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Welcome...
 

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

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

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

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

m Entering numbers and algebraic expressions into the calculator.

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

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

Our thanks to Roseann M. Bate of Oregon State University for developing

the problems in this book.
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How To Use This Booklet
 

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

Keys and Menu Selection

A box represents a key on the calculator keyboard:

2
|
z

o
|
x
l
|
5 m 2

ARRAY

o - H3

ALGEBRA

In many cases, a box represents a shifted key on the HP-28C. In the
example problems, the shift key is NOT explicitly shown (for example,

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

The "inverse" highlight represents a menu label:

=DRAWE= (found in the menu)
=ISOLE (found in the menu)
=ABCDE= (a user-created name, found in the menu)

Menus typically include more menu labels than can be displayed above the
six redefinable menu keys. Press and to roll through the
menu options. For simplicity, and are NOT shown in the
examples.
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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 keysinitiates the Solver function to seek a
solution for "ABCD"in a specified equation.

The symbol indicates the cursor-menu key.

Interactive Plots and the Graphics Cursor

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

Display Formats and Numeric Input

Negative numbers, displayed as

=5

-12345.678

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

are created using the key:

5 [cHs]
12345.678
[[1 )2 b

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 Z FIXZ key within that menu (e.g. 2=FIXD).
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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 polyomial
for the following rational function.

6x%-5¢2-8x +3
2x -3

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

'o6xXN3=-5xX"2-8xX+3 |ENTER
  

4

2
1:  '6%X"3-5%X"2-8%K+3'  

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

[ENTER] 4
'N [s10] 5

[:  '6%X"3-5¥K2-B¥KX+3’    
N has been added to the User menu.

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

12 x X-3 1: /ES§§-§S$*X 2-8¥X+3)

=] eee—    
Enter in the variable to be evaluated.
 

   
'X [ENTER] 3:

2i ' (6¥K"3-5%X"2-Bx¥K13,
vL1[[[  
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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 Taylorseries
command. Also set the display to FIX 2.

2 3i ' (6RK"3-SRK"2-8ANI3,
2 SFXE f: 2. 00

 

  
 

Execute the Taylor function.
 

  

ALGEBRA %E

=TAYLR = 1 ; o] +2%X+3xK2!

[THYLE]IS0LQUAD[SHOW|0EGET]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.

6x3-5x%-8¢ +3

2+2x +1

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

This example assumes that the expression —1+2x +3x2is in level 1 and
that you've stored 6x3—5x2— 8k +3 in the variable N . Modify the expres-
sion in level 1 by substituting "1" for "—1" in the first position of the
expression. This is accomplished by pressing the following keys.
 

1 3t -1425X+3%X2!

(1 i ¢ 1,683
  

Makethe substitution for the first object.
 

= OBSUB = 3:
21
1: '14+2%X+3¥X"2 '

 =y
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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 [s10]
0'Q

Recall the numerator N to the stack.

USER

Ni 1
|l

Put the denominator D on the stack.

D

 

 

=
M
W

 COLCTJEXPAN] SI2E |FORM JOESUE|ERSUE 

 

   

 

 

3:
2:
18 '6¥X"3-5%RK"2-8¥X+3'
=2ITNN.

3:
28 '6¥X"3-0%X"2-8#x+3!
1: '1+2%X+3¥X"2"
=2NTII 

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

'2 x X

Store this result in Q.

'Q [sT0]

 

 

3t 'E¥XN3-0X"2-8*¥X+3!
2: "142%¥X+3¥X"2!
1: ‘¥R
=TITA 

 

  

 

  

 

 

3: lz*xl

2: |2*x|

1: 0. 88
e|o|N11||

3 '14+2%X+3%X°2!
2: |2*xl

1: IZ*XI

e|o|N||||

3t '6*X"3-0xXM2-8xX+3!
2% "14+2%X+3%X°2!
1: 12*x|

e|o|N||||   
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Multiply the quotient term and the denominator.
 

21 ' GEX3-S5¥X2-BEX+3'
I3 ' (T+25R+33X2)% (25K

=TTAI  
Subtract the result from the numerator.

(-]
 

2:
1: '6¥XN3-5¥X2-8xX+3-(

1+2¥X+3*X22% (2%¥K) !
eoN11  

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

[ALGEBRA| = EXPAN= 1: "6 (X*¥X"2)-5%¥(K¥X)-8
*¥X+3-(C1+2¥XI*(2%X)+
SR2% (2%¥X) )

[COLCTIERFAN]ST2E[FORMJOESUBJERSUE]  
By inspection, another expansion is required for the x2 term.
 

EXPAN 1: '6x(XE(XEXDI-52(KEX)
~8¥X+3-(1%(2%¥RI+2¥R*¥
(2¥XR)+3*¥(REXIX(2%X))

[COLCT [EXFAN]SI2E[FORMJORSUBJERSUE]  
All terms are fully expanded, so now collect terms.

= COLCT =
 

H
1: ! ?62?&}5*3- 6¥X"3-9xX"2

  
Collect terms until complete.
 

= COLCTE=

=
M
W

'3-9%¥X2-10%K
[COLCTJERFAN]ST2E[FORMJOESUEJERTUE]  

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| =D= 3:
2: '3-9%¥X"2-18%X"'
1: '1+22X+3xX"2"
=20ITRN
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Divide the highest-order term in the numerator —9x2 by the highest-order
term in the denominator 3x2. By inspection,the result is —3. Enterin this
quotient term.

3 [cHs] [ENTER]
 

 

3: '3-9xX"2-10%X'
%- ! 1+2-3H’<+3'39§"2a

=2NTN 

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

[ENTER]
Q

Add this copy to Q.

[+]

Store the result in Q.

'Q [sTO]

[x]

 

 

 

 

 

 

 

 

 

3: -3.089
2: -3.00
1: '2¥X'
(o1oI~|[|

3: '1+2%K+3%X72
2: -3.00
1: -342X’
IITI

3: '3-92X2- 102X
2: '132%xe3RKN2
(o[v[~1[[ 

 

 

 
3:
28 '3-9%R"2-10%K"'
18 ' (1+2%X+3xX"2)%(-3)"'
eeI~f11] 

 

 

Subtract the resulting expression from the new numerator.

(=)
 
2:
12 '3-9xX"2-10%X- (1+2%X

+3¥X"2)%(-3)'
 

 

 

Simplify the expression by expansion and collection of terms.

[ALGEBRA] = EXPAN =
 
18 '3-9%(X¥X)-10%X-C(]1+

%fX)*(-3)+3*X"2*(-3)

[COLCT|EXFAN] SI2E |FORM JOESUE[EXSUE 
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Continue until all terms are fully expanded.
 

=EXPAN= 1t '3-9%(XEX)-10%X- (1%
;%)§§§$*(-3)+3*(X*X)

20UCT[EAFAN]SIZE|FokH[0BUEERSUE]  
Now collect terms.
 

S COLCT =

—
=
N
w

'E6-4%R’
$I2E [FORM [DESUR[EXSUE 

 

 

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

the denominator.
 

 

 

 

=Q= 3:
2: '6-4%X'
1: '-3+2%R"'

[o |lo [N ]]||

Thus the answer is

_3+2x +_L4x_

32+2x +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.

{lQ| 'D''N
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Function Evaluation

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

Given the function f (x,y)=2mx2 | Vy2-x2| find f(1,V2), f(sinT,1), and
£3,5).

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

  

3
4 EFXZ e

36 SF ST% ]ITATRAD ]
 

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.

"2xr x X2 X 2

ABS (v (¥*2-X"2)) 1

 

;\%i)t-ng’?*FIBS(I yr2-x

BF1z JESETNIR)
 

 

3:
= STEQE &

(3=
  
 

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

= SOLVRE=

=
M
W

 ivJdewer=f11|
 

Store a "1" in the variable X'.

1
 
 |
 -1---_]
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Store the square root of two in the variable Y.

2v

n 3 v i

Convertthis expression into a number.

[=NUM]

Clear the previous result and evaluate f(sin

[DROP]

Put sin7 on the stack.

[TRIG]
'ISgNE T
 

Store the expression in the variableX .
 

|SOLV] ESOLVRE =XE

 _i
  

 

  

 

 
 

 

  

 

i:

IT()OI

i: 1 2%mr*1. 000"
IT(TNI

3:
2
I: 6.2832
INTIN

T1).

3:

&
ITTAI

3:
2
1: VSINCT) !
BTSNSRLTRG 

 

 

 ..i

1
ExpR=]11  

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

1
 
Y _.%
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Now compute the function value.

= EXPR==
 

LSS3k= (
T T 2¥TW*SIN 2 *HE

1-SIN(T>"2>>!
1vJewer=]|]|

  
 
 

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

'X [PURGE]
 

2:
18 '2%¥w*SINCTI*2¥ABS (I (

1-SINCTI>"20!
IN1TIN  

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

Forthe 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 inX .

3 [ENTER]
|SOLV] ESOLVRE =X=
 

 

Store SinY.

5 Y

Evaluate the expression.

EXPR= 1

 

=
N

 A

 

 ..i
1
IN(17TIN  

 

i:
II(7751II 
 

 

1 226.1947
IBTSIN. 
 

With flag 36 set, we would have obtained the result 2*x*9*4’,
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Lest the variablesX and Y should be inadvertently incorporated in other
calculations, you may elect to purge them from memory. You may also
wish to set flag 36 to its default setting.

{'Y"X"EQ'

36 SF
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Simultaneous Linear Equations

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

For example, solve the following system

2x +1y =6

Sx -4y =3

Clear the display and set the mode to FIX 4.

4 =FIXE 3
1
NFIxSTTRao )

 

   

Method 1: Using PLOT.

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

12 x X+Y=6"'"'Y [ENTER] 3: _
: 12%X+Y=6"

1: 'Y!
IRFIx ]ISTTN Rao ]

 

 

 
ALGEBRA| =ISOL=

 =
M
W

'6-2%K'
 

 
'S x X-4xY=3"''Y =ZISOL= 3

2 '6-2%K'
1 '(S5¥X-3)-4"  
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[=] [ENTER]
 

 

wh
ae

'6-2%X=(5%X-3)/4'
TavLR]TsoLJoURD]SHOMJOEGET[ERGET]

 

 

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

' PPAR
= STEQE

= DRAW =

 
3

1
[STECJKCEC[FMINIFMAYJINCEF[DEAIe 

 

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

ATTN

(0,1 =CENTRE
= DRAW=

 

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

[ATTN]

 

 

 

3:
2:
1: (2. 106000, 1.86008)
[STECJRCEC[FMIN]FHASJINDEF[DRAI] 

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

= SOLVR
 

  

3:
24
1: (2.1060, 1.80080)
IEEGO0IN 

Store the digitized pointin the variableX as the initial estimate (the
Solver only uses the first coordinate).

Xi i
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Solve forX .

[]
 

X
g 1gn Eeversa!
1: 2.0769
IY965 8KO0I.  
 

