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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?
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407 [_] Mail Order 410 ] HP Direct 411[]Other
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6. To what degree did this book influence your calculator purchase decision?
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7. How well does this book cover the material you expected?
701 ] Good 702 [ ] Moderate 703 []Low

8. What level of knowledge is required to make use of the topics in this book?
801 ] High 802 []Medium 803 ]Low

9. How clearly was the material in this book presented?
901 ] Good 902 [ ] Moderate 903 [ ]Low

10. How would you rate the value of this book for your money?
111 JHigh 112[]Medium 113[JLow
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Comments: (Please comment on improvements and additional applications or sub-
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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-
tor keyboard.

HNE
o5
m
)

ARRAY

o

-
H

=

ALGEBRA

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 | PLOT | menu.

ZISOL= Found in the 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 |USER|menu.

How To Use This Book 7



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

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

[ ]EABCDE.

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

The symbol indicates the cursor-menu key.

Interactive Plots and the Graphics Cursor: Coordinate values
you obtain from plots using the 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 examples in this book typically specify a display format for the
number of decimal places. If your display is set such that numeric displays
do not match exactly, you can modify your display format with the
menu and the = FIX = key within that menu. (For example, 2EFIXE
will set the display to the FIX 2 format.)

8 How To Use This Book



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

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

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

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

and screens that appear in this book show the HP-28S display. Most of the
HP-28C and HP-28S screens are identical, but there are differences in the
menu and = 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. %
[15=TD | FIi | ScI | ENG |fu3cl] RAD |
HP-28S display. %
EZIIEIEIIIEEIJIE’EI

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

How To Use This Book 9



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

HP-28C = SOLVR = display.

HHNUJ

LB L R 1 51 JewrR=] ]

HP-28S

SOLVR = display.

M

AL E L& <1 JERFR=Il

Both of these screens include the Solver variables=AZ, Z=BZ,=RE,=S1 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, or if your menu contains your own user-
defined variables or programs, the menu on your calculator may
differ from the displays shown in this book. Do not be concerned if the
variables and programs appear in a slightly different order on your
menu; this will not affect the calculator’s performance.

10 How To Use This Book
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Rational Functions and Polynomial Long
Division

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

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

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

6x3-5x2-8r +3
2 -3
Press the following keys to put the expression for the numerator in level 1.
7 6xX"3-5xX"2-8xX+3 [ENTER

'EERTI-DER2-B¥K+3 !

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

4z
‘N 3
1:

'EERNI-DERTZ-BER+T !

N has been added to the User menu.

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

m %= (E¥X 3-SR 2-8%X+3)
- : 1 * AT * A * +
" 2xX~-3 /CBRR-3)T
E N ! 1 | | | |
Enter the variable to be evaluated.
X 3:
% '(G*XAS-S*X"E-S*NTE.;.)
s f 1 | | | |

12 Rational Functions and Polynomial Long Division



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

2 3t ' (6EK"F-5EN 2-BEK+3.,
[MODE] 2 SFIX= o 5. 80
[0 [FIim | 51 | ENG | DG [Ribe |

Execute the Taylor function.

3t
=TAYLR= gt
=TAYLR= 1: - 1+2%K+IERN2 !
[TAVLE] T20L JOURD] SH J0BGET]ERGET)

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

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

6x3—5c2-8x +3
3242 +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 6x3-5x2— 8 +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: L1+ 2ER+ZERAZ!
(1 4 ¢ 10873
[THYLE ] I50L | CUAD | SHO M [0EGET[ERISET]
Make the substitution for the first object.
= O0BSUB= g:
i: T +DERHIERND !
[COLCT [ERFAN] ZIZE [FORM [0ESUE[ERELIE]

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
0’Q

Recall the numerator N to the stack.

USER
N

(i
1

|

Put the denominator D on the stack.

i

D

CTERFAN] STZE |FOkH JOESUEERSLE

'EERNI-DERM2-0EX+3 !
Lo 1 8 1 1 1 |

'E¥XN3-DEXN2-8xK+3!
'1+2%K+3%K2 !
Lo .~ 1 1 1

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

Add this copy to Q.

Store this result in Q .

’Q [sT0]

'E¥XN3-D¥X2-8xX+3!
'1+2%K+3%X2!
] E*X ]

3: 12!
2: IE*XI
1: a.80
Lo oo oW 1 1 1 |
=H '14+2%K+3%KN2 !
2: 2%K !
1: '2ER!
= I T I I
3t '6¥KN3-DFXMZ2-8X+3!
2: '1+2%X+3%K2 !
1: '2EX!
e o I8 1 1 1 ]

14 Rational Functions and Polynomial Long Division



Multiply the quotient term and the denominator.

[x]

Subtract the result from the numerator.

[-]

2 'E¥X 3-G¥K2-BEK+3!
1 (1+2%K+3%K 2 % (2¥R)

2
1

'EEKMI-DERM2-ZEK+T- (
1+2%X+3XR2) 2 (25K '
=T I I N

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

[ALGEBRA| = EXPAN

il

18 'ER(XEXN2)-SF(R¥XI-8
ER+I-CC1+2%XD X (2%K0+
SEX2EC2EKDI D!

[COLCTERFAN] ST2E JFORH JUESUEERSUE

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

S EXPANE

18 "ER(RECKERD )= (REXD
=8¥X+3- (12 (2¥XDI+2¥R¥
C2¥X I+ CRERIEX(2ER) )

COLCT[ERPAN] ST2E [Pk [0ESUE|EREUE]

All terms are fully expanded, so now collect terms.

=COLCT =

Collect terms until complete.

S COLCT =

2%

1: '3+6¥X"3-6%K 3-9%K"2
-18%x'

COLET[ERPAN] ST2E JFokH J0BSUE|ERSUE]

a0

: ' 3- 9NN 2- 10%K
[FRLCT (EFAN] SIZE | FORM |0ESUELERS LE

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.

[USER]

1l

D

3:

2: '3-9%X 2= 10%K!
1: '1+2EK+ZERN2!
=2 I I I N

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.

31 '3-0%N 2 10%R
21 TFERREIIND
T N N I

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

3 [CHs] [ENTER]
stack.

[ENTER]

=Q=

Add this copy to Q.
[+]

Store the resultin Q.
'Q |STO

[x]

Subtract the resulting expression from the

(-]

3: -3.688
2: -3.688
1: '2%K'
e o 1w 1 1 1 |
3: '1+2%K+3ER2 !
2: -3.
1: '-3+2%K'
e 1o 1w | 1 1 |
3: '3-9%K 2= 18%K!
2: '1+2K+3¥X"2!
1: -3.6808
= I I I N
3:

2: '3-9xK 2-10%XK’
1: ' C1+2%X+3*¥X"22%(-3) '
e o 18 1 1 1 |

new numerator.

13 '3-9x%~2- 1934 (1+2%%
+3¥X~BY%(-2) "
IR I T N S

Simplify the expression by expansion and collection of terms.

[ALGEBRA| ZEXPANZ

16

18 '3-9%(XxX)-18%X- ((1;

Z*X)*( -3)+3xK 2% (-
ﬂﬂlﬂﬁmﬂmﬁﬂﬁlﬂmﬂlm!ﬂﬂﬁﬁﬂﬂ

Rational Functions and Polynomial Long Division



Continue until all terms are fully expanded.

SEXPAN = 13 '2-9%(X¥K)-10%X-C1%(
;%)§§§$*(-3)+3*(X*X)

[COLCTJERFAN] STZE | POk [DESUEERSUE]

Now collect terms.

= COLCT =

=M

: ' G- dER !
[COLCT ERFAN] ST2E |FOKM [0ESUE]EREUE]

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

-USER =Q= 3:
2: 'e-g4xK!’
1: '-3+2%K'
[ [ o | N ] [ ] |
Thus the answer is
—342¢ + _6-&
3Z+2c +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 number is represented by “x +iy”, where x and y
are real numbers and i is a constant equal to the complex number (0,1).
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
[MODE| 4 =FIXE

Il

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

Key in the complex number 3-4i.

(3,-4 [ENTER]

Key in the complex number 2+i .

(2,1 [ENTER]

Take the inverse of the number 3.

3 14

18 Complex Numbers

=H
%E
["5T0 | FIia | SCT | ENG | DEG | BAbs |
%E
1 (B.5812,08.2672)
[ZIN [ ASIN| Co: [ ACOS [ THN [HTAN
3:
21 (@,5012,8.2672)
1 (3. 0088, -4. 00885
"IN | RZIN] C0 ] RCO: | THN | ATHN]

31 (B.5812,8.2672)
21 (3. 0008,-4. 6006 )
1: >, 6008, 1. 00005
3TN TREIN | Cis TRCOS | TAN [ATAN]
31 (30000, 4. 6000)
21 5. B0, 1 »0008)
1: B.3333
[CFIN TAZIN] CoZ | AC0Z | TAN | ATAN]




Calculate the third root of 2+i .

Multiply the resulting complex number by

[x]

3: (0.5012,0.2672)
21 (3. 6008, 4. 80080
1: ¢i.2921,0.2013)
| ZIN [ asIN] Cos [acos | TN | ATaN
3-4i.

3:

31 (B.5012,8.2672)
1: (d.6814,-4.5644)
TN | RSIN ]GOS [ RCh | TAN LATAN ]

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

tor.

[+]

3:
24
1: (3.1826,-4.2972)
[ SIN [ REIN] Cos JRCo: ] THN | ATAN ]

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

/LN (5-8xi) -~ACOSH (2+9x1i)
[NUM]

Divide the numerator by the denominator

E

3:

21 (5 1826, 4,2972)
1: (-B.6728,-2. 36569
linlnﬁnllmﬁlﬁﬁuilﬂmlﬁﬂmﬂ
to obtain the final result.

gs

1 (1.1841,2.5049)
[ZIN [ ASIN | Coz [ A0S | THN [HTAN

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

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

tan(x +iy)=

sinh(y )2+ cos(x )2
Set the calculator to radians mode and key in the algebraic expression.

[MODE| =RAD= [CLEAR]

" TAN (xX+yxi)=(SIN(x)x

COS (x)+SINH (y)xCOSH (y)x
i)+ (SINH(y)~2+COS (x)"2) '
[ENTER] [<>]

1: 'THN(x+g*1) =(SIN(x)*
COS(x)+SINH(u)*COSH¢
%)*1)/(SINH(9>“2+CDS

Complex Numbers 19



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

IHH

=STEQ=

= SOLVR=

Store the number 3 in the variable x .

