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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 iv 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 15-03 of this manual.

We hope you find Standard Pac useful in your daily calculations.




NOTES CONTENTS
Program Page
1. Moving Average .............ciiiiiiiiiiiiiiiiiaa, 01-01
Follows trends in data.
i TADUIRION i vomn sran o aveme aecs wmme avmssms sosess soera raass wavas i 02-01
Adds columns and rows simultaneously for tabular data.
Bl Corve BINE oo v s s sven s v v wews D¥e s E¥8 52 D8 03-01

Fits straight lines, exponential curves, logarithmic curves or
power curves to data.
4. Calendar Functions .................iiiuiiiinnnnnnnnn 04-01
Calculates days between dates, a future date or past date,
or day of the week.

5. Annuities and Compound Amounts ....................... 05-01
Solves problems involving annuities or compound amounts.

b DOHOW ME ; i ivns smid s s0hMngs b ey 5 55s Lile ek &k 06-01
The programmable program.

7. Triangle Solutions ............iiiirinninneinnennneeans 07-01
Solves for the unknowns of any defined plane triangle.

B Vector OperaBOns = oo s vl o s s swass s sma 08-01
Addition, cross product, dot product, and coordinate
transformation for two-dimensional and three-dimensional
vectors.

9. Polyiiornial BVAWEHON -x sisn e ovis a9 495 sams Goe8 S0 09-01
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Solves cubic and quadratic equations and evaluates up to third
degree polynomials for arbitrary real values of x.

10.  Matrix Operations . .............ouiereeenaneneernnennnn 10-01
Finds determinant and inverse for 3 X 3 system. Also, allows
multiplication of 3 X 3 matrix by column matrix.

1L,  Caleulus and BootBioEHX) .x oo vuvon anren s cnws serws st s 11-01
Approximates the derivative of a function at a point, evaluates
a function at a point, and approximates the integral over a finite
interval for a user specified function f(x). Also, approximates
real roots of f(x).
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12.  English—SI Conversions (Metric Conversions) ............. 12-01
I Common unit conversions.
13.  Arithmetic Teacher . .............ouiiiiiennnnnn. 13-01

Generates addition, subtraction, multiplication, and division
problems for preschool and elementary students.

. Moon Rocket LanBer .. juq e panvisen swnls swas sslas st s o 3% 14-01
Exciting action game simulating landing a rocket on the moon.

15:; Diagnostic POBTANN w5 cams 65055 558 55 45 5 £aihm suses 5w o 15-01
Checks calculator functions.

Program Listings and Programming Techniques ................. L00-01
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When the motor stops, remove the card from the side of the calculator and insert
it in the ““window slot’’ of the calculator (see figure 3).

RUNNING A PROGRAM
Loading A Program

Select the Curve Fitting card, SD-03A, from the card case supplied with this
application pac.

Set W/PRGM-RUN switch to RUN.

Turn the calculator ON. You should see 0.00.

Gently insert either end of the card (printed side up) in the reader slot as shown
in figure 1.

Figure 3.

The program has now been stored in the calculator. It will remain stored until
another program is loaded or the calculator is turned off.

Figure 1.
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When the card is part 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 this
happens, push the card a little farther into the machine. Do not impede or force
the card; let it move freely.

The display will show “*Error’’ if the card reads improperly. In this case,
press and reinsert the card.

Since Curve Fitting is longer than 112 steps, the display now shows *‘Crd™
indicating that a second card pass is necessary to load the remaining steps. With
the writing still visible to you, insert the opposite end of the card (figure 2) and
pass the card through the card reader again.
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pause will be followed by the display of y.

@ X 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

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 [
symbols on the magnetic cards.

MAGNETIC CARD ‘]
: SYMBOL OR INDICATED MEANING
Instructions On The Magnetic Card ! CONVENTION
] I X, y; Z The semi-colons indicate that after x has been cal-
Look at the card that you just inserted in the window slot of the calculator. The e (A culated using @, y and z may be calculated in turn
mnemonics on the card can help you run the program. The most important l by pressing and then again EB.
thing to note is that the mnemonics are associated with the user-definable keys i : -x Ty The quote marks indicate that the x value will be
B - B. For instance ““LOG?"’ and *‘y #X’* are associated with the B key. l (4] “*paused’” or held in the display for one second. The
E 1

led. Mode settings typically have a 1.00 or 0.00
indicator displayed after they are executed. If 1.00

Symbols And Conventions = will calculate x.
l P? The question mark indicates that this is a mode set-
SYMBOL OR e D ting, while the mnemonic indicates the type of
CONVENTION INDICATED MEANING - I mode being set. In this case a pause mode is control-
1
I

White mnemonic: =~ White mnemonics are associated with the user-
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X definable key they are above when the card is in- E 1 is displayed, the mode is on. If 0.00 is displayed, it
[A] serted in the calculator’s window slot. In this case | is off.
) s g -
g::s:?;:enof % could be Input by keying It in and & START The word START is an example of acommand. The
- - - . . B = A start function shloul.d be performed tlo .b.cg‘m or sla!'t
Gold mnemonic: Gold mnemonics are similar to white mnemonics a program. It is included when initialization is
except that the gold | key must be pressed before & - necessary.
» the user-fleﬁnable key. Inthis case y could be input I DEL This special command indicates that the last value or
a by pressing [} @. E = 0 set of values input may be deleted by pressing (A B
X4y ¢ is the symbol for EREDD. In this case |
A is used to separate the input variables x and y. To B -
input both x and y you would key in x, press I
ENED. key in y and press [Y. E =
The box around the variable x indicates input by I
(4] pressing (G B E =
(x) Parentheses indicate an option. In this case, x is not |
(A ] a required input but could be input in special cases. i =
*X = is the symbol for calculate. This indicates that .'. 3
[A] you may calculate x by pressing key [§. |
.X,y, 7 This indicates that x, y, and z are calculated by B +
(A pressing B3 once. The values would be sequentially I
displayed in x, y, z order. E: =
vi .'! - vii




FORMAT OF USER INSTRUCTIONS

The completed User Instruction 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 left to right, the
first column, labeled STEP, gives the instruction step number.

The INSTRUCTIONS column gives instructions and comments concerning the
operations to be performed.

The INPUT-DATA/UNITS column specifies the input data, and the units of
data if applicable. Data input keys consist of (0] to (8) and decimal point (the
numeric keys), (enter exponent), and (change sign).

The KEYS column specifies the keys to be pressed after keying in the corre-
sponding input data.

The OUTPUT-DATA/UNITS 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 catannave | el o sl ool
1 |Load side 1 and side 2.
2 |Optional: Select pause input
mode. ROl - | 1.00/0.00
3 |Select type of regression:
for linear fit on 1.00
for exponential fit i3 1.00
for logarithmic fit (1] 1.00
for power fit [ 1 ] 1.00
4 |Input x value®. X; X
5 |Input y value. ¥i (4] i+1
6 |Repeat steps 4 and 5 for all data
pairs**.
7 |Compute and output coefficient
of determination r? and a and b. P ab
8 |Optional: Make projections
based on a known y value. y X

viii
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INPUT

f OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
9 | Optional: Make projections
based on a known x value. X a ¥

10 |For a new case go to step 3.

|
i
|
|
|

*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 | 1
then B). Any set of data pairs

may be deleted by entering them
as in steps 4 and 5 and

pressing B. 1

Since you loaded this program in ‘‘Loading A Program’’ on page iv, step 1 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 calculator 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 permanent record of
input data on the HP-97 printing calculator. On the HP-67 pocket calculator the
input values are displayed for review if the print input mode is selected.

To select this *‘print/pause’’ mode, you would press [} as shown in the
KEYS column of the User Instruction Form. Go ahead and press I Y now.
You should see a 1.00 in the display as indicated in the OUTPUT DATA/
UNITS column. Successive presses of £ B 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 (print/pause mode off) before moving
to step 3.




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 " [@. Do this. The number 1.00 should be
displayed, as shown in the OUTPUT-DATA/UNITS column.

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

To do a curve fit, you must input a number of data pairs (x; and y;). Steps 4, 5
and 6 give the input instructions. First key in x; as indicated under INPUT-
DATA/UNITS. Then press to tell the calculator that you have com-
pleted building the number x. Then key in the value for y; and press §. The
number of data pairs plus one (i + 1) will appear in the display. Repeat the
procedure for all data pairs. Try it for this data set:

X; 1 3 P
y, 27 20 1100

The keystrokes you should use are 1 2703 3 0D 7

1100 3. 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 press((3 £#) B and eliminate it. Don’tdo this.
Instead eliminate the (3,20) pair and replace it with (4,60). The keystrokes are 3
200 4 600.

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 calculator, the regression coefficients
can be calculated. Step 7 of the User Instructions says press [§ 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 1.00)
will be displayed. Then the regression coefficients, a (1.02) and b (1.00), will
be displayed. Go ahead and press . When execution stops (after all three
values have been displayed), you may review the values by pressing (& again.

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

X
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Now try a projection. Step 9 instructs you to key in an x value, press @ and
see a projected § value. Try an x value of 10. You should see a projected § result
0f 22926.17. You can also estimate an x value X using a known y value. Leave
the value of 22926.17 in the display and press B). The value 10.00 should be
displayed again.

If your answers agree with ours, you are 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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- - 01-02
MOVING AVERAGE I
(|
INPUT OQUTPUT
MOVING AVERAGE | | niar RESIRUCTIONS pataunits | KEYS | patauniTs
= . .
x+K,AVG WDATA +VALUES =+AVG | Load side 1 and side 2.
' . ‘ E - If data from a previous calcu-
In a moving average, a specified number of data points are averaged. When I —— -
there is a new piece of input data, the oldest piece of data is discarded to make = 4 106 & stored on:a magnesc
room for the latest input. This replacement scheme makes the moving average I card, insert the magnetic
a valuable tool in following trends. The fewer the number of data points, the E 4 card and skip to step 5.
more trend sensitive the average becomes. With a large number of data points, l —
the average behaves more like a regular average, responding slowly to new . = Input number of points in
input data. | average (1 = n= 22) n (A ] n
This program allows for a moving average span of 1 to 22 units. The number - - q tional: Select petine loput o L
of units, n, must be specified before any data input begins by keying it in and l = mode.
pressing [l [§. Then the data is input by keying in each value, x,, and pressing B Input data point and compute
in turn. The calculator will display the current input number, k, until at least ? l
o Py th p . - 1 a moving average.* ¥ (A ] “k", AVG
n values have been entered. After the n'" value (and for all succeeding values),
the calculator will flash the current input number before halting with the l Go to step 5 for next input.
moving average, AVG, in the display. = i = Optional: To store data on
In many applications moving averages are calculated daily, weekly, monthly, E o+ magnetic card for future use,
or even yearly. In such cases it is necessary to store the register contents on a | press [ and insert card in
magnetic card for future use. To do this, press J for WRITE DATA and insert . 1 i e n Crd
one side of the blank card. If the display says “*Crd’” after the first card pass, | '
insert the other end of the card. If the display is unchanged after the first pass, E = Optional: Output values in
all data has been recorded on the first pass and you may proceed to other calcu- | newest to oldest order. Values
lations. When the recorded data is required again, insert the data card. If [ a : :
i o o Optional: Display average at
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 [ | any tme. o AVG
the moving average at the point you left off. I For a new case go to step 2.
L}
The value of the average may be displayed at any time by pressing [ . This E | e
feature allows the average to be calculated before n data points have been input. B - “If you make an error on data
The average is based on the number of inputs or n, whichever is smaller. .
input, you must start over unless
1 1
- | S you previously recorded data
Remarks: B B on a magnetic card. If data was
. ; reviously recorded, load the
Attempts to input a value larger than 22.00 or smaller than 1.00 for n will E ! - : Y
result in a flashing display which can be cleared by pressing G- I data card and start with the first
All data storage registers are used. E = value input after recording the
Moving averages of 10.00 or more units require two passes of the data card to I card.
record or store the values. [} i -
E -
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Example 1:

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

Month 1 2|34 |5 |6
Sales 125 183 207 222 198 240

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

Keystrokes: Outputs:

6 D » 6.00

1253 » 1.00

183 3 » 2.00

2000 — 3.00

D] » 171.67 (average after
month three)

222D » 4.00

1983 » 5.00

2400 » 6.00"", 195.83

Now record the data for example 2.

o — Crd
Insert a blank magnetic card in the card reader.

Now turn the calculator off and assume a month has passed. Turn the calculator
back on and load both sides of Moving Average.
Example 2:

The actual sales for the seventh month totaled 225 units. Compute a new
moving average with this data. Also, output the values in the average.

Load the magnetic data card recorded at the end of example 1.

Keystrokes: Outputs:
25 » 17.00", 212.50
» 225.00 *** (current moving

240.00 *** average values
198.00 *** in newest to
222.00 *** gldest order)
207.00 ***

183.00 ***

6.00

- —  —— — - —  — - — - — . — . — | — . — i — i — - — — i — i — - — — - — | — i — —— —
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Attempts to specify more than 24 or less than 1 for the number of rows will

TABULATOR : Ay : :
result in flashing input which can be cleared by pressing GIE.

TABULATOR All data storage registers are used.

DEL +TOT +%TOT VAL %TOT

This program is designed to be of aid in tabulating applications such as account-

If the last value input was in error, it may be deleted by pressing ). This
subtracts the value from both column and row totals and resets the indices.

= 4
el 3
B 4
[ - | =
INPUT | | OuTPUT
ing and estimating. It can be used to add single columns containing up to 24 B - [ ot HFTRUCRONS pataunits | KEYS | patauniTs
values (VAL), remember each value, and find the percent of total of each | : ‘ ! i l |
. i i ; ehia ) I A 3 1 |Load side 1 and side 2. ‘ ! |
value. (The first example problem shows this type of use.) The program can - . | | .
also be used to total any number of columns and find row totals, the percent of I ! 2 _[Key in number of rows (1 10 24) | , :
total for each row total, and the grand total for a table of values. The total of [ K - and initialize*. ROWS oo | 0.00
each column is displayed as soon as the column is completed. I [ - ‘| 1
E 1 3 | 3 |Optional: Select pause input | ‘
| .[ \mode oo | 1.00/0.00
| ; | 1 i
E 4 | 4 |Input value VAL A | VAL (or CTL)
} | | !
1 < 3 n L ! ﬂ ‘ 5 |If your last data input was in
1 | VAL,, VAL,, VAL,,.. VAL, RTL, [ ] lerror execute this step to return !
2 VAL, VAL VAL;... VAL, RTL | 1 ‘ | |
“ o " ‘ ‘ ! . 5 i ito prior status: (8] '
3 | . | . .
6 |Go to step 4 until all values have
s s | ° —
I | |been input. |
= - | 7 |Obtain outputs:
| t { i i
| - ‘ |{Output row totals and grand total. | iC ROWS
23 | VAL;: VALasa.. : — ] - ‘; 31 | ‘.
24 | VALu, VAla,.. VALa, | RTLy g wl ! ;
CTL, CTL, CTL, GRAND E : d I %[Outpul % of grand total for each “ ‘_ ;
TOTAL (GT) E I o ‘ E—— ‘ B ROW %
- : ; i t
| | 8 |Optional: Compute percentage | :
. | { 4 i | 1
Column totals (CTL) are output when the column is complete. - ' s 1 lof grand total for any number. NUMBER (] i % of GT |
Figure 1 - ! j | 9 |For new case go to step 2. '
i' ! ‘ ?
| | | |
Equations: B - , *Flashing input indicates an ! 1 ‘ .
I 1 | T |
l ! linput less than one or greater | ‘ ,
Row Total, = 3 l ;1 ith £ ' ‘ ‘ :
% OF TOMl; = —reeaies ¥ | | | than 24. Clear with GIS.- | 1 ;
Grand Total . - :
] i C
Remarks: [ ) i -
l-i L
E: 4
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Example 1:

The following list of unit sales figures are to be totaled and converted to

monthly percentages.

January: 1012 May: 1502
February: 1235 June: 1073
March: 895 July: 973
April: 1123 August: 1250
Keystrokes:
2pn .

1012y 12358950 1123 —
152@ 1073 @973 @ 12500 ——

1051 1244112789770 ———
(D] >
>

September: 1051
October: 1244
November: 1127
December: 977

Output:

0.00
1123.00
1250.00
13462.00
732 won
0.17 *a#
6.65 *ew
8.34 ¥*x*
1116 4%
1.97 &
7.23 %44
029 wx%
7.8] **%
0.24 wx¥
8,37 we%
120

100.00 ***

1012.00 *** (row totals)
1235.00 ***
895.00 ***
112300 #**
1502.00 ***
1073.00 ***
973.00 ***
1250.00 #**
1051.00 ***
1244 .00 ***
1127.00 ***
977.00 ***

13462.00 ***

(Percents)

VIV B T VO W ¥ W ¥ WSV | VA VAt VAV W VAt VIt V| VRV VOt VAV VR ¥ Vit ' It

Example 2:

02-04

The following table is to be totaled (both rows and columns). Also, find the

percent of total sales for each booklet.

BOOKLET SALES DATA

JAN FEB MARCH APRIL MAY
BOOK 1 273 284 303 244 252
BOOK 2 1093 847 1222 1027 978
BOOK 3 423 654 683 540 570
BOOK 4 118 255 453 755 805
Keystrokes: Outputs:
4D » 0.00
23 10934230 118 Y 1907.00 (Jan total)
4@ 847 @ 6540 25503 2040.00  (Feb total)
303@ 1222 68304530 2661.00 (Mar total)
244D 1027354037553 2566.00 (Apr total)
252@ 978 @ S0P 805 2605.00 (May total)

"
D] s
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
TOTALS 1907 2040 2661 2566

Row totals
% of row totals

MAY

252
978
570
805
2605

e | ple e el Sy |
; TOTALS |, PERCENTS |
1 1356 1 11.51% !
' 5167 ! 4387% !
: 2870 :: 24.37% ;
, 2386 = 20.26%
IO, TR
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CURVE FITTING

CURVE FITTING

+r2,ab

Xi4yi+)

Xidyil=)

This program can be used to fit data to:

1. Straight lines (linear regression); y = a + bx,
Exponential curves; y = ae"™ (a > 0),

Logarithmic curves; y = a + b In x,

FE A

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

The type of curve fit must be determined before data input begins. To select
linear regression, you would press the [F B} keys. To select exponential curve
fit, press ) @. To select logarithmic curve fit, press £ B. To select power
curve fit, press [ [@. Do not attempt to change from one type of fit to another
after data input has begun because the summation registers are cleared when
the type of curve fit is selected. Restarting can be accomplished by repeating
the curve fit selection process.