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

 

 

  

 

=(EFT-=
i 1.8462
I(YATIN

SRI=% i
i 1.8462
IARSI 

 

 

The variable Y equals 1.8462.

Method 2: Using Matrices

Key in the constant vector (the right side of both equations).
 

 

 

CLEAR %3

[6 3 1 [ 6.0000 3.0008 ]
I(YIII
 

Key in the coefficient matrix. The coefficientsof 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]
EEENSNACHIN.
 

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

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

[CLEAR] {'X''PPAR''EQ' [PURGE]
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Method 3: Using Solver

First, enter in the first equation and isolate the variable Y. The result is
an expression for Y.

'2 x X+Y=6"''Y

=ISOLE

 

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

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

 

3:
2%
1: '6-2%X'
[STEC[RCECJSoLMR]TS0lQURD]SHOM

3:
2%
1: '6-2%K'

N

 

 

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

Y= SOLVR _i 
 
1
I68 GO.
 

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

] £x=

Put the expression for Y on the stack.

Y [ENTER]

Convertthis expression into a number.

The value for Y is returned to level 1.
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g 1gn Eever‘sa !

  

 

  
 

 

1: 2.8769
IY6EIN.

3:
28 2.8769
1: '6-2%K'
IY8E0IN.

3:
2: 2.8769
1: 1.8462
IEENGOIN. 

 

 



Purge the variables created in this example.

{lxl ry! '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 if there are two real roots,
two complex roots, or a double root.

For example, solve 3x?—x =0. First plot the equation.
  
|CLEAR| [MODE] 4 =FIXE :
'3 X XAZ"X-Z %: |3*XA2_X_2l

BTN 1z ]SSNIR]

w 

 

 
= STEQZ= . ]l

' PPAR = DRAWE    
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| =ERCEQES 3: . . '

"X [ENTER & S¥R°2-%1g,
[STEC:JRCEC[FMINJFMAR[INCEF]DRAI  

Find the roots:

=QUAD=
 

=
M
W

'Cl+s1%¥3)76"'
TRYLR] IS0L SHOW [0ESET[ERGET   

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

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

(SOLV]=STEQS 3
= SOLVRE F

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

-1 St 

Press = EXPR= = to get the first root.

EXPR=

Let sI be equal to +1.

1
 

i iS1 

Solve for the second root.

EXPR= i
l

 

E__.H!IEI_

1:

 EE15IIN. 

 

 

— s
e

s
s

-8.6667
syJewer=]11|.

 

 

 
: -8.6667
syJexers) {111|
 

 

 
i: 1. 0060
ITIN
 

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

[CLEAR]
{'s1''PPAR''EQ"

 

 

3:

1:
STEQ |RCEC [SOLVR
 

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

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

'2 x X*"2-4 x X+3

 

[PLOT| =STEQS = DRAWZ=
 

 

3:
2:
1 ' 2%X2=4EK+3!

 N S
 

 

Y  l
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Since the graph ofthis equation does notintersect the x-axis, there are no
real roots; the roots are complex. Solve for these roots using the QUAD
command.

ATTIN| ERCEQE=

'X = QUAD=

 

- 'C4+s1%
(0.060080,2.8284)>-4"'

[STECJRCEQSOLVE]TSOL|QURDSHOM| 

 

 

Now use the Solver to get the numeric solutions.

=STEQ=S
= SOLVR =

 

=
M
W

 eeI

 

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

 
 

 

 

(1.0000,-0.7871)
51Jexer=f111| 

 

 

Let s1 equal +1 and solve for the second root.
 
 
 

1 (1.0000,-0.7871)
5IIN 

 

 

 

1 ¢1.0000,0.7071) 

 

51Jewer=f11[
 

The roots for this equation are 1+0.7071 .

Purge the variables created in this example.

{'sl1l''PPAR''EQ'
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Logarithms

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

Example: Use logarithms to evaluate the following.

_3211*V48.17

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

[LoGs] =

pressing ELOG =.

[CLEAR] [MODE] 4 =FIXE
"N=3.271x /48.

 

=LOG=

 

17+2.9473"!

 
N 'LOGCNI=LOGC(3. 2710%(

_48.1708-2, 94933!
 

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 =

= EXPAN

Now evaluate this equation.

EVAL

 
1: 'LOGCN)=L0GC3, 271a%[

g?.' 1788>-L0G(2.9480"

[COLCTJERFAN]ST2E[FORMJOESUEJERSUE 

 

   

 

 

=
M
W

'LOG(N>=-8.8490"'
[COLCTJERFAN]STZEJFORMJOESUE[ERSUE

 

 

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

[LOGS] EALOGALOG =
 

 

 

3:
2:
1: 'N=ALOG(-8.8498)>"'
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Press to get the numerical solution.
 

EVAL 3:
2%
1: 'N=0.8934'
ITIOTTR 

 

 

Example: Solve forx by using logarithms.

a2z-3 _ bz

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

2:
'AA(2x X-3)=BAX' ZI0GE |1} phOG(R"(2%X-3))=LOGC

 

 

 

Expand the equation.

ALGEBRA| = EXPAN =
 

L
)

é%ggffl)*(E*X-3)=LUG(

[COLCT]ERFAN]ST2E|FORMJOESUE[ERSUE  
 

 

EXPAN 1 2%
1: 'LOGCA)*(2%XD>-LOGCAD

*3=LOG(BY*X'
[COLCTIERFAN]ST2EJFORMJ0ESUEERSUE] 

 

 

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

Add 3log(A4 ) to both sides of the equation. Rather than entering in this
term,retrieve the term by using EXGET. First duplicate the equation.
 

ENTER 2 'LOGCAY*C2*X)-L0OGCA..
1: 'LOGCRI*(2¥X>-LOGCAY

*3=LOG(B)*X'
[COLCTJERFAN]ST2EFORMJ0ESUE[ERSUE 
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Enter in the position of the third multiplication sign, which, in thiscase,is
10. (Thefirst position consists of ’LOG’; the variableA is in the second
position, *’ is in the third position, and so on.)

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

10 = EXGETE
 

3:
2: 'LOGC(AY*(2¥X)-LOG(A..

: 'LOGCA>*3'

  LGRS (3013
 

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

COLCT

 

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

 

 

 
2
1  ' 2*LDG(F|)*XLOGC(BY#X

+3*LOG()
[COLCTIERFAN]ST2E[FORMJOESUEJERSUE]
 

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

10 =EXGETE

=COLCT

 

2t '2*L0GCAY*X=L0G(B)*,,
1: '2¥LOGCRY*X=LOG(B)*X

+3*¥LO0GCA>
[COLCTJERPAN]STZE|FORMJOESUE[ERSUE
 

 

M
W '2#L0GC(AI *X=LOG(B) %..

LDG(B)*X¥

4

 

 

1: '2*LOGC(RA)*X-LOG(BY*X
=LOGCB)xX+3*L0OG(A>-
LOG¢B)X

[THVLR]T30lJOUAD]SHOMJOEGET]ERGET| 
 

 

2:
1: '2%L0GCAI*X-LOGCB)*X

—3*LOG(R’
3EEN

 

 
 

Logarithms 29



Use the FORM editor to merge 2xlog(A4 ) and xlog(B) into (2log(A4 ) -
log(B))x . Press = FORM =, move the cursor to the minus sign, press
= M— = (merge right), then press to exit FORM and return the
modified equation to the stack.

 

 

=FORME =[2]E ... =[]=

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

= = |ATIN 2:
12 '(2#L0OGCAI-LOG(BY > *X

—B*LUG(A
[CoLCTIERFAN]ST2E[FokM [0ESUE[ERSUE]  

Divide 2log(A4 ) —log(B) into both sides of the equation by first using
EXGETto retrieve the subexpression.
 

ENTER 2: ' (2¥LOGCAI-LOGCB)Y ) *,,
18 '¢(2¥LOGCAY-LOGCBY > #X

=3*¥LOGCARY '
(2L (Au) EXRSUE 

 
5 = EXGET

=
M
W

: ' (2%LOGCAY-LOGCB) )£,
: ' 3xLOGCAY-LOGCB)Y

TRYLK1501]GUADSHOM|0GETIERGET) 

 

=] 1: '(2*L0GCAY-LOGCBY?
7C2¥L0OGCAY-LOGCB)Y >
*LOGCAY 7 (2¥LOGCAHD -

*

N W
X    

Collect the terms.
 

= COLCT = 2
1: '¥=3,(2%L0GC(A>-LOG(B

))*LUG(H)
(CoLCT[ERFAN]ST2E[FoRM[oESUE[EHSUE]  

The resulting equation is the solution to this example.

_ 3log(A4)

2log(A4)-1log(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.
 

CLEAR 3:
'LOG (X+3)=.7" 2 'LOG(X+3)=0. 7000 "

Lo |ALOG]LN ]ERP- ]LNFL[ERFH | 

 

 

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

'X ZISOLE
 

=
M
W

.

: 2.0119
LLRIN: 

 

 
The result isx =2.0119 .

Example: Find log;36.

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

log,of

log,a

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

« LOG SWAP LOG =+

 log,t =

 

H
m
w

<« LOG SWAP LOG / »
ISHI 

 

 

Store this program in the variable LBN .
 

  

 

'LBN' 3
1:
(ten||11|

Now compute log;36.

7 3
36 SLBNS : 1.8416

(ten1111 
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This program will calculate the logarithm to a given base of a given
number.
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Graphs of Algebraic Functions

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

Example: Plot the power functiony =x~3,

Store x—3 in the variable EQ.
 
 

 

  

 

4 SFIXE 3:
"X~ (-3) [PLOT] =STEQZ= 2

[STEQ[KCEG[FMIN[FMat[INGEF]DRl

Plot the expression.

'PPAR = DRAW= él:n“inite Result

1:
[STEQ|RCEC[PMIN|FMAR[INDEF]DRAL 
 

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

ate the function at the point of error. Let PMIN be (-6,-1.5) and PMAX
be (6,1.5).

(-6,-1.5 SPMIN= 3
(6,1.5 EPMAXE <

  
 

  
Plot the expression again.
 

DRAWE ] i L

S  
 

Press to return to the stack display and purge the plot parmeters
that are stored in the variable PPAR.

ATTN

' PPAR

 

M
W

 FPAR RESARES JCENTE
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Example: Plot the power functiony = +V/x. StoreVx in the variable

EQ and plot the expression.

'V X ESTEQ
 

 

 

= DRAW = tél?n- real Result

 1:[STECJRCEQ[FMINIPMAR JINDEF]DRAL
 

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

= RCEQ= 3:
-
1: ‘IR

FMIN]FMARJINDEF]DEAK 
 

Take the real part of the function.

=RES
 

H
N
(
.
Q

'RECIXD!
TSKTIBTTNB 

 

 

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

 

  

 

Duplicate the function.

