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Introduction 

The HP-67 Standard Pac provides an excellent nucleus from which to build 
your program library. The programs address topics common to business, 
science, and engineering as well as providing enjoyable programs such as 
Arithmetic Teacher, Follow Me. and Moon Rocket lAnder. 

No knowledge of programming is required to use the programs in Standard Pac . 
However, familiarity with sections one through five of the Owner's Handbook 
(or previous HP calculator experience) is assumed. If this is your first encounter 
with programmability, be sure to read " Running a Program" on pages iy to xi 
of this manual. This detailed description is designed to help you become more 
familiar with your calculator. It is most effective when you perform all opera­
tions as they are described. 

For each program the Standard Pac provides a description, user instructions, 
keystrokes for example problems, a prerecorded magnetic card (in the plastic 
card case) and program listings (at the back of this manual) . There is also a 
diagnostic program for checking calculator operation, a head cleaning card 
which can be used occasionally to clean the magnetic card read/write head, and 
blank magnetic cards which may be used to record the programs you write. 

Standard Pac differs from optional HP-67/97 application pacs in that it contains 
explanations of important programming techniques. The titles and page num­
bers of these explanations may be found opposite page 15-OJ of this manual. 

We hope you find Standard Pac useful in your daily calcu lations. 
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RUNNING A PROGRAM 

Loading A Program 

Select the ClIrl'e Fillillg card, SD-03A, from the card case supplied with this 
application pac . 

Set W/PRGM-RUN switch to RUN . 

Tum the calcu lator ON. Yo u should see 0.00. 
Gently insen ei ther end of the card (pri nted side up) in the reader slot as shown 
in figure I . 

Figure I. 

When the card is pan way in, a motor engages and passes it out the side of the 
calculator. Sometimes the motor engages but does not pull the card in . If th is 
happens, push the card a little fanher into the machine . Do not impede or force 
the card; le t it move free ly. 

The display wi ll show " Error" if the card reads improperly. In this case, 
press 13!3 and reinsen the card . 

Since Clirve Fill i llg is lo nger than 11 2 steps, the display now shows "Crd" 
indicating that a second card pass is necessary to load the remaini ng steps . With 
the writ ing still visible to you, insen the opposite end of the card (figure 2) and 
pass the card th rough the card reader again . 

Figure 2. 

iv 

When the motor stops, remove the card from the side of the calculator and insert 
it in the "wi ndow slot" of the calculator (see figure 3) . 

Figure 3. 

The program has now been stored in the calculator. It will remain stored until 
another program is loaded o r the calculator is turned o ff. 
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MAGNETIC CARD 

Instructions O n T he Magnetic Card 

Look at the card that you just inserted in the window slot of the calculator. The 
mnemonics on the card can help you run the program . The most important 
thing to nOle is that the mnemonics are associated with the user-definable keys 

a - 0 . For instance "LOG?" and"y . x" are associated with the llJ key . 

Following is a table of the important types of symbols and conventions used in 
this pac. The table is provided as a reference until you become familiar with the 
sy mbols on the magnetic cards. 

SYMBOL O R 
CO VENTION 

White mnemonic : 
x 
a 

Gold mnemonic: 

x 
o 

x t y 
a 

IAl 
a 
(x) 

a 
· x 
a 

Symbols And Conventions 

I DlCATED MEA I G 

White mnemonics are associated with the user­
definable key they are above when the card is in­
serted in the calcu lator's window sial. In this case 
the value of x cou ld be input by keying it in and 
pressing a . 
Gold mnemonics are similar to white mnemonics 
except that the gold key must be pressed before 
the user-definable key. In this case y could be input 
by pressing O . 
t is the symbol for miDJI. In this case miDJI 
is used to separate the input variables x and y. To 
input both x and y you would key in x, press 
miDJI, key in y and press a . 
The box around the variable x ind icates input by 
pressing EmI a · 
Parentheses indicate an option. In this casc, x is not 
a required input but could be input in special cases. 

• is the symbol for calculate . This indicates that 
you may calculate x by pressing key a. 
This indicates that x, y, and z are calculated by 
pressing a once. The values would be sequentially 
displayed in x, y, z order. 

vi 

SYMBOL OR 
CONVENTION 

- x; y; z 

a 

a 

a 

P? 

a 

START 

a 

DEL 

a 

INDICATED MEANING 

The semi-colons indicate that after x has been cal­
culated using a , y and z may be calculated" in tum 
by pressing liD and then again liD· 
The quote marks indicate that the x value will be 
"paused " or held in the display for one second. The 
pause will be followed by the display of y. 

The two· way arrow ~ indicates that x may be 
either output or input when the associated user-de· 
finable key is pressed. If numeric keys have been 
pressed between user-definable keys , x is stored . If 
numeric keys have not been pressed, the program 
will calculate x . 

The question mark indicates that this is a mode set­
ting, while the mnemonic indicates the type of 
mode being set. In this case a pause mode is control­
led . Mode settings typically have a 1.00 or 0.00 
indicator displayed after they are executed . If 1.00 
is displayed, the mode is on . If 0.00 is displayed, it 

is off. 

The word START is an example of a command . The 
start function shou ld be performed to begin or start 
a program . It is included when initialization is 
necessary . 

This special command indicates that the last value or 
set of values input may be deleted by pressing a . 
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FORMAT OF USER INSTRUCTIONS 

The completed User Instruct ion Form-which accompanies each program- is 
your guide to operating the programs in this Pac . 

The form is composed of five labeled columns. Reading from len to right , the 
first column . labeled STEP, gives the instruction step number. 

The INSTR UCTIONS column gives instructions and comments concerning the 
operat ions to be performed . 

The INPUT-DATA/UNITS column spec ifies the input data, and the units of 
data if applicable. Data input keys consist of@) to ® and decimal point (the 
numeric keys). ID3 (enter exponent), and I!ImI (change sign) . 

The KEYS colul11n specifies the keys to be pressed arter keying in the corre­
sponding input data. 

The OUTPUT-OAT NUNITS column specifies intermediate and final outputs 
and their units, where applicable. 

The following illustrates the User Instruction Form for Curve Fitting, SD-03A. 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 
- I-

Load side 1 and side 2. 

2 Optional : Select pause input 
r--
I-

mode. D D 1.00/0.00 
- f--

3 Select type of regression : 

for linear l it D D 1.00 

for exponential fil D B 1.00 

for logarithmic fit t-
Dm 1.00 

for power fit a D 1.00 

4 Input x value" . x, Il:Ii!iIl '" 5 Input y value. y, D i + 1 

6 Repeat steps 4 and 5 for all data 

pairs·' , 
t--

-
7 Compute and output coefficient 

of determination r and a and b. r'. a. b -
8 Optional : Make projections 

--
based on a known y value. y m 

viii 

~ 

~ 

:I 

:I 

STEP INSTRUCTIONS 

9 Optional : Make projections 

based on a known x value. 

10 For a new case go to step 3. 

• Note that this step may be skip­

ped if the x value equals the dis­

pfayed counter (i + 1). 

"The lasl set of data pairs may 

be deleled by p'essing III ~ 

then D. Any set of data pairs 

may be deleted by entering the"l 

as in steps 4 and 5 and 

freSSing D · i 

INPUT 
DATA/UNITS 

x 

KEYS 

D 

OUTPUT 
DATA/UNITS 

Since you loaded this program in "Loading A Program" on page iv, step I is 
already done and we can move to step 2. (If you turned your calculator off, you 
must reload the program.) 

Step 2 is optional. It is primarily intended for printer control on the HP-97 
printing programmable calculator. On your HP-67 calculator, print commands 
are interpreted as pause commands. That is, the caleulator stops and displays 
the X-register value for one second and then continues with program execution . 

In this particular application the print mode provides a pennanent record of 
input data on the HP-97 printing caleulator. On the HP-67 pocket caleulatorthe 
input values are displayed for review if the print input mode is seleeted. 

To select Ihis "print/pause" mode, you wo uld press a D as shown in the 
KEYS column of the User Instruc tion Form. Go ahead and press a D now. 
Yo u should see a 1.00 in the display as indicated in the OUTPUT DATN 
UNITS column . Successive presses of a D will cause 0 .00 and 1.00 to be 
displayed alternately, indicating that the print/pause mode is off (0.00) or on 
( 1.00) . Try this, but leave 0.00 displayed (prin t/pause mode ort) before moving 
to step 3 . 
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In step 3 the type of curve fit is selected . There are four options listed, and you 
must select one. For example, to select exponential curve fit, refer to the KEYS 
column of the same line and press B . Do this. The number 1.00 shou ld be 
displayed, as shown in the OUTPUT-DATNUNITS column. 

The magnetic card gives short mnemonic hints about the four possible modes 
that may be selected. Printed in gold above the B key is "EXP?" indicating 
that the exponential mode is set by pressing B . 

To do a curve fit, you must input a number of data pairs (XI and YI)' Steps 4,5 
and 6 give the input instructions. First key in XI as indicated under INPUT­
DATA/UN ITS. Then press mIDiIl to tell the calculator that you have com­
pleted building the number x. Then key in the value for YI and press D . The 
number of data pairs plus one (i + I) will appear in the display. Repeat the 
procedure for all data pairs. Try it for this data set: 

XI 3 7 

YI 2.7 20 1100 

The keystrokes you should use are I mIDiIl 2 .7 D 3 mIDiIl 20 D 7 
mIDiIl IIOO D . If you make a mistake, look at the second note at the bottom 
of the User Instructions . It describes procedures for correcting errors . If the last 
input pair was in error, you could pressel §!) III and eliminate it. Don't do this. 
Instead eliminate the (3,20) pair and replace it with (4,60). The keystrokes arc 3 
mIDiIl 20 III 4 mIDiIl 60 D . 

Now that you know how the program works, the mnemonics on the magnetic 
card will prompt you on data input and data correction. 

When all data have been keyed into the calcu lator, the regression coefficients 
can be calculated. Step 7 of the User Instructions says press B to do this. 

Three values will be displayed in the order listed in the comments column of the 
user instructions. First, the coefficient of determination (r' here equal to 1.(0) 
will be displayed . Then the regression coefficients, a (1.02) and b (1.00), will 
be displayed . Go ahead and press B . When execution stops (after all three 
values have been displayed), you may review the values by pressing B again . 

If you wish to have more time to observe a value during a pause, press m 
during the pause. This stops program execution leaving the value displayed . To 
restart the calculator, press liD again. Try this. Press B , then stop the 
calculator during the first pause by pressing liD. Press liD again to restart 
program exec ution. Stop the calculator during the second pause and see 1.02. 
Press ma again to complete the calculation. Note that during an output pause, 
the decimal point Oashes. This signifies that program execution has not termi­
nated and will resume automatically. 

x 

Now try a projection. Slep 9 instructs you 10 key in an x value, press IJ and 
see a projectedYvalue. Try an x value of 10. You should see a projected y result 
of 22926 . 17. You can also estimate an x value ~ using a known y value. Leave 
the value of 22926.17 in the display and press 1iJ. The value 10.00 should be 
di played again . 

tf YOUT answers agree with ours, you arc ready to try other programs in Standard 
Pac . If your answers did not agree with ours , try the procedure again. 
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user instructions. First, the coefficient of determination (r' here equal to 1.(0) 
will be displayed . Then the regression coefficients, a (1.02) and b (1.00), will 
be displayed . Go ahead and press B . When execution stops (after all three 
values have been displayed), you may review the values by pressing B again . 

If you wish to have more time to observe a value during a pause, press m 
during the pause. This stops program execution leaving the value displayed . To 
restart the calculator, press liD again. Try this. Press B , then stop the 
calculator during the first pause by pressing liD. Press liD again to restart 
program exec ution. Stop the calculator during the second pause and see 1.02. 
Press ma again to complete the calculation. Note that during an output pause, 
the decimal point Oashes. This signifies that program execution has not termi­
nated and will resume automatically. 

x 

Now try a projection. Slep 9 instructs you 10 key in an x value, press IJ and 
see a projectedYvalue. Try an x value of 10. You should see a projected y result 
of 22926 . 17. You can also estimate an x value ~ using a known y value. Leave 
the value of 22926.17 in the display and press 1iJ. The value 10.00 should be 
di played again . 

tf YOUT answers agree with ours, you arc ready to try other programs in Standard 
Pac . If your answers did not agree with ours , try the procedure again. 

xi 
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MOVING AVERAGE 

MOVING AVERAGE " 
, 

. .. K AVC WDATA . VAlUES • AVe; 

In a moving average, a speci fied number of data poi nts are averaged. When 
there is a new piece of input data, the oldest piece of data is discarded to make 
room for the latest input. This replacement scheme makes the moving average 
a valuable tool in following trends. The fewer the number of data points, the 
morc trend sensi ti ve the average becomes. With a large number of data points. 
the average behaves more like a regular average , responding slowly to new 
input data. 

This program allows for a mov ing average span of I to 22 units. The number 

of units, n, must be specified before any data input begi ns by keying it in and 
pressing B . Then the data is input by keying in each value, Xk, and pressing 
B in tum. The calculator will display the current input number, k, until at least 
n va lues have been entered. After the nth value (and for all succeeding values), 
the calculator will nash the current input number before halting with the 
moving average, A VG, in the display. 

In many applications moving averages are calculated da ily, weekly, monthly, 
or even yearly. In such cases it is necessary to store the register contents on a 
magnetic card for future use . To do this, press III for WRITE DATA and insert 
one side of the blank card . If the di splay says " Crd" after the first card pass, 
insert the other end of the card . If the display is unchanged after the first pass, 
all data has been recorded on the first pass and you may proceed to other calcu­
lations. When the recorded data is required again, insert the data card . If 
"Crd " appears after the first pass, load the other end of the card . The original 
data has been returned to the storage registers and you are ready to continue 
the moving average at the point you left off. 

The value of the average may be displayed at any time by pressing Ill . This 
feature allows the average to be calculated before n data points have been input. 
The average is based on the number of inputs or n, wh ichever is smaller. 

Remarks: 

Attempts to input a value larger than 22 .00 or smaller than 1.00 for n will 
result in a na hing display which can be cleared by pressing m . 
All data storage registers are used. 

M oving averages of 10.00 or more units require two passes of the data card to 
record or store the values . 

STEP 

2 

3 

4 

5 

6 

7 

r 

8 

9 

:I 

:I 

:I 

!!I 

INSTRUCTIONS 

Load side 1 and side 2 . 

If data from a previous calcu-

lation is stored on a magnetic 

card. insert the magnetic 

card and skip to step 5 . 

Input number of points in 

average (1 n 22) 

Optional: Select pause input 

mode. 

Input data point and compute 

moving average.· 

Go to step 5 for next input. 

Optional : To store data on 

magnetic card for future use, 

press III and insert card in 

reader. 

Optional : Output values in 

newest to oldest order. 

Optional: Display average at 

any time. 

For a new case go to step 2. 

' If you make an error on data 

input. you must start over unless 

you previously recorded data 

on a magnetic card. If data was 

prevtously recorded , load the 

data card and start with the first 

value input after recording the 

card. 
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INPUT 
KEYS 

OUTPUT 
OATA/UNITS OATA/UNtTS 

n D n 

I] 1.0010.00 

x, D "k", AVG 

I] Crd 

Values 

m AVG 
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INPUT 
KEYS 

OUTPUT 
OATA/UNITS OATA/UNtTS 

n D n 

I] 1.0010.00 

x, D "k", AVG 

I] Crd 

Values 

m AVG 
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Example I : 

A six-period moving average is used to project monthly sales . The first 6 
months of sales are as follows : 

1 2 3 4 5 6 Month 

Sales 125 183 207 222 198 240 

Compute the moving average. Also compute the average after month three. 

Keystrokes: Outputs: 
6 D ----------.... 6.00 
125 D . 1.00 
183 D . 2.00 
207 D . 3.00 
iii • 171.67 

222 D ----------.... 4.00 
198 D 5.00 
240 D • "6.00", 

Now record the data for example 2. 

------------..... Crd 

Insert a blank magnetic card in the card reader. 

(average after 
month three) 

195 .83 

Now lum the calcul ator off and assume a month has passed . Tum the calculator 
back on and load both sides of Moving Average . 

Example 2: 

The aClual sales for the seventh month totaled 225 units. Compute a new 

movi ng average with this data. Also, output the values in the average . 

Load the magnetic data card recorded at the end of example I . 

Keystrokes: Outputs: 

225 D "7 .00", 212.50 
B ----------------+. 225 .00'" (current moving 

240.00 • •• average values 
198.00 • •• in newest to 
222.00 • • • oldest order) 
207 .00 ••• 
183 .00 ••• 

6.00 

01-04 
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TABULATOR 

TABULATOR SO ()2A 

1111",,, po 

VAL DEL + TOT + 'l.TOT vAl.. , rOT 

This program is designed to be of aid in tabulating applications such as account­
ing and estimating. It can be used to add single columns containing up to 24 
values (VAL). remember each value. and find the percent of total of each 
value. (The first example problem shows thi s type of use.) The progmm can 
a lso be used to total any number of columns and find row totals, the percent of 
IOtal for each row to tal. and the grand total for a table of values. The total of 
each column is displayed as soon as the column is completed. 

2 

VAL, ., VAl" , 

2 VAL,. , VALu 

3 

4 

23 VAL"., VAL21,J '" 

24 VAL, •. , VALzu··· 

CTL, CTL, 

3 

VAL,.) ... 

VALZ,l ... 

J 

n 

... VALI.t\ 

... VAL',n 

J 

RTL, 

RTL2 

ATLl4 

GRAND 

TOTAL (GT) 

Column totals (CTl) are output when the column is complete. 

Equations: 

% of Totall 

Remarks: 

Figure I 

Row Totall 

Grand Total 
x 100 

If the last va lue input was in error. it may be deleted by pressing D . This 
subtrac ts the value frol11 both column and row totals and resets the indices. 

I 
I 

!~ 
I 
'!I 
I , 
I , 
I 
I 

I 
I 

I 
I 

I 
I 

I 
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Attempts to speCify more than 24 or less than I for the number of rows will 
result in nashing input which can be cleared by pressing liD. 
All data storage registers are used . 

STEP tNSTRUCTtONS J tNPUT 
DATA/UNtTS 

2 

3 

4 

5 

Load side 1 and side 2. 

Key in number of rows (1 to 24) I 
and initialize·. 

Optional : Select pause input 

mode 

Input value 

If your last data input was in 

error execute this step to return 

to prior status: 

6 Go to step 4 unlil all values have 

been input. 

7 Obtain outputs: 

Output row tolals and grand tolal. 

Output % of grand tolal for each 

row tolal. 

8 Optional : Compute percentage 

ROWS 

VAL 

of grand tOlal for any number. NUMBER 

9 For new case go to step 2. 

J
OFI8Shing input indicates an 

input less than one or greater 

than 24. Clear with GI1 . 1 

KEYS 

a D 

-
a m 
D 

B 

D 

OUTPUT 
DATA/UNtTS 

0.00 

1.00/0 .00 

VAL (or CTL) 

ROWS 

ROW % 

% ofGT 
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Attempts to speCify more than 24 or less than I for the number of rows will 
result in nashing input which can be cleared by pressing liD. 
All data storage registers are used . 

STEP tNSTRUCTtONS J tNPUT 
DATA/UNtTS 

2 

3 

4 

5 

Load side 1 and side 2. 

Key in number of rows (1 to 24) I 
and initialize·. 

Optional : Select pause input 

mode 

Input value 

If your last data input was in 

error execute this step to return 

to prior status: 

6 Go to step 4 unlil all values have 

been input. 

7 Obtain outputs: 

Output row tolals and grand tolal. 

Output % of grand tolal for each 

row tolal. 

8 Optional : Compute percentage 

ROWS 

VAL 

of grand tOlal for any number. NUMBER 

9 For new case go to step 2. 

J
OFI8Shing input indicates an 

input less than one or greater 

than 24. Clear with GI1 . 1 

KEYS 

a D 

-
a m 
D 

B 

D 

OUTPUT 
DATA/UNtTS 

0.00 

1.00/0 .00 

VAL (or CTL) 

ROWS 

ROW % 

% ofGT 
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Example 1: 

The following lisl of unil sales figures are 10 be 10laled and converted 10 
monlhly percentages. 

January: 1012 
February: 1235 
March : 895 
April: 1123 

May: 1502 
June: 1073 
July: 973 
AugusI: 1250 

Seplember: 1051 
Oclober: 1244 
November: 1127 
December: 977 

Keystrokes: Output : 

12 EI --------_ 0.00 
1012 EI 1235 EI 895 EI 11 23 EI - ->. 1123 .00 
1502 EI 1073 EI 973 EI 1250 EI 1250.00 
1051 EI 1244 EI 1127 EI 977 EI • 13462.00 

iii • 7.52 ·" (percents) 
9. 17 ··· 
6.65 ••• 
8.34 ••• 
11 . 16 ••• 

7.97 ··· 
7.23··· 
9 .29 ··· 
7.81 ••• 

9.24 ··· 
8.37 ··· 
7.26 ··· 

100.00 ••• 

B --------------+. 1012.00 ·" (row 101als) 
1235.00 ••• 
895.00 ••• 
1123 .00 ••• 
1502.00 ••• 
1073.00 ••• 
973 .00 ••• 
1250.00 ••• 
1051.00 ••• 
1244.00 ••• 
1127.00 ••• 
977 .00 ••• 

13462.00 ••• 

02·04 

Example 2: 

The fo llowing lable is 10 be 10laled (bolh rows and columns). Also, find Ihe 
percenl of lolal sales for each booklet. 