Data pairs (x; and y;) are input by keying in x;, pressing @M. keying in
y; and pressing the [ key. Any number of data pairs may be input. If, after
pressing the [ key, you discover a data pair was incorrect, wait until execution
stops, press [ (B4, then the B key. This will eliminate the errant data pair. If
you wish to eliminate any data pair previously input, key it in (x y) and

press .

After all data pairs have been input, press [§. This initiates calculation and
output of the coefficient of determination r*, and the regression coefficients a
and b. The coefficient of determination indicates the quality of fit achieved by
the regression. Values of r* close to 1.00 indicate a better fit than values close
to zero. The regression coefficients a and b define the curve generated, accord-
ing to the equations at the beginning of this discussion.

After the regression coefficients have been calculated, projections may be
made based on the curve fit. Key in a known x value, press [@ and see an
estimated y value, y, or key in a known y value, press[f) and see an estimated
x value, X.

(VI TV I VY VY T Vi VW ¥ Wy ¥ VR ¥ W VAU VAT V| VR VR VY VAT VR VR Y TR Y VR VR T Yt
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Linear Regression

y
y=a+bx
X
X 2y,
z .= i YI
— Xiy n
SxZ — (2x;)*
i n
a = : EYI - B x 1
| n n
Ixy — R ’
¢ = - —

[zx,z ., ] [gy; e:0, ]

Exponential Curve Fit

2x; In y; e (Zx;)0(Z In y))
b = n

2xt — % (2x,)?




Power Curve Fit

n n

[ 3
a=exp[2]ny1 iy in] I

y
. i y:axb
[Ex‘ Iny, —%Ex, b y,]2 X
= &
[lez _ (2x;)* ] [X(In I (2 In yy)* ] l
n n . 1
X
[ N
Logarithmic Curve Fit = ! S(In x)(In y;) — (2 In x;)(Z In yy)
1 = I i s _ l: x)?
1 _—
y = a+bin x [ *in %) n
1

a=exp[ zh:ly' -b El:x,:l

| Rt VRt VRt VI VO W ¥ W ¥ M | W VA VAt VRt VIRV Vit VOt VIt VY VRt VRt VRt V| VRt | I

1 CEhhx)Zhny) |2
2y, In x -1 sm Xi i l [E(In x)(In y) — in : ]
b = ln 1 P =
o = ERRTO
Remarks:

a4 = %(zyl —bzlnxl)

[Ey, In x, ——;—Zln Xi 2y; ]2
8 =

[Z(ln x,)? —% < In x,)* ] [ Sy2 - %(Eyoﬂ]

Negative and zero values of x; will cause a machine error for logarithmic curve
fits. Negative and zero values of y; will cause a machine error for exponential
curve fits. For power curve fits both x; and y; must be positive, non-zero values.

Registers Ry-Ry 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 1).

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

- — . — i —  — . —  — i — . —
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-
E l a Example 1:
INPUT OuTPUT 1 - : ' 1 :
STEP INSTRUCTIONS pATAUNITS | KEYS | pATA/UNITS ] Below is the sales data for the first 6 months of a product’s life. According
. . B - to a linear projection, what should the sales be after 12 months? When would
1 Jtoed son § snd ade < [ sales reach the 150 unit per month mark assuming constant linear growth.
2 | Optional: Select pause input e 3
mode. o 1.00/0.00 l Month |1 | 2 | 3 4|5 6
.. a 7.__..__[ 4 — e
3 | Select type of regression: l Sales 15 | 37 | 52 | 59 | 83 | 92
for linear fit ol | 1.00 e a
for exponential fit [ 1] 1.00 I‘ l
1 1 200 )
for logarithmic fit oe 100 | & l = Sales projection = 185.05 /7
{
‘ | [
for power fit a 100 | = e /
- //
4 | Input x value®. % X \ I a 150 >
l 1 F &
5 | Input y value. Yi [ 4] i+ 1 J . I 125 /
‘ /s
6 | Repeat steps 4 and 5 for all data J . ' a 100 - o
pairs™. f | 751 | &
7 | Compute and output coefficient . - 3 ./‘ Time
{ I 50 |- > projection =
of determination r* and a and b. C #ab | . 1 a 25| 9.69
8 | Optional: Make projections ‘ I SAEEE IR ERE K ;
1 ]
based on a known y value. y X 1 ‘ i a 0 2 4 6 8 10 12
1 Month
9 | Optional: Make projections : - H a
based on a known x value. b y ! ! 3 Keystrokes: Oii tputs:
10 | For a new case go to step 3. | o 1.00
f E - @370 20908%830920 — 7.0
*Note that this step may be skip- | ] » (.98 *** ()
ped if the x value equals the dis- [ ] ] = 333 %% (a)
*kok
played counter (i + 1). B d o :25135 (h).t
r > i units
. ! 1508 » 9.69 months
**The last set of data pairs may . | 5
be deleted by pressing [J (O ’ B g il
then B. Any set of data pairs may ! l . . . . . .
{ E ~ The velocity of a particle experiencing constant acceleration is expressed by
be deleted by entering them as in [ . |
steps 4 and 5 and pressing @. ‘ﬁ . - a v=y, + at
' | where v is the velocity, v, is the initial velocity, ais the acceleration and t is the
E = o d ’
I = time since v = vj.
E: 4
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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 = 0? What will the velocity be when t = 20?

Note that the equation for velocity
v=y, tat

is the equation of a straight line and is analogous to
y =a + bx

Therefore use linear regression with v substituted for y, v, for a, a (accelera-
tion) for b and t for x.

Keystrokes: Outputs:
(6] » 1.00
5 140 @y 6 EEERD 149 O
7 190 » 4.00
ENENTER+ AT A B C » 1,00 dwx (r*)
96.54 *** (a, v,)
8.77 *** (b, acceleration)
203 —» 271.97 (m/sec)

Example 3:

Many compression processes can be correlated using the power curve

p=av?®

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
vis 157

- — . S—  — - —  —  — i — . — — . —  — i — i — - S— i — i — i — | S— | — | — o —
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v P

10 | 210

30 40

50 12

70 9

90 6.8
Keystrokes: Outputs:

» 1.00

10 EEED200NEED 00
50 20 » 4.00

NEEDOD O EEED 6@ @ — 0.9 *** ()
8599.81 *** (a)

-1.62 *** (-b)
53 » 108.35

03-08
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CALENDAR FUNCTIONS

CALENDAR FUNCTIONS
(DT-mm.ddyyyy; SUNDAY =0)

DTz <> ADYS <AWKS.DYS DT-+DOW

For the period March 1, 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 dates 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 decimal point
and the day of the month be included 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 (365.25y") + INT (30.6001 m') +d + 1,720,982

where , {yea:—l ifm=1or2
y ==

year ifm>2

, month + 13
m —
month + 1

ifm=1o0r2

ifm>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

' Day # — 122.1
=INT| ———M
I [ 365.25 ]

*The Julian Day number is an astronomical convention representing the number of days since
January 1, 4713 B.C.

Wl Wweleeeylewewaeae

W AW dWUUWUWwuL
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o = INT | D2y # — INT(365.25 y')
30.6001

Day of the month = Day # — INT [365.25 y']
— INT [30.6001 m’]

m'—13ifm’ = 14 or 15
Month = m = .
m' —1ifm’" <14

y' ifm>2
Year = .
y'+1 ifm=1or2

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 flag 3 to decide what to do after [y, B,
or @ is pressed. If the numeric keys have been pressed, flag 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
not to touch the numeric keys between the last input and the attempt to calculate
a result.

Registers Ry-R,, Rg, Ry, R and Rgy-Rgy are available for user storage.
I-STEP INSTRUCTIONS ) SRt 1 s e |
1 |Load side 1 and side 2. ] * i ;
2 | For day of the week calculations’ l
go to step 6. 1
3 | Input two of the following: '\ ?

First date (mm.ddyyyy) ' DT, (A ] ; Day #,

Second date (mm.ddyyyy) @ DT, o F Day #, l

Days between dates . DAYS I } Days ‘
l or weeks between dates® | WKS. DYS 13 ; Days
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STEP INSTRUCTIONS satannere ] 8 | probiers
4  Calculate one of the following:
First date [ 4] DT,
Second date o DT,
Days between dates Days
Weeks between dates WKS. DYS
5 For a new case go to step 2. |
6 Input date and calculate day
of the week (0 = Sunday,
6 = Saturday). DT pow

7 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 1:

Senior Lieutenant Yuri Gagarin flew Vostok I into space on April 12, 1961.
On July 21, 1969 Neil Armstrong set foot on the moon. How many days had
passed between the first manned space flight and the moon landing? How many
weeks and days? On what day of the week did each event take place?

Keystrokes: Outputs:

4121961 @3 7.211960° 1 @ 3022. (days)

D] » 431.5 (weeks.days)
4.121961 » 3. (Wednesday)
7.2119693 — 1. (Monday)

- — —— e e o — . — s e = s o — — — . - — i — - — . — i — . - — - — — e
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Example 2;

A short term note is due in 200 days. If the issue date is June 11, 1976, what is
the maturity date?*

Keystrokes:
6.111976 3 200 @ B

Outputs:

» 12.281976 (December 28,
1976)

*Some securities use a 30/360 day calendar while this program performs all calculations using
the actual number of days. Do not use the program for financial purposes unless you are sure
that actual calendar days are correct.
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ANNUITIES AND COMPOUND AMOUNTS

ANNUITIES AND
COMPOUND AMOUNTS

+0 0N« +CEED

This program can be used to solve a variety of problems involving money,
time and interest. The following variables can be inputs or outputs:

w n, which is the 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
than annual compounding, divide the annual percentage rate by the number
of compounding periods in a year; i.e. 8% annual interest compounded
monthly equals 8/12 or 0.667%.)

» PMT, which is the periodic payment.
« PV, which is the present value of the cash flows or compound amounts.

« FV, which is the future value of a compounded amount or a series of
cash flows.

« BAL, which is the balloon or remaining balance at the end of a series
of payments.

The program accommodates payments which are made at the end of com-
pounding periods or at the beginning. Payments made at the end of compound-
ing periods (ordinary annuity) are common in direct reduction loans and
mortgages while payments at the beginning of compounding periods (annuity
due) are common in leasing. When the program is loaded into the calculator
or when the START function [ [ is executed, the calculator is set in ordinary
annuity mode. Pressing [} [ sets the calculator in annuity due mode and dis-
plays 1.00 indicating that the annuity due mode is set. Pressing [} ) again
returns the machine to ordinary annuity mode and displays 0.00. Successive
use of ) @ will alternately display 1.00 and 0.00 indicating that the annuity

due mode is on or off, respectively.
In this program @ is used to input n, 0 to input i, to

input PMT, @ to input PV and ) @ to input FV or BAL. After all
inputs are stored it is possible to calculate the unknown value by pressing the

appropriate user-definable key. For instance, you would press B to calculate
interest.

The START function (£} ) performs two functions:
1. It sets PMT, PV, and BAL to zero (n and i are not affected).
2. It sets the ordinary annuity mode.

W Wl WwwwwwWwnnNwe s
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START provides a safe, convenient, easy to remember method of preparing
the calculator for a new problem. It is not necessary to use START between
problems containing 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 without using
START. Only the values which change from problem to problem would have
to be keyed in. To change the combination of variables without using START,
simply input 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 @) in place of PMT. Table 1 summarizes these procedures. START
should always be used immediately after loading Annuities and Compound
Amounts.

Table 1
Possible Solutions Using Annuities and Compound Amounts

Allowable Applications

Combination of | T 1 Initial Procedure
Variables | Ordinary Annuity Annuity Due |
n, i, PMT, PV (Input Direct reduction Leases i Use START or set
any three and calculate loan BAL 1o zero.
the fourth.) Discounted notes
Mortgages
n, i, PMT, PV, BAL Direct reduction Leases with ‘ None
(Input any four and loan with balloon residual values
calculate the fifth.) Discounted notes
with balloon
n. i, PMT, FV (Input Sinking fund Periodic savings | Use START or set
‘ any three and calculate insurance PV to zero.
the fourth.) |
n, i, PV, FV (Input Compound amount | Use START or set
any three and calculate Savings PMT to zero
the fourth.) (Annuity mode is not applicable and has |
no effect)
Equations:
PMT . ;
PV =x_—"—""A[1-(+i)"]+(BALorFV)(l +i)™"
1
where 1 ordinary annuity
(1 +1) annuity due.

The sign is plus if FV is zero and minus if PV is zero.
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Remarks:

The calculator must be in FIX display mode to solve for i when payments are
involved.

The equation above is solved for i1 using Newton’s method where:

_ Flin-y)
f'(in-1)

In In—y

This is why solutions involving PMT and i take longer than other solutions.
The algorithm works best for positive input values and for interest rates
between zero and 100%. It is quite possible to define problems which cannot
be solved by this technique. Such problems usually result in an error message
but may simply continue to run indefinitely.

Iterative interest solutions are accurate to the number of significant figures
of the display setting. It is possible to obtain more significant figures by
changing the display setting from DSP 2 to DSP 3, DSP 4, DSP §, etc. How-
ever, time for solution increases as accuracy is improved.

Problems with negative balloon payments may have more than one mathe-
matically correct 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.

(RCL] AR 0. 0. R and may be used to review associated

values at any time.
Registers Ro-R, and Rgy-Rgy are available for user storage.

OUTPUT

STEP ‘ INSTRUCTIONS extannars || TS | o SN
1 |Load side 1 and side 2. i '
2 | Initialize | on | 0.00
| 3 | If payments occur at the begin- l
| !ning of the period set annuity !
‘ |due mode”*. | ol : | | 1.00/0.00
| 4 |Input the known values: ! ! l
Number of periods n .‘I n
IPeriodic interest rate i (%) ‘ (6] i (%)
]Periodic payment L PMT I | PMT
;Present value 1 PV ‘ ‘ PV
|Future valve, balloon or balance| Fv, @A) |@m@ | FV. AL

. — i —  — i — . —  — - — . — i — i — i — — | — i — | — i — | — | S— | — - — o —t, o e, . e
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— .
STEP, INSTRUCTIONS ., | Kevs | oataiirs

| § Calculate the unknown value. ! I

| Number of periods :ﬂ ' n

| Periodic interest rate il 0 | i (%)

‘} Periodic payment i c] ! PMT

f Present value | l PV

_; Future value, balloon or balancej ‘ ' FV, (BAL)

6 | Output values in n, i, PMT, PV,
;FV-BAL order. | (%] Values

1 .

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 1:
If $155 is placed in a savings account paying 5%% compounded monthly,

what sum of money will be in the account at the end of 9 years?
FV?

1 2 3 7 8 9

1
PV =155

Keystrokes: Outputs:
Sl BERRsT0 ) 0 » 155.00
ST EIED 268 60 0 0.48
'EIED 2O ER0 » 108.00
(E | » 259.74
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If the interest is changed to 6%, what is the sum?

v

0.50
265.62

6 CIED 2@ 60 0
a

v

Example 2:

What is the monthly payment required to fully amortize a 30 year, $30,000
mortgage if the annual percentage rate is 9%? After solving the problem, review
the values.

UL ol

l PMT"PMT" ™ot PMT" PMT” PMT?

PV=30, 000

Keystrokes: Outputs:

00 EED20 G0 0 360.00

30000 (D} » 30000.00

9 e - (8] » 0.75

»=241.39

g » 360.00 *** (n)
0.75 *** (i)
241.39 *** (PMT)
30000.00***(PV)
0.00 **= (FV)

Example 3:

A fixed term annuity is available which requires a $35,000 initial deposit. In
return the depositor will receive monthly payments of $231 for 20 years. What
annual interest rate is being applied?

L1 =l

Camemm mes—mos me L 7 % AME mwomen S
PMT PMT PMT PMT PMT
l 231 231 231 231 231
PV = 35,000

daulueuuwuuauuwiwewuewewuoswbwwoewvuwweyw
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Keystrokes: Outputs:

003500 ERR » 35000.00

231 > 231.00

0@ED 20600 240.00

(8] » 0.42 (0.42% monthly)

12 » 5.00 (5% annual
interest rate)

Example 4:

Two individuals are constructing a loan with a balloon payment. The loan
amount is $3,600 and it is agreed that the annual interest rate will be 10% with
36 monthly payments of $100. What balloon payment amount, to be paid
coincident with the 36" payment, is required to fulfill the loan agreement?

PMT PMT PMT PMT PMT
100 100 100 100
l PV = 3600 BAL?
Keystrokes: Outputs:

IR ERD VEED 128
BEROSERD  0ERE0E —— 67527

(Note that the final payment is $675.27 + $100.00 = $775.27 since the final
payment falls at the end of the last period.)

Example 5:

A corporation has determined that a certain piece of equipment costing $50,000
will be required in 3 years. Assuming a fund paying 7% compounded quarterly
is available, what quarterly payment must be placed in the fund in order to
cover this cost if savings are to start at the end of this quarter?

FV =50,000

——
PMT? PMT? PMT? PMT? PMT?
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Keystrokes:

0 50000 GO @ 3 CIED 4 8
GO0 7EED 46 GO BB 3780.69

Outputs:

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

» 40602.89

ol c]o]

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.)