3t
2: 'RECIXY!
1: 'REC(IXD!
NTWGTST

Negate the function.

CHS 3:
2: 'RECIXY!
1: '-RE(IX)!
XTNOTNBT 
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Now set the two functions equal to each other.

[=] [ENTER]

Store this equation in EQ and plotit.

=STEQE

= DRAW

 

 

3:
2:
1: 'RECIX)=-REC(IX)'
TSTWTTNB 

 
3:
"f:

STEQ |RCEC FMIN|FM#R[INDEF]| DEA 

 

   
Purge the plot parameters for the next example.

ATIN] 'PPAR
 

 

3:
28
1:
[PPARRESARES JCENTR]¥W*¥H 

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

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

'"EXP (X+2) ESTEQ=
= DRAW=

 

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

(0,1 =CENTR=

Plot the function again.

i DRAW =

 

 

3:
%:

[FPARRESAHES |CENTR| %14¥H
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Purge the plot parameters.

ATIN] 'PPAR
 

=
M
W

 [FPAkKESHEES [CENTR‘ 

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

Enter in the expression and store it in EQ.

'XXLOG (X*2+2) =STEQE
 

=
M
W

 

 

T FMIN[FMAR [INDEF|DRAL 

Plot the function.
 

= DRAW= s

   

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

Enter in the expression and storeit in the variable EQ.

'X73+42 x X72-11 x X-12 3:
= STEQE .

[STEQ[RCEC[FHMINJFHAR [INDEF]DRAL

 

  
Plot the function.
 

= DRAWE= . i

e

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

 

   

 

 

ATIN] 15 E+HZ= 3
et

PAk |RES |ARESJCENTE]%I |XH |
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Draw the function again.
 

= DRAWE

   
Purge the variables created in this example.

ATIN] { 'PPAR''EQ'
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Polynomial Equations

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

Example: Plot the graph and find the roots of

x*+3x%-3x2-Tx +6=0

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

 

  
 

' PPAR -t
'XA4+3xXA3-3xXA2-7xX+6 — — —

=STEQE C 1l
= DRAWS

Multiply the height by 10 and plot the graph again.

ATIN| 10 =*HE ’ :
= DRAW = . o/"t\ ;

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

 

   

 

- HEE E agmeen
1 ¢1.606060, 0. 0EE0 )

e o o > 1 KCE2 |FMIN|FMAY 1513[INS] STEGKCED|FHIN]FMAR[TNDEF]DRAK
ATTN

 

 

 

Now use these values in the Solver.
 

SOLV]| =SOLVR= 3 (-3.90008,0.0080)
2: (-2.08080,8.0800)
1: (1.06008,0.060008)
oJewer=]111| 
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Store the pointin level 1 in the variable X .
 

X 1

 
: -3. Uy « ¥

i: (-2, 000, 0. DEPe)
T(TIIN

 

 

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

[ ExE

 

?flm—
ero

 

 

 

  
 

 

: 1.8600
EE1TIAD

Clear this result and find the next root.

[DROP] 2 %
=X= [] EXE ol -2. 0000

%[ewer=]||||

Clear this result and find the last root.

[DROP] ] g
=x= [] x5 e -3. 0000

8fewer=]||]|  
The three roots are —3, -2, and 1.

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

x3-32-1.5¢ + 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 storeit in the variable EQ.

the roots. First, enter in the

 

[CLEAR]
'X~23-3 x X*"2-1.5 x X+6

= STEQS  

3:

2:
STEQ FMIN]PMAR[INDEF| DRA
 

Plot the graph.
 

= DRAWE

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

 

ATTN 3:

.5 =*HZ= %5

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

 

DRAW A

  
 

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

(-1.406060,08, 00008
é!:("S- 3¥X"2-1.5008%X+

[ZTEQ |KCED [FPMIN]FMAY [INDEF]DR

ATTN| ERCEQE= 2
1

 

 

 

Put the variable nameX on the stack.

'X [ENTER]
 

3 (-1,4000, 8, 0099)
2: 'X"3-3%K"2-1.5000%%,
STEC [RCEQ|FMIN[PMARJINDEF|DRAM 

 

 

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

=ROT=
 

'X"3-3%%"2- 1. 500041,3:
23
1: (-1.46008,0.66008)
PUP{ovERDUF2JoR0P2]KOTJLISTH)  
 

Now solve forX and find one ofthe roots of the equation.

=ROOT=
 

3
2
1 -1.3580
ICTIT0IANR 

 

ra
y

 

Purge the variables used in these two examples.

('X' '"PPAR' 'EQ
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Determinants of Matrices

The HP-28C does calculations using matrices whose elements are real
and/or complex numbers. The determinant of a matrix is easily found by
using the command DET. But since DET is a command, it cannot be
used 1in algebraics.

Example: Find the determinant of the following matrix.

2 6 1 -2

-3 4 5 7

4 -2 1 3

5 3 -4 6

Key in the matrix and find the determinant.
 

 

CLEAR| [MODE| 2 EFIXE 1: [[ 2,00 6.00 1.60 -
[[2 6 1 -2[-3 4 5 7[4 [ -3.680 4.80 5.08 ..

[ 4.68 -2.680 1.60 .
-2 1 3[5 3 -4 6 [ENTER EETN( FIX ISMRNIkAo]
 

 

  

 

ARRAY| =DETE=

2439.0608
053] 00TDETRESJENEM]CNERM)
 

Example: Solve forx andy.

7 6 5 x2y

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

y -2x 157

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

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

The problem reduces to a system of two equations in two unknowns. To
findy, 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.

'14xX+6xY¥-10- (10xY-14
+6xX) =0 =COLCT=

Store this equation in the variable EQ.

= STEQS

 

 

3:
2%
1: '4+8¥X-4%Y=0"
[COLCT]ERPAN]ST2E|FORMJOESUBJERSUE] 

 

 

3:
%:

[STEQ [RCEQ [SOLYR| ISOL |QUAD]SHOW 

Key in the other equation and simplify it also.

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

 
3:
2:
1: '-20+X+7xY=2"

 [COLCT JEXFAN] ST2E |FORM [0ESUE[EXSUE 

Obtain a symbolic expression for x by isolating the variable.

'X ZI1SOLE
 

M
W

'2-7¥Y+20"'
i SHOM [DEGET[ERGET  

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

= SOLVR=
 

 

3:
2:
1: '2-7¥Y+20'
NIY96O 

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

X

Now solve for y.

L]
 

1 < 1
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gm—

1:

 veFr=lk7=|1|
 

 

!ero
1: 3.00

 vJuerr=l k7=11| 



Recall the expression for x.
 

  

 

X |ENTER 3:
2t 3.00
1: '2-7%Y+20'
I(Y95ONIN

Find the numerical value for x by evaluating the expression.

EVAL 3¢
28 3.0000
1: 1.08680
IYE8RON

 
  

Thusx =1 andy =3.

Purge the variables created in this example.

{lyl X! 'EQ
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Systems of Linear Equations

Using matrices, solve the following system.

6x+1y—-3z+0w=37

-2x+3y+5z2-Tw= 6

&+0y+4z—-5w=75

x-Ty-4z+1w= 17

A similar example is shown in the HP-28C Getting Started Manual on
pages 168-170.

Clear the display, set the display mode, and key in the constant vector.
 
[CLEAR| [MODE] 1 =FIXE
[37 6 75 7 [ENTER]
 
 

 

N2
1= [ 37.80 6.8 /5.8 7.0..
BRI FIx IIESETNIRaD )
 

Keyin the coefficient matrix and divide the constant vector by the
coefficient matrix.

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

 

  

3:
2
1' [ 7.0 -2.8 1.8 -3.0..
EETF1x ISNISkAo ] 

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!
ez

A general program that calculates any number of terms for this sequence
is listed below. Enter in the program and store it in the variable FDE (for
factorial divided by exponent’). To run the program press and then
press the user variable key = FDE =. When you run the program, a prompt
is displayed that asks for the number of terms you want calculated. Enter
a number, such as 10, press| ] to continue running the program.
The program returns a list of the first 10 numbers in the sequence.

 

Program Listing: Explanation:

2 FIX Set the display format to two
digits.

"# OF TERMS?" CLLCD 1 DISP  Prompt message.
HALT Program halts (you key in a

number and press CONT).
— N« The numberis stored in the

variable n .
1 nFOR X Loop: do forX from 1ton.
X FACT Calculate the factorial ofX .
X EXP Take the exponent ofX
+ and divide the two numbers.
NEXT IncrementX and repeat untilX >n.
n —LIST Put the n termsinto a list.
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Now key in the program.
 

  
 

 

  
 

 

CLEAR 1: € 2.8 FIX
"# OF TERMS?" CLLCD
1.9 DISP HALT =

« 2 FIX "# OF TERMS?" 1.8 n FOR ¥ X FFICTb
CLLCD 1 DISP HALT — n
« 1 n FOR X X FACT
X EXP + NEXT n —LIST

>

Store the program in the variable FDE .

'FDE g:

2t
i:

Run the program.

=FDES # OF TERMS?

  
 

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

10 |CONT 1: £ B 37 9.27 9.308
9.44 0.81 1.78 4,60
13.53 44.78°164.75 3
TIRNN. 
 

Run the program again.
 

EFDE= # OF TERMS?

  
 

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

5 [CONT 2: { .37 B.27 0.20 0...
1: { 8.37 0.27 0.30

.44 0.81 2
TIISN 
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Example: Find the sum of the first 100 terms of the series

r=n

Y
z=1

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

The program that finds the sum of the first n terms is listed below. When
this program is run, a prompt asking for the number of termsis displayed.
After entering in the number and continuing the program, the prompt
message and the number n is displayed in level 2 and the sum ofthe first n
termsis in level 1.

 

Program Listing: Explanation:

STD Standard display format.
CLLCD "# OF TERMS? * Prompt message.
DUP 1 DISP Make a copy and display and line 1.
HALT Program halts

(you key in a number).
— N« Store one copy of the number inn.
n—STR + Convert the number into a string

and concatenate with the prompt.
01nFORX Loop: do for X from 1 ton with

initial zero sum.
INV((X x (X+1))’ EVAL 1/((X)(X +1)).
+ Add to the accumlating total.
NEXT IncrementX and repeat untilX >n.
CLLCD DUP 3 DISP Generate final display.
SWAP 1 DISP »

Key in the program.

CLEQ;D CLLCD b ?':#SEE %Ekfigw' DUP« o !

"4 OF TERMS?" DUP 1 95rR'Y0051,08 n   
DISP HALT — n « n —STR
+ 0 1 n FOR X
"INV ((X x (X+1))' EVAL
+ NEXT CLLCD DUP 3 DISP
SWAP 1 DISP »
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Store the program in the variable "ONE’(the series converges to one for
large n).
 

  
 

 

'ONE g:

2:
1:

Run the program.

SONE= # OF TERMS?

  
 

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

100 # OF TERMS?100

. 990099009897
  
 

Purge the two programs created in these examples.