BOOKLET SALES DATA 

JAN FEB MARCH APRIL 

BOOK 1 273 284 303 244 
BOOK 2 1093 847 1222 1027 
BOOK 3 423 654 683 540 
BOOK 4 118 255 453 755 

Keystrokes: Outputs: 

4 EI----------+. 0.00 
273 EI 1093 EI 423 EI 118 EI 1907.00 
284 EI 847 EI 654 EI 255 EI 2040.00 
303 EI 1222 EI 683 EI 453 EI 2661.00 
244 EI 1027 EI 540 EI 755 EI 2566.00 
252 EI 978 EI 570 EI 805 EI 2605.00 

MAY 

252 
978 
570 
805 

(Jan 101al) 
(Feb 101al) 
(Mar 101al) 
(Apr 101al) 
(May 101al) 

B --------------+. Row 10lals ~ 

iii % ofrow 10lals I I 
BOOKLET SALES OATA 

JAN FEB MARCH APRIL MAY 
r---'r-----, 
I TOTALS I I PERCENTS I 

BOOK 1 273 284 303 244 252 I 1356 " It.51 % I 

BOOK 2 1093 847 1222 1027 978 I 5167 " 43.87% I 

BOOK 3 423 654 683 540 
BOOK 4 118 255 453 755 
TOTALS 1907 2040 2661 2566 

570 2870 " 24.37% I 

805 
I " I 
I 2386 I I 20.26% I 
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CURVE FITTING 

CURVE FITTING "'0 1 \.1. 

f'~ 11"4 l XI' I ()(, f ....... 11 

lI, t y,(.) • + ~ (-) . r1 ab ~ .. .. y 

This program can be used 10 til dala 10: 

I. Siraighl lines (linear regression); y = a + bx, 

2. Exponenlial curves: y = aeb' (a > 0) , 

3. Logarilhmic curves; y = a + b In x, 

4 . Power curves; y = ax" (a > 0) . 

The Iype of curve til musl be delermined before dala inpul begins. To seleci 
linear regression, you would press Ihe D keys . To seleci exponential curve 
til , press D B . To selecllogarilhmic curve til, press llJ . To seleci power 
curve til , press D . Do nol anempllo change from one Iype of til 10 anolher 
after data input has begun because the summation registers arc cleared when 
Ihe Iype of curve til is selecled. Reslarting can be accomplished by repeali ng 
the curve fit selection process . 

Dala pairs (x, and y,) are inpul by keying in x" pressing miDJ), keying in 
y, and pressing Ihe D key . Any number of dala pairs may be inpul. If, afler 
pressi ng theD key. you discover a data pair was incorrect, wait until execution 
SlOpS, press iii (@, Ihen Ihe D key . This wi ll eliminale Ihe erranl dala pair. If 
you wish '0 eliminale any dala pair previously inpul , key il in (x miDJ) y) and 
press D · 

Afler all dala pairs have been inpul , press B . This iniliales calcu lalion and 
output of the coefficient of determination r. and the regression coefficients a 
and b. The coefficienl of delerminalion indicales Ihe qualily of til achieved by 
Ihe regression. Values of r' close 10 1.00 indicale a bener tillhan values close 
10 zero. The regression coefficie nts a and b define the c urve generated, accord· 
ing 10 Ihe equalions al Ihe beginning of Ihis discussion . 

After the regression coefficients have been calculated, projections may be 
made based on Ihe curve til. Key in a known x value, press D and see an 
eSlimated y value. y, or key in a known y value, press B and see an estimated 
x value, x. 

Linear Regression 

y 

y = a+bx 

x 

I Ix, Iy, 
XIYI -

b = n 

I ,_ (Ix,)' 
x, ---

n 

a = [ ~' -b 1> ] 

r' 
[ Ix,y, IX'n

I y
, J' 

[ IX,' -
(Ix,)' 

] [ IY" 
(I y,)' 

n n 

Exponential Curve Fit 

b 

y 

-
x 

Ix, In y, - _ 1- (Ix,)(I In y,) 
n 

Ix,' - _ 1- (Ix,)' 
n 
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y 

y = a+bx 

x 

I Ix, Iy, 
XIYI -

b = n 

I ,_ (Ix,)' 
x, ---

n 

a = [ ~' -b 1> ] 

r' 
[ Ix,y, IX'n

I y
, J' 

[ IX,' -
(Ix,)' 

] [ IY" 
(I y,)' 

n n 

Exponential Curve Fit 

b 

y 

-
x 

Ix, In y, - _ 1- (Ix,)(I In y,) 
n 

Ix,' - _ 1- (Ix,)' 
n 
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[ 
~ In y, b ~x, ] a = exp - --

n n 

[ ~x , In y, - +~x, ~ In y, ] , 

r' = --;::----'=------::;,---;:-------='---=_ 

[ ~x,' _ (~~,)' ] [ Ieln y,)' (~ I~ y,)' ] 

Logarithmic Curve Fit 

y 

y=a+ blnx 

x 

Iy, In x, -_1- I In x, Iy, 
b = ____ ~n.:......---_ 

Ieln x,)' - _1- (I In x,), 
n 

I 
a = ---'--{~y, - b ~ In x,) 

n 

[ Iy, In x, -+ I In x, ~y, ] , 

r' = --;:::----=----_-:;-=-_--=-__ __=_ 

[ I(ln x,)' - + (I In x,)' ] [ Iy,' - +(IY,), ] 

:t 
:t 
:t 

3 
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Power Curve Fit 

y 

y =axb 

/ 
x 

Ieln x,)(ln y,) 
(~ In x,)(~ In y,) 

b = ______ ----:;;;-:'-n:........,c:-__ _ 
(~ In x,)' 

Ieln x,)' - -'---=-
n 

a = exp [ ~I~ y, - b ~ I~ x, ] 

[ Ieln x,)(ln y,) _ (~ In x,~~ In y,) ] , 

r' 

[ Ieln x,)' 
(~ In x,)' 

] [ Ieln y,)' -
(~ In y,)' ] n n 

Remarks: 

Negative and zero values of XI will cause a machine error for logarithmic curve 
fits. Negative and zero values of YI will cause a machine eITor for exponential 
curve fits . For power curve fits both XI and YI must be positive, non~zero values. 

Registers Ro-Rg are available for user storage. 

It is not necessary to key in the x value if it corresponds to the counter returned 
to the display (see example I). 

As the differences between x and/or y values become small , the accuracy of the 
regression coefficients will decrease. 
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INSTRUCTIONS 

load side 1 and side 2. 

2 1 Optional : Select pause input 

'mode. 
3 Select type of regression : 

for linear fit 

for exponential fit 

for logarithmic fit 

for power Iii 

4 Input x value' . 

5 Inpul y value. 

6 Repeal steps 4 and 5 for all data 

pairs" . 

7 Compute and output coefficient 

of determination r and a and b. 

8 Optional : Make projections 

based on a known y value. 

9 Optional : Make projections 

based on a known x value. 

10 1 For a new case go to step 3. j 
'Note that this step may be skip­

ped if the x value equals the dis­

played counter (i + 1). 

• 'The last set of data pairs may 

be deleted by pressing III liD 

I then D · Any set of data pairs may 

be deleted by entering them as in 

'-_-' steps 4 and 5 and pressing D~ 

INPUT 
DATA/UNITS 

x, 

y, 

y 

x 

KEYS 

D 

III 

D B 
III 

II 

Il:mi1l 

D 

OUTP~ 
DATA/UNITS I 

1.0010 .00 

1.00 

1.00 

1.00 

1.00 

lC; 

i + 1 

r'. a. b 

03-06 

Example I: 

Below is the sales data for the first 6 months of a product's life . According 
to a linear projection , what should the sales be after 12 months? When would 
sales reach the 150 unit per month mark assuming constant linear growth. 

Month I 1 2 3 4 5 6 

Sales 15 37 52 59 83 92 

200 r Sales projection = 185.05 /' 

175 I- ,I , 
150 

,.. 
, 

125 I- / 
/ 

- / 
100 , • 
75 - • 

•• nme 
50 - projection = ." 9 .69 
25 

0 ~ I I I I I I I 

0 2 • 6 8 10 12 
Month 

Keystrokes: Outpuls: 

III -----------+. 1.00 
13 D 37 D 52 D 59 D 83 D 92 D 7.00 
B -------------+. 0.98 ••• 

3.33 ••• 
15. 14 ••• 

12 0 185.05 
J50 1lJ -----------+.9.69 

Example 2: 

(r') 

(a) 
(b) 

units 
months 

The velocity of a particle experiencing constant acceleration is expressed by 

v = Vo + at 

where v is the velocity, Vo is the initial velocity, ex is the acceleration and t is the 
time since v = Vo. 
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The following time velocity data was experimentally obtained for a particle: 

t (sec) V(m/sec) 

5 140 

6 149 

7 159 

9 175 

What was the velocity at t = O? What will the velocity be when t = 20? 

Note that the equation for velocity 

v = Vo + a I 

is the equation of a straight line and is analogous to 

y = a + bx 

Therefore use linear regression with v substituted for Y. VO for a, a (accelcra· 
tion) for band t for x. 

Keystrokes: Outputs: 

----------_. 1.00 III 
5 mmm 140 rJ 6 mmm 149 rJ 
7 mmm 159 rJ -------+. 4.00 
9 mmm 175 rJ 131 • 1.00 ••• (r') 

96.54 ••• (a, v.) 
8.77 ••• (b, accelerat ion) 

20 0 -------------+. 271.97 (m/sec) 

Example 3: 

Many compression processes can be correlated using the power curve 

p = av- b 

where b is the polytropic constant of the process. 

Pressure-volume data for a compression process is shown below. Run a power 
curve fit to determine the polytropic constant, -b. What is the pressure when 
v is 15? 

v P 
10 210 

30 40 

50 12 

70 9 

90 6.8 

Keystrokes: Outputs: 

----------_ . 1.00 o 
10 mmm 210 rJ 30 mmm 40 rJ 
50 mmm 12 rJ -------+. 4.00 
70 mmm 9 rJ 90 mmm 6.8 rJ 131 0.99 ••• (r') 

8599.8 1 ••• (a) 

- 1.62 ••• (-b) 
15 0 ----------_ .108.35 
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CALENDAR FUNCTIONS 

-
(Df~~~~~~O) '>. I. 

4>OT, ¢>OTl ¢>.6.DV$ 4>.6.WK$OYS or+oow 

For the period March I, 1900 through February 28, 2100, this program inter­
changeably solves for dates and days. Given two dates, the number of days 
between them can be calculated . Given one date and a specified number of 
days, a second date can be found . The program will also work in terms of 
weeks between dales or compute the day of the week given the date. After 
input of a date , its Julian Day number' is displayed. 

A date must be input in mm .ddyyyy format. For instance, June 3, 1975 is 
keyed in as 6 .031975 . It is important that the zero between the dec imal point 
and the day of the month be inc luded when the day of the month is less than 10. 
Weeks are input and output as WKS .DYS . Seven weeks , three days would be 
7 .3. The day of the week is represented by the digits 0 through 6 where zero 
is Sunday . 

Equations: 

To compute the day number from the date: 

Julian Day number = INT (365.25 y') + INT (30.600 1 m ') + d + 1,720,982 

where y' = { year- I 
year 

m '= { month + 13 

month + I 

if m = I or 2 

ifm > 2 

if m = I or 2 

if m > 2 

Then days between dates is found by 

Days = Day number, - Day number, 

To compute the date from a day number: 
Day # = Julian Day Number - 1,720,982 

, = INT [ Day # - 122. 1 ] 
Y 365.25 

· Thc Julian Day number" ;m u!>lronomical convention rcprc..cnl ing the number of day~ .. ince 
Januury I. 4713 B.C. 

04-02 

m' = INT [ Day # - INT(365.25 y') ] 
30.6001 

Day of the month = Day # - INT [365.25 y'] 

- INT [30.6001 m '] 

Month = m 

Year = 

{ 

m' -13 if m' = 14 or 15 

m' - I if m' < 14 

{ 

y' 

y' + I 
ifm > 2 

if III = I or 2 

To compute the day of the week : 

Day of the week = 7 X FRAC [(Day # +5)17] 

Remarks: 

No checking is done to determine if input data represents valid dates. 

In this program the calculator uses nag 3 to decide what to do after D , Ill, 
B or llJ is pressed . If the numeric keys have been pressed , nag 3 is on. This 
causes the value in the display to be stored as an input when the user-definable 
key is pressed . If no numeric keys have been touched , the program will 
calculate the value associated with the user-definable key. Thus, it is important 
nollo touch the numeric keys between the last input and the attempllo calculate 
a result . 

Registers Ro- R21 RH• RD. RE and Rso- Rs9 are available for user storage. 

M"i "M'_~ 1 Load side 1 and side 2. 

2 For day of the week calculations 

go to step 6. 

3 Input two of Ihe following : 

I First date (mm.ddyyyy) 

Second date (mm.ddyyyy) 

Days between dales 

or weeks between dates· 

INPU~ 
DATA/UNtTS KEYS 

i 
DT, a 
DT, III 

DAYS B 
WKS. DYS III 

OUT~~ 
DATA/UNITS 

J 
Day #, 

Day 11'1 

Days 

Days 
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STEP INSTRUCTIONS 

4 Cak:ulate one of the following: 

First date 

Second date 

Days between dates 

Weeks between dates 

5 For a new case go to step 2. 

6 Input date and calculate day 

of the week (0 "'" Sunday. 

7 

6 - Salurday). 

For a new case go to step 2. 

·Either days between dates or 

weeks between dates. but not 

both, may be input in step 3 . 

Example I : 

INPUT 
DATA/UNITS 

t 

DT 

KEYS 
OUTPUT 

DATA/UNITS 

D l DT, 

m DT, 

B Days 

a WKS. DYS 

D DOW 

Senior Lieutenant Yuri Gagarin new Vostok I inlo space on April 12 , 1961. 
On July 21. 1969 Neil Armstrong sel foot on Ihe moon . How many days had 
passed between the first manned space night and the moon landing? How many 
weeks and days? On what day of the week did each evenl take place? 

Keystrokes: OutpulS: 

4 . 121961 D 7.2 11 969 D iii ---_> 3022. 
e ------------ ->. 43 1.5 
4. 12 196 11J • 3. 
7.2 11 969 1J • I. 

(days) 
(weeks.days) 
(Wednesday) 
(Monday) 

04-04 

Example 2; 

A short term note is due in 200 days . If the issue date is June II, 1976, what is 
the maturity date? 

Keystrokes: 

6. " 1976 D 200 iii D 
Outputs: 

- - ---_>. 12 .28 1976 (December 28 , 
1976) 

· So mc 'CC urit ic\ U'C a 301360 day cale ndar while Ih l\ proJ:; r:lm perro nll !> alJ c:llculal,o ns u!>ing 

the :lcluill number of day' , Do nOl lI 'iC the program for linancill l purpo,c\ lillie, ... you :Irc ),urc 
Ihlll newal clllcnd;.r day" :Ire corree!. 
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ANNUITIES AND COMPOUND AMOUNTS 

c~~~mH':l18NTS ,,( t, 

'~, A 1 r 

. 0 . 8 .~ + (E] . CNImIl 

This program can be used 10 solve a varielY of problems involving money, 
lime and inlereSI. The following variables can be inpuls or OUl pulS: 

n, which is Ihe number of compounding periods . (For a 30 year loan 
with monthly payments , n = 12 x 30 = 360.) 

i, which is the periodic interest rate expressed as a percent. (For other 
Ihan annual compounding, divide the annual percenlage rale by Ihe number 
of compounding periods in a year; i. e. 8% annual interest compounded 

monlhly equals 8/12 or 0.667%.) 

PMT , which is the periodic paymenl. 

PV , which is Ihe present value of Ihe cash nows or compound amounts. 

FV, which is Ihe fUlure value of a compounded amounl or a series of 
cash nows . 

BAL, which is Ihe balloon or remaining balance al Ihe end of a series 
of paymenls. 

The program accommodates payments which are made at the end of com­
pounding periods or althe beginning. Payments made allhe end of compound­
ing periods (ordinary annuity) are common in direci reduclion loans and 
mOrlgages while paymenls al the beginning of compounding periods (annuilY 
due) are common in leasing. When Ihe program is loaded inlo Ihe calculalor 
or when Ihe START fun ction 0 0 is execuled , Ihe calculalor is sel in ordinary 
annuity mode. Pressing D sets Ihe calculalor in annuilY due mode and dis­
plays 1.00 indicaling thai Ihe annuily due mode is sel. Pressing 0 D again 
relums Ihe machine 10 ordinary annuity mode and displays 0 .00. Successive 
use of 0 D will allemately display 1.00 and 0 .00 indicaling Ihal Ihe annu ily 
due mode is on or off, respectively. 

In Ihis program IimJ 0 is used 10 inpul n, IimJ D to input i, IimJ B to 
input PMT, IimJ III 10 inpul PV and IimJ IJ to input FV or BAL. After all 
inputs are slored il is possible 10 calculate the unknown value by pressing the 
appropriale user-definable key. For instance, you would press D 10 calculate 
interest. 

The START funclion (0 0 ) performs two functions: 

I . It selS PMT, PV , and BAL to zero (n and i are nOI affected). 

2. II sets the ordinary annuity mode . 

:t 
::f 

I 
I 

I . , 
I 
I 

I . , 
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START provides a safe , convenient , easy 10 remember method of preparing 
the calculator for a new proble m. II is nOI necessary to use START between 
problems conta ining the same combination of variables . For instance , any 
number of n, i, PMT, FV problems involving different numbers and/or 
different combinations of knowns could be done in succession wi thout using 
START . Only the values which change from problem to problem would have 
10 be keyed in. To change the combinat ion of variables withoul u ing START, 
simply inpul zero for any variable which is no longer applicable . To go from 
n, i, PMT, PV problems to n, i, PV, FV problems, a zero would be stored 
(0 IimJ B ) in place of PMT. Table I summarizes Ihese procedures. START 
should always be used immediately after loading Annuities and Compound 
Amounts. 

Table I 
Possible Solutions Using Annuities alld Compound Ammmts 

AlIo" Hble APllliculion .. 
Cornhination or Initial I'rm:ftturt' 

V:lriubll's Ordinar,} Annuil,} Annuit~ Du l' 

n. I . P~1'I. PV (I npul Dlreci reduclI()n l...ca-.c' U .. e START or ..ct 
:tn,} three and ca1cukitc 10:11\ BAL 10 Jem 
lhe founh I DI'-C(lunlcd nole .. 

Mongage .. 

I n ... PMT. PV. BAL Direct reducllon Lca'-C" " lIh None 
(inpul any fnul and loan" Ilh halhKlO n: .. idual \ ... Iue .. 
(:alcul ate the fi fth) DI .. countcd nole .. 

"11 11 tmllolln 

n. I . PM1 . I-V (lnpul 5 in"ing fund Periodic savings U .. e START or .. el 
UIl) three l.llld (: a lcul :I! ~' insurance PV 10 Jc m . 
Ihe fourth) 

n. ' . PV. I' V I lnl''' ' I Compound amounl U .. C 51 ART or \Ct 
:tn) three and calcul:tll' Sa\lng .. PMT 10 Jcrn 
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Equations: 

P V = :!: PMT A [ I -( I +i)- "] + (BAL or FV)( 1 +i)- " , 

where 

{

I ordinary annuilY 
A = 

(I + i) annuity due . 

The sign is plus if FV is zero and minus if PV is zero . 
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START provides a safe , convenient , easy 10 remember method of preparing 
the calculator for a new proble m. II is nOI necessary to use START between 
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P V = :!: PMT A [ I -( I +i)- "] + (BAL or FV)( 1 +i)- " , 

where 

{

I ordinary annuilY 
A = 

(I + i) annuity due . 
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Remarks: 

The calculalor musl be in FIX display mode 10 solve for i when paymenls arc 
involved. 

The equation above is solved for i using Newlon ' s method where: 

f (i n_ ,) 

f'(in _,) 

This is why solulions involving PMT and i lake longer Ihan other solulions . 
The algorithm works best for positive input values and for interest rates 
bel ween zero and 100%. It is quite possible 10 define problems which cannot 
be solved by this lechnique. Such problems usually result in an error message 
bUI may simply conlinue 10 run indefinitely . 

Iterative imerest solutions are accurate to the number of significant figures 
of the display selling . It is possible 10 obtain more significanl figures by 
changing the display selling from DSP 2 10 DSP 3, DSP 4 , DSP 5, etc . How­
ever. time for solution increases as accuracy is improved . 

Problems with negalive balloon payments may have more Ihan one malhe­
malically correCI answer (or no answer at all) . While this program may find 
one of the answers, it has no way of finding or indicating other possibilities. 

tlDB , tID D , tlDS , tlDliJ and tlDlJ may be used 10 review associaled 
values at any time . 

Registers Ro-R2 and Rso-Rs9 arc available for user storage. 

STEP I ~m'~- l INPUT 
KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

Load side 1 and SIde 2. I 2 Initialize D 0.00 

3 If payments occur at the begin· 

nlng of the period set annuity 

l due mode' , a 1.0010.00 

4 Input the known values: t Number of periods n m!lD n 

Periodic interest rate i(%) m!la i (% ) 

Periodic payment '~J". PMT 

Present value PV m!l1iI I PV 

Future value, balloon or balance FV, (BAL) m!I D FV. (BAL) 

STEP INSTRUCTIONS 

5 Calculate the unknown value. 

Number of periods 

Periodic interest rate 

Periodic payment 

Present value 

i 
Future value, balloon or balance 

6 Output values in n, i, PMT, PV, 

FV·BAL order. 

7 For a new case , go to step 4 

and change appropriate values. 

Input zero for any value not 

applicable in the new case. 

'One or zero will be displayed 

alternately after pressing [I , 

indicating that the annuity 

due mode is on or off. 

Example I: 

INPUT 
DATA/UNITS 

05-04 

KEYS OUTPUT 
DATA/UNITS 

D I n 

a i(%) 

B PMT 

iii PV 

D FV, (BAL) 

Values 

If $155 is placed in a savings account paying 5:y., % compounded monthly, 
whal sum of money will be in Ihe account al Ihe end of 9 years? 

FV? 

