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Help Us Help You!
 

Please take a moment to complete this postage-paid card, tear it out
and put it in the mail. Your responses and comments will help us
better understand your needs and will provide you with the best pro-
cedures to solve your problems. Thank you!
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1. What calculator will you use this book with?
004 [ ]HP-28S 005 ]HP-28C 006 ] Other

2. How many other HP solution books have you bought for this calculator?
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101 [] Student 103 ] Professional 109 ] Other

4. Where did you purchase this book?
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801 JHigh 802[ ]Medium 803 ]Low

9. How clearly was the material in this book presented?
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Welcome...
 

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

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

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

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

m Entering numbers, programs, and algebraic expressions into the calcu-
lator.

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

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

for developing the problems in this book.

Welcome... 3
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How To Use This Book
 

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

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

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,

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

The "inverse" highlight represents a menu label:

Key: Description:

= DRAW = Found in the menu.

=ISOL = Found in the SOLV|menu.

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

How To Use This Book 7



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

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

[J=ABCDE=.

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

The symbol indicates the cursor-menu key.

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

Display Formats and Numeric Input: Negative numbers,
displayed as

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

are created using the key.

5 [cHs]
12345.678
[[1 [cHs],2 [cHS], ...

The examplesin this book typically specify a display format for the
number of decimal places. If your display is set such that numeric displays
do not match exactly, you can modify your display format with the
menu and the = FIX = key within that menu. (For example, 2=FIXE
will set the display to the FIX 2 format.)
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Programming Reminders: Before you key in the programming
examples in this book, familiarize yourself with the locations of program-
ming commands that appear as menu labels. By using the menu labels to
enter commands, you can speed keying in programs and avoid errors that
might arise from extra spaces appearing in the programs. Remember, the
calculator recognizes commands that are set off by spaces. Therefore, the
arrow ( — ) in the command R—C (the real to complex conversion func-
tion) is interpreted differently than the arrow in the command — C
(create the local variable "C").

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

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

A Note About the Displays Used in This Book: The menus
and screens that appear in this book show the HP-28S display. Most of the
HP-28C and HP-28S screens are identical, but there are differences in the

menu and = SOLVR = screen that HP-28C users should be aware of.

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

 

  
 

 

HP-28C display. g:

1:
[ sTo JIGENIEREITTErec 1IN

HP-28S display. %:

LE
STTSTDT
 

Notice that the HP-28C highlights the entire active menu item, while the
HP-28S display includes a small box in the active menu item.
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The screens shown below illustrate the HP-28C and HP-28S versions of

the = SOLVR = menu.

 

 

 

 

HP-28C SOLVR display. %

Efl-““-

HP-28S SOLVR display. g

lijfl_“_E_lL.fl_ILfl_]EflEBEIL__l  
 

 

Both of these screens include the Solver variables=AZ, =B=, =RE, =81 5,

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 command follows many of the examples in
this book. If you do not purge all of the programs and variables after
working each example,orif your menu contains your own user-
defined variables or programs, the menu on your calculator may
differ from the displays shown in this book. Do not be concerned if the
variables and programs appearin a slightly different order on your
menu; this will not affect the calculator’s performance.
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Rational Functions and Polynomial Long
Division

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

Example: Using the command TAYLR,find the equivalent polyno-
mial for the following rational function.

6x®—5x%-8x +3
2x -3

Press the following keys to put the expression for the numerator in level 1.

I 6xX"3=-5xX"2=-8xX+3 |ENTER
 

=
M
W
p

  'EERTZ-0¥XT2-BEX+3! 

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

N [sT10]

 

a
0
R

  'BERNI-5EXT2-B¥K+3! 

N has been added to the User menu.

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

2 ra e25X=3 I3 ! (623SRKA2-82N+3)

IINO  
Enter the variable to be evaluated.
 

r'X -ENTER 3:
21 ' (6¥N"3-5x"2-S*Kfa.j
ISINS  

12 Rational Functions and Polynomial Long Division



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

 

 

  

 

2 31 ' (B*KB-5¥K"2-8*N+3.,
2 ZFXE 2 . ga

BTGOTNT

Execute the Taylor function.

31
=TAYLR= 2s

TAYLE]T30LQUADSHOMJ0ESET|ERGET)  
The equivalent polynomialfor the rational function is —1+2x +3x2.

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

6x°—5x2-8x +3
32+ 2x +1

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

Before attempting this example, complete the previous example. The
expression —1+2x +3x2 from the previous example must appear in level 1
and 6x3-5¢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 accomplished by pressing the following keys.
 

 

  

 

1 3: 142EH+TERAD !

{1 7 ¢ 180
[TRYLET30LCUADSHitkd[OESET[ERGET)

Make the substitution for the first object.

= OBSUB = g:

I +2ERHTERND
COLCT [EXFAN]SIZE|FORM[0ESUE[ERSUE]    

Rational Functions and Polynomial Long Division 13



Store this expression in a variable named D (for "denominator") and store
the initial value of 0 in a variable named Q (for "quotient").
 D 3:

0'Q %
[COLCTJERFAN]ST2E|FORMJ0ESUE[ERZLE

 

  
Recall the numerator N to the stack.
 

 

3
=N= 13 ' GEKAS-5ERA2-SER+3'

IITIN 

Put the denominator D on the stack.
 

i
l D i 2:

28 'B¥XNI-0EXN2-8¥K+3!
1: '1+2%X+3%¥X"2
eoI8t11  

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

’ 2xX [ENTER T 'EERAZ-5EXAD-8%X+3!

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

  

 

  

 

3: F2EN
=Q= 2% '2%x!
= 1: a.680

=TITA

Add this copy to Q.

3: 1+2¥K+BEROZ
23 '2%R!
1: '2%R!
=TTIN

Store this result in Q.

'Q 31 6NB-5EK2-0EX+3’
%: '1+2*x+3*§A§'

=20ITD  

14 Rational Functions and Polynomial Long Division



Multiply the quotient term and the denominator.

Subtract the result from the numerator.

(-]

 

 

28 'e¥X"3-5FRM2-BER+3 !
13 1 (1+2%X+3¥K22¥(2%K)

 

 

 

2%
18 '6ERMZ-D¥RT2-B¥X+3-(

1+2%X+3¥R"22 % (2%K)
=ATA 

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

i= EXPAN
 

 

18 'EX(R¥XT2)-D¥(XEXRI-8
¥RFI-CC1+2¥RIX(2K+
B*K“E*(E*H) )

(LT(TeTT(A

 

 

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

= EXPAN =
 

 

18 "EXCRECKERD )=DF(XERD
- 8¥X+3- (12 (2¥RI+2%RK¥
C2ERI+FIXCRERIXC2EXD )

[COLCT]ERFAN]STZE[FORH[OESLIEJERSUE] 

All terms are fully expanded, so now collect terms.

1 COLCT =

Collect terms until complete.

=COLCT =

 

 

21
1:'?EG;K“BBE¥XNI-FEX2

[COLCTIERPAN]SI2E|FORMJ0ESLIE[ERSU

 

 

 

 

3:
2t
1: ' 3- 9R21B%K
ITNeN

 

 

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.

Di 1USER
 

 

3:
2: '3-9xX"2-10%x"
1: '1+2%X+3¥X2 ]
=TIIAR 

Rational Functions and Polynomial Long Division 15



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

3 3: '3-9xK2- 10K

Bey
IITIS  

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

  

 

  

 

  

 

3 -3.00
=Q= 23 -3.88
= = 1 . 1 E*:x: 1

=20ITIN

Add this copy to Q.

3: V1 +2ER+BERZ!
21 -3. 88
1: '-3+2%K"
=TTN

Store the result in Q.

'Q [sTO 3: '3-9¥X"2- 10%K"
2: P1H2ENFIRRNZ !
1: -3.88
=TNAN

Multiply the quotient term and the denominator.

3:
23 '3-9¥K2-180%K"
12 '(142¥X+3%xX"2)%(-3)'
=TIT  

Subtract the resulting expression from the new numerator.

(-] 21
1: '3-9x¥"2- 1'3*:*: Cl+2%X

+3*¥R2I¥(=-3!
=NTDD

 

  
Simplify the expression by expansion and collection of terms.
 

ALGEBRA| =EXPANZ 1: '3-9%(X*xX)-10%X-((1+
%’fX)*(-3)+3*X“2*(—3)

[COLCT[EHFAN]SI2EJFORMJ0ESUE]ERSLIE]  
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Continue until all terms are fully expanded.
 

=EXPAN= 15 '3-9%(XxX)-18%%¥-C1%(
;§>5§§$*<-3>+3*<x*x>

[COLCTJERFAN]STZE [FORM JOESLIE|EHZLIE  
Now collect terms.
 

= COLCT = 3
2
1 'o-4xx’
COLETJERFAN]ST2E|FORM[0ESUEJERSLIE  

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

  

=Q= 3
Use] =0 2t 'G-gy!

1: '=3+2%X"
=NTTA

Thus the answer is

'—3+2X +_%.

w2+2¢ +1

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

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

{IQI D’ N’

Rational Functions and Polynomial Long Division 17



 

Complex Numbers

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

Example: Evaluate the following expression.

sin(.5+.3i )+(3—4i )* (2+i )}/®
 

In(5-8i)—arccosh(2+9i)

First, set the display for FIX 4.

[CLEAR]  
 

Calculate sin(.5+.3i).

(.5,.3 =SIN=

Key in the complex number 3-4i.

(3,-4

Key in the complex number 2+i .

(2,1 [ENTER]

Take the inverse of the number 3.

3 [1/x]

18 Complex Numbers

 

 
 

 

 
 

 

 
 

 

 
 
 

 

 

3:

4
ENGTRT

3
1: (B.5012,8.2672)
CZIN|HZIN|003]ACOZ|TAH|HTAN)

3:

: (@,5012,0.2672)
1 (3, BBOG, - 4. BEAG
ECAEETIETKRETTE

31 (B.5012,0.2673)
21 ¢3, 0000 4. Ba0g)
i: (2. Be0h,1. 6068
IEHIEEI!IEEIEEEIIHHIHHHI

3: ¢3, 0000, -4.0080)
21 2. 0060, 1 4000a)
1 B.3333
CZIN|HZIN|C03|ACOS|TAN|ATAN
 



Calculate the third root of 2+i .

a:
 

  
Multiply the resulting complex number by 3—-4i.
 

 

31
2: (8.5012,08.2672)
i: (4.6814,-4.5644)>
ZIM[ASIMCoZ[ACOZTHNATHN 

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

  

3
i (5.1826,-4.2972)
CZIN|RSIN]02JALOZTHNATAN) 

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

' TN (5-8x1) -ACOSH (2+9xi) 3 (5. 1606, 4. 2972y

i: C-B.E6728,-2. 3656)
ECECECICAATG   

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

 

 

[+] 3:
i ¢1.10841,2.5049)
ECCETIIARCTT 

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

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

sinh(y )2+ cos(x )?

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

 tan(x +iy)=

  

 [MODE | =RAD= |CLEAR] 1: 'Tglil(>§+ ?fifi?‘?&%&é&?

"TAN (x+yx1)=(SIN(x)x LSSeo3A5YRRS
COS (%) +SINH (y)xCOSH (y) x XDy    
i)+ (SINH(y)*2+COS(x)"2)’

Complex Numbers 19



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

i= STEQ
=SOLVR=

Store the number 3 in the variable x .

3 X ._il

Store the number 4 in the variable y .

