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UNIT 1 

000 

Section 1-1 Introduction 

The Hewlett-Packard 91UOA is a computer. It can 
be operated manually. in which case it serves as a calcu­
I:nor. or it can be programmed (given a set of instruc­
tiam) and ~crvc as a computer. 

FIGURE J 

Note the CRT (cathode ray tube) di'play screen and 
the keyboard in Figure I. Results of keys pressed on the 
keyboard arc shown on the display screen. There arc 
three rows of numbers, The bottom row is referred to as 
the X register or keyboard register. When numbers arc 
first entered in to the machine. they appear in the X 
register. The middle row is called the Y register. or Y 
accumulator since the results of operations performed arc 
shown in th is register. The upper row is the Z register 
or Z tempora ry. Arithmetic operations cannot be per­
formed on numbers in the Z register. 

"'0I1-.~ - 1lJ] -

-.... :, .... ~ 
01~; :.:: 
LiXt"j "-

When first operat ing the machine. the switches along 
the top of the keyboard sholiid be in the position shown. 

GETTING STARTED 

That is, the POWER switch ON, the PROGRAM-RUN 
switch to RUN. the FLOATING-F IXED PO INT switch 
to F IXED POINT. (The DEGREES-RAD IANS switch 
will be discussed later and may be in cither position for 
now. ) 

The decimal digit wheel on the right side of the key­
board wi II se t the number of places to the right of the 
decimal point. The least significant figure is rounded. A 
number which is too large for a particular setting will 
automatica lly go to noa ting decimal point (simila r to 
scientific notn tion ). This is discussed in Section 1-3 . 

In tile fo llowing exercises. the decimal wheel should 
be set at five . 

Section 1-2 Entry and 
Arithmetic Keys 

In the next few sections, we wi ll usc the following 
sect ion of the kcyboord. 

CJ 

Qrx 1c;;;V;';~Q 
u~~~ 

8000 
0000 
8800 
8000 

GLE.~ 



Let's try adding two numbers using the calculator. 
Follow the jns tructioll ~ Ii<.; ted below. pressing the kcys 
frolll left to right as they occur. 

Find s .\' " + b ,, = 521 b 273 

I-, =,,+bl I DECIMAL WHEEL AT 51 

STEP INSTRUCTION KEYS CRT DISPLAY 

o CLEAR "U" 
l ' OJ. Z 

O. Y 
o. X 

ENTER" QJ. Z 
o. Y 

52 1. X 

2 t t GJ. Z 
52 1. Y 
52 1. X 

3 ENTER b 2 71 3 UU. Z 
521. Y 
273. X 

+ 4 + [liD. Z 
794. Y 
273. X 

ate the am.wcr i .... located in the Y register. Why 

must step 2 be included in the instructions? ____ _ 

What would be on the display sc reen if step 2 was omit­
ted? Show how the display screen would appear after 
step 3. 

z 
Y 

X 

Would you obtain the same sum omitting step 2? __ _ 

The set of in\truclions li st~d abo\'(~ to ca rry Ollt this 
computation is an example of a program. Using this pro­
gram. compute, (I + h where (/ = 7.32 and h= 12. 15 . 
Show the linal result~ C' 1l the display screell . 

2 

'.- (1 + " 

tI 7.32 h 12.1 :; 

z 
Y fina l re ... ult 

x 

LeI .... change the abme program so that we can find 
the product of two Ilumber(,j. 

" 42.3 b = 37 

1/, til> I I DECIMAL WII EEL AT 51 

STEP INSTRUCTION KEYS CRT DISPLAY 

o CLEAR OJ. z 
o. X 
o. X 

ENTER" 
3 

'CD. z o. Y 
42.3 X 

2 t GU. Z 
42.3 Y 
42.3 X 

00 3 ENT~R b []J). Z 
42 .3 Y 
37. X 

x 4 50. Z 
1565. 1 Y 

37. X 

Suppo ... e \\t,! \\<II1I~d to chang!.! the above program ~o that 
\\e cou ld di \ ide (/ by h. Can you ... uggc"I what changc(s) 

IllU"t be made? 

Try the new program for di vision lIsing II 42.3 and 
I> 37. Your linal display should look like thi ~: 

o. 
I. 14324 

37. 

z 
Y 
X 



Execute the program for multiplication all the following 
numbers and show the final display. 

1/, = lib I 

I. 11 = 5 

2. 1/ = 73 

3. II = 17 

~--------------~ I DECIMAL 51 

b = 6 

" = 1.2 

b = - 2 • 

WHEEL AT 

Z 
Y final result 
X 

Z 
Y final result 
X 

z 
Y fina l result 
X 

We should be ready for some problems: 
I. Find the area of a rectangle. 

First we need a formula: A = hv 
What operation is indicated? 

* To obtain - 2. press @ CD or CD @ 
SO FAR: 

I . Numbers must be entered from left to right. 

2. The resull of an arithmetic operation appears in 
the Y register. 

3.11 Du~Jicates what is in X register into thc Y 
register. 

4. Changes the sign of the contents of the X 
register. s.a Adds the contents of the X and Y registers 
and places the result in thc Y register. 

6. 

7. 

8. 

Subtructs the contents of the X register 
from the contents of the Y register and 
places the result in the Y register. 

Multiplies the conten ts of the X and Y reg­
isters and places the result in the Y register. 

Divides the contents of the Y register by 
the contents of the X register and places 
the result in Lhc Y register. 

Follow through the program below filling in what you think will appear on the CRT display. 

Let I = 52 11' = 13 

A = Ill' DECIMAL WHEEL AT 5 

STEP INSTRUCT ION KEYS CRT DISPLAY 

0 CLEAR 8 I I~ 
I ENTER I (5J CD I I ~ 
2 t ~ I I~ 
3 E TER II' (2] (3) I I~ 
4 X 0 I I~ 

Your aoswer should be 676. 

3 



2. Area of a triangle. 
Formula: A = v" bh 
This time fill in the keys you would press and the CRT display. 

Find A when b = 12. " = 4 

STEP INSTRUCTION 

a CLEAR 

ENTER b 

2 t 

3 ENTER h 

4 x 

5 ENTER Y2' 

6 x 

• Remember v" = 0.5 

Check your final display against the final display in the 
program. Can you suggest another way of entering v,,? 

Locate the 3 key. Pressing this key. with the 

decimal wheel a t 5 will give an approx imation of 1r to 5 

decimal places. Change the decimal wheel and note how 

the value of 1r changes. Place the decimal wheel back at 

5, and let's try the following program using 7T. 

KEYS 

4 

I DECIMAL WHEEL AT 51 

CRT DISPLAY 

CJ~ 
CJ~ 
CJ~ 
CJ~ 
CJ~ 
CJ~ 
c:LJ. Z 

24.0 Y 
.5 X 



3. Arca of " ci rcle. 
Formula: A = Tir".! Let r = 7 
Follow through th is program. 

I DECIMAL WHEEL AT 5 

STEP INSTRUCTION KEYS CRT DISPLAY 

8 [Dz 0 CLEAR O. Y 
O. X 

0 [Dz I ENTER r O. Y 
7. X 

CJ ITJZ 2 t 7. Y 
7. X 

0 ITJz 3 X 49 . Y 
7. X 

0 
o. Z 

4 ENTER 7r 49. Y 
3.141 59 X 

0 
o. Z 

5 X 153.93804 Y 
3.14 159 X 

4. Circumference of a circle. 
Formula: C = 7i d where d = 13 

IC- rod l 
STEP INSTRUCTION 

o 

2 

3 

4 

C = 

5 

Rotate the decimal wheel to 4, 3. 2, and record your 
answers. 

D W. at 4 

D. W. at 3 

D. W. at 2 

Z 
Y 
X 

Z 
Y 
X 

Z 
Y 
X 

What is the function of the decimal wheel? 

Try some programs of your own. 

KEYS 

I DECIMAL WHEEL AT 51 

CRT DISPLAY 



5. Area of a trapezoid. 

Formula: A = '" lI (b + 8 ) 
If II = 4. b = 6. B = 7. fi ll in the keys and the C RT display. 

I A - ', II (b + 8 ) I Ir:O::-:E::-:C::::IM:-:-:-A""'L--;W:-OHE=E::-:L----:-A=T--:S"1 

RT DISPLAY 

o CLEAR 

ENTER b 

2 t 

3 ENTER B 

4 + 

5 ENTER II 

6 x 

7 ENTER 2 

8 

A= 

There are a few more keys which we should discuss in this first section. 

The key clD does just what it says. When this key is pressed, whateve r number is in the X register is 
clea red. 

Before Press ing 
Cl UR 

After Press ing 
CU.R 

X x 

521. Z 521. Z 
12.2 Y 12.2 Y 
5. X O. X 

6 



Th~ ff key take ... the <.,q lliJrc rOOl of the number which is in the X register and places the answer in the 
X register. 

Before Pressi ng (X After Pn:s~ ing ff) 

15. Z 15. Z 
972. Y Y72. Y 

25. X 5.nOnnO X 

Try the following : 

I. Find \ ' 29 I DEC IM AL WHEEL AT 51 
STEP INSTR UCTION KEYS CRT D ISPLAY DJZ 0 C LEAR c~ O. Y 

O. X 

(2)(9] [JJz ENTER 29 O. Y 
29. X 

2 y29 I ~ D~ 
Can you suggest a different program whieh might give us a better display? _______ _ 

, Find , / -3 

STEP INSTRUCTI01\ KEYS C RT DISPLAY 

0 

I 

2 

What happened" 

7 



Lers try something else. Divide 5 by O. fill in the program. 

STEP INSTR UCT ION KEYS C RT DISPLAY 

0 

I 

2 

3 

4 

What happened? _______________________________ _ 

Can you explain what thi~ meCl IlS? 

SO FAR : 

I. Decimal wheel sets tht.: number of decimal places 
to the right of the decimal point. 

2. The calculator recognizes illegal operations (such 
as dividing by zero. taking the sq uare root of a 
negative number) by means of a red light in the 
display sc reen. 

3. Approximates the va lue of 7/' and places 
it in the X register. 

4. Clears the X register. Docs not afTect the 
Y or Z registers. 

5. Takcs the square root of the number in the 
X register. Docs not afTec t the Y o r Z reg­
isters. 

8 

The fo llowi ng problems arc not a program. They arc 
each individual problems. Predict each of the fina l dis­
plays and then check your results using the mach ine. 

ORIGINAL DISPLAY KEY PRESSED 

Example OJ' Z ~ 7. Y \..=.J 
9. X 

FINAL DISPLAY 

OJ,. Z 
7. Y 
O. X 

I. ORIG INAL DISPLAY KEY PR ESSED 

OJ· Z 0 
7. Y 
9. X 

F INAL DISPLAY 

Z 

Y 

X 



2. ORIGINAL D ISPLAY 

OJ. Z 
7. Y 
9. X 

FINAL D ISPLAY 

KEYS PRESSED 

z 
y 

X 

FINAL D ISPLAY 

z 
Y 

X 

The.:: 8 key ta"~~ the integer part of the number 

in the X rcgbtcr. That is. it clears the decimal part. 

3. ORIGINAL D ISPLAY KEYS PRESSED Before prc~s i ng A After pressing (I,::) 

rn·51 Z 
3.4 Y 
1.2 X OJ. Z 

7. Y 
9. X 

00 rn.51 Z 
3.4 Y 
I. X 

FINAL D ISPLAY 

Z 

Y 

X 
The 8 key take, the absolute value of the con-

tents of the Y register. 

4. ORIGINAL D ISPLAY KEYS PRESSED Before pressing 8 After pressing ~ 

7. Y - 3.1 Y 3.1 Y OJ. Z 

9. X OJ. Z 

5. X OJ. Z 

5. X 

Section 1-3 Floating Point Notation 

AClu<llIy. numbers arc represented in the computer as floming point numbers. Floating point notation used 
in complltc~ i ~ o;; imi lar to the scientific notation used in many mathematics and science textbooks. Some examples are 
shown here. 