2 3 7 8 gil --_ ... _--
D PV = 155 

Keystrokes: Outputs: 

B 155 ImIiJ - -----.... , 155.00 
5.75 mmm 12 a 1m D --- -+, 0.48 
9 mmm 12 EI 1m B -----0. 108.00 
IJ • 259 .74 
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If Ihe inleresl is changed 10 6%, whal is Ihe sum? 

6 1mDi1l 12 D mil D - ----' 0.50 
IJ ' 265 .62 

Example 2: 

Whal is Ihe mOlllhly paymenl required 10 fully amortize a 30 year, $30,000 
mortgage iflhe annual percenlage rale is 9%? Afler solving Ihe problem, review 
the values . 

2 3 358 359 36 --_ ... _--
I PMT?PMT? PMT?PMT?PMT? 

PV=30, OOO 

Keystrokes: Outputs: 

D 30 1mDiIl 12 13 mil D --- 360.00 
30000 milliJ ' 30000.00 
9 1mDi1l 12 D mil D ' 0.75 
m ,-24 1.39 

m ' 360.00 ••• (n) 

Example 3: 

0.75 ••• (i) 
241. 39 ••• (PMT) 

3oooo.00 · · · (PV) 
0 .00 ••• (FV) 

A fi xed lerm annu ily is available which requ ires a $35 ,000 inil ial deposil. In 
re lurn Ihe deposilor wi ll receive monlhly paymen" of $23 1 for 20 years. Whal 
annual interest ratc is being applied? 

2 3 238 239 240 --_ ... _--
PMT PMT PMT PMT PMT 
231 231 231 231 231 

PV=35,OOO 

Keystrokes: Outputs: 

D D 35000 milliJ -----.... , 35000.00 
23 1 mil m ---------, 23 1.00 

20 ImDiIl 12 13 mil D ' 240.00 
D ' 0.42 
12 13 ' 5.00 

Example 4: 

0S-06 

(0.42% mOnlhly) 
(5% annual 
interest rate) 

Two indiv iduals are constructing a loan with a balloon payment. The loan 
amounl is $3,600 and il is agreed Ihallhe annual inlerest rale will be 10% wilh 
36 monlhly paymenls of $ 100. Whal balloon paymenl amOUnl , to be paid 
coincidenl wilh Ihe 36'" paymenl , is required 10 fulfill Ihe loan agreemenl? 

2 3 34 35 36 --_ ... _--
PMT PMT PMT PMT PMT 
100 100 100 100 100 

PV = 3600 8AL? 

Keystrokes: Outputs: 

D 3600 milliJ 10 ImDiIl 12 D 
mil D 36 mil D 100 mil m IJ -----+ 675. 27 

(Nole Ihallhe final paymenl is $675.27 + $ 100.00 = $775.27 since Ihe final 
paymenl fall s al Ihe end of Ihe last period .) 

Example 5: 

A corporal ion has delermined thai a certai n piece of equipment costing $50,000 
will be required in 3 years. Assuming a fund paying 7% compounded quarterly 
is ava ilable , whal quarterly paymenl musl be placed in Ihe fund in order to 
cover this cost if savings arc to start at the end of this quarter? 

FV -50,000 

2 3 10 11 12 --_ ... _--
PMT? PMT? PMT? PMT? PMT? 
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Keystrokes: Outputs: 

D 5()()()() I:'mJ II 3 mmJl 4 13 
I:'mJ D 7 mmJl 4 a I:'mJ D B--. 3780.69 

What single amount , invested immediately. would provide the same effect? 

-------_ . 40602.89 

Example 6: 

A " third party" leasing firm is considering the purchase of a mini -computer 
priced at $63,000 and intends to achieve a 13% annual yield by leasing the 
computer to a customer for a 5-year period . Ownership is retained by the 
leasing firm , and at the end of the lease they expect to be able to sell the equip­
ment for at least $10,000. What should they establish as the monthly payments 
in order to realize their desired yield? (Since lease payments occur at the start 
of the periods, this is an annuity due problem.) 

81 82 83 588598608 --_ ... _--
D PMT? PMT? PMT? PMT? BAI. = 10,000 

PV =63,OOO 

Keystrokes: 

D D 63000 I:'mJ a 13 mmJl 12 a 
I:'mJ D 5 mmJl 12 13 I:'mJ D 

Outputs: 

10000 I:'mJ II B • 1300. 16 

If the price increased to $70,000, what should the payments be? 

70000 I:'mJ a B 1457.73 

If the payments were increased to $ 1500 what would the yield be? 

1500 I:'mJ B D • I. 18 (% per month) 
12 13 • 14. 12 (% per year) 

05-08 

For more accuracy in calculation of the interest rate, change the display setting 

to five places and calculate the interest ratc . 

10spl@ D ---------... · I.I7700 
12 13 ----------.... 14.12399 

Return display to two places. 

lospl 0 ----------- . 14. 12 
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FOLLOW ME 

FOLLOW ME ' , 

+ - ~ -
START 1/0 CHST END FOllOW 

This program allows the calculator to learn a simple set of keystrokes and repeat 
them over and over with different data. The allowable functions are plus, 
minus, times, divide, percent, constant and input-output halt. Up to 23 
operations may be included in a sequence. Constants count as two operations 
each . 

To ru n the program you would press D 10 start. Then do the lirst of the desired 
calculations using the +. -. x, -;- , and % functions on the card. Any constants 
that repeat between problems should be followed by the B key so they will be 
automatically introduced at the proper times. Where intermediate answers or 
inputs are required , press III for an I/O halt . To signify the end of the sequence 
press llJ . 

After the sequence has been learned by the calculator, only variables need be 
keyed in at I/O halts . The III key is used to start execution after I/O halts. 

If an error is made while running a sequence, press m to start over. If an 
error is made while lcaching the calculator a sequence , press B for a restart . 

Program 
Conlrol 

START 

END 

FOLLOW 

Programmable 
Opera lions 

+ 

FOLLOW ME INSTRUCTION SET 

Aclion 

C lears program from Follow Me memory and prepares 
for a new program sequence. 

Delines the end of a sequence of keystrokes and resets 
program counter to the beginning of Follow Me 
memory. 

Starts halted program. 

Adds content of X register and Y register leaving result 

l
in X register. 

Subtracts content of X register from Y register leaving 
result in X register. 

1 

Program 
Conlrol 

Action 

06-02 

-. 

X Multiplies content of X register by content of Y register 
leaving result in X register. 

+ Divides content of Y register by content of X register 
leaving result in X register. 

% Multiplies content of Y register by content of X register 
divided by 100, replaces X register content with re­
sult and leaves content of Y register undisturbed. 

CNST 

I/O 

Recalls constant to X register (requires two steps). 

Input or output halt causes Follow Me to stop for display 
of calculated results and/or input of variables . 

Remarks: 

All four registers of the operational stack are available for input and output of 
data. By using all four registers the need for I/O halts can be minimized . 

Keyboard functions otherthan +, -, x, + and % may be used during I/O halts , 
but cannot be incorporated in a Follow Me program. 

All data storage registers are used. 

A nashing 24 results if more than 23 operations are attempted. This error con­
dition may be cleared by pressing m . 

STEP tNSTRucnONS 

Load side 1 and side 2. 

2 Initialize. 

3 Perform first string calculation 

by pressing III at each point 

where a ha" for input or output 

is desired, B after each con· 

stant. D for each addition, 

III for each subtraction, 

B for each multiplication, 

m for each division and D 

for percent operations. 23 

steps are allowed (constants 

count as two steps). 

I 
tNPUT 

DATA/UNITS KEYS 

D 

OUTPUT 
DATA/UNITS 

0.00 
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STEP INSTRUCTIONS 
INPUT 

DATA/UNITS 

4 End calculation 

5 Key in variable(s) and initiate 

execution VAR 

6 If an error was made in step 5 

go to step 4 and restart. 

7 Go to step five until calculation 

is complete. 

S For a new calculation of the 

same type. go to step 5. 

9 For a new type of calculation, 

go to step 2. 

Example I: 

Using Follow Me . program 

y = 3(p + Q) 

and calculale y for Ihe following data: 

A solution : 

P Q 

6 4 
5 8 
9 11 

KEYS 

III 

D 

t 
t 

Keystrokes: 
(Slart) 

Outputs: 

D -------------. 0.00 
(110) (1/0) (+) (X) 

3 D 6 D 4 D B-----+. 30.00 
(End) 
Ii] --------- ----+. 0.00 
3 0 5 0 8 0 . W .OO 
3 0 9 0 II 0 • 60.00 

OUTPUT 
DATA/UNITS 

0.00 

OUTPUT 

I , 
I , 
I -
, 

A beller solulion : 

Keystrokes: Outputs: 
D -------------+. 0.00 
(CNST) 
3 B 6 mmJl 4 D D B • 30.00 
Ii] ----------- --+. 0.00 
o 9 mmJl II 0 • 60 .00 
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Example 2: 

06-04 

A company delermines the relail price of its prodUCIS by adding Ihe fixed cost 
of assembly and distribulion 10 a variable paris cosi Ihen multiplying by 2.7 . 
The company sets the wholesale price a150% oflhe relai l price. Use Follow Me 
10 determine Ihe relail and wholesale prices for the parts cosl list below. 

PARTS COST LIST 

PART # PARTS COST 

0001 $17.35 
0002 $21 .18 
0003 $26.07 
0004 $28.75 
0005 $33.15 

Retail COSI = [Parts + Fixed] X 2.7 
Wholesale cosl = 50% of relail cosl 

Fixed COSI = $25/unil 

06-03 

STEP INSTRUCTIONS 
INPUT 

DATA/UNITS 

4 End calculation 

5 Key in variable(s) and initiate 

execution VAR 

6 If an error was made in step 5 

go to step 4 and restart. 
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Keystrokes: 
Teach the sequence to the calcu lator and 
compute results for the lirst part # . 
D 17.35 mmJ] 25 B D 2.7 B 

Outputs: 

B D • 114.35 
50 B 0 ----------. 57. 17 
III --------------.. 0 .00 

Compute prices for other parts . 

21.18 0 ---------->. 124.69 
o . 62.34 
26 .07 0 • 137 .89 
o . 68 .94 
28 .75 0 • 145. 13 
o . 72.56 
33. 15 0 157.01 
o . 78 .~ 

Example 3: 

(Retai l) 
(Wholesale) 

Use Follow Me to help evaluate the following formula using the data below. 

Keystrokes: 

y = 0.75 A e··63• 

A 2.3 2.8 3.7 6.4 

1.0 2.0 4.5 6.0 

Outputs: 

D 1 mmJ] .63 B BDD ~2. 3 
mmJ] .75 B B BI---_. 3.24 
III ----------- , 0.00 
2.0 0 D ~ 2.8 0 • 7.40 
4.5 0 D ~ 3.7 0 • 47 .26 
6.0 0 D ~ 6.4 0 • 210.32 

Any keyboard function may be used during I/O halts. 
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NOTES 
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TRIANGLE SOLUTIONS 

~ '>u:. 

S, t S2 t S, .4,l t 5, . "" S' . A' . ... l 5 .. ... , . 51 5,+51+"1 

This program can be used to find the area, the dimensions of the sides (S" S" 
S, ) and the angles (A" A" A, ) of a triangle . 

A, 

s, S2 

Simply key in three known values and press the corresponding user definable 
key. The calculator will successively display the values of the sides, the angles, 
and the area . The order of output is determined by the order of input. If input 
values are selected in a clockwise order around the triangle, the outputs will also 
follow a clockwise order around the triangle. The order is as follows: 

First side input 
Adjacent angle 
Adjacent side 
Adjacent angle 
Adjacent side 
Adjacent angle 

Area 

(S,) 
. (A,) 

(S,) 
(A,) 
(S,) 
(A3) 

After calculation has ended, the area will be in the display, S, in R., A, in RA , 

S2 in Rill At in ReI S3 in Ro. and A3 in R.:-

Equa tions: 

S" S" S, (a ll sides of triangle arc known) 

A3 = 2 cos· ' J PCP - S, ) 
S, S3 

where P = (S, + S, + S, )/2 

~ PcP - S,) 
S, S, 

A, = cos· , (-cos (A, + A,) ) 

A3, So. A, (Two angles and the included side are known) 

A, = cos· , ( -cos (A, + A,) ) 

S - S sin A, 
2 - I . 

Sin A 2 

S3 = S, COS A, + S, cos A, 

S" A" A, (side and following two angles known) 

A3 = cos· , ( -cos (A, + A,) ) 

Problem has been reduced to the A3 , S" A, configurdtion. 

S" A" S, (Two sides and included angle are known) 

The problem has been reduced to the S" S" S, configuration. 

So. S" A, (Two sides and the adjacent angle known) 

[
S" A ] -So SIO 2 

A, = cos· , [ - cos (A, + A3) ] 

The problem has been reduced to the A3, So. A, configuration . 

07-02 

· Notc thaI two poltl>iblc w lutionl> cxisl if St i .. greater than S, und A:, docs nol equal 90°. Both 
poltl>iblc an\wcr ltch arc calcul .. tcd. 
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· Notc thaI two poltl>iblc w lutionl> cxisl if St i .. greater than S, und A:, docs nol equal 90°. Both 
poltl>iblc an\wcr ltch arc calcul .. tcd. 
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s... 
Ar ea = 1/ 2 51 ~ sin A3 

Remarks: 

Registers Ro - R6 • Rso - RS9 and I are available for user storage. 

Angles must be in uni ts correspondjng to the angular mode of the machine. 
Degrees mode is sel when Ihe program is loaded. 

NOle Ihal Ihe lriangle described by Ihe program does nol conform 10 slandard 
triangle notation; i.e., AI is not opposi te S •. 

Angles muSI be enlered as decimals. The I H.MS. I conversion can be used 10 
convert degrees. minutes, and seconds to decimal degrees. 

Accuracy of solution may degenerate for triangles containing extremely small 
angles. 

STEP INSTRUCTIONS 

Load side 1 and side 2. 

2 Find appUcable case in the list 

below and input indicated 

values: 1 All sides known 

I 

Two angles and included side 

known 

INPUT:::l :=l OUTPUT 
DATA/UNITS t KEYS I DATA/UNITS 

I 1 
s, tlmD s, 

' atlmD ] 1 ] 8 ,. A,. 8 2", 

s, s, 
s, 

A, tlmD A, 1 
s, 1:= s, 
A, I $,. A" 82 ", 

STEP 

I 
1 

I 

I 

INSTRUCTIONS 

Two angles and adjacenl sider 

known 

Two sides and included angle 

known 

Two sides and adjacent angle 

known 

j 

3 After step 2, the values of the 

sides and angles of the triangle 

jare successively displayed. The 

first value output is the first I 
side input. The next five outputs 

are the remaining angles and 

sides. The last output is the 

triangle's area. For the last case 

(8" ~, A2 ), two possible 

solu tions may exist and both 

I will be output. 

INPUT I OUTPUT 
DATA/UNITS I KEYS DATA/UNITS 

S, 

A, 

A, 

5, 

A, 

5, 

5, 

5, 

A, 

1= 
B 

tlmD 

tlmD 

IiJ 

I;: 

s, 
A, 

s, 

A, 

8" Ah 82", 

S, 

5, 
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Example I: 

Fi nd the angles and the area for the following triangle. 

1.0 

2.75 

Keystrokes: Outputs: 

2 mmJl I mmJl 2.75 D 2.00 ••• 
129.84 ••• 
1.00 ••• 
33.95 ••• 
2.75 ••• 
16.2 1 ••• 
0.77 ••• 

• 2.00 tm ~---------­
tmD----------+ 
tmD----------+ 
tmB----------+ 
tm8----------+ 
tmO----------+ 

, 129.84 
, 1.00 
• 33.95 
• 2.75 

16.2 1 

Example 2: 

(A, ) 

(A,) 

(A,) 
(Area) 

A surveyor is to find the area and dimensions of a triangular land parcel. From 
point A, the distances to Band C are measured with an electronic distance 
meter. The angle between AS and AC is also measured . Find the area and other 

dimensions of the triangle. 

171.63 
meters 

B 

A 

~ 
98° 12 ' 

This is a side-angle-side problem where: 

297.35 
meters 

c 

S, = 171.63, A, = 98°12 ' and S, = 297 .35. 

Keystrokes: Outputs : 
17 1.63 mmJl 98. 12 IH.MS. I 
297.35 8 -------__ --+. 171.63 ••• (A B) 

Example 3: 

98.20'" (L A) 
297.35'" (AC) 
27.83 ••• (LC) 
363.9 1 ••• (CB) 
53.97 ••• (L B) 

25256 .21···(Area) 

07-06 

A pilot wishes to fly due north . The wind is reponed as 25 knots at 77 °. Because 
winds arc reported opposi te to the direction they blow, this is interpreted as 
77 + 180 or 257°. The true airspeed of the aircraf1 is 140 knots. What heading 
(HOG) should be flown? What is the ground speed (GS)? 

N 

w __ --________ G_S_7~1 L--------------E 
s 

By subtracting the wind direct ion from 180 (yielding an angle of 103"), the 
problem reduces to a SI, S2. At triang le. 

Keystrokes: 
140 mmJl 25 mmJl 103 0 

Outputs: 
--_. 140.00 ••• (TAS) 

66.98 ••• 
25 .00 ••• (Wind velocity) 
103.00 ••• 
132.24 ••• (GS) 
10.02 ••• (HOG) 
1610.64 ••• 

Thus, the pilot should fl y a heading 10.02'east of due north . His ground speed 
equals 132.24 knots. 
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VECTOR OPERATIONS 

VECTOR OPERATIONS SO ,)tP, 

III ;' 1 ~ <. .. ( .. .., 

V,+ Vl V, .VI V, ·Vl :, . ", t . , ~1. elt ' 2 

This program performs the basic vector operations of addition, cross product . 
and dot or scalar product. It also allows conversion between spherical and 
cartesian coordinates and can find the angle between two vectors . 

Either two·dimensional or three-dimensional space may be selected using the 
D keys. The machine is set in two-dimensional mode when the program is 

loaded. The first press of D yields a display of 3.00 iQdicating three­
dimensional space. Repeatedly pressing D will yield alternate displays of 
2.00 and 3.00 indicating the mode of the machine. Be sure the mode is correct 
before input of data. 

Another availab le option allows review of input values . Pressing D 
causes a 1.00 to be displayed alternately indicating that the pause input mode is 
on or off. A print stack command is used to successively display the inputs in 
the following format : 

Vector number (1 .00 or 2.00) T 
q, (or 7r + 2 for 20 vectors) Z 
8 Y 
r X 

Vector outputs are displayed in the following order: 

POLAR FORM RECTANGULAR FORM (S-+C only) 

0.00 T 0.00 T 
q, Z z Z 
() Y Y Y 

X x X 

Equations: 

rsin f#J sin 9 
y 

x 

08-02 

Coordinate conversions: 

x = rsin q,COs () r = Yx' + y' + z' 

y = r sin q,sin 8 8 = tan- ' (y/x) 

z= rcos q, 

Vector addition: 

V, + V, = (x, + x,) i + (y, + y.) j + (z, + z,) k 

Cross product: 

~ ~ 

V, X V. = (y, z, - z, y,) i + (z, x. - x, z,) j + (x, y. - y, x.) k 

Dot or scalar product: 

~ 

V, V'l = XI X'l + YI Y2 + Z. q 

Angle between vectors: 

Remarks: 

Registers Ro - R6 and Rso - RS9 are available for user storage. 

STEP INSTRUCTIONS 

Load side 1 and 2. 

2 Select mode for 2-dimensional 

or 3-dimensional vectors. 

3 Optional: Select pause input 

mode. 

4 If coordinate conversion 

needed: 

Spherical to Cartesian-go to 

step 8. 

Cartesian to spherical-go to 

step 10. 

INPUT 
DATA/UNITS KEYS 

D 

OUTPUT 
DATA/UNITS 

3.0012.00 

1.0010.00 
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III ;' 1 ~ <. .. ( .. .., 
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Coordinate conversions: 
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STEP INSTRUCTIONS 

5 Input vectors one and two: 

Co·lalilude (skip for 20) 

Longitude 

Magnitude 

Co-latitude (skip for 20) 

Longitude 

Magnitude 

6 Perform vector operation: 

Add vectors 

Cross product 

Dot product 

7 For a new case go to steps 2. 3, 

4 or 5. 

8 Input spherical coordinates: 

I 
(converts to Cartesian) 

l Co-latitude (skip for 20) 

Longitude 

Magnitude 

9 For a new case go to steps 2, 3, 

4 or 5. I 
10 Input Cartesian coordinates 

(converts to spherical) 

z-distance (skip for 20) ~ 
y-dislance 

x-dislance 

11 For a new case go to steps 2, 3, 

4 or 5. 
~ 

Example I : 

INPUT 
DATA/UNITS 

(</>, ) 

0, 

r, 

(q,, ) 

0, 

r, 

(</» 

o 

(z) 

y 

x 

KEYS 

Im!1I 

Im!1I 

III 

Im!1I 

Im!1I 

D 

D 

D 

a 

I 
Im!1I 

Im!1I 

I III 

I 

f-

Im!1I 

Im!1I 

D 

l 

OUTPUT 
DATA/UNITS 

(</>,) 

0, 

1.00 

(q,, ) 

0, 

2.00 

0, </>, 0, r 

0 , </>, 8, r 

(</» 

o 
x 

(z) 

y 

An aircraft nies a heading of2 12 degrees al 225 knols . The wind is reported al 
20 knols and 140 degrees (which translates to 20 knots and 320 degrees since 

08-04 

winds are reported opposi te to Ihe direction they blow) . What is Ihe course of 
Ihe aircraft? What is Ihe ground speed? 

N 

W.-----------,r------------- E 
Course = 216.97° 
Ground spee d :: 

219.64 knots 

Headi ng . 212° 
True airspeed · 

225 k nots 

S 
Wind =20 knots at 320

0 

Keystrokes: Outputs: 

a £I a £1------- 2.00 
212 1mm1l 225 1iJ • 1.00 

320 ImmIl 20 I) • 2 .00 
£I • 0 .00 ••• T 

90 .00 ••• Z 

216.97 ••• Y (degrees) 

219 .64 ••• X (knots) 

Exa mple 2: 

A microwave antenna is to be pointed at a transmitter which is 15 .7 kilometers 

north, 7 .3 kilometers east and 0 .76 kilometers below . Use Ihe cartesian to 

spherical conversion to find the total distance and the direction to the 

transmitter. 