3

X

i
il

i

|

Store the number 4 in the variable y .

4

Y

111
111l

|

[P

% 1 ¥ JLEFT=ICRT= 10 I[ ]

1
Iy JLErT=ICRT= 11 [ ]

Fﬂﬂ_

1:
Iy JRerr=EIET= 10 I ]

Evaluate the left-hand side of the expression.

SLEFT-=

Convert this expression into a number.

[=NUM]

1: 'TAN(3+4%i)
Oy JREr=ERT= 10l ]
gi

1 (-0.0082,8, 9994)

O ILErT=ICRT= ll [

Evaluate the right-hand side of the expression.

=ERT==

)/?45 ?19?'

Y JREFT=ICRT=10 [ ]

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

of the equation are equal.

[=NUM]

=Moo

(-8.8882,8.9994)
(-8.0882,8.9994)
® 1Y JLEFT=ICRT= 1 1L ]

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

[soLv] [CLEAR]
{l

20 Complex Numbers
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[ETEC [RCEC [20LWR] T0L R0 ] SHik |
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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.

3:
2
LT | FIe | ST | ENG | DEGE] RAD ]
3:
2%
1: 3. 8880
[ 270 JFoite ] 0T | ENG [ DEGE] RAD ]
3:
2: 3. 8880
1: -2. 8880
[ sT0 JFite] 0T | ENG JDEGE | RAD ]
3: 3. 8880
2: -2.8880
1: 1.7321
[ ST0 JFIe] oI | ENG | DEGE ] RAD ]
3:
%E g BBBB
Iﬂﬂlﬁ!ﬁllﬁillﬁilﬁﬂﬁilﬁﬂl

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

=RaCS

3:
2%
1: (3.0880,-3.4641)
T I I T T .

Complex Numbers 21



Convert the complex number in rectangular notation to polar notation.

SRoP=

3:
2%
1: (4.5826,-49. 1066)
[ Faf | R | Fec | R | ARG ] |

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

Convert the expression into a number.

r=1:2+4/322xi "

3:
2
1 < B SBBB . 86687
m-

Convert the complex number from rectangular form to polar form.

=RoP=

3:
2%
1: (1.0000, 120. 0008
[Pk | Rep | Rec | C+h ] RRG ] |

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

(3,4 =ABS=

3:
oH
1: 5.068068|
| HEZ [SIGN [MANTIRFON] | ]

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

LAST

Press = ARG =. The polar angle is returned.

[TRIG] ZARG=

3:

2: 5. 0888
1: (3.686800,4,8800)
[ AES [SIGHMANTIRFON] | ]

3:

2: 5.086866
1: 53. 1301
| Pk | R3F | Rvc [ 3k [ ARG [ |

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

1

R—-C=

22 Complex Numbers

3:
2%
1: (5.0000,53.1301)
[ P | Reb | Rl | Ok ] RS | ]




Hyperbolic and Inverse Hyperbolic

Functions

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

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

tanh Z, and coth Z.

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

[CLEAR] [MODE] 3 =FIXE

3:
2
[ ST0 [FIiim | 50T | ENG | DEG | Rhlm |

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

4 [ENTER]
7 V]

[+]

’Z [sT0]

Calculate sinh Z .

A =SINH=

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

[1/x]

3:

218 4,680
1: 2.646

TO | FIde [ SCT [ EMIS |

3:

21

1: 1.512
| 70 | FIim | SCI | ENG | DEG |

3:

2:

| =70 [ FIde | I | ENG | DEG | RAle |
3:

21

1: 2. 15?
[ ZINH [HEINH] CozH [RCOEH] TRNH [HTHNH]
3:

2:

1: 464
[ ZINH [HZINH] CoH [HCOZH] THNH [ATANH]

Hyperbolic and Inverse Hyperbolic Functions 23



Calculate cosh Z .
Z =COSHE

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

[1/x]

Calculate tanh Z .
Z =TANHE

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

[1/x]

3:

21 0. 464
1: 2.378
[ZINH [AZINH] COZH [RC0ZH] THNR [HTANA]
21 8. 464
1: 8. 421
[SINH [ASINH] COZH JACOZH] TANH [ATANH
3: 8. 464
2: 8.421
1: 8. 967
[ZINH [AINH] C0ZH [AC0H] TANH [ATHNH
3: 8. 464
2: 8.421
1: . 162
Emmmnmnmnmmmmmmmmn

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.

[CLEAR]
" ACOSH (X) =LN (X+/ (X~ 2

-1))’ =STEQ=

3:
23
STEG: |RLE: [POLYR | T20L | LD | R |

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

variable X .

=SOLVR= 2.378 =x=

i

r_—lLEEI_]l ET= |l | Il 1

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

il
il

LEFT=

]

.512
m@rﬁﬁr"‘ll‘"‘lr—]
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Now check if the right side of the equation is 1.512.
RT=

1
1

1 1.512
CILEFT=ICRT=11 | 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.

{'X""EQ" "7’
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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)=2m?2 | Vy2-x2| find f(1,V'2), f(sinT 1), and
£(3,5).

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

3
[MODE] 4 ZFIX= £
36 [ENTER| SF [ENTER] [ =70 [P | 5c1 | ENG | DEG | Riba

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.

7 25mxX N 2x 2t
ABS (v (YA2-X~2)) HSTyIRERARS(TCrTa
[5T0 | Flim | ScI | ENG | DEG | hibs |

g

SSTEQ= %
[ZTEC [ReE: [0LUR] T30L [ CURD [ SHOMW |

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

= SOLVRE

=M

2 1 ¥ JESFRI[ | || |

Store the number 1 in the variable X .

1 =X= Pﬂﬂi_
1
L& Iy IE&&EII Il I |
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Store the square root of two in the variable Y.

2
Y

1
1

Evaluate the expression.

=EXPR= =

Convert this expression into a number.

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

'"'i

1y JEsFRaIC I 1l

1: '2xmwxl. BEEE
I | | 7775 | | —
a:
2:
1: 6.2832
I | | 7753 N | N | _—

3
2
1

% 1L ¥ JESFRII II [

Put sinT" on the stack. Notice that in this instance we use the = SIN = key

in the menu to enter the function.

’=gINE T |[ENTER]

Store the expression in the variable X .

[SOLV] ESOLVRE =X=

3:
2:
1: 'SINCTY!
[ SIN [RSIM] Cos | Rcos | THN | HTHN |

Pﬂ_

1:
|| 7778 IL Il ]

Note the Solver variable X has been replaced by the variable 7. Store the

number one in the variable Y.

1

1
<
1

i

—
=

Iy JEsre=ll I I[ ]
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Now compute the function value.

= EXPR= =

= SETES LML ] TSR HEN
*m*SIN *
1-SINCTY 200!
Iy JEsee=ll || || ]

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

"X [PURGE]

1: '2%u*SINCTI 2%¥ABSIC
1-SINCTY 200!
1y JEseE=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

1
(Il
x
1

Store 5inY.

5 =Yy

|

Evaluate the expression.

= EXPR= =

=M

E G T R

i

——
.

A 1 ¥ JEFE=II || | |

1:
A | I | 7750 | | I —

|
1: 226. 1947
T JEsee=Il i | —

With flag 36 set, the result would have been 2*r*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""EQ’
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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 function y =x~3,

Purge any plot parameters that may be stored in the variable PPAR.

ATTN 3
' PPAR T
| FFAR | RES [ ARES [CENTE] #d | 3H |
Store x~2 in the variable EQ.
[CLEAR] [MODE] 4 =FIXZ= 3:
IXA(-3) =STEQ= F

[STEC JRCEC | FMIN]FMAR JTNDEF| DRAI

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

To clear flag 59, enter:

59 CF [ENTER

=MW

STEC [RCEC [FMIN|FEAN JINDEF|DRAR |

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= a:
(6,1.6 =PMAX= F
[FTEC: [KCEC [PMIN|FMAS | TNUEF Dk |
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Plot the expression.

= DRAW = i N

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

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

'V/X ZSTEQ=

=M

- TN

[STEC [RCEC [FMIN] FMA [TNDEF] DRAL

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.

ERCEQE=

=00

1 ‘rx 1
[STEC [RCEC [FMIN] PR JTNDEF] DRAI ]

-

Take the real part of the function.

—Maw

'RECTXY!
[ R | Cak ] RE | TM ] CONJSIGH ]

If you plot the function now, only positive values of y will appear. A trick
to plot both positive and negative values of y at the same time is 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.

[ENTER]

Negate the function.

CHS

Set the two functions equal to each other.

(=] [ENTER]

Store this equation in EQ and plot it.

= STEQ

1

= DRAWE

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

ATTN

3:
2: 'RE(IRY !
1: TRE{IH)!
R | 3k | KE | IM | CON. | ZIGN]
3:
21 TRECI) !
1 "RE{IH)
[FaC | CoF | RE | IM | CON. | SIGN]
ga
1 'RECI®)=-RE(I®)
[FaC | Cah | FE | IM | CONJ|SIGN]
3:
%E
[STE: | RCEC: | FMIN|FHA [TNDEF] DR |

|
P

3:
2
LFFik | RES | HHES JCEMTR] €k | %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
of y at the same time is to make a copy of the function, negate the copy,
and set both functions equal to each other. (They really are not equal to
each other —this is just a way to plot two functions at the same time on the

HP-28S.)
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Recall the expression.

=RCEQ= 3:
2
1 : 'R
[STEC [RCEC [FIIN]FHAH [THOEF] DEAK ]
Duplicate the expression.
[ENTER] 3
15 T
[ZTEC [RCEC [FMIN]FHMAH [THOEF] DERK ]
Negate the expression.
CHS 3t
2t REe
1: - K

Now set the two expressions equal to each other.

(=] [ENTER] 3:
2
i: X=X
[ZTEC [RCE [FHIN]FHbi JINDEF| DR |
Store this equation in EQ and plot it.
E STEQ = 3:
:
[STEC: [RCEC [FMIN|FHAH [INDEF] DAk ]

= DRAWE V""

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

ATTN 3:
2
[FFAR ] RES | HUES JCENTR] 3k ] #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) =STEQ=
=DRAW=

__ffr

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

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

ATTN] (0,1 =CENTR=
Plot the function again.
= DRAW =

Purge the plot parameters.