FIXED PO INT NOTATI ON SC IENTIF IC NOTATION FLOATING POINT 
(Standard Notation) 

123.45 1.2345 x 10' 1.2345 02 
10.000.000 10' or I x 10' I. 07 
0.000001 Io-'or I x 10-" I. -06 
3. 14159 3. 14 159 x 10" 3.14159 00 

- 987.65 -9.8765 x 10' - 9.8765 02 
- 0.000597 - 5.97 x 10- ' - 5.97 - 04 
• 6.02 x 10" 6.02 23 
• 1.67339 x 10-" 1.67339 -24 

'Why do we hc~iti.l l t: to write these numbers in standard notation? 

9 



A floating point number has two parts called the precision part and the exponent. 

1.2345 

t 
Precision part 

Some add itional cxaJllPIc~ arc shown below. 

FLOATING POINT NUMBER 
- I. 06 

3.14159 00 
1.67339 - 24 
1.2345 02 

02 
t 

Exponent 

PR EC ISI ON PART 
- I. 

3.14159 
1.67339 
1.2345 

EXPONENT 
06 
00 
24 
02 

Write each Haating point numeral in fixed point notation and scientific notation . The first two arc completed 
for you. 

FLOATING POI NT SCIENTIFIC NOTATION FIXED POI NT 
NOTAT ION NOTATION 

1.23456 - 05 1.23456 x 10-" 0.0000 123456 

1.23456 08 1.23456 x 10' 123456000. 

2.7 1828 00 

6.93 147 - 0 1 

3. 10062 0 1 

6.07610333 03 

1.0 - 07 

5.893 - 05 

Write each number in floa ting point. 

NUMBER FLOATING POI NT NUMBER 

186000 

3959 

6.6254 x 10-" 

0.00 111 8 

3. 14 16 

In the HP 9 1 (lOA, all numbers arc represented in­
ternally in floa ting point nelation with a 10 digi t precision 
part and a two digit exponent. The precision pmt is 
always in the range: 

- I 0 < precision part < 10 

The exponent is always an in teger in the range: 

- 99 - exponent ~ 99. 

Therefore. the calculator can operate all numbers in the 
range I O -~~ 1 to I O'~' . These numbers can h l:lVC up to 10 
significant digits. 

10 

1.86 05 

If the FLOATING - FIXED PO I IT switch is in the 
FLOA TI NG pos ition. the numbers represented in the 
X. Y. and Z registers a re displayed on the CRT in fl oat ing 
point form. Each Ilumber is displayed with up to 10 digits 
in the precision part. For example. 

1.673 4 
6.02 
3. 14 1 592 653 

precision p<lrt 

- 24 Z 
23 Y 
00 X 

exponent 



When Ihe ,wileh i, in FLOA TI NG posilion. Ihe DEC I­
MAL DIGITS "heel has no elTecl on Ihe display. If Ihe 
swileh is in Ihe FIXED POINT posi lion. the numbers 
in the X. Y. and Z registers arc displayed in sta ndard 
notation. roUnl.hxl to the number of decimal places speci­
fied by Ihe DECIMAL DIGITS wheel. 

The numhl'r of oigits that can be displayed in fixed 
poin t no{alion is limit..:-d by the following relationsh ip: 

Number oj' digit... 10 Ihe left of Ihe decimal 
- poillt pili., Ihe d...:cima l wheel selling is less 

than or equil l to ten. 

If a number j'l too large 10 be displayed in fixed 
notation. the computer displays it as a noaling point 
ber. For ~xal1lp l c. Ihe C RT behaves like Ihis 
35600.45 is enlered : 

D.W. at 2 D. W. at 6 

O. Z O. 
o. Y O. 

35600,45 X 3.560 045 04 

~5 -r 2 III BUI5 + 6 > 10. so it swi 
to floating point. 

The speed of lighl could be represenled as foliows : 

point 
Ilum­
when 

z 
y 

X 

lehes 

2.99793 05 
9.835 72 08 
1.86283 05 

Z kilomelers per second 
Y feel pc r second 
X miles per second 

Let's lIip Ihe swilch 10 FIXED POINT. Here is how 
Ihe display looks for DEC IM AL WHEEL sellings of O. 
3. and 6. 

D. W. al 0 

299793. 
983572000. 

186283. 

D. W. al 3 

299793. 
9.835 72 08 

186283. 

D. W al 6 

2.99793 05 
9.835 72 08 
1.862 83 05 

Z 
Y 
X 

Z 
Y 
X 

Z 
Y 
X 

I I 

You can set up the CRT as we have shown it by 
sClling Ihe FLOATING - FIXED POINT swi lCh 10 

FLOATING and execuling Ihe following program. 

STEP 

o 

2 

3 

4 

5 

INSTR UCT ION 

C LEAR 

ENTER 2.99793 x 10" 

t 

ENTER 9.83572 x 10' 

t 

ENTER 1.86283 x 10" 

KEYS 

0000 
00f:J0 

Since 1.86283 x [(Y' = 186283. we could also execute 
Step 5 by pres; ing only Ihe keys: 

The ENTER EX P key is used 10 enler numbers in 
SCIENTIFIC or FLOATING POINT nOlation . 

ENTER EX PONENT 

The ENTER EX P key is lIsed when enlering a 
floa ting poi nt number into the X register. Press­
ing ENTER EXP clears Ihe exponent ( in X) 
and causes Ihe next digil enlries (0 10 99) and 
C HANGE SIGN 10 afTecl only Ihe exponent. 

For example. 
To en lcr 6.02 x 10"' press 

To enler 7 miliion press 

0~::~' l 6 ) 



EXJ:':erimcnt with the @ key and see how it has to be 
used. 

Set the FLOATING - FIXED POI NT switch to FIXED 
POINT. 

I DECIMAL WHEEL AT 5 I 

E nter 4500 using the f:J key. 

Which of the following methods would be correct? 

KEYS 

(I) 806:30 

(2) 800 0 

(3) 8000 0 

Methuds (2) and (3) would both give you a va lue at 
4500. But method ( I ) gives 450. 

As a precaution. it would be best to change numbers 
in standard notation to scientific or fl on ting notation when 
you want to cntcr numbers using an exponent. 

Section 1-4 Control Keys 

Often we want to keep some of the numbers we have 
in the machine. but want them in different posi tions. The 
following control keys take care of this problem. 

When the (:J ~cy is pressed, the computer 
copies the content of the Y register into the Z 
register. and copies the conten t of the X register 
into the Y register. The X register is not changed. 
The previous con tent of Z is erased from the dis­

play. 

Before pressing (:J After pressing (:J 

CD33. Z 
22. Y 

I. X CJ_2. Z 
I. Y 
I. X 

12 

YOLI can probably guess what the 0 key does! 

When the 0 key is pressed, the compu ter 
copies the content or the Y register into the X 
register, and copies the content of the Z register 
into the Y register. The Z register is not changed. 
The prev iolls content of X is erased from the 
display. 

Before press ing 0 After pressing 0 

[}O33. Z 
333. Y 

22. X CD33. Z 
22. Y 

I. X 

Notice. however. that when either of these keys arc 
used. you arc losing some of the numbers which were in 
the machine. 

The following two keys change the o rder of the dis­
play. but all of the numbers arc retained. 

The first key is the GD key. Study the example below. 

Before pressing GD After pressing GD 

ITJ33. Z 
22 . Y 

I. X CO2. Z 
I. Y 

333. X 

Note that all the numbers arC still displayed. Only 
their order has been changed. 

Try completing the box below. 

Before pressing CD 

[D. Z 
6. Y 
7. X 

After pressing GD 
Z 

Y 

X 

This key ro tates the contents of the X. Y, and Z 
registers as follows. 



The 9 kcy performs thc rotation in the opposite di­

rl'Ction (0 that of the @ key. 

Rotates the contents of the X . Y. and Z registcrs 
a~ fol lows. 

(1 
X 

If we opera tc the ® key. the display will be shown 
i..l'l follows: 

Before pressing ® After pressing ® 

W33. Z 
22. Y 

I. X W. Z 
333. Y 

22. X 

Complete the display box below. 

Before pressing ® 

OJ. Z 
6. Y 
7. X 

After pressing ® 
Z 

Y 

X 

Section 1-5 Traces 

There is another key which changes thc order of the 
numbers on the display. and retains all the same numbers. 
This is the § ' kcy. 

Frequently wc may wish to intcrchange the contents 
of the X and Y registers wi thout disturbing the content of 
the Z register. This is accomplished by using the 8 
key. 

.. This key exchanges the content of the X and Y 
'III registers. The Z register is not affected. 

To illustrate this operation, 
ample. 

Before pressing 8 

IT]33. Z 
22. Y 

1. X 

we show the following ex­

After pressing 8 

~~ 
~x 

Try this operation by completing the display box on the 
right. 

Before pressing 8 
5. 
3. 
7. 

Z 
Y 
X 

After pressing 8 
Z 

Y 

X 

We will use the fo llowing abbreviat ions for the keys 
we have just defined. 

KEY ABBREVIATION 

@ Rt 
® R. 
8 x"'Y .... 

In order to clarify what happens when we execute a program on the HP 9 100A, we will trace several pro­
grams. That is, for selected values of input variables, we will show a step-by-step description of what happens in the 
computer. Although you may find these traces to be quite obvious ... carry on anyway! We are trying to develop 
a technique here that will become essential as you begin writing and analyzing more complicated programs. 

We begin by numerically tracing a program that is already fam iliar to you. Here is a trace of our program 
to evaluate J = {/ + b; it shows thc contents of the X, Y, and Z registers after eacb step is carried out. 

I s = {/ + b I {/ = 57 b = 29 

STEP INSTRUCTION X Y Z 
0 CLEAR O. O. O. 
I ENTER {/ 57. O. O. 
2 t 57. 57. O. 
3 ENTER b 29. 57. O. 
4 + 29. 86. O. 
5 CLEAR X O. 86. O. 

13 



Now it's your turn . Trace the program for .\ = (l + b, for a = 857 and b = 296. 

,. = a + b a = 857 b = 296 

STEP INSTRUCTION x y z 

o CLEAR 

ENTER a 

2 t 

3 ENTER b 

4 + 
5 CLEAR X 

Next we show a trace of a program to evaluate q = a "'" b, for a = 29 and b = 32. Execute this program aD the com­
puter. 

q = a","b D. W. at 5 

STEP INSTRUCTION X Y Z 
0 CLEAR O. O. O. 
l ENTER a 29. O. O. 
2 t 29 . 29 . O. 
3 ENTER b 32. 29. O. 
4 . 32. . 90625 O . 
5 CLEAR X O. .90625 O. 

Without using the HP 9IOOA. complete the numeric trace of this program using a = 75 and b = 3 . 

q = a","b 

STEP INSTRUCTION X Y Z 

0 CLEAR O. O. O. 

1 ENTER a 

2 t 

3 ENTER b 

4 . 

5 CLEAR X 

14 



Hero is a "do nothing" program. We have partially t raced it numerically. It should help you understand the 
pn::v iou~ I-.. I?)' !'; . Complete the trace. 

STEP INSTR UCTION X Y Z 

U C LEA R 0 0 0 

ENTE R 3 3 0 0 

2 R t 0 3 0 

3 ENT ER 2 2 3 0 

4 R t 0 2 3 

5 ENTER 

6 R t 
7 X .... Y .., 
8 Rt 

9 .... 
X..,Y 

a R+ 

b X .... y .., 
c CLEAR 

\Ve can also show a trace in terms of variables and algebraic expressions rather than specific numerical values. 
For example. here is the algebraic trace of a program to evaluate .f = a + b. 

, = a + b 

STEP INSTR UCTION X Y Z REMARKS 
0 CLEAR 0 0 0 
I ENTER a {/ 0 0 Enter value of a. 
2 t a {/ 0 Copy value of a into Y . 
3 ENTE R b b {/ 0 Enter value of b, 
4 + b a + b 0 The value of a + b is in Y. 

In Step 1. we show the Ictter "a" in X . We mean, of course, that the numerical va lue of II is in the X register. 
Similarly in Step 3. \\c mean that the numerical val ue of b j, in X ; the numerical val ue of a + b is in Y after execution 
of Step 4. 

Now do a numeric trace for a = 5.76 and b = 8.39 ; . how the trace. 

s = a + b 

STE P INSTR UCTION X Y z RE MARKS 

o CLEAR 

ENTER a 

2 t 

3 ENTE R b 

4 + 

15 



Next we trace a program to compute the area A of a circle of radius r. 