I ETRLSE PN ¢ ¢ 6 RS SRSSce SRS
U PMT? PMT? PMT? PMT? BAL=10,000
PV = 63,000

Keystrokes: Outputs:
0 B0E 600 GER 13 EED 126

as e % (A ]

N sTo € | + 1300.16

If the price increased to $70,000, what should the payments be?
70000 D] » 1457.73

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

1500 GO @ B
Y x|

v

1.18 (% per month)
14.12 (% per year)

v

D e —— e e T ———
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For more accuracy in calculation of the interest rate, change the display setting
to five places and calculate the interest rate.

G0 » 1.17700
128 » 14.12399
Return display to two places.

2 » 14.12
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FOLLOW ME e 3 .
il Program | Action
FOLLOW ME . g Control ‘
Vo CNST END FOLLOW X | Multiplies content of X register by content of Y register
._ 3 | leaving result in X register.
This program allows the calculator to learn a simple set of keystrokes and repeat - | Divides content of Y register by content of X register
them over and over with different data. The gllowablc functions are plus, . - leaving result in X register.
FIE,, (s, dlv!de, FASEIR, SonAtast VLSRG Dotk 10 o = % | Multiplies content of Y register by content of X register
25:;311()“5 may be included in a sequence. Constants count as two operations a | divided by 100, replaces X register conteat with re-
' = sult and leaves content of Y register undisturbed.
To run the program you would press [ to start. Then do the first of the desired CNST ' Recalls constant to X register (requires two steps).
1 1 — e L&/ 1 ot = ]
calculations using the +, —, X, <+, and % functions on the card. Any cons}ants - 10 | vigiit o ctput Hilt canses Fallow Me:to o for dibpliy
that repeat between problems should be followed by the [§ key so they will be | af catonlated resiikts and/or it of Virisblés
automatically introduced at the proper times. Where intermediate answers or = e | : '
inputs are required, press [ for an I/O halt. To signify the end of the sequence Remarks:
press B. : All four registers of the operational stack are available for input and output of
] = e
After the sequence has been learned by the calculator, only variables need be - (li(ataiafy:?‘mg if“ ff)UI'hl'CgthlETithi ne;d ior lij(?7halts iln b-ed“:jml‘mn;(é .
keyed in at I/O halts. The @ key is used to start execution after I/O halts. bey ar l;‘ch“mh other 'da‘_“ F il ) A-’Ia“ © may be used during alts,
ut cannot be incorporated in a Follow Me program.

If an error is made while running a sequence, press B to start over. If an = All data storage registers are used.
error is made while teaching the calculator a sequence, press [ for a restart. - A flashing 24 results if more than 23 operations are attempted. This error con-

dition may be cleared by pressing GI).
e | INPUT | OUTPUT

FOLLOW ME INSTRUCTION SET STEP INSTRUCTIONS DATA/UNITS : KEYS | DATA/UNITS |
1 | Load side 1 and side 2. . : ‘ |
Program Acti { ! ; :
Control cuon 2 | Initialize. (A ‘ 0.00
START Clears program from Follow Me memory and prepares 3 | Perform first string calculation : ‘ \L
for a new program sequence. by pressing [ at each point ‘! }
END Defines the end of a sequence of keystrokes and resets where a halt for input or output i E ‘
ter to t inni T |
program counter to the beginning of Follow Me s desired, @ after each con- | ‘
memory. | | !

|stant, 1 @ f h addition,
FOLLOW Starts halted program. | Stant. 3 @ for each addition

1) B for each subtraction,

Programmable | |12 @ for each multiplication, 3 !
Operations |@ for each division and 3@ | [
+ Adds content of X register and Y register leaving result X [ 1

| for percent operations. 23 ‘

in X register. | |
steps are allowed (constants | Il
1 count as two steps). ‘ i

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

- e = —— e — —  —  — —  — i — — - — — — i — —  —  — i — . — — i — s — i ——
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INPUT
STEP INSTRUCTIONS DATA/UNITS
4  End calculation o]
5 Key in variable(s) and initiate '
execution VAR a
6 | If an error was made in step 5
go to step 4 and restart.
7 | Go to step five until calculation
is complete.
8 "For a new calculation of the
'same type, go to step 5.
9  For a new type of calculation,
|go to step 2.
Example 1:
Using Follow Me, program
y =3P +Q)
and calculate y for the following data:
P Q
6 4
518
g |11
A solution:
Keystrokes: Outputs:
(Start)
(A » 0.00
(I/O) (1/O) (+) (%)
ipe@4 D » 30.00
(End)
D » 0.00
@508 408 » 39.00
i@ 9 11 —» 60.00

KEYS |

dadldueuldiildtiliiaidtriosideuigdlyewieiuiuewunweyw

A better solution:

Keystrokes: Outputs:
(A » 0.00
(CNST)

IpEED4iAI'DITE — 30.00
B » 0.00

9 1g » 60.00

Best solution (uses least amount of Follow Me memory):

Keystrokes: Outputs:
(A » 0.00

6 40 @3 30.00
(D} » 0.00

5 Y E | » 39.00

9 113 » 60.00

Example 2:

A company determines the retail price of its products by adding the fixed cost
of assembly and distribution to a variable parts cost then multiplying by 2.7.
The company sets the wholesale price at 50% of the retail price. Use Follow Me
to determine the retail and wholesale prices for the parts cost list below.

PARTS COST LIST

PART # PARTS COST

0001 $17.35
0002 $21.18
0003 $26.07
0004 $28.75
0005 $33.15

Retail cost = [Parls + Fixed] x 2.7
Wholesale cost = 50% of retail cost
Fixed cost = $25/unit
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Keystrokes: Outputs:

Teach the sequence to the calculator and
compute results for the first part #.

0USEEDSE 02280

8] » 114.35 (Retail)
so@ng » 57.17 (Wholesale)
(D) » 0.00

Compute prices for other parts.

211883 » 124.69

- » 62.34

26.0783 » 137.89

(E] » 68.94

287583 » 145.13

(E | +» 72.56

33.158 » 157.01

E | » 78.50

Example 3:
Use Follow Me to help evaluate the following formula using the data below.

y = 0.75 A e

A 232837 64
t |10 20| 45| 6.0

Keystrokes: Outputs:
0 EED 8N EeeE 23

(ENTER +[JRERT C IR C NS C | 3.24
(D] » 0.00
208 2808 » 7.40
4580806378 > 47.26
60@BE) 6483 » 210.32

Any keyboard function may be used during 1/O halts.

Bl l 1
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TRIANGLE SOLUTIONS

o nelh

51452453 AxeSi4A

Si#A14A2  S14A14S5;

Si14S:24A;

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

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  (S,)
Adjacent angle - (A))
Adjacent side (S,)
Adjacent angle (A,)
Adjacent side (S3)
Adjacent angle (Ay)

Area

After calculation has ended, the area will be in the display, S, in Rg, A; inR,,
S, in Ry, A, in R¢, S; in Ry, and A, in Rg.

Equations:

Si, Sa, S; (all sides of triangle are known)

o ’ P(P — S,)
= .—1
A; = 2 cos ————SI S,

S — . —  —  — i — — . — — . — . — — . — i — — . — . — — i — i — i — i — S e, o e

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

A; =2 cos™! \’——P(P — Sy
Sz Sy

Ay = cos™ (—cos (Ag + As) )

As, S;, A, (Two angles and the included side are known)
A, = cos™! ( —cos (A; + A,)) )

sin Ay

S. =8
’ ' sin A,

S3 = S, cos A; + S, cos A,

S, Ay, A, (side and following two angles known)
Ay = cos™! ( —cos (A, + A,) )

Problem has been reduced to the Aj, S,, A, configuration.

S1, Ay, S, (Two sides and included angle are known)

S; = qS,E +S2—28,8;c08 A,

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

S1, Su, A; (Two sides and the adjacent angle known)

*
Ay = sin™! [i sin A, ]
5,

A, = cos™ [ —cos (A; + Ajy) ]
The problem has been reduced to the A, S,, A, configuration.

*Note that two possible solutions exist if S, is greater than S, and A, does not equal 90°. Both
possible answer sets are calculated.
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&3 INPUT OUTPUT
| STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1
= I S Two angles and adjacent side
e -] known S, S,
I A A,
-
l A, 51, A, S...
| =
I Two sides and included angle
s
I known S, S,
Area=1/2 §, S, sin Aj
._ 1 a A, Ay
Remarks: I S, S, A, S,...
Registers R, - Ry, Rg) - Rgy and I are available for user storage. . i a
Angles must be in units corresponding to the angular mode of the machine. . | Two sides and adjacent angle
Degrees mode is set when the program is loaded. l —— s, s,
Note that the triangle described by the program does not conform to standard E s s
. . . . . 2 2
triangle notation; i.e., A, is not opposite S;. I
. ; 1 A (E ] S, A, S;...
Angles must be entered as decimals. The conversion can be used to & I —_ - E—n=
convert degrees, minutes, and seconds to decimal degrees. . ¢ a
Accuracy of solution may degenerate for triangles containing extremely small I B 120 oD <. 08 VORISH of B
angles. = o sides and angles of the triangle
T — - I are successively displayed. The
INPUT OUTPUT -
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS | . l 5 first value output is the first
1 |Load side 1 and side 2. ! E o+ side input. The next five outputs
2 | Find applicable case in the list I are the remaining angles and
l .
below and input indicated | - | ﬂ sides. The last output is the
values: ‘ ". S triangle’s area. For the last case
All sides known S, S, } | (S1, Sz, A;), two possible
S, 8, \ . i ﬂ solutions may exist and both
1 <
S D 8y; Av, Si- l R | N
Two angles and included side . i g
known A, A E d
s, s, I
A o s.AS. | B i
| X

w W
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Example 1:

Find the angles and the area for the following triangle.

20
1.0
275
Keystrokes: Outputs:
2 ! 2750 2.00 *+*+
129.84 *** (A,)
l.m e ok
33.95 *+*  (A,)
2.75 2w
16.21 ***  (A,)
0.77 ***  (Area)
O] » 2.00
(A —» 129.84
o » 1.00
» 33.95
[rcL D] » 2.75
(ReLJE ] » 16.21
Example 2:

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

A
mes / .. 29735
meters JJ\\/‘ .. meters
J/ 98° 12/ N
J ‘_,-_?‘ i '
Boﬂ::_a. s R = L c

This is a side-angle-side problem where:
S; = 171.63, A, = 98°12" and S, = 297.35.

- — - — e e  —— i — . — . —  — . — i —— — i S— . — i — — — | — i — i — - — {—— e

A oW oWw e W W WwuWwewey.

W W W we bW
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Keystrokes: Outputs:

171.63 98.12 13

297358 — 171.63 *** (AB)
98.20 *** (/L A)
297.35 ¥+ (AC)
27.33'*%% (1C)
363.91 *** (CB)
53.97 %% (L B)
25256.21 ***(Area)

Example 3:

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

GS?|| /- HDG?

By subtracting the wind direction from 180 (yielding an angle of 103°), the
problem reduces to a S,, S,, A, triangle.

Keystrokes:
140 25 UE] E |

Outputs:

140.00 *** (TAS)
66.98 ***
25m EE 23
103.00 ***
132.24 *** (GS)
10.02 ***  (HDG)
1610.64 ***

(Wind velocity)

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

VECTOR OPERATIONS

VixV; Vi'Va

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
@ keys. The machine is set in two-dimensional mode when the program is
loaded. The first press of I} 3 yields a display of 3.00 indicating three-

dimensional space. Repeatedly pressing [} [ 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 available option allows review of input values. Pressing 0
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:

Vectornumber (1.000r2.00) T
¢ (or m + 2 for 2D vectors) Z
] Y
r X

Vector outputs are displayed in the following order:

POLAR FORM RECTANGULAR FORM (S—C only)

0.00 T 0.00 T
¢ z z z
0 Y y Y
r X X X
Equations:
z
rcosp @ ——f———— =
o A
" |
J
: _Fsin ¢ sin §
~16 ;‘\\\“‘\ i/” :
rsingcosf g+ —————— Ay
X

L]

(| VY VRt Vil VRt Vit VRt Tt VRt Vi Vi Vi Tt 1)

| VY VRl VRt Vi VR TV P | M ¥ Wl
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Coordinate conversions:

X =rsin ¢cos r=Vx:+y*+2
y =rsin ¢sin @ 6 = tan™?! (y/x)
Z =rcos ¢ d)=cos"(7j Vxt+y* +2° )

Vector addition:

Vi+Veo=(x; +x)i+(y, +y)j+(z +z)k

Cross product:

Vi XV, =(y,22 — 2 Y2)T + (2 X2 — X4 Z'z)—_l.L + (X1 y2: — Y1 X2) K

Dot or scalar product:

=

Vi Vo=xixt+ty1y: 2,22

Angle between vectors:

alc

V, 'Vz
[Vi] Vel

y = cos”!

Remarks:

Registers R, — R and Rgy — Ry, are available for user storage.

STEP INSTRUCTIONS s | K | S

1 | Load side 1 and 2.
2 | Select mode for 2-dimensional

or 3-dimensional vectors. D 3.00/2.00
3 | Optional: Select pause input

mode. o 1.00/0.00
4 | If coordinate conversion

needed:

Spherical to Cartesian-go to
step 8.
Cartesian to spherical-go to

step 10.
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STEP INSTRUCTIONS raTatndre | K5V o booodic I
| 5 |Input vectors one and two: | |
Co-latitude (skip for 2D) () ‘ ‘ (dy)
i Longitude a, “ [ENTER ) i o,
; Magnitude r (] [ 1.00
[ Co-latitude (skip for 2D) (h2) ] ! (ch2)
[ Longitude , l ' a,
5 Magnitude . I lﬂ : 2.00
’ 6 EPerform vector operation: ! l |
‘ 1 Add vectors n 0,6 6r
f Cross product ! :g 0,9 0r
‘ | Dot product i v. . V,. ¥
7‘ 7 |For anew case go to steps 2, 3, | :
‘ 14 or 5.
8 -?Input spherical coordinates:
i(converls to Cartesian)
‘ Co-latitude (skip for 2D) (b) WENTER Y] ()
i | Longitude 0 EEED 0
I | Magnitude r ' el O | | X
9 éFor a new case go to steps 2, 3, ‘
; i4 or 5.
- 10 Elnput Cartesian coordinates
f(converts to spherical) ‘ |
| z—distance (skip for 2D) (2) EED (z)
= y—distance y | EIED y
f x—distance . X I3 r

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

4 or 5.

Example 1:

An aircraft flies a heading of 212 degrees at 225 knots. The wind is reported at
20 knots and 140 degrees (which translates to 20 knots and 320 degrees since

W W oW w e bW Wwwwwwwewuwvwnvew
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winds are reported opposite to the direction they blow). What is the course of
the aircraft? What is the ground speed?

— Z

W= = E
Course =216.97° Heading=212°
Ground speed= True airspeeds=
219.64 knots 225 knots
S
Wind =20 knots at 320°
Keystrokes: Outputs:
oooon —» 2.00
212 2258 —» 1.00
320 20083 - 2.00
[A] » (.00 *** i
90.00 *** Z

216.97 *** Y (degrees)
219.64 *** X (knots)

Example 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 the cartesian to
spherical conversion to find the total distance and the direction to the
transmitter.

N (y)
7.3
i Transmitter
15.7
W= ¥ »E (x)
IN‘Itenna
S
Keystrokes: Outputs:
oo » 3.00

76 €8 EEED 15.7 D
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3008 > 17.33 (distance)
0& > 6506 (O from east) (R Fake dot oroduct 1 resalve force alons the lev
> 92.5] (& from vertical) - ! 4 ake dot product to resolve force along the lever.
*  0.00
—  17.33 (back to distance) - ! ]
Esamioh 3: | Keystrokes: Outputs:
: 63 EED 125 EED ' B 1.00
What is the moment at the origin of the lever shown below? What is the com- ‘ i - » 24.19 ***  (pewtons)
ponent of force along the lever? What is the angle between the resultant of the ; 4.85 **% (4
force vectors and the lever? | i - WS (degrees)
i='1=17 (newtons) ] i =
§=215"
$=17" . i q
SR
F,=23 (newtons) I
! 2 1
1\ 8=807 = I _ |
7 $=74 o
I 1
= A
e i -
Keystrokei: N Outputs: - i -
First, add F, and F,
oo + 3.00 (3D mode) E: -
1"ENED2ISENED 170 1.00 .! -
74 80 »a 2.00 |
B » ()00 **x* b -
39.94 *** 7 = I E
90.70 *** Y ' 1 5
29.47 #** X (newtons) I
B A
Keystrokes: L Outputs: I
Take cross product for moment, M =r X F B -y
> 2.00 |
63 EHED 125 EHED .07 8 1.00 l-i -
(8] » 0.00 *** T ,
124.34 *** Z '-i —
55.37 *** Y ’
18.02 ***+ X l'i -
. 4
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POLYNOMIAL EVALUATION

POLYNOMIAL EVALUATION

X f{x) ag a4(x) az(x2) a3(x3)

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

Cubic equation (3 roots)
f(x) =ay, +a,x +a;x2 +a;x* =0
Quadratic equation (2 roots)
f(x) =ap, +a,x +ax2=0
Linear equation (1 root)

f(x) =a, +ax =0

where a,, a,, a, and a; are the polynomial coefficients input by the user.
Both real and imaginary roots can be extracted. When imaginary roots are
found, a —1. is displayed followed by imaginary and real parts. Real roots are
displayed without 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 polynomials and using data correlations based on polynomials.
Example 2 demonstrates this type of use.

Equations:
Cubic Equation:

. 34’:11 = azznfa:;

Q 9a,

9a,a,/a; — 273, — 2a.%/a;?
S54a,

R =

s= VR+VQ +R?
T= R-VQ+R*

- — i — —_—
— - — . — i — — — . — — . — i — . — - — - — i — i — i — i — i — i —

U VY TR VIt Wt Vit VI VR TRt Vil Vit TRt T |

1 VRNt VR VIt VRt V¥ VAV V¥ P | i |

If

If

then

09-02
Q:! 4 R2 _>_0‘

dy

then X3=S+T—
3a,

Q.1+R2 <0,

s = 2V=Qeos [_;_ cosmv—oa)] - &

3a,

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

a; = 1.00

a/ay = X3 + ay/ay

agla; = Xa(X3 + asfa;) + a,fa,

Quadratic equation:

a
- 2al - \/(31/232)2 = (ap/ay) If —a,/2a, <0
2
X, =
a 2
al + V@28, — (alay) 1f —a,/22,=0
2
s dy
: X,
Linear equation:
x = ——0
a

Remarks:

Registers Ry, R; — Ry, and Ry, — Rgq are available for user storage.