4 Yi 11
1

 

 

3:

 

i:
O RErT=ICRT= 10 Il ]   

 

— a
n

  1yJierr=ller=1C_JC_1] 

 

Fflam_
1:

  LLyJREFT=RT=L] 

Evaluate the left-hand side of the expression.

[
l

1LEFT=

Convert this expression into a number.

[=NUM]

 

 

   

 

 
 

{ 'TANC3+4%i )
Oyeer=ECer=1C1]

gs
11 (-0. 0002, 0. 9994 )
O ErEe=Ile]   

Evaluate the right-hand side of the expression.
  

 

 

 

YJREFT=lleT=0C11   
Convertthis expression into a number to show that the right and left sides
of the equation are equal.

[=NUM]
 
3:
2 (-8.08882,0.9994)
1: (-H.0082,8.9994)
=] LEFT=ICET=10 I ]
 

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

GLEAR
("y" "%’ 'EQ"

20 Complex Numbers
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Example: Express the following complex numbers in polar notation.

a.3-2V3i

b. -1/2+ \/Tgi

C.3+4

First, set the angle mode to degrees.

=DEG=

a. Enter the number 3.

3 [ENTER]

Enter the number -2.

=2 [ENTER]

Take the square root of the number 3.

3 V]

Multiply -2 by the square root of 3.

[x]

 

 
 

 

  

 

 
 
 

 

  

 

 

3:
2%
1: 3. 0660
DRR

3
21 3. 0000
1: -2, 68688
NRAT

31 3. 0@
2 -2, 6080
1: 1.7321
E

3:
21 3. 0000
I: -3. 4641
NNTRT
 

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

=R-C=
 

 

3:

1: (3.0080,-3,4641)
GASN
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Convert the complex numberin rectangular notation to polar notation.
 

=RoP=

 

3:
2
1: (4.5826,-49. 18662
IIITT. 

b. Enter the complex number -1/2+ ——\/2—3_1' as an algebraic expression.

Convert the expression into a number.
 

/' =1+2+/3+2x1’ [SNUM

 

3:
2
1: (-0.56064, 8. 8660)
ITTTS. 

Convert the complex number from rectangular form to polar form.
 

SRP=

 

3:
2:
1: (1.068060, 120. 8080
ITTNTS. 

c. Enter the complex number 3+4i in rect
lute value of it. The magnitude is returned.

angular form and take the abso-

 

(3,4 =ABS=
 

 

3:
2%
1: 2. 880606
IBEETELTTI. 

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

LAST

 
 

3:
25 2. 8868
1: (3.8080,4.0808)
IETEENBTTELTTI 

Press = ARG =. The polar angle is returned.
 

=ARG=

 
 

3:
2% 2. 0808
1: 23. 1301
ITITT 

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

=R-C= 3:
2:
1: (5. 08068, 53. 13601 )
ITTT. 

22 Complex Numbers



 

Hyperbolic and Inverse Hyperbolic
Functions

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

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

tanh Z, and coth Z .

Clear the display and set the number of display digitsto 3.
 
[CLEAR| [MODE| 3 =FIX= 
 

 

3:

2
370|FlimSCTENGDESFADS
 

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

4 [ENTER)]
7 V]

=]

"7 [sT0]

Calculate sinh Z .

Z =SINH =

 

 

 

 

  
 

 

 

3:
2t 4.0608
1: 2.646
IRITTNTN

3:
o
1: 1.512

[ST0JFIve |=CT |ENG |DEG |RADS |

3:

o
[ST0JFItm ]|=CI |ENG |DEG |RADw |

3:
2%
1: 2.137
BTBTEECREECLTAL   

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

[1/x]
 

  

3:
2
1: A.464
[SINH[HZINH]CosHJRCOZH]TANH[HTHNH]
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Calculate cosh Z .

Z =COSH=
 

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

Calculate tanh Z .

Z =TANHZ=

 

 

 

 

 

 

 

 

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

 

3:
2: 8. 464
1: 2.378
SSTOTRKTAT

3:

2: 8. 464
1: B.421
[ZINH[HEINH]CozH[RCOEH]THNH[HTHNH

3: B.464
2: 8.421
1: B.967
[ZINH[HETMH]CizH[HCOEH]THNH[HTHNH

3: B.464
2: B.421
1: 1.162
[ZINH[ETNH]CiniH[HCOEH]THNH[HTANH

 

 

Example: Verify that acosh(2.378) =1.512 using the definition

acosh(x)=In(x +Vx2-1), for x>1.

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

' ACOSH (X) =LN (X+/ (X" 2
-1))’ =STEQ=

 

  

3:

gt
[ZTEC RCEC[ZoLWR]T20LJCUIRD]SHOM 

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

1 |SOLVRE 2.378 =XE
 

 
 

CEREFT=ICRT= 10 Il 1l ]
   

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

S LEFT==
 

 
1.512

|Y3|   
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Now checkif the right side of the equation is 1.512.

1, 512
I H JLEET=ICRT=1I Il I

 

   

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

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

{('X7TEQ" 127
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Function Evaluation

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

Given the function f (x,y)=2mx2 | Vy2-x2| find f(1,V/2), f(sinT',1), and
i3,5).

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

 

 

3
4 ZFIXZ £

36 SF NSGITWT 

Note in the keystrokes above, you could also use = SF = within the
menu as an alternative to typing the letters SF and the key.

 

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

 
 

 

I 2xmxX" 2% :
- 1: '2*¥w*¥R2¥ABSCI(Y2-%ABS (v (Y42-X"2)) BT

EHIGOESETNT

=STEQ =

ZOLVR] T30l[iSUADSHOMW  

 

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

= SOLVRE=

 

   
Store the number1 in the variable X .

1
 \i

— a
n

e10yJEsrRslC__JC_JC_ ]|   
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Store the square root of two in the variable Y.

2

Yi i

Evaluate the expression.

EXPR=

Convert this expression into a number.

[=NUM]

 

 

|

 

   

 

    

 

 
 

a1y JEsee=ll I I[ ]

i 'pewxl . BOEG "
1y JEsresIl Il I[ ]

3:
21

1: 6.2832
1y JEsresll |1 Il ]    

Clear the previous result and evaluate f(sin7',1).

[DROP]
 

 
 

=
M
W

 2 1 ¥ JESFE=I[ | Il ] 

Put sin7" on the stack. Notice that in this instance we use the = SIN = key
in the menu to enter the function.

[TRIG]
'ZGNE T

Store the expression in the variableX .
 

[SOLV| =SOLVRE =X= ] 

 

 

3:
2%
1: 'SINCTY!
SINJRSINcozRCosTANATAN 

 

 
 

1
[  T 1y JERPER=IL Il I ] 

Note the Solver variableX has been replaced by the variable 7. Store the
number one in the variable Y.

1 i < i __i 
 -

s

 T I ¥ JERFE:I[ | Il ] 
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Now compute the function value.

= EXPR= =
 

 
 

 

 

   

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

"X [PURGE]
 
2%
18 '2¥mxSINCTI 2¥ABS(I(

1-SINCT2"220!
  1y JEsre=I Il Il ]
   

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

For the last part of the example,clear flag 36 to set the calculator in the
numerical evaluation mode and force numeric evaluation of 7 in the
expression.

36 =CF=

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

3 [ENTER]
|SOLV| = SOLVR
 

i
l

i
l x i 

Store 5inY.

5 =Y1 1 _.i

Evaluate the expression.

= EXPR= =

 

 

n
h
w

IEGGWWGT 

 

 

._i
1
1
— s

 2 1 ¥ JEZFR=I[ Il Il ] 

 

 
1
Iy JESFEREI Il Il ]   

 

 
1: 226. 1947
a1y JEsrR=Il Il [ ]   

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

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

{"Y" X" TEQ’
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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 PPAR.

CLEAR| |ATTN

Store x~2 in the variable EQ.

4 ZFIXE
rXA(=3) =STEQ=

 

 

3:
2%
1:
PRARKESRRESJCENTR]€W3#H 

 

 

3
&t1:
[ZTECt[RCEC|FMIN]FHMAHJINDEF] DRAL
 

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

To clear flag 59, enter:

59 CF
 

 

=
P

[ZTEC[RCEC|FIMIMFHMAN[INDEF| DEAL—

 

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

 

 

(6, 1.5).

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

 

=
M

[ZTECJRCEC[FMIN]FIMARJTNOEF]DRAL
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Plot the expression.
 

1

soews
[s
]  
 

Example: Plot the power functiony = +V/x. The solution for this
example depends upon whether you use an HP-28C or an HP-28S.

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

 

'V/X ZSTEQ= 3:
2
[STE:|RCEG: |PMIN |PPTNDEFDRAM |
 

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

Recall the equation that you just stored.
 

 
 

 
 

 

= RCEQ = 3:
2:
1: Iy
[STEC|RCECFMIN]FrMAJINDEF]DRAR

Take the real part of the function.

=RE= 3
2
1: 'RECIRY!
ITNOTN ET 
 

If you plot the function now, only positive values ofy will appear. A trick
to plot both positive and negative values ofy 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.)
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Duplicate the function.

Negate the function.

CHS

Set the two functions equal to each other.

(=] [ENTER]

Store this equation in EQ and plotit.

=STEQ=

= DRAW i

 

  

 

  

 

  

 

3:
2: 'RECIKD!
1: 'RECIHY!
ITGTT ST

3:
2 'RECIRD)!

. '-RECIRY!
FaC3RREIMCOMJ]SIGN

3:
1: 'RECIRI==RECIX'
ITTRTNS

3:

2:
[STEC[RCECFMIN]FHAR[INDEF]DFRR] 

 

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

ATTN
 

 

3:

2
[FFARRESAHESJCEMTE]¥#H 

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

  

 

  

 

  

 

  

 

 

 

    

 

=RCEQ = 3:
2
1: TR
BNIRGTGT

Duplicate the expression.

3
2 g
ZTEC:[RCEPIN]M[INDEF|DEd

Negate the expression.

CHS 3:
2: 'R
1: -
[STEC:[RCEC[FMIN|FMAY[TMDEF|DERR

Now set the two expressions equal to each other.

[=] 3
2
1: IH=-TR
[TEC:[RCEC[FMIN|FMA[INDEF|DFRE

Store this equation in EQ and plotit.

=STEQ= 3:
et
BTNCIN NRGOPTGT

= DRAW= V"

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

ATTN 3:

2:
[FrrfesAies|LENTE]sid*H_]  
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Example: Plot the exponential function y =e%/2.

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

'EXP(X+2) ZSTEQ=
=DRAW=

 

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

(0,1 =CENTR=

Plot the function again.

= DRAW =

Purge the plot parameters.

ATIN|] /PPAR

 

  

 

    

 

 

3:

e
ATT

...... | $ + - e

3:

e
GNTBRT 

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

Enter the expression and store it in EQ.

I XXLOG (X*2+2) =STEQ=

Plot the function.

= DRAW =

 

 

3:

2:
BCINTRPTG[T 
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Example: Plot the polynomial function y =x3+2x2-11x - 12.

Enter the expression and store it in the variable EQ.

FX"3+2xX72-11xX-12

=STEQ=
 

Plot the function.

= DRAW =

 

 

3:
2
1:
[ZTEC[RCEC[FMIN]FHARJINDEF|DRAL |
 

 

 
'1‘
1   

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

ATIN| 15 =*H=

Draw the function again.

= DRAW=

 

 

3:

2
INATT 

 

 
 

=S - .

-\*\;—J'/ ’ ' ' '

’

  
Purge the variables created in this example.

{PPAR’ "EQ’
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Quadratic Equations

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

For example, solve 3x2—x —2=0. First plot the equation.
  

