItI_lrnl!IIlllmmJII 

Take the square foot of this number to calculate sin(x). 

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

~ ~3~' ----------------' 

Clear the stack. 

IDROp l 

2' 
1: 1.25000 
1!iIlII1ilItI_lrnl!IIlllmmJII 

64 Trigono.etric Relation •• nd Identities 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Example: Plot the unit circle sin2(x) + COS2(X) "" 1. 

The program to plot the unit circle is listed below. Key in the program and 
store it in the variable ·ueJR", 

Program: 

« DEG 
CLLCD DRAX 

o 360 FOR X 

x SIN 
x COS 
R~C 

PIXEL 
5 STEP » 

I ENTER I 'UCIR ISTOI 

Run the program. 

IUSERI UCIR 

Comments: 

Set the angle mode to degrees. 
Clear the display and 
draw the axes. 

Loop: do for x from 0 to 
360 degrees. 
Calculate sin(x). 
Calculate cos(x). 
Form a coordinate pair 
(sin(x ),ws(x)). 

Plot the point. 
Incrementx by 5 and repeat 
until x >360. 

If desired, purge the program created in this section. 

lATIN I 'UCIR I PURGE I 
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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 oftbe 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 2 - 1 

z=20 
Z '" 94.9 degrees, 

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

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

NormaUy, capitallellers denote the angles or the triangle and lower case 
leuers denote the corresponding opposite sides. Since capital and lower 
case letters are indistinguishable in the Solver and User menus, letX, Y, 
and Z be calledA NGX ,ANGY, andANGZ, respectively. Also, let n ,X, 
y, and z be represented by capital letters. 

Enter '3*N' and the variable X. 

' 3xN' 'X' I ENTER I 

Enter 'N'""2 - 1' and the variable Y. 

'N" 2 -1"Y' I ENTER I 3: ' X' 
2: 'H ..... 2-1' 
1: 'Y' 
,-I1ElIEillo:alDtllmiW: 

.. Trigono • ..nc Functions for On •• lId Two Angl_ 
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Enter the number 20 and the variable Z . 

20'Z IENTER ! 3 : 'V' 
2 : 20.00 
1: 'Z' 
IWllmam.I3:DlIIEJ"IiIlI!a' 

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

Store the number 94.9 in the variable ANGZ . 

9 4. 9'ANGZ ISTO I 

You can solve for N by using the law of cosines and the Solver. Entcr the 
formula for the law of cosines and store it in EO. (Since capital and lower 
case letters are indistinguishable in the Solver menu, let the angle variable 
beANGA rather thanA.) Display the Solver menu. 

'AA2=B A 2+C A 2-2xBxCx 
COS (ANGA)' Isolvl ~~ 

SOLVR 

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

Z ~A ~ 

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

X ~ B:::::: 

I': w"' 1 ===IiiiWil== 
Store the value of the variable Y in the variable C. 

y = C~ I!' '1 7 I 
t:o=IiiiWil=== 
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Store the value of the variableANGZ in the variableANGA. 

ANGZ ANGA 

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

1 ~N ~ 

Solve for N. 

Display all digits of the computed result. 

IMODE I ~STD~ 3: 
2: 
1: 4.000743~~ 
I!iiDIilIII~BDlG.E:lDEII 

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

2 ;: FJX ~ ~ 
I Salv i - SOlVR -

4 = N = 
1'1 ... 1 ==Iiiillli:lli:J[lli]= 

Solve for side X by pressing ~ X ~ and then I EVAL ~ The same result can be 
obtained by pressing the letter [RJ followed by I EVAL ~ 

IUSER I ~x~ I""s.,--------J-, 
I EVALII~ 12.8 .rn:m ____ _ 

Solve for side Y by pressing ~ Y ~ followed by I EVAL l 

3: 
2: 12.80 
1: 15.00 rn:m ____ _ 

.. TrigonoMetric functions for On. ad Two Angles 
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Purge the variables that were used in the law of cosines formula. Clear 
the stack. 

('ANGA' 'e' 'B"A' IpURGEI 
I CLEAR I 

Use the law of cosines again to findANGX andANGY. First, solve for 
ANGX. 

I SQLV I _ salVR _ 

Store X in the variable A . Notice that '3*N' is still stored in X. 

Store Y in the variable B . 

Y §8 § 

Store Z in the variable C. 

Z §c§ 

1'1 IT" 1 ===liiiilililffilCffiJ 

I': 'I 7 1 ==IiiiililI:£iliJCffiJ= 

You have just substituted X, Y, and Z into the law of cosines equation 
giving.x2= y2+Z2 _ 2XY cos(ANGA). Find angle X by solving for 
ANGA. 

D ANGA 

Trlgono.eIrIe Function. for 0 •• ad Two Anll.. U 



Purge the following variables. Rather than typing the variable names, 
display the User menu and press IT] followed by [J - ANGA - D, D ~ c ~ [J , 
and so forth. 

IUSER I 
{'ANGAffC'fBI'A' ["PURGE] 
[CLEAR I 

Display the Solver menu again. 

[solvl _ SOLVR = 

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

I ~! '1' I 
fr:J==IiiiliillL£illCili:] 

Store X in the variable B . 

I': w"' 1 ==IiiiliillL£ill== 
Store Z in the variable C. 

The resulting equation is now y2",.x"l+Z2-2XZ cos(ANGA). Find 
ANGY by solving for ANGA . 

o ANGA 

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

[SOLV-r 
{'ANGA' 'ANGZ' 'e' 'B"A"EQ' 'z' 'Y' 'X' 'N' 

[PURGE I 

70 Trlgono.etric Functions for One .nd Two Angl •• 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Example: Given the two right triangles shown below, and the relation­
ships cos(A +B)= -0.5077 and O<x <10, find x . 

Use the following trigonometric identity. 

cos(A + B) == cos(A )xcos(B) - sin(A )xsin(B) 

5 x-1 

A B 
<-2 x 

From the diagram, cos(A) =(x -2)/5, cos(B )=x 1(2x + 3), 
sin(A) ~ (x -1)/5, and sin(B) ~ (x + 7)/(2:< + 3). 

<+7 

Substituting into the trigonometric identity equation that appears above 
results in the following: 

x-2 x x - I x+7 cos(A +B) =~-x---~-x~~= -0.5077. 
S a+3 5 2x+3 

After simplifying this equation we obtain, 

ex - 2)xr -ex -l)x(x +7) 

5x(2:< + 3) 

Enter this equation. 