’PPAR

ATTN

3:

2

PPk | RES | RAES JCENTE] £ | fH
|

3:

et

CF Pk | KEZ | AAES CENTE] £hl | #H

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

Enter the expression and store it in EQ.

r'XxXLOG (X*2+2) =STEQZ=

Plot the function.

=DRAWE=

3
i
[STEC [RCEC [FMIN|FHAG [INUEF] DR |

-

Graphs of Algebraic Functions 33



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

Enter the expression and store it in the variable EQ.

I'XA3+2xX12=-11xX-12 3:
=STEQ= o
[ZTEC [RCEC [FMIMN]FHAR [INDEF[DRAL |
Plot the function.
= DRAW = . i

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.

[ATTN] 15 =*HE :

[FPAR ] RES | ARES JCENTR] ¥4 | *H ]

Draw the function again.

DRAW =

1]

PN

K
\*\_ﬂ/ 7
s

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 3x?—x —2=0. First plot the equation.

[CLEAR] [MODE] 4 =FIXZE 31

1 3xXA2=-X-2 o | GERAD- KD
[ 270 [Frve ] s01 | ENG | DEG | kb |

ESTEQ= g i .

"PPAR [PURGE| =DRAW = - l -

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

ATTN] ZRCEQZ= T o .
X %; 3¥¥ 2-}{-'§|
[ZTES: |RCEC | FHIN]FHAt [TNDEF| DRk |
Find the roots:
[ALGEBRA| = QUAD = %:
1: '(1+51%5) /6"
[THYLE] T30l | GUAD ] SHOMW [IBGET|ENGET]

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= %
IS | 70 | | N || N—
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Let 51 be negative by entering a —1 and pressing the = S1 = menu key.

-1

i

S1

il

Press = EXPR= = to get the first root.
= EXPR= =

Let sI be equal to +1.
1

S1

Solve for the second root.

S EXPR= =

1:
[ JEsEE=Il | Il | ]
1: -0. 6667
= JERE=Il 1l | Il ]
: -0. 6667
= JEzEE=]l [ Il Il ]
H -H.B6

1: 1.080688
= JEzEE=]l Il Il ] ]

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

example.

{"s1’'PPAR’ 'EQ’

3
2
1

-

mmm‘

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

variable EQ, then draw it.

1 2xXA2=4xX+3

]
(il

DRAW

[PLOT] =STEQ=
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il
P

' 2¥KM2-4¥K+3!
SOLVE] TE0L LR ] SH ]

o

!




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.

ATTN| =RCEQZ=

rX m = QUAD

1

=M

Poi(d+sls
(6. BO68, 2. 8284)) /4"
TEG: | FLE D [S0LUR] 1300 | Chun0 L SHOb |

Now use the Solver to get the numeric solutions.

STEQ =
SOLVR=

1 II|II

I

CEEsee]l Il Il Il ]

Let 51 equal —1 and solve for one of the roots.

i
3
0
I
it

1

i
@
I

1
3
sy
[}
1

The roots for this equation are 1+0.7071i .

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

sowv] {’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 of p are the positive divisors of the constant
term and the values of g are the positive divisors of the coefficient of the
highest-powered term. In most cases it is easier and quicker to graph the
polynomial to find the approximate roots.

Example: Plot the graph and find the roots of

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

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

' PPAR e
I X" 4+43xX"3-3xX"2-7xX+6 .,
=steas R
= DRAWZ

Multiply the height by 10 and plot the graph again.

[ATTIN] 10 =*HE .

M

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.

3 ¢-3.0000,0.0000

i 3 Gban; 0 aoon>

ATTN

Now use these values in the Solver.

[SOLV] £SOLVRE 3: (-32.0000,0.8000)
2= ('2. _-883,B.=.mu'6)
1: (1. P00, 3. ABAG)
EIEsFE=I L | | |
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Store the point in level 1 in the variable X .

1
(il

1
CEEzeE:l

-2.1

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

L]

(i

X

il

!ero

z 1.86888
I | 7775 | N | | S | I
Clear this result and find the next root.
[DROP]
== == ero
E_)S—: I:] :‘X: 1: _2.8888
CEJERFE=IC || || | ]

Clear this result and find the last root.

DROP )
X= [] EX=

!ero
: -3.80688
CEIERrE=Il Il II ] ]

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
expression and store it in the variable EQ.

the roots. First, enter the

[CLEAR]
FXA3-3xX"2-1.5xX+6

=STEQ=

Plot the graph.

=DRAWE=
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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.

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

DRAW

(<) ««. [<] [INS]

=M

LFFAR | RES | HUES JCENTR] 1] #H ]

and the key to digitize the

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

recall the expression.

ATTN| ERCEQE

Put the variable name X on the stack.

"X [ENTER]

2: (-1.4800,08, 8860
1: é>l<"3— 3xX"2-1.5000%K+

[STEC [RCEC: [FMIM]FMAS JINDEF]DRAL ]

31 (-1.4@00,0. 0008)
gi '%°3-3%k"2-1.5000%Y,

[STE . |RCEC: | PMIN|FHAt [INDEF| DAL

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

=ROT=

Solve for X and find one of the roots of th

=ROOT=

'R3-3ERM2-1. EBBB-JIE;.

3:
21
1: (-1.40080,0.88680)>
[_DUF | oVER | DUFE JokoF2] FoT JLISTH]

e equation.

=

-1.3588
IGIh I I N R .

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 work if the lines are parallel
or coincident. A third method is to isolate one of the variables for one of
the equations, plug this expression into the other equation (giving you one
equation in one unknown), and then solving for that one unknown by using
the Solver.

For example, solve the following system

2x+1y =6
Sx -4y =3)°

Clear the display and set the mode to FIX

[CLEAR| 4 [MODE]

4.
FIX= 3
2
1

[ 270 [ FIitm | ST JENG | DEG [RAl |

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.

1 2xX+Y=6""Y

'2RRHYTE
To [Flin | oL | ENGS | UEs |fibe]

IHNUJ

[ALGEBRA| ZISOL=

=)

'6-2%X'
[TRYLE] T20L | S0 ] SHok JOBGETIERIGET]

I B5xX=4xY=3'"'Y =ZISOL= H
2: '6-2%K'
1: ' (5%X-3)-4"
[TAYLE] T30l [i3UAD [ SHOM [0EGET|ENGET]
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[=] [ENTER g
1: - 2EN=(5EK-3) 4"
[THYLR | T50L ] GHIRD ] Hik [WEGET|EHGET]

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

' PPAR 3
=STEQ= f
[STEC [RCEC [FMIN]FMAY [INDEF| DR# |
= DRAW = ]l s
J’ -\
A

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

ATTN " .
e | b4

FAY

e .

0,1 ZCENTRZ
DRAW =

M~

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

] [>] «ee 7] 7] oo« [INS 3

ATIN et
1. (2.1808, 1.9808)
[GTEG: |RiEC: | PEIN] FHAS [TNDEF|DRAL

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

[SOLV] =SOLVRE %:
1 (2.18680,1. BBBB)
EOLEr=EICET= 10 II

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

X

I
1
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Solve for X.

[ ] ExE
1an Reversa
1: 2.8769
CRILEFT=ICRT=I [ I |

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

=S LEFT=

1: 1.8462
eI

}

—
s
b
.

3462|

H

3 JLEFT=ICRT=1 Il ]

The variable Y equals 1.8462.

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

[CLEAR] 8
[6 3 i: [ 6.0000 3.0008 ]
CEIEEET=EIRT=10 Il Il ]

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

[([2 1[5 -4 [+] g
1 [ 2.8769 1.8462 1
CELEFTEICRT= L i i ]

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’

Simultaneous Linear Equations 43



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

I2xX+Y=6'"'Y
=I1SOL=

Enter the second equation and store it in t

I 5xX=-4xY=3"'

=STEQ=

Display the Solver menu and store the exp

3:

21

1: '6-2%K!
[STEC [RCEC [F0LUR] IS0L [QUAD | SHOM |
he variable EQ.

3:

2%

1: '6-2%XK!
[STEC [RCES [SOLVE

ression for Y in the variable Y.

This gives you one equation in one unknown.

=SOLVR= ZV=

i

1
CEOLEFT=EICRT= 10

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

returned to level 1.

L]

X

g 1an EEUEI"S& !

: 2. 8769
| NP W3 5T | | —

Put the expression for Y on the stack.

Y [ENTER]

Convert this expression into a number.

3:

28 2.8769
i: 1 _z*x 1
CELEFT=EICRT=10 I[ [ |
3:

2: 2.8769
1: 1.8462
CEJRErT=EIRT=100 Il Il ]

The value for Y is returned to level 1.
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Exit from the Solver and purge the variables created in this example.

{('X""Y’" "EQ’
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Systems of Linear Equations

Using matrices, solve the following system.

6x+1y-3z+0w=37
-2+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 [ENTER]

3

2%
1: [ 37.8 6.8 v5.8 7.0.,
[ 270 JFIim | SCT ] ENG | DES | Flm |

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

coefficient matrix.

[[6 1 -3 0[-2 3 5 =7
[8 04 -5[0 -7 -4 1 [

3:
1: [ 7.0 -2.0 1.0 -3.0..
["5T0 [ FIdm | CI ] ENG | OEG | Rabs |

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

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

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

x!

e.’ﬂ
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|[ |[CONT] (the shift key
followed by the continue key) to continue running the program. The pro-
gram returns a list of the first 10 numbers in the sequence.

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

Program: Comments:

« 2 FIX Set the display format to two
digits.

"# OF TERMS?"

CLLCD 1 DISP Prompt message.

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

- n « The number is stored in the
variable n .

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

x FACT Calculate the factorial of x.

x EXP Take the exponent of x

= and divide the two numbers.

NEXT Increment x and repeat untilx >»n.

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

' FDE
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Clear the display, then run the program.

[CLEAR| |USER] =FDEZ # OF TERMS?