A = 'TTr~ 

STEP INSTRUCT ION X 
0 CLE AR 0 
I ENTER r r 
2 t r 
3 X r 
4 E NTER 'TT 'TT 

5 X 'TT 

Trace the same program numerically for , = 5 

STEP 

o 

2 

3 

4 

5 

A = ",,,' 1 
INSTR UCTION 

CLEAR 

ENTER r 

t 

X 

ENTER 7T 

X 

Y 
0 
0 
,. 
r"! 
, '.! 

1T ,'! 

x y 

Z REMARKS 
0 
0 Enter value of , . 
0 
0 
0 'TT ~ 3. 141 592654 
0 The value of 7i ,2 is in Y. 

z R E MARKS 

Notice how the fin al display appears in the two programs above . What is the content of X? ____ _ Is 

Ihis necessary in the fi nal display? ______ _ ___ _ _ ________ _ _________ _ 

. In Ihe [ulure. clear the display screen so that only informa-
tion pertinent to the result is displayed. 

How could we change the above two programs so the screen appears as [a llows? 

O. 
A 
O. 
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Con,idcr the area of a triangle of base b and height II . Examine the algebraic trace of the program below and 
complete the REMARKS column. 

A = lI,bh II 

b 

STEP INSTRUCTION X Y Z REMARKS 

0 CLEAR 0 0 0 
I ENTER b b 0 0 
2 t b b 0 
3 ENTER II h b 0 
4 X h bh 0 
5 ENTER 2 2 bh 0 
6 . 2 V, bll 0 
7 CLEAR X 0 'hbll 0 

Trace the same program numerically for a triangle with b = 5 and h = 3. 

A = lI,bll 

3 

5 

STEP INSTRUCT ION X Y Z REMARKS 

0 CLEAR 

ENTER b 

2 t 

3 ENTER II 

4 X 

5 ENTER 2 

6 

7 CLEAR X 
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Complete the following algebraic trace of a program to evaluate A = P + Pro 

A P + P,. 

STEP INSTRUCTION X Y 

a CLEAR a a 

ENTER r r a 

2 t 

3 ENTER P 

4 X 

5 + 
6 CLEAR X 

Now trace the program numerically for r = 0.06 and P = lOOO. 

STEP 

a 

2 

3 

4 

5 

6 

A = P + P,. I 

INSTR UCTION 

CLEAR 

ENTER ,. 

t 

ENTER P 

X 

+ 
CLEAR X 

Therefore, A 

X Y 
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Below is a program to compute the volume V of a right circular cylinder with radius r and height h. Write 
the algebra ic trace. 

r 

V ::::: ii r~ h 

STEP INSTRUCTION x y z REMARKS 

o CLEAR 

ENTER ,. Enter a value for r. 

2 t 

3 x 

4 ENTER r. 7r ~ 3.141598654 

5 x 

6 ENTER II Enter a va lue for h. 

7 x 

8 CLEAR X 

Execute this program on the computer for r = 2 , II = 5 and record your results. V = _________ _ 

Here i, a program that uses the Z register. T his program computes the value of (a + b l (c + dl. Look it 
over carefully. 

R = (a + b) (c + d ) 

STEP INSTRUCTION X Y Z REMARKS 
0 CLEAR 0 0 0 
1 ENTER" a 0 0 
2 t " " 0 
3 ENTER b b " 0 
4 + b " + b 0 
5 ENTER c c a + b 0 
6 t c c " + b 
7 ENTER d " c a + b 
8 + d c + d " + b 
9 t c + d a + b " + b 
a X c + d R a + b R - (a + b) (c + dl -

Why is the Z register necessary for finding the product of the sums? 
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Execute the preceding program for 0 = 4. b = 6, c 13, and d = 5. 

Record the results from the CRT below : 

0 + b 

(0 + b ) (c + d) = 

c + d = 

_________ Z register 

_________ y register 

_________ X register 

Write a program to compute the surface a rea of a (closed ) right circular cylinder with radius r and height h. 
As you write each step. also show the algebraic ex pression whose va lue is in each register. 

,. 

h 

S 277 I'll + 2iT r:!. 

STEP INSTR UCTION x y z REMARKS 

If your program involved more than 9 steps, you arc work ing too hard! Hint : 27T r/z + Ii r = 27i r( h + r ). 

20 
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Section 1·6 Vector Keys 

Therc arc a few other keys which may prove useful. 
They arc referred to as vcctor keys since they deal with 
ordered pai rs of numbers. 

Adds the ordered pair of numbers in the X and 
Y registers to the ordered pair of numbers in the 
J and e registers. The result is stored in the J and e 
registers. The contents of X. Y und Z do not 
change. 

For example. 
e + Y ~ e 

f + X ~f 

BEFORE PRESSING OJ AFTER PRESSING OJ 

ITI~ n-l~ 
~X~X 

[0; 1 ~: I ~ 

Complete the following: 

BEFORE PRESSING OJ 

OJ. Z 
4. Y 
3. X 

'--__ i_: _-,I ; 
AFTER PRESSING OJ 

z 
Y 

X 

Subtracts the ordered pa ir of numbers in the X 
and Y registers from the ordered pair of numbers 
ill the f and e registers. This docs not affect the 
contents of the X, Y. and Z registers. 

2 1 

For example, 
f - X ~ f 
e - Y ~ e 

BEFORE PRESS ING 0 AFTER PRESS ING 0 

OJ· Z 
2. Y 
5. X [C. Z 

2. Y 
5. X 

__ ~_: _--11 ; IL-_-_~_·· _ --11 ~ 

Complete the fo llowing. 

BEFORE PRESS ING 0 

[0. Z 
-4. Y 

3. X 

'--__ ~:_-'I ; 
AFTE R PRESSING 0 

Z 

Y 

X 

L-_ _ _ ---11 ; 
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UNIT 2 

000 
So rar we have been using the HP 91 OOA as a calcu­

lalor. Although we have been writing programs. we have 
been nsing them manually. Let's make the HP 9100A do 
some of the work. We can make it behave like a com­
puter. under control or a program that is stored in its 
memory. 

Section 2-1 Storing a Program 
Each key on the H P 9 1 OOA has a code. When a key 

is pressed. the machine reacts to the particular code at­
tached to the key. Rerer to the inside front cover for a 
list or each key and its code. 

What do you notice about these codes? 

You should have noted that each code is a two-digit nUln­
ber and that the digi ts arc not greater than 7. 

Let's actually run through a program we've already 
done. but this time we'll put the compu ter to work. 

First. you need a mark sense card. Study it for a 
moment. Look down the step column first. The first step 
would be step 00. (You must supply the first 0.) The 
second step is 0 I , next 02, and so on. Note that after 
step 09. the next step is Oa. After reaching step Od, the 
calculator then goes to stcp 10. I I. 12, and so on. 

Now look at the next column. It's divided into two 
parts. The left portion is used to write the key you want, 
and the right portion its code. For instance. suppose we 
wanted to press the C LEAR key. We would write: 

KEY 

CLEAR 20 

Shou ld you make a ll error, use the "Skip" column. 
Filling in this box will prevent the ca rd reader from rcad­
ing your error. Be sure to renumber your next program 
step after lIsing the "skip" column. 

The last two columns are used 10 change the codes 
into a language the machine can understand. The first 
column is headcd 40. 20. 10 and the second column is 
headed 4, 2, I . All codes can be written in tenTIS of 40, 
20. 10. 4. 2. and I. Let's sec how it's done. 
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PROGRAMMING 

Remember the program we did for finding the area 
of a ci rcle? (Refer to Section I - 2 . Problem 3.) 

Rewriting part of it and inserting the codes: 

STEP INSTRUCT ION KEYS CODE 

00 CLEAR 8 20 

01 ENTER ,. 0J' 07 

02 t If! 27 

'-' 

03 X rxl 36 

04 ENTE R 11" " 56 

05 X 0 36 

06 END ** ,., 46 

*In this casco I' was 7. 
" AII stored programs should end with this instruction. 

We will define the 8 key later. 

Now put this program on your calculator program 
card. Darken the appropriate spaces in the right columns 
corresponding to the key-codes. Then check you r answers 
with the example below. 

STEP KEY 40 20 10 4 2 I 

00 CLEAR 20 -
01 7 07 - - -
02 t 27 - - - -

03 X 36 - - - -
04 7T 56 - - - -

05 X 36 - - - -

06 END 46 - - -

TO ENTER THE PROGR AM into the HP 9100A 
I. Switch PR OGRAM - RUN switch to R UN . 
2. Press CLEA R. END. 
3. Switch PROGRAM - RUN switch to 

PROGRAM . 
4. Place progri.llll card into the card reader. 
5. Return PROGRAM - RUN swi tch to RUN. 



The di!,play screen (before n.:turning ~witch to RUN) 
,hould 100' Ii,e the di'pl"y below: 

D. DO 
O. DO 
I.d ---- • 

z 
Y 
X 

* The..,I..' <Jigit ... Illay vary. 

TO RUN -I HE PROGRAM: 
I. With PROGRAM - RUN ,wi tch il1 RUN 

p,,,itiol1_ I"e" END. CONTI 'UE. 

Your illl ... WCf ..,hould appe~lr in the Y regi.., tcr. as it did 
in our origina l program. Sect ion I - 2. Probk l11 3. 

TO CHECK YOUR PROG RAM: 
I. PROGRAM - RUN ,wi tch to RUN. 
2. Pre" CLEAR_ E D. 
3. PROGRAM - RUN ,witch to PROGRAM. 
-I. Pre" STEP PROGRAM. 

The 'Icrecn ... houlll loul-. lil-.I.' thi ... : 

O. 
D. 

00 
00 

0.0----20 

Stc'P Code 

z 
Y 
X 

A!' you continue to pre..,s :~~~ . you can run through 

your program. ~tep by step. checki ng to ... ce that yOll have 
the correct codes. 

SIIOU LD YOU FIND A N ERROR 
I. PROG RAM - RUN ,,,itch to RUN. 
2. Pre ...... GO 1 0. then pre ...... thc two digits which 

lknote the ~ tep \\ hich ha ... all error. 
3. Return PROGRA M - RUN ,witch to PRO­

GRAM . pn: ..... the correc t I-.ey. 

To illu'I(r<ltc lhi!-.: SUPP<he. in thc program above. 

at ..,tt.:p 03 we had put in in\ tead of 0 
Naturally. \\ hen wc ran the prog ram. wc would gel an 

incorrcc t i.ln..,wcr. In :-. t('):.-checking our program when we 

I\:ached 'It<..'p 03. the display ... crecil would appear as fol-

lows. 

o. 00 Z 
O. 00 Y 
0.3----35 X 

As you call sec. the code number is not the one we 

origina lly wanted. To correc t th is step. turn swi tch to 

RUN. Pre!'!' 

pre..,!' (x 
~" III , a 3 . SII itch to PROG RAM . 

Then ~ t ep th rough the prognul1 again. 

This mL: thod 01 ~ tc IH.:llec l-. i llg your program is re­
fcrrc.:d to as "debugging" your progralll . 

Here is what you should observe when check ing th rough your program. 

PR ESS T HE KEY OBSERVE T H E D ISPLA Y EX PLANATION 

SUP 

l "RGM 

( 1m , 

~ 

STEP 
pRGM 

o. 00 
O. DO 
0.0---20 

O. 00 
O. 00 
0. 1-- -07 

O. 00 
O. 00 
0.2-- -27 

O. 00 
O. 00 
0.3---36 

O. 00 
O. 00 
0. 4 ---56 

O. 00 
O. 00 
0.5---30 

O. 00 
O. 00 
0.(\---46 

Correc tions could abo be madc quick ly on your calculator progri.l lll card. Be sure 
plele ly. write in the correct key and code. and entcr the card in the ca rd reader again , 
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Key code 20 
is in loca tion 

00 

Key code 07 
is in loca tion 

0 1 

Key code 27 
is in loca tion 

02 

Key code 36 
is in location 

03 

Key code 56 
is in location 

04 

Key code 36 
is in loca tion 

05 

Key code 46 
is in loca tion 

06 
to crase your error com-



Before goi ng .111)' furth~r. kt', li,t the ddinitinn, of "OIHC 

of the new k~ys \\1..'\.: b\-'cil u"illg. 