-0.5077. 

I CLEAR I 

'«X-2)xX-(X-l)x(X+7)) 
+ (5x (2xX+3) ) ~-. 5077 

1: ' «X-2HX-(X-1H(X+7 
»/(S*<2*X+3»=-0.51 , 

I ENTER I 

Store the equation and display the Solver menu. 

SlEQ 
- SOLVR -

Store the initial guess of 1 in the variable X. 
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Solve for X . 

o =x= 

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

IsoLv l { 'EQ' 'X I PURGE I 

72 Trtgc ... o.etric FuftCtlons for One end T.o An, ... 
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Graphs of Trigonometric Functions 

This section illustrates how to plot various trigonometric functions. 

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

HP-28C Method. Version nIBB" of rhe HP-28C will generate an e rror 
when the - DRAW _ function evaluates the example function atx = 0. The 
following program checks for evaluation at zero and avoids the error that 
wouJd occur. 

Program: 

« CLLCD RAD 

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

Comments: 

Clear the display and set 
the angular mode to radians. 
Evaluate the function for 
X not equal to zero. 
Store the fuction and draw it. 

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

I PURGE I 
3 = *IN= 
IEVAL I 

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

Set the calculalor to radians mode, then key in the function and store it in 
Ea. 
I MODE l ~ RAO " 
'SIN(X) +X 
I PLOT I STEa 



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

'PPAR I PURGE I 
3 = *W= 

-DRAW-

Example: Plot the first 10 terms of the Fourier series. 

sin(x) + sin.Q!l +sinM +sinill +sin.i2!l + ... 
3 5 7 9 

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: 

« CLLCD RAD 

o 1 ROT 2 x FOR n 
n X x SIN n --.--
+ 
2 STEP 

STEQ DRAW » 

f ENTER I 'SQWV ISlol 

Comments: 

Clear the display and 
set the mode to radians. 

Loop: do for n from 1 to 2N. 
Calculate sin(n"'x)/n. 
Add the sine term. 
Increment n by 2 and repeat 
until n > 'IN . 
Store the equation and 
draw the function. 