Accuracy degenerates if the real root of the cubic equation is extremely small.
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| weur | | ouTPUT
' pataunits | KEYS | patauniTs

-

|
1 !
|

| STEP ‘ INSTRUCTIONS
|

1 |Load side 1 and side 2.

2 |Initialize ‘TR 0.00
3 7Inpul coefficients of Polynomial: '
‘ Constant EN ug i 1.00
i x coefficient a, Ic) ‘ 2.00
x? coefficient a; jE 3.00
| X coefficient ‘ a, a " 400
4 |To evaluate polynomial for _
rvari0us values of x go to step 7.
5 | Find the roots of the polynomial.
(Imaginary roots will be output
in imaginary, real order preced-
'ed by a negative one). ol : | roots
| 6 EGt': to step 8. : |
i 7 ilnpul x and see f(x) X% n f(x)

8 |For a new case of same or high-
er degree, go to step 3 and
\change appropriate coefficients.

|For a lower degree go to step 2.

Example 1:

A ball is thrown straight up at a velocity of 20 meters per second, from a
height of 2 meters, At what time, neglecting air resistance, will it reach the
ground? The acceleration of gravity is 9.81 meters per second. From physics:
f(t) = x= x4 + Vot + % at2 =0
=2 + 20t + (—9.81/2)t* =0

Outputs:
» 0.00

Keystrokes:
o8

S — — - — i — . — . — i — — — . — . — . — i — i — — i —  — — i — i — i — i S— e e

| 1! V| V! VRt VY VI VRt Vi VR Vit Wt ' I

W W

W W bWl

w W W
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2@20@ 98 EEED
‘B ERE 1A

> 418 *¥*
~0.10 ***

(seconds)
(seconds)

The answer is 4.18 seconds. The second root of —-0.10 is a legitimate root of
the equation but is not relevant to this problem.

Example 2:

The standard heat of formation of ammonia (NHjy) is given as a function of
Kelvin temperature by:

AH} = —9140 =7.596 T + 4.243 X 107 T* —0.742 X 107* T* (cal)

Determine the heat of formation for temperatures of 400 K, 600 K, and 800 K.

Keystrokes: Outputs:

€] » 0.00

I EBE A% EE A 2.00

4.243 @ ig 742

6@ > 4.00

4000 » -11547.01 (cal)
600 13 » —12330.39 (cal)
300 3 » —12881.18 (cal)
Example 3:

Find the roots of the following equation.

xX*—4x* +8x —-8=0

Keystrokes: Outputs:

U DSED @3

4 D80 » 2.00 #**  (real root)
-1. (indicator)
173 %W (imaginary part)
1.00 **=* (real part)

The real root is 2.00. The imaginary roots are 1.00 + 1.73iand 1.00 — 1.73i.

The —1. (which is not followed by asterisks) indicates that the last two
outputs will be imaginary and real parts rather than real roots.
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3 X 3 MATRIX OPERATIONS

3X3 MATRIX OPERATIONS

aj4az4a;  bipbaeby  cifcacy  didagds MAT P

This program can be used to find the determinant or generate the inverse of
a 3 % 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:
a by ¢
Matrix A = |a, by ¢,
a; by ¢y

Matrix D =

Determinant of matrix A

Det =a,bscg +bycoaz +c,bza,

—¢;byay —cybya, —cga by

Inverse of matrix A

a By
A"l = a B 7
ay By v

a, = (by c5 — by cy)/Det
o, = (ag c3 — ay c3)/Det
ay; = (a, by — ay by)/Det
By = (by c; — b, cy)/Det
B = (a; ¢y — ag ¢,)/Det
B: = (a3 b; — a, by)/Det

L U TR TR Ut Tt VR Rt Vil TR VRt VR VR 't

U VRN VRt VR VRmn | V| W ¥ M ¥ A | Mt §
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Y1 = (b ¢ — b, ¢,)/Det
Y = (az ¢ — a C-;)."Del
¥s = (a; by — a, b,)/Det

Matrix multiplication

—al b, ¢ dl—
A-D = a, by c; d,
ag by ¢4 dy

[a,d, + b,d, + ¢,dy]
= 32d| o bzdz + ng;;
ﬂ:;dl + b:;dg + C:’dij

Remarks:
During matrix inversion, A~ replaces A in storage. If you wish to save matrix
A, store it on a magnetic card before starting 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:

a b O
A= a, by O
0 0 1

The corresponding column vector is:

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

Registers Rgy—Rgg are available for user storage.

Matrices may be output at any time by pressing @. The order of output is
ay, ay, ay, by, by, by, ¢y, ¢y, ¢y, dy, dy, dy.




INSTRUCTIONS sarinara | KEVS | e
Load side 1 and side 2. |
Input 3 x 3 matrix:
Column 1 a, a
a; a;
a [a] a
Column 2 b b,
bs b
b, (5] b,
Column 3 c, _ c,
Cz Cz
Cy C3
For solution of simultaneous
equations or multiplication of
the 3 x 3 matrix by a column
matrix, input column matrix. | d, . d,
| & | d,
d, (D] ds
.To find a determinant go to step
5. To find the inverse or solve a
3 x 3 system, go to step 8. To
| perform multiplication, go to
step 10.
Find the determinant of the
3 x 3 matrix. ’n |A|

For a new case,go to step 2.
Change any or all of the columns
in step 3.

If you wish to save the 3 x 3
matrix for future use, record it

on a magnetic card.

- — e — e e e e e e e . E— i — e — i — i — i — i — . — " — i — — | — | —— S——

W W W WL LW

(| VY Vit Vi V! Vit VIt TRt VI TR Vit VR VR I

— - - -

INSTRUCTIONS

INPUT
DATA/UNITS

9 |For a solution of a3 x 3 system

8 |Find the inverse. !
i

go to step 10. For a new case go|

i

to step 2. The original 3 x 3
matrix has been replaced in |
|storage by its 3 x 3 inverse. é "
10 ‘Multiply the 3 x 3 matrix by the ‘

i |

' 1
column matrix. (The resulting ‘ 1
column matrix is output in x, y, z l |
i 1

order). (]
11 | For multiplication by another

1 |

column matrix, perform step 3, | |
i
then press [ @. For a new 1
1

case go to step 2. | |

Example 1:

0.00

XY Z

Find the determinant and inverse of the following matrix; then multiply by the

column matrix.

23 15 17 1
8 11 -6 1
4 15 12{]1
Keystrokes: Outputs:
23 8 ‘0 4.00

15 GIED |1 EHED 15 6 15.00
17 EED 6 G5 GED 12 @ —— 12.00

| D | E5ED | O » 1.00




4598.00
0.00

0.05/ %%
—0.03 *%%
0.02 ***

0.02 #*+
0.05 *#*
~0.06 ***

~0.06 ***
0.06 ***
0.03 ***

] .()() ok ok
1.00 ***
1.00 ***

=
@]
Yy vy

(determinant)
(inverse found)
()

(o)

()

(By)
(B2
(Bs)

(7))
(y2)
(vs)

(dy)
(ds)
(d3)

(results of multiplication)

v

e}
0.08 ##*
-0.02 ***

Example 2:

Find the determinant and the inverse of the 2 X 2 matrix below. After the

inverse has been found, multiply by the column matrix.

53] [

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

section:

14 -8 0 20

-8 12 0 5

0 g 1 0
Keystrokes: Outputs:
14 8 om 0.00
8 12 om 0.00
0 0 1 > 1.00
20 s @ 0.00

4.349717270 -03 ***

me———mee——— T W S S S S S S— e E—  S— . S— . — - S— . — . — . — - — . — e o e  —

" U VRt Tt Yt U T T T T T Tt T T

A A WM OW WL L LWL W

104.00
— 0.00

v

012 %%

ne

v

0.08 **x*
0.00 ***

0.08 ***
0.13 wen
0.00 ***

0.00 ***
0.00 ***
1.00 ***

20:00 **»
5 .()() Hokk
0.00 #**x*

2.69 ***

Example 3:

v

2.2] *%4
0.00 **+*

Solve for the loop currents in the following circuit.

80 10

LoopD Loop
9 100 g Eg)

a0 ' 150
Loop I
1
41

40V

The three loop equations are:

Loop 1
Loop 2

Loop 3

or

4, — 4, + 151, - 151 —40 =0

10-06

(determinant)

(inverse has been
found)

(o)
()
(ag)

(By)
(B)
(Ba)

(7)

(2)

(vs)

(dy)

(dy)

(ds)

(results of
multiplication)

41, — 41, +8L +10, —101; =0

10L; =101, +11; + 1513 — 151, =0

191, —41, — 151, = 40
4L, +21, - 10L, =0
~151, — 10, + 261, =0
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or in matrix form

19 -4
-4 22
-15 -10
and

I, 19
I, = -4
Iy -15

Keystrokes:

-15 I
-10 I, =
26 Iy
-4 -15| !
22 -10
-10 26
Outputs:

19 EIED 4 €5 EIED SES | — -15.00
4 D EIED 22 GIED 0 ER @ — -10.00
15 @D ENED 10 €8 EHED 26 @ — 26.00

40 0 oo 0.00

70 » 0.00

3 > 7.86 *k*
4.23 **+
6.16 ***

(inverse has been
found)

(1)
(I5)
(I3)

BN B B B BN BN BN BN BN BN BB AN
1 VIV VR 1V V VA 1 1 W 1 1 VAU VAV VAt VAV V| VA VI VI | VI VIV VA Vi it V1

NOTES

10-08
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.
CALCULUS AND ROOTS OF f(X) /
&= f(x)
CALCULUS AND ROOTS OF f(x) ., f(x)-——-——«
1,2,3,4,5? x+f'(x) xf{x) ngagb+s§ x f I
E l
This program incorporates four routines for numerical analysis of user specified }
functions. Suppose figure 1 represents a known function of x called f(x). = X X
Figure 2
| - g

f(x)

- e e e e e e = — . —— . — . — . — . —  S—  S— . — . —  —  —  —  —  — i — . — i S—

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

_ f(x + Ax/2) - f(x — Ax/2)

@Ol W Wl wwlwWwWwan

- f.l
X (x) Ax
Figure 1
f
If the formula for f(x) can be keyed into program memory in less than 112 steps A f
(including LBL and RTN), this program can be used to find the value of f(x) 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 1 to
5. The function to be evaluated is selected by keying in 1, 2, 3, 4 or 5 and

pressing [Y.

f(x +Ax/2)
f(x-Ax/2)

Only side 1 of Calculus and Roots of f(x) is used for the program. Side 2 of
Calculus and Roots of f{x) 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 Calculus and Roots of f(x) by the
following sequence of operations:

Figure 3

The value of Ax used to approximate the differential is assumed to be 0.01%
of x (107* X x) unless a % A is specified by the user. That is:

1. Load side 1 of Calculus and Roots of f(x).

2. Press@@ (0 1) (1) @ i = %A .5
3. Press ) (MERGE]). 100
4. Load your magnetic card.

In the special case where x = 0, Ax is set equal to %A.

Once a function is defined and selected, keying in a value of x and pressing o
For most applications, the assumed value of 0.01% should be adequate. In

C i in the evaluation of fi : : :
the [@ key will result in t (x) (see figure 2) some cases more accurate results can be obtained using a smaller value of

m
d W ahd auuuuuuowew
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% A. However, care must be taken to assure that the calculator can accurately
resolve the difference between f(x — Ax/2) and f(x + Ax/2).

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

f(x)

S ata
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 time.

Root finders are used to solve equations which are difficult or impossible to
solve explicitly. 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:

e (Xi — Xi—1)
T == ) [f(x.) ~f(x-) ]

W W wh b wbwuwuwuhwuwaauos

S —  — . — —  —— — — . — — i — i — - S— i — - —  — . — i S— i — . — . — . — i — e . e

W oW W Wl WL u W
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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 times and
could result in a machine status error halt (overflow, division by zero, log of a
negative number, etc.). If this happens, simply try another guess. Practice will
make the pitfalls more obvious and easier to avoid.

A special 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 £} @. 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 determined.

Remarks:

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

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

User-specified functions may use one level of subroutine nesting.
The secant method does not guarantee convergence to a root.

Given one guess, the root finder will find, 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 + Ax/2, x — Ax/2).

INPUT OUTPUT
STEP INSTRUCTIONS paTa/uNits | “EYS | paTAuUNITS

1 |Load side 1.

2 Load subroutine(s) (either key
them in or link from program
step 112).

3 Select function label number. i(1-5) i
4 Store any constants necessary

to subroutine(s) loaded in

step 2. [

———————————————— | |
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STEP. INSTRUCTIONS ..o 0
5 ‘ For differentiation, go to step 6. -
"‘ For evaluation of a function, go ‘
} to step 9. For integration of a }
| function, go to step 11. To find a j
t. root, go to step 15. :
6 | Optional: Key in percent delta. %A
7 | Key in x and calculate derivative;
! at x. ! X
8 i For new x, go to step 7. For a :
! new case, goto step 2, 3, 4,5 |
! or 6. '
9 ! Key in x and evaluate function. i X
10 ' For new x, go to step 9. For a .
new case, gotostep2, 3,4, or 5. ‘
11 i Input the number of intervals. ‘ n
12 | Input the lower limit. a
13 l Input the upper limit and
icalculate the integral. b
14 IFor new limits or interval, go to }
| step 11. For a new case, go to ?
‘_step 2,3,40r5.
16 hOptionaI: Key in percent delta. | %A
16 iOptional: Toggle pause
| mode. .
17 Key in guess and calculate root.: GUESS
18 | For a new guess go to step 17.
: For a new case go to step 2, 3,
:.4 or 5.

| KEYS

i

ENTER ¢

|
|
|

1‘

OUTPUT |
DATA/UNITS |

%A

fi'(x)

fi(x)

I %) dx

%A

1.00/0.00

1

- — i — e e e . —— . — . — . — - — . S— e S— . —  — 0 S—  —  S— S S— . —  — " —
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Example 1:

Numerical integration provides the only solution to the complete elliptic
integral of the first kind:

de
0 V1 — K? sinf?

Find the value of u for limits of integration of 0.0 to 7/2. Let K be 0.5 and store
it in register 1 for access by the program. Use 3 and then 10 for the number of
intervals. The formula for the integral is recorded under label three on side two
of the magnetic card. If either example 2 or example 3 has just been run, skip
the first three lines under keystrokes.

Keystrokes:
Load side 1 only

E8 (] 112 B (meRGE)
Load side 2

Select label 3

N
0.50 )

Integrate using 3 intervals

65%) (5) 3 CGED 0 GIED
0E:80

Integrate using 10 intervals

10 @D 0 CIED0 @ 28 B — 1.685750355

Outputs:

3.00
0.50

v

v

1.685750251

v

Example 2:

In the design of gear teeth, it is frequently necessary to calculate x for a given
value of the involute:

INV(x) =tan x — x
or restated
f(x) =tanx — x — INV(x) =0
If the involute of x is 0.0049819, what is x?

This problem requires an iterative solution since the equation cannot be
explicitly solved for x. Use 0.21 radians as your initial guess. The equation for
f(x) is recorded under label 2 on side 2 of the magnetic card. Use the pause
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feature to watch the routine converge. Skip the first three lines under keystrokes
if Example 1 or 3 has been run. Store the involute (.0049819) in R, for access
by the function.

Keystrokes: Outputs:

Load side 1 only

©na

Load side 2

Select label 2

P A | » 2.00

Set pause

B3N | » 1.00

.0049819 .21 **0,25"
*0.24"
“0.24"
0.24 (rad)

Example 3:

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 |
of side 2 of 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 GIEY.

For the function below find the integral from a to b using 5 intervals. Then find
the derivative at a, using 10% for % A. After the problem is complete, return
%A to 0.01%.

'(1.40)
20 —
15
f(x)
10 | }
I |
I~ | |
| |
o 1 | | | L1
0 1 f 2 3 4 f 5
a=140 X b=4.70

If either Example 1 or Example 2 was run previously, skip the first three lines
under keystrokes.

"

W W W

w w whwwawu

W W WuwuhuuWw

oW

11-08

Keystrokes:

Load side 1 only
1120
Load side 2

Select Label 1

WAl » 1.00
Key in integration limits and return first x

value

5 1.40 4700 1.73 (x)
From the graph, f(x) at x = 1.73 equals 14.2.

Key 14.2 in and press @F. The next value
of x will be displayed.

Outputs:

142 8 » 2.39

f(2.39) =16

16 » 3.05

f (3.05) = 17

17 » 3.71

f(3.71) = 16.9

16.9 > 437

f4.37) =153

15.3 » 52.40 (Answer)

To find the derivative at point a Ax
nnpnpl4p » 1.33 ("‘T)
t(1.33) = 12.7

12.7 O3 > 1.47 (x +£)
f(1.47) = 13.3 2
13.3 » 4.29 (Slope)
Return %A to 0.01%

ono » 0.01

Example 4:

Find the root of Inx + 3x — 10.8074 = 0. Determine the slope at the root.

This equation is not recorded on the magnetic card. It must be manually keyed
into program memory starting at step 112. Use R, to store the 3 and R, to
store 10.8074.