Thi ... inslrw.:tioll autolllatically halt, ~\~r.:u l il)11 of 
the program. Th~ S10r in-.trllc tion provides an 
uncondi tional halt of Ih ~ program "'0 that the 
opera tor can ~Iltn data or r~cord r~Sl1ll ... that 
app~:t r on the di ... play. Pr~""ing CONTINUE \\ ill 
begin :Jutum:.ltic execution again with the nl'xt 
program ... tep. 

In a 'i toreo prugraill . th l: END in .... truction halh 
execution of thl.! program in the same way that a 
STOP in!-ltruction ooe\. Ilowever. if the CON­
T IN UE key i::. then pn: ....... ed. the compllt~r wi ll 
begin at Step 00 in;tead of the step following 
END. In manual operation. pressing the END 
key has the same cfTect as pressing the threc keys. 
GO TO. O. O. 

With thc PROGRAM - RUN switch in the R UN 
pos ition . pn:ssing CO TI UE start" the HP 
9100A executing the "torcd program. 

Directs the HP 91 OOA to a specific location III 

Ihe program. 

We have defined the 8 key. but. up to this point. 

we have nut used it. 

Look buck at the program \\e ju~t completed. finding 
the area of <1 circle. The program we wrote was for lind­
ing the area of <1 circle whose radius is 7. Clearly. you 
can sec where this would be impractical. Revi\e thc pro­
gram so that it ca n be used to find the area of all circles. 

In our delinition of STOP. it states: "The STOP in­
struction provides an unconditional halt of the program 
so the ope rator can enter data . . .... \Vc would like to 
use the STOP instruction when wc want to en ter new 
data. 

In our pro,!!riJm wriU~ 11 on th~ computa program 
card described at the beginning of the Sec tion. step 0 I 
enters data. We must put i.I STOP in here instead of 
ENTER r. (Ou r code will change too.) 

Where else are \\'e entering. data? ________ _ 

Why don't we have to put a STOI' here' ------
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So our l1e\\ program should loo~ like thi,,: 

Sl EI' INSTRUCT ION KEYS CODE 

()O CLEAR u lU 20 

01 STOP "". 41 

02 t 
I t I 

27 

03 X x 36 

04 ENTER IT " 56 

OS X x 36 

06 CLEAR X Ie .... 
r 37 

07 END ... 46 

N(m \\ rit~ lip a 11l:\\ progralll l.:ard. Iilling In the cor­
rect code ... on the right dJld en ler the program. 

Since our program \\;.h altered. our in"truclion ... ~I 0 
R UN THE PROGRAM will al", change. 

TO RUN TH E PROGRAM 
I. Wilh PROGRAM - RUN ",itch in RUN posi­

tion. I"e" END. CONTINUE. (Pressing CON­
TI UE bring~ tbe program up to the fir't ~tor.) 

2. Enter data. press CONT INUE. 
( If there i') ani) one 'Itop. the program will nuw 
continue to the end. If there i ... more than one 
stop. you must press CONT INUE after each 
data entry.) 

Review what happened when you executed the pro­
gram. 

( I ) When you pres-cd the END ~ey. the computer 
wa~ ready to begin the program. \Vhen you 
pressed the CONT INUE ~ey. the CLEAR in­
... truction. \\ hich wa~ .... Iored 111 "tcp 00 wa ... 
~xecuted. 

(2) The HP <) IOOA then "ent to Step 0 I and 
executed the STOP ill-..truction. It ~topped. 

(3) You then entered the data . n he "alue of r.) 
(...J.) Then you told lhi.: computer to go ahead with 

the program by I"essing the CONT INUE key 
aga in . 

(51 The computer exccuteu Steps 02. 03. 04. OS. 
06 and 07 automatically. Step 07 i\ an END 
\\ hich tell ... the machine to stop-i t did and 
displayed the an ... wer. 

All of the!<lc calculations lOok place in <l very small 
fraction of a second \0 that Wi.: cou ld not sec them taking 
place. A l the END instruction the computer stopped an9 
displayed the answer. 

Now go back to the n ..... t progfi.l111 wc wrote in Unit I. 
linding the "Ulll of t\VO number..,. Try to revi..,e the pro­
gram. supplying thc STOP and END inMruction ... . \Vrite 
it computcr program card and instructions 10 run the pro­
gram. Then checl.. your worl.. with thc follm"ing example. 



STEP KEY 40 20 10 4 2 I 
00 CLEAR 20 -
0 1 STOP 41 - -

02 t 27 - - - -

03 STOP 41 - -
04 + 33 - - - -

05 CLEAR X 37 - - - - -

06 END 46 - - -

TO RUN THE PROGRAM 
I. Press END, CONTINUE. 
2. Enter o. press CONT INUE. 
3. Enter b, press CONT INUE. 

A program need not start at Step 00. Suppose after 
entering the previous program ror nnding the area of a 

Try the problems below. 

circle. you wan ted to ente r another program. But you 
don't want to crase the area of Cl circle program. You 
could start your new program at step 07-or at any step 
after 06. 

Start a new program at step 07. Write your program 
on a program card. using step 07 as your first step. The 
instructions to enter the program will not change. but note 
be low how the inst ructions to run the program do change. 

TO RUN THE PROGRAM 
I. Press GO TO ( )( ), Press 0, 7, then Press 

CONTINUE. (Remember, if there are stops in 
your program, the CONTI NUE key must be 
pressed arter entering the data at each STOP.) 

I. Make a program to multiply two numbers, tly the three problems in Section 1-2 to see if your program 
works. 

2. Make a program for find ing the area of a rectangle. Test your program for at least three different 
values of length and width . 

3. Make a program for finding the area of a trapezoid. 

4. Program III = (0 - b) (0 - c). Fill in the chart below first, 

STEP INSTRUCTION KEYS X Y Z 
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Section 2-2 The Memory 

Perhaps you wonder how the instructions of a pro­
gram arc stored in the HI' 9 100A. The memory of the 
computer consis ts of 16 storage registers . They are 
labeled: 

O. I. 2. 3. 4. 5. 6. 7. g. 9. a. b. c. d, e, r 
Registers c and f may be used only for storage of data 
(numbers). Registers a through 9 and a through d, how­
ever. can be used for storing data or for storing instruc­
tions. 

When lIsed for data slUrage. each register can store 
one floating - point number. wi th a 10 digit precision part 
and a two digit exponent. When lIsed for instruction 
storage. each register can hold 14 steps. A step is equiva­
lent to one keystroke. Since each of the 14 registers 
which store instructions can slOre 14 steps. a total of 196 
program step .... call be stored at anyone time. Here is a 
diagr<lm of the memory, 

a 
I 
2 
3 
4 
5 
6 
7 
8 
9 
a 
b 
e 
I 
e 

01?3456789·,bcd - , 

Registers 0 through d can store either data or instructions. 
Each register enn hold one nmlting point number or 14 
instructions. Only data in registers e and r. Each register 
can hold one !lotHing point number. 

Eaeh register is subdivided into 14 locations. In each 
register. the locations a rc " numbered" O. I , 2, 3. 4, 5. 6, 
7, 8. 9. a, b, e. and d. I n registers 0 through d. each 
location can contain one decimal digit or one program 
step. Program steps cannot be stored in registers e and f. 

We will assign an address to each location. The ad­
dress of a location is a two digit symbol such as 00. 0 I , 
53, 7e, n2, . The nrst digit designates the register 
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anti the second digit the character position within the 
register. Addresses range from 00 to tid. a!'i foHows: 

00.01.02.03,04. OS, 06, 07. 08, 09. Oa, ~b, Oe, 
Od. 10. II. 12. 13. 14, 15, 16. 17. 18, 19, l a. Ib, 
I e. I d. 20. 21. 22, etc. 

Addresses correspond to step numbers in a program. 
Step 00 is s tored in location 00, step 0 I in location 0 I. 
and so on. In the computer a program counter keeps track 
of the location into which i.l program step is to be stored. 
When we set the PROGRAM - RUN switch to RUN and 
press END. we set the program eOllnter to 00. Then we 
se t the switch to program and begin entering program 
steps. As each step is entered. the address in the program 
counter is increased by one. 

Section 2-3 Storing and 
Recalling Numbers 

I n this section we describe the use of the fo llowing 
keys: 

00 
00 
00 
~~tj~trJ 
~~(j 

We use the 
,---. , 
X-H J ,~ and y ... ! I keys when we want 

to copy nllmbers froIII the X and Y registers into the 

memory registers. We can store the content of X or the 

content of Y into any of the following registers: 

0, I, 2, 3. 4. 5. 6. 7. 8, 9, u, b, e, d. e, f. 

Copy the content of the X register into the stor­
age register indicated by the next keystroke. The 
previous content of the storage register is erased. 
The content of the X register remains the same. 

For example: 
r--. 

% ... 1. : a Copy the content of X in to register <l. 

8 Cel Copy the content of X into register e. 

8 0 Copy the content of X into register 7. 



Here are some before and after examples. 

BEFORE 

IT] Z 
22. Y 

I . X 

I o. I c 

CD Z 
2. Y 

- 3. X 

KEYS 

80 

80 

AFTER 

~ 
~ 
I 1. I 

CD3. 
2. 

-3. 

z 
y 
X 

c 

z 
y 
X 

O. b -3. b 

Copy the content o( the Y regis te r into the s torage register indicated by the next keystroke. 
The previous content of the indicated storage register is erased. The content of the Y register 
remai ns the same. 

For example: 

y .... 11 I a Copy the content of Y into register a. 

Copy the content o( Y into register f. 

8 9) Copy the content of Y into register 9. 

Complete the following before and after examples. 

BEFORE KEY AFTER 

A c 

6.2 c 

OJ z 8 0 2. Y 
3. X 8 1-;) 

DE] e 

37. f 

z 
Y 
X 

c 

z 
y 
X 

e 
f 

To recall a number from any of the registers a. b, c. d , e, o r f. we simply press the key with the letter of the register. 
The content of the register is copied into X. Here is an example. 

D Reca ll a. Copy the content of register a into X. The previo us conten t of X is erased. The 
- content of register a remains unchanged. 

BEFORE KEY AFTER 

OJ Z 

0 OJ Z 
2. Y 2. Y 
1. X -.37 X 

- .37 a -.37 a 
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Let's use the memory registers in a program to add two fr actions, al b and el d. 

a e ad + be 
+- = 

b d bd 

Given a, b, c, and d as input data, we want to compute the va lues of ad + be and bd. The procedure to 
run the program is on the following page. 

STEP KEY X Y Z b d REMARKS 

00 8 
01 8 a Enter a 

02 CD a a 

03 8 b a Enter b 

04 8 b a Store b 

05 0 b a b 

06 CD b b a b 

07 8 e b a b E nter e 

08 0 e be a b 

09 8 d be a b Enter d 

Oa 8 d be a b Store d 

Ob 0 d be a b d 

Dc @ a d be b d 

Od 0 a ad be b d 

10 CD ad be be b d 

II G ad ad+be be b d 

12 0 b ad+be be b d Recall b 

13 GJ b b ad+be b d 

14 0 d b ad+bc b d Recall d 

15 0 d bd ad+be b d 

16 65 0 bd ad+be b d Clear X 

17 IT) bd ad+be 0 b d 

18 (3 bd ad+be 0 b d Answers 
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TO RUN THE PR OGRAM 

I. Press END, P ress CONTINUE 

2. Enter lI . press CONTINUE 

3. Enter b. press CONTINUE 

4. Enter c. press CONTINUE 

5. Enter d. press CONTIN UE 

The fi nal display looks like this. 

B· 
ad + be 

bd 

Examples: 

I. 

2. 

2 

3 

3 

8 

4 
+ 

5 

I 
+ 

6 

Therefore : 

Therefore: 

O. 

22. 

15. 

2 4 
+ = 

3 5 

O. 

26. 

48. 

3 I - + - = 
8 6 

22 

15 

26 
- -

48 

In writ ing th is program, we used 7 of the 19 registers in the computer. We used registers O. I , b, d, X , Y, 
and Z. We stored our program in registers 0 and I , then used registers b, d, X, Y, and Z for input data, intermediate 
results and fi nal results . 

Note our use of registers band d. In steps 04 and 05, we s tored the value of b in register b and in steps Oa 
and Ob, we stored the value of d into register d. Thus, we "saved" these numbers so we could recall them in steps 
12 and 14 and compute the denominator, bd . of the resul t. 