N (y) 

7.3 

Transmitter 
15.7 

w 
Antenna 

S 

Keystrokes: Outputs: 

----------------------..... 3 .00 £I 
.76 rmJ ImmIl 15. 7 1mm1l 

E (x) 
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STEP INSTRUCTIONS 

5 Input vectors one and two: 

Co·lalilude (skip for 20) 

Longitude 

Magnitude 

Co-latitude (skip for 20) 

Longitude 

Magnitude 

6 Perform vector operation: 

Add vectors 

Cross product 

Dot product 

7 For a new case go to steps 2. 3, 

4 or 5. 

8 Input spherical coordinates: 

I 
(converts to Cartesian) 

l Co-latitude (skip for 20) 

Longitude 

Magnitude 

9 For a new case go to steps 2, 3, 

4 or 5. I 
10 Input Cartesian coordinates 

(converts to spherical) 

z-distance (skip for 20) ~ 
y-dislance 

x-dislance 

11 For a new case go to steps 2, 3, 

4 or 5. 
~ 

Example I : 

INPUT 
DATA/UNITS 

(</>, ) 

0, 

r, 

(q,, ) 

0, 

r, 

(</» 

o 

(z) 

y 

x 

KEYS 

Im!1I 

Im!1I 

III 

Im!1I 

Im!1I 

D 

D 

D 

a 

I 
Im!1I 

Im!1I 

I III 

I 

f-

Im!1I 

Im!1I 

D 

l 

OUTPUT 
DATA/UNITS 

(</>,) 

0, 

1.00 

(q,, ) 

0, 

2.00 

0, </>, 0, r 

0 , </>, 8, r 

(</» 

o 
x 

(z) 

y 

An aircraft nies a heading of2 12 degrees al 225 knols . The wind is reported al 
20 knols and 140 degrees (which translates to 20 knots and 320 degrees since 

08-04 

winds are reported opposi te to Ihe direction they blow) . What is Ihe course of 
Ihe aircraft? What is Ihe ground speed? 

N 

W.-----------,r------------- E 
Course = 216.97° 
Ground spee d :: 

219.64 knots 

Headi ng . 212° 
True airspeed · 

225 k nots 

S 
Wind =20 knots at 320

0 

Keystrokes: Outputs: 

a £I a £1------- 2.00 
212 1mm1l 225 1iJ • 1.00 

320 ImmIl 20 I) • 2 .00 
£I • 0 .00 ••• T 

90 .00 ••• Z 

216.97 ••• Y (degrees) 

219 .64 ••• X (knots) 

Exa mple 2: 

A microwave antenna is to be pointed at a transmitter which is 15 .7 kilometers 

north, 7 .3 kilometers east and 0 .76 kilometers below . Use Ihe cartesian to 

spherical conversion to find the total distance and the direction to the 

transmitter. 

N (y) 

7.3 

Transmitter 
15.7 

w 
Antenna 

S 

Keystrokes: Outputs: 

----------------------..... 3 .00 £I 
.76 rmJ ImmIl 15. 7 1mm1l 

E (x) 
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7.3 D O ---------+ 
m@) ---------__> 
m@) ---------_ 
m@) -----------> 
m@) -----------> 

Example 3: 

17.33 
65 .06 
92.51 
0.00 

17.33 

(distance) 
(0 rrom east) 
(</> rrom vertical) 

(back to distance) 

What is the moment al the origin of the lever shown below? What is the com­
ponent or rorce along the lever? What is the angle between the resultant or the 
force vectors and the lever? 

F1=17 (newtons) 
8=215' 
4>=17' 

z 

Keystrokes: 
First, add F, and F, 

1.07m : , , , 
------J 

y 

J!2-23 (newtons) 
9_ 80° 
.= 74° 

Outputs: 

------------+, 3.00 (3D mode) D D 
17 mmJl 215 mmJlI 7 I:J1---_ 
74 mmJl 80 mmJl 23 0 ---+ 

1.00 
2.00 

D ' 0.00 ••• T 
39.94 ••• Z 

90.70 '" Y 
29.47 ••• X (newtons) 

Keyst rokes: _ Outputs: 
Take cross product ror moment , M = r X F 
o . 2.00 
63 mmJl l25 mmJl 1.07 I:J 1.00 
D --------------->, 0 .00 '" 

124.34 ••• Z 
55.37 ••• 

T 

Y 
18.02 ••• X 

Take dot product to resolve rorce along the lever. 

Keystrokes: Outputs: 

63 mmJl l25 mmJl l I:J 1.00 
llJ ------------___>. 24. 19 '" 

34.85 ••• 
(newtons) 
(degrees) 
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m@) ---------__> 
m@) ---------_ 
m@) -----------> 
m@) -----------> 

Example 3: 

17.33 
65 .06 
92.51 
0.00 

17.33 

(distance) 
(0 rrom east) 
(</> rrom vertical) 

(back to distance) 

What is the moment al the origin of the lever shown below? What is the com­
ponent or rorce along the lever? What is the angle between the resultant or the 
force vectors and the lever? 

F1=17 (newtons) 
8=215' 
4>=17' 

z 

Keystrokes: 
First, add F, and F, 

1.07m : , , , 
------J 

y 

J!2-23 (newtons) 
9_ 80° 
.= 74° 

Outputs: 

------------+, 3.00 (3D mode) D D 
17 mmJl 215 mmJlI 7 I:J1---_ 
74 mmJl 80 mmJl 23 0 ---+ 

1.00 
2.00 

D ' 0.00 ••• T 
39.94 ••• Z 

90.70 '" Y 
29.47 ••• X (newtons) 

Keyst rokes: _ Outputs: 
Take cross product ror moment , M = r X F 
o . 2.00 
63 mmJl l25 mmJl 1.07 I:J 1.00 
D --------------->, 0 .00 '" 

124.34 ••• Z 
55.37 ••• 

T 

Y 
18.02 ••• X 

Take dot product to resolve rorce along the lever. 

Keystrokes: Outputs: 

63 mmJl l25 mmJl l I:J 1.00 
llJ ------------___>. 24. 19 '" 

34.85 ••• 
(newtons) 
(degrees) 

08-06 
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POLYNOMIAL EVALUATION 

POLYNOMIAL EVALUATION " , 

", .Hl " "ell.\ 

• • Ija) .0 .,(x) 'JI_J) '3t_ 3) 

Th is program may be used to find the roots of the following equations: 

Cubic equation (3 roots) 

f(x) = a., + a,x + a,x' + a3x3 = 0 

Quadratic equation (2 roots) 

f(x) = a., + a,x + a,x' = 0 

Linear equat ion ( I root) 

f(x) = a., + a,x = 0 

where ito. 3" 32 and 33 are the polynomial coefficients input by the user. 
Both real and imaginary roots can be eXlracted. When imaginary roots arc 
found, a - I. is displayed fo llowed by imaginary and real parts. Real roots are 
displayed wi thout the - 1. indicator. Example 3 involves imaginary roots and 

should make this clear. 

Polynomials may also be evaluated for arbitrary values of x. This is of aid 
in plotting polynomi als and using data correlations based on polynomials. 
Example 2 demonstrates this type of use. 

Equations: 

Cubic Equation: 

R 

Q = 3a, - a,'/a3 

9a3 

9a,a,/a3 - 2730 - 2a,'/a3' 
54a3 

s = vtR + yO' + R' 

T = ~ -YQ3+ R' 

, 
I , 
I , 
I , 
I 

If 

If 

then 

0' + R' ;;. 0, 

then X3 = S + T-~ 
3a3 

0" + R' < 0, 

x, = 2"\I'=Q cos [ + cos- '(R/Y - 0') ] a, 
3a, 

O~02 

After Xa is found, synthetic division is performed to reduce the cubic equation 
to a quadratic equation. 

a~ = 1.00 

a;;a; = X3( X3 + a,/a3) + a,/a3 

Quadratic equation: 

Linear equation: 

Remarks: 

{ 

- _a, __ \/(a,/2a,)' - (a.,ia,) If -a.l2a, < 0 
2a, 

- _a_, _ + Y(a ,/2a,)' - (a.,ia,) If -a,/2a, ;;. 0 
2a, 

a., 
x, ---

x =-~ 
a, 

Registers Ro! Rs - R9 • and Rso - RS9 are available for user storage. 

Accuracy degenerates if the real root of the cubic equation is extremely small . 
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", .Hl " "ell.\ 
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Polynomials may also be evaluated for arbitrary values of x. This is of aid 
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Example 2 demonstrates this type of use. 

Equations: 

Cubic Equation: 

R 

Q = 3a, - a,'/a3 

9a3 

9a,a,/a3 - 2730 - 2a,'/a3' 
54a3 

s = vtR + yO' + R' 

T = ~ -YQ3+ R' 
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I 

If 

If 

then 

0' + R' ;;. 0, 

then X3 = S + T-~ 
3a3 

0" + R' < 0, 

x, = 2"\I'=Q cos [ + cos- '(R/Y - 0') ] a, 
3a, 

O~02 

After Xa is found, synthetic division is performed to reduce the cubic equation 
to a quadratic equation. 

a~ = 1.00 

a;;a; = X3( X3 + a,/a3) + a,/a3 

Quadratic equation: 

Linear equation: 

Remarks: 

{ 

- _a, __ \/(a,/2a,)' - (a.,ia,) If -a.l2a, < 0 
2a, 

- _a_, _ + Y(a ,/2a,)' - (a.,ia,) If -a,/2a, ;;. 0 
2a, 

a., 
x, ---

x =-~ 
a, 

Registers Ro! Rs - R9 • and Rso - RS9 are available for user storage. 

Accuracy degenerates if the real root of the cubic equation is extremely small . 
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INPUT KEYS OUTPUT 
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS 

Load side 1 and side 2. 

2 Initialize D 0.00 J 
3 Input coefficients of Polynomial : 

Constant o, D 1.00 

~ 
x coefficient 

t 
a, iii 2.00 

Xl coefficient a, iii 3.00 

xl coefficient a, II 4.00 

4 To evaluate polynomial for 

various values of x go to step 7. t 
5 Find the roots of the polynomial. I 

t-
(Imaginary roots will be output 

in imaginary, real order preced· 

ad by a negative one). D roots 

6 Go to step 8. 

7 Input x and see f{x) x D 

I 
I(x) 

8 For a new case of same or high-

er degree, go to step 3 and 

j ~ 
change appropriate coefficients. 

t For a lower degree go to step 2. 

Example I : 

A ball is thrown straighl up al a ve)ocily of 20 meters per second , from a 
height of 2 meters . At what lime. neglecting air resistance, will it reach the 
ground? The acceleralion of gravity is 9.8 1 melers per second . From physics: 

I 
f(l) = x= Xo + Vol + "2 at' = 0 

= 2 + 20t + ( - 9.81/2)t' =0 

Keystrokes: Outputs: 

---------- -+. 0.00 

I , 
I , 
I , 
I , 
I , 
I , 
I , 
I , 
I 

09-04 

2 D 20 8 9 .81 mmJl 
2 0 rmllll D --------+. 4 . 18 ··· (seconds) 

-0. 10 •• • (seconds) 

The answer is 4 . 18 seconds. The second rOOI of -0. 10 is a legilimale rool of 
the equation but is not relevant to this problem. 

Example 2: 

The slandard heal of formation o f ammonia (NH3) is given as a function of 
Kelvin lemperalure by: 

AH; = - 9140 - 7.596 T + 4 .243 X 10- 3 T' - 0 .742 X 10- ' T3 (cal) 

Delermine Ihe heat of formalion for lemperalures of 400 K, 600 K, and 800 K. 

Keystrokes: Outputs: 

B • 0 .00 

9140 rml D 7.596 rml 8 • 2.00 
4.243 1D3 rml 3 III .742 

rml ID3 rml 6 1J • 4 .00 
400 B ' -11547 .01 
600 B • -12330.39 

800 B , -12881.18 

Example 3: 

Find Ihe rools of Ihe following equal ion . 

X3 - 4x' + 8x -8=0 

K eyst rokes: Outputs: 

B 8 rmlD 8 8 
4 rml III I IJ D - - ----+. 2 .00 ·" 

-I. 
1.73 ••• 

1.00 ••• 

(cal) 
(cal) 
(cal) 

(real rool) 
(indicalor) 
(imaginary part) 
(real part) 

The real rOOI is 2.00. The imaginary rools are 1.00 + 1.73i and 1.00 - 1.73i . 

The - I . (which is not followed by aSlerisks) indicales Ihal Ihe lasl Iwo 
OUlpuls will be imaginary and real parts ralher than real rools . 
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600 B • -12330.39 

800 B , -12881.18 

Example 3: 

Find Ihe rools of Ihe following equal ion . 

X3 - 4x' + 8x -8=0 

K eyst rokes: Outputs: 

B 8 rmlD 8 8 
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3 )( 3 MATRIX OPERATIONS 

3X3 MATRIX OPERATIONS c,[ I , 

.. O!' . ''1. .. ... ULT .'.-1.-] b, t bl t b] C,t Clt C] d, t al t d] MAT P 

This program can be used to find the detenninant or generate the inverse of 
a 3 x 3 matrix . It can also multiply a 3 X 3 matrix by a column matrix . By 
using the matrix inverse function in combination with the matrix multiply 
function , it is possible to solve three linear equations in three unknowns. 

Equations: 

Determinant of matrix A 

Inverse of matrix A 

Det =3, b2 c3 + bl C233 +c, b3 32 

- C, b2 3 3 - C2 b3 3, - C3 32 bl 

)"J 
)" 

)" 

"" = (b, c, - b, c,)/Det 

a, = (a, c, - a, c,)lOet 

a, = (a, b, - a, b,)/Det 

p, = (b" c, - b, c,)/Det 

fl, = (a, c, - a3 c,)/Det 

{J, = (a3 b, - a, b3)/Det 

Matrix multiplication 

)" = (b, c, - b, c,)/Det 

)" = (a, c, - a, c,)/Det 

)" = (a, b, - a, b,)/Det 

A·O 

= 

Remarks: 

10-02 

During matrix inversion, A - I replaces A in storage. If you wish to save matrix 
A, store it on a magnetic card before slarting the inversion process . 

Two by two matrix operations can be performed with this program (see 
example 2) . A 2 x 2 matrix should be input in the following form: 

The corresponding column vector is: 

If the determinant of a matrix is zero, the inverse cannot be found . 

Registers Rso-Rs9 are available for user storage . 

Matrices may be output at any time by pressing o . The order of output is 
a" a 2. a :1I b .. b2> b3 • C h C2 • C3. dll d2 • d3 . 
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Remarks: 

10-02 

During matrix inversion, A - I replaces A in storage. If you wish to save matrix 
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Two by two matrix operations can be performed with this program (see 
example 2) . A 2 x 2 matrix should be input in the following form: 
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STEP INSTRUCTIONS 

Load side 1 and side 2. 

2 Input 3 x 3 matrix : 

C~umnl 

Column 2 

C~umn3 

3 For solution of simultaneous 

equations or multiplication of 

the 3 x 3 matrix by a column 

matrix, input column matrix. 

4 To find a determinant go to step 

5. To find the inverse or soNe a 

~ 
3 x 3 system, go to step 8. To 

perform multiplication, go to 

step 10. 

S find the determinant of the 

3 x 3 matrix. 

6 1 For a new cas8,90 to step 2. 

Change any or all of the columns 

in step 3 , 

7 If you wish to save the 3 x 3 

matrix for future use, record it 

L lon a magnetic card. 

INPUT 
DATA/UNITS 

a, 

a, 

a, 

b, 

b, 

b, 

c, 

c, 

c, 

d, 

d, 

d, 

("'1 
tmmII 

tmmII 

D 

tmmII 

I tmmII 
m I 
tmmII 

tmmII 

iii 

t 
tmmII 

tmmII 
a 

D 

OUTPUT 
DATA/UNITS 

., 
a, ., 
b , 

b, 

b, 

c, 

c, 

d, 

d, 

d, 

10-04 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS -
8 Find the inverse. a m 0 .00 -
9 For a solution of a 3 x 3 system 

- -
go to step 10. For a new case go 

-
to step 2. The original 3 x 3 

-
matrix has been repfaced in 

storage by its 3 x 3 inverse. 
1--' -

10 Multiply the 3 x 3 matrix by the 

r-
column matrix. (The resulting 

r-
cofumn matrix is output in x, y, z 

order). a lii x, y, z 
r----- -

11 
r-

For multiplication by another 

r-----
column matrix, perform step 3, 

then press a B . For a new 
- r-

case go to step 2. 

Example I : 

Find Ihe de lerminanl and inverse of Ihe fo llowing ma.rix; Ihen mulliply by Ihe 
column matrix. 

Keystrokes: O ulputs: 

23 ImtIl 8 1mtIl 4 B - - --.... 4.00 
15 1mt1l 11 1mtIl 15 D • 15.00 
17 1mt1l 6 Gm 1mtIl 12 B 12.00 
1 ImtIl 1 ImtIl 1 a . 1.00 
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STEP INSTRUCTIONS 
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d, 

d, 

d, 
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D 

tmmII 

I tmmII 
m I 
tmmII 

tmmII 

iii 

t 
tmmII 

tmmII 
a 

D 

OUTPUT 
DATA/UNITS 

., 
a, ., 
b , 

b, 

b, 

c, 

c, 

d, 

d, 

d, 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 
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r-
cofumn matrix is output in x, y, z 
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r----- -

11 
r-

For multiplication by another 

r-----
column matrix, perform step 3, 

then press a B . For a new 
- r-

case go to step 2. 

Example I : 

Find Ihe de lerminanl and inverse of Ihe fo llowing ma.rix; Ihen mulliply by Ihe 
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Keystrokes: O ulputs: 

23 ImtIl 8 1mtIl 4 B - - --.... 4.00 
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1 ImtIl 1 ImtIl 1 a . 1.00 
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D EI • 4598.00 (detenninant) 

D O • 0.00 (inverse found) 

II • 0.05 ... (a,) 
-0.03 ••• (a.) 
0.02 ••• (a.) 

0.02 ••• (P,) 
0.05 ••• (f3.z) 
-0.06 ••• (f3.z) 

- 0.06 ••• (y,) 
0.06 ••• (y,) 
0.03 ••• (y.) 

t.oo •• - (d,) 
1.00 ••• (d,) 
1.00 ••• (d.) 

(results of multiplication) 

Example 2: 

• 4.349717270 -03 ••• 
0.08 ••• 
-0.02 ••• 

Find the determinant and the inverse of the 2 x 2 matrix below. After the 
inverse has been found, multiply by the column matrix. 

First transform the matrices to three dimensions as specified in the remarks 
section: 

Keystrokes: Outputs: 

14 mmm 8 13:1\'1 mmm 0 EI ---+. 0.00 
8 13:1\'1 mmm 12 mmm 0 0 • 0.00 
o mmm 0 mmm I S • 1.00 
20 mmm 5 mmm 0 1iJ • 0.00 

10-06 

EI , 104.00 (determi nant) 

0 • 0 .00 (inverse has been 
found) 
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0.08 ••• (a.) 
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0.00 ••• (y, ) 
0.00 ••• (y, ) 
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0.00 ••• (d.) 

S • 2.69'" (results of 
2.21 ••• multiplication) 
0.00 ••• 

Exa mple 3: 
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a il 1il 

Lo op .. 
2 10 il LO;P I, 

l 
4il 1Sil 

Loop 
~ 1 

• -
40V 
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1()·05 
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or in matrix form 

[" -4 "j [::] [:] -4 22 -10 

- 15 -10 26 

and 

m [" 
-4 -'T [1 = -4 22 -10 0 

- 15 - 10 26 0 

Keystrokes: Outputs: 

19 mmm 4 l3:Jl1 mmm 15 l3:Jl1 D -+ -15 .00 
4 l3:Jl1 mmm 22 mmm 10 l3:JlI D -+ - 10.00 
15 l3:JlI mmm 10 l3:JlI mmm 26 B 26.00 
40 mmm 0 mmm Om • 0.00 
a D • 0.00 

a B ---------_ . 7.86 "· 
4.23 ··· 
6. 16 ••• 

(inverse has been 
found) 

(I, ) 
(I, ) 
(I, ) 

1 G-08 

NOTES 
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CALCULUS AND ROOTS OF fIX) 

CALCULUS ANO ROOTS OF It_ I so "A 

.. I AU .... f 

1234S" • • 1(1 ) • • 1\1' nt . t b. ,: ' 0. '001 

This program incorporates four routines for numerical analysis oruser specified 
functions . Suppose figure I represents a known function of x called f(x) . 

I(x) 

x 

Figure I 

If the formula for f(x) can be keyed into program memory in less than 112 steps 
(including LBL and RTN) , this program can be used to find the value of f(x) 
at any point x, the derivative of f(x) at any point x, the integral of f(x) over a 
specified interval and the real roots of f(x). There may be up to five different 
f(x) functions in program memory at one time . They must be labeled from I to 
5 . The function to be evaluated is selected by keying in I , 2, 3, 4 or 5 and 
pressing D . 

Only side I of Ca/cli/lis and Roots oj fix) is used for the program. Side 2 of 
Ca/cli/lis and Roots oJfix) has three functions recorded on it. These will be used 
in the example problems to show various applications of the program . You may 
wish to record functions you use frequently on blank magnetic cards . Once 
recorded , the functions can be linked to Ca/cli/lis alld Roots oj fix) by the 
following sequence of operations: 

I . Load side I of Ca/cu/lls alld Roots oj fix) . 

2. Press Em] 8 ITl ITl m· 
3. Press iii I MERGE I. 
4 . Load your magnetic card. 

Once a function is defined and selected, keying in a value of x and pressing 

the III key will result in the evaluation of f(x) (see figure 2) . 