Keystrokes: Outputs:
Load side 1 only

() 112

Switch to W/PRGM » 112 35 22
(] M » 31 25 01




Yy ¥ ¥ v v v ¥

v

Switch to Run

Select @

A

3EA [0

Yy v v

10.8074 @)
Make a guess of 5.0

sa

Find the derivative

v

114 31 52
115 34 01
116 34 00
117 |
118 61
119 34 02
120 51

121 35 22
1.00
3.00
10.81

3:21

3.31

(Inx)

(Inx + 3x)

(Inx + 3x —
10.8074)

(ROOT)

f' (3.21)

e e e o e e e e e e e e o e o e e e —  — — — . — . — . —  —  — i — i —— S—
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& =
ENGLISH-SI CONVERSIONS E ‘ =3 ;
| INPUT OUTPUT
MTOy cuy/ByT oyl N isd remg ‘ | il | INSTRUCTIONS . DATA/UNITS KEYS . DATA/UNITS |
ENGLISH-S| CONVERSIONS t - 5 PN [TE—————— . '
in Zmm ft 2 m gal sl IbfsN Ibm ; kg | or length, volume, force or
E 1 3 | mass conversion, load side 1.
This card provides the more common conversions between English and SI | | For temperature, energy, pres-
(metric) units. Side one of the card provides length, volume, force and mass E +H } -
. . ; - . sure, density, or power conver-
conversions. Side two provides temperature, energy, pressure, density and I |
power conversions. Only one side of the card may be loaded into program E - ‘ sion, go to step 4.
memory at any time. ‘ | 2 | To convert inches to millimeters in o mm
&= ; ' " - .
Conversion Factors: | . | or millimeters to inches mm in
l ft m
Side 1 of magnetic card E - ; or feet to meters o
— ft
1 inch (in) = 25.4* millimeters (mm) = ! = or meters to feet i O
1 foot (ft) = 0.3048* meters (m) l or gallons to liters gal Q
1 U.S. liquid gall(?n (gal_) = 3.785411784* liters (R) E ¢ or liters 1o gallons Q gal
1 pound force avoirdupois (1bf) = 4.448221615 newtons (N) : |
. . i or pounds to newtons Ibf N
1 pound mass avoirdupois (Ibm) = 0.45359237* kilograms (kg) o=
. or newtons to pounds N Ibf
Side 2 of magnetic card - ! q : or pounds to kilograms Ibm kg
i i 5 | or kilograms to pounds kg Ibm
Degrees Fahrenheit (°F) are related to degrees Celsius (°C) by the B 4 -
following formula: ' | 3 | For a new case, go to step 2.
°C =i(°F —32)/1.8 B = 4 | Load side 2.
1 International Steam Table British thermal unit (Btu) = 1055.055853 l ) 5 | Toconvert Fahrenheit to Celsius F (4] ‘c
joules (J) E i d or Celsius to Fahrenheit C (2] F
’ - " _ 2
1 pound per square inch (psi) = 6894.7572 newFons/square metcrs (N/m*) E = or Btu to joules Btu 1 J
1 pound per cubic foot (Ib/ft*) = 16.018463 kilograms per cubic meter
(kg/m?) l or joules to Btu J ol s | Btu
1 horsepower (550 ft-Ibf/sec) = 745.69987 watts (W) . ] :’ or psi to N/m? psi N/m?
l' 1 5 or N/m? to psi N/m? [ psi
3 3 I k ,l 3
Remarks: ' ! 5 or Ib/ft* to kg/m b/ft* g/m
. ’ § pe ? to b/t kg/m?® Ib/ft?
Only one side of the card may be in program memory at a time. I o i o e
g or horsepower to watts h W
All data registers (R, — I) are available for user storage. The T register of the | S | . P =
operational stack is lost during conversions. The LAST X register contains the I or watts to horsepower w (€ ] hp
input value for all conversions except temperature conversions. L3 |l 4 6 | For a new case, go to step 5.
= 4
*By definition. l i q
4
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Example 1:
Convert % of an inch to millimeters and round to an integer value.

Keystrokes: Output:

Load side one

3 LY - WA » 9.53 (mm)
@0 > 10. (mm)
@ » 10.00 (mm)
Example 2:

Convert 212°F to °C. Convert 0°C to °F.

Keystrokes: Outputs:
Load side two

210 — 100.00
(VN A | » 32.00
Example 3:

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

Keystrokes: Output:

Side 1

soana » 807.29 (Btu/hr-m?)
Side 2

a » 851739.50 (J/hr-m?)
Example 4:

Convert six pounds per gallon to kilograms per liter.

Keystrokes: Outputs:
Side 1
aned > 0.72 (kg/ Q)

CE B B BN ENNN/

TR VI TR TR TR T T T T AT VR TN VRN TJNY VT (T VRNV VT VHT VR VT TR T T VR

NOTES

12-04
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ARITHMETIC TEACHER

ARITHMETIC TEACHER

-7%2 X7+ 3

Preschool and elementary school students may use this program to help them
learn addition, subtraction, 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 child mentally computes
the answer (x +y,x —y,x Xy, orX + ydepending on the lesson), keys it in,
and presses the answer key [@ . If the answer is correct, the calculator poses a
new problem. If the answer is incorrect, the calculator returns 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, ny,., may be
modified. For example, keying in 3 and pressing ¥3 fJ would set the maximum
number size to 3 for addition and multiplication, 3 + 3 for subtraction, and
3? for division. For more advanced students, ny,, might be set to 15. If the
value is not specified by the user, the program assumes a value 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 1 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 [@
key is pressed, the @ B¥keys can be used to eliminate the error and return the
problem to the display.

Any attempt to use the calculator 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 ny,,, is changed or a *‘seed’’ is input. The seed can
be any number between 0 and 1. To input a seed, simply key it in and press

oa.

Registers R, - Rg and Ry, - Rgg are available for user storage.

1 V' Vi Vit U Vit T Vit VRt VR TR T TR !

" U VR Vit TRt Vit Yt Ut

INSTRUCTIONS

Load side 1 and side 2.
Start program.
Optional: Input a seed (any
number between 0 and 1)."
Optional: Select maximum
number size (default is 9).
Optional: Select print lesson
mode.
Select arithmetic mode:* *

Addition

Subtraction

Multiplication

Division
Let student key in answer and
press @.
Repeat step 7 for 20 problems.
After problem 20 the calculator
will output number correct,
number attempted and %

correct.

For another session go to step 7.

To change arithmetic mode go
to step 6. To select print lesson
mode go to step 5. To sleect a
new maximum number size go

to step 4.

INPU; ]

DATA/UNITS

SEED

"max

answer

KEYS

ua

>

(ol =

13-02

QUTPUT
DATA/UNITS
0.00

0.00

0.00

|
1.00/0.00 |

problem
problem
problem

problem

problem

e ——

" See page L13-01 for description of algorithm and comments on optional seed selection.

3 multiplication and 4 division.

* After an arithmetic mode is selected a code is output to indicate which mode was set: 1 addition, 2 subtraction,
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Example 1: -}I 3 Example 2:
A child is to practice multiplication of the numbers one through eight. r The child of example 1 now wishes to practice division for numbers 1 through
' - ’ 10.
Keystrokes: Outputs: (3 ! - Keystrokes: Outputs:
N » 0.00 I I & | > 10.0 ***
Select maximum number size of 8. F =
(Rl - | s 8.0 **+ | > 4.0+
Select lesson type '—i = p 30.06
= 3 0 koK > 70.07
: 5 » 28.04
4808 » 1.4 Eo=
a3 » 32.08
48 » 7.3
218 » 8.8 E ! N T > 850
0 . 7.7 | I » 80.10
- ' 8 G » 40.04
49 » 7.4 .'- i ﬂ l > 16.04
28 + 7.6 _ o
g = =e 2
45 » ) B s
20 > 4.2 L i =) 7. » 80.08
106 + 42.07
8 » 8.6 -
4SB » 8.8 . . 3 6 » 8§1.09
603 > 8.7 E ! - 51‘ > ”lf(.)o(?)s
56 » 8.6 l » 10.
2 » 60.06
o =4 B
" 10 B & 56!
i ’ E | 1 : o
42 » 5.8 Fo
4OB g 84 ' ' 5 g f -:g(]x? % %k
208 > 4.6 | . .
2483 » 7.4 ‘ I ﬂ 95-00 ok ok
28 > 4.4 I '
168 > 4.7 & i =
283 » 18.0 *** m i 5
20.
90.0 % ok n I ‘g
E i C |
The calculator displays the first problem of the next set. €& i q
E -4
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MOON ROCKET LANDER

MOON ROCKET LANDER

CNTRL 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 tail-first, freefalling
toward a hard rock surface. You'll have to ignite your rockets to slow your
descent; but if you burn too much too soon, you'll run out of fuel 100 feet up,
and then you’ll have nothing to look forward to but cold eternal moon dust
coming faster every second. The object, clearly, is to space your burns just
right so that you will alight on the moon’s surface with no downward velocity.

The game starts off with the rocket descending at a velocity of 50 feet/second
from a height of 500 feet. The velocity and altitude are shown in a combined
display as -50.0500, the altitude appearing to the right of the decimal point and

the velocity to the left, with a negative sign on the velocity to indicate down-
ward motion. Then the remaining fuel is displayed and a rocket fire count down
begins ‘3’7, *27", *“1"", **0”",. Exactly at zero you may key in a fuel burn.
You only have one second, so be ready. A zero burn, which is very common, is
accomplished by doing nothing. However, if you miss the one second ‘‘fire
window’’ and then try to key in a burn, your engine will die and you will have
to restart by pressing ). This automatically uses 5 fuel units and gives no
thrust. After a burn the sequence is repeated unless:

1.  You have successfully landed—flashing zeros.

2. You have smashed into the lunar surface—flashing crash velocity.

Y ou must take care, however, not to burn more fuel than you have; for if you do
you will free-fall to your doom! The final velocity shown will be your inpact
velocity (generally rather high). You have 60 units of fuel initially.

Equations:

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

|
X =X t vot +Tat‘ v =v, +at v =vy,? + 2ax

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

!'
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' V' "t Y Vit Vi VY VRt VRt TR Rt g
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STEP | INSTRUCTIONS

Remarks:
Only integer values for fuel burn are allowed.

l
Load side 1. |

Assume manual control.

|
i
|
i
:
F
{
|
:
!
|
!
||
|
| Key in burn®.
4

'ﬁ
!
I
i

iGo to step 3 until you land

I (flashing zeros) or crash (flash-
I ing impact velocity).

irll you survived last landing
!anempt, go to step 2 for

another try.

*If you miss the burn window and |

flameout, press [ for a new

i
|

engine start.

INPUT

DATA/UNITS

BURN

can be used to stop Moon Rocket Lander at any time.

14-02

OUTPUT

| DATA/UNITS

“V.ALT"
“FUEL"

I
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DIAGNOSTIC PROGRAM

DIAGNOSTIC PROGRAM
START

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

=7.7717777770 =77

If the calculator 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 operational stack, the function, the 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:
1. 07

10.000 06
1.0000 07
10000000.00

These outputs indicate that display formatting is working satisfactorily. If the
calculator 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, Ry, GTO 0, LBL 0, x=y, x#y
ISZ 1, R,
R,

R,

R,

R;

R

R;

Ry

Ry

RHﬂ

Ry,

Rg,

00 NN B W N —-= O

N - o P

- — - — i — s s — i — - — . — . — O — - — i —  — — i — i — ] S— i — 1 ot e it S e
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i i u
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Function or Operation or Register Indicated

Rss
Rsy

Rg

RCL I, RND, sin, sin™!
cos, cos™!

tan, tan™'

—P, —»R
—HMS, HMS—
Log, 10*

LN, e*

X2, Vx
ENTERT, y*, 1/x, LSTX
+, -

x,

INT, FRAC
D—R, R—=D

%

X<y

X>y

x=0

x #0

x <0

x>0

Flag 0, off

Flag 1, off

Flag 2, off

Code

13

14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47

15-02
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=
- : : ] ] ‘ ﬂ - | PROGRAM LISTINGS* AND PROGHAMMING TECHNIQUES
Function or Operation or Register Indicated | Code
o it || | (IR ” - Program Page
" !
Flag 3, off 48 = F 1. MoVINg AVETAZE . .. ..\ttt L01-01
Flag 0, on 49 = Comparisons
| Flag 1, on 50 = [ = 2. Tabulator R R R R L PR PR TP TR PR L02-01
Flag 2, on 51 - ﬁ 3 I["_'_\-_’I'\‘,'(Ii nd Skip on :I=. ‘\J\f|l| o
o0D 11 ombination witl wdirect Recall (RCLy)
Flag 3, on 52 ‘ Fitti 3-01
) ) E = 3. Culrchlmn g e s ,"l } — ..................... L0
, ;
Hemurice: = .‘ a 4. Ca\l?nd‘all' F:mcuonls ; o= e e e e L04-01
If this program runs correctly, it strongly suggests that the calculator is operat- - n‘ -1 % Annui(iles and Compound Amounts ...................... L05-01
ing correctly. However, the diagnostic is by no means complete or exhaustive. ” Interchangeable Solutions
All data stomge registers are used. ‘ ) q B FolloOWME conn s amn sass v v 5055 5 505 5 500 Be%k G L06-01
[ Indirect GTO
- T: Triangle SOIIONS 5 5 ioii ciis 5500 s 0ms siois 5 amis oneie saiers 10 mis L07-01
INPUT OUTPUT E ' q * |!glnhl. input
S INSERDCTIONS pataunits | KEYS | patauniTs 1 8. Vector OPErations . .............ooeoeeeeenn, L08-01
1 Enter . ! d Flag Set, Clear and Test ommand
program |
. g ' Clearing Flags
2_| St dagnogtic A s & j = 9. Polynomial EVAlUation .................ooeveeeeerins.. L09-01
3 | See documentation for descrip- Flat S&t. Cléar il =
tion of outputs. [ caring -
- 10.  Matrix Operations . .............c.uieuirnnrnninennnnnn. L10-
! i d ~1.pe ind Indirect Recalls
11. Calculus and Roots of f(X) ...........ccoviririinnnnn.. L11-01
‘ i d lterative Test and Loop
E ! 5 12, Unit Conversions . .............iiriiinnneunennennnnn. L12-01
| 13. Arnthmenic TeaChEr ..u o wces vaw wws ows ¢ sa0w § vas vams som & L13-01
Pseudorandom Number Generator
= i = 14.  Moon Rocket Lander ...................ooooeeeeenn... L14-01
15, DiHagnostiC ... ...ttt L15-01
= | 4 ¢
= i -4
= [ e |
L i -
] l e |
- *Keycodes fi i i :
] ycodes for program steps may be found in Appendix E of your Owner’s Handbook.
E: -
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COMPARISON

Subroutine D of Moving Average computes the moving average when the B
key is pressed from the keyboard.

(L5 ]o]
3 ©
(e o)

@
e

Generally, the average is calculated based on the summation of input values, X
(stored in R,) and the requested number of units, n (stored in Rp) 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 of k is stored in
Rg. The flowchart for this calculation might look like this:

Start

Recall sum
Recall k
Recall n
Is
k larger - NO
than n
9
L yes
Select n

Select k

Divide sum

by n or k

and display
result

Stop

- e e —

Wl WEWWWWWW e u

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

dON W W WL LD LW
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Subroutine D begins by recalling the sum from R, k from Rg and n from R,.
After these recalls the operational stack is as follows:

Unknown value aT
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 not
met. If the conditions of the comparison are met, the following step is executed.
This is the ““DO if TRUE™’ rule. For instance, ifk =y = 15andn =x =6
the comparison would be true or satisified (since x is less than y) and the next
step, (x exchange y), would be executed. If k were less than 6, say 4, the
command would be skipped. The stack contents for both cases are shown
below:

BEFORE COMPARISON

Unknown value T Unknown value T

Sum Z Sum Z

15 Y 4 X

6 X 6 X

AFTER COMPARISON AND NEXT STEP

Unknown value 1 Unknown value T
Sum Z Sum &
6 . b 4 4 : Y
15 }swuched X 6 not switched X

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

15 (Unwanted value) T 6 (Unwanted value) T
Unknown value Z Unknown value y A
Sum b Sum Y
6 X 4 X