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

I CLEAR I I MODE l ~ STD ~ I ~~.::: 
[;2J , X I PURGE I 

~~~~~~ 

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

IUSER I 10 sawv 
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Run the program again, this time for 5 terms. 

IAnNI 

1--- -)- '- ', "-" 

-I 5 :: SQVW 
',-. - -" 

Example: Plot (he functiony =2sin(x)+ cos(3\- ). If yOll have the 
HP 82240A printer, also print the graph. 

Key in the function and store it in EO. 

'2xSIN(X)+COS(3xX) 
IPLOri STEQ 

Purge the plot parameters and plot the function. 

'PPAR I PURGE I I : ~v ."~" ''I DRAW 
........ -... \"'~" 

Double the height parameter and plot the function again. 

I ATTN I 
2 § *H ~ 

DRAW 

Printing the Graph with the HP-28S. To prinllhe graph using 
the HP-28S, press the ION ! key, and, while stilI holding the ION I key, press 
the UJ key. Release both keys. The printer annunciator will appear on 
your display while the printer prints the graph. 

Purge tbe variables used in this section. 

('SQWV' 'PPAR' 'EQ' I PURGE I 

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. 

I ATTN I 
«CLLCD DRAW PRLCD » 

I ENTER I 

3 ' 
2' 1: « CLLCD DRAW PRLCD 
I!mJImllIlIlIIl!IllIlCiImmlrlmlI 

I 
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Store the program in the variable PRPLT. 

, PRPLT ISTO I 

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

I USER I PRPLT 

Purge the variables used in this section. 

{ ' SQWV' 'PPAR' 'EQ' 'PRPLT I PURGE I 

7& Graph. of Trl.ono ..... lc FuncHon. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Inverse Trigonometric Functions 

The inverse trigonometric functions arc sine, arc cosine, and arc tangent 
are built into the HP-28S and HP-2SC. To calculate arc cosecant, arc 
secant, and arc cotangent of a number, simply take the inverse of tbe 
number and calculate the ace sine, arc cosine, or arc tangent, respectively. 

Example: Find the principal values of 

•. arcsin( .5), 
b . arccos( -.95), 
c . arclan( -8.98). 
d . arccsc( - 7.66), 
e . arcscc(2), and 
f . arccot(2.75) in HMS formaL 

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

1;c~~~ ~MODE I DEG IlLma .... 1ilD1ml1ml1 

•. Compute arcsin(.5) in HMS format. 

.5 I TRIG I ASIN 

Since the angle is an integer, pressing . HMS does Dot change the display. 

b . Compute arccos( - .95) in HMS formal. 

.95 I CHs l - ACOS r;;-:--- --------, 
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c. Compute arctan( - 8.98) in HMS format. 

8.98 ICHSI ATAN 

---+HMS 3: 30.00000 
2: 161.48185 
1: -83.38449 
mmllIlB:lmmlCllBlGUIIDnll 

d. Compute arcc.sc( - 7.66) . Note that arccsc( - 7.(6) = arcsin( -1/7.(6). 
Calculate the inverse of -7.66. 

7.66 leHsl [ili] 3: 161. 48185 
2= -83.38449 
1 = -0.13055 
mmllllmlll1lDllI1JIIGUIIDnII 

Press ASIN to find arccsc( - 7.66) =arcsin( -1/7.(6). 

- MIN - ~3;O: ~~~~~-;1-"671 -. 4"8"1"8""5 
2= -83.38449 
1= -7.50128 
1liI:ll1iIillI1m"II1lWiI1lIiI3l1ilm 

Convert the resulting angle to HMS format. 

..... HMS 3= 161 . 48185 
2: -88.38449 
1: -7.30046 
mmllIlB:llllIFDmm:llGUIIDnII 

e. Compute arcsec(2). First, find the inverse of2. 

3: 83.3844~9 
2= -7.3004 
1: 0.5000 
mmlllD:illll1lDllI1JIIGUIIDnII 

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

ACOS 8: -83.38449 
2: -7.80046 
1: 60.00000 
1IiI:IItm:::l1m"II1lWiI1IIiI3I1R13 
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Since the resulting angle is an integer, there is no need to convert it to 
HMS format. 

f. Compute arcoot(2.75) in HMS format. 

2.75 ITEJ 3' -7.30046 
2= 60 . 00000 
1: 0.36364 
IlEIImmlaamDIElCllIiRI:l 

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

-ATAN 3: -7.30046 
2: 60.00000 
1: 19.98311 
BmlIi!illIIm:'IIIlH'IElCIIIiRI:l 

-tHMS 

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

First, calculate arccos( - .9). 

I CLEAR I 
.9 ICHS I AGOS 

Next, calculate arcsin(.6). 

. 6 _ASIN _ 

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

3 ' 
2' 
1: 154.15807 
IIEIIllIiI3lUiB1miB1l1m11m:m 

3' 
2 : 154.15807 
1: 86.86990 
1!mIIml:J_malllllllllOIlll:l 

3. 
2' 
1: 117.28817 
Il:EllliIillIaalmiBllIllI:::IliRI:l 

Calculate the sine of the resulting number. 
~------~ 

3' 
2' 
1: 0.88871 
Il:EllliIillIlUiBlmiBlBI3IIiRI:l 
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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 COS2(X) + COS(3t) - 5sin(x) =0, O::;x ::; 21r. 

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

Key in the expression. 

'COS(X) A2+COS (3xX) 
-5xSIN(X)~O' ffi~TER I 

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

Isolvl STEQ 

-SOlVR-

Let 0 be an initial estimate for X. 

Solve for X. 

o ~x~ 

Try solving for X again with the number 3.14 as the initial estimate. 

3.14 ~x~ o ~x~ 
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Check your results by plotting the function. 

'PPAR I PURGE I rl:-": ---7j--c-- ---,1 

Increase the beight by 5 and draw the function again. 

[@ill 5 ,, 'H ;; 
_ DRAW "" I~ 9 '~ I <7 <7 ' 

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

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

lATIN I { ' X' 'EQ' 'PPAR' I PURGE I 
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Rectangular Coordinates 

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

Example: Given triangle ABC with vertices A (xl.}' 1) == (-4,3), 
B (x 2,)' 2) = (2,5), ""d C (x 3,)'3) = ( - 3, - 1), fmd 

a. the length of sideAC, 
b. the coordinates of the midpoint of sideAB , 
c. the slope of side Be and the inclination, 
d. the area of triangle ABC , and 
e. the equivalent polar coordinates of the three points. 

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

I CLEAR I 
I MODEl DEG 

2 = FIX= 

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

(-4,3)'A ISTOI 
IUSER I 

Do the same for points Band C . 

(2,5)'B ISTQ I 
(-3,-1)'e ISTO I 

I!L _____ I 

liL-----1 
B. The length of sideAC is ..; (x3-x 1)2+(y 3-y 1)2. The easiest way to 
find the length is to subtract A from C and calculate the absolute value of 
th~rence. (The absolute value of the complex argument (x ,y) is 
v'X2+y2.) 

Put C on the stack. 

~ G~ 3' 
2' 
1: (-3.1013,-1.1010) ------
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Put point A on the stack. 

~A~ 