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

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

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

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

3 ERXE
 

  

3:

F
STF1xNTSRTkAo ]
 

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

4 [ENTER]
7 V]

=]

'2 [s10]

Calculate sinh Z .

Z =SINHE

 

=
N : 4,000

: 2.646
BTN FIX NSTREENRAD |
 

 

=
M
W

: 1.512
BFIx )IESETNRao ]
 

 

=
M
W

BF1x ]SSTNN Rao ]  
 

 

3:
2:
1: 2.157

  
 

Calculate csch Z . The csch Z is equalto the inverse of sinh Z.
 

31
1: 0. 464
TTNNCTAT  
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Calculate cosh Z.

Z =COSH
 

 

3:

2: 0. 464
1: 2.378
"SINH|HSINH]CO3H[HCOSH]TANH[ATANH]   

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

[1/x]

Calculate tanh Z .

Z =TANHE

 

 

M
W : 8. 464

: B.421
[SINH|RSINH]COSH[RCOSH|THNH[HTANH|]   

 

 
w
h
w

 

Q
a
Q

BTTERENGRELTE CICLT 

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

[1/x]
 

 

3: 8.464
2: 8.421
1: 1.102

  

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))"! =STEQS

 
3:
2:
1:

FILTY 

 

 

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

=SOLVRE 2.378 =X=
 __i

1
IY1E8 NGOIN.  

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

S LEFT==
 

1 1.512
EEEY96KOIN 
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Now check if the right side of the equation is 1.512.
 

1: 1.512
ISTI  

Purge the variables used in these examples.

{lxllEQllzl
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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| =DEG=
5 EFXE
  

 

 

3
2

BRI F1x JIESEELTEN( ceG JIETTH 

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

.75
 

  
gs
1: 8. 75000
EET( FIx IEEEEETEN( 0EGI 

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

[1/x]
 

 

3:
2:
1: 1.33333
BN FIx JIESEITTEN oG JIETTH

 
 

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

(7]

Add 1 to the square of tan(x).

1 [+]

 

 

=
M
W

1.77778
BN FIx JIESEETTEvec]I

 

 

 

 
2:
1: 2.77°778
BN FIx JIESELTvec]I

 

 

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

W)
 

 

3:
2:
1: 1.66667
B[ F1x JIESETRe JIETTH

 

 

52 Trigonometric Relations and Identities



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

[1/x]
 

 

3:
2:
1: 0. 608008
N[ FIx JIESEILTEcec JETITH

 
 

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

(]
 

 

=
M
W

8. 36800
EEEN( F1x JIESEEETEN oeG )TN  
 

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

1 [SWAP

Subtract the square of cos(x) from 1.

(-]

 

 

3:
2: 1.066080
1: 0.36080
BN F1x JESEITTN cec JIETTH

 
 

 

 
 

3:
-
1: 0.64000
BN FIx JIESEEETEceG ]I 

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

W
 

 

3:
2:
1: 0.88080
ST0_|QpeiplscTENG[Quldcp]KAD 

Take the inverse ofsin(x) to calculate csc(x).

[1/x]

Clear the stack.

[DROP]

 
3:

i: 1.25600
 IFix JIESEToG]I 

 
3:

et
EETNF1+ (ISANoeG1T  
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Example: Plot the unit circle sin?(x ) + cos?(x ) =1.

The program to plot the unit circle is listed below.

 

  

 

Program Listing: Explanation:

DEG Set the angle mode to degrees.
CLLCD DRAX Clear the display and

draw the axes.
0360 FOR X Loop: do 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 IncrementX by 5 and repeat

untilX >360.

Key in the program.

=STD= 1: « DEG CLLCD DRAX @
268 RSC PIXELB STEP

« DEG CLLCD DRAX O 360 »

FOR X X SIN X COS
R—C PIXEL 5 STEP

»

Run the program.

D
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Trigonometric Functions for One and Two
Angles

Trigonometric relations, such as the law of cosines or the identity for the
cosine of the sum of two angles, are not built into the HP-28C. However,

the algebraic formula for the relations can be stored in a variable. Then
by using the Solver, you can solve for any unknown in the formula.

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

x= 3n

y=n?-1

z=20

Z=949 degrees,

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

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

 

  

3
2 EFIXE &

=DEGE BECN( FIx JEESEETENoeG )T  
 

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

and Z be calledANGX,ANGY, andANGZ , respectively. Also, letn, x,

y, and z be represented by capital letters.

Enter >3*N’ and the variable X .

"IXN''X! 3
2

 

2 i
ESI(F1x JNSEMTN 0eGI 

 

 

Enter ’N"2-1’ and the variable Y.
 

INA2=1''Y! gs .NAEII:

1; IYI

N[ FIx ]SSoG JITTH  
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Enter the number 20 and the variable Z.

20'z"!
 

 

3: o
e 20,40
STF1x (STveG JNETN
 

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

3:

2
STo[qpeiPlSCIENG|QudcR]RAD 
 

Store the number 94.9 in the variableANGZ .

94.9'ANGZ"
 

3:

2:i:
BF1x JIESEIETN( veG JIETTH 
 

You can solve for N by using the law of cosines and the Solver. Enter in
the formula for the law of cosines and store it in EQ. (Note: since capital
and lower case letters are indistinguishable in the Solver menu, let the
angle variable beANGA rather than4.)

' AA2=BA2+CA2=2xBxCx
COS (ANGA) * = STEQ=
= SOLVR =

Display the Solver menu.
 

 

 

3:

2
-'fi-nmm
 

Store the value of the variable Z in the variable4 (Note: Only press If
you included single quotes, then the letter Z would be stored in the vari-

 
 |
 

 

IAT6E
 

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

X .i 
1
IBALT(EE 
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Store the value of the variable Y in the variable C.
 

Y 1 1C
 

 

!!E-flfl_

1:
ITCTTTEO 

Store the value of the variableANGZ in the variableANGA .

ANGZ =ANGAE
 

 

8 -

1:
AN_[#NGALEFT=| kT=| 

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

 

1l =ENE

Solve for N.

[] ENE

Display all digits of the computed result.

=STD=

 

 

!11_

i
ITT(YAI 

 

 

3 STy

J1gn Eeversa!
1: 4.008
II[T(V68O.   

 

 
1: 4.008074339952
[s70 JIGERESETN vec JIETTH 

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

® < o Z

 

i L X 1
] ._i ?

|
N
V

& < I »
n 8 < D

i Zz 1l

 

1 4.008
IUTM6O.  

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

 

SE
EVAL

 

  

3:
2:
1: 12.00
[LIHIB-A 
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Solve for side Y by pressing =Y = followed by

Y 2
 

 

 

3:
2: 12.080
1: 15.0808
CLIEHII-. 

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

{'ANGA''C''B''A"' [PURGE]
[CLEAR]

 

 

=
M

 

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

= SOLVRE
 

 

 

3:
2t
1:
IGALTRE 

StoreX in the variable4. Notice that >3*N’ is still stored in X.
 

X A ..i
Store Y in the variable B.

Y
 
B i

Store Z in the variable C.

Z =C
 

 

 
1
BATNG 

 

 
1
IA[T(VGO 

 

 
1:
_N_|C_|ANGAJLEFT=] RT=|emcznm 

You have just substituted X, Y, and Z into the law of cosines equation
givingX2=Y2+2Z2-2XYcos(ANGA ). Find angleX by solving for
ANGA.

] EANGAE
 

 
ero

1: 36.71
"W |¢[ANGHLEFT=|k1= ||
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Purge the following variables. Rather than typing the variable names,
display the User menu and press [{] followed by []EANGAE['],']ECE[],
and so forth.

{'ANGA' TCrIBrIpY

-CLEAR

Display the Solver menu again.

= SOLVRE

 

 

=
M
W

NEaJaNGz]v2X 

 

 

3:

et
INA[TAR

 

 

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

Y =A1 1

StoreX in the variable B.

X
 
B

Store Z in the variable C.

Z =C
 

i 1
]

 

 N8€[ANGHJLEFT=] RT=— 
 

 NC_[ANGAJLEFT=] RT=|e
 

 

 memcmmanIA[T8R
 

The resulting equation is now Y2=X2+Z2%-2XZ cos(ANGA ). Find
ANGYby solving forANGA .

] EANGAE

Purge the variables used in this example.

 

 

N

ero
: 48.35
ICACUT(AO

 

 

{'ANGA' lcv 'B! IAI 'EQ' A RA A lxl lNl
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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(A4 )* cos(B)—sin(A4 )*sin(B)

x-1 x+7

A B

x-2 x

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

  

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

 

 

 

  
 

 

x-2 X x-1, x+7
A +B)= * - * =-0.5077.St B) T s 5 243

Simplifying,
x-2D)%-(x-D*x+7)

=-0.5077.
5*(2x +3)

Enterin this equation.

15 ' ((R-2)¥X- (K- 1D ¥(R+7
' ((X=-2)x X=(X-1)x(X+7)) 327 (5% (2%K+330=-0.31

+(5%(2x X+3))=-.5077 STEC[RCEG[SOLVE]I30LGLAD[SHOM

Store the equation and display the Solver menu.

= STEQS 3:
= SOLVR= £

EEE(Y0ONN  
Store the initial guess of 1 in the variableX .

1 =EXE !Zfl!_l
 

1 i

1:
IY58OIN.  
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Solve for X.
 

[[] ExE 2 o5
ero

1: 5. 00
EEAT  

Purge the variables created in this example.

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

This section illustrates how to plot various trigonometric functions.

Example: Plot the functiony =sin(x)/x.

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

 

Program Listing: Explanation:

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

IFTE(X==0,1,SIN(X)-=X)’ Evaluate the function for
X not zero.

STEQ DRAW Store the function and draw it.

Key in the program.

CLEAR 2:

T <gucemp,ggeck
« CLLCD RAD STEQ DRAW »   
'IFTE (X==0,1,SIN(X)=+X)"
STEQ DRAW

MODE| =STDE [<>]|
 

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

 

' PPAR

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

sin(x )+ sin%)— + sinis:_;). + sinQ;l + sini%l 4o

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

Program Listing: Explanation:

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

01ROT2xFORnN Loop: do for n from 1 to 2N.
nXxSINn -+ 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.

 

Key in the program.

« CLLCD RAD 0 1 ROT 2 x [{i g CLLCD RAD B 1 ROT
FOR n n X x SIN n <+ + * n_n_~_¥: > + 2 STEP 'STEG
2 STEP STEQ DRAW DRAW »    

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

'SQWV 4
'X 3t

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

[USER] 10 =SsQwv= _,,_,,d*_,_,,_,
 

 

   
Run the program again, this time for 5 terms.
 

ATTN — e f“ S
5 Esawv= —s ——

~, w, ‘o, 'M{ —r, —, —,    
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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.
 