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




(R | L01-04
Moving Average E ‘ 2
T
88;  #LBLa BT Fo I
el Clke Cledr ronstors, BE: FTH | 3 1z b =24
paz 75 FEs  wlELE It print mode is off pause l 114 RTH 2 B e
eps CLRE 0 |----=-==-=——— BEr g for display of n. 1S R-8 5
[ 1 If 1 < n < 22 continue, (] Fo~
[TER otherwise go o label 1. BC ETOR t 1 3
6T BTG BT FSE
aec oLy BEd slBER: $z= 00 e |
@es 2 BT RCLE Compute average. 4
216 2 BEE PCLD B«
B11 XY (1 s e
Mz X0y FEE  ENT* Output and set for display.
#: €1 e ———— (133 Fa~ =
614  STOD g8 PRTE e ‘ . 3
815 i Store n in Rp and ke | RTN Write data.
Ai€ % {n+n/100) in R}. EVZ  WwLBLE
BiT + TI O HOTR l 1 3
#1g  STOI Bre BN 0000 eeessoassescss
B8 INT B’5 slBLi |
B26 RTN BYE Fe~ Print/pause mode toggle. r
82r WBLi =000 [|ee—ssecowaoand 77 &Toa ‘ 1 q
822 Ré Flash input error. Bre q
B23 aLBL4 BEvS SFa |
L] FSE BE@ FTH
125 ET04 0 |eemmmmmme— e BEl #LBLG E 1 q
B2€ aiBLA Increment k by one. Print BEZ ]
827 Fe” space, k, and input if flag 0 BE3 CFa I
B2g SPC is set. BE4 RIN e
B2°  RCLE B85 xLBLC E A ﬂ
38 1 Bee SPC Output values in newest
B3i + :Ew’ a to oldest order.
B3z Fes EE #LBLZ
B37  PRTA B85 RCLD E |
P34 uz pge  x=v" |
B35 Fe? 851 PTN
B PRTY | ] 832 1 E 1 a
B3? RCLi Remove oldest value from 85z .
B3E ST-8 sum and add input. :-;’: . + I
B39 p = Col
pee  STO: 896 X=V7 E 1 a
B spE 0000 e 637 FRC
B4Z R Store k. B9 STOI I
843 Xy #2a  I5Z1
oV | IO 168 RCLi E -]
B45  RCLD 1f n < k,GTO 0 and le:  PRTX
B4€ X4V calculate average. ':gi RI iy
7 &Sp@ | ____ X
~~~~~~~~ 1
b8 DSzZ1 If Iis not zero, GTO 5 for 164 ‘_ E g
#4535  ETOS display s §103: 00 e e o
pse RrCLI |- ] B¢ wLBLD
oo e & RCLE Computesverag at any E =
Reset index i
57 1 Io:s:t index for anather 183 ROLD time. I
854 x ) 118 X<V?
s Bl 000000 leswoseteesaeaed 111 K2y . 1
B56_ wLBLS Difsiilis e pri 112 Ré | 5
REGISTERS
o i 2 g 0 5 LABELS FLAGS SET STATUS
:
; ;l'y.-d ;:ed e used ! 1 S Ao avg Pwoata  [Ceval L. ave 4 Corint FLAGS TRIG DISP
used used used used used used | n 4 P? i ° i ! 0 ODN OEEF DEG ® FIX
A B C D ' 0 1 2 3 2 1 0 ®| GRAD O [ sC1 D
sod [. 1 error print error G O
u used used n . | 5 Fdisplav 5 = 5 3 5 2 B RAD ! ENG, O
B | -
| S
E i E |
& i -
-
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DECREMENT AND SKIP ON ZERO (DSZI) LOOP
IN COMBINATION WITH INDIRECT RECALL (RCLi)

One of the most powerful features of your calculator is its ability to do indirect
recalls. That is, recall a register which is specified by a value stored in the I
register. For instance, if the contents of I were 3.0 and an indirect recall (RCLi)
command were encountered, the contents of R; would be recalled. When the
content of I is changed, the action of the RCLi is also changed. Because of this
relationship, it is possible to access all 26 data storage registers with only one
RCLi command.

DSZI (Decrement and Skip on Zero) was designed to help take full advantage
of RCLi and other indirect capabilities. A DSZI command causes 1.00 to be
subtracted from the contents of 1. After the subtraction, the content of I is
automatically compared to zero. If the integer part of the value is zero, the
calculator skips the step following the DSZI command. If the integer part is
non-zero, the following step is executed. This automatic test capability makes
DSZI a valuable looping tool.

Steps 102 -130 of Tabulator illustrate a typical use of DSZI and RCLi. The task
is to recall the values of the row totals, in order, and output them. Below are the
flowchart and the commented code which performs the task.

Store position

Initialize, store ! t
of first register

first register

location in I location in 1
LBLY oo
4
= Indirect recall
RCLi, output, Compute % of grand
housekeep GSB E total if flag is set
b PRINT X Output
I1=1-1 Rt Eliminate value from stack
; DSZ1 Subtract 1.0 and test
= GTO 4 Loop again if I#0
Is
N0 “integer part
ofI1=0 !
2 i GSBE Complete output.
| yes H

Continue with
program execution

o — — . —  — . — - —  — . —  —  —  —  —  —  — —  — . — - —  — i — - — | e e

| VY V1 VAt Vi Vi V" VY VY Vi Yt ' I

Ll

LI |

w W W W huw

NOTES

L02-02




L02-03

Tabulator
Bé1  wLBLs 857 wLBLI Clear stack except for last
Baz CFC Clear fiag 2 and registers. &se 6 input.
Baz  CLRE BES  ENTt
pas P2S BEE  ENTT
aes  cire oo BEI (3]
#8c INT fes - S o L i
#er 1 If the value input for number Bel  #lBLE If column just changed
me:  xov? of raws is not in the range of bes  F27 GTO 1.
#ec  ETOZ 1 10 24, reject the value. L e
e1a [ Bee  ISZI! Restore counter. Subtract
611 4 [ = display from totals.
iz 4 BEE L5TH
i3 o Bee  ST-8
14 XLy? | 7 SR e e e
b1 ETDE 871 Far Print space 1o indicate
Bl ETOV 672 SFC deletion.
817 #LBL® 73 RN e e
P1E 1 Store # registers + # 74  wLBL! Reset index to previous
B1s % registers/100 in 1. 75 k1 column, last value,
B26 + 76 RCLI
Lt B 1) | (= e [ FRC
Bz2 67E 1
823 ENTt Clear stack. avs +
824 ENTT el &101r 009090 leeeeeeeee s oo
625 ENTT #g1 i Subtract display from
626 RTK #ez s totals,
:g; tLgiéﬂ 1f flag 2 is set clear stack. B8 LSTN
4 B4 ST-@
829 &m0 oo areaad] P8y Bl=f = |ssssseeoae=o
B36  ST+i Add input to row. BRE Fe” Print space to indicate
B3l 5T+8 Add input to GT. BE7  SPC deletion.
B3z 4 N (S P B8E BRI 0 e wesmne e o
:gj 54 Add input to column total. :g: .L?:t
£ Toggl i 4
T R 291 tT08 oggle print/pause flag
A & 0
7
:;g D:‘;"‘ Stop if | is not 0. ;;; SFE
::ﬁ ;:g 777777777777777 @9¢ RTH
1 637 aLBLE
5 Set flag 2 for new stack
b o
_____________ 859 CLX
::; EE:( Reset index for next loop. ::? RT:
::f % 182 wLBLC
7 + 163 pEll. 0000 RS T
pag stor | 184 aLBLE i
,,,,,,, = s e s
:;g E:'I;f Print or display column ::E Rgfg Set index to begin at first
851 Rt total and stop. 187 FRC row total.
852 Fe*? 186 EEX
A L
i 118 3
855 SPC 111 X \_____
856 N, . Jessscasan o oo 112 DSP2
REGISTERS
g o 5 6 7 8 9
used used used used used used used
53 £l 5 S6 S7 S8 59
used used used used used used used
C 8] I
used used used index

£
AW W W W R NN

'R R TR U Y VR YR Y Y

" A W W

-
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113 wlBL4
114 RCLi Recall and output values. If
115 Fi? flag 1 is set, convert values
116  ESBE to % before output.
117 PRTX
118 L R
118 DSZ1 I1f 17 0 loop again.
i S ) /| e
121 SPC Qutput grand total or % of
122 RCL8 grand total it flag 1 is set.
123 F1?
124  ESBE
i PRy e e
126 Ré Return original index to [.
127 STOI
128 RE. e
:gg g;:‘ Clear flag 1 and stop.
133 w0 .
{gg c%é Qutput % of total values
ing LBL C.
134 #LBLE i
135 RCLE
136 = Compute % of total for any
ig; &': input value.
139 X
146 RTN -\ ___
141 wLBLZ
142 Ré Ercor flash loop.
1‘3 .LBL? rror Tlash loop.
144 PSE
145 €07 |\___
146 RS
v LABELS - FLAGS SET STATUS
’\lal i Del l:“'-Tm g, % Tot ilal* % Tot nprim FLAGS TRIG DISP
a b c d e 1
hrows P? % 0 DEG ® | Fx ®
[ 1 2 3 2 1 GRAD O sci O
susnd . Col Chg 7arrcr - ;I'ol aCoI Chg 2 RAD O EN%‘ o
% Tot error 3 L
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PRIMARY EXCHANGE SECONDARY REGISTERS

The data storage of your calculator is comprised of 26 registers. Sixteen of
these registers are directly accessible at all times through store and recall com-
mands. The remaining 10 secondary registers Rgy~Rgy are not directly address-
able but may be exchanged with primary registers Ry-Rq at any time. The
command can be used to do this. Figure 1 represents the action of [pxs].
After execution of the command, the value originally stored in Ry, is found in
R,, and the value originally in R is in Rgy. A similar exchange would occur

between R;-Rg and Rg,—Rgy, respectively.

Primary data registers

I |

R |

Rp

Re

Ry ]

R4 ] Secondary data registers

Ry | | M===—==x | Rso

RB l ] T I RSS

R; | o | Rsz

R . | Rse

R; —— Rgs

R, [ e | R4

Ry | —= ] Rss

R, _ | Rsz

R, | e | Rgy

R, | e ] Rso
Figure 1.

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

3x —— > Ry,
2x —— Rgs
Zy —— Ry
3y? ——— Ry
3xy ———— Rgy

Eﬂ —— ng

m
"V VI VIR VT VR VT T U At U N Y TR O TR TR R T T R YR T
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Before starting to accumulate the sums, registers Rgys—Rgg must be cleared.
Since the clear registers command only operates on the primary registers, a
command is necessary. The code from Curve Fitting which prepares the
secondary registers for summation is shown below:

Exchange primary and secondary registers.

CLREG] Clear primary registers.

Return cleared registers to secondary status, ready to
accumulate sums.

Note that this sequence has no effect on the original, primary registers Ro—Rg.
They still contain exactly what they contained before the sequence. This allows
Ry-Ry 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, b and r?. However, since the sums are in the secondary
registers, they are not directly accessible by the store and recall commands.
This necessitates use of again. Label C (steps 68-113) of Curve Fitting
performs the calculation. is found at the beginning and the end of the
Label C routine. The first allows the values to be accessed directly. The
second returns the registers to their original configuration.

Exchanges primary and secondary registers for access by
: and 1.

Exchanges primary and secondary registers returning

RTN calculator to original status.




E =
Curve Fitting |
-3
= v i3 3 | S 1 £ Powerexpeale, _ _ _ _ _
B6!  $LBL B5; Y | =7 r -
862 E Toggle print/pause mode pEg PRTY 1 I: ¥LELE Pasition coeﬂlAclents in stack 1 : 5;21 For power GTO 1
P Fan W ol w2y E I 115 STOE for use by projection 1
< i =2 k2 11€  RCLA s ! o
g4 PTN BER  PRTX J 3 ] ;
aas ! sF2 117 RCLE s b
3 = 18 REEE: @ | lessossemooess 17 F&
- B T g . S [ | us 1o T — i7s 6108
BAC  #LELE Clear flags and registers for BE4 S5F3 §€E )E—_ﬂé}_. A— ] ;5? l';g,‘, exp projection. ;'—,7 lL[;‘U
RAS CFa linear regression. ] cgg; Print delete indicator if E a . s LN :D;B;l;n;‘; iiiiii 17e X2y
BIE  CF! BéE K [ b 178 g
Bl1 P2S g CTOR i i2 X e 78 v
B1Z  CLRE BEE  #LELC l 545 :m Linear or logarithmic ;g? GTE‘?
13 Pes #89 P¥8 i projection. 5 2
5 E 3 E o - £ o
pis kTN | €7 RCLE ’ g :iﬂ it : .
BIE  siBLe Call LBL b, then set 872 RCL4 t;“ P
BIT  ESBE exponential flag. 872 RCLE 4 :
BIE  SFI o7 x lr 1 a 30 g0z
615 RTN | ___] 7% RCLS ¥
B2 eLBLd Call LBL b, then set 676 i I :g; 3'
B2l E5Bb Iogarithmic flag. i 2 E‘ " q o fe |zmzmmmmmme-
B22 SFe 678 ENTT s eTos Print?
T SR e—— 875 ENT? | o B e
b24 sLBLe Call LBL d, then set flag Bes  RCL4 137 aLBLz .
b25 6584 for power curve fit. BEL X E\ 1 q 136 | = o
#2e SFI Bez  RCLS 3 it Do power projection.
A e | st
828 #LBLA pras—— 864  RCLS :
2o CF3 e geS X3y E - 142 eros
636 =sLBLE BEBE -
o e | i
83z ESBS 8az2 108000 lesssonwmoaac z 145 SPC Print =1 indicator.
823 sto0  |___ ] ees X Compute 12 El ! d 41
o oo |
= | | : - 48 PRTX
836 x2v I i B3z RCLY 1
837 sTOC AN R 857 - E k| e
g8 Fa” 834 CHS 1 g" T‘
939 LN 895 RCL7 _ i | | ————
(L]] F3? B9¢ + E: 1 q :g‘ ﬂs'gg Position coefficients in stack
R4 £T08 897 * . 154 RCLE for use by projection
Baz ¥ B9E Png ____________ 15% 1% routine.
43 WlBLY 895 RLL - : .
B4 ENT? 186 RCLA - [ | % B
B45 1 181 RCLE 157 RCLI 3
e & | 5
7 T I AEEAR =1 ez - - -
e iy e ies| 80 s E -
845 RCLD SRR : 185 P :glz .
B5e Xy 186 F1? 163 Fa‘o
BS! RTH 87 e* E; L ﬂ 164 o
__________ 3 3
:55‘; ILBJEE Subtract from sums. Igﬁ ;;g: | 165 F2?
- i
#s¢  eror |\ ] {16 RCLB 165 ET09
855 #LBLY inti nd 111 PPTX 167 RIN
B3 sPc fag, AR | 12 s | S | 168 _wLBLI — —
LABELS
0 0 g 3 HEGIS: st B 7 g Id ‘ | Atvit) Putwil) [+ab 5% =3 °Log FLAGS TRIG DISP
ON OFF
= ] 5 53 5 &, &3 5T, 58 B "' - d %y °Lin? CExP? foa? ‘bwR? ‘Exp 0o O DEG B | FIX ®
AD 0 - 1] 0 - Ix D}:x Zy E Zy Zxy . n ] F 5 ;u“d :pw‘" arint 4 zpﬁm ; S gsgo E gﬁé E]!
> I_b X Vi Xy | 0 .l. I :’ display - |Erlnt z- 3 0O n
|
E 4
E A
E: 4
E A
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MULTIPLE STORAGE IN REGISTERS

In Calendar Functions 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 through 97 of Calendar Functions break the date into its individual
components.

PROGRAM STEPS X REGISTER CONTENT
ENT? mm.ddyyyy (combined form)
INT mm.000000
STO7 mm.000000 (months)
— .ddyyyy
EEX
2 100.000000
X dd.yyyy00
ENT? dd.yyyy00
INT dd.000000
STO8 dd.000000 (days)
= -yyyy00
EEX
4 10000.000000
X yyyy.000000
STO9 yyyy.000000 (years)

Steps 54 through 78 of Calendar Functions assemble the three values into one
number for display. However, other operations are being performed which
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 Ry, and
y in Ry.

e e e  —  — i — - — — — — i — i — i — i — i — i S— i — . — . — i S— i — " — .

| VRt VIt Vit Vit VIt VR Vi it Vit Vi Rt ' A

' VI VI VIS Y TRV VR T TR ¥ PR | P 1 M| Vil

PROGRAM STEPS

RCL7
RCL8
EEX
2
+
RCL9
EEX

X REGISTER CONTENTS

mm.000000
dd.000000

100.000000
0.dd0000
mm.dd0000
yyyy.000000

1000000.000000

0.00yyyy
mm.ddyyyy

L04-02
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Calendar Functions

BBE ";E‘L" Calculate A days and put [ ':f: 4
:g:i pgt:: control 3 in display. ggi R»Ec-
Bos - -4 INT
Bes 3 HE] e
pée ecvos | _ ] Bz TR 0 il seeawacn
:g; ”};ﬁ: Calculate A days and put :€§ ECL:; Build (m' - 1). dd part of
e in di 6 isplay.
$05  RCLC control 4 in display. G5 RCLS display
616 + (113 b
Bl £ Massaesoaoeoo o LD -
812 «LBLA BEE -
BIZ  STOI f‘im_c_m:rc_'l c_oig_ ___J] ee2 RoL7 Correctm' ~ 1 and y' to m
b14 Ré Store constants. ere 1 and y.
(Il 3 871 4
313 € e 2
#17 5 67z ese2 V.
816 - 874 RCLS Finish building mm.ddyyyy
p12 2 s EEX result and display final
826 ] 8¢ €& answer.
821 STOS I #
Bz2 3 £
Bz3 &
624 . r o & rn 0 L ccaaa
B?E (3 Break date input into the
g._-.‘g g individual components of
27

i5h ] mm, dd, yyyy.
828 5T06
836 R
821 R
832 F3?
B33 €701 8es
B34 5TO: Store A days according to 696 ENT?
BI5 1 control code. 691 INT
836 - (S 89z ST08
837 2 ' 893 =
e : Calculate y . 854 EEX
835 1 895 4
848 = 896 X
41 RCLS 837 stos | ____
a4z = 898  RCL7 -
[ (N f;g !
644  STO9 ' .
845 ROLS (eiaEin S TR "1 S bttt
46 i 182 1
847 INT 163 : il
B45  RCLi 184 7 vy
B49 24 185 +
B58 CHS 166 CHS
BS51  STOG 17 €82 |
:_'55' RCJ;E ::; RE&& Compute day number.
B54 Wwr | lssssaosaoaas - 116 INT
855 STO7 Calculate day of month. 11 RCLS

| 856 RCL& 112 _RCLS

REGISTERS