Subtract point A from point C. 

3' 
2: (-8.1211211..-1.121121) 
1: (-4. 12I ~,8.12I121) ...... _--
3' 
2' 
U ( 1. 121121, -4 . 121 121) ....... _--

Calculate the absolute value by prc55ing ~ ABS ~. The resulting number is 
the length of sideAC. 

I REALI ~ ASS ~ --

b. The coordinates of the midpoint M (x J') of sideAB isx ::: (x 1 +x2)/2 
andy::: (y 1 +y2)/2. Thus 

M (x ~) ~«x 1 +x2)/2,(y 1 +f2)/2)~ (x 1 +x2,)' 1 +y2)/2~(A +B )/2. 

Put the coordinates for point A on the stack. 

Put the coordinates for point B on the slack. 

Add tht: twu l:Uurdinatt:s. 

3' 
2: (-4.121121,8.00) 
1= (2.1210,5.00) ........ _--
3' 
2' 
1: (-2.121121,6.00) ...... _--

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

2 I±l 3' 
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2' 
1: (-1.1213,4.00) ........ _--
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c. The slope m of line Be is m =(y3-y2)j(x3-x2). The slope is also 
equal to tan(O) where () is the inclination. To calculate the slope, subtract 
B from C, separate the result, swap the order, and divide the two 
numbers. 

First, pul the coordinates for C on the stack. 

Put the coordinates for B on the stack. 

Calculate C -B. 

Separate the coordinates. 

ICMPLX I - G-R -

3' 
2' 
1: (-3.88,-1.88) ------
3' 
2= (-3.130.1.-1.813) 
1: (2.01:1,5.08) ...... _--
3' 
2' 
1: (-5.1218,-6.89) ...... _--

Swap the order of the x and y coordinates. 

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

The slope is equal to 1.20. 

Rectangular COOrdl..... 85 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

c. The slope m of line Be is m =(y3-y2)j(x3-x2). The slope is also 
equal to tan(O) where () is the inclination. To calculate the slope, subtract 
B from C, separate the result, swap the order, and divide the two 
numbers. 

First, pul the coordinates for C on the stack. 

Put the coordinates for B on the stack. 

Calculate C -B. 

Separate the coordinates. 

ICMPLX I - G-R -

3' 
2' 
1: (-3.88,-1.88) ------
3' 
2= (-3.130.1.-1.813) 
1: (2.01:1,5.08) ...... _--
3' 
2' 
1: (-5.1218,-6.89) ...... _--

Swap the order of the x and y coordinates. 

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

The slope is equal to 1.20. 

Rectangular COOrdl..... 85 



Compute the inclination by taking the arctangent of the slope. 

I TRIG I ATAN 

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

xl y 1 1 

1/2x2y2 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 . 

I CLEAR I 
A e-.R 

Complete row 1 of the matrix. 

1 I ENTER I 3: 4.00 
2: 3.00 
1: 1. 00 ------

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

B e-.R 
1 I ENTER I 

3' 2.00 
2' 5.00 
1: 1. 00 
oa.Il.mIDDlBmlEID_ 

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

c -e-.R-
1 I ENTER I 

3: 3.00 
2: -1.00 
1: 1. 00 
oa.mrlDDlBlIIIEID_ 

Put the nine numbers into a Ihree-bY-lhree matrix. 

{3,3 I ARRAY I ---+ARRY 

.. Aectanglll.r Coonlln.ms 

1: [[ -4.003.00 1.00 ] 
[ 2.00 5.00 1.00 ] 
[ -3.00 -1. 00 1. 00", 

aJlmrnJBJl1!ilIElDD!IIImDJ 
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Compute the determinant of the matrix. 

~DET~ 

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

2 I±l 
~ABS~ 

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 A and convert pointA to polar form. 

I CLEAR I 3' 
2' 
1: (5.130,143.13) 
IUDIIlmlGaualJD_ 

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

3' 
2: (5.00~143.13) 
1: (5.3~,68.20) 
lIiIDIumuaual:llD_ 

Do the same for point C. 

C _R-+P _ 

Purge the three variables used in this example. 

{'C"BI'A' I PURGE I 
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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(-4,380) c(-2,570) D(2,-195) 

Converting polar coordinates is easily accomplished by executing the 
Polar-ta-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 STOE and 
DR~. 

To illustrate the first approach, set the angle mode to degrees, and set the 
display to F1X 2. 

1;~~L DEO IlLtmI .... -..-.J 
Key in point A and convert it to rectangular coordinates. 

(4,-15 ITffiG I _ P_R_ 8' 
2' 
U (8.86,-1.04) -----

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

(-4,380 P_R 

Do the same for points C and D . 

(-2,570 P_R 

.. Pol.r COOrdin .... 

8. 
2: (8.86,-1.04) 
1: (-3. 76,-1.37) 
IIDII1i1D1DD11DlJ1IlllH1_ 

3: (3.86, 1.04) 
2: (-8.76 -1.37) 
10 (1.7~,1.00) 
IlDlIIiIDIDDllRlllIImI_ 
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(2,-195 P-+R 

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

Clear the plot parameters, clear the display and draw the axes. Note: The 
soft key labeled [j] will execute the - ORA)( function after cueD elim­
inates the menu display. 

I PLOT I ' PPAR I PURGE I 
ClLCO -
ORA)( I 

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

Draw point D (which is in levell of the stack) by executing the PIXEL 
command. (press the soft key labeled B) 
= P~L ,--------,--------, 

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

Press I ATIN Ito exit from the plot display. 

example: Sketch the rose' =2sin (6) for O<fJ<360. 

The following program draws the grapb of a polar equation. The program 
assumes that the equation is in the form r == f (0), where f (fJ) is an expres­
sion with 9 as the unknown variable. The input to the program is the 
expression f (9). 

Key in the program listed below and store it in the variable PEPLT (for 
· polar equation plot.·) 



Program: 

« "EXPRESSION?" 
HALT 

- r 

« DROP 
DEG 
CLLCD 
o 360 FOR j 
j , theta' STO 

r EVAL 
theta 
R-C 
P_R 

PIXEL 
3 STEP 

PPAR theta 
PURGE )~ )) 

I ENTER I 'PEPLT ISTOI 

Comments: 

Prompt message. 
Program stops 
(Enter the expression). 

Store the expression 
io the local variable r . 
Drop the prompt message. 
Sel the angle mode 10 degrees. 
Clear the display. 
Loop: do for j from 0 to 360. 
Store the current j 
in the variable theta. 
Evaluate the expression for r. 
PUllheta on the stack. 
Combine r and theta. 
Convert (r ,lheta) 
to rectangular form. 

Draw the point. 
Increment j by 3 and 
repeat until j > 360. 
Purge the plot parameters 
and theta. 

Display the User menu and execute the program. 

IUSER I -PEPLT - "'3-,-' - --------, 
2' 1= "EXPRESSION?" 1mD ____ _ 

Key in tbe expressioo 2xSIN(2xtbeta) and press I CONT L 

, 2xS IN (2xtheta) looNTI ,------:r::-·,- ,::·,:------, 