I(x) 

I(x) -----. / i 
I 
I 
I 

x 

Figure 2 
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x 

Similarly, the value of the slope of f(x) at a particular point x can be calculated 
by keying in x and pressing the Il key (see figure 3). The slope of f(x) is 
determined using an approximation to the differential : 

f'(x ) 

I(x) 

f(x +.6.xl2) 

l(x-.o.xl2) 

f(x + t:.x/2) - f(x - t:.x/2) 
llx 

Figure 3 

The value of llx used to approximate the differential is assumed to be 0 .01 % 
of x (10- ' x x) unless a % d is specified by the user. That is: 

%d 
llx ---'x 

100 

In the special case where x = 0, llx is set equal to %d . 

For most applications, the assumed value of 0 .01 % should be adequate. In 
some cases morc accurate results can be obtained using a smaller value of 
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% Q. However, care must be taken to assure that the calculator can accurately 
resolve the difference between f(x - l:!.xJ2) and f(x + l:!.xJ2). 

The iii key may be used to approximate the integral or area under a curve. 

Figure 4 

You specify the end points of the interval (a and b) and the number of 
rectangles (n) the interval should be broken into (see figure 4) . The calculator 
computes the sum of the areas of the rectangles. The more rectangles used the 
closer this value is to the actual area under the curve. However, more rectangles 
mean more computation time. Experience with a particular function should lead 
to a balance between accuracy and execution lime. 

Root finders are used to solve equations which are difficult or impossible to 
solve explicit ly. An example of such an equation is 

f(x) = Inx + 3x - 10.8074 = 0 

which is solved in example 4 . 

The root finder incorporated in this program uses a secant method of approxi­
mation . You must supply the routine with an initial guess of the root. Based 

on this guess, it will attempt to make better and better approximations of the 
root by the following formula : 

x,+, = x, - f(x,) 

x 

Figure 5 

11-04 

The display is automatically set to fix mode during the root finder portion of the 
program. When the last approximation is accurate to the number of places 
specified by the display setting of the calculator, the routine halts and displays 
the root. 

Since the root finder starts its search based on your guess, care should be 
exercised in guess selection. A bad guess will cause long execution limes and 
could result in a machine status error halt (overflow. division by zero, log of a 
negative number, e tc.) . If this happens, simply try another guess. Practice will 
make the pitfalls more obvious and easier to avoid . 

A spec ial feature of the iterative routine is the pause function . This feature 
allows the program to pause at one point in each iteration to display the current 
approximation of the root. The pause option may be turned off and on by press­
ing a D . The pause allows you to watch the routine converge (or diverge) 
without interrupting the program . This can be a helpful tool when the iterative 
routine fails to converge . By watching each successive approximation of the 
root, the reasons for failure of convergence can usually be detennined. 

Remarks: 

The value of x is stored in Ro by the program. It is also in the X register when 
control transfers to the function subroutine. 

Registers R, - R", and Rso-Rs9 are available for use in f(x) or for other user 
storage . 

User-specified funclions may use one level of subroutine nesting. 

The secant method does not guarantee convergence to a roOl. 

Given one guess , the root finder will tind , at most, one root of an equation . 
Other real roots, if they exist, may be found by modifying the initial guess. 

In order to compute f'(x), the function f(x) must be continuous on the interval 
(x + /:;.x/2, x - /:;.x/2). 

STEP INSTRUCTIONS tNPUT 
KEYS OUTPUT 

DATA/UNtTS DATA/UNtTS - -
t Load side 1. 

-2 Load subroutine{s) (either key 

them in or link from program 
- f- -

-
slep 112). 

- - I- -

3 Select functlon label number. 
- . -

;(1-5) EI , 
-

4 Store any constants necessary 
- -

to subroutine(s) loaded in 
l- I---- -

step 2 . 
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Example 1: 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
Numerical integration provides Ihe only Solulion 10 Ihe complele elliplic DATA/U NITS DATA/UNITS 

5 For differentiation, go to step 6. 
inlegral of Ihe firsl kind: 

For evaluation of a funetton. go 

t I = r 12 

~ 
to step 9. For integration of a dO 

u 

function. go to step 11 . To find a 0 VI K2 sin82 

root , go to step 15. 
Find Ihe value ofu for limils of integral ion of 0.0 10 ."./2 . lei K be 0.5 and Slore 

6 Optional : Key in percent detta. %6 D I %6 
il in regisler I for access by Ihe program. Use 3 and Ihen 10 for the number of 

7 Key in x and calculate derivative inlervals. The formula for Ihe inlegral is recorded under label lhree on side Iwo 

at x. x iii I,(x) of Ihe magnelic card. If eilher example 2 or example 3 has jusl been run , skip 

8 For new x, go to step 7. For a 
the first three lines under keystrokes. 

new case, go to step 2. 3, 4 , 5 Keystrokes: Outputs: 
or 6 . Load side I only 

9 Key in x and evaluate function. x C!I ,,(x) mm 8 112 III I MERGE I 

10 For new X, go 10 step 9. For a Load side 2 

I 
Seleci label 3 

new case, go to step 2, 3, 4 , or 5. 
3 D I 3.00 

11 Input the number of intervals. n IEIIIiII n 0.50 rim] OJ I 0.50 
12 Input the lower limit. a IEIIIiII a Inlegrale using 3 inlervals 

13 Input the upper limit and I IDspl (!] 3 mmill 0 mmill 
III r~)2 a III I 1.685750251 I '''.0. ,~ '"'-' b iii 

I 
I I,(x) dx 

Integrate using 10 intervals 
14 For new limits or interval, go to 1 I 10 mmill 0 mmillill ~ 2 a III 1.685750355 

step 11 . For a new case, go to 

1 
step 2, 3, 4 or 5. 

15 Optional : Key in percent delta. %6 D %6 
Example 2: 

16 Oplional : Toggle pause 
In Ihe design of gear leelh, il is frequenlly necessary 10 calculale x for a given 

mode. D 1.00/0.00 value of the involute: 

17 Key in guess and ca)culate root. GUESS C!I x 

I 1 

INV(x) = Ian x - x 18 For a new guess go to step 17. 

For a new case go to step 2, 3, 

t 
or restated 

L 4 or 5. f(x) = Ian x - x - INV(x) = 0 

If Ihe invo lule of x is 0.0049819, whal is x? 

This problem requires an iterative solution since Ihe equation cannot be 
explicilly solved for x. Use 0.21 radians as your inilial guess. The equal ion for 
f(x) is recorded under label 2 on side 2 of Ihe magnelic card. Use Ihe pause 
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feature to watch the routine converge . Skip the fi rst three lines under keystrokes 
if Example I or 3 has bee n run . Store the involute ( .00498 19) in R, for access 
by the functio n. 

Keystrokes: Outputs: 

Load side I only 

r:mJ 8 11 2 1i1 1MERGEI 
Load side 2 

Select label 2 

2 D ------------+, 2.00 
Set pause 

lospl ma o 
.00498 19 1lmJ m .2 1 0 

Example 3: 

1.00 

--- - -+, " 0 .25" 
" 0 .24" 

" 0 .24" 

0 .24 (rad) 

In many instances . a function is represented graphically. This program can be 
of use in integration and , in some cases, differentiation of such graphs . Label I 
of side 2 o f the prerecorded magnetic card is designed for this purpose . It 
returns x values to the display. You must find f(x) from the graph , key it in and 
press liD. 
For the function belo w find the integral from a to busing 5 intervals . Then find 
the derivative at a , using 10% for % .6.. After the problem is complete . re turn 
% 11 to 0 .01 %. 

20 

15 
fI x) 

10 

5 

f' (t40) 

o~ __ ~+-_~ __ ~~ __ ~~~~ 
o 234 5 

a =1.40 
x 

b·4.70 

If e ither Example I or Example 2 was run previously, skip the first three lines 
under keystrokes . 

Keystrokes: Outputs: 
Load side I only 

r:mJ 8 11 2 1i1 1MERGEI 
Load side 2 
Select Label I 

I D ------ -----_ , 1.00 
Key in integration limits and return first x 
value 

5 [mmJ 1.40 [mmJ 4 .70 1iJ ---> 1.73 

From the graph , f(x) at x = 1.73 equals 14 .2 . 
Key 14.2 in and press liD. The next value 

of x will be displayed . 

14.2 liD ' 2.39 
f (2 .39) = 16 

16 liD , 3.05 
f (3 .05) = 17 

17 liD , 3 .7 1 
f (3 .7 1) = 16 .9 

16 .9 liD ' 4 .37 
f (4 .37) = 15.3 

15.3 liD ' 52.40 
To find the derivative at point a 

lO a D l AO 01--------+, 1.33 
f ( 1.33) = 12.7 

12 .7 liD ------ ----+, 1.47 
f (1.47) = 13 .3 
13 .3 1iD---- -----_, 4 .29 

Return % 11 to 0 .0 I % 

.0 1 a D ---------+ 0 .0 1 

Example 4: 
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(x) 

(Answer) 

(x- ~ ) 
(x + ~ ) 

(Slope) 

Find the root of In x + 3x - 10 .8074 = O. Determi ne the slope at the root. 

This equation is not recorded on the magnetic card . It must be manua lly keyed 
into program memory staning at step 11 2 . Use R, to store the 3 and R, to 
store 10 .8074. 

Keystrokes: 

Load side I o nly 

r:mJ 8 11 2 

Outputs: 

Switch to W/ PRGM --------------+, 11 2 35 22 

a ILBLI IIJ 3 1 25 0 1 
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For the function belo w find the integral from a to busing 5 intervals . Then find 
the derivative at a , using 10% for % .6.. After the problem is complete . re turn 
% 11 to 0 .01 %. 

20 

15 
fI x) 

10 

5 

f' (t40) 

o~ __ ~+-_~ __ ~~ __ ~~~~ 
o 234 5 

a =1.40 
x 

b·4.70 

If e ither Example I or Example 2 was run previously, skip the first three lines 
under keystrokes . 

Keystrokes: Outputs: 
Load side I only 

r:mJ 8 11 2 1i1 1MERGEI 
Load side 2 
Select Label I 

I D ------ -----_ , 1.00 
Key in integration limits and return first x 
value 

5 [mmJ 1.40 [mmJ 4 .70 1iJ ---> 1.73 

From the graph , f(x) at x = 1.73 equals 14 .2 . 
Key 14.2 in and press liD. The next value 

of x will be displayed . 
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f (2 .39) = 16 
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f (3 .05) = 17 

17 liD , 3 .7 1 
f (3 .7 1) = 16 .9 
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f (4 .37) = 15.3 
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To find the derivative at point a 

lO a D l AO 01--------+, 1.33 
f ( 1.33) = 12.7 

12 .7 liD ------ ----+, 1.47 
f (1.47) = 13 .3 
13 .3 1iD---- -----_, 4 .29 

Return % 11 to 0 .0 I % 

.0 1 a D ---------+ 0 .0 1 

Example 4: 

11-08 

(x) 

(Answer) 

(x- ~ ) 
(x + ~ ) 

(Slope) 

Find the root of In x + 3x - 10 .8074 = O. Determi ne the slope at the root. 

This equation is not recorded on the magnetic card . It must be manua lly keyed 
into program memory staning at step 11 2 . Use R, to store the 3 and R, to 
store 10 .8074. 

Keystrokes: 

Load side I o nly 

r:mJ 8 11 2 

Outputs: 

Switch to W/ PRGM --------------+, 11 2 35 22 

a ILBLI IIJ 3 1 25 0 1 



11-09 11-10 

[ill • 11431 52 (lnx) NOTES 
Im ITl • 1153401 

Im @ 116 34 00 

EI • 117 71 

a • 118 61 (lnx + 3x) 

1m 0 • 119 34 02 

iii • 120 51 (lnx + 3x -

10.8074) 

m [ATNI • 121 35 22 
Switch to Run 
Select III!I ITl 
10 • 1.00 

3 m:J ITl • 3.00 
10.8074 m:J 0 • 10.81 
Make a guess or 5.0 

50 • 3.21 (ROOT) 
Find the derivative 

iii • 3.3 I r' (3 .21) 
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ENGLISH-51 CONVERSIONS 

M'd,,! , .... D~· ' UQI ' W N 't~d r"n,S ) . "j 

ENGUSH 51 CONVE~SIONS 

'''.mm ".m '1;)1,1 Ibl. N Ibm.k<;l 

This card provides the more common conversions between English and 51 
(metric) unils . Side one of the card provides lenglh, volume, force and mass 
conversions. Side two provides temperature, energy. pressure, densi ty and 
power conversions. Only one side of Ihe card may be loaded into program 
memory at any time. 

Conversion Factors: 

Side I of magnelic card 

I inch (in) = 25.4* millimelers (mOl) 
I fooL (ft) = 0 .3048* meters (m) 
I U.S. liquid gallon (gal) = 3.785411784* Iilers (2) 
I pound force avoirdupois (lbl) = 4 .448221615 newlons (N) 
I pound mass avoirdupois (Ibm) = 0.45359237* kilograms (kg) 

Side 2 of magnelic card 

Degrees Fahrenheil (oF) are relaled 10 degrees Celsius ( DC) by Ihe 
following fonnula: 

DC = (OF - 32)/ 1.8 

I Inlernalional Sleam Table Brilish Ihermal unit (Blu) = 1055.055853 
joules (J ) 

I pound per square inch (ps i) = 6894 .7572 newlons/square meters (N/m' ) 
I pound per cubic fooL (lb/fI3) = 16.018463 kilograms per cubic meIer 

(kg/m3) 

I horsepower (550 fl-Ibf/sec) = 745 .69987 wallS (W) 

Remarks: 

Only one side of the card may be in program memory at a time . 

All dala registers (R. - I) are available for user slorage. The T regisler of Ihe 
operational stack is lost during conversions. The LAST X register contains the 
input va lue for all conversions except temperature conversions. 

*By dcfinil ion . 

STEP INSTRUCTIONS 

For length, v~ume. force or 

mass conversion, load side 1. 

For temperature, energy, Pfes· 

sure, density, or power conver· 

sion, go to step 4 . 

2 To convert inches to millimeters 

or millimeters to inches 

or feet to meters 

or meters to feet 

or gallons to liters 

or HIers to gallons 

or pounds to newtons 

or newtons to pounds 

or pounds to kilograms 

or kik>grams to pounds 

3 For a new case, go to step 2. 

4 load side 2. 

5 To convert Fahrenheit to Celsius 

o( Celsius to Fahrenheit 

or Btu to joules 

or joules to Btu 

or psi 10 N/m' 

or N/m' 10 psi 

or lblft' to kg/m' 

or kg/m' to lblffl 

or horsepower to wads 

or watts to horsepower 

6 [ For a new case, go to step 5. 

KEYS 
INPUT 

DATA/UNITS 
-+-

in D 
mm D D 

ft 0 
m D O 
gal II 
2 D II 
Ibf Lm 
N m 

Ibm t:1I kg 

'F D 
"C D D 
Blu 0 
J D O 

psi II 
N/m' D II 
Ib/l1' m 
kg/m' Dm 

hp II 

12-02 

OUTPUT 
DATA/UNITS 

mm 

in 

m 

ft 

2 
gal 

N 

Ibf 

kg 

Ibm 

DC 

'F 

J 

Blu 

N/m' 

psi 

kglm' 

Iblft' 

w 
w .Ll hp 
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KEYS 
INPUT 

DATA/UNITS 
-+-

in D 
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ft 0 
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gal II 
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kg/m' Dm 

hp II 
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OUTPUT 
DATA/UNITS 

mm 

in 

m 

ft 

2 
gal 

N 

Ibf 

kg 

Ibm 

DC 

'F 

J 

Blu 

N/m' 

psi 

kglm' 

Iblft' 

w 
w .Ll hp 
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Example I: 

Conven ~ of an inch to millimeters and round to an integer value. 

Keystrokes: Output: 
Load side one 

3 mmi1l 8 DD ------_ . 9.53 
[ospJ @) [RNoJ ---------+. 10. 
[ospJ 01------------+. 10.00 

Example 2: 

Convert 2 12°F to °c. Convert O°C to of. 

Keystrokes: Outputs: 
Load side two 
212 D -----------+. 100.00 
0 0 D • 32.00 

Example 3: 

(mm) 
(mm) 
(mm) 

Convert 75 Btulhr-ft' to joules/hr-m'. (Since ft' is in the denominator, the sense 
of the conversion is reversed .) 

Keystrokes: 
Side I 

75 0 D O D 
Side 2 

Output: 

--------+. 807.29 (Btu/hr-m') 

D------------. 851739.50 (J/hr-m') 

Example 4: 

Convert six pounds per gallon to kilograms per liter. 

Keystrokes: Outputs: 
Side I 

611 O B --------.... 0.72 (kg/2) 

12-04 

NOTES 

I , 
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ARITHMETIC TEACHER 

ARITH METIC TEAC HER 

+"'t . , - '> . 2 II[ " . J _ " . 4 . n5 .... 0' 

Preschool and elementary school students may use this program to help them 
learn addition , subtrac tion, multiplication, and division . The program gene­
rates and displays problems in the following form: 

x.y 

Where x is one variable and y is the other variable . The chi ld mentally computes 
the answer (x + y, x - y, x X y, or X + Y depending on the lesson) , keys it in , 
and presses the answer key D . If the answer is correct, the calc ulator poses a 
new problem . If the answer is incorrect, the calculator re turns the problem until 
a correct response is given. 

One lesson consists of 20 problems . After problem 20, the calculator outputs 
number correct, number tried, and percent correct. 

As the child progresses , the maximum size of the numbers, "max. may be 
modified. Forexample, keying in 3 and pressing D D would set the maximum 
number size to 3 for addi tion and multiplication, 3 + 3 for subtraction , and 
32 for division . For more advanced students, "max might be sel 10 15. If the 
value is nOI specified by the user, the program assumes a va lue of 9 . 

Remarks: 

The type of problem to be solved ( + . - , x , + ) can be changed at any time 
during the lesson. When the problem type is selected , a code number is 
displayed for a moment before a new problem is posed . The digit I indicates 
addition, 2 indicates subtraction , 3 indicates multiplication , and 4 indicates 
division. 

If the student realizes that a wrong answer has been keyed in before the 0 
key is pressed , the llI @)key s can be used to eliminate the error and return the 
problem to the display. 

Any attempt to use the calcu lator to solve the problem will result in an error 
necessitating a restart of the program . 

The number generator incorporated in this program will always give the same 
sequence of numbers unless nmax is changed or a' 'seed" is input . The seed can 
be any number between 0 and I . To input a seed, si mply key it in and press 

DO 

Registers Ro - R6 and Rso - RS9 are avai lable for user storage . 

13-02 

STEP INSTRUCTIONS INPUT KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 
----, Lc;;;d side 1 and side 2. 

-
- - a a- -

0 00-2 Start program. 

3 Optionat: tnput a seed (any 

number between 0 and 1): SEED a o 0.00 

4 Optional: Select maximum 

number size (default is 9). "max a D 0.00 
-

5 Optional: Select print lesson 

mode. a ll .:-::-:--1.0010.00 

6 Select arithmetic mode:· • 

Addition a .-
probtem 

Subtraction D problem - r- -- - -
Multi~icalion II problem 

- - - )--- -
Division iii problem 

- t- -
7 Let student key in answer and - - )- -

press O . answer 0 problem - ~ -
8 Repeat step 7 for 20 problems. 

-
After problem 20 the calculator 

will output number correct, 

number aHempted and % 

correct . 
- - t- -

9 For another session go to step 7. 

To change arithmetic mode go 
-

to step 6. To select print lesson 

mode go to slep 5. To sleed a 
t--

new maximum number size go 

to step 4. 

• See page Ll3-01 lor descnptlOl"l of algonthm and comments en optional seed seIecbon 

• After an anlhmelic mode IS selected a code IS outpUI 10 irdcale 'Nhictl mode was set 1 adlibOn, 2 subtracbon, 
3 mulliplicallOn and 4 divi$lOO. 
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Example I : 

A child is to practice multiplication of the numbers one through eight. 

Keystrokes: Outputs: 

D • 0.00 

Select maximum number size of 8. 
8 D t 8.0 ••• 

Select lesson type 

B t 3.0 ••• 

6.8 
48 0 • 1.4 
4 0 7.3 
21 0 • 8.8 
64 0 • 7.7 
49 0 • 7.4 
28 0 • 7.6 
40 0 ----+ 

45 0 
42 0 • 4.2 
8 0 • 8.6 
48 0 • 8.8 
64 0 • 8.7 
56 0 • 8.6 
48 0 • 5.8 
40 0 • 6.7 
40 0 
42 0 • 5.8 
40 0 • 8.4 
32 0 • 4.6 
24 0 • 7.4 
28 0 • 4.4 
16 0 • 4.7 

28 0 • 18.0 ••• 

20 . 
90.0 ••• 

The calculator displays the first problem of the next set. 

13-04 

Example 2: 

The child of example I now wishes to practice division for numbers I through 
10. 

Keystrokes: Outputs : 
10 D I 10.0 ••• 

iii • 4 .0 • •• 

30.06 
51J • 70.07 
10 0 • 30.06 
5 0 • 28 .04 
7 0 • 32.08 
4 0 • 6.06 
10 I 80. 10 
8 0 • 40 .04 
10 0 • 16.04 
4 0 • 80.08 
10 0 • 70. 10 
7 0 • 80.08 
10 0 • 42 .07 
6 0 • 81.09 
9 0 • 7.07 
10 • 10.05 
2 0 • 60.06 
6 0 
10 0 • 56.08 
7 0 • 56.07 
8 0 • 70. 10 
7 0 • 19.00 ••• 

20. 
95 .00 • • • 
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MOON ROCKET LANDER 

MOON ROCKET LANDER 

eNTRl RESTART 

Imagine for a moment the difficulties involved in landing a rocket on the moon 
with a strictly limited fuel supply . You' re coming down ta il- first, freefall ing 
toward a hard rock surface . You'll have to ignile your rockets to slow your 
descent ; but if you bum too much too soon, you' ll run out of fue l 100 feet up, 
and then you' ll have nothing to look forward to but cold e ternal moon dust 
coming faster every second. The objecl , clearly. is to space your bums just 
right so that you wi ll alight on the moon's surface with no downward veloci ty. 