0 i [3 g 5 6 7 g B
Day #1 Day #2 365.25 30.6001 m d y
[0 9] 53 54 5 56 57 58 58
A |§ c ,E i
used A days control

=

WOl W W WM

W Al

Al L

Al A WM W WL WL LWL LN W
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112 X 1€9 X2y
114 INT el FRC
1= + it b
116 RCLE i é
147 + 172 ¥
NE Sl Vescsesoaa oo 174 +
1 {3 "_ Compute Julian day number ! [£] sT00
i";? i for output. ;35 ‘LSIE """"""""
5 H g P Calculate day number.
123 g 176 RCLS
124 & 168 5
125 2 -
ig? 95;3 isi RCL; Change day number to
176 RTN 184 " modulo 7 number.
129 sibLz If input 1o this routine has 165 6583
138 INT absolute value 1 or greater: 186 LSTX
131 §T48 T R 187 1
132 1 Ve 186 6
133 2 mismEl2 18¢@ x
134 kS 156 R  eescsamaamay
135 = i 191 kS
1
13 RN i
137 sLBLC Store input.
138 D5Pe
128 st |\
148 F3?
141 RIN e s
}:'3' :g}:; Calculate Adays and stop.
144 -
145 STOC
146 RN\
147 #LBLD .
148 FIo If input GTO 4.
149 ETD4
i8¢ e | oo TTTT
151 DSPI ComPUIN Y e
igg ﬂjl‘; Convert to A weeks days
154 = format.
155 INT
15¢  LSTX
157 FRC
158 .
159 7
168 X
161 +
162 R aaseeaae oo
::i ';g‘,;; Convert A weeks.days to
days and store.
165  ENTt
166 INT
167 7
168 X
LABELS — I__ FLAGS SET STATUS
DT, opT, “oADays  |"+aWks. Days [*DT = pow  [° FLAGS TRIG DigP
a o c d & 1 ON OFF
- - o O W DEG ® FIX &
I DT = d 21 4 10 ® GRAD (1 sci O
sca c . - days g m-12 Bmu:u‘l 7 g!_\Wk -+ Aday B : D RAD 0O EN(} o
input 3 0 ® N
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INTERCHANGEABLE SOLUTIONS

In programs like Annuities and 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.

b
d (5 ]

5] (0] a
LBLA LBLB LBLC LBLD LBLE
C C C C C
A A A A A
L I, L L L
C C C C C
U U U U U
L I L LL L
A A A A A
T T i T iT
E E E E E
a b c d e

STOA STOB STOC STOD STOE
RTN RTN RTN RTN RTN

To store a, press B to calculate a, press £} . Note that after any value is
calculated, it is automatically stored just before the RTN command stops
execution. This eliminates the need to reinput calculated values in subsequent
calculations.

Al A M W WOl AW R RN RN AW

R Y Y Y ' R
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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.

o o e a6
LBLA LBLB LBLC LBLD LBLE
STO1 STO2 STO3 STO4 STO5

F3? F3? Fa? F3? Fa?

RTN RTN RTN RTN RTN
C C C ] C
A A A A A
1 L I L e
C C C C C
U U u U U
L L L il i
A A A A A
T T T T 4
E E E E E
a b c d e

STO1 STO2 STO3 STO4 STO5
RTN RTN RTN RTN RTN

To input the value a, key it in and press [[§ . To calculate a, press [[§. 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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1‘ Annuities and Compound Amounts E A
‘ 113 RCLA nPMT +BAL-PV 169 +
861 4LELn Store dummy O for n. 857 ST0S {1+1)in Rs. E; 5 i;; b n : ‘.? BeL
& B STOV 1 recall PV. ol
bz b B5¢  RCL 116 T4 e naaoias 172 RCLS
sz stoa 0 e 59 A = 4 3 : ol :
B84 ESEE Calculate subroutine. 66 CHS Calsilige:f1 Lt 7N guass for L niichior: i
e I O i i 861 i store in Ry, En g e Tos 2(FV - nPMT) it fme
g LSTX Solve for nand store it in Pee BT822 |moomoooemses d 128 - ; __.; 2
Be’ - Ra- 863 RCLE FV (14i)™" 121 ENTH l’_, _
866 RCLD g+ x |mmmmm—— o 2 . 17 v POR——
885  LSTX #6% 1 Caloat - i) E 3 1?; ks and duu:ummnla: i.f-_g B W
::? A zﬁ RGLE el 124 1 (ESHITEMEEY 188 GSBS Subtract 1(i)/F' (i) from
P12 LN 862 5704 Calculate + (PMT/i). Use E' a :gz = }gi RCEZE currentivalue,
B13  RCLT B69  RCLC - if FV flag is set. " 127 RCLC 167 RND 1f value is not = to zero,
B4 LN w6 RCLS Store in A. 15C e ol s "
B15 = * e £
2 125  RCLE 185 etee | ____________
T 87 F1? | = R e maR e
oty k| 73 CHS E 3 o | = Stop and display.
818 #LBLC Store dummy 1 for PMT. :Z‘ gg{z sk : 3; . _:‘ Guess for | 186 sLBLE S ]
8ie 1 v 5 culate o Bttt Li, PV,
By EBE 000000 leeeeeseariaol 876 x PMT - R E[ q 133 5 If guess is less than 0.9 use :gg :gtg problem.
821 CSBE Calculate subroutine. 87 x i [= (121} 2 i;; EH; ~0.9 for guess. 194 :
A S e Ea prg. RN e TREE R 136 xevn 192 RCLA
827  RCLD Solve for PMT and store it B79  &LBlLo Start by clearing PMT, PV, 137 ;{"Y 193 1%
g4 Ft e BBe  CLX FV (BAL) ragisters and E - L A T e o
25 = (.13} sT0C annuity due flag. 139 X=g° Store guess as a %. e ¢ 1
826 x 882 STOD . i I e g h
§27  STOC ggf Sg_?g E ﬂ {:? .‘_SI'.; WgwstyeOawop, isi $LBLS
p2e RN | ____ | s /S | S
829 sLBLD Store dummy 1 for PV. [.:5] RIN ::?“ 5555 Calculate f{i). :EE EE: Convert i to % and add to
638 1 BBE sLBLL Annuity due flag toggle. 14; Fi17 26& oy content of Rg.
e21 S0 e s El ﬂ 145 CHS 261 ST+i
832 Espe Calculate subroutine. _ __| "g ; - 146 RCLD P TN > [ A
:;: ST;D Solve for PV and store in o TEre 147 - 263 sLBLc Output n, i, PMT, PV and
Rg.. 0| ¥« e | e e pRg 00 TToo s eme e 3 : v b g
B35 RTN i | 851 RN E q ::g :gtg Calculate f'(i). 5:; ngg FV or BAL.
836 sLBLE Calculate subroutine. 852 sLBL! L 158 RCLY 286  PRTX
837 esee (| 893 e 151 : 287 RCLE
838  RCLD Solve for FV (or BAL) and B34 CF6 152 e 288 PRTY
B35 X2¥ storain Re. il O | T i = ﬂ 153 F1° 289 RCLC
B4e - 896 ¢LBLE Clear Rg for sum of i terms. 154 oL 218 PRTX
41 RLLS 8% - 155 5706 211 RCLD
R4z = (] STD% Store address of Rg in Ry ﬂ 156 F1o 212 PRTS
B43  STOE 899 o for indirect access. E 157 n 217 RCLE
:; IL:Ig """""""" }:‘13 57011 158 F1° 214 PRTX
ClearFVfiag. | 00 we 00000 |=mmmmmmm—=—- LSTX 215 RTH
B46 CF1 ' = 18z RCLE Recall FV, n, and PMT, E; ﬂ :‘Zg RCL4 21¢ gRs |70 T
B47 RCLO [T TTTT L | - 161 RCLS
p4g  x=8? I PV = 0 sat FV flag. Hee RELC H#PMT =0, GTO n, i, PV, e s
845 L 185 X=@ FVsolution. : 63 _
85¢ 1 Set annuity due mode off ::f GTES‘ Start guess of i. n PMT El 5 164 RCLS
851 STO5 {Rs = 1). 7 +BAL. ) 165 X
#s2 RoE 0 |DERER e oo ;gg e I o it 166 F8°
853 % Convert i to decimal and PV n 0, GTO PV guoss. : 167 RCL4
£ ot fe e E o i
pss + Calculat ). k¢ L (e SRSEELe LABELS FLAGS SET STATUS
L L Al HEGISTER; 1 - s = i Femr  |Pev “rviean |° Ap FLAGS TAIG DISP
g n 1
7 0 g i f_’ ON OF
IE : i atPMTﬁ ?1-(1+.r“1 51 or1+i Bncmr““ 11+i) g+ li/100 E' * start "D © print A ke 'pv-0 o O® | oee ®m | mx
50 3 52 g & 5 56 7 S8 & 0 cale ;AD j : FV guess : guess Tz__ 1 M QRAD O Sﬁé o
5 . 4
. : - - = | iE j r.—»% Ilwp FV,PV-i ]_ 30 ® n
n i | PMT PV FV (BAL) 21

LI
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L06-01
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:

1. As a direct branch such as GTO 1, 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 specify the operation to be
performed. The operation codes are:

_ CODE | OPERATION |
1 4
2 o

| 3 X l
$ o
5 % |
6 I/O HALT |
7| Constant |

The first time a problem is done using Follow Me these codes are stored
starting in Ry and ending in R;. The calculator accesses these codes in sub-
sequent calculations and performs the operations indicated by them.

The GTOi instruction at step 083 actually selects the next 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.

EEEEREPNNEFERRDRERRERRERRERRE
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T |
Follow Me E =
v
951 SLBLA Clear registers and set index 857 STOi recall constant value. 13 RCLE
el 200 BAvIn RdRrics: 05 ReLE B 5 {5 ero
Ag4  CLRC e66 elBLE | _________ ' 116 #BLS peform%.
Bes 2 861  DSZT If 1is non zero after dec . v R
fec 4 862 ET01 storscd. B E | 3 18 CLX
967 STOI 963 £705 GTOemor, .~ _ - 118 RCLE
Bag CLX B64  #LBLI Store code and return dis- , 128 %
ses kW | ] 865 ST0; S : 121 GTOE
B18 eLBL. Bartorm widiekon s vt B6E  CLY E -4 122 wBl6  |____________
#11 ¥ addition code of 1in display| 867 RCLE ted KL Hale for 1/0.
Fi.i i register. BeE 0 | 124 CLX
63 eToe | _________] BES  #LBLD Store 24 in [ to reset count- — a 125 RCLE
Bl4  &LBLE Perform subtraction and put 'zﬁ Cl—-‘j er and store zero code in E 126 RT! ____________
815 -, 2 in display, then transfer 5'_{ < Rp for auto reset at end of l 1zv 'LBE' Recall constant.
8ig 2 W LBLD: 7z 4 e ) 128 %=
B oo\ ] 872 ST01 E " a 128 CLX
BIE  wLBLc Perform multiplication and 074 CLx 136 RCLE
os x 3 i o oA T S (S — y 131 pszi
k e . i
821 706 ‘877 #LBLE Store display value, access E 133 ET0E
E:E #LELd Brg 5735 code after dec, put code in 134 R/S
& i 7. 1, transfer to LBL corre- ‘ ————————————
624 4 BeE  DSZI s
025 aLoLe BEI  RCLi ening o codel E o -4
6 D51 B8z X
Bz27Y  ETO1 M7 BIOE @ [seeesssaames ‘
B28  ET09 BE4  wLBLE Reset 1o start new sequence
B29 tLBL.!I B85 CLx by setting | to 24 and re- E . d
Bfﬁ &T0: Store function code and 86 2 turning output to display.
B31 R4 return operation result. 87" 4
B3Z  RTN 886 STOI E | 5
B23 siBLe Perform %, store display LEE CLX
:;; STgE register value, and put 5 #%¢ RCLE | ‘
code in display. el RTN Perform addition and re-
P35 | LY 32 #LBLI turn to LBL E for next Ei I "
FHA 94 Cix etruction. \
B35 WLBLE Uohaltcode of 6 putin | 895 RCLE .
B4a  STOE display after storing display 896 + E | l’
B41 CLx register value. L L I | | e Sy T
642 3 898 alBL2 Perform subtraction.
B4z €roe  |\____ ] #99 X1
B44  #LBLC Constant code of 7 put in 186 CLX E I 5
B45  STOE display after display value is 181 RCLE ‘
B4é CLX stored. 182 z
7 AN | | 183 e | ____________ E | n’
B4E D571 I Lis non zero after decre- 184 #LBLI Perform multiplication. 4 oy
ae 5101 st o 105 K21 ‘
B58 ILBLB. Flash 24 | 186 cLx -
851 CLX many operations have been 187 RCLE E‘ : '_’
e z attempted. 168 ¥
ssf PS; 188 ETOE = |
a5 ! Parf division. ’
- S e s o v E 4
856 ®LBL! Store constant code and 112 (-E_‘ |
REGISTERS — L._A_E;Q.S FLAGS SET STATUS
0u ‘used zused 3useu used 5mm: lsuud Tusad Bused gused i v_, * start Ewo © const ° End © Follow i FLAGS TRIG DISP
50 g = 55 = 55 56 57 B3 5 . ey B © x 9+ ® % ; ek R ——
used used used used used used used used used used &) Ty E) ) 4 H 10 x| GRAD O sc O
0 g c g 3 i . - _ued N = X 5 . 2D x| A O ENs D
used used used used temp stare step count ij.' _’ % 1o 7 const error a0 x n

-
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L07-01
VARIABLE INPUT

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

S, @ED S: BUED S

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

Unknown value
5,
S,
S,

rEn

The X, or display register, shows S;.

To operate successfully, Triangle Solutions must store S, in Ry, S, in Ry and
S, in Rp. Since S, is in the X-register, it can be stored in Ry, with a D]
command (step 002). The value of S, must now be moved to the X-register
so that they can be stored. A I 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 GH, B is performed placing S, in R. The operational stack
is left as follows:

S,
Unknown value
S,
S,

XANA

Both S, and S, are stored in the correct registers. After I3 and (8], S; is
correctly stored. The final stack contents are as follows:

S,
S,
Unknown value
S,

osh

=
|
-
=
=
=
=1
-4
-1
-4
-
-
-
-
—
=
=
.|
&
= |
4
4
3
1

L07-02

The complete input sequence is:

LBL A

STO D (store S,)
Rl

STO B (store S,)
Rl

STO 9 (store S,)

Up to four values may be input per user definable key using this type of
technique.
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Triangle Solutions
#81 wLBLa Store lengths of sides Sy, B57  RCLA GSB third angle
862 STOC 1,51 L B
882 Ré B5S  STOC ¥ = Sysin Ag.
@84  STOR 868  RCLE
885 R B61  RCLS X =Sqcos Ag
s G000 e e i 62 - | /O .
#ev Ré 62 X2y
#6E R4 P=(51+85+53)/2 #64  STOB
(L] + B65  RCLC
618 + 123 1
611 2 867 +F
812 | (FS S S 068 Re
#13  ST07 88 ¥
814 Xz 678  STOR
815 LSTX 671 R+
B16 RCLB B72 x
87 x 873 +
BE - Ag=2c05" # HES), e74 sto0 | _____
B19  RCLY 5183 B7S  ETO!
B26 RCLD B7E #LBLC Store Ay, A;, and §;.
B21 X 877 STOC
B2z = 878 Re
823 % B9 STOA
824 cos- BBE R
025 2 81§09 000 | eeme e
826 x B8Z  RCLC GSB third angle routine.
Mgy SHE 0000 easessseaimeeecal] BBZ  RCLA
B2E SIN B8e gsBe | ____
829  RCLS h=S, sin Ag 885 RCLS Set stack for Ag, S, A
838 X Bee RCLA solution.
B3l StoB 00090 |eiecseceee oo o I
32 RCL? 886 sLBLD 8604 83, Ay, and §1.
837 Xz 889  STOR
B34 LSTX 38 L
BIS  RCLS 891 STOA
B36 X a9z Ré
B37 - 893 ST09
838 RCLE PTICR) 894 RCLA | _____
839 * Asmdcos~! | =1 895 RCLE 2 = 5,2 45,2 - 25,5,
B4E  RCLD Ll i = 896 R R
B41 ® 897  RCLS
B2 % (L1 =
43  COS¥ 9% +F
baq £ 08 st B0 o
1435 X 181  RCL9
B4€  STOC 182 RCLE E:SILS" 5. and S5 and
oo S T ——— i
:lﬂ :g;s GSB third angle routine. fgz g"ﬁg ————————————
E: g;ﬂ‘; GTO print. :gz ‘;g‘&g Store Ag, Sp, and Sy.
:gi, "s'%z Store Ay, Sq, and Ag. :gé 51,5;
852 R4 189 R
#54  STO9 118 e 000 o ccae
855 R 111 RCLC
856 STOE =~ =00 o|——————— 112 SIN
REGISTERS
0 1 2 3 5 6 7 8 9
used h Sq
[s0 51 52 53 54 S5 56 57 ] 55
A C] C U
Aq _]-Sz I Az Sz Az

m
Tt Vit T T Tt Tt T TR R

. B

TN 14 T 4 Y VY VR 1T 1Y | T

L07-04

g 2
:;43 RC&B A3=sin" %sin Ay :g-@ 5
115 RCL® : 17t PRTX
116 e 17 FTN e = — ]
117 SIN* 172 #LBLS i
116 STE = = |seoosoemTmoan 174 R
118 RCLC GSB third angle. 173 R
N L D 176 RTH
121 STOA Recall Ay, S, and A; and w7 R-8
122 RCLE egseB. | e e e =]
122 RCLS
124 RCLA
125 6588 @000 | ceseosieeiee
126 RCLS Stop if this is the only
127  RCLE solution.
128 X£y?
12 L1020 |eossssoceaes
138 RCLE Find secondary angle for
131 cos alternate solution.
132 CHS
133 C0S8
134 STWOE = = | |ccecsesweme——
135 RCLC GSA third angle.
136 8508 9=z | aasoaado
137 STOA Recall Ay, Sy, and A, and
138 RCLE GSB B.
139 RCLY
148 RCLA
141 1088 \____________
::?‘ sLELB Third angle =
3 + -1
144 cos cos™" [-cos (A +B)]
145 CHS
146 oS-
147 RTN
148 ®Bll @200 lewieeeeewaio
:;z ggg Print values starting with S, .
151 RCLS
152  PRTX
152 RCLA
154  PRTX
155 SPC
156  RCLB
157  PRTX
158  RCLC
159 PRTX
168 SPC
161  RCLD
162 PRTX
162 RCLE
164  PRTX
165 st
.ISE RCLS Calculate and print area =
:gé R‘hn Sy Sy sin Ay 1/2.
LABELS FLAGS SET STATUS
A B D E
B 808 A3, 51, A S, AL A |08, ALS |55 FLAGS TRIG DISP
a b d e 1 ON OFF
0o 0 K DEG ® FiX ®
] T 3 4 2 10X GRAD O sC1 O
3rd angle print 2 0O RAD O ENG. O
15 g F‘ id B 3 0® n_2
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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 automnatically set.
The user can change this status by pressing £l . Each time the £3 B keys are
pressed, the status is changed and 1.00 or 0.00 is displayed to indicate whether
or not the input values will be reviewed. The 1.00 indicates review and the 0.00
indicates no review.

Flag 0 and flag 1 are command clearing flags. That is, once they are set they