Il

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

10 [CONT 1: £ 8.37 8.27 8.38
0.44 8.81_1.78 4.608
13.53 44.78 164.75 2
proe (1 I 1 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: { 9.37 9.27 9.30 9...
1: ¢ a.a? 8,27 B.30
8.44 8.81 3
T I N S N N

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

r=n

Y

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

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

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

« STD

CLLCD "# OF TERMS? "
DUP 1 DISP

HALT

— N «

n —»STR +
0 1 n FOR x

TINV((x x (x+1))’
EVAL

+

NEXT

CLLCD DUP 3 DISP
SWAP 1 DISP »»

"ONE

Run the program.
=ONE=

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

first 100 terms is returned to level 1.

100

Comments:

Standard display format.

Prompt message.

Make a copy and display line 1.
Program halts

(you key in a number).

Store one copy of the number in#n .
Convert the number into a string
and concatenate with the prompt.
Loop: do for x from 1 ton with
initial zero sum.

1/(®)6 +1)).

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

# OF TERMS?

# OF TERMS?100
. 998899089897

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 -406

Key in the matrix and find the determinant.

[CLEAR] [MODE] 2 =FIXE 1: [[ 2.668 6.60 1.60 -,

[[2 6 1 -2[-3 4 5 7[4 L —3.39_4.93 5.88 ..

[ 4.60 -2.60 1.680 ..,

-2 1 3[5 3 -4 6 |ENTER | 270 [FIdm | SCT | EMG | DEG | FnDa |
ARRAY| =DET= g:

1: 2439, 60

[CRuzs] 0T | DET | AES [RMEH]CNEH ]

Example: Solve forx andy.

76 5 x 2y
1 2 1|=0and|2 3 4|=2
y -2 x 157

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

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

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

[CLEAR] 3:
1 -10- - 28
14xX+6xY-10 (19><Y 1% 1: ' 4+ EEN-AEY=0"
+6xX) =0 [ALGEBRA| =COLCT= [Z0LCT [EFAN] SIZE |FORM [0E3UE[ERSUE]
Store this equation in the variable EQ.
=STEQ= 3:
oH
1:
[STEC [RCEC [SOLWR] T30L | GiUAD | SHOM |
Key in the other equation and simplify it also.
7 21xX+8+10xY - (3xY+20xX 3:
= = = 28
+28) =2 [ALGEBRA| =COLCT= 1: L 2EHRETEY=2
COLET[ERFAN] STZE [FORM [0ESUE[ERSUE]

Obtain a symbolic expression for x by isolating the variable.

’'X =ZI1SOL= %
1: 1P-7RY420"
[THYLE | T20L | CYUAD | ZHOL (0 GETIERGET]

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

[sOLV] =SOLVR= %:
1: ' 2-7Y-20"
Iy JRerr=Eler=1C_ 11

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

Mﬂ_

1:
CEILEEEICET=0 || Il |

X

|

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

[] EYE Y —

i: 3.66
CILErEICET= 10 [ I[ |

Determinants of Matrices 53



Recall the expression for x.

X 3:
28 3.88
1: '2-7xY+28"
o LErTEICET= 10 I[ i ]

Find the numerical value for x by evaluating the expression.

EVAL 3:
28 3.6808
1: . B8
Y ILErT=ICET=10 I[ [ |

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

('Y’ "X’ "EQ’

54 Determinants of Matrices



Logarithms

Logarithms 55



Logarithms

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

Example: Use logarithms to evaluate the following.
N= 3.271*v 48.17
2.94°

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

[CLEAR] [MODE] 4 =FIXE 2: 0G¢a. 571 @]
I N= - 1: 'LOGC(HY=L . *
N 3.7271)(7\/48.172.94/\3, 48.1780.-2.9488~3) '

LOGS| =LOG = [ LG [ALOG] LN | EHF | LMF1EHFHM ]

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

[ALGEBRA| = EXPAN = 1: 'LOGCN)=LOGC(3.2718%]
g?.' 17688>-L0OG(2. 9488"

COLCT[ERFAN] ST2E JFORH JOESLIE[ERCUIE]

S EXPAN = 13 'LOGCH)=LOGC(3.27182+
LOG({48. 1 7882-L0GC
2.94808)%3"

COLCTJERFAN] SIZE [FORH [0ESUE]EREUE]

Now evaluate this equation.

EVAL 3:
2:
1: 'LOG(N>=-8.8498"'
[COLCTJERFRN] SISE [FORH JOESUEJERELE]

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

ZALOG = 31
1 'N=ALOG{-0. 0490 '
LG [ALiG | LN ] ENF [ LNFLERFH |
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Press to get the numerical solution.
EVAL

3:
23
1: 'N=8.8934"'
L LoG {aLoG] LN | EXF ] LNFL]ERFH |

Example: Solve for x by using logarithms.

a21:—3=ba;

Enter the equation and take the logarithm of both sides.

'AN (2xX-3) =B X’

i
(i

2%
=== 1t 'LOGCA™C2¥X-3))=L0G(
=LOG= BAR) '

Lo JaLoG] LN | EXF ] LMFLJERFH

Expand the equation.

[ALGEBRA| = EXPANZE

2%
1: 'LOG(RA>*(2¥X-3>=L0G(
By¥X'

COLCT[ERFAN] ST2E JFORH JoESUE]ERSUE]
= EXPAN= L
1:

'LDG(H)*(z*X) LOG<A>
*3 LOG(BY*¥"
[COLCT[ERFRN] SIZE [FORM [0ESLE|ERZUE]

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(A4 ) to both sides of the equation. Rather than entering this term,
retrieve the term by using EXGET. First duplicate the equation.

ENTER 28 'LOGCAY*(2%K)- LUG(H...
1: 'LOGCR)*C2%X)-LOGCA
*¥3=LO0G(B)*¥x'
COLCTIERFAN] SIS [FORM J0ESLIE[ERSLIE]
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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=

Add 3log(A4) to both sides of the equation

[+]

ECOLCT =

3:

2: 'LOGCAY*(2¥x)-LOGCA.,
1 LDG(H)*S'
[THYLE] T0L JCURD] SHM JOEGETIERGET]

and collect the terms.

1t 'LOGCAY*(2¥%)-LOGCAY
*3+LO0GCA) ¥3=L0GLE ) #X
+LOGC(A)#3

[ThLE] T30L ] CeLtnD [ SHoM |0BGE TIERGET)

=M

‘2% OGCAY¥R=LOG(BY*X
+3*¥L0GCAD '

COLCTJERFAN] ST2E [FORHM J0ESLE[EHSUE

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

[ENTER]

10

= EXGET

1

=COLCT=

Logarithms

2 '2¥ OGCAY*X=L 0G(B ) *..,

1: 'E*LOG(H)*X LOG(BY*X
+3¥LOGCAY

mmmm

3

2: '2*¥L0GC(A>*X=LOGCB#,,
1 'LOGC B ) *X '
[TAVLE] T50L JollRD ] SHik J0EGET[EXGET]

—
x

1: '2*L0GCA*X-LOG(B)*X
=LOGEB Y *X+3%L0GCAY -
LE]G(B:I xR

TAYLE] T20L | CURD] SHOk J0EGET[ERGET]

2:
1: ! E*LDG(H)*X LOGCBY*x
=3*L0OG(A

mmmmm




Use the FORM editor to merge 2x log(4 ) and xlog(B ) into (2log(4 ) -
log(B))x . Press = FORM =, move the cursor to the minus sign, press
= M— = (merge right), then press to exit FORM and return the

modified equation to the stack.

=EFORM= =[5]= ... =[2]=
((((2*LOG(A)) *X)[-](LOG (B
) *¥X) )=(3*LOG(A)))
=M== |ATIN 21
D 1: '(E*LDG(FI) -LOG(B> »*¥
=3*¥LOGCARY '
[COLET [ERFAN] SIZE [FORM [0ESUE[ERSUE]

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

EXGET to retrieve the subexpression.

i

5 ZEXGET

[+]

Collect the terms.

S COLCT=

28 "(2xL OGCAY-LOGCB)Y ) *,.,
1: '¢22L0GCAY-LOGCRY ) *¥
=3%L0G(AR>"

COLCTJERFAN] ST2E [FORH JOESUE]ERSLIE]
3:

28 '(2*LDG(H) LOGCB) ) %,
1: ' 2¥LOGCA- LOG(B)'
[THVLRT0L [ CURD | SHb JOEGET]ERGET]

1: ' (2*L0GCAY-LOGCEY )
/C2¥L0GCRY-LOGCB) >
*LOGCAY #(2xL0GC(A) -

[THLE] Ts0L [ OURD] SHokd JOEGET[ERGET

2:

1: '®=3-C2%0G(A>-LOGC(B
) )xL0GCAY '

CULETJERFAN] STZE | FORE JOESUE[ERSLIE

The resulting equation is the solution to this example.
3log(A4)

- 2log(A )-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.

3
"LOG (X+3)=.7" g 'LOG(X+3)=0. 7000
LG TRLOGT LN | Eir [LNFL [EdEt

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

X [ALGEBRA| ZISOL= 3:

: 2.0119
[TRYLE] T20L JoUnD [ SHOL [0EGETIENGET)

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

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

3:
« LOG SWAP LOG + 71« Loc swAP LoG ~ »
R T B N 3 [

log, ¢

Store this program in the variable LBN .
' LBN

- [kt
r 4
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Now compute log;36.

7 |ENTER 3:
= = 28
36 ZLBN= i: 1.8416
N A O O I B

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]
5 EFIXE

DEG=

Enter the number .75, which is equal to co

-75 [ENTER]

Take the inverse to calculate tan(x ), since

[1/x]

3:

2

[ ST0 | FItw | SCI | ENG | DEGE ] RAD |
t(x).

3:

H

1: 8. 75088
[ ST0 JFIhe | SCT | ENG |

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

3:

28

1: 1.33333
| ST0 | FIde | 501 | EMG | | FiRD |

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 number to calculate sec(x).

v

3:
2:
i: 1.77778
(570 [FIne |51 | ENG | (Ee ] FRD
cH
21
1: 2.77778
[T0 [FIne | 50T | ENG | [EGe] RAD
3:
21
1: 1.66667
[T0 [FIne | 01 | ENG | [EGe | FiD

Trigonometric Relations and ldentities 63



Calculate cos(x) by taking the inverse of sec(x).