The game starts off wi th the rocket descending at a velocity of 50 feet/second 
from a height of 500 feel. The veloc ity and altitude are shown in a combined 
display as - 50.0500, the alt itude appearing to the right of the decimal poi nt and , 
the veloci ty to the left , wilh a negative sign on the velocity to indicate down-
ward motion. Then the remaining fuel is displayed and a rocket fire count down 
begins "3" , "2" , " I " , " 0" ,. Exactly at zero you may key in a fuel bum . 
You only have one second , so be ready . A zero bum, which is very common, is 
accomplished by do ing nothing . However, if you miss the one second "fire 
window" and then try 10 key in a bum , your engine will die and you will have 
to restart by press ing D . This automatically uses 5 fue l units and gives no 
thrust. After a bum the sequence is repeated unless: 

I. You have successfully landed- nashing zeros . 

2. You have smashed into the lunar surface- n ashing crash velocity . 

You must take care, however, not to bum more fuel than you have; for if you do 
you will free-fall to your doom! The fin al velocity shown will be your inpact 
velocity (generally rather high). Yo u have 60 units of fue l initially . 

Equations: 

We don' t want to ge t too specific , because that would spoil the fun of the game; 
but rest assured that the program is solidly based o n some old friends from 
Newtonian physics: 

v = Vo + at V% = vo'/. + 2ax 

where x, v, a, and t are distance, velocity, acceleration, and time. 

" 

14-02 

Remarks: 

Only integer va lues for fue l bum are allowed . 

liD can be used to stop Moon Rockel Lander at any time. 

STEP INSTRUCTIONS 
INPUT 

KEYS OUTPUT 
DATA/UNITS DATA/UNITS_ -

t Load side 1. 
-

2 Assume manual control . EI "V.ALT" 
-

"FUEL" 
- - -

"3" 
- -- -

"2·' 
-- -

" 1" 
- - -

3 Key in burn· . BURN "V.ALT" 
- -

"FUEL'· 
-- - --

''3 '' 

''2 '' 

" 1" 
-

4 Go to step 3 until you land -- r-
(flashing zeros) or crash (fl ash· 

r--
ing impact velocity). 

5 If you survived last landing 
--- --

attempt, go to step 2 for 
---- -- .- --- - --

another try. 
-
-

"If you miss the burn window and 
-

flameout. press III for a new 
-

engine start. iii 
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window" and then try 10 key in a bum , your engine will die and you will have 
to restart by press ing D . This automatically uses 5 fue l units and gives no 
thrust. After a bum the sequence is repeated unless: 

I. You have successfully landed- nashing zeros . 

2. You have smashed into the lunar surface- n ashing crash velocity . 

You must take care, however, not to bum more fuel than you have; for if you do 
you will free-fall to your doom! The fin al velocity shown will be your inpact 
velocity (generally rather high). Yo u have 60 units of fue l initially . 

Equations: 

We don' t want to ge t too specific , because that would spoil the fun of the game; 
but rest assured that the program is solidly based o n some old friends from 
Newtonian physics: 

v = Vo + at V% = vo'/. + 2ax 

where x, v, a, and t are distance, velocity, acceleration, and time. 

" 

14-02 

Remarks: 

Only integer va lues for fue l bum are allowed . 

liD can be used to stop Moon Rockel Lander at any time. 

STEP INSTRUCTIONS 
INPUT 

KEYS OUTPUT 
DATA/UNITS DATA/UNITS_ -

t Load side 1. 
-

2 Assume manual control . EI "V.ALT" 
-

"FUEL" 
- - -

"3" 
- -- -

"2·' 
-- -

" 1" 
- - -

3 Key in burn· . BURN "V.ALT" 
- -

"FUEL'· 
-- - --

''3 '' 

''2 '' 

" 1" 
-

4 Go to step 3 until you land -- r-
(flashing zeros) or crash (fl ash· 

r--
ing impact velocity). 

5 If you survived last landing 
--- --

attempt, go to step 2 for 
---- -- .- --- - --

another try. 
-
-

"If you miss the burn window and 
-

flameout. press III for a new 
-

engine start. iii 



15-01 

DIAGNOSTIC PROGRAM 

OIAGNOSTIC PROGRAM '>() 1 'I 

START 

This program can be used to test the calculator and diagnose calculator 
malfunctions. Simply inscn the card and press D . The calculator should pause 
displaying: 

-7 .777777770 - 77 

If the calcu lator does not pause displaying -7 .777777770 -77, there is a 
malfunction in the card reader, program storage , program control, digit entry, 
the registers of the operat ional stack, the EiD function, the @!I function, 
the pause command or the display. After the one second pause , the calculator 
should continue to run for about 50 seconds and finally pause to display the four 
values below: 

I. 07 
10.000 06 
1.0000 07 

10000000.00 

These outputs indicate that display formatting is working satisfactori ly. If the 
calcu lator stops before displaying these values, the code number displayed will 
correspond to a function or operation in the following table. For instance, if the 
calculator stopped displaying 27 , an error in tangent or arctangent would be 
indicated . 

DIAGNOSTIC CODES 

Function or Operation or Register Indicated Code 

STO i, RCL i, Ro, GTO 0, LBL 0, x = y, xFy 0 
ISZ I, R. I 

R, 2 
R3 3 

~ 4 
R, 5 
R. 6 
R, 7 
R. 8 
R. 9 
Rso 10 
Rs . II 

Rs, 12 

I 
• 

I 
• 
I 
• 
I 
• 
I , 
I 
• 
I , 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I , 

15-02 

Function or Operation or Register Indicated Code 

R S3 13 

R S4 14 

Rs~ 15 

RS6 16 
Rs, 17 

R S8 18 
RS9 19 
R. 20 
R. 21 
Rc 22 

R" 23 
RE 24 
RCL I, RND, sin, sin- ' 25 
cos , cos- 1 26 
tan , (an- I 27 
~P, -+R 28 
-+HMS, HMS-+ 29 
Log, 10' 30 
LN, eX 31 
x2 , Vx 32 
ENTERi, y' , I /x, LSTX 33 
+, - 34 
x, -+- 35 
INT , FRAC 36 
D-+R, R-+D 37 
% 38 
x,",y 39 
x > y 40 
x = O 41 
xFO 42 
x < O 43 
x > O 44 

Flag 0, off 45 
Flag I , off 46 
Flag 2, off 47 
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DIAGNOSTIC PROGRAM 
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values below: 
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10000000.00 

These outputs indicate that display formatting is working satisfactori ly. If the 
calcu lator stops before displaying these values, the code number displayed will 
correspond to a function or operation in the following table. For instance, if the 
calculator stopped displaying 27 , an error in tangent or arctangent would be 
indicated . 

DIAGNOSTIC CODES 

Function or Operation or Register Indicated Code 

STO i, RCL i, Ro, GTO 0, LBL 0, x = y, xFy 0 
ISZ I, R. I 

R, 2 
R3 3 

~ 4 
R, 5 
R. 6 
R, 7 
R. 8 
R. 9 
Rso 10 
Rs . II 

Rs, 12 

I 
• 

I 
• 
I 
• 
I 
• 
I , 
I 
• 
I , 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I , 
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Function or Operation or Register Indicated Code 

R S3 13 

R S4 14 

Rs~ 15 

RS6 16 
Rs, 17 

R S8 18 
RS9 19 
R. 20 
R. 21 
Rc 22 

R" 23 
RE 24 
RCL I, RND, sin, sin- ' 25 
cos , cos- 1 26 
tan , (an- I 27 
~P, -+R 28 
-+HMS, HMS-+ 29 
Log, 10' 30 
LN, eX 31 
x2 , Vx 32 
ENTERi, y' , I /x, LSTX 33 
+, - 34 
x, -+- 35 
INT , FRAC 36 
D-+R, R-+D 37 
% 38 
x,",y 39 
x > y 40 
x = O 41 
xFO 42 
x < O 43 
x > O 44 

Flag 0, off 45 
Flag I , off 46 
Flag 2, off 47 



15-03 

Function or Operation or Register Indicated 

Flag 3 , off 

Flag 0 , on 

Rag I. on 

Flag 2, on 

Flag 3, on 

Remarks: 

Code 

48 
49 
50 
5 1 

52 

If this program runs correctly, it strongly suggests that the calculator is operat­
ing correctly. However, the diagnost ic is by no means complete or exhaustive. 

All data storage registers are used . 

STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 Enter program 

2 Start diagnostic 
f- a -7.777777770 -77 

f---J See documentation for descrip- - -

lion of outputs. 
- t- -

LOO-01 

PROGRAM LISTINGS' AND PROGRAMMING TECHNIQUES 

Program Page 

I. Moving Average . ......................... . ......... . LOI-OI 

2 . Tabulator . . ... . ..... . . . ... • .•....... . .. .... .... ..... L02-01 
p un Zero ,nSlll 

( n lion ,"th Indln:,,( R h I RCL 
3. Curve Filling . . . . .... ........ . . •.•... . .•. . ........... LOJ-OI 

1".. I 111 SI dar)' RC)!lst ~r 

4 . Calendar Functions . . ... . .... ... . . ... . . ... . .. .... .... . L04-01 
1111111"1 Stl In Rc 

5. Annuilies and Compound Amounts ....•...•......... . ... LOS-OJ 
Ir lin So 

6 . Follow Me ................ . .... . .... . ... .... .... .... L()6.01 
I ( ro 

7. Triangle Solut ions ...... ..... .•.... .. ................. L07-01 
ul 

8. VeclOr Operalions ........•. • . •. .. . .......... ... ...... LOS-OI 
,. s ( r lmmand 
( I 

9. Polynomial Evalualion ....•. • . •. .... ........ . . ........ L09-0J 
I l I I 

t If' 

10 . Matrix Operations . . .... ....... ... .... ... . ... • . •.. . . .. LIO-OJ 
Sl r 1111 J I JI Rt I 

II . Calculus and Roots of f(xl ..... .. ........... . .•. •.. .... LIl-Ol 
Itlr..tll\ll c I tnd 1.1lI.'P 

12 . Uni t Conversions ........ . ..........•. • .•. • . • ... . ... . Ll2-0J 
13 . Arithmetic Teacher ...... ..... ... . ...•. • .•... • ........ LlJ-Ol 

P , Ir I :,\;, It- ( n('rah r 

14. Moon Rocket Lander ................•.•.•.•... . ...... LI4-0J 
15. Diagnostic ............ . . .... .. ..... •.•...•.. .... .... LlS-OJ 

*Keycodes for program steps may be found in Appendi x E of your Owner's Handbook . 
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L01·01 

COMPARISON 

Subroutine 0 of Moving Average computes the moving average when the m 
key is pressed from the keyboard. 

IIIJIiJ 
1m @) 
ImD 
ImIiJ 
Ix ~)'?1 

EID 
liD 
D 
mm 

Gcnerally, the avcrage is calculated based on the summation of input valucs, I 
(stored in Ro) and the requested number of units, n (stored in Ro) in the moving 
average. However, if less than n values have been input, the average must be 
calculated based on the current number of inputs (k). The value ofk is stored in 
RE• The flowchart for this calculation might look like this: 

Start 

Recall sum 
Recall k 
Recall n 

Is 
k larger 
than n 

? 
yes 

Select n 

Divide sum 
by n or k 
and display 

result 

Stop 

no 
Select k 

L01 ·02 

Subroutine D begins by recalling the sum from Ro, k from RE and n from RD. 
After these recalls the operational stack is as follows : 

Unknown value T 
Sum Z 

k Y 
n X 

The comparison step x '" y (if x is less than or equal to y) causes program 
execution to skip the next step when the conditions of the comparison are nOl 

mel. If the conditions of the comparison 3rc met , the/ollowing step is executed. 
This is the " DO if TRUE" rule. For instance, ifk = Y = 15 and n = x = 6 
the comparison would be true or satisified (since x is less than y) and the next 
step, EID (x exchange y), would be executcd. If k wcre less than 6, say 4 , the 
EID command would be skipped. The stack contents for both cases are shown 
below: 

BEFORE COMPARISON 

Unknown value T Unknown value 
Sum Z Sum 
15 Y 4 
6 X 6 

AFTER COMPARISON AND NEXT STEP 

Unknown value 

Sum 

~ 5 } switched 

T 

Z 
Y 

X 

Unknown value 
Sum 

: } not switched 

T 
Z 
Y 

X 

T 
Z 
Y 
X 

The ncxt step rolls the stack down removing the unwanted value from the 
X-register. 

15 (Unwanted value) 
Unknown value 

Sum 
6 

T 
Z 
Y 

X 

6 (Unwanted value) 
Unknown value 
Sum 
4 

T 
Z 
Y 
X 

The last step divides the sum by the value in the X-register to complcte the 
calculation . 
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Subroutine D begins by recalling the sum from Ro, k from RE and n from RD. 
After these recalls the operational stack is as follows : 

Unknown value T 
Sum Z 

k Y 
n X 

The comparison step x '" y (if x is less than or equal to y) causes program 
execution to skip the next step when the conditions of the comparison are nOl 

mel. If the conditions of the comparison 3rc met , the/ollowing step is executed. 
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the comparison would be true or satisified (since x is less than y) and the next 
step, EID (x exchange y), would be executcd. If k wcre less than 6, say 4 , the 
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below: 

BEFORE COMPARISON 

Unknown value T Unknown value 
Sum Z Sum 
15 Y 4 
6 X 6 

AFTER COMPARISON AND NEXT STEP 

Unknown value 

Sum 

~ 5 } switched 

T 

Z 
Y 

X 

Unknown value 
Sum 

: } not switched 
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X 

T 
Z 
Y 
X 

The ncxt step rolls the stack down removing the unwanted value from the 
X-register. 

15 (Unwanted value) 
Unknown value 

Sum 
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T 
Z 
Y 

X 

6 (Unwanted value) 
Unknown value 
Sum 
4 

T 
Z 
Y 
X 

The last step divides the sum by the value in the X-register to complcte the 
calculation . 



L01-03 L01-04 

Moving Average 

88; ' L8Lo p'- ,. 
Be: [LII_ Clur reoiu.". 8 ~, PTI. 
88? P:S ~~ ;; . LB~.I; It pront mode" oil ~ 

<'iN CUI' ------------ 8(.i· x: lor d,opI&y 01 .... 

" ; - , 
II 'TN . ---------- --
" ~"S 

1I0! , II I " ... " 22 continue, 8'; ; "" .86 x) ';~ o\l'l,rwiM go 10 label 1. ft': nO{l 
iC:- 'Hil ~t:.:: PS[ 
.ee CUi B6'4 . LE;U~ ------------
'" 8';:~ I!CUl Compute a.erage . 

'" 
, ~€i PCL II 

tlJ x:r i t:'· ------------
l IZ X) "~ ." EH:· Oulput and..,1 lor dilpla~ . 

~; :; 'TO) ------------ ~if< Fa' 
OJ. ST:)O ~;-fI PRT:' ----------- -
'" Sto .. n ;n RD and 9;'1 RTN Wr it.dOla . 

81 6 (n + n/lOO) in R, _ e;-z aLBL8 
8J7 ~;-:; ii[iJ~ 

'" S101 ' 74 RTN ------------
~19 I.T ." 'LBLb 

'" RT' ~7i f9" Pri ... tl ........ mode loggl •. 

' 21 I'lBLl ------------ i;';' I;T08 

W " Flash inpul enOr . ~7e , 
82:':: 'LBL4 , :'!' SF. ,,,4 PS£ ". ' TN 
'2!> OJ .. ------------ ." ' LBLO 

'" . LSL:' Incremen t k by one. Print 882 • 
827 Fe' space, k, and input if lIag 0 . BJ CF8 

." SPC ; .... t. ". RT. -------- -- --
8Z~ RCLf '" .LBLt 
. 38 8St: sec OutPUt •• , .... in ... ewest 

13. eBi' • to oIdllSt ()I'd • • , 

132 ffl~ . BB . LBU 

UJ PRJ..: '" RCL~ 

'" x:r '" )(,, '1" 

'" Fe? ." PTIJ 

. 36 PRJX ------------ 11.92 I 

.37 RCU R...-. oklUI v.'", from . g-: 

." S1-8 sum and add input. ." .J> X: \' 8.9!' RC~I ... S1O ; 896 x%\'~ 

." SHe ------------ 8.9:" FRC 
642 " S\o •• k. ." STOI 
843 x:~· '!'9 ISZI ,.,. STOE ---- ---- ---- 18. RCU 

." IICLD If n " k,GTO 0 Ind 181 PRJ X 

'" U\'~ calculate .wrage. 18:' " . " OS .. --- - -------- '" I ... DSZl If I il <><>1 uro, GTO 5 1<>< '" 
'" <TO, di,,,I.y '" nG3 ------------'58 IICLl ------------ j86 ' tBLtl 

' 51 I Ill:' IICU Comput •• ""rage.t any 
11:52 • Rosel indu 'Of ....0\1'1 .. '" RCL£ Ii ..... 

'" I loop. 
Ht~ RCLD 

". • '" x; \'? 

'55 STOI ------------ III X: I 

' 56 , l8L!i !12 " REGISTERS 

, I ~sed I';.., 1'0 1\ ' ~ I' I' I' l ' LABELS FLAGS SET STATUS , 
.. Av BW DATA __ VAL 

, , 0 
print FLAGS TRtG ~" ,.. .. k __ AVG 

" Fu:'" I::" ~M i~M I:" I" I~sed I~ 0"" 0"" 0", , 
1'- I'""" 

, 
1'- I' 

""" conl.ol '. 
. . 

" 
. • . . ON OFF . 0 0 • 

'00 : I '" • 
0..., . ... , 

~int • , 
• 0 • GRAD 0 SO, 0 .n", , 0 • "" 0 

E'" 0 
5d;,plav 

, , , , , 0 • . ---L.. 
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L02-01 

DECREMENT AND SKIP ON ZERO (DSZI) LOOP 
IN COMBINATION WITH INDIRECT RECALL (RCLi) 

One of Ihe mosl powerful fealures of your calculalor is ils abilily 10 do indirecl 
recalls. ThaI is, reca ll a regisler which is specified by a value slored in Ihe I 
regisler. For inslance, iflhe conlenls of I were 3.0 and an indirecl recall (RCLi) 
command were encountered, the contents of R3 would be recalled. When the 
conlenl of I is changed, Ihe aclion oflhe RCLi is also changed. Because oflhis 
relalionship, il is possible 10 access all 26 dala slorage regislers wilh only one 
RCLi command. 

DSZI (Decremenl and Skip on Zero) was designed 10 help lake full advanlage 
of RCLi and olher indirecl capabililies. A DSZI command causes 1.00 10 be 
sublracled from Ihe conlenls of I. Afrer Ihe SUblTaClion, Ihe COnlenl of I is 
aUlomalically compared 10 zero . If Ihe inleger part of Ihe value is zero, Ihe 
calculalor skips Ihe slep following Ihe DSZI command. If Ihe inleger part is 
non· zero. the following step is executed. This automatic test capability makes 
DSZI a valuable looping 1001. 

Sleps I 02-1300fTabulator illuslrale a Iypical use of DSZI and RCLi. The lask 
is to recall the values of the row totals, in order, and output them. Below are the 
flowchart and Ihe com men led code which performs Ihe task. 

LBL 
C 

Initialize, store 
first register 
location in I 

t 

······· LBL C 
[ i ······· CF1 

LBL6 
SPACE 
R<l.I 
FRAC 
EEX 
4 

of first register 
location in I 

% 
X:;:: I 

.-__ .., LBL ........................... , ....... DSP2 
4 ··········· LBL 4 

) 

Store position 

no 

RCL i, output , 
housekeep 

1=1-1 

f 
Is 

integer part 
of 1=0 

? 
yes 

......... RO.. i Indirect recall 
F 1? I Compute % of grand 

.............. ~ GSB E total if flag is set 
i PRINT X Output 
: R f Eliminate value from stack 
:········DSZ I Subtract 1.0 and test 

m: )L:O:m:~e~: ~u::u~ 
PRINT X 
RI 

Continue with STO I 
program executioo ... . ... , R t 

: CF1 
'···· RTN 

L02-02 

NOTES 
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IN COMBINATION WITH INDIRECT RECALL (RCLi) 

One of Ihe mosl powerful fealures of your calculalor is ils abilily 10 do indirecl 
recalls. ThaI is, reca ll a regisler which is specified by a value slored in Ihe I 
regisler. For inslance, iflhe conlenls of I were 3.0 and an indirecl recall (RCLi) 
command were encountered, the contents of R3 would be recalled. When the 
conlenl of I is changed, Ihe aclion oflhe RCLi is also changed. Because oflhis 
relalionship, il is possible 10 access all 26 dala slorage regislers wilh only one 
RCLi command. 

DSZI (Decremenl and Skip on Zero) was designed 10 help lake full advanlage 
of RCLi and olher indirecl capabililies. A DSZI command causes 1.00 10 be 
sublracled from Ihe conlenls of I. Afrer Ihe SUblTaClion, Ihe COnlenl of I is 
aUlomalically compared 10 zero . If Ihe inleger part of Ihe value is zero, Ihe 
calculalor skips Ihe slep following Ihe DSZI command. If Ihe inleger part is 
non· zero. the following step is executed. This automatic test capability makes 
DSZI a valuable looping 1001. 