' 2xSIN (X) +COS (3xX)
= STEQE

3:
2:
1:

L] [IFiflFMIN|FMAX [INDEF]

Purge the plot parameters and plot the function.
 

' PPAR
= DRAW =

  
 

Double the height and plot the function again.

TT Z

 

i * 1H 

|
oo

>

 

 DRAW =  
 

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

ATTN

« CLLCD DRAW PRLCD »

 

3:
2:
1: « CLLCD DRAW PRLCD »

 

 

Store the program in the variable PRPLT .
 

' PRPLT

 

=
M
W

[CLLCODISF [FIXEL CLMF |FRELCD

 

 

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

USER| EPRPLT=

  
 

Purge the variables used in this section.

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

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

cotangent of a number, simply take the inverse of the number and calcu-
late the arc sine, arc cosine, or arc tangent, respectively.

Example: Find the principal values of

a. arcsin(.5)
b. arccos(-.95)
C. arctan(—8.98)
d. arccsc(—7.66)
e. arcsec(2) and
f. arccot(2.75) in HMS format.

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

=DEG= 3:
5 EFIX= 2 

)EECH( FIx JIESEETTEN( oeG JITTH  
a. Compute arcsin(.5) in HMS format.

.5 SASINE
 

 =
M
W

: 30. 0000E
ECECETINCEERITREET  

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

= HMS

 
 

= 3:
21
i: 30. 886808
2HMZHME>[HMS+[HMS-D2FER3D 

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

.95 = ACOS =
 

M
W : 30. BEOOA

: 161.80513
“SINRSIN]€05|ACOS[TANJATAN  
 

 

i i—HMS 3:

2: 30. 88888
1: 161.48185    
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¢. Compute arctan(—8.98) in HMS format.

8.98 = ATANE
 

3: 30. 08080
2: 161.481895
1: -83.64588

S ASIN CALL]
 

 

30.088610
161.48185
~83.33449%

[TEEES

=
M
W

 
 

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

7.66
 

3: 161.48185
2: . 38449
1: -8.1383535
[3HMS|HMS3[HMS+[HMS-D3R|K3D  
 

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

SASINE
 

 

3: 161.48185
2: -8 . 38449
1: 8128
IflllfiflflllflflllflflfllflmlfiflMI
 

Convert the resulting angle to HMS format.

=HMS =
 

3: 161.48185
2: -83.38449
1: -7.38046
EXLHCRECRESCRETT 
 

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

2 [1/x]
 

3: -83.38449
2: -7.38046
1: @. 56800
[ZHME[HMES[HMS+[HMS-]D3R|R3D| 

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

=ACOS=
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3: -83.38449
2: -7. 30846
1: 60. 08800

 BLREBTEEEEIRECTERIT



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

f. Compute arccot(2.75) in HMS format.

2.75 [1/x]
 

3: -7.38046
2: 68. 88080
1: 8.36364
[SIN|ASIN]€05|Acos|THN|ATAN|

 
  

Calculate the arctangent of the resulting numberto find arccot(2.75).

= ATANE

1 —HMS =

 

 
 

 

  1
[SHMS[HM3|HM3+WM3-]D3R|R30]
 

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

First, calculate arccos(-.9).

CLEAR

= ACOS =

Next, calculate arcsin(.6).

.6 ZASINE

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

(-]

 

 

'-
“I

\)
OJ

154. 15867
lflfllfiflflllflflllflfifllmfllfiflfll
 

 

154. 15867
36 86990

 

3:
1]’::

[SIN[ASIN]Cos |nCos |TAN [ATHN]
 

 

117.28817
 SIN[HsIN]cos[RCos|TAN|ATHN|
 

Calculate the sine of the resulting number.
 

I » z 1 
 

cH
2:

 
1: 8.88871

cos Acos
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Trigonometric Equations

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

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

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

CLEAR
 

1 z 1  

N 1 n X 1 

Key in the expression.

1COS (X) ~2+COS (3xX)
—5xSIN(X)=0"

 
3:
2:
1:

 N[ F1x JIESEIRao ]
 

 

 

2
1 ! 'COSCXI2+C0OS(3%X)-3

*#SINCX)=0"'
IO FIx ]IESETTRao ]  
 

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

= STEQ
= SOLVR =

Let 0 be an initial estimate forX .

0 Xi i

Solve forX .

[] ExE

 

3:

2:
EEEE(G0GIN  

 

X ouls
-

e

1:

 EEE (Y58 GOIN
 

 

!ero
1: 8.31
LJueFr=lry=1__11| 
 

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

glgn EEUEFS&!
1: 3.14

 EEEE Y68 GOIN.

 

 

  
 



Check your results by plotting the function.
 

' PPAR

   

  
 

 

-~

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

Purge the variables used in this example.

{'X''EQ' 'PPAR
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Complex Numbers

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

Example: Evaluate the following expression.

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

First, set the display for FIX 4.

[CLEAR]
[MODE] 4
 

FIX i

Calculate sin(.5+.3i).

(.5,.3 =SINE

Key in the complex number 3-4i.

(3,-4 [ENTER]

Key in the complex number 2+i .

(2,1 [ENTER]

Take the inverse of the number 3.

3 [
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3

T
BBFIx JESETETEERao ]   

 

 '.
“E

"“
’

(. 5912 8.2672)
SINJRsIN]CosJhiosTHNATAN-"

!

 

 

 

3:
2: (@, 5@12 B.2672)
1: (3.888 4.6@@8)

  

 

 

 

3: (0,5012,0.2672)
3: (3. 0000,-4. 60085
i (2.06008, 1. 00005
SIN ASIN]Co5[ACOS|THNTATAN| 

 

 

31 (3,000, -4.08000)
21 5. 00060, 1 56908)
1: 0.3333
SINJRSIN]coshCoSTHNATAN]   



Calculate the third root of 2+i .
 

3: (B,5012,0.2672)
3: (3, 0000,-4. 0000
i ¢i.2921,0. 208135

b9 e, (W) IS BRG] m  
Multiply the resulting complex number by 3-4i.
 

3
1: (4.6814,-4.35644)

  
 

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

3:
2
1: (5.1826,-4.2972)

 

 

 

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

'"LN (5-8xi) ~ACOSH (2+9x1i) g: (5. 1826, 4. 29725

13 (-D.6728,-2.3656)

 

 

 

 

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

=]
 

3:
2%
1: (1.1041,2.56849)
SINJrsIN]CosJacosTANATAN  
 

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

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

 

tan(x +iy )=
@) sinh(y )%+ cos(x )?

Key in the algebraic expression.

. Li [ TANGaryx i =(SINOOTey=(smox SSSSEIETER
COS (x) +SINH (y)xCOSH (y)x XIA2Y !  
 

i)+ (SINH(y)~2+COS (x)*2)"
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Store the equation in the variable EQ and display the Solver menu.

SOLV| ESTEQE

= SOLVRE=

Store the number 3 in the variable x.

3 X

Store the number 4 in the variable y .

4
 
Y i _}
 

  

3:

2
II(YAATN
 

 

— a
s

 (6_-\
 

 

1
LEFT=] k7=11| 
 

Evaluate the left-hand side of the expression.

= LEFT==

Convert this expression into a number.

[=NUM]

 

 

 

 

 

 

1 'TANC3+4%i) !
IAYAI

35
1 (-0.0002,0.9994)
II(YAII 
 

Evaluate the right-hand side of the expression.
 

 

 

T oTe-0. + £i
27745.7197!

|% |v[teFr={RT= ]||
 

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

[=NUM]
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3:
2: (-0.00082,8.9394)
1: (-8.00082,08.9994)
ITY6RO.
 



Clear the stack and purge the following variables.

{('y''x''EQ

 

 

3:
%:

[STECJRCEQJSOLWK]T50LCURDSHOM
 

Example: Express the following complex numbers in polar notation.

a.3-2V3i
V3

b. —1/2+ Tl

c.3+4

First, set the angle mode to degrees.

=DEGZ=

a. Enter in the number 3.

3 [ENTER]

Enter in the number -2.

—2 [ENTER]

Take the square root of the number 3.

3 V]

Multiply -2 by the square root of 3.

 

 
 

 

 
 3. 8080

IO Fix JIESEEETENI veG JIETTH
 

 

 

3:
2: 3.80080
1: -2.0804
ST0_|Q@ciplscTENG|QJach]RhD

 
 

 

 

3: 3.0808
2: -2.8086
1: 1.7321
BN FIx JIEESEEIToe]I
 

 

 
-3.4641

BN F1x JIESEIETE( vec JIETTH

3:
% 3.8800
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Combine the two numbersin levels 1 and 2 into a complex number.
 

=R-C=

  

3:

i (3.0000,-3.4641)
INTII 

Convert the complex number in rectangular notation to polar notation.
  
R—P= 

 

3

1 (4.5826,-49.1066)
ISTRI. 

b. Enter in the complex number —1/2+ —\/2—3_—i as an algebraic expression.

Convert the expression into a number.
 

[CLEAR]
'=1:2+/322x1"

 

3:
2

EZETGTT 

Convert the complex number from rectangular form to polar form.
  
R—P= 

(1.08008, 120.080008)
 IANTT 

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

[CLEAR]
(3,4 [REAL] =ABSZ

 
 

3:
2:
1: 9. 08608
[AES|STGNJMANTIRFON]]| 

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

LAST

 
 

3:
2: 2. 0006
1: (3. 0000, 4.06800)
[AES|STGNIMANTIRFON]|| 

Press = ARG =. The polar angle is returned.
 (RG] SARGS

  

3:
2: 2.8000
1: 93. 1381
IGTTN. 
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Combine the magnitude and the polar angle into a complex number.
  

 

= = 3:
2
1: (5.00008,53.13081>
AGSTO
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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 triangleABC with vertices4 (x 1,y 1) =(-4,3),
B (x2y2)=(2,5),and C (x3y3)=(-3,-1), find

a. the length of side AC,
b. the coordinates of the midpoint of side4B,
C. the slope of side BC and the inclination,
d. the area oftriangleABC, and
e. the equivalent polar coordinates of the three points.

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

 

  

 

3
=DEG= F

2 =FIXE B[ FIx JESEETN( 0eG JIETTH 
 

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

  

 

(-4,3)'A 3t
i
IRID

Do the same for points B and C.

(2,5)'B 3:
(-3,-1)'c g

eefw11|  
 

a. The length of sideAC is vV(x3-x1)%+(y3—-y 1)2 The easiest way to
find the length is to subtract4 from C and calculate the absolute value of
the difference. (The absolute value of the complex argument (x,y) is
x+y)

=C= 3
28
1: (-3.008,-1.0808)
I-TDN
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Put point 4 on the stack.
 

  

 

=EAE 3
- 21 (-3.00,-1.080)

1: ¢=4.00,3.00)
IIT

Subtract pointA from point C.