[1/x]

3:
2
1 = 0. 668860
[ 70 | FIim] ScT | ENiG | DEGe ]| EAD |

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

the square of cos(x).

%] 3
1 A. 36068
(=0 |FIue | 5CI | ENG | DEGR | AT |
Enter the number 1 and switch the order of the 1 and the square of
cos(x).
1 [swaP] 3:
2: 1.80088
1: 8. 36088
[ ST0 [FIitm | sCT | EMG [ DEGE ] RAD |
Subtract the square of cos(x) from 1.
[-] 3
i: 8. 64000
[ ST0 [FIie | <01 | EWG [DEGE | RAD |
Take the square root of this number to calculate sin(x ).
i 3
iz @. 80000
[5To | Fodm | 51 | ENG | tEGe | FAD |
Take the inverse of sin(x) to calculate csc(x).
3:
-H
1: . 25068
-mm[@m
Clear the stack.
[DROP] 3
i:
| ST0 JFItm ] ScT | EMG JDEGe] RAD ]
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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: Comments:

« DEG Set the angle mode to degrees.

CLLCD DRAX Clear the display and
draw the axes.

0O 360 FOR x Loop: do forx from 0 to
360 degrees.

x SIN Calculate sin(x).

x COS Calculate cos(x).

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

PIXEL Plot the point.

5 STEP » Increment x by 5 and repeat
until x >360.

'UCIR

Run the program.
= UCIR= /,_l.,\

If desired, purge the program created in this section.

ATIN] ‘UCIR
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Trigonometric Functions for One and Two
Angles

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

Example: Given an oblique triangle XYZ with the following
parameters

x:3n

y=n?-1

z=20

Z=949 degrees,

where 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.

CLEAR 3z
[MODE| 2 =FIX= et
=DEG= | 270 [FIHw | CI | EMG | DEGE | RAD

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

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

Enter *3*N’ and the variable X .

3N’ X' 2
2 ‘2
[ 570 [FItm | =T | ENG [DEGE] RAD ]

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

INA2=17"Y"7 a: 11
2: N2l
[ 70 [FIdm | <0 | ENG [DEGE] RAD ]
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Enter the number 20 and the variable Z .

20’2 3t Yy
e 20,89
270 | FLiin | 01 | ENG | [EGa] RAD

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

31

(570 |Fls | SCI | ENG | bEGE | RAD |

Store the number 94.9 in the variable ANGZ .
94.9’ANGZ

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

! AA2=BA2+CA 2 -2xBxCx 31
COS (ANGA) ’ =STEQ= H
= SOLVRE Ca I I JRNGAILEFT=IRT=]

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

= I Y E—

1:
A 1CE I IBNGRILEFT=IET=]

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

X

B_

I

|

Ca IR I IaNGAILEFT=ICRT= 1

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

Y Pﬂﬂ_
1

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

ANGZ = ANGA

1:
Ca N JeRGAIREFT=ICRT=1]

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

1

(i
1

|

Solve for N
[ ] EN

[
1

1:
Ca IR NaRGAILEFT=ICET=11]

g]_ 1an EEUEI"S-B!

4 .60
Ca W JNGAILEFT=INET=1 ]

Display all digits of the computed result.

=sTD=

a0

4. 0868874339952
[sT0m | FIi ] ScT | ENG [DEGE] RAD |

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

able N.

\S}
(L
1'1
x
HIII
o
s3]
H
o

[son.vl = SOLVR=
4 =ENE

Solve for side X by pressing =X =

EEIEF]EE]@L&E]:!

= X = and then [EVAL]. The same result can be

obtained by pressing the letter followed by [EVAL].

=X=

EVAL

Solve for side Y by pressing = Y = followed by

|

E il
<
E
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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
i
LN L Ec Janaz] v | 2 ] & |

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

ANGX .
[SOLV] ZSOLVRE

=Py |

Ca e I RNGRILEFT=ICET= ]

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

X

1
>
1

Store Y in the variable B .
Y

il
W
1

i

Store Z in the variable C.
Z

il

Cc

]

!Mi_

1:
e I IRNGAILEFT=IRT=]

[y
s

R aNGAICEFT=ICRT= 1]

1
CECC ) BNGAICEFT=ICET= 1]

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

ANGA .
[ ] EANGA=

It - 36. 71
CHC < IeNGAILEFT=ICRT= 1 ]
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Purge the following variables. Rather than typing the variable names,
display the User menu and press [{] followed by '] ANGA=['],[[]ZC=['],

and so forth.

{ TANGA’’C’’'B’7A/
[CLEAR]

Display the Solver menu again.

SOLV| =SOLVR

3:
&
LN LB JaNGz] v ] 2 ] & |

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

Y =A

]
M

|

Store X in the variable B .
X

i
@
1

]

Store Z in the variable C.
Z

c

o
[T

CH I ImNGAILEFT=ICRT= 1]

LY

1:
CR I ImNGAILEFT=ICRT= 1]

The resulting equation is now Y?=X2+2Z2-2XZ cos(ANGA ). Find

ANGY by solving for ANGA .

[ ] ZANGA

2ro
: 48.35
e IERGRICEFT=ICRT=1C]

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

SOLV

{IANGAI IAN‘GZI ICI IBI IAI IEQI IZIIYI IXI lNI
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Example: Given the two right triangles shown below, and the relation-
ships cos(4 +B)=-0.5077 and 0<x <10, find x.

Use the following trigonometric identity.
cos(4 +B)=cos(A )xcos(B ) —sin(4 )xsin(B)

2x+3
x-1 x+7

A [ B .
x-2 x
From the diagram, cos(A4 )= (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+47 _
5 243 5 243
After simplifying this equation we obtain,
=2 —(x —Dx(x +7) _
5%(2x +3)

-0.5077.

cos(4 +B)=

-0.5077.

Enter this equation.

(CLEAR] 1 'CCR-2)%%-(X-1)%(R+7
T ((X=2)xX=(X=-1)x(X+7)) 31/ (3%(2¥X+3))=-0.51

+(5%x(2xX+3) )=-.5077 STEL: ZOLVR] T30L | CLIAD | SHk |
Store the equation and display the Solver menu.
=STEQ = 3:
ZSOLVR= %
CEORErT=EIET=10 1L | ]

Store the initial guess of 1 in the variable X .

=X I -

X
1:
CELErT=IRT=10 Il [ ]

)
I

i

|
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Solve for X .

|

[] ExE qu_
ero
1: 5.688
CEILErT=ICET=10 [ || ]

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

HP-28C Method. Version "1BB" of the HP-28C will generate an error
when the = DRAW = function evaluates the example function 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.
'TFTE (X==0, 1, Evaluate the function for
SIN(X)=+X) '’ X not equal to zero.
STEQ DRAW Store the fuction and draw it.

[MODE|=STD=[<> |

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

A
= _‘_’/l\v

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

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

=RAD= 3t
’SIN (X)+X o
= STEQ= [ZTEC: [RCEC: |PMIN|F it [TNDEF] Db
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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 E*wW= L
=DRAW= 4

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

sin(x) +sinL3;Cl + sini%Z +sinQ;—l +sin%l b

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

X [PURGE

1

=MW

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

[USER] 10 =sawv

Il
|
1
1
T
[
1
)
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Run the program again, this time for 5 terms.

o e e

5 =sQWv=

“ e e -,..4 — o —

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

Key in the function and store it in EQ.

7 2xSIN (X) +COS (3xX) 31
=STEQ= o
[STEG: | KCE: |FHMIN| PHAt LTNDEF] DRtk

Purge the plot parameters and plot the function.

' PPAR - N -

= — o N
=DRAW =

Double the height parameter and plot the function again.

Fa .rA-

W

>
3
zZ

RN
o

2 i
E-

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 [L]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 » 2:

1: « CLLCD DRAW PRLCD »
ENTER [ELLCD] DISF JFIREL] DRAR | CLMF JPRLED)
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Store the program in the variable PRPLT .
'PRPLT

3:
‘Ef":
[CLLC0] DISF [FIHEL | ORAR [CLMF [FELCD

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

=PRPLT = ~, -~

1

S
N

Nl

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, sim

ply 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.

0QOU0N

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

CLEAR| |MODE| =DEG =
5 =FIX

il
il

3
i
[ ST0 | FIda ] =0T | ENG [ DEGa] RAD |

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

.5 SASINE

=M

30. 886800
L SIN [ RSIN] Cos JRcos | TAN | HTHM |

Since the angle is an integer, pressing = HM

does not change the display.

—HMS =

=MW O

30. 886060
EXTHE CRER CRE CRES e T

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

.95 = ACOS =

3:

28 30. 80000
1: 161.80513
[ SIN [ RSIN] Cos JRcos | TAN | ATHN ]
3:

28 30. 88000
1: 161.48185

EXRE CIRER CTRE CRER I T
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c. Compute arctan(—8.98) in HMS format.
8.98 SATAN=

i

—HMS =

3: 30. 00000
2: 161.48185
1: -83.64550
[SIN [hsIN] cos |hcis | TAN | RTAN]
3: 30. 60000
%: 1e1.48185
I'1 [HE4Z* [HHE+ JHRE= | DR | K30 |

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]

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

ZASIN=

Convert the resulting angle to HMS format.
= -HMS

1

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

2 [1x]

Y 161. 48185
2 Z83. 35445
SRS | HEES WP HME= | B3k | RS0
3z 161.45185
2 Z83. 28449

1 S7. 58125
CEIN [ REIN | L0 | RCUE | TAN [HTAN]
3z 161.48185
2 Z83. 35449

1 -7 SAn4é
[SHME  HEE3 | HPS HME= | D3k | BaD
Y -83.38449
3 [ SendE
1= I!JUU 6
oNMS | HPE |HMZY (HPE= | D3k | Eat ]

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

=ACOS =

78
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Since the resulting angle is an integer, there is no need to convert it to

HMS format.

f. Compute arccot(2.75) in HMS format.

2.75 [

3: =7. 380465
2: 60. 88860
1: B.36364
| SIN [ REIN] cos | hios | THH | HTHN ]

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

=ATAN=

-7. 388465

3:

2: 68. 88000
1: 19.93311
[ SIN [RIN] Cos JACoS | THN ] HTHN ]
3: =7. 38846
2 68. 88800
1: 19.58392

EXRE LR MR LR G T

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

First, calculate arccos(-.9).