The following program is a different approach to the problem of adding two fractions. Complete the algebraic 
trace. 

STE P KEY X Y Z f R EMARKS 

00 0"j 
0 1 3 a E nter a 

02 t a a 

03 ,3 b a Enter b 

-
0 .. I t b b a 

05 d c b a Enter c 

06 0 
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07 0 
08 A Store be 

09 0 
0" 8 
Ob 8 Enter d 

Oc 0 
Od @ 
10 xl 
I I 0 Recall be 

12 G 
13 m 
14 CD 
15 8 
16 8 bd ad+bc 0 

rhe procedure to run this program is the same as the procedure to run the preceding program. 

The key. 

It is not possible to copy a number from one of the storage registers directly into the Y register. It is possible, 
however. lO exchange the content of Y and the content of one of the storage registers. For example: 

KEYS 

Here is another way to look at it. 

BEFORE 

nfl ~ 
~ X 

6.2 c 

DESCRIPTION 

Exchange the content of Y and the content of a. 

Exchange the content of Y and the content of b. 

Exchange the content of Y and the content of 
register 8. 

KEYS AFTER 

0 rn 8 6.2 
I. 

22. 

3 1 

z 
Y 
X 

c 



Complete the following diagrnm . 

BEFORE 

O. 
3.7 

.68 

235 . 

z 
Y 
X 

a 

KEYS 

8 0 

We will use the 8 key in still another program to add two [ractions. 

STEP KEY X Y 

00 8 
01 8 a 

02 CD a a 

03 8 b {/ 

04 8 b a 

05 f b a 

06 CD b b 

07 8 e b 

08 ~ e be 

09 Y:ll e be 

Oa (fJ e b 

Ob 8 d b 

Oc l ~ d bd 

Od @ a d 

to 0 a ad 

I 1 ( f be ad 

12 G be ad+be 

13 55 0 ad+be 

14 IT) ad+be bd 

15 §) bd ad+be 

16 8 bd ad+be 
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X f 

b 

a b 

a b 

a b 

a b 

a be 

a be 

a be 

bd be 

bd be 

bd be 

bd be 

bd be 

0 be 

0 be 

0 be 

AFTER 

z 
Y 
X 

a 

REMARKS 

Enter a 

Eoter b 

Store b 

Enter e 

Enter d 

Recall be 

Answers 



Each of the following is a program segment rather than a complete program. Therefore, we omit the step 
numbe" . We have traced the first segment. 

KEY X Y Z a b 

y~ ( I 2 3 25 -36 

a 25 3 2 -36 

y;:1 I; 25 3 2 -36 

~ -36 3 2 25 

Y:II' -36 3 2 25 

a 2 3 - 36 25 

The net result of the six steps is to exchange the content of a and the content of b. leaving X, Y, and Z unchanged. 
Now you try one. Complete the following trace. 

KEY X Y 

1 2 

~u 

~ 

':11 

a 

t 
ROll 

;;> 

~ 4 2 

The following definitions will prove useful. 

This key clears the X. Y, Z, e, and f registers to 
zero. 

The e and f registers are not displayed. If you want 
to see the contents of the e and f registers, press the RCL 
key. 

RECALL 

Recalls the content of the e and f registers. The 
content of e is copied into Y and the content of 
f is copied into X. The original contents of X 
and Y are destroyed. 

Z 

3 
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a REMARKS 

4 Initial contents 

3 Final contents 

BEFORE PRESSING AFTER PRESSING 

OJ Z OJ Z 
2. Y 33. Y 
3. X 25. X 

[J[J e DO e 
25. f 25. f 



Remember these things: 

I. We can copy the content of X into any memory regis­
ter 0 through f. 

2. We can copy the content of Y into <lny memory regis­
ter 0 through f. 

3. We can realil the I,;ontent of allY of thl! registers a 
through f into X. We Call11ot, however, recall the con­
tent of any of the registers 0 through 9. Pressing any 
of these keys causes the number itself to be put into X. 

4. We can exchange the content of Y with the content 
of any memory register. In fact, this is the only way 
to retrieve the content of one of the registers 0 through 
9. 

S. Be carefu l not to store a number into a register that 
contains program steps. If you do this, you will erase 
the program steps. 

6. Pressing the CLEAR key will clear not only the X, Y , 
and Z registers, but also will clear whatever is stored 
in the e and f registers. 

Section 2-4 Loops 

The fOllowing program causes the computer to gen­
erate and momentari ly display consecutive positive in­
tegers: 

1,2. 3, etc. 

Each integer is displayed for approximately !Is second. 

STEP KEY REMARKS 

00 C~ 

01 (2) 
02 CD 
03 R The PAUSE key 

is on the right side 
04 G of the keyboard. 

05 @ t II I 

06 0 Go around again. 

07 (3J 
08 P 
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Under control of this program, the computer wi ll 
count rapidly. Each counting number is displayed in the 
Y register. 

TO RUN THE PROGRAM 

I. Press END, then press CONT INUE. The com­
putcr will count rapidly. displaying the conse­
cutive numbers in the Y register. 

2. To stop the computer. prcss STOP. 
3. To continue the count. press CONTINUE. 
4. To restart the count at I. press STOP. then 

press END. and then press CONT INUE. 

We will describe this program in detail. But first, 
perhaps you would like to try it. If the computer is avail­
able. store the program. then press END and CON­
T INUE. The display will begin blinking rapidly. 

How good arc your renexes? Can you stop the com­
puter exactly on 100" Try it-press END, then prcss 
CONTINUE. Watch the count in the Y register increase 
and press STOP at just the right moment. thus stopping 
the computer with 100 in the Y register. 

Here is a modification of the preceding program, we 
have changed the PAUSE instruction to a CONTINUE. 

STEP KEY TO RUN THE PROGRAM 

00 CLUII ) I. PROGRAM - RUN switch 
RUN. 

01 ~ 

02 CD 2. Press END. then press CON-
TINUE. The screen will go 

03 
, 

blank and the computer will 0 

• , 
count like crazy. To sec the , 

• count. press STOP. \ ~..J To con· 

+J 
tinue the count, press CON-

04 TlNUE. To restart the pro· 
gram following a STOP. pres> 

05 § END, then CONTINUE. 
I II I 

06 0 

07 3) 

08 P 



Each of the preceding programs contains a loop. A 
loop is simply a set of instructions that is repeated. A loop 
has a beginning and an end . In each of the programs the 
loop began at step 03 and terminated with the GO TO 
0,3, instruction in steps 05, 06, 07. 

This loop is an example of an unconditional loop. 
Once IYC store the program and direct the computer to 
begin at step 00, it will execute the instructions in steps 
00,01 , and 02 once, then repeat steps 03 through 07 
untillYc intervene by manually pressing STOP. That is, 
there is no way for the computer to terminate the loop. 
Tn Section 2 - 6, we will describe conditional loops, which 
are sclf~tc rrninating. 

STEP KEY X Y 

00 8 a a 

01 (2) I a 

02 G' I I 

--- -------- ----

03 8 I I 

04 G I 2 

05 @ I )I I I 2 

06 0 I 2 

07 (3) 1 2 

--- -8 - ---
03 2 

O~ G 3 

05 @ I Ie I 3 

06 0 3 

_QI_- J~~t I 3 ---- ---

-------- ---
03 8 3 

04 G 4 

05 @ t II I 4 

06 0 4 

07 0 4 
------- --
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Before we go on. here is a defi nition of the PAUSE 
instruction. 

The PAUSE instruct ion causes the calculato[ to 
pause for Yo second and then go on. 

To help you unders tand exactly what is happening, 
we arc going to show you a numeric trace in which we 
"unwrap" the loop. OUf trace shows you what happens 
in X , y, and Z, during the first three times through the 
loop. 

Z REMARKS 

a 

a 

a This sets the count to I . 

r---- ------------
a 

a 

a First time through the loop 

a 

a 

--- ----------
a 

a 

a Second time through the loop 

a 

a ---- ------------

---
a 

a 

a 

a 

a Third time through tile loop 
---



The loop begins with" PAUSE and ends with it GO TO. O. 3. At each PAUSE the computer pauses for V, 
second. displaying the count. The counting numbers appear in the Y register and a I remains in the X register. For 
the lirst th ree times th rough the loop. the displays look like this: 

FIRST TIME SECOND TIME THIRD TIME 

O. Z O. Z O. Z 
J. Y 2. Y 3. Y 
J. X J. X I. X 

Multiples 

By changing one step in the counting program, we obtain a program to count by twos. That is, the follow­
ing progrnm genera les consecutive even positive integers 2, 4. 6. . . . 

STEP 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

What i, the purpose of the following program? 

STEP KEY 

00 

01 

02 

03 

04 

05 

06 

07 

08 

KEY 

2 

t 

F 

G 
~ 
~ 

REMARKS 

J Pause for I I second . 

TO RUN THE PROGRAM 
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Press END, then press CONT INUE 

What arc the first two displays? 

z 
Y 

X 

z 
Y 

X 



Trace the preceding program two times through the loop. 

STEP KEY X Y Z REMARKS 

00 8 
01 0 
02 CD 

f- - - - - - - - - - - - I -
03 8 
04 0 
05 @ I II I First time through the loop. 

06 0 
07 CD 

f---- I- - - - - -
f--- - ~- - - - -

03 8 
04 0 
05 @ ( II I Second time through the loop. 

06 0 
07 CD 

If we run the following programs, what will the fi rst four displays look like? Do not use the computer to 
find the resul ts. 

00 R 
01 8 
02 CD 
03 0 
04 8 
05 G 
06 ~ I II ~I 

07 (OJ 
08 GJ 
09 l~ 

FIRST DISPLAY 

THIRD DISPLAY 
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z 
y 

X 

z 
y 

X 

SECOND DISPLAY 

FOURTH DISPLAY 

Z 

Y 

X 

z 
Y 

X 



This one is more difficult. If we run the following program. what are the first four displays? Again, do not 
use the computer. 

STEP KEY FIRST DTSPLA Y SECOND DTSPLA Y 

00 R z Z 

01 8 Y Y 

02 CD X X 

03 01 
04 t:" 
05 (0) THIRD DISPLAY FOURTH DISPLAY 

06 OJ 
07 GJ 
08 CD 
09 t " I 11 I.! 

Oa (0) 
Ob 2 

Oc 

Section 2-5 Flow Charts 

As our programs become more complicated, wc may 
find now charts useful in helping us think through the 
logic of our methou. A now chart is merely a graphic 
representation of a program or a procedure, Here is an 
example-it is a flow chart of a program to compute 
A :::::; 1T r ".! , 

Example I. 

DISPLAY 
A 

Every !low chart starts like 
this. 

This is an input box . 

This is 3n assignment box, It 
says compute the value of 
1T r".!, 

This is an output box. or dis­
play box. 
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Z Z 

Y Y 

X X 

I n some cases, we can relate now chart boxes anG 
instructions in a program for the computer. We have 
done this for the A = 7r r' program by ac tually putti ng 
thc instructions in the appropriate now chart box. 

In this case our now chart would look like this: 

Example 2 

STEP KEY 

00 8 
0 1 8 
02 CD 

X 03 0 
7r 04 0 
X 05 8 

06 :0 



Check the following simplified flow chart for finding 
the area of a rectangle. 

Remember flow charts should be an aid to the think­
ing process. They should not replace it. So keep your 
chart' in a form which you will understand. In general 
though, keep the input, assignmen t, and output boxes the 
same shape as those above. We do want to keep the fonm 
so that others can understand your flow charts too. 

Let's go back to the program we did in Section 2 - 4 
which contained the loop and see how a flow chart for this 
would look. 

The program was: 

STEP KEY 

00 8 
01 8 
02 CD 
03 8 
04 G 
05 @ 1111 

06 0 
07 (2) 
08 8 

Here's one possible flow chart. 

DISPLAY 1/ 
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The program actually began with a CLEAR instruc­
tion. This instruction is included simply to insure that 
there wi ll be no leftover data in the Z register during the 
execution of the program. Therefore, we did not includc 
it in our flow chart. 

H ere are some additional examples of now charts. In 
each case. we have written a brief description of the 
process defined by the Ilow chart. 

Let 1/ = 

Display 1/ 

Let 1/ = 1/ + 2 

The initial value of 11 is one. This 
value is displayed, then increased 
by 2 each time through the loop. 
Therefore. this procedure generates 
consecutive odd positive integers. 
That IS, 11 takes on the values 
I, 3, 5, . ... 