(-] 3:
i: ¢1.00,-4.00)
ea1lL[] 

 

 

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

REAL| =ABS = %=

1: 4,12
AES|SIGN[MANT[HPON]|| 

 

 

b. The coordinates of the midpoint M (x) of side AB isx =(x1+x2)/2
andy =(y1+y2)/2. Thus
MExy)=(x1+x2)/2,(y1+y2)/2)=(x1+x2y1+y2)/2=(A +B)/2.

Put the coordinates for point4 on the stack.
 

[CLEAR] 2
USER] A= i (-4.00,3.00)

ISTTRI 

 

 

 

 

 

 

 

EBE :
28 (-4.808,3.088)>
1: (2 B, 5.04)>
_““---

Add the two coordinates together. The sum is shown in level1.

[+] 3:
1 (-2.008,8.00)
ISIARA 
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Divide the sum by 2 to obtain the coordinates for the midpoint.
 

2 [4]

 

3

IITA
1: (-1.080,4.608)

 
 

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

First, put the coordinates for C on the stack.
 

  
 

 

3
=C= 1: ¢-3.008,-1.08)

ISITIR

Put the coordinates for B on the stack.

=B= 3:
22 (-3.068,-1.68)
1: (2.08,5.00)
I I  
 

Calculate C -B.
 

[-]

  
Separate the coordinates.
 

=CRE

 

 

 

Swap the order of the x andy coordinates.
 

 

3:
2
1: (-5.80,-6.0808)
cBA

3:
2: -2.809
1= '6-@@

IEERSNECEETIB

3:

2: -6.808
1: -5.60
XXTITRNBT
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Calculate the slope by dividing the y coordinate in level 2 by the x coordi-
nate in level 1.
 

  

 

=] 3:
2
1: 1.209
R3CC3RRE_|IMCONJ|SIGN

The slope is equal to 1.20.

Compute the inclination by taking the arctangent of the slope.

= ATANE % :

1: 58.19
  

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

x1y11
12 [x2 y2 1

x3y31

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

Separate the coordinates of point 4 .
 

 

 

 
 

 

3t
A =CRE= < ~3-98

TTTTT.

Complete row 1 of the matrix.

1 3: -4.00: 8
ITITT  

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

B EC-RE 31 2. 60

1 i 8
X3TRSTT  
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Separate the coordinates of C and complete row 3 of the matrix.

C ECoRE
1 [ENTER]

 

 

3: -3.80
2: -1.60
1: 1.606
ITSITT.
 

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

(3,3 = SARRY S

Compute the determinant of the matrix.

=EDETE=

 

1: [[ -4.680_3.00 1.60 1
[ 2,08 5.00 1.60 ]
[3 B8 -1.80 1.080..

[FAREY]ARRY3]PUTGETJFUTIGETI |  
 

 

=
M .

: -26.0808
[Ckoss]poTDETAESJENRMICNEM)  
 

Divide the determinant by 2 and take the absolute value ofthe result. The
area of the triangle is returned to level1.

2[] 

II
Il

II
HI

 

 

3
2
1 13.006
[CRoss]o7DETAESJENEMICNEM)  
 

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

variable name and press = R—P =.

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

[CLEAR]
A =RP=

 

3:

i (5.00,143.13)
FoR|FoP|RoC]Cob]AR[ 
 

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

B =ER-P=

Do the same for point C.

C SRop=
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(5.00,143.13)
¢5.235,68.28)

3:
2:
1:
F3Rk3PR3CC3RARG|  
 

 

  

3: (5.00,143. 13)
St .35,68.20)
1: ¢3.16,-161.57)
OAANT.
 



Purge the three variables used in this example.

(C B A [PURGE]
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Polar Coordinates

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

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

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

Converting polar coordinatesis easily accomplished by executing the
Polar-to-Rectangular function P—R. One way to plot the four points is to
put the four points on the stack and use the PIXEL command four times,
but be sure to clear the displayfirst 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:
=DEGS F

2 =FIXE OFIx JIESEETN( 0eG JIETTE  
 

Key in point4 and convertit to rectangular coordinates.
 

 

(4,-15 T 3:
2:

: (3.86,-1.84)
IIITT.
 

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

 

 

 

(-4,380 =P—RE 3:
2: (3.86,-1.84)
1: (—31?6,-1l3?>

P>kR3FK*CC3kARG|
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Do the same for points C and D.
 

  
  

(-2,570 =P-RZ= 3: (3.86,-1.84)
2t (-3.76,-1.37)
i: 5 1,605
Pk|BaF]K3C1C3R|ARG[

(2,-195 =P=R= 3: (-3.76,-1.37)
21 i.73,1.68)
i: ¢-1.93,8.525
AT-  
 

The rectangular form of the four points are4 (3.86,-1.04),
B (-3.76,-1.37), C (1.73,1.00), and D (-1.93,0.52).

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

 

 

 

' PPAR |
= CLLCD= —— —
=DRAX= i  
 

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

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

l

Draw points C, B, and4 by executing the PIXEL command three more
times.

 

  
 

 

 

= PIXEL= i
S PIXEL= —— —
= PIXELS . l '  
 

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

ATTN 3
1

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

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

Program Listing:

"EXPRESSION?"
HALT

— T

« DROP

DEG
CLLCD
0360 FOR |
| 'theta’ STO

r EVAL
theta

R—-C

P—R

PIXEL
3 STEP

{ PPAR theta }
PURGE

Key in the program.

<«

— r « DROP DEG CLLCD
0 360 FOR I I

"EXPRESSION?" HALT

'theta'

STO r EVAL theta R—C

P—R PIXEL 3 STEP { PPAR

theta } PURGE » »

Polar Coordinates

Explanation:

Prompt message.

Program stops

(you key in the expression).
Store the expression
in the local variable r.
Drop the prompt message.
Set the angle mode to degrees.
Clear the display.
Loop: do for I from 0 to 360.
Store the current I
in the variable theta.
Evaluate the expression forr.
Put theta on the stack.
Combine r and theta.
Convert (r,theta)
to rectangular form.
Draw the point.
Increment I by 3 and
repeat until I>360.

Purge the plot parameters
and theta.

 
1: «"EXPRESSIDEE“ HALT

 "theta' STO r EVAL  



Store the program in the variable PEPLT (for "polar equation plot").

' PEPLT
 

 =
M
N
W
H

  
Display the User menu and execute the program.

USER| EPEPLT=
 

 

3:

: "EXPRESSION?"
GINRRR 

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

12xSIN (2xtheta)
 

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

ATIN] 'PEPLT'
 

1
 ISIIE!I---‘ 

Example: Transform r(1-sin(f))=2 into its rectangular form, substi-
tuting x2+y? for r2 and y for  sin(f).

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

[TRIG]
'rx(1-SIN(th))=2

 
3:
23
1: 'r¥(1-SINCth) )=2"'

 

 

 

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

ALGEBRA| = EXPAN=
 

w

51
1 'r%1-r#SINCth)=2"

 

 

AL 

Add rsin(6) to bothsides of the equation. To do this, press the key
to duplicate the expanded equation.

[ENTER]
 

P
N : 'r£1-r*SINCth)=2"

: 'r21-r2SINCELRY=2"
 

 

N| FORM [0ESUE[ENSUE] 
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Next, enter the number 6 and press = EXGET
returned.

6 = EXGETZ

il The subexpression 7 sin(f) is

 

 

3:
2: 'r¥1-r*¥SINCth)=2"
1: 'r#SINCthD !

 
 

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

Simplify the expression.

= COLCT =

 

23
1: 'r#l-r*SINCth)+r#SIN

(thoy=2+r'-I-SIN(th)

  
 

 

3:
2
1= r—2+SIN(th)*r
iFETB 

 

 

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

(7]
 

4
1: 'glll(r‘)=SG!(2+SIN(th)*

r
[COLCTJERFHN]ST2EJFORMJOESUE[ERSUE 

Now you can substitute x2+y? for 72 and y for  sin(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]

Enter in ’X"2+Y"2’ and press = EXSUB =.

Y XA2+Y22 =EXSUBEZ

86 Polar Coordinates

 

  

3
% 'SQ(r‘)'SQ(2+SIN(f1,h%a

[COLCT]ERFAN]ST2E[FORMJOESUE[ERSUE] 

 

2
1: L

l
s
e

;§“§TY“2=SQ(2+SINCthr

[COLCTJERPAN]STZE|FORMJOBSUB[ERSUE 
 



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

14 [ENTER]

Substitute *Y’ for *SIN(th)*r’.

'Y ZEXSUBE

 

 

=
M K2472=50C24SINCL,

ZOLCT|ERFAN]STZE|FORM|0SUEJERSUE 

 

 
3:2:
1: 'RA2+YN2=8R(2+Y)

 

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

First, duplicate the equation by pressing the key.

[ENTER]

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

i

9 ZEXGETE=

 

 

3:
2: 'RT2+YM2=5Q(2+Y) !
1: 'RA2+Y2=50(2+Y) !
[COLCTERFAN]STZEJFORMJOEZUE[ERSUE 

. The subexpression ’SQ(2+Y)’ is

 

 

3
2 'RA2HYN2=5QC2+Y) !
1 'SRC2+Y) !

 

Subtract ’SQ(2+7Y)’ from both sides of the equation.

(-]

Expand the equation.

= EXPAN =

Simplify the equation by collecting terms.

S COLCT =

 

 

=
M
W

'Rh2+Y2-SRC2+Y)=0"
 

 

 

2
1 JRERYEY- (27242528Y+
COLCTEFRN]S12E[FU[VESUE]ESUE  g 

 

 

2
1 §THRIREYNR-YN2-ey
COLCTJERFAN]SIZEJFORM [0ESUEIERSUE
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Collect terms.
 

= COLCT = 3:
28
1: '-4+X"2-4%Y=0"

FHEIE 
 

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

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

Example: Given the line passing through points4 (8,-10) and
B (-10,26), find

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

First, set the display to FIX 2.
 

 
=
N

BN F1x JIESEIITHEvec JETTH
 

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

Key in point4 and press = £+ =. The matrix ¥DAT is created with point 
A as the first entry in the matrix.

[8,-10 Sx+=

Add point B to the matrix.

[-10,26
 

1 ™ <+ |

 

 
 

 

 

3:
2%
1:
EHNIATS

3:
2
i:
BHBTTKBe

 

 

a. Find the y -intercept and the slope by executing the Linear Regression
function LR. They -intercept is returned to level 2 and the slope to level1.
 
LR 
 

 

3:
2: 6.080
1: -2.88
CoLE|Cokk|Cov|LR[FREDY]|  
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b. To find the corresponding value for y given x = -4, enter in the number
-4 and compute the predicted value. The value for y is returned to level
1.
 

 

=4 =PREDV= 3: 6.80
2: -2.88
1: 14.006
[CoLECorkcovLR_|FREDV]|
 

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

{ 'EPAR' 'ZDAT'

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 ofthe bisector of angle D .

a. Given two points (x 1,y 1) and (x2,y 2), the normal form of the equation

of the line connecting the two pointsis s* (4x +By +C)/(V.A2+B?) =0,
wheres ={-1or1},4 =y1-y2, B=x2-x1,and C =x1*y2-x2*1.