.9 =ACOS =

]

Next, calculate arcsin(.6).
.6 =ASIN=

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

(-]

Calculate the sine of the resulting number.

|
|

I
@
I

3:
23
1: 154. 15867
L SIN | REIN] cos [RCOS ] THN | ATHN |
3:
2: 154. 15887
1: 36.86990
[ SIN [RZIN] Cos JRCos ] TAN | HTHN |
3:
H
1: 117.28817
[ SIN [ REIN] cos JRCos | THN ] HTHN |
3:
2
1: B8.88871
L SIN [ REIN] cns [ Aco: | THN | ATHN |
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Trigonometric Equations

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

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

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

3
SRAD= &
2 =FIXE | 270 | FIdm | 0T | ENG [ DEG | RADe |

Key in the expression.

' COS (X) A2+COS (3xX) 2
-5xSIN(X)=0"' 1

: 'COS(X)2+C0S(3¥K)-5
*SIN(K)=0R"
[ 270 | FItm] scT | ENG | DEG | FAle |

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

=STEQ= 3:
= SOLVR= ¥
CEOLErTEICRT= 10 [ [ ]

Let 0 be an initial estimate for X .

0 =X Fﬂ!_
1
CEOEEE=IC I ]
Solve for X .
[] =x=

!EI"O

1: d.31
EREFT=EICRT=10 1 IL ]

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

3.14 =Xx= Hﬁ—
[] Ex= 19N Reversa

== i: 3.14
a1l ]

it
]
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Check your results by plotting the function.

' PPAR

DRAW

Increase the height by 5 and draw the function again.

TTN
DRAW

*H

1

i[5
il o
il

-

{/\_i i

5 u/ 4 " \/p’ .~

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

x=3andx =3.1.

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

(/X" "EQ’ ' PPAR/

Trigonometric Equations
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Rectangular Coordinates

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

Example: Given triangle ABC with vertices 4 (x 1,y 1) =(-4,3),
Bx2y2)=(2,5),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 of triangle ABC, and

the equivalent polar coordinates of the three points.

cancce

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

CLEAR 3:
MODE] =DEG= F
2 EFX= [F10 [Frin | 501 | EN | DEGH | Rt |

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

(-4,3) A 5
2
T I I I N

Do the same for points B and C.

(2,5) B T
(-3,-1)’cC 2
¢ 1 e 1w 1 ] | |

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

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

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

Put C on the stack.

=C= g:
1 ¢-3.00,-1.08)
I I T I N
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Put point A on the stack.

A

Subtract point A from point C.

(-]

3:

31 ¢-3.08,-1.88)
1: ¢-&.p0, 3.
A T R A

=M

: (1.68,-4.08)
I N T R N

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

the length of side AC.

REAL| =ABS=

3:
23
1: 4.12
| RES [STGNIMANTIREON] ] ]

b. The coordinates of the midpoint M (x ) of side 4B isx =(x1+x2)/2

andy =(y1+y2)/2. Thus

MExy)=(x1+x2)/2,(y14+y2)/2)=(x1+x2y1+y2)/2=(A4 +B)/2.

Put the coordinates for point 4 on the stack.

[CLEAR]

Put the coordinates for point B on the stack.

Add the two coordinates.

[+]

3:
25
1: (-4.688,3.00)
o J e 1 s 1 1 1

3:
2: (-4.88,3.00)
1: (2.80,5.008)
o e 1w 1 1 1
3:
2:
1: (-2.88,8.00)
e 1 e 1w 1 1 1 ]

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

2 [+
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3:
2:
1: (-1.068,4.88)>
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€. The slope m of line BC is m =(y3-y2)/(x3-x2). The slope is also
equal to tan(d) 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]

1
(i

Put the coordinates for B on the stack.

H[H’
(i

|

Calculate C -B.

(-]

Separate the coordinates.

=CoR=

Swap the order of the x andy coordinates.

[SWAP]

3:

21

1: (-3.00,-1.808)
I I I A I
3:

21 (-3,008,-1.88)
1 .60,5.8085
I I T A A
3:

2:

1: (-5.00,-6.00)
O E b

3:

23 -5.00
1: -6. 00
Fr | 0k | KE | IM | CONJ[S1GN]
3:

5z -6.00
1: -5. 60
e | C#F | RE | IM | COM.[SIGN]

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

=ra0)

1.208
(x| Cak ] RE | Tt CON]STGH ]




Compute the inclination by taking the arct

[TRIG] SATAN=

angent of the slope.

3:
21
1: 58.19
[ SIN [RIN] cos facos | TAN [ ATAN |

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

of the following:
x1yl

1

1/2 |x2 y2 1
x3y31

To put the three points in a matrix, separa
number 1 on the stack for each of the thre

Separate the coordinates of point A4 .

A =

111

Complete row 1 of the matrix.

1 |ENTER

te the coordinates then put the
€ points.

3:

2: -4.88
1: 3.88
[ Fak | RaF | Ra | 03k | ARG ||
3: -4.688
23 3.88
1: 1.88
I G T T TN

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

B =C-R= 31 2. BB

1 % 1:09
mmm-

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

C =C-R= g: -3.88

1 & “1:80
I G I R T

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

= —ARRY =

{3, 3 [ARRAY]

1: [L —48@3@@1@9]
[ 2.88 5.60_1.808
-3.08 -1.680 I.BB...
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Compute the determinant of the matrix.

DET

i

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

2 [+]

=ABS

1L
1

e. To convert the points from rectangular
variable name and press = R—P =.

3:
2%
1: -26.00
eRoss] DT | DET | AES JRNEM]CHEM)

absolute value of the result. The

3:
28
1: 13.08
CR0E] DOT | DET | RES JKNEM[CNEM |

to polar form, simply key in the

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

[CLEAR]
A =RP=

Key in the variable B and convert point B

B =RP=

Do the same for point C.

C SRoPS

3:
2:
1: (5.688,143.13>
I I S R T .

to polar form.

(5.08,143.13)
¢5.35,68. 285

Faf | Fab | ReC | Ok | ARG ] |

IHNUJ

31 (5.08,143. 12)
2: ¢5.35,68.20)
1: ¢3.16,-161.57)
I T T T T

Purge the three variables used in this example.

{ICI rBr A7
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Polar Coordinates

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

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

A(4,-15) B(-4380) C(-2,570) D (2,-195)

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

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

3:
MODE] =DEG= £
2 =FIX=E | ST0 [ FItm | ST | EMNG | DEGE | KR ]

Key in point A and convert it to rectangular coordinates.

(4,-15 =PRE 3t
28
1: (3.86,-1.04)
[Fsk | Eop | Roc ] ook [akc | ]

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

(-4,380 =P—RE 3:
2t (3.86,-1.84)
1: (-3.76,-1.372
[ Fah | RaF | Fec | ok ] RREG ] ]

Do the same for points C and D .

(-2,570 =P-R= 3: (3.86,-1.84)
28 (-3.76,-1.372
1: ¢i.75,1.80)
| Faf | Rk | RaC | Coh | ARG | ]
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(2,-195 =poR= 31 (-3.76,-1.37)
- 21 (i.73,1.6085

1: ¢-1.93,0.525

T T T N T

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

Clear the plot parameters, clear the display and draw the axes. Note: The
soft key labeled 1| will execute the = DRAX = function after = CLLCD = elim-
inates the menu display.

' PPAR i
SCLLCD =
= DRAXE l

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

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

= PIXELE . 1

l

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

= PIXEL = i
= PIXELE -
= PIXEL = . l

Press to exit from the plot display.

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

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

expression f ().

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

« "EXPRESSION?"
HALT

— ¥

« DROP

DEG

CLLCD

0 360 FOR j

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.
Put theta 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.

SPEPLT=

3:
2:
1: "EXPRESSION?"
G I I N N

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

7 2xSIN (2xtheta)

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

ATIN| 'PEPLT’ |PURGE

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

tuting x2+y? for r% and y for r sin(f).

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

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

3:
2:
1: 'r®C1-SIN(th))=2"
[ SIN JReIN] oz Jrcos | THN | HTHN ]

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

[ALGEBRA| = EXPAN =

3:
28
1: 'r#1-rSINCLh)=2"
[E0LCT [ExF AN] ST2E [ FORHM [0ESUE[ERSUE]

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

to duplicate the expanded equation.

[ENTER]

3:

21 'rE1-rSINCEhy=2!
i: 'r#1-r*SINCER)=5"
[EOLET [ERPAN] STZE |FORH [0ESUE|ERSUE]

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

returned.

6 =EXGET=

3:

2: 'r#1-r*¥SINCth)=2"
1: 'r¥SIHCthY !
[THYLE] TS0l [ CnD ] SHikd J0EGETIERGET]

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

[+]

Simplify the expression.

i

= COLCT =

2%
1t 'r*1-r*SINCthy+-*¥SIN
(t.h) 2+r*SIH(th)

[TAYLE] T20L | LD SHk [0EGETIERGET]
3:

2

1= r‘-2+SIN(th)*r
COLCTJERFAN] STZE JFokH JOESUEJERSUIE]

Square both sides of the equation. The equation r2=(2+rsin(§))? is

returned to level 1.

Fd

2
1: '?@(r‘) =SRC2+SINCth)*
COLETJERFAN] SIZE [Pkt JOESLE[ERSLIE]
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Now you can substitute x2+y? for 72 and y for rsin(f). The Expression Sub-
stitute command EXSUB can accomplish this task.

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

1 [ENTER] 31
21'.'5 ISQ(F)=SQ<2+SIN(Eh%E

[COLCT[ERFAN] STZE |FORM JoESUE[ERSUE

Enter X™2+Y"2 and press = EXSUB =.
rX~2+Y"2 ZEXSUBZ

Il

=M

;§A§TY"2=S@ (2+SINCth
-
COLCT[ERFAN] STZE |FORM JoEZUEERSUE

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

e % lXA2+YA2=SQ(2+S{§E%E
[COLCTJERFAN] STZE [FURH JoESUE[ERSUE

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

'Y ZEXSUBE 3:

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:
2t 'RA2+Y A 2=8RC2+Y)!
1: 'R2HY M 2=80(2+Y ) !
[COLCT[ERFAN] SIZE | POkt [0EZLE]ERSUE]

Enter the number 9 and press = EXGET =. The subexpression ’SQ(2+7Y)’ is
returned to level 1.