 

 

 

 

[CLEAR| [MODE| 4 =FIX= 31
I'3IxX"2=-X=-2 %: 1 QEKAD-K-2!

S0NTEET

=STEQ= . ]l .
' PPAR [PURGE]m=DRAWE- l —  
 

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

 
 

 

[ATTN] =RCEQ= 3t
21 1 QERAD-K-2!'X [ENTER] 2 &

(ZTEG:|KCEC: |PHIN |FMAt[TNDEF|DFAK |

Find the roots:

[ALGEBRA| =QUAD= §=

1: ' (1+51%5)6!
THVLE |T30 |CLVAD |ROkOEGETIEXGET] 
 

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

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

 

=STEQ= 3:
= SOLVR= <

elJC_JC 1    
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Let 51 be negative by entering a —1 and pressing the = S1 = menu key.
 

 

Press = EXPR= = to get the first root.

= EXPR= =

Let sbe equal to +1.

1
 

i S1 i 

Solve for the second root.

= EXPR= =

 

 T
 

   

 

 
 

  

 

 
 

   

 

 
 

L_EL_JE—PR11 11 1 1 |

i: -0, 6667
EOEFECI1L]

1 -0, 6667
21 _IEXPR=I1 | 1l I ]

1: 16600
CEEREEEN 11 1 1l ]    

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

example.

[SOLV] [CLEAR]
{"s1’’PPAR’ 'EQ’

 

 ]
®
u

u
m

u
s

b (]

 

ZOLVE]TS0LJCLIADSHOL 

Example: Find the roots for 2x2—4x +3. First store the equation in the
variable EQ, then draw it.

1 25X~ 2=4xK+3

 
[PLOT| =STEQZ = DRAW i 
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'2EXN2-4%X+3
SOLWR]TE0L CURD]SHOkfs

]
5
8
u
m

=
m

iy Ll

 

 

 

 1Y
l   



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.

ATTIN| =RCEQ=|

rx =QUAD=i

 
2
1 'C4+s1%

(B0.0808, 2.82842)-4"

 [ZTECJRCEC[2OLUR]T20LCHUAD]ZHOM 

Now use the Solver to get the numeric solutions.

i
w
0
= m O i

 

 

3:

2:1:
= JEsrE:]l Il Il 1l ]
 

  
Let s1 equal -1 and solve for one of the roots.
 

 

i
l D D0 I 1

 

 

   

 

 

 

   

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

1 I 2 i 

i 2 v 1

The roots for this equation are 1+0.7071i .

 

— (1.86000,-8, 7871
CEEsrR=]I_’TI'_LII_II_I   

 

 

  

 

  

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

{’s1’’/PPAR’’EQ’ |PURGE
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Polynomial Equations

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

Example: Plot the graph and find the roots of

x*+3x%-32-Tx +6=0

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

'PPAR [PURGE s
|

 

 Fr'X"44+3xXA3=-3xX"2=7xX+6  |——————s

=STEQ= :
= DRAW=

   

Multiply the height by 10 and plot the graph again.

ATIN] 10 S*H= : :
= DRAW= — /h*\e

 

   
Digitize the three points where the function equals zero (i.e., where the
graph intersects or touches the x-axis) by moving the cross hairs to each of
the three points and pressing [INS]. When you press the key, the
coordinates of the three points are displayed. The x coordinate of each
point will be used as initial estimates for the Solver.
 

  
  

e 3: (-3.00808,0.0008)
B CRERES. n 9 -

ATTN

Now use these values in the Solver.

= SOLVR =
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Store the pointin level 1 in the variable X.
 

i
l > i
lI

 

 

 

   

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

] X2 gmm_l
 

i
1

i

 

    

 

 

1: 1.866808
CEESEREN | 1l 1 ]

Clear this result and find the next root.

Sx= =y =ero
=x= [ EX= 1: -2 EEEa

CaJeser=lC_1111  
 

 

The three roots are —3, -2, and 1.

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

x3-3%-1.5¢ +6=0

For this example you will again plot the function to get the initial guesses
and then use the ROOT command to find the roots. First, enter the

expression and store it in the variable EQ.
 

  

31
' X" 3-3xX"2-1.5xX+6 F

=STEQ= BCEERGRSR

Plot the graph.
 

1 DRAW = /_*\K !,-"
‘
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Since the plotting parameters from example 1 were not purged, the height
is. still multiplied by 10. Decrease the vertical scale by multiplying the
height by .5.

 

 

 

 

3:
2%

[FEARKESAHES JCENTE 

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

DRAW

[<] .. [<] [NS]

 

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

ATTN| =RCEQ=

Put the variable name X on the stack.

"X [ENTER)]

 

 

2 (-1.40088, 8. 8808 >
12 X*3-3%K"2-1.5000%K+

&
[STEC[RCEC[FMIM]FHAY [TNOEF| DRAL ] 

 

 

3: (-1.4060608, 08, 3000 )
% 'RT3-3¥K"2-1.0000%K,,

[ZTECJRCEC[FMIN]FHAHJINDEF]DRAL |

 

 

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

=ROT=
 

 

'%"3-3%%°2- 150005,3:
23
1: (-1.4808, 8. 8060 )
IAGTN (Se   

Solve forX and find one of the roots of the equation.

= ROOT =
 

 

3:
2
1: -1.3588
(oot)111

 

 

Purge the variables used in these two examples.

{IXI 'PPAR’ 'EQ’
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Simultaneous Linear Equations

A system of two linear equations in two unknowns can be solved by first
plotting the graphs of the two lines, finding the point of intersection (if
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 workif the lines are parallel
or coincident. A third method is to isolate one ofthe variables for one of
the equations, plug this expression into the other equation (giving you one
equation in one unknown), and then solving for that one unknown by using
the Solver.

For example, solve the following system

2x+1y =6

Sx -4y =3)°

Clear the display and set the mode to FIX 4.
 

[CLEAR] 4 [MODE] FIX= 3

(10[Flim]51|ENG|DEG|nte]  

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.
 

 

 

 

 

 

 

I 2xX+Y=6'"Y [ENTER] 31

e |EEREYSE,
NGTATNT

=iSOL= 3:
1: ‘G-2K
TTTTTe

I 5xX—4xY=3''Y Z|SOL= 31
- 21 ' G- 2EK !

1 ' (5EK-3)4"
THVLETZ0LCLIDZHitA[EGET[ERET  
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[=] [ENTER] 3:
1: '6-2%X=(D¥X-3)-4'
[THYLE]TS0lJOURD]SRJOEGET]ERGET)  

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

  
 

 

[PLOT| 'PPAR [PURGE] 31
=STEQ= f

(STEC:|FCEC|FMIN]FMASJINDEF{DAk |

= DRAW = 1 /s
-"“I ..‘\   

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

 

ATTN /

(0,1 =CENTR= l 7
=EDRAWZ |s    
Move the cursor to the approximate point of intersection and digitize the
point by pressing [INS]. Press to return to the stack display. The
coordinates of the point are returned to the stack.

>l ) ees BT e e [INS] 3:
ATTN 2:

1: (2.1688, 1.966848>
A RTRLT

 

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

 

= SOLVR= %

1z (2. 1000, 1.9600)
CELEET=EICRT=0 | II ]     

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

X
 

i i
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Solve forX .

[]
l  

i x 1
glgn EEUEFSE!
1: 2.8769
eJLerr=lCRr=1111   

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

 

 

 

     

  
 

 

SLEFT=2 O
i: 1.8462
CELerT=ElCRT=100 I ] ]

E RT: E
n

1 1.8462
LX ILEE[_:_II EI= |l Il Il ]    

The variable Y equals 1.8462.

Method 2: Using Matrices. Key in the constant vector (the right
side of both equations).
 

  

3:
[6 3 i: [ 6.0000 3.0000 I

CEOLErT=EICRT= 10 Il Il ]
  

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

[[2 1[5 -4 []
 

: [ 2.0769 1.8462 1]
% JLEFT=ICRT= | | ]
 

   
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.

{’X’'PPAR’ "EQ’
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Method 3: Using Solver. First, enter the first equation and isolate
the variable Y. The result is an expression for Y.

I 2xX+Y=6""1Y

=1SOL=

 

 

3:
2
1: '6-2%X’
[STECJRCECJSOLMR]TR0QURD]SHOM 

Enter the second equation and storeit in the variable EQ.

I'5xX=-4xY=3' =STEQ=
 

 

3:
2
1: '6-2¥XK'

 

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

=SOLVR=E =Y=
 

 

i
1
CEREFT=EICRT=I I Il ]
   

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

] EXEi i

Put the expression for Y on the stack.

Y [ENTER]

Convert this expression into a number.

The value for Y is returned to level 1.
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gl an EEUEFSB!

 

   

 

 
 

   

 

 
 

1: 2. 8769
CEILErT=ICRT=10 II | ]

3:
2: 2.8769
1: '6-2%K'
CEILEFT=ICRT= I II Il ]

3:
2% 2.8769
1: 1.8462
CEIRErT=ICRT=10 Il Il ]    



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

("X 7Y TEQ!
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Systems of Linear Equations

Using matrices, solve the following system.

6x+1y—-3z+0w=37

-2%x+3y+52-Tw= 6

&+0y+4z-5w="75

M-Ty-4z+1w= 7

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

  

|CLEAR| [MODE| 1 =FIXE %:

[37 6 75 7 I: [ 37.0 6.8 75.8 7.0.
RGORTRRTR
 

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

[[6 1 -3 0[-2 3 5 -7 3
(8 04 -5[0 -7 -4 1 [x] |{i[ 7.5-2.01.0 -3.0.

NSOGTN

 

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

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

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

x!

ea:

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 and
then press the user variable key = FDE =. 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| | (the shift key
followed by the continue key) to continue running the program. The pro-
gram returns a list of the first 10 numbers in the sequence.

 

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

Program: Comments:

« 2 FIX Set the display format to two
digits.

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

HALT Program halts. (Key in a
number and press [CONT]. )

— n « The numberis stored in the
variable n .

1 n FOR x Loop: do forx from 1ton.
x FACT Calculate the factorial ofx .
x EXP Take the exponent ofx
+ and divide the two numbers.
NEXT Increment x and repeat untilx >n.
n —-LIST »» Put the n terms into a list.

'FDE
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Clear the display, then run the program.
  
|[CLEAR]| [USER| =FDE = # OF TERMS? 

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

  

  

10 [CONT 1: { 8.37 9,27 8.30
B.44 B8.81 1.78 4.60
13.52 44.78 164.75

(Fpe||1||

Run the program again.

=FDE = # OF TERMS? 

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

5 |CONT 2: £ 8.37 0.27 B8.38 B...
1: { 8.37 B.27 6.38

8.44 8.81 >
IIIN  

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

r=n

Y
z=1

where n is the total number of terms. 
x(x+1)

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

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

« STD

CLLCD "# OF TERMS? "
DUP 1 DISP
HALT

— N <«

n —-STR +

O 1 n FOR x

FINV((x x (x+1))’

EVAL
+

NEXT

CLLCD DUP 3 DISP

SWAP 1 DISP »»

'ONE

Run the program.

USER| =ONE=

Comments:

Standard display format.
Prompt message.

Make a copy and displayline 1.
Program halts
(you key in a number).
Store one copy of the number in#n.
Convert the numberinto a string
and concatenate with the prompt.
Loop: do forx from 1ton with
initial zero sum.

1/((x)(x +1)).

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

 
# OF TERMS?

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

100
 
# OF TERMS?1086

. 998099809897

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

{'ONE’ ' FDE'’
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Determinants of Matrices

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

Example: Find the determinant of the following matrix.