Sleps I 02-1300fTabulator illuslrale a Iypical use of DSZI and RCLi. The lask 
is to recall the values of the row totals, in order, and output them. Below are the 
flowchart and Ihe com men led code which performs Ihe task. 
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L03-01 

PRIMARY EXCHANGE SECONDARY REGISTERS 

The dala slorage of your calculalor is comprised of 26 regislers. Sixleen of 
these registers are directly accessible at all times through store and recall com­
mands. The remaining 10 secondary registers Rso-Rs9 are not directly address­
able but may be exchanged with primary registers Ro-R9 at any time. The 
[p~sl command can be used to do this. Figure 1 represents the action of [p,",s]. 
After execution of the command, the value originally stored in Rso is found in 
Ro, and the value originally in Ro is in Rso. A similar exchange would occur 

between RI-Rg and RS1 -Rs9 • respectively. 

Ip'"l 

Pri mary data registers 
I I 
R>:I 
Rol 
Rc I 
R. 
R, Secondary data registers 

R. • IRs. 

R. • IRS8 ----
R, IRs, 

R. • IRs. 
R, • IRs. 

R4 I RS4 

R, I RS3 

R, • IRs, 

R, IRs. 

Ro • I Rso 

Figure 1. 

In Curve Fitting. the SI command is used to automatically accumulate the 
necessary sums in the registers indicated below: 

lx RS4 

lx' RS5 
ly Rs1; 

ly' RS7 
lxy RSti 
In RS9 

L03-02 

Before starting to accumulate the sums, registers RsrRsg must be cleared. 
Since the clear registers command only operates on the primary registers, a 
Ip'"l command is necessary. The code from ellrve Fitting which prepares Ihe 
secondary registers for summation is shown below: 

Exchange primary and secondary registers. 

Clear primary registers. 

Relurn cleared regislers 10 secondary SlalUS. ready 10 

accumulate sums. 

Note that this sequence has no effect on the original , primary registers Ro-Rg. 
They slill conlain exaclly whallhey conlained before Ihe sequence. Th is allows 
Ro-Rg to be used for user storage during execution of Curve Fitting. 

After the sums are accumulated , they must be accessed to calculate the regres­
sion coefficients a, band r. However, since the sums are in the secondary 
registers, they are not directly accessible by the store and recall commands. 
This necessilales use of Ip'"l again. Label C (sleps 68-113) of ellrve Fitting 
performs Ihe calculalion. Ip'"l is found al Ihe beginning and Ihe end of Ihe 
Label C rouline. The firsllp'"l allows Ihe values 10 be accessed direclly. The 
second Ip'Cs] returns the registers to their original configuration. 

1mB 
Ip!oS ] Exchanges primary and secondary registers for access by 

mil and 1m . 

Ip'Csl Exchanges primary and secondary registers returning 
mm calculator to original status. 
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L04-01 

MULTIPLE STORAGE IN REGISTERS 

In Calelldar FUllctiolls the date is input in mm.ddyyyy format. This allows 
three pieces of information (the day, the month, and the year) to be carried in 
one register. In Calendar Functions this provides a, convenient means of dis­
playing the date . In other programs a similar technique could be used to store 
more than 26 values in the 26 addressable registers . 

When multiple storage techniques are used, two types of code are usually 
required. The first type breaks a combined number into its individual com­
ponents. The second type assembles the individual components into a single 
number. 

Steps 83 th rough 97 of Calelldar FUllctiolls break the date into its individual 
components. 

PROGRAM STEPS X REGISTER CONTENT 

ENTt mm.ddyyyy (combined form) 
INT mm.OOOOOO 

ST07 mm.OOOOOO (months) 
.ddyyyy 

EEX 
2 100.000000 
X dd.yyyyOO 

ENTt dd.yyyyOO 
INT dd.OOOOOO 

ST08 dd.OOOOOO (days) 
.yyyyOO 

EEX 
4 10000.000000 
X yyyy.OOOOOO 

ST09 yyyy.OOOOOO (years) 

Steps 54 through 78 of Calelldar FUllctions assemble the three values into one 
number for display. However, other operations are being performed whicb 
obscure the technique being used. Below is a sample program which could be 
used to build a date in mm.ddyyyy format if m were stored in R" d in R" and 
yin R •. 

L04-02 

~ 
PROGRAM STEPS X REGISTER CONTENTS 

RCL7 mm.OOOOOO 
RCL8 dd .OOOOOO 
EEX 
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O.ddOOOO 

+ mm.ddOOOO 
RCL9 yyyy.OOOOOO 
EEX 

6 1000000.000000 
O.OOyyyy 

+ mm.ddyyyy 
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Calendar FunctIons 
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, 0 • 
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INTERCHANGEABLE SOLUTIONS 

In programs like Annuities Qnd Compound Amounts. it is necessary to be able to 
calculate any value given the other values. While there are many ways to do 
these interchangeable solutions, two methods are designed into your calculator. 
The method used in Annuities and Compound Amounts takes advantage of the 
STO A through STO E commands. The other method, used in Calendar 
Functions, takes advantage of the keyboard sensing flag (flag 3). 

An interchangeable solution requires a method for storage and calculation. 
It is also desirable to associate inputs and outputs with the mnemonics on the 
magnetic cards. The STO A through STO E commands accommodate the 
storage of up to five values in the A through E registers and associate these 
values with the user definable keys which can be used to initiate calculation. 
Below is a diagram representing these relationships. 

t ~,¥; ., 
B III B m IJ 

LBL A LBL B LBL C LBL D LBL E 

C C C C C 
A A A A A 
L L L L L 

C C C C C 

U U U U U 
L L L L L 

A A A A A 
T T T T T 
E E E E E 

a b c d e 
STO A STO B STO C STO D STO E 

RTN RTN RTN RTN RTN 

To store a, press mm II ; to calculate a, press II . Note that after any value is 
calculated, it is automatically stored just before the RTN command SlOps 
execution . This eliminates the need to reinput calculated values in subsequent 
calcu lations. 

LOS-02 

The keyboard sensing flag allows up to ten variables to be interchangeably 
input. It also allows more versatility in storage register selection and allows 
input processing of data. However, it is slightly more complicated, requires 
extra steps and may seem mysterious to the uninitiated program user. The 
diagram below shows the relationships between the magnetic card and the 
keyboard sensing code. 

t ~~~Of, a.. . .h • e i:i .1.- . 

B III B m IJ 
LBL LBLA LBL B LBL C LBL D LBL E 
STC STO 1 ST02 ST03 ST04 STO 5 

F, F3? F3? F3? F3? F3? 
RT RTN RTN RTN RTN RTN 

C C C C C C 
A A A A A A 
L L L L L L 
(, C C C C C 
oJ U U U U U 
~ L L L L L 
A A A A A A 
T T T T T T 
E. E E E E E 
f a b c d e 

S~C STO 1 ST02 ST03 ST04 STO 5 
l-lT RTN RTN RTN RTN RTN 

To input the value a, key it in and press B . To calculate a, press B . Pressing 
B for both input and output works because Flag 3 is set when the digit entry 
keys are pressed. When Flag 3 is set, the value is stored and execution stops 
at the first RTN. If the flag is not set (no digit keys were pressed), the program 
skips the first return and continues through the calculate portion of the program. 
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INDIRECT GTO 

The GTO function is used to cause program execution to transfer from the 
location of the GTO to the label specified . The label may be specified in one 
of two ways: 

I. As a direct branch such as GTO I, GTO A, GTO f C, etc. 

2. As an indirect branch GTOi which causes execution to transfer 
to the label specified by the content of the I register. 

In Follow Me the content of the I register is used to spec ify the operation to be 
performed. T he operation codes are : 

CODe OPERATION 
1 + 
2 -
3 x 
4 
5 % 
6 110 HALT 
7 Constant 

The first time a problem is done using Follow Me these codes are stored 
starting in RI) and ending in R I . The calculator accesses these codes in sub­
sequent calcu lations and performs the operations indicated by them. 

The GTOi instruction at step 083 actually selects the neXl operation. The RCLi 
and X'=;I commands directly above the GTOi place the operation code in the 
I register. The GTOi command transfers control to one of seven labels corre­
sponding to the operation code stored in the I register. For instance, if 3 is 
stored in I, the GTOi command will transfer control to LBL3 and the multiply 
at step 108 will be performed . 

L06-02 

NOTES . , 
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L07-01 

VARIABLE INPUT 

In many instances, it is desirable to input more than onc value per user definable 
key. In Triallgle Solutiolls, the lengths of all three sides of a triangle are input 
with one press of D . Before D is pressed the values of S" S" and S3 must be 
keyed into the operational stack. The sequence to do this is: 

s, mmm s, mmm s, 
After this sequence is completed, the operational stack contains the values in 
the following positions: 

T: Unknown value 
Z: S, 
Y: S, 
X: S, 

The X, or display register, shows S3' 

To operate successfully, Triangle Solutions must store S, in Rg. S2 in RH and 
S;J in RD. Since S3 is in the X-register. it can be stored in RI) with a m:m II 
command (step 002). The value of S2 must now be moved to the X-register 
so that they can be stored. A liD function (step 003) is used for this purpose. 
It moves the Y value to X, the Z value to Y, the T value to Z and the X value 
to T. After the liD , IlIiiJ D is performed placing S, in RH . The operational stack 
is left as follows : 

T : S3 
Z: Unknown value 
Y: S, 
X: S, 

Both S, and S, are stored in the correct registers. After liD and IlIiiJ ®, s, is 
correctly stored . The final stack contents are as follows: 

T: S, 
Z: S, 
Y: Unknown value 
X: S, 

The complete input sequence is: 

LBL A 
STO D (store S,) 
Rt 
STO B (store S,) 
Rt 
STO 9 (store S,) 

L07-02 

Up to four values may be input per user definable key using this type of 
technique . 
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'28 XiY? 
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"' lieu s,s, 

'" no! GTO print , 

'" RCLD 8:'6 . UL e 5';'; A,-: A,:-.~-S~.--
121 , 

'" '>Toe 

. '0 ' TO? -------- -- --,,, RClf Find s.ecor>d • ..,. ang<.lcw 
'31 COS altern." solution. 
I3Z C", 

'" COS" 
IZ2 • ." " 

,,, 5TOE ----- -- -----
'" " '" ST'" . " COS" ... " 

I J~ RClC GSa third ..,yte . 

'" OS .. ------------
"" 

, 
18' STaSI ------------

'" 
, ." Rete GSB third ""III. ' O<.I I;n •. m STIlE ---- -- ------ 883 RCLIl 

!Ji "OR Rocalt A) S, •• nd A, and 

'" RClE GSB B. 
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'" SlH ... '588 --------- --- '" ,ct. 
'" 'W 1'1- 5, l in-"3 '" Ii'CU Set lack lor A3. S , . A, 

'" 
, 886 '''' solution . 

'" ST08 ------- ----- 18' "'" ----------- -." ReL? .88 f LBlO Store 5,. A, . and 51_ m ,. 
'" STOB 

,<I "116 ------ -- ----I<Z .Ute Third a"1lle -,<3 0 
CO$ - ' (-1;O$IA + Bf] ,« COS 

,<5 CHS 

'" L$TX ... " ,<6 COS'" 

'" /tel!! ' 51 Sf'" ,<7 ITH 

'" 
, .52 " '" - '53 ST09 . " ReLB '" RelA 
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'56 ., 

COl A,. ,<I • '" RtL!! 

'" . taLl ---- --------1 ~ 9 sec 
Pri~l ulues ."rti"1l with 5, . ". sec ,,, RCLS 
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REGISTERS LABELS FLAGS SET STATUS 
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FLAGS TAIG ~" , • , • · , ~~, 
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LOS·Ol 

FLAG SET, CLEAR AND TEST- COMMAND 
CLEARING FLAGS 

Review of the input values for Vector Operations is an option available to the 
user. When the program is loaded . the non-review status is automatically set. 
The user can change this status by pressing D Ill . Each time the D III keys arc 
pressed , the status is changed and 1.00 or 0.00 is displayed to indicate whether 
or nOllhe input values will be reviewed . The 1.00 indicates review and the 0.00 
indicates no review. 

Flag 0 and flag I are command clearing flags. That is , once they are set they 
remain set until a clear nag command is encountered. Testing them has no 
effect on their on/off status. 

Flag 0 is used to control the review of the input values in Vector Operations. 
Lines 064, 090 and 112 contain PRST (print stack).' Preceding each of these 
statements is FO? (tcst flag 0). If flag 0 is set the PRST commands will be 
executed, reviewing the input values. If nag 0 is not on, the PRST commands 
are skipped. Below is the code used to change the flag status. 

If flag 0 is off, this code sets flag 0 on and displays 1.00. If flag 0 is on, this 
code turns flag 0 off and displays 0.00. 

LBL LBL b b 

Is 
00 

flag 0 se t FO? 
? 

yes 

GTO GTO 0 
0 

Set flag 0 and 
SFO 

display lOO 1 , 
RTN RTN 

LBL _ LBL 0 
0 
I 

Clear flag 0 and 0'0 
display 0 0 

RTN RTN 

'The HP-67 interprets PRST as pause stack. The values contained in the T, Z, 
Y, and X registers will be displayed for approximately 3 seconds each. The 
decimal point will flash, indicating program execution will resume 
automatically . 
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L08-03 L08-04 

Vector Operations 

." . LBL ~ :~~ "I N- COntent. ." W Towl' two Ind th ... di- ,LSLII ------------
'" nOB me<I$ionIIl modes. 

,,, 
" P~t -..clOt code in T . 

,0< SFl ". CL X 

;!; _L:l~ ---------- '" x: r 
Cor".'1 n~ti". ""Il'n 10 II. " '" 

, 
POliti •• angln 0° _ 'JIYJ0

• I ~I CL X ", CHS I ~ ~ " e8~ , 1161 ... ell .. , "" 86"Z " ------------8er ,LBU 116:; '" p,int input? ." , 864 PRST -- ----------... 'FI '" X: ':' Conv .... S->C. ." '" ------------ &66 , 
'" ,lBU, Towle print/INUM mo:>O:M. &6;- ., 
m Fe? ." " '" nOB '" " '1< sr. '" ., 
m , \17: X: 'I' 

'" '" '" " 117 .LBLB 873 x:.y 

." '" ", , 
OJ> • 875 Lsrx 
02. "" ------------ 876 " III .lBlD Store ~itkJde .nd Input en • ------------
'" 511)7 ' ''''". '7S 'TOZ ..!I!ii!!~ .... L ______ 

'" I '" .L8le If 20, Iet conl, nt of Z 

'" 'TOB ------------ ." " regille, to zero . ." ,UtE StOrt "'"'IInilude.nd input ." " '" ST08 '''''". '" FI ' 
IZ7 , 

'" nOB oz. .LBU ------------ OS, m ." sr, G5B s-+c 'ouli ..... 885 ' LSUI ------------'38 "" ------------ .. , " Set T to It .. o. ." nOi GTO 01019 rotItlne. .. , CL' 

'" .lBl I ------------ .. , " ------------133 5T09 5t"ng" for """'0< 1. 
.. , FII '-' Print input? 

'" " 
,,. PRSr -------- -- --

'" no~ '" _L&.6 

: 17 COS'" 173 PRST ", · 1~4 or" 
'" LSrX J:'~ _LBLC 

------ - - - --
'ZO · 1;"6 SPC 

'" '" J77 RCL7 
Tik i dOl product. 

lZZ _LBL~ ----- -------
Add ii, loti V2.nd co". '" RCLB 

IZ3 RCLB 
VI" beck '0 wt.oricol 179 • ", RCLE 

", · coordi""t .... '88 j .' ;'; 

'" RCLD 
J8, ReL!" 
18l ReLC 

lZ7 RCLA lB' • 'ZO · '" RCLfI 

'" ReLC '85 RCLD 

'" RCL9 It Ii , 
'" · J87 • '" '" lB' RCLB 
JJ3 'SB6 189 RClE 

'" PRST '" • ", or" ----- ------- 191 • 
'" _LBLB 

T alt. c,oss product. '" PRJX -----------
J37 RCL9 

'" 
, CompUt. Ingle betwHn 

'" RCLD 194 LSrX "ICI .... I. 

J3!1 , 
'" X:Y 

'" RCLA 
'" CDS'" 

'" RCLC 1!'I7 I'fITX 

'" , 
'" ,TH 

'" -,,, m, 199 "S ------------", RCLC 

'" • 
'" RCL9 

'" " 19.: ., 
Corw.n c--s. 

i37 "'" '93 X: '!' 

1<, RCLE 

'" , 

'" 
, 

'" X(8" '" -

'" "" ------------ ", 'SB3 ... _lBlZ Stor.., lor vector 2. '" " '" STOC '9:' X: '!' 
II 

l~J RCLB 
152 'CLD 

'" , 
." " '" Fl ' '" nOI 

'" STOD '" m, ", CL' ... " li. CL' '" RCLIi 

'" "" lil .lBLB J57 RCLE 

'" , 
'" 

., '" , 
147 RT" 1('3 " '" RtLI -- ----------
'" _lSl. Keyboard ~C bogi .. , 

,,, 
'" '" • li' . lBl' ." _LBlS '" " 

------------
'51 STDJ ------------ HI, CL' 

Pul zero in T regil''' . 
51 ..... cod •. m " ,,, 

" 

'68 -

'" '" --------- ---
'" X:Y Con_I tnck 10 sphe<iI;ll . 

'" X(8" 

'" 'S83 
'53 FJ '? - -- --------- IS' ", - - ----------

Alturn if GSIl. 

'" ,roe II 30 modo II .. '. Ikip 11/2 ", or" --------- ---", 'LX iIUbItitUlion for l regilter '" fe ' Print rHU It? 

'" 
, 

'" PR5T 

'" " '" X:'!' 

'" " '68 " REGISTERS 

" I' I' I' I' , I' r " , 
g" " 

'" r' I~ r r , 
I~ I" '" l" , 

I' " I' " 0 [E '2 r cod. 

" " 

LABELS FLAGS SET STATUS 
... ii, + Vl 

' . . V, . V: D ~,t8 , If, E f . U , Tr , o PRINn V, X V, FLAGS TRIG "''' • 30f20? '" 
, 

's--c ' C-S ' 30/201 ON OFF 

" """ ' V1 
, 0 0 • om • '" • 2 Vl . prinl 3 D° _'JIYJ0 '..., , 0 • GRAD O "" 0 

'..., C-S 
, , , , 0 • ." 0 ENG 0 , 0 ~ "--'-
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FLAG SET, CLEAR AND TEST-TEST CLEARING FLAG 

Flag 2 and flag 3* are lesl clearing flags. Each lime Ihey are lesled , Ihey are 
aUlomalically cleared. This makes Ihem especially useful in many program­
ming situations . 

In Polynomial Evaluation, flag 2 is used twice. At step 62 it is used to decide 
whether to add or subtract; and at step 145, it is used to determine whether a 
result should be posilive or negalive. The following discussion delails Ihe use in 
the latter case. 

Label I calculales Ihe cube rool of a number. This would be very simple if y' 
were defined for the case where y is negative and x is a non-integer. However, 
if we Iried 10 find Ihe cube rool of -8 (which is -2) directly, we would oblain an 
error message. The following flow chart and code yield Ihe desired result: 

Flow chart Code X register X register 
(Positive 8) (Negative 8) 

L8L L8L 1 8 -8 1 

l 
no . Is . 

x< o 8 -8 

Cj~"" l yes 
801 flag 2 SF2 8 -8 

t 
Take absolute J ABS B B value of input 

l 
Calculate 3 3 3 

1/ x 0 .333 ... 0 .333 .. . 
root of value y' 2 2 

t 
Was 

[~~'" 
F2? 2 2 

'(yes 
Change sign 

018 2 -2 of outpul 

1 
ATN ATN 2 -2 

*When using flag 3, you must be aware that it is set whenever the numeric keys 
are pressed. 
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Polynomial Evaluation 
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'1 ; , &6;- no.; ------------
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L10-01 

SUBROUTINES AND INDIRECT RECALLS 

LBL a (lines 22 through 49) of Matrix Operations calculates the determinant of 
the 3 X 3 matrix stored in registers R , through Rg . 

RI R4 R7 

R, R, R, = (R,R, - R,R, ) R, - (R,R, - R,R,) R, + (R,R, - R,R,) R, 

R, R, R, 

The following keystroke procedure will perform the calculation: 

1m @ 1m @ 1m CD 13 13 1m m 1m @) 1m III 13 13 a 1m III 

1m 0 1m [l] 13 13 a a 1m [l] 1m @ 1m m 13 13 a 1m CD 

1m @) 1m lIl a 13 a 1m III 1m 0 1m @13 13 a 

There are two patterns in the above procedure which can be exploi ted to reduce 
the number of program steps necessary for solut ion: 

I . 13 13 a appears repeatedly . 

2 . The values recalled immediately before 13 13 a , are recalled from 
consecutive registers (note underlined RCL instructions in keystrokes 
above). 

A subrout ine can be used to take advantage of item one, while indirect recalls 
in combination with the ISZ command can be used to recall values consecutive­
ly . Let's examine the code that does this. 

922 , LBLQ 
1123 (i 

924 ETC; 
RCL 6 
ReL8 
GS£7 
PC .. 4 
F:CL~ 

GSB;' 
FCL5 
RCL( 
~SB 7 

CHS 
1?CU: 

L10-02 

825 
826 
627 
828 
929 
93£1 
931 
932 
£133 
934 
a3'5 
836 
837 
838 
839 
848 
841 
842 
843 
844 
845 
846 
847 
84& 
849 

ReL f 
bSB7 
RCLI 
1\'CL9 
GSB7 
PCL~ 
F.:CL 7 

Here is what happens on the first, second and 
sixth time the subroutine is executed. 

,LBL? 
ISZj-1 = I 1 =2 1 =6 
RC~;-RCL I RCL 2 RCL6 

x -Rijx R. R, x R, R, X R6 
X -R6 X Rs X Rl R. X R, X R, R, X R, xR, 
+ - 0 + R6 X R, X R, Subtotal Total 

, 'TN - Return to call Return to call Stop 

Each time the GSB 7 command is encountered , the calculator goes to LBL 7. 
executes the ISZ command, which adds one to the contents of register I. and 
recalls the contents of the register specified by the contents of register I (R, 
through R6)' After this, the x x + is done and execution continues at the step 
fo llowing the GSB 7 call. 