2:~:::(~S 
If you do not wanL La save the program, purge PEPLT. 

I ATTN I 'PEPLT' I PURGE I 
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e •• mple: Transform r (1-sin(0));2 into its rectangular form, substi­
tU[ingx2+y2 for,2 and y for r sin(e). 

Key in the equation. LCllhe angle be called "th". 

ImlGI ~---------------. 

' rx (1-SIN(th»~2 ~ 

Display the Algebra menu. Expand tbe equation to get r - r sinCe) =2. 

I ALGEBRA I - EXPAN = ~ : 
1: 'r+l-r+SIH(th )=2 ' 
mDlBllIl!IDlmDlIIIIllDl!IIiIIJ 

Add r sinCe) to both sides of the equation. To do this, press the I ENTER I key 
to duplicate the expanded equation. 

I ENTER I S" 
2: 'r'l-i-r*SIN(th)=2' 
1: 'r*l-r*SIN(t~~ 
mDlBllIl!IDlmDlIIIIllD""", 

Next, enter the number 6 and press EXGET . The subexpression r sin(9) is 
returned. 

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

Simplify the expression. 

COLer 3 ' 
2' 
1: 'r=2+SIN(th)*r' 
mDlBllIl!IDlmDlIIIIllDl!IIiIIJ 

Square both sides of the equation. The equation r2=(2+rsin(t9»2 is 
returned to level !. 

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

r ) , 

mDlBllIl!IDlmDlIIIIllDl!IIiIIJ 
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Now you can sUbstitutex2+y2 for r2 and y for rsin(U). The Expression Sub· 
stitute command EXSUB ean accomplish this task. 

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

1 IENTERI 

Enter X"2 + Y"2 and press EXSUB . 

'X"2+Y"2 -EXSUB-

3' 
2= 'SQ(r)=SQ(2+SIN(th)". 
1: 1. 00 
~lB:J:IlifllIlElIDt'i'Il:'i!ijl!lEi!ll 

2' 
1: 'X"2+y"2=SQ(2+SIN(th 

)*r) , 
~1B:J:I1ifllI1ElIDtilli!J]mmJ] 

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

14 I ENTER I 

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

, y EXSUB 

3' 
2: 'X"2+Y"2=SQ(2+SIN(t". 
l' 14.00 
mDtmiIlll!mlll1l1llDDm!lJtl1Il!Il 

3' 
2' 
1: I X"2+Y"2=SQ(2+Y) I 

~1B:J:I1ifllI1ElIDtilli!J]mmJ] 

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

First, duplicate the equation by pressing the I ENTER i key. 

I ENTER I "3;:'----------, 
2: 'XA 2+YA 2=SQ(2+Y), 
1: 'XA 2+Y"2=SQ(2+Y) , 
~1B:J:I1ifllI1D!lltilli!J]1m!II 

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

9 EXGET 3' 
2: 'X"2+y"2=SQ (2+Y) , 
1: 'SQ(2+Y)' 
11iW!IIBI](IBl!li.E'IIilmIMElilnm 
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Subtract 'SO(2+ Y)' from both sides of the equation. 

Expand the equation. 

EXPAN 

Simplify the equation by collecting terms. 

"'3;-' - - --- ----, 
2' 
1: 'X ..... Z+Y .... 2-SQ(2+Y)=0· 
iIimlHml~mmm:E1l11lml 

-COLCT _ "2""--- - - - --

Collect terms. 

COLer 

1: '-4+X .... 2+YA 2-Y .... 2-4*Y= 
e' 

~oomrnllilflllllm:ml:!:l1m.~ 

3' 
2' 
1: ' -4+X .... 2-4*Y=0' 
~l19E:llif:Dllmml:illim 

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 for y, given x == - 4. 

First, set the display to FIX 2. 

I CLEAR I 
IMODEI 2 ~FIX~ 

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. 

Key in point A and press ~ E+ ~. The matrix EDAT is created with point 
A as the first entry in the matrix. 

I STAT I 
[8,-10 ~ E+ ~ 

Add point B to the matrix. 

[-10,26 ~E+ ~ 

•. 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!. 

3' 
2' 6.00 
1: -2.00 
DmllmlIDa.:DII1I3D_ 

.. The S1ralght Una 
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b . To fmd the corresponding value for y given x = -4, entcr [be number 
- 4 and compute the predicted value. The value for y is returned to 
level!. 

-4 PREOV 

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

~ {'EPAR' ' BOAT' I PURGE I 

Example: Given the vertices D ( - 4,3), E (2.5), andF( - 3, - 1) of 
triangle DEF, find 

e. tbe equation of lines DE and DF in tbe normal form, and, 
b. the equation of the bisector of angle D . 

e . Given two points (x IV' 1) and (x 2J' 2), the normal form of the equation 
of the line connecting the two points is sx(Ax +By +C)/(VA :I:+B~ "' 0, 
where s ::: { - 1 or l},A ,,=,y l - y2, B =x2 - x 1, and C =Xlxy2 - x 2>9' 1. 

If C>O, then s= -l. 
(fe <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 A . 

First, store 'Yl- Y2' in the variable A . 

'Yl-Y2"A ISlo l IUSER I 

Store 'X2- Xl' in the variable B . 

'X2-Xl' 'B ISTQ ) 

Store 'XlxY2- X2xYl' in the variable C. 

'XlxY2 -X2xYl' 'e 15To l 

IL--___ I 
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Key in the normal form of the equation. 

, Sx (AxX+BxY+C) ...;­
'; (A" 2+B" 2)' I ENTER I 

Store the equation in the variable EO and display the Solver menu. A 
!Denu of the variables is shown in the display. 

ISOLvl STEO CI3~'--------1 

SOLVR 6===== 
rmd tbe equation for line DE . Let point D be the first point and E be 
the second. First, enter the coordinate - 4 and press tbe ~ soft key. 

-4 ~ Xl ~ 

Enter the number 3 and store it in Yl. 

3 ~ Yl g 

Enter tbe number 2 and store it in X2. 

Enter tbe number 5 and store it in Y2. 

5 ~ Y2 ~ 

Determine the sign of the vaIjable S. 

C I ENTER I 

.. The Straight Una 

I!' !II I 6===== 

3' 
2' 
I' 'XI'Y2-X~~ =====UL 
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Evaluate C. 

IEVAL I 

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

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

Display the resulting expression. 

EXPR 

Evaluate the expression by pressing I EVAL l The left side of the normal 
form of the equation of line DE is fttturned to levell . (The right side is 
equal to zero.) 

IEVALI 

Now find the equation for line DF . 

Store the coordinate - 3 in the variableX2. 

-3 ::::::X2 ~ 

Store the coordinate -1 in the variable Y2. 

-1 ~ Y2 ~ 

The Straight Une 17 



Press [9 followed by the I ENTER I key. 

C I ENTER I 

Evaluate C. 

8' 
2 ' '(- (2'X)+6'Y-26)/6. '" 
1= 'X l*Y2-X2*Y 1' ==rn:::J=IJiD= 

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

Since C > 0, then S == -1. Enter a -1 and press ~ S ~. 

-1 ~S ~ 

Display the resulting expression. 

EXPR 

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 
zero. 

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. 

.. The Stralgllt Un. 

1= '(-(2*X)+6*Y-26)/ 9·32+(4*X+Y+13) / 4.12 

=tiiW==== 
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Key in the number 0 and set the expression in level 2 equal to the number 
in levell. 

. Expand the equation. 

I ALGEBRA I EXPAN 

Expand it again. 

EXPAN 