2 6 1 -2

-3 4 5 7

4 -2 1 3

5 3 -4 6

Key in the matrix and find the determinant.
 

 

 

CLEAR| [MODE| 2 =FIX= i: [[ 2.6868 6.88 1.88 -..

[[2 6 1 -2[-3 4 5 7[4 [ -3.60 4.08 5.00 ..
[ 4.60 -2.00 1.60 ..

-2 1 3[5 3 -4 6 [ENTER TGTIT

ARRAY| =DET= %:

i: 2439, 00
Cizs |DuT |DET |HEZ |RGN[CNRH] 
 

Example: Solve forx andy.

7 6 5 x 2y

1 2 1{=0and|2 3 4(=2

y -2x 157

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

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

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

  

 

31
7 14xX+6xY=-10- (10xY-14 e ' 4+GEN-45Y=0"
+6xX) =0 = COLCT = COLCT|ERFAN]SI2E[FORHM[WEZUEJERSUE

Store this equation in the variable EQ.

=STEQ= 3:
ot

C:RO[Z0LVE]500GURDSHOMW  
Key in the other equation and simplify it also.

r21xX+8+10xY- (3xY+20xX 31
+2 8 ) =2 E COLCT % Ff: 1 'EB+X+?*Y=2 1

 

  
Obtain a symbolic expression for x by isolating the variable.
 

 

'X Z1S0L= 3

i: ' D-PEY+2E
TRYLR]T30L |CEURD |SHOLTOEBETERGET 

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

=SOLVR=
 

i

'2-7¥Y-28"
IJRerT=ICer=1C1]    

Press = X =. The expression from level1 is stored in the variable X . Notice
that the variable X disappears from the Solver menu.
 

 

1:
CRErr=lCRr=117

i i
l

 

   

Now solve for y. Press the shift key followed by = Y = from the Solver
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Recall the expression for x.
 

    

 

 

X 3:
28 3.80
1: '2-7¥Y+28'
e=113

Find the numerical value for x by evaluating the expression.

EVAL 3:
2: 3.00

   
Thus,x =1 andy =3.

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

{FY7 X" TEQ’
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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*V4817

First, enter the equation and then take the logarithm of both sides by
pressing = LOG =.
 
[CLEAR| [MODE| 4 =FIX=
 

 
'N=3.271x%/48.17+2.94"3"'

SE

Expand the equation so that the right side of the equation is expressed as
the sum or difference of several logarithms. (This involves using the funda-
mental laws of logarithms, but is easily accomplished using the EXPAN
command.)

= EXPAN 1

= EXPAN =

Now evaluate this equation.

EVAL

 

2:
1: 'LOGCH)=LOGC3.2718%]

48. 1v88-2.9488°3) '
ITTTT 

 
10 'LOGCHN)=L0GC3.2718%]

3?'- 1788>-L0OGC2. 9488

(T]eAT ()(R 

 

  
 

 

3:
2
1: 'LOGCNY=-8.08498"'
[COLETJERFAN]SIZEJFORM[0ESLIE]ERZUE 

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

=ALOG=

Logarithms

 

 

3:
2%
1: 'N=ALOG(-8.8496)"'
LoJALOG]LNEXFLNF1]ERFH 



Press to get the numerical solution.
 

  

 

EVAL 3:
2-

1: 'H=8.8934"
LG[HLOG]LNEXFLNFL]ESFH]

Example: Solve for x by using logarithms.

am—s=pZ

Enter the equation and take the logarithm of both sides.

[CLEAR] 21
'AN (2xX-3)=B*X’ ZL0G= 1: ékgg?HA(E*X-3))=LUG(

ITTTT 
 

Expand the equation.
 

 

 

[ALGEBRA| =EXPAN= 21
I3 LOGCA)*(2%X-3)=LOGC
COLCT]EFAN]S12E|FORH[0SUEEHZUE

= EXPAN = 2
- 13 'LOGCAY#(22K)-LOGCAD

*3=OG(B)¥X"
(R)eTT  

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.
 

ENTER 2: 'LOGCRY*(2¥X)- LUG(Hm
1: 'LOGCRI*(2%X)-LOGCA
*3LOGCBY*K'

(TTeTTR  
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Enter the position of the third multiplication sign, which, in this case, is 10.

(To determine the position, count each operator or number, excluding
parentheses and quotes. The first position is LOG, the second position is
the variable 4, ’*’is in the third position, and so on.)

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

10 =EXGET=
 

=
P
J

: 'LOGCAY *(2%%)-LOG (AL,
: 'LOGCAY#*3T

THYLE|T20L|LDSHOM[EGETIEXGET]  
 

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

[+]

=COLCT =

 

1: 'LOGCRI*(2¥X)-LOGCA)
*#3+L0OG (A *3=L0G(B)*X
+LOGCAY%3

THYLETS0lJOURDSHOWJ0EGET]ERGET]
 

 

 
2%
13 2%0GCAI*X=L0GCB>*X

+3-I-LUG (A"
[COLCTIERFAN]ST2E|FORM J0ESUE]ERSLIE

 

 

 

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

[ENTER)]

10 i EXGET =

= COLCT =
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25 '2¥L0GCA)*X=L0G(B)*,.
12 '2%LOG(AI*X=LOGCBY*X

+3*L0OGC(AR, '
[COLCTJERFAN]ST2E JFORM JOEZUE]ERSLIE]
 

 

3:
2% '2*LDG(F|>*><LOGCB>=*..
1 G(B)*X'
LTT=TTTe oR
 

 

1: '23L0GC(A)*X-LOG(B)*X
=LOGCB ) ¥x+3%L0G(A)-

LGG(B}X'
RSSTIOTTR
 

  218 '2*¥L0GCAY*X-LOG(B)*X
—B*LDG(R

COLETJERFAN]ST2EJFORMJOEZUE[ERSLIE]
 



Use the FORM editor to merge 2x log(4 ) and x log(B into (2log(4 ) -
log(B))x . Press = FORM =, move the cursor to the minussign, press

= M— = (mergeright), then press to exit FORM and return the
 

modified equation to the stack.
il ! i i fi!=FORM =

(
)

I
1 i
l ATTN

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

 

 
=
M

‘(2%OGCAY-LOGC(BY 2 *X
=3*L0GCA

COLCTERFAN]SIZEJFORMJOEZUE[ERSLIE

 

 

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

[ENTER]

5 ZEXGET=

]

Collect the terms.

=COLCT=

 

  
 

 

2t ' (2%0G(AY-LOGCB) ¥,
1: '{2*L0GCAY-LOG(B)Y )X

=3%LOGCAY
(TTelTS

3:
2: ' (2¥LOGCAY-LOGCB) *
1: ' 2*L0G(AY-LOG(BY™
RT[Teee 

 

 1: 'C(2*L0OGCAY-LOGCB) > *X
s C2%L0GCA)-LOGCB) >=3
*¥LOGC(A) # (2*¥L0GCA) -

IRTAolTAT(e 

 

 

2
1: '¥=3/(2*¥L0OG(A>-LOG(B
2 2*LOGCAY '

(ROTNlTTR(RS 

The resulting equation is the solution to this example.

_ 3log(4)

2log(A4 )-log(B)
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Example: Solve for x in the following expression.

log(x +3)=0.7

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

"LOG (X+3)=.7" g 'LOG(X+3)=0. 7600
LOGRLOBTLNEr]LWFLERFH  

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

X |ALGEBRA| =ISOL= g:

i 2.0119
TRYLFT30LCHURDSHOK[0EGETIERGET]  

The result isx =2.0119 .

Example: Find log;36.

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

_ log,of

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

3:« LOG SWAP LOG =+ 2 < LOG SWAP LOG ~ %

 log, ¢

 

 

 

 

 

LoALLNERFLNFLERFHM

Store this program in the variable LBN .

’ LBN 31
2t
i:
(ten[111  
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Now compute log;36.
 

 

 

7 [ENTER 31
= = 2

36 SLBNS I: 1.8416
NYISSN 
 

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

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

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

Set degrees mode and the number of display digits to FIX 5.
 
[CLEAR| [MODE| ZDEG=  
 

 

3:

e
[ST0[Flis |ScI |ENG |DEGe]RAD | 

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

.75
 

 
 
 

Take the inverse to calculate tan(x), since tan(x)=1/cot(x).
 

 

3:
21
1: 8. 7o86H
[ST0JFIde|=CT|ENGDEGERAD]

3:
2%
1: 1.33333
ATIRNSITDT

 

 

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

]

Add 1 to the square of tan(x).

1

 

   

 

 

 

 

Take the square root of the numberto calculate sec(x).

V]
 

 

3:
2:
1: 1.77778
[ST0|FIim|=T|ENG|DEGE|RAD

3:
21
1: 2.77¢r8
TIRNTTT

3:
2
1: 1.66667
IISNAT)T 
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Calculate cos(x) by taking the inverse of sec(x).
 

 
 

3:
2%
1: 8. 608006
TDNSTT 

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

 

3:
2%
1 A. 36804
BNGEETRT 

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

1 [swap]

Subtract the square of cos(x) from 1.

(-]

 

 
 

3
2 1.80804
1: A. 36080
ST0JFIdm=CTENGDEGe]RAD 

 

 

=
M

8. 64008
BNGESETT 

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

]
 

 

3
2

f. 88080
-EIBEEIHHI

 
 

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

Clear the stack.

 

 
1.256080

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

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

Program:

« DEG

CLLCD DRAX

0O 360 FOR x

x SIN

x COS

R—-C

PIXEL

5 STEP »

‘UCIR

Run the program.

= 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 ),cos(x)).
Plot the point.
Increment x by 5 and repeat
until x >360.

 

  
T
N
 

If desired, purge the program created in this section.

ATTN "UCIR
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Trigonometric Functions for One and Two
Angles

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

Example: Given an oblique triangle XYZ with the following
parameters

xX= 3n

y=n2-1

z=20

Z=949 degrees,

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

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

 
  

3
2 ZFXZ et

=DEG= ENGOEETRDT   
Normally, capital letters denote the angles of the triangle and lower case
letters denote the corresponding opposite sides. Since capital and lower
case letters are indistinguishable in the Solver and User menus, let X, Y,

and Z be called ANGX,ANGY, andANGZ , respectively. Also, letn , x,

y, and z be represented by capital letters.

Enter ’3*N’ and the variable X'.
 

  

 

!3xXN’ X! 3:
2: £
DRTT

Enter ’N"2-1" and the variable Y.

INA2=177Y" a: 1521

2: N2
IORTOT  
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Enter the number 20 and the variable Z .
 

  

 

  

 

2072 3 vy
2 20,69
BG0STDT

Store the numbersin the variables X,Y, and Z .

3
2:
C5TDFIe51ENGDEGSBAD

Store the number 94.9 in the variableANGZ .

94 .9'’ANGZ 3:
2
i:

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

  

' AA2=BA2+4C* 2 =2xBxCx 31
COS (ANGA) ’ = STEQ= <
= SOLVR= CRICE¢IRNGAILEFT=ICET=]  
Store the value of the variable Z in the variable A. (Note: Only press [Z].
If you include the single quote, then the letter Z will be stored in the vari-

: P
1:
Cae1<JNGRILEFT=ICET=]

 

   

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= mi i
l

LANIlClaNGAILEFT=I[RT=||
 

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

Y
 

i O i

H
i

   [Ca1NJaNGAlLEFT=ICRT=1] 
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Store the value of the variable ANGZ in the variableANGA .