L10-01 

SUBROUTINES AND INDIRECT RECALLS 

LBL a (lines 22 through 49) of Matrix Operations calculates the determinant of 
the 3 X 3 matrix stored in registers R , through Rg . 

RI R4 R7 

R, R, R, = (R,R, - R,R, ) R, - (R,R, - R,R,) R, + (R,R, - R,R,) R, 

R, R, R, 

The following keystroke procedure will perform the calculation: 

1m @ 1m @ 1m CD 13 13 1m m 1m @) 1m III 13 13 a 1m III 

1m 0 1m [l] 13 13 a a 1m [l] 1m @ 1m m 13 13 a 1m CD 

1m @) 1m lIl a 13 a 1m III 1m 0 1m @13 13 a 

There are two patterns in the above procedure which can be exploi ted to reduce 
the number of program steps necessary for solut ion: 

I . 13 13 a appears repeatedly . 

2 . The values recalled immediately before 13 13 a , are recalled from 
consecutive registers (note underlined RCL instructions in keystrokes 
above). 

A subrout ine can be used to take advantage of item one, while indirect recalls 
in combination with the ISZ command can be used to recall values consecutive­
ly . Let's examine the code that does this. 

922 , LBLQ 
1123 (i 

924 ETC; 
RCL 6 
ReL8 
GS£7 
PC .. 4 
F:CL~ 

GSB;' 
FCL5 
RCL( 
~SB 7 

CHS 
1?CU: 

L10-02 

825 
826 
627 
828 
929 
93£1 
931 
932 
£133 
934 
a3'5 
836 
837 
838 
839 
848 
841 
842 
843 
844 
845 
846 
847 
84& 
849 

ReL f 
bSB7 
RCLI 
1\'CL9 
GSB7 
PCL~ 
F.:CL 7 

Here is what happens on the first, second and 
sixth time the subroutine is executed. 

,LBL? 
ISZj-1 = I 1 =2 1 =6 
RC~;-RCL I RCL 2 RCL6 

x -Rijx R. R, x R, R, X R6 
X -R6 X Rs X Rl R. X R, X R, R, X R, xR, 
+ - 0 + R6 X R, X R, Subtotal Total 

, 'TN - Return to call Return to call Stop 

Each time the GSB 7 command is encountered , the calculator goes to LBL 7. 
executes the ISZ command, which adds one to the contents of register I. and 
recalls the contents of the register specified by the contents of register I (R, 
through R6)' After this, the x x + is done and execution continues at the step 
fo llowing the GSB 7 call. 



L10-03 L10-04 

Matrix Operations 

If: ' L8t h 
So l O in display for indio e ~ ~ R =~ 

,~! , ,.a ,10ft. '" 'S(. ;: 
OC·' VOs ------------ -\ It'~ SlOO ... "tBU So. 3 in d iu>lav lor indi- '" n.), 
8f~ , fect II .... '" r ei)' 

." nos --------- --- ,I>." Rel . 
,ee n aL r Set 6 in di>Plrf for indio ." · 
'" 

, .-.ctIIOft. ." Rei.: 
8l!~ fT" ------- ----- 8£S R'CL6 

iI:1I . LBl. (: Sou 19 in diopl. y lor indj· , ,;r, 'SBJ 
tJ: • Kttto ... . ' i' STor 

112 ; --- --------- , ft 'l' 
e:3 . LSlS 5 10ft code in I. ." RCa 
, )4 5101 ------------ t ;'B "'t l -
m ' 586 StOft . h,e< Inpu, vol .... in ' ;'J • ." '586 Ploper flVi"t" _ d ing II ?.? RCLI 

'" . LBl'; 10 cod •. ' ;3' Pot Ul 

'" " '" ' 583 

." I S:! ! .;'!" 5TO I 

Il8 nO i ------------ '" <LX 
. 2l '" CalCUlt " dIItar mi"ant . .77 !?eLl 
m . l Sl. ' :"8 ReL 5 
m • '" • ." 510 1 OS, ttl.? 

'" Reto "I "'" '" I?CU; 182 '583 

'" '58- ~8:!, SI'" .'" RCLa ... Cl' 

'" Ii.'Cl5 '" ' CD 
'J11 lOSS ;" '8C ,Ct. 
131 Rel S .87 • 
' 32 ReL .. .. , ReLl 
IJJ ' 587 . 89 I"[l5 
13' CH' ... "" ,,, Re" " I 5JOI 

'" RCLB . 92 C!. ;( 
I J7 "" ' !H ReLl 

'" Rell ". Ii:'Cl6 

'" RCl S ,~ , ... ' S8 7 '" PCLl 

'''l PCl 2 ' 9:' fCL5 

'" I1Cl7 '" ' S8 J 
HZ . 1.8l 7 '" 5T03 ... IS: , '" (.L;: .. , lieu IS: pelS 

'''6 , 
'" l1e19 

'''7 , 
'" · H. ------------ ". lieu; , .. RTH c.lcul.tl ,«ip'OQI 01 H'~ pel S ". Il BU, 

det.rmin.nl. '06 '58 J 

'" ' S8. JO' 5T02 

'" I" ------------ '" Cl' 

'" I1Ct9 J( !o .~Bt 

I" 'SSl ,;"6 SP[. Fin' VII ... I,om 
/ J ~ 5706 ,:': multiplicttion. 
116 C" I;': STGI 
II ;' "" I ~J '58: ------------
'If I1ClB 1;'4 Sloe Second wal ... hom 
I I !' 1:-:: , 

multiplicl,ion. 
12. pelS '" SHII 
'i~ l1el;' '581 
122 '58 l 17!J STII£ ----- -------12:' lieu ------------ l ;'!' , 

Thi,d .. "". I,om 

'" lieu 5' ..... inver .......... in lB. S ~O! multiplicltion. 
115 '5SC P'opt< 'lIIIist .... 16: 'SIl' 
12' I1ClZ /8Z 5TOe ------------12:' R('U 18:' • Pu, ........ in ftld< I.,.. . " I1Cl ] lB • RCLD 

difplty. 
12' "o. '" RCL[ 

'" Re L6 '" ftCL II 
/ J : I1CLD IS;- RTH ------------
'" I1CL£ :88 ' L8l l M" llipliCi lion. 
llJ '588 '" • 
'" '" ------------ ... l1eUI 

'" RTH S,oP.nd displav O. '91 '584 
116 ,LSD ------------ 15; I1CL£ 

'" In.ers. $Ubro",il'll. ", 'S84 

'" '" lIeL: 

'" ------------ I" 'SIl' ,,, 'IH 196 pp r .'( 

'" eLBLC lniti" ilt OU,po.Il loop. 197 RTH ------------14! ,PC '" aL8L" Mul,iplicl,ion wbroutine. ", , '" RCU 

'" 5701 
,,, , 

'" , L& 2 ------------ '01 

'" RCt ; ZlIi 152' 

'" "" 
o..lpUt,.lerfR, dI,ough 

2'3 ISZI 

'" 
, ", ,.. lSZ I .. , ReU It, PH, 

-----------'"~ Xay" '06 , ., ,,, 61'" 
1 5~ , 
", • 
'" FftC 

'" X", ? 

'" SPC 
157 RCU 

'" I SZl 

'" ' TOl 
l i 8 , uu ------------
I iI SPC Output '';;ste .. Hoi. ,,, ReUI ,h,oug1'I Re. 

• • ~ ", PO" 

'" l1e LB 
1 6~ PI1 TX 

m l1eLJ Caleul.le i .... OfW. '" pelt: ". l1e19 II . l1ee 

'" • II I , 
." I1CLl II::: l1el" 

REGISTERS , 
1'.,.01 r '].02 1

3 ~,o3 r b, .P, 
, leb,h 1

7
4:, • ." Ie ~."2 . ee3,." " 

.,., 
r' I~ I" r , 

I" r' I" l' 
• I' ., I" " 

, 
I' 1 c:on,r04 " " " 

'" I1Ci.C , , :t 16;- Pll r x 

'" RlH -- ---------
LABELS f LAGS SET STATUS • ~,.bo,b. d" d" d, £ f'f 1011 ,"IG ~" :t '" " . a. '. c. . e, f LAGS --. 11"'1"" c"'Muh 0'''''' , 0 • 

O<G "I '" " Oprlnl ' mul! 2 p'in' ' .. ·mu •• 0 • GAAO 0 SCI 0 

• 0 • RAO 0 Er«> D '-
_. 

' dol , 0 • "--L. 
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l11 -01 

ITERATIVE TEST AND LOOP 

Some equations cannot be solved explicitly. That is, it is impossible to separate 
a particular variable from the rest of the equation. Solution of this type of 
equation requires a repetit ive technique. In general, such techniques are com­
posed of three basic operations. 

I . An initial guess is made . 

2. This guess is refi ned. 

3. The refined guess is tested for accuracy. If the accuracy is 
satisfactory, the result is displayed. If the result is not sati sfactory, 
the refinement process is repeated. 

In fl ow chart form, the process might look like this: 

's 
no refinement 

accurate enough 
? 

yes 

Stop 

In Calculus And Roots Of fix), LBL E (steps 83 through 11 2) performs a 
general interative solution for user-spec ified functions . The initial gue~s 
supplied by the user is relined using the secant me thod. The secant method 
evaluates the function f(x) at two points and generates a third refined point. 
Graphically, this can be represented by the sketch below: 

" 

Root of 
fI x) 

------f-------~~---x 

l11 -02 

By defining a straight line using XI and X2, X3 can be found. Subsequently, 
X2 and X:J can be used to generate X4 etc. 

The equation defining the secant method is as follows: 

(
(x, - XI-I) ) 

x, +, = x, - f(x,) f(x,) f(x, _,) 

It is evaluated repeatedly by steps 88 through 103. Each time these steps are 
repeated, the value of x is refined . 

Steps 104 through 11 0 (excluding steps 105 and 106) test to determine whether 
the guess has been refined to the desired accuracy. If another loop is required, 
contro l is transferred to LBL 6. Jfthe value is sufficiently accurate , the program 
stops, di splaying the resu lt at step 11 2. 

The display setting, in combinat ion with the RND function , is used to deter­
mine the accuracy of the result . If the amount of change in XI divided by Xl+l 

rounds to zero, the condition for convergence is met and XI + I is displayed 
as the answer. If the rounded value is not zero, another iteration is required. 
For instance , if XI = 10, the change in XI is 0.1 and the display is set at two 
decimal places, the test value would be calc ulated as fo llows: 

Test value RND(O. I/( IO - 0. 1)) = RND (O.O IOIOI OI) 

= 0.01 

Since the va lue is not zero, another loop is required. If, on the next loop, the 
refinement were 0.01, and XI were 9.9, the test value would be calculated as 
follows: 

Test value RND(0.01 /(9.9 - 0.01)) = RND (0.0010 111 22) 

O. ()() 

Since the value is zero, x,+, would be d isplayed as the result (x,+, = 9.89). 
Note that, if the display had been set to three decimal places, another loop 
would be required since the RND function is display dependent. 
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Calculus and Roots of f(x) 

;;~ '~~~~ SI0 •• function numbe •• • 5:- STO • 

'" ------------,., 'TH ------------ '" STOC- (b ~a)ln 

N' .ULI! P,...e t"lllll •. '" ------------.. , Fe' 0,; , , , -. 
'" Hoe te2 sr"8 _ ...J!!. ______ _ __ 

." , Fe '" 
, Set ;nlev,.l .um 11 O. .. , , ." 5T09 ----------- -

.. 9 '" '" Ret£; Put " umber o f inl."..~ I . 

'" . LBlB "';; x:/ in 1. 

'" 
, . 67 . UL i' ------------

'" CF. .66 )(:1 Return fU<lction numt>er 

0lJ 'TH ------------ '" ".,. 10 l arld n to Rs. 
814 .ULa SIO .. 'II>l!. and "' l llog. '" ~CL8 ------------OJ , '" '71 '58; F'IRol ." "0£ '" Rel C -- - - --------
'" '" ------------ ' ?J sr .. , Ro .. (b - I)!n 

OJ. .Ute 0.00.. delwlt '1'6 01' .... '" - AddifR~nb-.i7n- --

'" £EX 0.0' '111 / ." sr+, ------------
'" ellS .:"€ ReL6 Deerement n.nod g •• 

'" 
, '" )(:1 function in dilpl l v. 

ozz 8m 878 DSZl ------------
OZJ fl ' '" HO i" SIOf' function numbe • . 
OZ, ,...r ... SHlI -- ----------
.Z> " -------- ---- '" RClSI Oi~pllv 'Hull of 

... 'l:"~ Graphlcal ..... lu.lion .., 
wbrouli ..... .," fa,. .. ... ,"B"'? ------------

'" '" .. , T" 1(..-) - lIn( ... ) - In.(x) - x ,., LST.\ 

'" -

'" RCtZ 

'" -
'11 Dr, .. , RTh' ------------
'" .lBU 

'" ." 
'" Sl ' f(I) • 

, 
'" RCLI 

" , _ k' ,In' I 

'" 
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." X' ." , 
8Z8 K; Y 
021 -
ItZ" I' 
8Z3 1/)( 

,I< Df' 
", PT' ------------OZ, , 

If ... -o .... ~ '~Iher til ... .82 8TH i~I?!I~ _ 
.27 K"' ,? '" .L8LE -

'l ol .... r:.... . u.. numer ical diH ••• nli~1 ." L5r X • (IIS4 FIX 
0Z9 "" '" .5BB to " .... '81 .... 1 I.om ~'" ------------OJ. , ... RCLB ..... . " 1( ... -lI ... f2 I. . " " .. ----- -------
0lZ , .. .L8L6 Ey, IU'" 1("'11 
• 3J " .. ." "CLf 
.J< """ ." .58; 
OJ, '581 '" "DB ." "00 --------- --- 092 .LBLB - - ----------
'" RCLA f(x * r:....f2L . 93 "CLA s.c.nl method c.lo;ul. les 

'" RCLC , .. "CLf a:wrllClion for ... nlue 

'" . " " .. 8fld M" •• Iues lor ....... 1 ... "" '" loop. ." 'SBi ------------ ." J.>CLD .. , "DB ICx+lIxf21-I( x-iUo:f2I '" RCLB .. , I!C!D 6 . '" "'" ... ,,, '" .. , J.>CLC '" .. , • 10' ------------.. , J.>r,. ------------ '" ST-II _S:!:!b.!r!.Ct~!:!".!i~'_ __ '" ... .ULC 1("'1. ". "CLI! PauM . nd dilpl.y '001 il .. , "DO '" FI' flog HI? ." 'SSi !1It; 'Sf --- ---------." '" --------- --- III:' RND (ch.ngef"-I+ I I 
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I' I' I' r I' I' I' 1
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;n leg •• 1 " 
~ I" I" I" r " I" F' I" I" 

~ 

, 
1
8 

f(x;) I' '" 
, I' I' 1onc:lion ~I .!I ,-, f(xi_ l 1 "" 

LABELS FLAGS SET STATUS 

~ync:lionl# a ,.....1'( ... 1 ,....1( ... ) 
, 

n fallr<-f 
, 

.... .... 001 " ,~ FLAGS TRIG ~" 
'", " 

, , · , 
'" 

~~, 

~- , 0 • D'G • '" • "- , , , • , , 0 • GRAO O SC' 0 , 
/; il.rate l lnl'9'II' 

, • , , 0 • ... D 0 'NG 0 , 0 " 
0-'-. 

" I 
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I~. :';) 
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English- 51 Conversions (Metric Conversions) 

.e. ' LBl ... So. 111,11''''. ' e< Inch 11'9 ro-
til! Sf .? 'Sf ." . t BL l: ---------- -- 6~!, rr 

'" 
, 

InpUt eoov .. ,lon C<>nil.n l. ." , 
eB~ ." X: ' 

'" , UlIl '" , lBlD 

'" J ." , Pound "' ... pot!, cubic 1001 
Dt.:3 , 059 , to kil og. am per cubic moUe 

'" '" Coo.e.I'on. .. , , °c _ ('F _ 32)/ 1.8 '61 , 
f IJi ,6:: eo, ." 1 
'8 ~ 

, ------------ Bt: RT~ ------------ '" 
, 

'" B .ee f2~' In. 10 mm Of mm 10ln1 8[4 . LBLt 
B89 1 " ----------- - e6~ Sf .? Pound mMl·kiiogram 

". • .., • 
'" '" ------------ ", , 

'" X: \, Set 1I.K1t lOt LST .. ' o( . LBL£ conw ... ion . '" , LIIL. ,to J '1 : , -------- -- -- .e '" 1 .Of FZ-' 
' :2 ,r. eon.,n. '" 1/ :; . lSU, ------------ Pig '" ° F _ LS"C-t32 , .. ,,' 

Oil B "" x: r 
. ! ~ Sf2 FH,·m .... con_lion. ';"8 ,,. • ". . 
'" . LSU; ~:'l eI, J '" '" el '; 8:'.1 '" , 07Z l LfiLt -- -------
11 :- , '-;,:I , 

'" '" Sf' 
' IS , 1:"4 

'J 9 , ' i 5 

'" 
, 8:'6 '" '" f 2" 877 1 " 

• 22 " , ' :'S .~: '( 

'" '" ------ ,,. t LSU HQo ""J>OWO. to waH 

'" , Lfll&> ", 7 corw • .",on. 

'" SF2 British Ih •• mal lI"il 10 Ioole '" • 
e~J _lllla '" , 
m , CO ... .".S'DIl . " . 

' 2:.1' X: y 179 • m • '" 
, 

'2' • 18, m ------------ U. , 
'" 

, 
'2~ RTH ------------ '" 

, ; ", , 08' , 
." 'LBL~ OZ, '" , 
'" Sf! a.11on hlet corwe""", 
12' ' l BlC '" 

, ,OJ • 
"" 

, "'. , 
. 29 , '" 

, 985 fl ' 
. 26 ')0 • '" 1/ ); 

'" 7 03 ' , 80' X; Y 

132 • '" l ,,(16 . 
'" , '" FZ~ jj8~ '" - -- - --
. J< , '" ", '" ' ,S 
8J!i 1 ' 35 Ii:¥ 
.:;6 1 '" · 
'" 7 '" '" --- - -- -

'" • 03. ' L BL ~ 

'" • or, w 
I.: '" 1 . ., X: 'I' .n or. OTH ------------ , ." , LBL. 

I .. , SF' PoundlOl'''-newton ." , lBlC .. , • conwer100n. , 

'" SfZ Pound por S< ...... ~ "IdIIO 

'" _Ute MWloo por oquare metr. 

'" 
, 

'" 
, con~"SOoo. 

"J , ... • 
'" '" 7 

." , , .. 7 
'49 I '" • .5: • !:J '" , , 

'" 
, 1 ." , 

'" 1 ~ '56 , 

'" 2 
!lSi! FZ~ 

'" '" '" x:¥ 
' 53 • ". '" --- --

'" _l lll'" 

'" sr, 
REGISTERS LABELS FLAGS SET STATUS 

I' I' I' I' I' I' I' I' ~ 
f'" F' I" I" i I" I" I" I" 

I' I' I' I' 

... in .... m a ltm oal·1 ~bt·N llbm.kg 
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FLAGS TAIG ~" 
- F _ · C 8tu'" ",,·N/m ' Iblltl_ kg/m "W 

, "" "" , 0 • OEG • '" • , , , . , 
,ne". , 0 ~ cnAO U '" 0 

, 
" 

, , , , , (J " "" 0 ~NGP , 0 " 
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PSEUDORANDOM NUMBER GENERATOR 

Arithmetic Teacher incorporates a pseudorandom number generator. This 
generator supplies a sequence of numbers between zero and onc which are 
converted into the problems displayed by the program. 

The term " Pseudorandom" impl ies that the sequence of numbers is predict­
able from the algorithm and the initial value or seed used for the generator. A 
truly random device , such as a fair roulctte wheel, is totally unpredic table . 
However. pseudorandom generators can be used to model random events pro­
vided they yield un iformly distributed numbers (i.e., as many values fall 
between 0 .00 and 0. 10 as fall between 0. 10 and 0 .20 etc .) and they do not 
repeat the same sequence of values during the simulation. 

The pseudorandom number generator incorporated in Arithmetic Teacher is 
very simple but quite good. It uses the multiplicative linear congruential 
method: 

u\+I = fractional part of (997u\) 

where i =0, 1,2, ... 

Uo = 0. 5284163* (seed) 

The period of this generator has a length of 500,000 numbers and the generator 
passes the frequency test (chi square) for uniformity , the serial tes t and the ru n 

test. The most significant dig its (the left hand digits) arc the most random 
digits. The right most digits are significantly less random. 

In Arithmetic Teacher the in itial seed of .5284163 is stored at step 022. Label 
5 (steps 084-096) actually generates the digits for each arithmetic problem. 
Howe ver, pseudorandom number generation occupies only ' he fi rst s ix steps of 
label 5. These six steps and the corresponding x register contents are as fo llows: 

STEPS X REGISTER 

LBL 5 
RCL E old seed 

9 
9 
7 997 
x seed x 997 

*Other seeds may be selected but the quotient of (seed x 10') divided by two or 
fi ve must not be an integer. Al so , it would be wise to statistically test other 
seeds before using them. 

FRC fractional part of (seed x 997) 
STO E pseudorandom number is stored 

to act as seed for next loop. 
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Howe ver, pseudorandom number generation occupies only ' he fi rst s ix steps of 
label 5. These six steps and the corresponding x register contents are as fo llows: 

STEPS X REGISTER 

LBL 5 
RCL E old seed 

9 
9 
7 997 
x seed x 997 

*Other seeds may be selected but the quotient of (seed x 10') divided by two or 
fi ve must not be an integer. Al so , it would be wise to statistically test other 
seeds before using them. 

FRC fractional part of (seed x 997) 
STO E pseudorandom number is stored 

to act as seed for next loop. 
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Diagnostic Program 
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