Simplify the equation by collecting terms. The final result is the equation 
of the bisector of angle D . 

_ COLCT 2' 
1: ' -B.96+0.65*X+l.19*Y 

=0' 
~lm:I:IlIDmmlm![] 

Purge the variables used in this example. 

{'S' 'Y2 ' 'X2' fYl' 'Xl' 'EQ' 'e' f B' 'A' I PURGE I 

TIle Straight Un. .. 



The Circle 

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

EXample: Given two circ1csx2+y2- 5=0 and (x +2)2+ (v -l?-W=O, 
find the paint(s) of intersection, if any exist. 

First, set the display to FIX 2. 

iCLEAR i 

IMODEI 2 ~FIX ~ 

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

'(X+2)A2+(Y-l)A2-20f 
I ALGEBRA I EXPAN 

Expand again. 

- EXPAN 

Simplify the expression by collecting terms. 

CCLCT 
~-----~ 

2' 1= 1-15+XA2+yA2+4*X-2*~ , 

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

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

'00 The Circle 

2' 
1: '-15+X ..... 2+Y"2+4*X-2*Y 

- (X ..... 2+Y ..... 2-5) I 

tmDlmIll_lIII!Dm!IllmIIJ 
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Expand the expression. 

- EXPAN -

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.) 

COLCT 3' 
2' 
1: '-10+4*X-2*Y' 
tlllmlml:llHmlfiilmmE!ll1llli!ll 

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

Solve for the variable Y. 

'y ~ ISOL-

Store this expression in the variable Y. 

'y ISTOI 

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 . 

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

'X QUAD 
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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 Y on the stack. 

'Y IRCll 

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

I sOlv l STEQ 
SOlVR 

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

:p~re~s~s ~EX~PR",,;:]to get the corresponding value of Y. 

- EXPR - - 1~!~i"'ili.aii.i!'iilT'iiiiii~~ 
1: -1.00 =tiffi=== 

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

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

Isolv l {'X"EQ' 'Y' IpURGEI 

102 TIle Circle 
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The Parabola 

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

Example: Plol the graph Ofx2=4(y +1). 

First, set the display to FIX 2. 

The semireduced form of the equation of a vertical parabola is 
(x - h )2", 4p (y - k). where (h J<) is the vertex, x =h is the axis, (h ,k + p ) is 
the focus, and y =k -pis the directrix. In this example, h "'0, k '" -1, and 
p = 1. Thererore, the vertex is Y(O, - 1); the axis isx ::0; the focus is 
F(O,D); and the directrix is y = - 2. 

Key in the equation for the parabola. 

'XA2~4x(Y+l) ~ 

Isolate the variable Y. 

, Y I ALGEBRA I ISOL 

Store the expression fo r Y in the variable EQ. 

I PLOT I STEO -

Draw the graph of the parabola. 

= ORAW 

\~/ 



Exit from the graph and purge the variables created in thls example. 

I ATTN I ( ' PPAR"EQ' !PURGE ! 

Example: Plot the graph of the horizontal parabolay2:: - 4(x - 1). 

The general equation of a horizontal parabola is (y - k }2:: 4p (x - h). The 
vertex is (h .)c ); the axis is y '= k ; the focus is (h +p.)c); and the directrix is 
x =h - P . Therefore, in this case, h ,k , and p are equal to 1, 0, and - 1, 
respectively. The vertex is V(l,O); the axis isy '= 0; the focus is at (0,0); and 
the directrix. isx '= 2. 

The fonowing program plots a hor-irontal parabola.. The program expects 
three numbers to be entered onto the stack as inputs into lhe program: 
the values of h , k , and p. (A prompt message is displayed requesting you 
to enler 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: 

~~ "ENTER h,k,p" 
HALT 

_hkp« 
DROP 
CLLCD 
10 *H 10 *W 
h k R-C CENTR 
DRAX 
'(Y_k) A2~4xpx (X-h) , 
'X' ISOL 
'X' STO 
k 20 - k 20 + FOR j 
j 'Y' STO 
X EVAL Y R_C 
PIXEL 
NEXT 

( X Y PPAR ) PURGE »» 

I ENTER I 'HPAR ISTOI 

Comments: 

Prompt message. 
Program halts 
(you key in 3 numbers). 

Store the 3 numbers in h " and p . 
Drop the prompt message. 
Clear the display. 
Multiply the height and width by 10. 
The center of the display is (h /<-). 
Draw the axes. 
Equation for a horizontal parabola. 
Isolate X in the above equation. 
Store the expression in the var iable X . 
Loop: do for j from k - 20 to k + 20. 
Store the current j in variable Y. 
Evaluate X and form point (X ,Y). 
Draw point (X ,Y). 
Increment j by 1 and repeat 
until j > (k + 20). 
Purge variable.sX. Y, and PPAR. 

Display the User menu and execute tbe program. 

IUSER I HPAR 3 ' 
2 ' 
1: "ENTER h,k,p" ------

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

1 , 0 , - 1 I CONT I r\-:--. -•• -.• -:-:::7"",- - ----, 

Press I ATTN Ito exit from the plot display. 
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Ex.mple: Plot the graph of (y + 10)2 ::::: 12(x + 35). 

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

HPAR 

Key in the value of h . 

-3 5 I ENTEA I 

Key in the value of k . 

-10 IENTEA I 

3: 
2: 
1= "EHTER h,k,p" 1lImI ____ _ 

S: "ENTER h k,p" 
2: -95.e, 
1: -lB.~ 1lImI ____ _ 

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

<. / I 
Exit from the graphics display and purge tbe program HPAR, if you wish. 

lATIN I 'HPAR I PURGE I 

10& The Parabola 
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Example: Horizonta. Parabolas Using DRAW. The program 
below is an alternate approach from the point-by-point function plot in 
program HPAR. This program takes h , 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 y2(X) < 0, the 
ORA W routine produces a line intersecting the curve at the vertex. 

Key in the following program. 

« 'X' PURGE 10 *H 10 *W 
-+hkp« 
'2xy'( (X-h)xp)' 
EVAL DUP NEG ~ k + RE 
STEQ CLLCD DRAW I ENTER I ~ 

1= « 'X' PURGE 10 *H 10 
*W ~ h k ~ « '2*J«X 
-h)*p), EVAL DUP NEG 
= k + RE STEQ CLLCD 

Store the program by the name HP AR2 and purge the current plot 
parameters. 

'HPAR2 [§jQJ 
I PPAR I PURGE I 

Execute the program for the previous horizontal parabola. 

1, 0 ,-1 I USER I HPAR> "I :O:=~:::::::::=:::d-I--! 

Exit from the plot display and purge program HP AR2 if you wish. 

I ATTN I 'HPAR2 IpURGE I 
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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. 

(x + 2)2 + (y _ 1)2 1 
9 4 

The general equation of an ellipse is 

(X - h)2 + (V-k)2 1 

a2 b 2 