How would you change this flow chart so that it displays 

even numbers? _______________ _ 

D ISPLAY 

Y 

Let y = xy 

This is a flow chan of a procedure 
to generate and display powers of 
x, where the value of x is entered 
from the keyboard. 
We first assign y the va lue of x. 
Each time through the loop, we 
display the value of y, and then 
multiply it by the value of x. Thus, 
y will take on the va lues 

XI x~, .rl .... 

A flow chart should be written before a program is 
written. Remember it is used to organize your thinking. 

Section 2-6 Decision Making 

Decisions: Our day is full of decisions. When you 
wake up. it's "Do I really feel well enough to go to 
school?" Assuming the answer is yes, then "What do I 
wear?" After this decision is made. we continue with 
numerous others. There is one thing in common with all 
these decisions. That is. most of them must be answered 
before continuing. Such is the case when writing a pro­
gram for the HP 9 1 OOA. We can ask the HP 9100A to 
make yes-no decisions. 



Let's go back to the Row charts we were using in the 
last section and see how OUf decis ion-making is handled. 
The following is a decision symbol for a Row chart. 

No 

Yes 

Note the two arrows com ing [rom the decision sym­
bol. If the question in the decision symbol is yes, the 
HP 9 100A will fo llow along the path indicated by the 
"yes arrow. " If the answer is no, the HP 9100A will 
fo llow the path of the "no arrow." 

Let's make a flo'v chart for an everyday event, such 
as tak ing out the garbage. An initial flow chart should be 
as simplified as possible. It should be used to initially 
organize your thinking. 

START 

PICK UP GARBAGE 

But, as you probably know, it's not so simple as the above flow chart indicates. Most of those boxes can be 
broken into many more boxes. 

ENTER KlTCHEN 

YES 

NO 

RETURN TO T .V. 
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MrH 

NO 

NO 
SET 

~--GARBAGE 

BY DOOR 



Note all the different paths which could be taken, depend­
ing 011 the answers to the decisions. 

Look at the right section of the keyboard of the HP 
91 aOA. We will describe the "I F' keys . Using these 
keys, we can write a program in which simple decisions 
arc made automatically by the computer as it executes 
the progra m. The I F keys are shown below. 

Each of these keys eallses the computer to [allow one 
of two possible paths. depend ing on whether a speci fi ed 
condition is TRUE or FALSE. Let's first illustrate this 
idea by means of a flow chart symbol. In now charts, we 
have used diamond-shaped ' boxes to indicate a decision 
point in the flow chart. 

IF 
X = Y 

T 

F 

This is a decision box. There is 
one arrow leading into the box and 
two arrows leading a lit o[ the box . 
If the condition expressed in the 
box is TR UE, follow the T path; 
if the condition is FALSE. [a llow 
the F path. 

In other words. if the content of X is equal to tbe 
content of Y. follow the TRUE (T) path; otherwise 
(X 7' V) , follow the FALSE (F) path. 

Each of the following displays shows the content o[ 
the X register and the content of the Y register. In each 
case, we have shown the path followed out o[ the X = Y 
decision box. 

-6. z 
5. y 
4. X 

Path F 

7. Z 
3. y 
3. X 

Path T 

O. 
O. 
O. 

Path T 

Remember. the IF decision compares the content o[ 
the X register and the content of the Y register on ly! The 
content of Z is irrelevant. 
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For each of the following, which path will be fo llowed 
out of an X = Y decision box? (Answer T or F.) 

6.02 
6.02 

O. 
23 
23 

-7. 
7. 

-7. 

Answer ______ _ Answer ______ _ 

2. 
I. 

.999 999 999 

Answer ______ _ 

Which path will be fo llowed under each of the follow­
ing conditions? 

Content of X Conten t o[ Y 

IT 
:;: 3.14 159 

O. .00000 

\/ 2 ::: i,: 1.4142 

:~E l1lc rcd by pressing 0 
':"'Entered by pressing CD @ 

D. W. at 5 
Path followed (T or F) 

We usc si milar now chart boxes for the X < Y and 
X > Y decisions. Here arc some examples. 

T F 
X<Y X<y 

F T 

X > Y 
F 

T 

rn each case. follow the T path if the condition is 
TRUE; follow the F path if the condition is FALSE. 



For each of the following displays, which path will 
the program follow for an X < Y condition? 

OJ. Z 
2. Y 
1. X CD3. Z 

6. Y 
7. X 

Answer. _____ _ Answer _____ _ 

OJ. Z 
-5. Y 
-6. X 

Answer. _____ _ 

Answer the following for an X > Y condition. 

OJ· Z 
O. Y 
2 . X [JJ. Z 

O. Y 
-\. X 

Answer ___ __ _ Answer _____ _ 

OJ. Z 
o. Y 
O. X 

Answer ______ _ 

Now that you have learned something about the decisions that the computer can make, let's see what happens 
within a program when the conditions are met (TRUE) and when the conditions are not met (FALSE). Since it is 
difficult to describe the operations with complete clarity, we shall write a program in which we usc the IF x > y key. 

The following program computes the value of c, where 

c = MAX (a, b) = Ole larger of the numbers a and b. 

For example, MAX (3,2) = 3; and MAX (-5, - 2) = -2. The following flow chart illustrates our method. 

F 

FLOW CHART MAX 

ENTER 
a 

ENTER 
b 

b > a 

DISPLAY 
c 
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Enter the value of a. 

As a fi rst guess, let c = a. 

Enter b, then compare a and b. 

H b > a is FALSE, then we were correct in setting c = a. 
Otherwise, we gracefully acknowledge our mistake and let 
c = b. 

In either case, we end with c = MAX (a, b) . 



PROGRAM MAX 

STEP 

00 

01 

,-02 

03 

04 

F. 05 

06 

07 

KEY 

CD 
8 
8 
(0) 

OJ 
CD 
8 

x Y z REMARKS 

a a Let c = a (c = content of Y) 

b a Enter b 

b a See note below 

a b Let c = b 

a b 

o b 

o o c 

o o c Display c 

Note: If the condition is TRUE, the computer executes the next two steps (Steps 03 and 04). If the condition is 
FALSE, tile computer skips the next two steps. 

TO RUN THE PROGRAM 
(l) Press END 

FINAL DlSPLA Y 

(2) Enter a, press CONTINUE 
(3) Enter b, press CONTINUE 

Here are some numerical examples. 

a = 5, b = 3 

5. Z 
O. Y 
O. X 

a = -2, b = 

-I. 
O. 
o. 

c Z 
O. Y 
O. X 

- I a = 6, b = 6 

Z 6. Z 
Y O. Y 
X o. X 

You have probably noticed that the previous program does nOI use a CLEAR or STOP instruction as the first step 
We arc assuming you will not be bothered by any "junk" remaining in the X, Y, and Z registers from a previous pro­
gram. Putting a CLEAR instruction at the beginning of a program will eliminate this problem-if it is a problem. 

We have also eliminated the first STOP instruction 
in this particular progrmn. Since most programs start 
with the input of somc data. it becomes routinc to input 
data at the beginning and not add this step in the program. 

Let's see what happened. Step 02 is the point in the 
program where the computer must make the decision 
about the relationship between a and b. Since b is in the 
X register and a is in the Y register. the following question 
controls the dccision. 
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Is the content 01 tile X register greater than the 
content of the Y register? That is, is b > a? 

If tile answe r is yes. the calculator executes the next 
two stcps (steps 03 and 04) then cxccutes steps '15. 06. 
and 07 and stops with c = b. 

If the answer is no. the calculator skips steps 03 and 
04, then cxecutes steps 05. 06. and 07 and stops Witil 
C = Q. 



In the followi ng TRUE path. we note that step 03 
does the actual work. but step 04 is a CONTINUE 
which acts as a "do nothing" inst ruction. It is included 
because every I F key must be followed by two steps to 
be executed when the condition is TRUE, but skipped 
when the condition is FALSE. 

The following numeric traces show the exact path 
followed in PROGRAM MAX for each of two sets of 
values of (/ and b. 

CASE I : (/ = 2, b = 5 

STEP KEY X Y Z 

00 CD 2 2 

0 1 8 5 2 

02 @ 5 2 

03 8 2 5 

m 2 5 
04 

05 6J 0 5 

06 CD 0 0 5 

07 8 0 0 5 

CASE 2: (/ = 33, b = 7 

STEP KEY X Y Z 

00 CD 33 33 

01 8 7 33 

02 g 7 33 

05 6J 0 33 

06 CD 0 0 33 

07 8 0 0 33 
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r;;\ 
In PROGRAM MAX . the step following the ~ 

key is an operational instruction-something to do. We 
can, however, write a different type of I F instruction, 
illustrated by the following program segment. 

STEP 

[

02 

F 03 

04 

05 

KEY 

09 ® 

T 

ln this example, the step fol­
lowing the I F key is numeric. 
Therefore. the computer in­
terprets it as the first charac­
ter of a step number. If the 
condition is TRUE, the com­
puter goes to this step next. 

The third type of I F instruction is illustrated by the 
following program to compute c. where 

c = M IN (a. b) = the smaller of a and b. 

For this program the final display shows a, b, and c in the 
following manner. 

c 
b 
a 

z 
Y 
X 



PROGRAM MIN 

STEP KEY x Y Z REMARKS 

00 rtJ a a Let c = a ( In Z register) 

0 1 CD a a a 

02 8 b a a Enter b 

03 §J a b a 

04 @ z q n n If {he condition is TR U E. r/ll..:n c = ({. 

05 0 In this case. go to step 09. 

06 CD 
07 CD a a b If condition is FALSE, let c = b. 

08 CD a b b 

09 8 a b c 

If you are not convinced that PROGRAM MIN works. examine the following numeric traces. 

CASE I: a = 2. b = 5 

STEP KEY X Y Z 

00 CD 2 2 

01 CD 2 2 2 

02 8 5 2 2 

03 §J 2 5 2 

04 0 r<y 2 5 2 

~" 
0 2 5 2 

06 CD 2 5 2 

09 8 2 5 2 
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CASE 2: a == 33 , b = 7 

STEP KEY X Y z 

00 CD 33 33 

01 CD 33 33 33 

02 8 7 33 33 

03 0 33 7 33 

[ 04 m 33 7 z<y 

07 CD 33 33 

33 

7 

08 CD 33 7 7 

09 8 33 7 7 

Here arc some examples of both types of IF instructions. 

F 
IIFX!< Y 

L- etc. 

F 
IIFX 
L- e~. 

Y 

F 
I IF X~> Y 

L- C1C. 

If X < Y is TRUE. go to step 2 c. 

If X = Y is TRUE. exccute the + and x operation 
and continue with the fo llowing step. 

If X > Y is TRUE. go to step b 3. 

The preceding examples illustrate the rule: jf the step followi ng the IF key is 0, 1,2,3,4, 5,6,7,8,9, 
a. b. c or d then the computer wi ll interpret it as the fi rst character of a step number. In this case, the second 
step must be the second character of a step number. 

Section 2-7 Counting 

In Section 2 - 4, we wrote programs that caused the compu ter to count. U nder control of these programs, 
the computer counted, and counted, and counted ... until someone pressed STOP. With tile help of the IF in­
structions. we can write programs in which the computer slops automatically at a prccletenn ined va lue. 
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Our first such program is called COUNTDOWN. Look at the flow chart first. 

PROGRAM COUNTDOWN 

STEP KEY 

00 8 
0 1 8 
02 CD 
03 CD 
04 ffi 
05 @ %=y 

06 G 
07 ( 0 I 

F 
08 8 
09 8 
Oa 8 
Ob G t JI I 

Dc CD 
Oct 4 

10 P 

Let k = 10 

k o 

F 

DISPLAY 
k 

Let k = k - 1 

REMARKS 

END 
(k = 0) 

Let k = 10 (k = content of Y ) 

If k = O. go to ,tep 10. 

Display k . 

Let" = " - I. (Reduce the count by one) 

Go around again. 

End of program. (k = 0) 
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Next. a program to count from 1 to 3. 