ANGZ =ANGA=
 

 

!pimm_l

CRRA==
 

  

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

1 =N=

Solve for N.

[] ENE

Display all digits of the computed result.

 

 

!;m_
1:

CaWJENGAIEEFT=1TET=1]   

 

 
g 1an EEUEI"SE !
1: 4.68H8
Ca1NJaNGalLEFT=I[RET=1]   

 

 

3:
2
i: 4.B0074339952
EGTEEET 

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

 

=STD=

able N .

2 =FIX=
SOLV] =SOLVR=
4 =N=!

 

 

!;m_
1:
CaJCNJENGAILEFT=ICRT=1C]
 

  

Solvefor side X by pressing = X= and then [EVAL|. The sameresult can be
obtained by pressing the letter followed by [EVAL].

 

=X=
 

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

Y

EVA

i 1
—

 

 

3
2
1: 12.80
CLIERIT-

3: |
25 12.688
1: 15.6808
LTTI-D
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Purge the variables that were used in the law of cosines formula. Clear
the stack.
 

{’ANGA’’C’ B’ "A'’ |PURGE

 

3

T
NECJaNGa]v2H 

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

= SOLVR i

 

 

3:
2%
1:
CaeJANGAILEFT=ICET=]
 

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

X i > i

Store Y in the variable B.

Y i o 1 }
Store Z in the variable C.

Z =Ci 1

 

 
2t
1:
LMEClANGAILEFT=IlRT=
 

  

 

 

p
—
—

a
m

 IJENGRIEEFT=ICRT=1C] 

 

 

W
1:
1JENGRILEFT=ICRT=1]
 

  

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

] =ANGAZ=
 

 
2o

1: 36.71
CHIENGAILEFT=ICRT=11   
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Purge the following variables. Rather than typing the variable names,
display the User menu and press [{] followed by ['|ZANGA=["],[|ZC=['],
and so forth.

{IANGAI rQrIrgrips

Display the Solver menu again.

= SOLVR i

 

 

3:

2
NECfaNG2]v2# 

 

   
Find angle Y in a similar manner. Store Y in the variable4 .

Y =Ai
l

!

StoreX 1n the variable B .

X i o [

Store Z in the variable C.

Z =C1 i
l

 

 
 

  

 

   

 

 
 

  

The resulting equation is now Y?=X%+2Z2%-2XZ cos(ANGA ). Find
ANGY by solving forANGA .

] ZANGA i

 

 
2o

1: 43.35
CeJaNGalLEFT=ICRT=11]   

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

SOLV
{IANGAI IANGZI ICI IBI IAI IEQI IZI IYI IXI INI
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Example: Given the two right triangles shown below, and the relation-
ships cos(4 +B)=-0.5077 and 0<x <10, find x.

Use the following trigonometric identity.

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

2x+3

x—1 x+7

A B

x-2 x

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

  

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

x—2>< x x-1_x+7

5 &x+3 5 Xx+3

After simplifying this equation we obtain,

@& =2)xx - -DXEx +7) _

cos(4 +B)= =-0.5077. 

 

 

 

 
 

 

-0.5077.
5%(2x +3)

Enter this equation.

13 ' ((X=2)¥X-(R- 1D ¥(R+7
I ((X=2)xX=(X-1)x(X+7)) 237 (3%(2%¥KX+3) )=-0.51

+(5x(2xX+3) )=-.5077 [STEC[RCEC [SOLMR] TE0LQUAD]SHM

Store the equation and display the Solver menu.

=STEQ = 3:

= SOLVR= e
 

 
i:
CLErT=ICRT=1I [ Il ]  
 

Store the initial guess of 1 in the variable X .
 

Xi ii1 P_
i:
CELEET=EI0RT=I [ | ]
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Solve for X .
 

] (
i x il

?I"O

L8 JLEFT=Il ET= I Il  
Exit from the Solver and purge the variables created in this example.

{'EQ’'X
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Graphs of Trigonometric Functions

This section illustrates how to plot various trigonometric functions.

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

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

Program: Comments:

« CLLCD RAD Clear the display and set
the angular mode to radians.

'TIFTE (X==0, 1, Evaluate the function for
SIN(X)=+X) ' X not equal to zero.
STEQ DRAW Store the fuction and draw it.

=sTo=

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

3 =*wW

EVAL

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

 

 

I 

  
 

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

 

 

 

=RAD= 3
’SIN(X)=X €

=STEQ= ZTE[RCEC[FMIN]FHA[INGEF0FAL
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Restore the default plot parameters, expand the width by a factor of three,
and press = DRAW = to plot the function.
 

 ' PPAR
3 =*W= *-*fl%&v-—-b

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

sin(x) +sin£3—§—l + sini%l +5in_(.77xl +sin-(9—g)— oo

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

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

Program: Comments:

« CLLCD RAD Clear the display and
set the mode to radians.

0 1 ROT 2 x FOR n Loop: do for n from 1 to 2N.
n X x SIN n + Calculate sin(n*x)/n.
+ Add the sine term.
2 STEP Increment n by 2 and repeat

untiln >2N.
STEQ DRAW » Store the equation and

draw the function.

' SQWV

Set the display to standard mode and purge any existing variable named X.
  
|CLEAR| [MODE| =STD = 4:

X ::
1:

 

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

[USER] 10 =sQwv= _fi,fl*_,d_,
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Run the program again, this time for 5 terms.
 

 

   

Example: Plot the function y =2sin(x )+ cos(3x ). If you have the
HP 82240A printer, also print the graph.

Key in the function and store it in EQ.
 

 

’ 2xSTN (X) +COS ( 3xX) T
PLOT| STEQ <

(STEG:RCEGHPMIN]PHAS[TNDEF]DRRb 

Purge the plot parameters and plot the function.

' PPAR N R ~
 

 

— = S
= DRAW = -

   
Double the height parameter and plot the function again.

Fal Fal
—~ o~
St + et
Rl —

 

> 3 z

 

 

N o g
i

S
|
M W N    

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

Purge the variables used in this section.

{/SQWV’ 'PPAR’ 'EQ’

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

 

ATTN 3:

«CLLCD DRAW PRLCD » 23{: « CLLCD DRAW PRLCD »
ENTER FLLCD|DISFJFIEL]DRAY[CLHFJFRLCD
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Store the program in the variable PRPLT .

"PRPLT [STO
 

 

3:
%:

(CLLCO]DISF [FIREL DRAR CLHMF [FRLCD
 

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

= PRPLT =

Purge the variables used in this section.

 

 

 

 

 

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

The inverse trigonometric functions arc sine, arc cosine, and arc tangent
are built into the HP-28S and HP-28C. To calculate arc cosecant, arc

secant, and arc cotangent of a number, simply take the inverse of the
number and calculate the arc sine, arc cosine, or arc tangent, respectively.

Example: Find the principal values of

. arcsin(.5),
. arccos(—.95),
. arctan(-8.98),
. arccsc(—7.66),
. arcsec(2), and
arccot(2.75) in HMS format.=

0
Q
O
0
D

First set the angle mode to degrees and the display setting to FIX 5.
 
[CLEAR| [MODE| =DEG =
5 ZFIX:
  

II
IH

I

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

.5 =ASIN=

 

 

3:

2
BNGESETTT
 

 

 

3:
2:
1: 36. 68006
SINJRSIN]cosJRcosTANHTAN

 
 

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

—HMS =

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

.95 = ACOS =

 

  

 

 
 
 

 

 

3:
2:
1: 36. 88808
ELHIRELREILREINT

3:
2: 36. 80808
1: 161.86513

[SINJRSIN]cosJRCOS |THN |ATAN |

3:
2% 36. 80808
1 161. 48185  
EXRECRERCRESMRNT
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¢. Compute arctan(—8.98) in HMS format.

8.98 = ATAN 1

—HMS =

 

 
 

 

 

3: 30. 88800
2: 161.48185
1: -83. 64580
[ZIN[ASIN]cosJRcos|THN|ATAN]

3: 36. 68868
2: 161.48185

: -83.38449  1:

 

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

7.66 [CHS] [1/x]
 

 

161.48185
~§3.38449

=
M
o
o

EXTEHCIREECREDDINT 

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

=ASIN=
 

 

3 161.43185
21 ~§3.38449
1: -7.58128
TRCENOT 

Convert the resulting angle to HMS format.

=-HMS =
 

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

2 [1/x]
 

 

3 161.48185
2 -83.35449
AN(P23Wi[HM3=]036]R30

3: ~83.32449
5 S 7. 30046
i 8. 50600  
EXTEECIRERLRCTRETT 

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

= ACOS =
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3= -83.38449
2: -7 . 300846
1: 60. BBB0Y
ECHCEC]EECERCTE 



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

f. Compute arccot(2.75) in HMS format.

2.75
 

 
 

3: -7 . 30846
2: 68. 86886
1: B.36364
IECEEEC]NEETR 

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

 
 

  

=ATAN= 3: -7 . 30046
2: 60. 608806
1: 19.98311
ETEBTREECTEEETE

=—HMS = 3: -7 .38046
2: 66. 06880

: 58592  1 . .

[+HHMEHME[HME+[HME-DFRl  
Example: Evaluate sin(arccos(-.9)—arcsin(.6))

First, calculate arccos(-.9).
 

.9 = ACOS =

  
Next, calculate arcsin(.6).
 

.6 ZASINE

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

(-]

  
Calculate the sine of the resulting number.

| l  

i i 

 

3:
2%
1: 154. 15887
ELRCEC]EEFEEGTEG

3:
28 154. 13807
1: 36.86990
SINJREIN]cosHCOZTHNATHN

3:
2:
1: 117.28817
SINJRSIN]cozRCosTANATAN

3:
2
1: a.88871
SINJRZIN]ozACosTANRATAN 
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Trigonometric Equations

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

Solve cos®(x ) +cos(3x)—5sin(x ) =0, 0 <x < 2.

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

 

3
=RAD= i

2 =FIX= BRIGSTRTN   

Key in the expression.
 

7 COS (X) ~2+COS (3xX) 21
-5xSIN(X)=0" I3 )COSCHI24C0S(I*KI-5

ST0 |FIie |SCT ]ENG |05 |kda ]  
Store the equation and display the Solver menu. The menu showsX as the
only variable.
 

 

=STEQ= 3:
= SOLVR= f

CEILErECRT=1C111   
Let 0 be an initial estimate for X .
 

 

   

 

 

0 =x= W

1:
CEErECer=0r11

Solve for X.

[[] EXE
ero

: A.31
CEIEEIEE Il 1    

Try solving forX again with the number 3.14 as the initial estimate.

3.14 =X= Mfi_
[] =x= 19n Reversa

=== 1: 3.14
CELEETEICRT= I[ 1l ]

 

1 I
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Check your results by plotting the function.
 

' PPAR
= DRAW =  

   
Increase the height by 5 and draw the function again.
  

ATTN

DRAW

*H 1 

ni
i
O i

i
l

 

-
hot

  
Between x =0 and x =6.28, the graph intersects the x-axis at approximately
x=J3andx =3.1.

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

{'X’'EQ’'PPAR’
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Rectangular Coordinates

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

Example: Given triangle ABC with vertices4 (x 1,y 1) =(-4,3),
B(x2y2)=(25),and C (x3y3)=(-3,-1), find

the length of side AC,
the coordinates of the midpoint of side 4B,
the slope of side BC and the inclination,
the area oftriangle ABC, and
the equivalent polar coordinates of the three points.c

a
n
o
o
w

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

  

3
=DEGZ o

2 =FIX= BTNTNITDT   
Next, enter the coordinates of point A and store it in the variable4 .
 (-4,3) ’A 5
2
o11[1]  

Do the same for points B and C.
 