The center is at [he point (h )r). If 0 > b, then the major axis is parallel to 
the x-axis. The vertices are at points (h ±o,k); the foci are at points 
(h ±c,k), where c =J a2 _b 2; and the ends ofthe minor axis are at points 
(h,k ±b). If b >0, then the major axis is parallel to the y-axis; the vertices 
are at points (h,k ±b); the foci are at points (h,k ±c); and the ends of the 
minor axis are at points (11 ±o,k). 

For this example, h = - 2, k = 1, a = 3, b = 2, c = 2.24, and the major axis is 
parallel to the x-axis. The center is at (3,2); the vertices arc 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 arc 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. 

1011 TIl. Elllp •• ad Hyperbola 
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Program: 

« IIENTER h,k,a,b ll 

HALT 

- h k a b 
« DROP 
CLLCD 
2 *H 2 *W 
h k R~C CENTR 
DRAX 
, (X-h) "2+a A 2+ 
(Y-k) '2+h'2=l' 
'Y.' ISOL 
'Y' STO 
-1 1 FOR j 
j f 51' STO 
h a - h a + FOR n 
n 'X, STO 
X Y EVAL R_ C 
PIXEL 
.2 STEP 

2 STEP 
( PPAR X Y sl ) 
PURGE »» 

I ENTER ! 'ELLIPSE Ism l 

Comments: 

Prompt message. 
Program halts 
(Enter the 4 values). 

Values are stored in h,k,a, and b. 
Drop the prompt message. 
C lear 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 . 
Loop!: do for j from -1 to 1. 
Store the current j in variable s 1. 
Loop2: do for n from II - a to h +0. 
Store the current n in variable X . 
Form the point (X ,Y). 
Plot the point (X ,V). 
Increment n by .2 and repeat 
until n >h +0. 

lncrement 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 levell. 

I USER I - a up-

Enter the value for h . 

-2 I ENTER I 

3' 
2' 
1: "EHTER h,k,a,b" 1mlI ____ _ 

3' 
2: "EHTER h,k,a,b" 
1: -2.00 ------



Key in the value for k . 

1 I ENTER I 

Enter the value for a . 

3: "ENTER h,k,a,b" 

fi -f :~~ ------
8: -2.00 
2: 1.00 
1: 3.121121 ------

Enter the value for b and press 1 CONT I to continue running the program. 
The graph of the ellipse is drawn. 

Press I ATTN I to exit from the plot display and, if desired, purge the 
program. 

IATTN I 'ELLIPSE I PURGE I 

Example: Plot the graph of the vertical hyperbola 

(y +ll' (x -4)' 1 
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 isolatingy 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. 

'(Y+l)A2+4-(X-4)A2+2~1' 

I ENTER I 

110 lb. Elllp ••• nd HJPeIbOI. 

2· 
1: '(Y+1Y'2/4-(X-4Y'2/~ 

=1' ... 
m:m~ImD __ _ 
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Isolate the variable Y. The result is an expression representing two solu­
tions. The variable s1 can be either + 1 or -1. 

I Y ISOLVI ISOL -

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

SlEQ 
- SOLVR -

Store the number 1 in the variable s I. 

1 ~S1~ 

EXPR· 

Store the number - 1 in the variable s1. 

-1 ~S1 ~ 

_ EXPR= -

['i"';fI'rffl\"!.f!~A)") ~'[ 
==mii3=== 

['fill ; f' !!'!N-J)iM).l,-[ 
==mii3=== 

['i'"!~~--4j~A~ 
= =mii3== 

Set the expression in leve12 equal to the onc in levell. 

~1~'~"~(~(~1~+~(X~-~4~)~A~2~/2~)~'~4~)'-
1=-f« 1+(X-4)A2/2)*4 
)- 1 ' = =mii3=== 

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

~ _ STEQ _ 

DRAW 
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Press I AnN I to exit from the plot display, and multiply the height by 10. 

I ATTN I 10 ~'H ~ ILIIlIlII.".,,"""' ...... 1 

Multiply the width by 10. 

10 ~*w ~ 

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

DRAW 

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

{'PPAR' 's1' 'EQ' I PURGE I 2: I ~I 1

30 
I 

~DBIll3DDm"" 
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Example: Plot the graph of the horizontal hyperbola 

(x _4)2 (y + 1)2 
1. 

4 2 

The general equation of a hyperbola is 

(X _h)2 (y_k)2 
1. 

a' 

For this example, h =4, k == - 1, a =2, and b =.[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. 

«nENTER h,k,a,b ll HALT 
_ h k a b « DROP 
CLLCD 2 *H 2 *W h k 
R~C CENTR DRAX 
'(X-h)'2+a'2-(Y-k)'2+ 
b"2=l' 'X, ISOL 'X' STO 
-1 1 FOR j j '51' STO 
k 4 - k 4 + FOR n n 'Y' 
STO X EVAL Y R_C PIXEL 
.2 STEP 2 STEP { X Y 51 
PPAR } PURGE »» 

I ENTER I ~ 

1: « "ENTER h,k,a,b" 
HALT '* h k a b « 
DROP CLLCD 2.00 *H 
2.00 ·HJ h k R+C 

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

'HHYPE' ISTO I l'1 '~i _ _ _____ -----" 

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

I USEA I HHYPE - 3' 
2: 
1: "ENTER h,k,a,b" cmm ____ _ 
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Enter the value for h . 

4 I ENTER I 

Enter the value for k . 

-1 I ENTER I 

Key in the value for a . 

2 I ENTER I 

3: 
2: "ENTER h,k.a,b" 
1: 4.00 cr::wn ____ _ 

3: "ENTER h,k,a,b" 
2: 4.00 
1: -1.00 cr::wn ___ _ 

3: 4.00 
2: -1.00 
1: 2.00 cr::wn ____ _ 

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

]) ( 
If desired, purge the program. 

I USER I 'HHYPE IpURGEI 

114 Th. Ellip ... nd HyperbOl. 
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Example: PloHing the General Form of the Equation. As an 
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 h , 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 y2(x) < O. 

Key in the programs below. 

The first program's parameters specify a vertical hyperbola. 

« -1 1 MeON I ENTER I 13. I 
'VHYP ISTOItL. ____ _ 

The second program's parameters specify a horizontal hyperbola. 

« 1 -1 MeON IENTERI 13. I 
'HHYP ISTOIlL. ____ _ 

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

« 1 1 MCON I <NT<R I 
'MELL ISTOI 

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

......... h k a b SX sy « 2: 
« {X Y 51} PURGE 13. I 
'sxxSQ ( (X-h) +a) +l,k."""'IlIlIilI __ _ 
syxSQ«Y-k)+b) =l' 
EVAL 'Y' ISOL DUP 1 '51' 
STO EVAL SWAP '51' SNEG 
EVAL = RE STEQ CLLCD 
DRAW ' 51' PURGE »» 

®:![gB] 
'MeON Isrol 
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Now try the previous examples from this section. Purge any plot parame· 
lers lhat have been specified. 

, PPAR I PURGE I 
-2,1,3,2 I ENTER) 
I USER ) MELl 

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

Now draw the verlical hyperbola. 

lATIN I 
4,-1,2,' '11'2 I ENTER ) 

VHYP 

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

~ ~: 4,-1,2,''11'2 ) ENTER) ~ 
HHYP 

Exit from the plot display and purge the programs above if desired. 

I ATTN I {'VHYP' 'HHYP' 'MELL' 'MeON' IpURGEI 

111 TIle EIII, .. ad HfPMItOlII 