9 =EXGET= 3:
28 'R+ 2=8RC(2+Y ) !
1: 'SRC2+Y D!
[THYLE] TS0L | CeURD] SHk 0EGET]ERGET)
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Subtract ’SQ(2+Y)’ from both sides of the equation.

(-]

Expand the equation.
= EXPAN

i

Simplify the equation by collecting terms.
=COLCT=

Collect terms.

=COLCT =

3:
23
1 'HA2+Yo2-SRc2+Y=0"
[TavLR] T50L | euhn ] sHok JOEGETIERGET]

24
1: +§§>§1ng- (272+2%2%Y+
[CoLCT|ERFAN] 212 [Pkt JOESLE[ERSUE

2
1

SRR 22 A=
COLCT]EPAN] SIZE | FORH OBSUEIERZUE]

3:
2:
1: '-4+¥ 2-4¥Y=0"

[COLCT [E4FAN] SI2E | FORH [ESUE[ERSUE

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

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

Example: Given the line passing through points 4 (8,—10) and

B (-10,26), find

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

First, set the display to FIX 2.

CLEAR
[MODE] 2 =FIX

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

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

A as the first entry in the matrix.

[8,-10

=B+ =

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

i

I+

il

3:
2t
1:
| T+ | F- | NE [ CLE [2TOZ [RCLE ]
=H
§:
| E+ | =- [ NE | CLE [5TOZ [RiLE]

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.

i

LR

1
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3:

28 6. 08
1: -2.60
pooLz Jookk ] cov | LR JFREDV] ]




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

-4 ZPREDVZ 3: 6.00
D 2: -2.00

1: 14,69

[COLE | cokr | cov | Lk JPREGY] ]

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

{'ZPAR’ 'EDAT'

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

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

a. Given two points (x 1,y 1) and (x 2,y 2), the normal form of the equation
of the line connecting the two points is s X(4x +By +C)/(VA%+B?%) =0,
where s ={-1or1},4 =y1-y2, B =x2-x1,and C =xIxy2-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 of 4.

First, store ’Y1-Y?2’ in the variable 4 .

‘Y1-Y2''A 3

1:

s 1 1 1 1 [ |
Store ’X2—X1’ in the variable B.
rX2-X1’'B %:

1:

| & [ o 1 1 1 1| |
Store ’X1xY2-X2xY1’ in the variable C.
rX1xy2-X2xY1’’C g:

1:

- e 1 n [ 1 1 ]
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Key in the normal form of the equation.

7 Sx (AxX+BxY+C) +
V (Ar2+B*2) /

2:
1: ;Eié?fx+B*Y+C yoIrCA™E
I R

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

= STEQ=

= SOLVRE

M

L= 0w e L5 w2 I 81 ]

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.

X1

-4

1
il

I

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

iy

Y1

1

l

Enter the number 2 and store it in X2.
2

|

Enter the number 5 and store it in Y2.

5

Y2

.‘

Determine the sign of the variable S.

C [ENTER]
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L iyl Jiya L8 I w2 Il 511

—
(1]

L L yy I ya Il 2% I #2 Il 81 |

Ls iyl Jl v Il & N g2 ) 61

——
.

£ I yx dyg I 8 I 82 M 81 1

3:
2
1t 'R1#Y2-K2EY]1 "
N | S W | T | | O




Evaluate C.

EVAL

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

C from the stack.

I

Le iy Iy I 8 M s ) §1 ]

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

S.
1

i
i

Display the resulting expression.

ZEXPR==

¥1- YE)"2+(X2 Xiy~2a!
EgpRslC— I JC0C 1]

¥

Evaluate the expression by pressing

The left side of the normal

form of the equation of line DE is returned to level 1. (The right side is

equal to zero.)

EVAL

'(-C2ERIFEEY-26) 7
6.32"
| T | | N | I —

-

Now find the equation for line DF .

Store the coordinate —3 in the variable X2.

-3

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

C [ENTER] 3:
28 (- (2¥RIFEXY-26) /6.,
1: "] xy2-RX2xY1T
N | -0 | O | -0

Evaluate C.

EVAL 3:
20 ' (-(2%XIHEEY-26) 76, .
1: 13.68
|

s Iy v 1w 1w 1]

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

[DROP]

2:
1: é(éé?*X)+6*Y—26)/

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

il
1
L_J|

: 6 éz'* +oXY-26) 7
s Jva Jya JL 3 1 2 1l 51 ]

Display the resulting expression.

= EXPR=

(('T'l YE)"2+( ’42-X1)"2
1—1

CEJEzFesl 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
Zero.

EVAL 3:
28 (= (2ERI+6XY-26) /6, .
18 '-((4xxX+Y+133-4.120"
I W | -0 | T |

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.

[-] 18 ' (- (2%XI+EXY-26) 7
6. 32+C4xRHY+130 74, 12
S JEzee=]l Il I Il ]
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Key in the number 0 and set the expression in level 2 equal to the number

in level 1.

0
[=] [ENTER

Expand the equation.

[ALGEBRA| = EXPAN

Expand it again.
= EXPAN =

18 '(=(2%RD+6%Y-26)/
§é$2+<4*x+v+13>/4.12

Le Iyl W ya M 8 M 82 181

18 ' C-C2¥X0+6%Y) /6,32
266, 32+ C(4xK+Y )/
4 12+13-4.12)=0"'

[COLCTJERFAN] ST2E [Pkt [0ESUE]ERSUE

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

[COLCTJERFRN] SIZE |FORH JOBSUE|ERSUIE]

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%
i:

lé@.96+a.65*x+1.19*Y
[COLCT[ERFHN] SIZE [FORM [0ESLE[ERZLIE]

(ISI ry27r2rryl1r7rx1’ IEQI rerirgrrps
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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 work through the steps to find

the points of intersection of two circles.

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

First, set the display to FIX 2.

CLEAR
[MODE] 2 =FIXE

=0

[ sT0 | FIbw ] SCT | ENG | DEGE | RAD |

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

by expansion and collection of terms.

" (X+2) 72+ (Y-1)~2-20"
[ALGEBRA| = EXPAN =

Simplify the expression by collecting terms.

ECOLCT =

2

1 [Ro2+2%RE2+2 2+ (Y 2-
2¥Y*1+172)-28"

COLCT]ERFAN] STZE [FORM J0ESUE[ENSUIE

28

1: ! X*X+2*X*2+2*2+ CY*Y-
2¥Y¥1+1%1)-28'

COLCT[ERFAN] STZE | Pk JoESUE[ERSUE

2
1 I =15+R"24Y " 2+4%K-2%Y
[COLCTJERFAN] STZE [FORM J0ESLE[ERSLIE]

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

rXA24YA2-5

3:

21 - 1S4XORHY 2H4RR -2,
1: IR+ AZ-5
[E0LET[EF ] ST2E | POk [oesUB[ESUE]

Find the equation for the radical axis by subtracting the expression in level

1 from the expression in level 2.

(-]
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2:

12 '=19+X 24+ " 2+48K-2%Y
- ( Kh2+¥~2-52"'

[CULCTJERFRN] STZE [FORH JoEUE[ERSUE]




Expand the expression.

= EXPAN

1

2:

18 "= 15+K¥X+Y£Y+H4*K-2%Y
= (R*ERFYEY-5) '

[COLCT[ERFAN] STZE [Pk J0ESUEERSUE]

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 = g:
1: o1 B+ ER-2EY
[CRLCT [EXPAN] STZE |FORHM J0ESUETENSLE

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= g:
i: (= 1B+ ER) /2
[THYLE] T30l |Stnb [ SHOK [0ESETIENGET]
Store this expression in the variable Y.
'Y 3
1:
[THVLE] TE0L JCelnb [ SHOM J0ESETIERGET]

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 .

rX~2+4Y72-5=0'"X =sHOW

2
T3 'EA2HC(-10+4%%0/2)7°2
TATLETE0L o [SHub [oEGET[ERGET

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

X ZQUADE= g:
1: 2.00
[THYLE | T20L | CHIAD ] ZHOM (WEGE T[ERGET]
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The single number X =2 is returned to level 1; thus the circles intersect in
one point. If there were two values of X, then the circles intersect in two
points. A complex value of X means there are no intersection points.

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

Y [RCL]

3:

2: 2.86
1: ' (- 18+4%K) 2"
[TAYLE] TS0l | OUAD] SHik JOEGETIERGET]

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

= STEQ=

=SOLVRE=

Lo AP L60)

2,80
N | 777 | N | I | N | W—

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

i

X

i

l

|

1
R IERFE=l | | 1L ]

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

111

EXPR=

1

1 -1.60
[ JERER=Il Il Il I ]

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

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

{("X"TEQ" '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 of x2=4(y +1).

First, set the display to FIX 2.

CLEAR
[MODE] 2 =FIX

3
i
[ =10 | FItm ] SCT | EWG | DEGe | RAD |

1111

The semireduced form of the equation of a vertical parabola is

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

Key in the equation for the parabola.

rX~"2=4x(Y+1) g:
i: 'RAZ=AECY+L) !
[ 10 | Five] sl ] EWG JDEGs | A
Isolate the variable Y.
'Y [ALGEBRA| ZISOL= g:
1: ‘K241
[THYLR] TE0L JelifD] SO J0EGET]EXGET]
Store the expression for Y in the variable EQ.
=sTEas 3
1:
[STEC: [RCEC [FMIN]FHAS JINDEF] DR ]
Draw the graph of the parabola.
EDRAWE N i 7
\\- _/,
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Exit from the graph and purge the variables created in this example.

ATIN| {/PPAR’ 'EQ’
Example: Plot the graph of the horizontal parabola y2= - 4(x - 1).

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

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

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

« "ENTER h,k,p"
HALT

— h k P «
DROP

CLLCD

10 *H 10 *W

h k R—C CENTR
DRAX

"' (Y-k)"2=4xpx (X-h)’

'X’ ISOL

'X’ STO

k 20 - k 20 + FOR j
j Y’ STO

X EVAL Y R—C

PIXEL

NEXT

Comments:

Prompt message.

Program halts

(you key in 3 numbers).

Store the 3 numbersin/ k andp.
Drop the prompt message.