PROGRAM COUNT TO 3 

STEP 

00 

0 1 

02 

03 

04 

05 

06 

07 

08 

09 

Oa 

Ob 

Oc 

Od 

KEY 

8 

8 

o 
o 
(3 
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FLOW CHART COUNT TO 3 

Let k = 1 

T 

k = 3 

F 

DISPLAY 
k 

Let k = k+ l 

END 
k = 3 



Trace PROGRAM COUNT to 3. 

STEP KEY X Y Z REMARKS 

00 8 
01 8 
02 CD 
03 CD Fi rs t time through the loop. 

04 8 %= :/ 

07 8 DISPLAY : 

8 
o. 

08 I. 

G 
3. 

09 

Oa G t II I 

Ob 0 
Oc CD 

- - - - - 0 
- - - - f-- - - ---

03 Second time th rough 
the loop. 

04 8 %= 1 

07 8 DISPLAY : 

8 
o. 

08 2. 
3. 

09 G 
Oa G t II I 

Ob 0 
Oc @ 

- I-- - - - - 1---- l- - -
03 13) Third and last time 

through the loop. 
04 8 %=1 

05 0 
06 0 - - - - I-- - - -- f--- - l- - -
Od 8 End or Program 

The Onal display is 

IT] Z 
3. Y 
3. X 
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Complete the fo llowing program. making a now cha n lirst, directing the calculator to eount to II where n is 
entered by the operator. We want the counting numbers to appear in the Y register. 

TO RUN THE PROGRAM 

I. Press END. 
2. Enter 11, press CONTI NUE, 

The computer now counts from 1 to 11. 

PR OG RAM COUNT TO II. 

STEP KEY REMARKS 

00 8 Store 11 into register a, 

0 1 o 
02 8 
03 

04 

05 

06 

07 

08 

09 

Oa 

Ob 

Dc 

Od 

Section 2-8 Raising a Number to a Power 

Let 1/ be a positive integer, and let a be any real number. T hen 

Il factors 
all = a'a'a' '(l 

If a 7" 0, then 

(/' = J. 
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FLOW CHART 



Below is a flow chart of a program to compute the va llie of (I II for va lucs of {/ and II. 

Enter 
a, n 

Let p = I 
Let k = 0 

k = 11 

F 

Let fJ = po 

Let" = k + 

Display 
a, Il, p 

Let's unwrap the loop and trace the Ilow chart. In the lrace, we show the values assigned to each variable 
({I , II, p, k) after the flow chart statement on the same lin ..! has been executed. We wi lilrace the flow chart for a = 5, 
/I = 3. 

FLOW CHART STATEMENT a n p k 

ENTER 0 , II 5 3 
LET P I 5 3 
LET k = 0 5 3 0 

k = II (FALSE) 5 3 0 
LET P = po 5 3 5 0 
LET k = k + I 5 3 5 t 

k = II (FALSE) 5 3 5 1 
LET p pa 5 3 25 
LET k = k + I 5 3 25 2 

k = II (FALSE) 5 3 25 2 
LET fJ pa 5 3 125 2 
LET k = k + I 5 3 125 3 

k = II (TRUE) 5 3 125 3 
DISPLA Y a, II, p 5 3 125 3 

Will the process defined by the now chart produce the correct an,wcr under the following conditions? 

(a) 0 'F 0, 11 = 0 
(b) 0 < 0 , II = 0 
(c) 0 < 0, /I > 0 
(d) 0 = 0, /I = 0 
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Here is a program Lo go along wilh lhe fl ow chart. 

PROGRAM POWER 

STEP KEY X Y Z a b RE MARKS 

00 8 a Store a 

0 1 0 a {/ 

02 8 " {/ Enter fI 

03 8 1/ {/ Store 11 

04 0 1/ {/ 11 

05 (2] {/ /I Let p = 
06 CD I 1 a 1/ 

07 ffi 0 {/ 1/ Let k = 0 

08 CD 0 k p a 1/ 

09 0 /I k p {/ n 

Oa 8 :c=y /I k p {/ fI 

~ Ob (2] /I k p (/ /I Uk = 1/, go to 18. 

Oc CD n 
'-

k p a n 

Od 0 a k p a n Let p pa 

10 @ p a k a /I 

I I 0 p p( new) k {/ 1/ 

T 12 (2] p( new) k a 1/ Let k = k + ! 

13 @ k p (new) (/ n 

14 G k k( new) p (new) (/ 1/ 

15 G I 11 I k k(new) p(ncw) (/ 11 Go around again . 

16 0 k k (new) p (new) a n 

17 CD k k(new) p( new) a 1/ 

18 0 a I/ = k p a 1/ DISPLAY a, /I, p 

19 8 a n p a 1/ 
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TO RUN TH E PROGRAM 
( I ) Press EN D. 
(2) E nter II. press CONTI NUE. 
(3) Enter II. press CONTI NUE. 

FINAL DISPLAY 

EXAMPLES 

a :::: 5, 11 :::: 3 

C[J25. 
3. 
5. 

EXERCISES 

II = 2. // = 12 

UJ096. 
12. 
2. 

I. PROG RAM POWE R will not work if: (a) 1I = 0 
and II = O. (b) // < O. Modify the program so that 
if the operator enters this type of da ta, the computer 
stops with the fo llowing display. 

9.999 999 999 
II 

a 

99 

2. Review PROG RAM COUNTDOWN. Then writc a 
program (0 compute an by counting down instead of 
counting up. Begin by drawing a fl ow chart. 

Section 2-9 The Flag Decisions 

You havc probably been wondering about the keys: 

The " FLAG" is simply an on-off circuit in the computer. 
Pressing SET FLAG turns this circuit on. We use the 
key when we wish to test the sell ing of the fl ag. Here is 
what happens when the computer comes to an IF FLAG. 
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FLAG OFF: Skip the nex t two steps. 

FLAG ON: Turn thc nag OFF, then : 
( I ) If the nex t two steps a re alpha­

numeric, then go to the step num­
ber that they specify. 

( 2 ) If the step following the IF 
FLAG is //0 1 alphanumeric, exe­
cute it and continue. 

For example, 

If the FLAG is IF FLAG If the FLAG is ON, 
OFF, skip two 2 turn it OFF and go to 
steps. 5 Step 25. 

If the FLAG is IF FLAG If the FLAG is ON, 
OFF, skip two + turn it OFF and exe-
steps. X cute the two steps. 

We will illustrate the use of SET FLAG and IF 
FLAG by means of a program to compute the arithmetic 
mean of a set of // numbers. We will call the numbers 
x" X o!. ... ,XII' For example, suppose we wish to com­
putc the mean of 7. 5, 6, 8, and 6. For this set of num­
bers, " :::: 5, x/ :::: 7, X 2 :::: 5 , X,1 :::: 6 , x" :::: 8 and 
X s :::: 6. 

Fi~t. we draw a flow chart. 

OFF 

LET s = 0 
LETII = O 

ENTER 
x 

LET s = s+x 
LET n = II + I 

IF 
FLAG 

ON 

LET 11/ = s/ // 

DISPLAY 
"> S, nl 

S ::: sum of numbers. 
11 :::: number of numbers en­

tered so far. 

x = one of the numbers. 
When entering last 
number, press SET 
FLAG before pressing 
CONTIN UE. 

Add x to the previous sum , 
obtaining a new sum. Tn­
crease the count by one. 

If the FLAG is OFF, go 
around for another number; 
if the FLAG is ON, compute 
the mean, m. 

Display the results. 
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UNIT 3 

000 FUNCTIONS 

Section 3-1 Logarithmic and 
Exponential Functions 

The computer has three keys for direct evaluation of logarithmic and exponential functions. 

KEY FUNCTION 

Iel Exponential Function , Base e (e = 2.71828 ... ) 

In< Logarithmic Function, Base e (natural logarithm). 

\ 1"9-~ Logarithmic FUllction. Base 10 (common logarithm). 

LOGARITHM. BASE 10 

Computes the logarithm, base 10 (common logarithm) of the content of the X register and put the 
result into X. 

Before Pressing 8 

ITJ. Z 
2. Y 
3. X log 3 

CO. Z 
2. Y 

-3. X log -3 

OJ. Z 
2. Y 
O. X log 0 = ? 

After Pressing 8 
0.4 7712 rl--~-.4-7-7-1'::'2-~1 ~ 

I. 
2 . 

? -9.999 999 999 99 

I. 
2. 

-9.999 999 999 99 

z 
Y 
X 

Z 
Y 
X 

To prevent disasters such as the last two examples, expect the HP 9100A to compute Log x [or positive 
lIumbers only . 

LOGARITHM, BASE e 

Computes the logarithm, base e (natural logarithm ) of the content of the X register and put the re­
su lt into X. 

Before Pressing 8 

1Tl~ 
~x In 2 = 0.69315 
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After Pressing 8 

I -~·693 1 5 1 ~ 



Now it's your turn . Compute the natural logarithm or each or the roJlowin!! numbers. Complete the After 
displays. 

Before Pressing 8 

[D. Z 
o. y 
I. X In I = 

After Pressing 8 

I I ~ 
[IJ. Z 

o. y 
o. X In 0 = 

[IJ. Z 
o. y 

- I. X In - I = 

~
. Z 

O. Y 
2.71828 X In 2.71828 = _____ _ 

CJ~ 
CJ~ 
CJ~ 

EXPO ENTIAL, BASE e 

Raise e (2 .71828 .. . ) to the power (exponent ) indicated in the X register. 

Before Pressing 0 After Pressing 0 [TIz G:J 
Z 

2. Y 2 . Y 
I. X e' 2.71 828 2.7 1828 X 

COZ c:J Z 
2. Y 2. Y 

- I. X e-' = .36788 .36788 X 

CJz o:J Z 
2. Y 2. Y 

.5 X e·:; 1.64872 1.64872 X 

[TIZ [J:J Z 
2. Y 2. Y 
O. X eO = 1.00000 X 

' DECIMAL DIGITS wheel set to 5. 

You may wish to try the following program for manual operation for several values of x. 

STEP INSTRUCTION Predict the fina l displays. 

o CLEAR x = 2 x = 
ENTER x Z 

2 eX Y 

X 
3 In x 
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• 

• 

• 

• 

-3 

Z 

Y 

X 



Now, try this onc. 

STEP 

0 
I 
2 
3 

x = 

INSTRUCfION 

CLEAR 
ENTER x 
In x 

eX 

z 
Y 

X 

x = 7T 

Predict the final display 

x = 2 x -3 

Z 

Y 

X 

X = 0 

Z Z 

Y Y 

X X 

Use the computer to check your answers. If there are any surprises, study the following identities. 

(I) In e' = y 

(2) e'n , = y 

for all real numbers y. 

for all positive real numbers y. 

Z 

Y 

X 

Since there is 110 key to permit direct computation of lax, let's write a short program to do this calcu lation. 
For any real number X, l Ox is a positive real number. Therefore, using identity #2 above, we have 

eX Ln W = lOx 

PROGRAM 10' 

STEP 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

Oa 

KEY 

CD 
CD 
(2] 

o 
B 
o 
§) 
o 
@ 
8 

TO RUN THE PROGRAM 

( I ) Press EN D. 

( Replace y by 10') 

(Since In lOx = x In 10) 

X Y 

x x 

x x 

x 

10 x 

In 10 x 

In 10 xln 

o x In 

x In LO 0 

y 0 

x Y 

x Y 

(2 J Enter x. Press CONT IN UE. 
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z REMARKS 

x 

x Compute In 10 

x 

x 

10 x 

10 x Let y = lOX 

x 

x 

o 

o Resul ts 

FINAL DISPLAY 

[3. Z 
y = l OX Y 

x X 



EXAMPLES (Decimal Wheel 

\'" - ') 

O. 
100.00000 

2. 

Try the,e: 

x 57 

EXERCISES 

at 5) 

Z 
Y 
X 

z 
y 

X 

X = 0.5 
O. Z 
3. 1622X Y 
.5 X 

( 10" V 10 ) 

x = -2 

I. The EX PONENTIAL FUNCTION, BASE 2 is defined by 

{(X, y) : x is a real number and y = 21t}. 

z 
y 

X 

t - 1.000.000 
O. 

9.999 999 999 99 
I .000 000 000 06 

Overllow' x too big. 

x 0.333333333 

Write a program to compute the value of y = 2x for an input value o[ .t. 

2. The EXPONENTIAL FUNCTION, BASE b i, defined by 

{(X, y) : b > 0, b # I and y = h' }. 