If C>0,thens =-1.

If C <0, thens =1.

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

First, store *Y1-Y?2’ in the variable4 .
 

'Y1-Y2''A 3t

1:
ININR   

Store ’X2-X1’ in the variable B .
 

  

 

'X2-X1''B %

&-“-__-

Store *X1xY2-X2xY1’ in the variable C.

'X1xY2-X2xY1''C g

““---  
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Key in the normal form of the equation.

' Sx (AxX+BxY+C) +

vV (A"2+B72) !

 

 

2%
1: 'S*xCAxX+B¥Y+CO -I (A™2

+B"2)>!

 

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

= STEQE
= SOLVR =

 

 

3:

2
sviva®wa¥l
 

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

 

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

3
 

1 1 |Y1 

Enter in a 2 and store it in X2.

2 1 1

 

 

gimfl_

 
e

ITITT
 

 

 ITITT
 

 

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

5 1 Y2 1 ..E 

Determine the sign of the variable S.

C [ENTER]

 

1
 EEEWTT 

 

—
=
P
N
w

'X1xY2-X2%Y1'
ITTT.  
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Evaluate C.

EVAL
 

 

3:
-
1: -26.00
IWTNTT
 

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

 

3:

&
STTNIT
 

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

S

S.

1 ..i
Display the resulting expression.

= EXPR= =

 

1
 IIIIIHIIlflfllllflllfiflllflflli 

 

 
+OR1*¥V2-XD* ZJC¢C

Y1-Y2)"2+(X2-K1>)"2>'
[v[ewFr=][[]

 

 

Evaluate the expression by pressing Theleft side of the normal
form of the equation ofline DE is returned to level 1. (The rightsideis
equal to zero.)

EVAL

Now find the equation for line DF .

 

 

2%
1: é(éé?*X)+6*Y-26)/

I(1NIN
 

Store the coordinate —3 in the variable X2.

-3
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l: I !-%5*§!+!*!—!g!/

6.32'
s1va|va|w|wa|H1]

 

 



Store the coordinate —1 in the variable Y2.

-1 Sv= w+H¥7-

ITTT

  

 

  
Press followed by the key.
 

 

 

 

 

C [ENTER] 3:
2: (- (2%X)+E¥Y- 26)76..
1: 'X1xYe2-XZ*YI'
ITTTT

Evaluate C.

EVAL 3:
2! ' (-(2%X)+6%Y-26)/6...
1: 13.600
INTTTW  

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

21
[: 1CC2xKO+6%Y-26)
svlv&|#eA1 

 

 

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

 

-1 ES= 2%
: - d* +o¥Y- s

6.32"
IOTT
 

Display the resulting expression.
 

 

 

SEXPR= = N .
Y+ *Y - * s
((Y1-Y2)"2+(X2-K1)"2
vJewer=]||||
 

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

 

EVAL 3:
2t ' (=(2%KI+6%XY-26) /6. .
18 '-((4¥X+¥Y+13)/4.12)>"
IG172II
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b. To find the equation of the bisector of angle D simply equate the two
expressions in levels 1 and 2 and simplify. To simplify this process even
more, subtract the two expressions and equate the difference to zero.

(-]
 

10 ' (=(2¥X)+6%Y-26)/
6.32+(4*X+Y+13)74.12

 vJewer=]||||
 

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

O [ENTER]
[=] [ENTER]

Expand the equation.

= EXPAN =

Expandit again.

EXPAN =1

 

2¥X)+6xY-26)/
+(4¥X+Y+13)>74.12

-
|

N
~

  
 

 

10 ' (-(2%X)+6%Y)/6,32~
26/6.32+C(4xX+Y)
4.12+1374.12>=0"

 COLCTJERFAN]ST2E|FORMJOESUE[ERSUE 

 

18 '-(2%X)/76.32+6%Y/
6.32-2676,32+(4%X/
4.12+Y-4.12+134.12)

 EXFAN FORM [OESUEIERSUE
 

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

= COLCT =

Purge the variables used in this example.

 

2
1 lé@ 96+0.65%X+1. 19%Y

 ERFAN OBSUEIERSUE
 

{ISI rtytixa2riyqriyxqe 'EQ''C''B''A!
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The Circle

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

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

First, set the display to FIX 2.

[MODE] 2

 

 
FIX 1

H
N
U
J

1 

 [FIX JIESENLTHoG]I
 

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

 
 

 

''(X+2)72+(¥-1)"2-20" 21

Eammm

Expand again.

S EXPANZ 21
1 IRERF2EXE2+2%2+ (Y¥Y-

2*Y*1+1*1 )-28'
[COLCT]ERPAN]ST2E|FORMJOBSUE[ERSUE 
 

Simplify the expression by collecting terms.

COLCT = 2:
i:

 

L= 15+KM2+Y244%K-2%Y

[COLCTIERFAN]ST2EJFORMJOESUEJERSUIE]  
Key in the expression for the first circle as shown below and press

'XA2+Y72-5
 

  ]
—
M
o

-15+x*2+v§254$§22§.
COLCT[eitFST2E0RHMJoESUE[EHSUE=  
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Find the equation for the radical axis by subtracting the expression in level
1 from the expression in level 2.

-]
 

- '=154+KM2+YN2+EX-2%Y
- (X"2+Y"e2-52"

[COLCT[ERFAN]ST2EJFORM J0ESUEJERSUE

 

  

 

Expand the expression.

= EXPANZ 28
13 "= 15+XxX+YxY+42X-2%Y

= (R¥EXR+Y%Y-5)"
[COLCTJERFRN]STZEJFORM[OEZUEJERSUE] 
 

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.)

CoLoTE  
=
M
W

'-18+4%RK-2%Y"'
[COLCTERFAN]ST2E|FORM JOESUEJERSUE 
 

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 forX and then find the corresponding value(s) for Y.

Solve for the variable Y.
 

'Y SI1SOL=

W '(-10+4xRk)2"
TAYLE F3  
 

Store this expression in the variable Y.

'Y [sT0]
 

=
M
W

  TAYLR] IS0L [QUAD|SHOW JOEGET]EXGET
 

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

'XA24Y22=-5=0""'X =SHOW= 2
1: 'é:%-f((-18+4*><)/2)*2
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Since the equation in level 1 is a quadratic, use the QUAD command to
find the value(s) ofX .

'X
 

= QUAD

=
M
W

2.080

X 
 

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

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

'Y 3t
2t 2.00
L: ' (- 1a+4*x>/2'

  
 

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

=STEQE %:
= SOLVRE= < .00

ITII. 
 

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

X

i
1
ITII. 

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

S EXPR== ==

1: -1.00
I(77IRN 
 

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

Purge the variables that were created in this example.

{'X' 'EQ' 1y?
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The Parabola

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

a program to draw a horizontal parabola.

Example: Plot the graph ofx2=4(y +1).

First, set the display to FIX 2.

3
2 EFX {

BTNFIx JEESENI veG JHATH

 

 

  
The semi-reduced form of the equation of a vertical parabola is
(x —h)?=4p (y —k), where (h k) is the vertex, x =h is the axis, (h k +p) is
the focus, andy =k —p is the directrix. In this example, h =0, k = -1, and
p =1. Therefore, the vertex is V(0,-1); the axis is x =0; the focus is
F(0,0); and the directrixisy = -2.

Key in the equation for the parabola.

'XA2=4x(Y+1)
 
3
2
1 'Xh2=4x(Y+1)!
BN F1x JIESEIETN( vec JETTH 

 

 

Isolate the variable Y.

'y =ISOL=
 

M
W

‘X2s4-1"
ThvLk| LsoL   

Store the expression for Y in the variable EQ.
 

 

= STEQE :

1
[STEC:[RCEC: |FMIN|FHMAJINDEF[DRI |
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Draw the graph of the parabola.
 

= DRAW= - 1 ;
N ”

  
 

Purge the variables created in this example.

{'PPAR' 'EQ'

Example: Plot the graph ofthe horizontal parabolay2= —4(x —1).

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

respectively. The vertex is V(1,0); the axis is y =0; the focus is at (0,0); and
the directrix 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 1, k, andp. (A prompt message is displayed requesting you
to enter the numbers.) Given these three numbers, the program draws the
graph of the parabola with the vertex at the center of the display and each
tic mark on the axes represents 10 units.

Program Listing:

"ENTER h,k,p"
HALT

—hkp«

DROP
CLLCD
10 *H 10 *W

h k R—C CENTR
DRAX
(Y-k)"2=4xpx(X-h)’
‘X" 1SOL
‘X' STO
k20 - k20 + FOR|
1Y’ STO
XEVALY R—C
PIXEL

Explanation:

Prompt message.

Program halts
(you key in 3 numbers).
Store the 3 numbersinA k andp.
Drop the prompt message.
Clear the display.
Multiply the height and width by 10.
The center of the displayis (1 k).
Draw the axes.
Equation for a horizontal parabola.
IsolateX in the above equation.
Store the expression in the variable X .
Loop: do for I from k —20 to k +20.
Store the current / in variable Y.
EvaluateX and form point (X,Y).
Draw point (X,Y).
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1 STEP

{ XY PPAR } PURGE

Key in the program as shown below.

« "ENTER h,k,p" HALT
—+ h k p « DROP CLLCD
10 *H 10 *W h k R-C
CENTR DRAX ' (Y-k)~2=
4xpx(X-h)' 'X' ISOL
'X' STO k 20 - k 20 +
FOR I I 'Y' STO X EVAL
Y R—C PIXEL 1 STEP
{ XY PPAR } PURGE » »

[ENTER] [<>]

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

 

 

1: « "ENTERh

 

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

'"HPAR' [STO]
 

 —
N
W
s

 

Display the User menu and execute the program.

USER| EHPARE
 

 

3
2:
1: "ENTER h,k,p"
mm—-———
 

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

0,-1

Press 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.

HPAR

Key in the value of /.

-35

Key in the value of k.

-10

 

 

3:
2:

 

 

 

  
 

 

 

1: "ENTER hyk,p"
(weae11111__

3:
2: "ENTER h k,g"
1: -35.80
LTIIIB.

3: "ENTER h k,g“
2: -32.88
1: -10.60
ICTZT:IIIB.

 

 

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

3 [conT]
 

   
To purge the program HPAR, do the following.

'HPAR
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Example: Horizontal Parabolas Using DRAW.

The program below is an alternate approach from the point-by-point func-
tion plot in program HPAR. This program takes &, k, andp from the
stack and creates an EQ representing the upper and lower halves of the
parabola and uses the DRAW command to create the plot. Note for
y2(x) < 0, the DRAW routine producesa line intersecting the curve at the
vertex.

 

Key in the following program.