Clear the display.

Multiply the height and width by 10.
The center of the display is (& k).
Draw the axes.

Equation for a horizontal parabola.
Isolate X in the above equation.
Store the expression in the variable X .
Loop: do for j from k —20 to k +20.
Store the current j in variable Y.
Evaluate X and form point (X,Y).
Draw point (X,Y).

Increment j by 1 and repeat

until j > (k +20).

{ X Y PPAR } PURGE »» Purge variables X, Y, and PPAR.

[ENTER] "HPAR [STO]

Display the User menu and execute the program.

= HPAR=

3:
2%
1: "ENTER h,k,p"
ICTETE I I R I

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

1,0,-1

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

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

=HPARZ= %:
I "ENTER hsk,p"
e ] 1 T 11—
Key in the value of /.
-35 3t
[ENTER] 2 "ENTER hsk,p"
I I I S S
Key in the value of & .
-10 3: "ENTER hsk,p
21 -357bo
1: -16.66
I A A S N

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

3 [cont) |

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

ATIN] '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 4, k, and p from the stack, creates
an equation representing the upper and lower halves of the parabola, and
uses the DRAW command to create the plot. Note for y%(x) < 0, the
DRAW routine produces a line intersecting the curve at the vertex.

Key in the following program.

« ’X’ PURGE 10 *H 10 *W |1: «N ! hPERGE 182*?(%3
*#W > =

— h k p « -h)#p>' EVAL DUP MEG

2%/ ( (X=h)xp) ’ = k + RE STEQ 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

=0

Execute the program for the previous horizontal parabola.

1,0,-1 [USER| =HPAR2= -———bh,_H_\j

Exit from the plot display and purge program HPAR?2 if 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.
2 _1)2
9 4
The general equation of an ellipse is

(x-h)? + (v -k)? -1
a? b?

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

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

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

The following program draws the graph of an ellipse. After a prompt mes-
sage is displayed, the program expects the values of 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+ar2+
(Y-k)~"2+br2=1"
'y’ ISOL

'y’ STO

-1 1 FOR j

j ’sl1l’ STO
ha-ha+ FORDN
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 h,k,a, and b.
Drop the prompt message.
Clear the display.
Multiply the height and width by 2.
The center of the display is (A,k).
Draw the axes.
The general equation

of an ellipse.
Isolate Y from the equation.
Store the expression in the variable Y.
Loopl: do for j from —1to 1.
Store the current j in variable s 1.
Loop2: do forn fromh —a toh +a.
Store the current # 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 loop1.
Purge the variables

created by this program.

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

returned to level 1.

ZELLIP=

Enter the value for A .

-2 [ENTER]

3:
2t
1: "ENTER hsksa,b"
(T3 I I R N
3:
28 "ENTER hsksa,b"
1: -2.80
ecere] 1 1 1
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Key in the value for k.

1 3 "ENTER hsk, 2,
1: 1.00
2 I N N

Enter the value for a.

3 3 -2.00
21 1.060
1: 3. 00
(S I N I N

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

2 /_\}\
-

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

ATIN] 'ELLIPSE

Example: Plot the graph of the vertical hyperbola

G+1)? -4
4 2

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

Enter the equation as shown below.
r(Y+1)"2+4-(X-4)"2+:2=1" |z:

I3 ! (Y+1)°204-(x-4)"2/2
(T O I I
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Isolate the variable Y. The result is an expression representing two solu-
tions. The variable sI can be either +1 or —1.

'Y |SOLV| =ISOL=

'S1EL((1+CK-4) 72,20 %
4>-1""

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

=STEQ=
=SOLVRE

Store the number 1 in the variable s1.

1

1

S1

1

1
3
)
1
1

Store the number —1 in the variable s1.

-1

1
(/2]
=
I

{1l
2
ol
]
1

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

(=] [ENTER]

[|—MIW

k3

1 18 JERPE=]I Il Il ]

13 'JT((1+(R-4)2"2-20%4 )~
%=I{((1+(X-4)‘“2/2)*4

S | | 77775 | | —_—

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

bola.
PLOT

(THALLE
n
s |
m
9]
1l

il
2
3
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Press to exit from the plot display, and multiply the height by 10.

[ATIN] 10 =*HE
Multiply the width by 10.
10 =»w=

3:
F
CFFAf: | KES | AHES |CENTH] b | S
3:
&l
[FFE | RES | AHES CENTR] #I4 | ZH

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

=DRAWE=

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

ATTN

("PPAR’’s1’'EQ’
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Example: Plot the graph of the horizontal hyperbola
(x _4)2 _ (y +1)2 =1
4 2 '
The general equation of a hyperbola is

-h)*_ (@-k) -1
a? bz

For this example,h =4,k =—-1,a =2, and b V2.

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: "
— h k a b « DROP

CLLCD 2 *H 2 *W h k
R—C CENTR DRAX

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

[ENTER] [<>]

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

Lo el E

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

[USER| = HHYPE = %:
1: "ENTER hsksasb"
[HH'FE] I N N
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Enter the value for A .

4 |ENTER 3:
o "ENTER h,k,a,b"
1: 4.688
LG I N T .

Enter the value for k.

-1 gi "ENTER h;ksi!gé
1: -1.68
Wveef (| | |

Key in the value fora.

2 3: 4.00
2: -1.68
1: 2.88
CLE I I N

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

2 [y] [conT]

//

AN
2N

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 4, k,a, and b from
the stack and produce an equation representing the ellipse and hyperbola

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

Key in the programs below.

The first program’s parameters specify a vertical hyperbola.

« =1 1 MCON 3:
'VHYP it
IETET: I I I

The second program’s parameters specify a horizontal hyperbola.

« 1 -1 MCON 3:
'HHYP it
ICTET LT I I A

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

« 1 1 MCON 3
'MELL it
[MELL [HHVF JWHvF ] ] |

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 « o
"sxxSQ( (X-h)+a)+ [MEON[MELL | HHYP [0HYF ] |

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

EVAL 'Y’ ISOL DUP 1 ’sl’
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=

F—

:

Note the difference in the centering of the ellipse from the previous pro-

gram in the section.

Now draw the vertical hyperbola.

ATTN

4!'—1121,\/2

EVHYP=

The horizontal hyperbola has the same parameters as the preceding

graph.
ATTN

41_11211\/2

S HHYP =

-. 4
4 ~ v

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

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

Typical parametric equation problems include plotting the graph

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

ples of these two problems are included in this section.

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

First, set the angle mode to degrees.

CLEAR 3:
MODE| ZDEG= o
[“ST0 | FIiw | SCI | ENG | DEGS | RAD |

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 T'.
T X EVAL Y EVAL Take T, X, and Y and put them
{3} —ARRY in a vector.
+ 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 COoLx Denote which columns to plot.

SCLY DRWX Scale the coordinates
and draw the points.

{T XPAR 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

MW

Key in the expression for the y coordinate and store it in the variable Y.
r4+2xSIN(T) 'Y

=M

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

=PARE= 3:
2:
1: " O,HI, INC?"
[+ | % [FeRE] | [ |
Enter the low value of T'.
0 3:
ff "LD,HI,Igcsg
N O 10 I I N
Enter the high value of T'.
360 g “LD,HI,IBC?"
1: 360. 06
C ] E JFRREL | ]

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 ZDAT. To see the individual
entries, use the GETI command.

Purge the variables used in this example.

(’SDAT’ 'Y’ ’X’ ' PAREQ’

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

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

SDEGS= 3:
2 =FIX= %
[ =10 [ FIte] SiI [ EWG [DEGE] RAD |

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

x =v;t cos () and y =v;t sin(a)—.5gt2

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

When the arrow hits the target, the height y is zero and the range x is 200
meters. The initial velocity is v; =170 mph. Thus there are two equations
in two unknowns (the angle and time). To find the angle, first isolate ¢ 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 7.

7 X=VxTxCOS (A) ' ' T
ZI1SOL=

'RACOSCAY ~Y!
SOLVE] TS0l [ OUARD] SHO |

— e
o
Px]
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Store the resulting expression for 7' in the

T [s10]

Key in the second parametric equation with g =9.8m /s2.

variable T .

3:

2

STEC [RCEC [SOLWE] T20L [ CLIAD] SHO |

Substitute the

expression for 7 in the equation by using the SHOW command so that all

implicit references to X are made explicit.

the path in rectangular coordinates.

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

Store the equation in the variable EQ and

ESTEQE
= SOLVRE

Store the number 0 in the variable Y.
0

)

Store the number 200 in the variable X .

200 =x=

The result is the equation for

13 'Y=Vx(x/COSCAY~VDI%

SINCAY- 58*9 8% (R~
CDS(FI)!'v'

display the Solver menu.

e JLErT=ICRT=1

——
-

Y JICv 1% 1A KEFT=IlRI=1]

l

1
[

Y ICv 1C% A JLeFT=I[ET=1]

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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176.060
¥ v L& 18 JLeFr=IlRI=1

=MW

176.680
Im hl
Y v g 18 JLEFT=]

=M




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

"m + s"
CONVERT

Drop "m/s".

76.088
"Moo ogh

Yy JCv 1% 1Ca JLEFT=ICRT=1]

[ ]I

6. 8068
¥ v g 1Ca JLEFT=ICRI=1

[ ]—=MJ)

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

\Y

1L
(il

i

|

1
[

Y L v L% 18 JLEFT=EIlRI=]|

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

|

0

1
>
1L

]

Find the angle.

[] EAE

i
il

|

1
[

¥ 1L v 1% 1Ca JLEFT=ICRTI=]

glgn Eeuersa!

1 9,92
1 1 JkerT=IlRT= ]

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

3:
2t 9.92
I1-'- 2.67

Y JCv L& 1Ca JLeFr=ICRI=1

Exit from the Solver and purge the following variables.

Enu' {lAjl\]llxllyllEKQIITl EHHEE
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More Step-by-Step Solutions
for Your HP-28S or HP-28C Calculator

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

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

Calculus (00028-90102)

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 of a 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 several test statistics.

And Specifically for Your HP-28S...

Mathematical Applications (00028-90111)
m 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 Collect statistical data points, and fit curves to the data.

How to Order...

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






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

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

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

B Infinite Sequences and Series
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
* Parametric Equations

]
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