Z 
Y 
X 

z 
y 

X 

Write a program to compute the value or y = b' ror input valuc o[ band x. The final display should look like 
this: 

CL]= b' Z 
x y 
b X 

3. Ir we invest P dollars at I' percent annual interest where the interest is compounded 1/ times per year, then the 
amount A accumulated in ( years is 

[ 
r ] '" 

A = P 1 + -;;-

""rite a program 10 compute the va lue of A. given value ... of P. r, Il iJnd 1. 

Section 3-2 Trigonometric Functions 

We can aha u,e the computer to evaluate the trigonometric runction, SINE. COSINE and TANGENT. 

Here are the keys. 

Computes the sine of the content of X and put the result into X. 

Computc~ the co~ine of the contl:nl of X Hnd put the rc..,uh into X. 

Compute, the tangent or the content of X and put the resu lt into X. 

58 



The content of X can be given ei ther in degrees or radians. If we wish to usc degrees. we set the DEGREES­
RADIANS switch to DEGREES; if we want radians, we set the switch to RADIANS. For the following examples, 
the swi tch is set to DEGREES and the DECIMAL DIGITS wheel is on 5. 

Before Pressing 8 After Pressing 8 
o. Z o. Z 
I. Y I. Y 

30. X sin 30 0.50000 .50000 X 

Before Pressing 8 After Pressing 8 
o. Z o. Z 
I. Y I. Y 

30. X cos 30 = 0.86603 .86603 X 

Before Pressing 8 After Pressing 8 
o. Z o. Z 
I. Y 1. Y 

30. X tan 30 = 0.57735 .57735 X 

Set the DEGREES-RADIANS switch to DEGREES and the D . W. at 9 and complete the following table. 
Compare your results with those in a book of tables. 

SINE 

COS INE 

TANGENT 

70" 165· 5000· 

What happens on the HP 9 1 OOA if you try to compute the following on the computer? 

(I) tan 90· 

(2) tan (- 90 ' ) 

(3) tan 270" 

Now set the DEGREES-RADIANS switch to RADIANS and complete the table below. 

SINE 

COSIN E 

TANGENT 

I radian 

Again. usc the computer to complete the table. 

27 
SECANT 

COSECANT 

COTANGENT 

2 radians 7r radians 

3.6 radians 3333" 
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Let's compute the area of the following triangle. 

c 
b 

a 

We wi ll measure angle ")' and the lengths of sides a and b. 

A = y" ab sin ")' 

ST EP KEY X Y Z REMARKS 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

Oa 

CD a a 

8 b a E nter b 

0 b ab 

8 ")' ab Enter ")' 

8 sin ")' ab 

0 sin ")' ab sin ")' 

CD 2 ab sin ")' 

0 2 A A y" ab sin ")' 

ffi 0 A 

CD 0 0 A Optional, simply used 

8 
to provide a neat display. 

TO RUN T H E PROG RAM 
( I ) Press EN D. 

0 

(2) Enter a, press CONTINUE. 
(3 ) Enter b, press CONT INUE. 
(4) Enter"),. press CONTINUE. 

0 A 

FINAL DISPLAY 

A 
O. 
O. 

Before entering ")'. you must set the DEGREES­
RADI ANS switch. If you r value of ")' is expressed in 
degrees, set the switch to DEG REES. If you r value of 
")' is given in radians. set the switch to RA DIANS. 
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Y 
X 



Set the switch to DEGREES and do the fo llowing 
exercises. Complete the final display for each set of input 
data. 

a = I , b = 2, 'Y = 30° a = 2, b = 3, 'Y = 135 ° 

z z 
y y 
X X 

Set the switch to RADIANS and complete the following. 

a = I , b = 2,,. = ) radlnns a = 2, b = 3, ,. = 2.yadlnllli 

EXERCISES 

z 
y 
X 

z 
y 

X 

I . Write a program to compute the length of side c, given 
the measure of the angle 'Y and the lengths of side a 
and b. (see diagram) 

b c b 

'Y y 

a a 

c 
b 

'Y 

a 

2. Write a program to compute the tl rea of a regular 
polygon with II sides given : 

(a) the va lue of II and the radius r of the inscribed 
circle. 

(b) the value of II and the radius R of the circum­
scribed circlc. 

(c) the value of II and the length of one side. 

If you have studied the arc trigonometric functions, 
you may be pleased to lea rn how to usc the computer to 
evaluate these functions. Each of the functions can be 
evaluated with two keystrokes. 

Computes the arc sine of the content of 
the X register and place the result into 
X. 
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Before Pressing 88 After Pressing G 8 
Arc sine 0 .5 = 30° 

ITJ. Z 
2. Y 

.5 X []d. Z 
2. Y 

30.0000 X 

Arc sine 0.5 = '1r / 6 

ITJ· Z 
2. Y 

.5 X [g. Z 
2. Y 

.52360 X 

In the first example, the DEGREE-RADIANS switch 
was set to DEGREES, and in the second example it was 
set at RADIANS. 

Computes the arc cosine of the content of 
the X register and put the result into X. 

Computes the arc tangent of the content 
of the X register and place the result 
into X. 

Set the DEGREES-RADIANS switch to RADIANS 
and usc the computer to complete the table. 

x ARC SIN x ARC COS x ARC TAN x 

o. 
0.1 

- 0.1 

0.99 

- 0.99 

1. 

- 1. 

1.01 

- 1.0 1 

5000. 

Again we wonder about that red light! 

If you continue experimenting, you wi ll lind that the 
ARC SIN and ARC COS operations will work properly 
only if 

- I ~ x ~ I. 



If x > I or x < - I, pressing these keys will cause the 
red error light to come on. If you have studied the in­
verse trigonometric functions, you will know why this 
happens. You may also have noticed that all of the ARC 
functions give principal va lues. For example. the arc 
sine and arc tangent result is always in the range. 

-90° ~ result ~ 90 " (switcb set to DEGREES) 
or 

11" 
~ result ~ 

2 

11" 
(switch set to RADIANS) 

2 

EXER CISES 

I. Run the following programs for manual operation for 
each value of 8. 

STEP INSTR UCTI ON STEP INSTRUCT ON 
0 CLEAR 0 CLEAR 
I ENTER 8 I ENTER 8 
2 SIN x 2 COS x 
3 ARC 3 ARC 
4 SIN x 4 COS x 

STE P INSTR UCTION 
0 CLEAR 
I ENTER 8 
2 TAN x 
3 ARC 
4 TAN x 

Values of 8: 30 °, 4S o, 90", ISO°. 210°, 300", 360", 
SOOO°, - 60°, -90 ". 

Is the computer operation arc sin x the inverse of the com­
puter operation sin x? Is arc cos x the inverse of cos x? 
Is arc tan x the inverse of tan x? 

Can we restrict the range of () so that arc sin x is the 
inverse of sin x for all va lues of 0 in this range? If so, 
what is the restriction? 

2. Under what conditions will sin x be the inverse of arc 
sin x? Cos x the inverse of arc cos x? Tan x the in­
verse of arc tan x? 

Section 3-3 Polar Coordinates 

The POLAR key changes coordinates from rec­
tangular to polar form . 

This key changes coordinates from polar to rec­
tangular form. 

62 

Are you familiar with these two ways of representing 
vectors and complex numbers? For example, let z be a 
complex number. We can represent z by the ordered pair 
(x, y) in rectangula r Cartesian coordinates or by ( r , 8) 
in polar coordinates, as shown below. 

y z(x, y) or z(r, 8) 

r 

o x 

For example, the complex number I + i c"n be repre­
sented by thc rectangular coordinates ( I, I ) or by the 
polar coordinates (y""'!; 4S 0) or, using radian mcasure. 

11" 
(v'2. 4")' 

Using rectangu lar coordinates. we write 

z = x + yi 

and us ing polar coordina tes we write 

where 

z = r cos 8 + (r sin 8) i 

= r (cos 0 + i s in 8) 

r = l z l= "'; x' +/ 

In measuring f1. mathematicians long ago established 
the following convention. 

- I 80" < 8 ~ 180° 

We fi nd, therefore, the fo llowing correspondences. 

x L r 8 
I I V1 4S o 

- I I V1 13S o 
- I - I V1 - 13So 

1 - I V1 - 4S o 



Give rand 8 for each of the following complex num­
bers. 

z, = -4 + 3i y z, = 4 + 3i 

x 

z" = - 4 - 3i z. = 4 - 3i 

For z" r - and 0 = 
For Z:!. r - and 0 = 
For Z;t. r = and 0 = 
For Z·h r = and 0 = 

We are not sure just how you did the preceding exer­
cise, but here is an easy way, 

STEP INSTRUCTION X Y Z 
0 ENTER y y 

I t y Y 
2 ENTER x x y 

3 POLAR r 0 

This leads us up to a more complete definition of the 
TO POLAR key. 

Let x denote the original content of the register 
X and y the original content of the register Y. 
This operation replaces x and y by rand 0, re­
spectively. where,. and (J arc the polar coord i­
nates of the point represented by x and y. That is, 

r =Jx' + y' and - 180° < 0 ;;; I 80° 

The converse operation is represented by the key 

Let r denote the content of the X register and 
o the content of the Y register. This operation 
replaces X wi th x and Y with y where, 

x :::;: r cos 0 and y :::;: r sin O. 

x 

12 

12 

- 12 

-12 

r 

I 

I 

I 

I 

1 

1 

2 
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What is the polar form of 
each point whose x and y 
coordinates are given in 
the table below? 

y r 

5 

-5 

5 

-5 

What are the rectangular 
coordinates of each point 
whose polar coordinates arc 
given? 

0 x 

30° 

- 30° 

ISO" 

- 150° 

210° 

3 15" 

30° 

0 

y 



EXERCISES 

I. Suppose we want to obtain polar coordinates (r, "') 
such that 0 0 ;;; '" < 3600. That is. the angle '" 
is always measured in a counter-clockwisc manner 
f rom the positive x ax is. For example, 

( - I , I) 

x 

y 

x 

( 1, - 1) 

y 

x 

r =V2 

( - 1, - 1) 
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( 1, I ) 
y 

r=V2 

x 

(a) What is the relationship between ", and O? 
(b ) Write a program to compute the values of r ana 

<P, given va lues of x and y as input data. 

2. Use the computer to express each complex number in 
the form a + bi. 

(a) (1 + i) ' (b) (2 + 3i) ' (c ) (2 - 3i)-' 

3. We can express a complex number z in rectangular 
form as 

z = a + bi 

or in polar form as 

z = r (cos 8 + i sin 8). 

Polar form is particularly useful in computing products, 
powers and roolS of complex numbers. In computing 
positive integral powers of a complex number, we can 
apply DeMoivre's Theorem, stated below. 

If z = r (cos 8 + i sin 8) and II is a positive integer, 

then 

z" = r" (cos /I 8 + i sin II 8). 

Write a program to evaluate zn given z in rectangular 
form II + bi. We want the results in rectangular form 
II + vi where 

u - real part of zn, and 
v imaginary part of zO. 

In other words, your program directs the computer to 
compute li and v, given a, b, and n as input data. 



TO IYI arc a b ROLL 
POLAR '" '" 62 55 72 13 14 31 

TO int x hyper C d t 
RECT '" ROLL 

66 64 67 16 17 22 

RCL eX sin x e F .., 
61 74 70 12 15 25 

ACC In x cos x Y-+( I y;1I t 
63 65 73 40 24 

ACC log x tanx X-+( I X:'Y + 
60 75 71 23 30 27 



KEY CODES 

{X CHG ENTER CLEAR CLEAR 
IF SET 

SIGN EXP X FLAG FLAG 

76 32 26 37 20 43 54 

• 7 8 9 IF 
FMT PAUSE • X<y 

35 07 10 11 42 52 57 

X 4 5 6 PRINT 
IF STOP X=y 

36 04 05 06 45 50 41 

1 2 3 C IF END 0 x>y 
N 

34 01 02 03 T 53 46 
I 
N 

+ 0 TT U GO TO STEP • E ( II ) PRGM 

33 00 21 56 47 44 

The number shown below each key is the (octal) instruction 
code. These are also shown, in numerical order, on the pull ·out 
card at the front of the calculator. 

Refer to Page 23 for an explanation of the code. 
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