(2,5)’B 3:
(-3,-1)'cC 7

oe1o11  
a. The length of side AC is V (x3-x1)?+(y3-y 1)The easiest way to
find the length is to subtractA from C and calculate the absolute value of
the difference. (The absolute value of the complex argument (x) is
x2+y2)

Put C on the stack.
 

  

=C= %:

i ¢-3.08,-1.080)
IITR 
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Put pointA on the stack.

Ai i
l

Subtract point4 from point C.

(-]

 

  

 

 

3:
21 (-3,08,-1.00)
1 B,3. 805
IOIS

3:

2
1: ¢1.80,-4.08)
NNTIN 

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

REAL| =ABS=
 

 

3:
2%
1: 4.12
ITTTI 

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

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

Put the coordinates for point4 on the stack.

CLEAR]
 

  

3:
2:
1= (—4IBB,3IBB}

Lc1e1111| 

Put the coordinates for point B on the stack.

Add the two coordinates.

[+]

 

   

 

 

3:
2% (-4.0688,3.08>
1: (2.688,3.08)
ee1nt11

3:
2:
1: (-2.808,8.68)
ee1oa111|

 

 

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

2 [+]

84 Rectangular Coordinates

 

 

3:
2
1: (-1.806,4.688)
ee1nJ11

 

 



€. The slope m of line BC ism =(y3-y2)/(x3-x2). The slope is also
equal to tan() where 6 is the inclination. To calculate the slope, subtract
B from C, separate the result, swap the order, and divide the two
numbers.

First, put the coordinates for C on the stack.

[CLEAR)]
Cil i

Put the coordinates for B on the stack.

Hl
ll
’

i
l!

Calculate C -B.

(-]

Separate the coordinates.

=CR=

 

  

 

  

 

  

 

  
Swap the order of the x andy coordinates.

[swap]
 

 

2

2

i: (-2.008,-1.008)
SIINS

3

2: ¢-3.08,-1.00)
1 ¢2.00,5.98)
NINNN

2:

28

11 ¢-5.00,-6.00)
IITN I

3:

21 -5.60
1 6. B0
TNRTB

3:

5z -6.00
1 -5. 08
TTTGT

 

 

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 Coordinates

 

   



Compute the inclination by taking the arctangent of the slope.
 

=ATANE gt

i: 50,19
EETHCETNEETRET  

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

x1yl1

1/2 |x2 y2 1

x3y31

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

Separate the coordinates of point 4 .
 

 

 

  

 

31
A =CoR= o ~4-28

TTATT

Complete row 1 of the matrix.

1 3 -4.008
2 .60
1 : -

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

 

  

 

 

B =C—R= 3: 2.84

1 2 .22
ETETTSTT

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

C =C—R= 3t -3.88
1 %‘ -1.88

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

{3,3 |ARRAY| = —>ARRY = 1: [[ -4.688 3.600 1.68 ]
[ 2.00 5.88 1.00 ]
[ -3.88 -1.60 1.88..
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Compute the determinant of the matrix.
 

i
l DET I 

 

 

3:
2
1 : -26- BB

(TIRTTTTR
 

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

 

 

 

3:
2%
1: 13.806
(oTTTRTRTR
 

e. To convert the points from rectangular to polar form, simply key in the
variable name and press = R—P =.

Key in the variable name4 and convert point4 to polar form.

[CLEAR]
A =RoP=

 

 

3:
H
1: (5.80,143.13>
ITTTT.
 

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

B =RP=

Do the same for point C.

C ZRoP=

 

  

 

3:

21 (5,00, 143.13)
1: ( - é, - B)

ATR

31 (5.00,143. 137
21 ¢5.35,68.50)
i: ¢3.16,-161.579
ERATT.  

Purge the three variables used in this example.

{ICI rgrrps
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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 convertit to rectangular form and then plotit.
You can either write a program to draw the graph of a polar equation or
convert the equation to rectangular form before attempting to draw it.

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

A (4,-15) B(-4380) C(-2570) D (2,-195)

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

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

 

  

 

CLEAR 31
[MODE] =DEG= e
2 ZFX= (510|Frim501ENGDEGa]Al 
 

Key in pointA and convert it to rectangular coordinates.
 

 

(4,-15 SH 3
1 (2.86,-1.04)
EaEEAT. 

Enter the coordinates for point B and convertit to rectangular form.
 

(-4,380 =P-R= :
- 2: (3.86,-1.84)

: (-3.76,-1.37)
ITTTA  

Do the same for points C and D .
 

 

(-2,570 =P—-R= 3: (3.86,"194)
28 -3.76
1: c1.?é,
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(2,-195 =p=R= 3: (=3.76,-1.377
- 21 ¢i.73,1.005

i: ¢-1.93.8.525
AANT
 

The rectangular form of the four points are 4 (3.86,-1.04),
B (-3.76,-1.37), C (1.73,1.00), and D (-1.93,0.52).

Clear the plot parameters, clear the display and draw the axes. Note: The
soft key labeled will execute the = DRAX = function after = CLLCD = elim-
inates the menu display.
 

 

[PLOT] ’PPAR [PURGE] i
= CLLCD= , )
= DRAX = i  
 

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

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

PIXEL = i
— :::]l .

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

 

 

  
 

 

PIXEL

= PIXEL = et

= PIXEL =

 

   
 

Press to exit from the plot display.

Example: Sketch the rose r =2sin (26) for 0<6<360.

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

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

« "EXPRESSION?"
HALT

— Y

« DROP

DEG
CLLCD

0 360 FOR
j ’theta’ STO

r EVAL

theta

R—-C

P—R

PIXEL
3 STEP

{ PPAR theta )}

PURGE » »

'PEPLT

Comments:

Prompt message.

Program stops

(Enter the expression).
Store the expression
in the local variable r.
Drop the prompt message.
Set the angle mode to degrees.
Clear the display.
Loop: do for j from 0 to 360.
Store the current j

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

= PEPLT=
 

  

3:
2%
1: "EXPRESSION?"
FeFLY)1II 

Key in the expression 2xSIN(2xtheta) and press [CONT].

’2xSIN (2xtheta)
 

   
If you do not want to save the program, purge PEPLT .

ATTN ' PEPLT’
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3:

2:
[URDERJCLUSRIMER]]|  



Example: Transform r(1-sin(f))=2 into its rectangular form, substi-
tuting x2+y? for 2 and y for rsin(f).

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

TRIG
‘rx(1-SIN(th))=2

 

 

3:
2%
1: 'r¥(1-SINCth)>»=2"
SINJRSIN]CosJRCosTHNHTAN
 

Display the Algebra menu. Expand the equation to get 7 —r sin(6) =2.

= EXPAN =
 

 

3:
2:
1: 'r¥l-r*SINCth)=2"
TTeTT(R
 

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

 
: 'r¥l1-r*SINCth)=2"
: 'r¥#1-r*SINCthy=2"'

[COLCT[ERFAN]SIZE[FORH [OESUE  
 

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

6 = EXGET=
 

 
'r#l-r*¥SINCthy=2"

'r¥SINCth) !
ARTATT(e(R

=
M

X

 

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

Simplify the expression.

COLCT =i

 

 

H
12 'r*l-r%SIN(th)+-*SIN
{th)2+r*SIN(th)
 

 

[TAVLE]TS0LCUAD]SHOkJ0ESETIERGET]

3:
2%
1 2+SII‘~I(th)*r‘
mmmm :

 

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

 

2%
1:'?E!(r‘)=SR{2+SINCth)*

AT(TelIT(T  
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Now you can substitute x2+yZ for 2 and y for rsin(§). The Expression Sub-
stitute command EXSUB can accomplishthis task.

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

the stack.

1 [ENTER] 31%5'SQCr)=sac2+81t~|<+ih%tyi

(TReT(N(R

 

 

  
Enter X™2+Y"2 and press = EXSUB =.

I'X"2+Y"2 ZEXSUB= 21
1-

1
 

; §“§TY“2=SQ (2+SINCth-

(COLETIERFAN]STZE|FORM[0ESUE[ERSUE 

 

 

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

  

 

14 [ENTER] 3:
% 'KA2+Y2=SR(2+5 {g¢ téEl

(TSRNINRN

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

'Y ZEXSUB= 3:
2%
1: 'RA2+Y2=5R(2+Y)
(TSRNINR  

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

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

ENTER 3:
= 'RO2+YM2=SRC2+Y ) !
1: 'RA2+YM2=8SR02+Y ) !
(TRT3  

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

The subexpression SQ(2+7Y)’ is

 

9 =EXGET= 3:
25 'RA2HYN2=SR(2+Y) !
1: 'SRC2+Y ) !
NTIOAT(R(R  
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Subtract ’SQ(2+Y)’ from both sides of the equation.

(-]

Expand the equation.

i
l= EXPAN

Simplify the equation by collecting terms.

=COLCT =

Collect terms.

= COLCT =

 

3:
2:
11 'Re2+4Y2-SRo2+Y)=0"
TRTTNTe 
 

 

1 ' REX+YEY-(272+2%2%Y+
Y2y=g'

COLCT|EXFAN]ZIZE|FORH[0ESLEERSUE] 
 

 

2:
1: é—l 4+X2+2-Y2-4%Y=

COLCT|ERFAN]STZE[FORH [0ES 

 

 

 

 

3:
2
1: '-4+X"2-4%Y=0"
[COLCT|EHFAN]STZEJFORMJOESUE[ERZUIE
 

Thefinal 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 points4 (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.

 

 

 

  
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 pointA and press ==+ =. The matrix XDAT is created with point
A as the first entry in the matrix.

[8,-10
 

i
l

1=E+

Add point B to the matrix.

[-10,26
 

i Y+ 

 

 

=
[
J
0
)

NSATTS 

 

 

=
P
I

XBNKSB 

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

1 - s i
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6. 080

-2.808
oL fCokkcow|OLRJFREDN]=

P
I

15 



b. To find the corresponding value for y given x = —4, enter the number
—4 and compute the predicted value. The value for y is returned to
level 1.
 

=4 ZPREDVZ 3 &.002 -2.00It 14,60
[COLE |Cokk |Cov |LkJPREDV]|  

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

{ "XPAR’ "YDAT'

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

triangle DEF | find

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

a. Given two points (x 1,y 1) and (x 2,y 2), the normal form of the equation

of the line connecting the two pointsis s X(4x +By +C)/(V A%+B?%) =0,
wheres ={-1lor1},4 =y1-y2,B=x2-x1,and C =x1xy2-x2xy 1.

If C >0, thens =-1.

If C <0, thens =1.

If C =0 and B is non-zero, then the sign of s agrees with the sign of B.
If C =B =0, then the sign of s agrees with the sign of4.

First, store ’Y1—-Y?2’ in the variable A4 .
 

'Y1-Y2''A %=
1:
IDDDR  

Store ’X2 - X1’ in the variable B.
 

 

rX2-X1’’B %

1:
IIINR 

Store ’X1xY2—-X2xY71’ in the variable C.
 

rX1xY2-X2xY1’’C %‘

1:
IITII  
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Key in the normal form of the equation.

7 Sx (AxX+BxY+C) +

vV (A"2+B"2) 7

 

 

2%
I: |SECARR+BRY+CI/TCAN2
_cL&1w|1 

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

=STEQ=
= SOLVR=

 

 

3:
".f.

L My O ya M & JI 2%1
 

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

 

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

3
 
Y1 i __i 

Enter the number 2 and store it in X2.

2 i i |
Enter the number 5 and store it in Y2.