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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- 3 cos(t) andy =4+2 sin(t ),0:5 ( :5 360. 

First, set the angle mode to degrees. 

I CLEAR I 
I MODE I =_ "'OE"'G=_ 

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 fOf the y coordinate is stored in the variable Y. The 
program also assumes that the variable for time is capital T. The inputs to 
the program arc 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: 

"LO,HI,INC?" 
HALT 

-+ 10 hi inc 
« DROP 
10 hi FOR n 
n 'T' STO 
T X EVAL Y EVAL 
(3) ~ARRY 
E+ 
inc STEP 

CLLCD 

Comments: 

Prompt message. 
Program halts 
(Enter the 3 inputs). 

Inputs are stored in the respective variable 
Drop the prompt message. 
Loop: do for n from 10 to hi . 
Store the current n in the variable T. 
Take T, X, and Y and put them 
in a vector. 

Add the vector to the I;DAT matrix. 
Increment n by the value inc 
and repeat loop. 
Clear the display. 



2 3 COLl; 
seLl; DRWI; 

(T EPAR PPAR ) 
PURGE 

®!f@l 'PAREQ ISTO I 

Denote which columns to plot. 
Scale the coordinates 
and drl'lw the point~. 

Purge tbe variables 
created by the program. 

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

, 2-3xCOS(T) "X IS10 l 

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

'4+2xSIN(T)'fYISTO I 

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

I USERI PARE 

Enler (he low value of T. 

o I ENTER I 

Enler Lbe high value of T . 

360 I ENTER I 

g. 
2: "LO,HI,IHC?" 
1: 0.80 __ 0:0 __ _ 

"LO, HI, INC?" 
0.00 

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

20 lcom l 

1· 1 • 
The graph of the parametric equations is plotted. Press I ATTN I to exit from 

118 P ..... ettlc Equdo •• 
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the plot display_ The table of values is stored in EOAT. T is in column 1; 
X is in column 2; and Y is in column 3. You can see the first few entries to 
the matrix by pressing the soft key labeled EDAT. To see the individl1al 
entries, use the GET! command. 

Purge the variables used in this example. 

{'~DAT'ly' 'X' 'PAREQ' I PURGE I 

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 hOUT. 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. 

I MODEl DEG 

2 = FIX= 

The parametric equations for the path of a projectile moving in a plane at 
time t with the origin as the starting point are 

x =ViE cos(a) and y =v;t sin(a)-.5gt2 

where Vi is the initial velocity, a is the angle from the horizontal at which 
the projectile starts, andg 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 Vi = 170 mph. Thus there are two equations 
in two unknowns (the angle and time). To find the angle, first isolate t in 
the first parametric equation. The result is an expression for t . Substitute 
the expression in the second parametric equation. Now you have one 
equation in one unknown. Use the Solver to find the angle. 

Key in the first parametric equation and isolate T. 

'X=VxTXCOS(A)"T 
ISOLvl ISOL 



Store the resulting expression for T in the variable T. 

'T I$TO I r.13~' ----------------'1 
il..,"""1iIIDI1l!il!l1il!I:IlI1ilIIID 

Key in the second parametric equation witb g =9.8m /s'l, Substitute the 
expression for T in the equation by using £he SHOW command so that all 
implicit references to X are made explicit. The result is tbe equation for 
the path in rectangular coordinates. 

'Y~VxTxSIN (A) -. 5x 
9.8xT"'2"X SHOW -

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

glea 
_ SOLVA 

Store the number 0 in the variable Y. 

o ~ y~ 

Store the number 200 in the variable X . 

200 "X " I': !!,N!!, 1 
====[lffi)Uill 

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

170 I ENTER I 

Key in the units ~mph.~ 

~ 'mph I ENTER I 
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Convert 170 mpb to m/s. Key in the unilS Mm/ 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. 

[b£] "m -+ sIt I ENTER I 3: 
I CONVERT I 2' 76. eo 1: .~ / ;~ 

D:JCLJrTlITlI1'fi:Jf"i"f:l 

Sto("e the velocity 76 m/s in the variable V. 

Let the number 0 be an initial estimate for the angleA . 

o ~ A§ 

Find the angle. 

D ~ A~ 

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 [!] followed by l-NUM L (Equivalently, T I ENTER ll EVAL I 
will recall the expression and then evaluate it with the current variable 
assignments). 

Exit from the Solver and purge the following variables. 

lsolvl {'A"V"X"Y"EQ"T' I PURGE I 
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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 ca1cuJatioDS the way you nced them. 

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

Calculus (00028-90102) 

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

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

• Obtain symbolic and numerical solutions for integral calcuJus 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. 

• Calculate severa] 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) 

• Sel up a statistical matrix. 

• 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. 

• Cornpllte several test statistics. 

Ami Specifically for Your HP-28S ... 

Electrical Engineering (00028-90103) 
• U se ready·ta-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 values 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 yOUT dealer does not carry, call toll·free 
1-800-538-8787 and refer to call code P270. Master Card, Visa, and 
American Express cards arc welcome. For countries outside the U.s., 
contact your local Hewlett·Packard sales office. 
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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. 

• 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. Simulta neous Linear Equations· Systems 
of Linear Equations 

• Infinite Sequences and Series 

• Logarithms 

• Trigonometry 
Trigonometric Relations and Identities ' Trigonometric Functions for 
One and Two Angles . Graphs of Trigonometric Functions· Inverse 
Trigonometric Functions' Trigonometric Equations 

• Geometry 
Rectangu lar Coordinates. Polar Coordinates· The Straight Line 
• The Circle· The Parabola· The Ellipse and Hyperbola 
• Parametric Equations 

r"ffI HEWLETT 
a!~ PACKARD 

Reorder Number 
00028-90101 

00028-90106 English 
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