« 'X' PURGE 1: « 'X' PURGE + h k p
— h k p « € "2((X-h)*p>'

EVAL_DUP NEG = k +
'2 x v/ ((X-h)xp)' RE STEQ CLLCD DRAMW ®»  
 EVAL DUP NEG = k + RE

STEQ CLLCD DRAW

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

'"HPAR2
' PPAR

 

—
-
=
M
N
w
W
H

  
 

Execute the program for the previous horizontal parabola.

1,0,-1 = HPAR2 = ix._

E7ES
 

 

  
 

Purge program HPAR? if you wish.

'HPAR?2
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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.

L;ZX + _(%1.22_ =1

The general equation of an ellipse is

L—ZfiA&ffifl
a b

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

(h £c k), where ¢ =V a%-b% and the ends of the minor axis are at points

(h &k £b).If b >a, then the major axis is parallel to the y-axis; the vertices
are at points (h ,k +b);the fociare at points (h k *c); and the ends of the
minor axis are at points (h +a k).

For this example, h = -2,k =1,a =3, b =2, ¢ =2.24, and the major axisis

parallel to the x-axis. The center is at (3,2); the vertices are at points (1,1)
and (-5,1); the foci are at (0.24,1) and (—4.24,1); and the ends of the
minor axis are at points (-2,3) and (-2,-1).

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

Program Listing: Explanation:

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

(you enter in the 4 values).
—hkab Values are stored in h,k,a and b.

DROP Drop the prompt message.
CLLCD Clear the display.
2*H2*W Multiply the height and width by 2.
h k R—C CENTR The center of the displayis (h,k).
DRAX Draw the axes.
'X-h)"2/a"2+ The general equation
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(Y-kK)"2/b"2=1’

Y’ ISOL

"Y' STO

-11FORJ

J’s1’ STO

ha-ha+ FORI

I’X’ STO

XY EVAL R—C

PIXEL

.2 STEP

2 STEP
{PPARXY st}

of an ellipse.
Isolate Y from the equation.
Store the expression in the variable Y.
Loop1: do forJ from —11to 1.
Store the current J in variable s 1.
Loop2: do for I fromh —a toh +a.
Store the current / in variable X .
Form the point (X,Y).
Plot the point (X,Y).
Increment I by .2 and repeat
until7 >h +a.
Increment J by 2 and repeat loop11.
Purge the variables

PURGE created by this program.

Key in the program as shown below.

« "ENTER h,k,a,b" HALT 1: "

— h k a b « DROP

CLLCD 2 *H 2 *W h k
R—C CENTR DRAX
''(X-h)*2+a”r2+(¥-k) "2+
br2=1"' 'Y' ISOL 'Y' STO
-1 1 FORJ J 'sl' STO
ha-ha+FORITI 'X!
STO X Y EVAL R—C PIXEL
.2 STEP 2 STEP {PPAR X
Y sl } PURGE » »

Store the program in the variable ’TELLIPSE’.

'ELLIPSE' 41

 

  
 

 

  =
M
W

 

Display the User menu and run the program. The prompt message is
returned to level1.

USER| ZELLIPE
 

"ENTER h, k s 3y b"

ecerel| |]]| 
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Enter in the value for 4 .
 

 
 

 

  

 

-2 3:
%5 "ENTER h,k,g,ga

N2III.

Key in the value for k.

1 g "ENTER h,k,g,ga

1: .60
Ecezel1 [1[

Enter in the value for a.

3 3: -2.60
2: 1.60
1: 3,00
Ecerel1 [|[    

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

2 [CONT] /_\}\
“‘;"'f

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

ATIN] 'ELLIPSE

Example: Plot the graph of the vertical hyperbola

fli_gifi:l
4 2

 

   

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

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

2:
1: l§T+1 IN2r4-(K-4)"272

 OKDERJCLUSKIMEM]11]   
Isolate the variable Y. The result is an expression representing two solu-
tions. The variable sI can be either +1 or —1.

'Y [SOLv] SiSOLE
 

 

2:
18 's1¥{C(1+(X-42"2/2)%

4)-1"
RCEQ [SOLVE T ETY   

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

STEQE
SOLVR =

i

Store the number 1 in the variable s1.

1
 

i @ i 

a”
]
fl o wn w
n I D 0 " 1

I 3 v 1
]

 
 -1 =Es1=

Press = EXPR= =.

= EXPR==
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51
i:

ITTI 

 

  

 

  

 

  

 

  



Set the expression in level 2 equalto the one in level 1.

(=] [ENTER]
 
1@ 'JT(C1+(X-42"2/20%4)-

%=I»{'((1+(X-4)"2/2)*4

[51 |8JewpR={|||  
Store this equation in the variable EQ and plot the graph of the hyperbola.

= STEQE
= DRAW 1

 

i ——

l
 

  
 

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

 

10 =*HE=

Multiply the width by 10.

10 =*w= 

 
3:
2

{41 CENTR] ¥W_|¥H  

 

3:
%:

AT ARES JCENTR] ¥Id¥H  
Draw the graph again. Each tic mark represents 10 units.

=DRAWE
 

S L

N\ s
7

Sl & &

o -~
N

. \.  
 

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

{'PPAR''sl''EQ"
 
3

 TRARlx!lml
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Example: Plot the graph of the horizontal hyperbola

G-47@+
4

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

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

Key in the program as shown below.

« "ENTER h,k,a,b" HALT
— h k ab « 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+ FORITI 'Y
STO X EVAL Y R—C PIXEL

.2 STEP 2 STEP { X Y sl

PPAR } PURGE » »

 

  
 

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

'HHYPERBOLA'
 

=
M
N
W
H

  
 

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

S HHYPE=
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3:
-
1: "ENTER h,k,a,b"
CTTTT3NNDB
 



Enter in the value for 4 .
 

 
 

 

  
 

 

4 3:
%E "ENTER h,k,i,ga

CTOEIIII

Enter in the value for k.

-1 31 "ENTER hsksasb”: %
[TIIN

Key in the value for a.

2 3 4.00
3: ~1.60
i: 3. 60
LTII  

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

2 (V] [cONT]
 

N

Y\  
 

If desired, purge the program.

'HHYPERBOLA
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Example: Plotting the General Form of the Equation.

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

Key in the programs below.

The first program’s parameters specify a vertical hyperbola.
 

« -1 1 MCON 3:
'"VHYP &

ICTTT0IIDN  
The second program’s parameters specify a horizontal hyperbola.
 

« 1 -1 MCON 3:

'"HHYP £
[TLTMI  

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

« 1 1 MCON )

'MELL :
 

—
M
N

 EETH LTI T DD
 

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 sl1} PURGE 3:
— h k a b sx sy « z
'sxxSQ((X-h)+a)+ [MCON[MELLHHYFJUHVP||
 

syxSQ((Y-k)+b)=1"
EVAL 'Y' ISOL DUP 1 's1l'

STO EVAL SWAP 'sl' SNEG

EVAL = RE STEQ CLLCD

DRAW 'sl' PURGE » »

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

'PPAR |PURGE : { .

-2 ’ 1 7 3 ’ 2 ENTER s ". % + $ et

USER| S MELL= \—fl’r

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

 

 

  
 

Now draw the vertical hyperbola.

ATTN

4,-1,2,'V2 P >~
vzJ{

 

 

  
 

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

 

ATTN f\

41-1121'\/2 * } * -+~

S HHYP= .    
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 ofthese two problems are included in this section.

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

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

First, set the angle mode to degrees.

3
=DEGE F

BTNF1: JIESEITTE vecT

 

1 1
]

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

Program Listing: Explanation:

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

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

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

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

and draw the points.
{T PAR PPAR} Purge the variables
PURGE created by the program.
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Key in the program as shown below.
 

« "LO,HI,INC?" HALT : « "LO,HI,INC?" HALT
—~ 1o hi inc « DROP Tolfii""éoé“? $ DROP
lo hi FOR I I 'T' STO T X EVAL Y EVAL   
STO T X EVAL Y EVAL

{3} —ARRY T+
inc STEP CLLCD
2 3 COIxX SCIx

DRWE { T TPAR
PPAR } PURGE » »

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

' PAREQ 4:
2:
i:   

Key in the expression for the x coordinate and store it in the variableX .

12-3xCOS (T) ' 'X
 

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

1442xSIN(T) ' 'Y 4
52
1

 

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

 

 

 

 

= PAREZS 3:
2°
1: "LOsyHI, INC?"
IBTA

Enter in the low value of T'.

0 3:
H "LOyHI, INC?"
1: 8.68
IITA 
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Enter in the high value of T'.
 

360 % "L0O,HI, IECS;

1 360. B0
IITIN  

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

20 [CONT]
 

   
The graph of the parametric equations is plotted. Press to exit from
the plot display. The table of valuesis stored in ¥DAT. T is in column 1;
X isin column 2; and Y is in column 3. You can see the first few entries to

the matrix by pressing the soft key labled 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 orderto hit the target?

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

=DEG=
2 FIX

 

1

—
M
N
w

 

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

x =v;t cos () and y =v;t sin(a)—.5gt2

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

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

Key in the first parametric equation and isolate T'.

' X=VxXTxCOS (A) ''T
=ISOLE

 

 

M
W

'X7COSCRYAV
STEC|RCEQ[SOLYR]TSOLQUAD]SHOW 

Store the resulting expression for 7T in the variable T'.

'T [sT0]
 

 

3:
28
1:
STEQ |RCEQ |SOLVR 

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

'Y=VXTxXSIN (A) -. 5x

9.8xT"2''X =SHOWZ=

 

 

10 'Y=V*(X/COSCRAYV)*
SINCAY-8,50%9.80%(X/
COSCRYVO2!

 

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

=sTEas
= SOLVR=

Store the number 0 in the variable Y.

0 Y ]I

Store the number 200 in the variable X .

200 =x=

 

  

 

 

3:
?:

vv%AJLEFT=

g 5

i:

ITNO(TGE 

 

 

!;mm_

1:

IG 
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Since we are using SI units to solve this problem, convert mph to m/s.
Enter in the number 170.

170

Key in the units *mph’.

'mph

 

  

 

 

3:
28
1: 170.08
ITO(GSGR

3:
23 178.80
1: 'mph'
IUGaRE 

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 unitslisted in the catalog.

"m:s"
CONVERT

Dl‘Op "m/S".

 

  

 

 

3:
2: r6.0608
1= llm/S"

IUOGGEE

3:
2:
1: 76,008
IBOGG   

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

1 < i
t i 

 
1
IUGE

 

 

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

0 =A ..i

Find the angle.

] EAS
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1
IAOYE
 

 

g1gn EEUEFSS!

 

 

1: 9.92
IG aGeE
 



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

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

 

T [=NUM] 3:
2t 9.92
1: 2.67
vv%&JLEFT=[KI=_
 

Purge the following variables.

{IAI ryriye lyl IEQI T
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Step-by-Step Examples
for Your HP-28C
 

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

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

® Infinite Sequences and Series

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

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