5
 

i Y2 1 | 

Determine the sign of the variable S.

C [ENTER]
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_.E
— =

 CsJydILya8w2¥l 

 

 

—
— s

 LsJiydILya8w24§11 

 

 
 

L=iylya3¥a511   

 

 
 

 I|7TT| 

 

 

=
M

'R%Y2-KoxYL !
OxeICad   



Evaluate C.
 

  

EVAL 3:
2:
1: -26.688
Os] 

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

 

3:
i
[TTTTT   

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

1 S
 1   

Display the resulting expression.
 

=EXPR==

 

) - (

¥Y1- '1'2)"2+(H2X172
ExpslC__11JC1]    

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

EVAL 2
10 '(-C(2*%R)+6xY-26) 7

6.32'
e]
 

   
Now find the equation for line DF .

Store the coordinate —3 in the variable X2.
 

 

   

  
 

-3 EX2=
: —C2ER +DEY - 7

6.32"'
LylIy%g281

Store the coordinate —1 in the variable Y2.

-1 =Y2=
: 32 DER HOE T~ s

EnIIrE   
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Press followed by the key.

C [ENTER]

Evaluate C.

EVAL

 

  

3:
2i (- (2¥XI+eXY-26) /6.,
1: ‘®1xY2-R2ZEY1T
CEOCR=108) 

 

 

3
20 "(-(2¥X)+6xY-26)76...
1: 13.68
s J0ya I ya I 8 If #a I %1
 

   

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

[DROP]
 

 

21
T3 )(axRi+6xY-26)/

a1
 

 

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

S-1 i 1

Display the resulting expression.

= EXPR= =

 

  

 

 

 

) . B .I"!

(("f’l "r'2)"2+(><2 Xl)"E
CJEzrE=I I[ Il ] 

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

EVAL
 

 

3:
2: (= C2¥XI+EXY-26) 76, ..
1: '-CC4¥X+¥Y+13)-4,12)"
| 7W |7 | | ] 

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.

(-]

98 The Straight Line

 

 

18 ' C=C2%X0+6%Y-260 7
6.32+(4¥X+Y+13074.12

CesreslC_111
 

 

 

 

 

 

 

 



Key in the number 0 and set the expression in level 2 equal to the number
in level 1.

O [ENTER]
(=] [ENTER]

Expand the equation.

ALGEBRA| = EXPAN =

Expand it again.

= EXPAN

 

 

13 (- (2%+ERY-26)/
6,32+ (4xXH1+13)74. 12
O]
 

  

 

 

18 ' C-(2%¥X)+6%Y) 6,32~
26/6. 32+ C(4¥X+Y )~
4.12+13-4.12>=8"'

[COLET[ERFAN]SI2EJFORM[OESLIE]ER

 

 

 

 

12 '-C2%¥XK) /6. 32+6%Y/
6.32-2676, 32+(4¥X
4.12+Y~4.12+13-4.12)

(TR(RNTT(R

 

 

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

=COLCT =

Purge the variables used in this example.

 

 

2
I3 !-0.96+0. 655X+ 1. 19%Y
CoLCT]ERFAN]SL2E[FURM[0ESUEERSUE   

{ISI ry27rrx2rry1rryy1’ IEQI rcrrprrp’
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The Circle

Finding the points of intersection of two equations is a common problem
in analytic geometry. In this section you’ll
the points of intersection of two circles.

work through the steps to find

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

First, set the display to FIX 2.
 

[MODE] 2
 

1 FIX 1

 

3:
’%:

IEG IOTTT 

Key in the expression for the second circle
by expansion and collection of terms.

as shown below, and simplify it

 

 

 

 

 

 

 

 

 

  

 

 (X+2) A2+(¥-1)~2-20" B oemeemranan (v
= P IROZHRERERHRA2H(Y2

[ALGEBRA| =EXPAN= 2EYEL+1725-20"
COLCT[EGF ANSTZE [FSR[0ESUE ESLIE

Expand again

= EXPAN= 23
PRERH2EKE2HZEDH (YRY-
2¥Y*]1+1%1)- 28"

(RO(TeTT(R

Simplify the expression by collecting terms.

= COLCT = 2:
18 1-13+K"2+Y"2+4%K-2%Y

(T(ReTTR

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

'X"2+Y"2-5 3
28 '=13+K2+Y0244%K- 24,
1 RNyAR5
(T(SReIR(R  

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

(-]

 

2:
12 =19+K2+2448K-2%Y

-(X"‘2+Y“‘2- 22!
(TTeT()(R 
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Expand the expression.
 

= EXPAN i 2t

12 '"=15+X¥X+YEY+4xR-2%Y
- (XNEX+Y%Y-5)'

(COLCT[EXFAN]ST2E[FURM[0ESUE[ERSLIE]  
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:I
28

1: ' 1B+4¥K-2%Y !
COLCT[EXFAN]ST2E[FORM[0ESUE[ERSUIE]
 

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= 3:

2
1: '(-18+4%x)-2"
KISTNTe(R i

Store this expression in the variable Y.

'Y g
i3
TBTTNIe(R  

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 .

rXr2+Y72-5=0’’X =SHOW=
  

2%
1: '%fit%f( C-18+4%X)72072

TAYLE]T0LJCLIAD]SHOMWJOEGET]ERGET]  
Since the equation in level 1 is a quadratic, use the QUAD command to
find the value(s) ofX .
 

 

X ZQUAD= g:

: 2.00
THYLFT30L[izUDSHItL[DEISETIERiZET) 
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The single numberX =2 is returned to level 1; thus the circles intersect in
one point. If there were two values ofX, then the circles intersect in two
points. A complex value ofX means there are no intersection points.

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

 

'Y [RCL] 31
2: 2.806
1 '~ IB+4*X)/2'
[THYLE ]I30L |QUAD |SHOMW[OEGET[ERGET) 

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

=STEO=STEQ= %

CEIEsrR=l | Il 1l ]
 

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

X

_
.
i

 
1
l  2 JERFR=I[ Il 1l Il ] 

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

1 EXPR= i

i -1.00
| B Imll I I 1l ]   

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

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

{('X7TEQ" 'Y’
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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: Plot the graph ofx2=4(y +1).

First, set the display to FIX 2.
 

 

 

[CLEAR] 3t
2 SFX= <

[ST0 |FIdm |=CI |ENG |DEGE |RAl |  
The semireduced form of the equation of a vertical parabola is
(x —h)?=4p (y —k), where (h k) is the vertex, x =h is the axis, (h k +p) is
the focus, andy =k —p is the directrix. In this example, # =0, k = -1, and

p =1. Therefore, the vertex is V(0,-1); the axis is x =0; the focusis
F(0,0); and the directrixisy = - 2.

Key in the equation for the parabola.
 

r'X~2=4x(¥Y+1) |ENTER %:

i: I RAD=4CYH]) !
270|Fltm|0T|ENG|DEGS|RRD| 

 

 

Isolate the variable Y.
 

 

 

 

 

  

 

'y =ISOL= g:

1' #r2rd-1!
[THYLRT30lCellAnHOJOEGET|EXGET)

Store the expression for Y in the variable EQ.

=STEQ= %:

1:
I(RGTT

Draw the graph of the parabola.

=DRAWZ= |/
,\\ .p’f
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Exit from the graph and purge the variables created in this example.

{'PPAR' "EQ’

Example: Plot the graph of the horizontal parabolay%= —4(x - 1).

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

respectively. The vertex is V(1,0); the axis is y =0; the focus is at (0,0); and
the directrix is x =2.

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

Key in the program below and storeit in the variable HPAR (for "hor-
izontal parabola").
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Program: Comments:

« "ENTER h,k,p" Prompt message.
HALT Program halts

(you key in 3 numbers).
— h kK p « Store the 3 numbers in/ k andp.
DROP Drop the prompt message.
CLLCD Clear the display.
10 *H 10 *W Multiply the height and width by 10.
h k R—C CENTR The center of the displayis (& k).
DRAX Draw the axes.
"' (Y-Kk)"2=4xpx(X-h)’ Equation for a horizontal parabola.
rX’ ISOL IsolateX in the above equation.
rX?’ STO Store the expression in the variableX .
k 20 - k 20 + FOR j Loop: do for j from k —20 to k +20.
j ‘Y’ STO Store the current j in variable Y.
X EVAL Y R-C EvaluateX and form point (X,Y).
PIXEL Draw point (X,Y).
NEXT Increment j by 1 and repeat

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

"HPAR

Display the User menu and execute the program.
 

= HPAR= g:

: "ENTER hsk,p"
ewi]|[[1 
 

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

1,0,-1 i
----- .L-_.i ————p—t—t-

 

 

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

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

  

 

 

  

 

   

 

= HPAR= g:

2 "ENTER h,k,p"
T

Key in the value of /.

-35 [ENTER] 3:
2 "ENTER gk, g

TNINR

Key in the value of k.

=10 3: "ENTER hyk,p”
23 -55. b
1: -16. 6@
TIN.N  

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

3 [cONT] et |
 
 

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

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

 

Key in the following program.

« X’ PURGE 10 *H 10 *W |1: &« '¥' PURGE 18 *H 18
“h kp « # 3 h k_p &€ '2E[(CR

-h>*p>' EVAL DUP MNEG
2%/ ((X-h)xp) ’ = k + RE STE@ CLLCD    
EVAL DUP NEG = k + RE
STEQ CLLCD DRAW

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

' HPAR2
' PPAR

 

=
r
I
W
p

   
Execute the program for the previous horizontal parabola.

1,0,-1 [USER| =HPAR2= ‘—M‘h_\i

Exit from the plot display and purge program HPAR?2if you wish.

ATIN] HPAR2
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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.

G2-1
9 4

The general equation of an ellipse is

—h )2 )2
Q%L ;%L-1

a

The center is at the point (k2 k). If a >b, then the major axisis parallel to
the x-axis. The vertices are at points (k2 +a ,k); the foci are at points

(h £c k), where ¢ =V a?-b? and the ends of the minor axis are at points
(h .k £b).1f b >a, then the major axis is parallel to the y-axis; the vertices
are at points (h k +b); the foci are at points (4 k +c); and the ends of the
minor axis are at points (2 *a k).

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

The following program draws the graph of an ellipse. After a prompt mes-
sage is displayed, the program expects the values of 4,k ,a, and b to be
entered onto the stack. The graph of the ellipse is drawn with its center in
the center of the display. Each tic mark on the axes represents two units.

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

« "ENTER h,k,a,b"
HALT

— h kab

« DROP

CLLCD

2 *H 2 *W

h k R—C CENTR

DRAX

' (X-h)*2+an2+
(Y-k)*2+b"2=1"

'y’ ISOL

rYy’ STO

-1 1 FOR j

j ’sl’ STO

h a-ha+ FOR n

n ’X’ STO

X Y EVAL R-C

PIXEL

.2 STEP

2 STEP
{ PPAR X Y sl }

PURGE »»

"ELLIPSE

Comments:

Prompt message.
Program halts
(Enter the 4 values).
Values are stored in A,k,a, and b.

Drop the prompt message.
Clear the display.
Multiply the height and width by 2.
The center ofthe 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.
Loop1: do for j from —-1to 1.
Store the current j in variable s 1.
Loop2: do forn fromh —a toh +a.
Store the current n in variable X .
Form the point (X,Y).
Plot the point (X,Y).
Increment n by .2 and repeat
untiln >h +a.
Increment j by 2 and repeat loopl.
Purge the variables
created by this program.

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

USER| =ZELLIP=

Enter the value for 4.

—2 [ENTER]

 

   

 

3:
21
1: "ENTER hsksasb"
(NSIID.

3:
2% "ENTER hsksasb"
1 -2.808
(N1IINR    
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Key in the value for k.
 

1 31 "ENTER hsksasb"

£ %
(TIAN  

Enter the value fora.
 

 

3 3: -2.80
2: 1.868
1 3.80
Ecrel[[[ 

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

2 [CONT] eS
Press to exit from the plot display and,if desired, purge the
program.

ATIN| ELLIPSE

Example: Plot the graph of the vertical hyperbola

 

 

   

The graph of the vertical hyperbola can be drawn by first isolating the
variable y . Sincey 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
Solverto find the two solutions. After the two expressions for y are found,
set them equal to each other and draw their graphs. (This techniqueis
used to draw two functions simultaneously.)

Enter the equation as shown below.

r'(Y+1)72+4-(X-4)"2+:2=1" |2

1

 

_'_g'w"'-i-l 224 (K-4)2"2/2

(T(ATII  
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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 IY |SOLv| =ISOL =
 
2
1 'S1L(C1+(K-4)"2,2) %

43-1"
 [STECJRCEC[SOLVR]T20LCLIAD]SHOM 

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

=STEQ =

= SOLVR=

Store the number 1 in the variable s1.

1
 

1 St i 

i 3 D I i

Store the number —1 in the variable s1.
 

 

 

=
M

 

CeJesrRslC__C—JC1   

 

 

 

 

  

 

  
 

 

 

 

 

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

(=] [ENTER]
 
18 '"JCCl+(R-42"2-2)%4 )~

%=i{((1+(><-4)“‘2/2)*4

OERrsslC_1)
    

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

PLOT

Li 2 2
n - m O il
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Press to exit from the plot display, and multiply the height by 10.

10 =+*H=

Multiply the width by 10.

10 =*w=

 

  

 

 

3:

2
BRATTT

3:

2
TATT 

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

= DRAW =
 

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

ATTN

{'PPAR’ ’s1’'EQ’
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3:
2:
1:

[FFAF |RES |AUES JCENTR] %14 |*€H | 



Example: Plot the graph of the horizontal hyperbola

The general equation of a hyperbola is

x—h)? _le.
2 b2

a

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

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

Key in the program as shown below.
 

«"ENTER h,k,a,b" HALT 1: fiH"ENTER heksasb"
— h k a b « DROP LT » h k a b &DROP CLLCD 2.088 =*
CLLCD 2 *H 2 *W h k 2.80 *W h k R-}g H    
R—C CENTR DRAX

' (X-h)*2+ar2-(Y¥-k) "2+
br2=1’ X’ ISOL ’'X’ STO

-1 1 FOR j j ’sl1l’ STO
k4 -k 4+ FORnn 'y’
STO X EVAL Y R—C PIXEL

.2 STEP 2 STEP { X Y sl

PPAR } PURGE »»

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

"HHYPE'
 

M
o

   
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 .
 

 

= HHYPE = %

1 "ENTER hyk,a,b"
HHwFEL]|[||
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Enter the value for & .
 

  

 

  

 

4 [ENTER] 31
§5 "ENTER h,k,i,gé

(TIIIN

Enter the value for k.

-1 g "ENTER h,k,a,%é

i: -1.08
WHvPE]1

Key in the value fora.

2 3 4.8
21 -1.88
1: 2.808
[TIN  

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

2 V] T
Yo\

 

  
If desired, purge the program.

"HHYPE
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Example: Plotting the General Form of the Equation. Asan
alternative to point-by-point plotting of the functions, the DRAW com-
mand can be used by separating the ellipse and hyperbola equations into
upper and lower halves. The following programs take #,k,a, and b from
the stack and produce an equation representing the ellipse and hyperbola

equations. The two halves are then drawn in parallel. The program
HHYP and MELL will draw horizontal lines at points where y?(x) < 0.

Key in the programs below.

Thefirst program’s parameters specify a vertical hyperbola.
 

« =1 1 MCON 3:

' VHYP o
INNN  

The second program’s parameters specify a horizontal hyperbola.

« 1 -1 MCON 3:
'HHYP s

 

 
1:
ICTRT:NTRVAIA 

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

« 1 1 MCON 3:
'MELL 2t

 

 
1:
MELL JHHVEJWHYE ]]] 

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

 

« {X Y s1) PURGE 3
— h k a b sx sy « %
rsxxSQ ( (X-h)+a)+ TTIKTM 
syxSQ((Y-k)+b)=1"
EVAL ’Y’ ISOL DUP 1 ’sl1’
STO EVAL SWAP ’sl’ SNEG
EVAL = RE STEQ CLLCD

DRAW ’s1’ PURGE »»

'MCON
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Now try the previous examples from this section. Purge any plot parame-
ters that have been specified.

' PPAR
-2,1,3,2

= MELL=

 

 
eVo
 

Note the difference in the centering of the ellipse from the previous pro-
gram 1in the section.

Now draw the vertical hyperbola.

ATTN

41-1121’\/2

= VHYP=
 

 

 
 ...... aeaase
 

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

ATTN

4,-1,2,'\2
S HHYP=

 

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

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

Typical parametric equation problems include plotting the graph
described by the equations and describing the path of a projectile. Exam-
ples of these two problems are included in this section.

Example: Make a table of values and plot the points for

x=2-3cos(t) andy =4+2 sin(t),0 <t < 360.

First, set the angle mode to degrees.
 

 3
=bEG= 2:

ST0FIReScIENG|DEGsRAD  
 

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

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

Program: Comments:

"LO,HI,INC?" Prompt message.
HALT Program halts

— lo hi inc

(Enter the 3 inputs).
Inputs stored in respective variables.

« DROP Drop the prompt message.
lo hi FOR n Loop: do for n from lo to hi.
n T’ STO Store the current n in the variable 7.
T X EVAL Y EVAL Take T, X, and Y and put them

{3} —ARRY in a vector.

I+ Add the vector to the EDAT matrix.
inc STEP Increment n by the value inc

and repeat loop.
CLLCD Clear the display.
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2 3 COLZ Denote which columns to plot.
SCLY DRWZ Scale the coordinates

and draw the points.
{T Y¥PAR PPAR} Purge the variables
PURGE created by the program.

' PAREQ

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

12-3xCOS (T) ' ' X

=
R

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

r44+2xSIN(T)’’Y 4:

=
M
l

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

  

 

 

 

 

 

= PAREZ= a:
= 53

i: "L0,HI, INC?"
TTII

Enter the low value of T'.

0 31
§5 "LD,HI,IEC%"

I3ASN

Enter the high value of T'.

360 g "LD,HI,IECS"

i: 366, B0
ITII   

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

20 [CONT]

   
The graph of the parametric equations is plotted. Press to exit from
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the plot display. The table of values is stored in ZDAT. 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 individual
entries, use the GETI command.

Purge the variables used in this example.

{’EDAT’ 'Y’ "X’ " PAREQ’

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

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

 

 

 

=DEG= 31
2 =FIXE f

BBGOEEETDT 

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

x =v;t cos (o) and y =v;t sin(c)—.5gt2

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

When the arrow hits the target, the height y is zero and the range x is 200
meters. Theinitial velocity is v; =170 mph. Thus there are two equations
in two unknowns (the angle and time). To find the angle, first isolate ¢ in
the first parametric equation. The result is an expression for ¢. Substitute
the expression in the second parametric equation. Now you have one
equation in one unknown. Use the Solver to find the angle.

Key in the first parametric equation and isolate T'.
 

! X=VxTxCOS (A) ’ /T 3:

=ISOL= 1: '%/COSCAYA
TWTT
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Store the resulting expression for 7 in the variable T'.

T [sTO]
 

 
1:
[STECRCEC [S0LWR] TS0LJCURD]SHOW

 

 

Key in the second parametric equation with g =9.8m /s2. Substitute the
expression for 7 in the equation by using the SHOW command so thatall
implicit references to X are made explicit. The result is the equation for
the path in rectangular coordinates.

! Y=UXTxSIN (A) -. 5x
9.8xTA2’ X ZSHOWZ=

 

 

12 'Y=V*(X/COSCAXVD%
SINCAY-B,50%9.88% (XK
COSCRY~VYO"2!

[ZTECJRCEC [ZOLUR

 

 

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

=STEQ=

=SOLVR=

Store the number 0 in the variable Y.

0 [ i

Store the number 200 in the variable X .

200 =x=

 

   

 

 
 

  

 

  e08 0sJEEFT=ICRT= ]| 

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

170

Key in the units "mph."

‘mph
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3:
23
1: 176.68
OsJReFT=ICRT=1

3:
2: 170.80
1: 'mph'’
[IIIIIIEIIIEIE   



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

 

   

 

"m + s" 3:
CONVERT -'il’= "m?? 29

I1EFT=ICRT=1

Drop "m/s".

g=
7’6.H08

IIIIE:IEEIIIIEHEI   
Store the velocity 76 m/s in the variable V.

!gflfl_
1:
CxLy%aLEFT=ITET=]

Vv
 

i i1

   

Let the number 0 be an initial estimate for the angle4 .
 

   

 

0 ZA= !ml
1:
IR==

Find the angle.

[] EAS W
119!’1 eversa

Eorrroet   

Thus the archer must aim the arrow at an angle of 9.92 degrees to hit the
target. How long will it take for the arrow to hit the target? To find the
time, simply press [T]followed by =NUM|. (Equivalently, T
will recall the expression and then evaluate it with the current variable
assignments).
 

  

T -—»NUM 3:
2' 9 92

IIHIJIIIIIIEIIEI 

Exit from the Solver and purge the following variables.

{IAI IVIIrXrIyrrgEQ !
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More Step-by-Step Solutions
for Your HP-28S or HP-28C Calculator

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

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

Calculus (00028-90102)

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

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

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

Vectors and Matrices (00028-90105)

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

m Solve a system of linear equations.

m Calculate several important vector operations.

m Learn methods for calculating eigenvalues and eigenvectors.

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

Probability and Statistics (00028-90104)

m Set up a statistical matrix.

m Calculate basic statistics: mean, standard deviation, variance, covari-

ance, correlation coefficient, sums of products, normalization, delta

percent on paired data, moments, skewness, and kurtosis.



m Perform regression techniques: curve fitting, multiple linear, and

polynomial regression.

m Compute severaltest statistics.

And Specifically for Your HP-28S...

Mathematical Applications (00028-90111)

Find the area and all sides and angles of any plane triangle.

m Perform synthetic division on polynomials of arbitrary order.

m Calculate all the roots of a first, second, third, and fourth degree poly-

nomial, with real or complex coefficients.

m Solve first- and second-order differential equations.

m 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.

m Collectstatistical data points, and fit curves to the data.

 

How to Order...

For the location and number of the U.S. dealer nearest you, call toll-free
1-800-752-0900. To order a book your dealer does not carry, call toll-free
1-800-538-8787 and refer to call code P270. Master Card, Visa, and

American Express cards are welcome. For countries outside the U.S.,
contact your local Hewlett-Packard sales office.





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

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

B Functions and Equations

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

B Infinite Sequences and Series

B Logarithms

B Trigonometry

Trigonometric Relations and Identities ¢ Trigonometric Functions for
One and Two Angles ¢ Graphs of Trigonometric Functions ¢ Inverse
Trigonometric Functions ¢ Trigonometric Equations

B Geometry

Rectangular Coordinates ¢ Polar Coordinates * The Straight Line
* The Circle « The Parabola * The Ellipse and Hyperbola
e Parametric Equations
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