remain set until a clear flag 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? (test flag 0). If flag 0 is set the PRST commands will be
executed, reviewing the input values. If flag 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.

"—EL LBL b
)
Is
= flag 0 set FO?
2
| yes
G‘éO " GTO 0

Set flag 0 and

display 1.00 SEO
RTN | RTN
LBL
o LBL O
Clear flag O and CFO
display O 0
RTN RTN

*The HP-67 interprets PRST as pause stack. The values contained inthe 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.

AW W Wl we W W W ea

NOTES
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Vector Operations [ ~H—]
s B I 165 way
B3 EIN content. 114 #BL3 " 176 R
LBL Convert negative angles to £
no W Toggle two and three di- 856 LELE Biivectrootbinge E ! i15 1 positive angles 0° - 360°. LR |, BX
883 €708 mensional modes. ggg ,f: Put vactor cade in T. 16 CHS 172 R#
ity o s
pas 3 ! E 3 o RN, L e A
662 | 118 LSTX 75 #LBLC
B85 RTN < : == 5
T sLBLE gé; P:g'f Print input? 12? R;N } _’f Rng Take dot product.
#86 2 6 P |me=mss e 21 TP | N T 77 ?
pB9  CF1 BEs  X2v Convart 3¢, E. 3 122 #LBLA P 178 RCLE
P16 RTN | e o 123 RCLB vert back to spherical e x
811 sLBLb Toggle print/pause mode. ek b5 :g: RCf:E coordinates. igf Réi_:
Fa? 5 :
gig €108 865 "‘: El 3 126 RCLD 182 RCLC
#78 3 127 RCLA 183 X
us g . B 123 164 RCLA
7z 129 RCLC 185  RCLD
B1€  RTN e a3 E 5 :
§17 *LBLE o = iy I
CF@ 3 7
:; g o 875 LST:: : 132 SF2 168 RCLE
o R o | E 4 i et s HLE
B21  #LBLD Store magnitude and input % BegnCos i v 181+
B22  ST07 1 code. ! Yfwowconeistz_ | 0 | » ew - T | [
B23 1 W’z 'LB'EE If: 0.0t sonrant of 2 ‘32 *LBLE Take cross product. 15; PRT_X Compute angle between
24 ero8 0 hesesscwcaad 68 M register 1o zero. Et q 137 RCLO 9 x o
5 #LBLE Store magnitude and input ggl L 132 RCLD 184 LT
826 STOE 2 code. % Hi 138 Rc;n 105 CEE v
\ 27 2 . I 5 148 13
‘ 026 eBLE  |____________| (S = 141 RCLC 197 PRTX
B2  SF2 GSB S+C routine. 885 » | o= vaisimmante 142 x 19¢ RN
o - e ggé a:- Set T to zero. 145 el 99 ges | ]
B31  ET0: GTO storage routine. ! 14
o2 wptr - | T S mm e E - 145 RCLC
B33 5709 Storage for vector 1. 688 & Print input? 146 x
i Ban: 4 s
35  STOA L
:35 Ré 89z iF Convert C-S. E‘ q 149 x
937  STOB 893 x’fﬁl i x
#32 ! 0L a8 . 151 RCLB
L A — o E. -4 152 ReLD
48 #LBLZ Storage for vestor 2. R . =
B41  STOC :i;; F;i i;; sgfi
42 Re ? -
843  STOD 895 CT06 E 1% RCLA
B4 Ri 166 C‘-: 157 RCLE
= e L
46 2 : -
Bé7  RTN | __ ] ie: Bt E-' 5 168 P | SR
#46  #LBLJ Keyboard 8+C begins. 14 XY 161 WP .
#49 (] SYbOAF SOt ] 162 K2y Convert back to spherical
#5e eBLS 0 |__ ] 186 R? Put zerc in T register. E’l -’ 163 X<@°
651 sTO0I Store code. 167 LL¥ . 164 6SBI
18& R
o e e I 165 ki
853 F1? 189 F2? Return if GSB. 166 Xy
B854 ETO0B 1 3D mode is set, skip /2 :i? g’; e El _’ 167 +P
it i : int result " 168 Rt
:;2 CU; substitution for Z register iz eeer T e rsETE
3 nmns:sns - ; - . 7 j A4V, PV xVs oV -V [Pota,tn, [E o 19,1, |° pRINT? FLAGS TRIG DISP
2 3
0 0 ‘ S;’; sar: S’: E, 0 3D/2D7 5 pr O s ° s ' 3p/207 u 05“ '3"' BEG FIx
5 = s P 3 m 7 GRAD O | sCI
50 L 2 = uusad ;V, 2V2.pnm 30 - 360 : :5-'(] ; 8 RAD O ENG O
3 G 3 3 i E_I ‘ 5 5o cos § ] | 30 n
v1 [-21 I X9 Yz | 22 code H —j
E 4

m M
o W

E 3
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FLAG SET, CLEAR AND TEST-TEST CLEARING FLAG

Flag 2 and flag 3* are test clearing flags. Each time they are tested, they are
automatically cleared. This makes them 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 positive or negative. The following discussion details the use in
the latter case.

Label 1 calculates the cube root 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 tried to find the cube root of -8 (which is -2) directly, we would obtain an
error message. The following flow chart and code yield the desired result:

Flow chart Code X register X register
(Positive 8) (Negative 8)
e LBL 1 8 8
s.
no Is
—_input negative x<0 8 -8
?
lyes
Set flag 2 SF2 8 -8
—
Take absolute
value of input ABS 8 8
' ) 3 3 3
Calculate |
| Feat. of walis 1/>: 0.333... 0.333...
" v 2 2
Y
Was
e~ |nput negatlve F2? 2 2
| g.yes
Change sign
i of output CHS 2 2
e
RTN 2 -2

*When using flag 3, you must be aware that it is set whenever the numeric keys
are pressed.

mEREPEPREREPREDRMRE
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L09-03 & i =]
ial Evaluation )
POIynoml ‘ - = 169  PRTY Output x; and begin
I : :: § 17 5;; synthetic division.
E ’ 171 ST
F01  4LEL: Store zero for degree,to B;S EB ************ t ! 3 115 * 172 RCL3
175 6 initialize. SR, Imaginary roots? e 173+
863 ET0E e etoe | e A [eeseesseas 174 ENT?
fas L N |ttt BE: % - - 118 Xz = 175 ENTt
S #LBLE Store ag and set degree BE: Fon Compute xq (the root of E 1 3 119 + @ +R? decision. 176 RCLE
885 sru: indicator (= degree + 1) to 463 CHS targest absolute value). _ _ l :if z;g; i -
#ar 1. s + Sompumza: |0 RS ] a ocroe 0 | 17 RCLZ
85 RIN S el | SR '] | 122 1% i >
BAS  WLBLC Store aq and set indicator to B6c  LSTX E 123 RCLB Compute x5 using 168 €708
Big 8102 2 967 £706 I e 181 *LBLA
b1 £ 865 #LBLE = a me wrr 0 N e
:12 ‘fLPE oo ] o g E - g igf’ 'ﬁgg HEABATS 38y 183 ENTt Set up for polynomial
13 L B = by ] - : Ay :
B4 STOZ Store ap and set indicator s;? f:\ | = b :g; gCLE wilition.
815 3 t03. 2 CHe 129 ESBI e sTol
BlE  ETOR 873 PRTX ll 1 3 138 X3¢ 167 CLY
T aLBLE o (IR 131 &SB1 166 . #is
Bi&  STD4 Store a3 and set indicator G5 niBiE 132 + 188  DpSzZI
813 4 tod. 676 PRTN | - s grod |
8 #BL8E 0 e ey - 3 ;
:.g: bedd Sort to find and retain g‘,;} 'LEL'Z- 135 : :;é u:{: Degree one check.
p2z K=" largest indicator. p :_9 PRTY 136 - 197 p.
23 RTN egd  RCLA | e E 1 q g7 eres | 194 RCL: |
B24 AZY 981 #LBLS Return equation 1o orig- 138 sLBL1 Cube root of a number. 195 4
825 RCLE 8z STx4 inal form I 133 409 19 DSzl Evaluate f(x).
Ble ff:\‘ 883 STx3 148 SF2 197 £T0d
g2r 0V Bgs  STXE F - 141 aBS 196 RTH
gze  STOE e85 stxt 0 |eeeee P s 142 3 L A (| —
:g; .x;l’ BSE rf"o Stop and display. :ﬁ 1;5 Stop and display.
7 VA e el B | S-S A A
LA e reraena sl ] :gs RTN o E 1 5 145 F2?
8;2 tLg;? Start polynomial solution. H6S eLiL4 Start 3(:1 dg,” solution by l }.:g g:!:
w3 9 3 computing@: 0 B UMt e |
o3¢ ROLE | S ot 146 +LBLE A
635  STOI Put degree cade in | for 92  RCL3 E 1 149 RCLB
836 B contral. po7 ¥z 158  RCLC a
i ' (| PR — Bo4 g 151 CHS x=2/-0 cos(M)- e
B36 STOR Divide all coef. by coef. of 95' " E g q 152 % 3
839 18 highest deg. ”:5 - 153 =
L B S Bz s 000 | |esssscsesase 154  cos- Where
841 RCL! Select proper deg solution. i 3 Compute Q7. 155 3 -
B2 CHS gos  yx E = | 15 = M= L cost (RV-OP )
843 RCLZ e st 0 |ecebeoeeeeoo 157 0S8 3
B4 6T0F | 181 RCL3 Compute R. ] IS8 RCLD
845 #LBLI Begin quadratic equation. 162 RCLZ 159 CHS
846 RCLI 183 . E 1 5 168 I
Bé7 sBLS |- I 194 ROLI e
p48  ETOB Calculate - T 185 3 162 ENTt
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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 R,.

R] R4 R7
R, R; Ry
B B R,

= (R;Ry — RgRy) Ry — (RaRa = RHRT) Rz T (RqRu - RsRTJ Ra

= (RSRRRI F R4R9R2 + R5R7R3) + RQRRR-I # R]RBRS * R2R7Rﬂ

The following keystroke procedure will perform the calculation:

(reL HEIN reL MBIl el JEDY < B <l RcL MEDR e EDN Rel JEE > )l x it + L ReL HB))
CAOEHNOOCEENOENEEE D00 0 N0
(reL JEI reL JEII < ) < B + W R BE3l R NiEal rel JOI < > ) +

There are two patterns in the above procedure which can be exploited to reduce
the number of program steps necessary for solution:

1. 83 appears repeatedly.

2. The values recalled immediately before E3 B3, are recalled from
consecutive registers (note underlined RCL instructions in keystrokes
above).

A subroutine 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.

m
A W d A A AAAMEWNUBWNLWL

mm

mmmERrPEEDEAMN

4 Al

£

A A N VWL WUWW
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Here is what happens on the first, second and
sixth time the subroutine is executed.

\i 844 [SF]—1=1 =2 I1=6
(| 845 FLLi——RCL 1 RCL 2 RCL 6
‘: G4¢ # —=Ry X R, Ry X R, R; X Ry
|| 847 i —=Rg XRyg XR;, RyXRyXR, Ry XR; XRg
| | 846 + ——= 0 +R; XRy XR, Subtotal Total
B4z FETH— 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 R;). After this, the X X + is done and execution continues at the step
following the GSB 7 call.
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L10-03 ‘ | g
Matrix Operations | — ]
T | 17T RCLS 169 wLBL:
BE!  #LBL~ Set 0 in display for indi- - ' 114  ESB3 17E SPC First value from
G g i ey BSE  ESEZ E ! ’ 115 STO6 171 : multiplication.
ger 6705 2 |mrmomorem—o] ‘> 8se  sTOD | 116 Oux 172 STOI
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L I R i AR e . L7 127 RCLI 182 a g
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817 #LBLE to code. RCLE E a 138 RCLE 186 RCLA
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B2 8T8 0 |——m e m e mm CLx E a 133 GSBE 188 ] '
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B31  RCLS X - 144 5701 zee X
832  RCL” RCLz El 5 145 wLBLZ e T
B33 GSB7 RCLY 2 146 RCLi T et Ereinl i THEb -
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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 repetitive technique. In general, such techniques are com-
posed of three basic operations.

1. An initial guess is made.
This guess is refined.

3. The refined guess is tested for accuracy. If the accuracy is
satisfactory, the result is displayed. If the result is not satisfactory,
the refinement process is repeated.

In flow chart form, the process might look like this:

| Start |
{
Make
guess

L |

| Refine
| guess

Is
no . refinement
accurate enough
2

fyes
Stop|

In Calculus And Roots Of f(x), LBL E (steps 83 through 112) performs a
general interative solution for user-specified functions. The initial guess
supplied by the user is refined using the secant method. 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:

| .

H
@ W e e b bdada e aaddaadaeuwwuwe

/2

|

[

m .

1

f

Al

m

"

4
4
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f(x) [~

By defining a straight line using x; and X,, X3 can be found. Subsequently,
X, and x; can be used to generate x, etc.

The equation defining the secant method is as follows:

= gt | S
Xi+1 = Xj f(xi)( fox) — f(xy) )

It is evaluated repeatedly by steps 88 through 103. Each time these steps are
repeated, the value of x is refined.

Steps 104 through 110 (excluding steps 105 and 106) test to determine whether
the guess has been refined to the desired accuracy. If another loop is required,
control is transferred to LBL 6. If the value is sufficiently accurate, the program
stops, displaying the result at step 112.

The display setting, in combination with the RND function, is used to deter-
mine the accuracy of the result. If the amount of change in x; divided by x;,
rounds to zero, the condition for convergence is met and x;,, is displayed
as the answer. If the rounded value is not zero, another iteration is required.
For instance, if x; = 10, the change in x; is 0.1 and the display is set at two
decimal places, the test value would be calculated as follows:

RND (0.1/(10 — 0.1)) =RND (0.01010101)
= 0.01

Since the value is not zero, another loop is required. If, on the next loop, the
refinement were 0.01, and x; were 9.9, the test value would be calculated as
follows:

Test value

RND (0.01/(9.9 —0.01)) = RND (0.001011122)
= 0.00

Test value

Since the value is zero, x;;, would be displayed 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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English—SI Conversions (Metric Conversions)

gsi 'Lg;‘; Set millimeter inch flag. gi;
867 wLBLA pes
Baz 2 114
pac 5 (13
L ¥ b6l
Bas 4 BE RN |
pac F2®? Bes
raco 1 _:‘1 865 Pound mass-kilogram
:i? X:— - :b't: conversion.
b X ¢
12 RTN BeE
615 sLBLb e
ﬁ;‘: LS{E Feet-meter conversion. B':B
L 7l
a1é « €7z
Bi7 2 873
Bic & 674
a1s % 875
626 & BE
621 F2? i
B2z 14K B
B237 =Y b8
824 x® (i3
25 RN e ] T
B2¢  wlBLc
Bg‘; Lg[‘:: Gallon-liter conversion.
L <
p2¢ 2
BZE .
B31 7
§32 &
823 L
B34 4
35 1
636 1
837 7
638 &
839 4
846 Fa°c
B4 178
B4z X2y
847 X
B44 BTN lewcesass e
B47  siBLd
B46 5F2
= Pound force-newton
g:é .LBLE conversion.
4o .
56 4
851 4
g5z 8
53 2
854 2
855 1
856 &
REGISTERS
o 3 4 5 8 9
S0 1 S3 54 155 E3 S9
B C Bl |

m
A W A N M

N ON N W W WLl

d M AW W NW

& W

4
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Bdl  #LBLA 837  #LBLD
ooz 3 858 1 Pound mass per cubic foot
r:;uiz 2 59 [3 to kilogram per cubic metre
daq - Se={PF = 3218 aco * conversion.
BE.‘)_ ('F = 32)/1. 61 1]
a66 . 862 1
aar? BE3 8
aas 3 864 q
eey RTN e BES 6
618 wLble HEE 3
@l & a6v Fae
a1z i ‘F=1.8°C+32 asg 1K
13 [ a6y XY
il4 X a7 x
ai5 3 azl RTN
Ule g g7 sLBlLe -
L:l] 7 + @73 SFZ
%HB RTH == "Fi 874 xLBLE Haorsepower to watt
Ejjs *LEFE: g;g Z conversion.
i W British thermal unit to joule
az i e
o1 aLils v
a2z i 76 i
az2i 8 ] &
24 i [ g
825 5 gl 2
#z6 . g2 9
827 1] ns3 o
a2¢ 3 agd s
29 5 ags Fa?
B30 & b6 1
@3l I a7 XY
a3z 3 [T X
833 FE2: B8Y RTN i 152
834 17X (50 RS
a3s bhad
836 A
037 RTN i e
638 ¥LBLc
03y SFz Pound i
per square inch ta
g:? ‘LELE newton per square metre
B‘z 8 convearsion.
043 §
044 4
045 .
B4E 7
b47 3
@48 r
845 2
asp Fe?
65! 17K
852 X2y
@33 X
054 RTN = T e
855 sLBLd
856 §F2
LABELS FLAGS SET STATUS
I Btr.m PN E\bm-kq 2 TRIG DISP
°g Btu-J psi-N/m? Ib/ft* ~ kgfim | hpW ! D e ® | mx m
] 3 7] B 1 GRAD O | sci O
rBVEerse —
- o 5 = i RAD [ ENG is




L13-01

PSEUDORANDOM NUMBER GENERATOR

Arithmetic Teacher incorporates a pseudorandom number generator. This
generator supplies a sequence of numbers between zero and one which are
converted into the problems displayed by the program.

The term ‘‘Pseudorandom’ implies 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 roulette wheel, is totally unpredictable.
However, pseudorandom generators can be used to model random events pro-
vided they yield uniformly 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:

Uiy = fractional part of (997u,)
wherei =0, 1,2;...
u, = 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 test and the run
test. The most significant digits (the left hand digits) are the most random
digits. The right most digits are significantly less random.

In Arithmetic Teacher the initial seed of .5284163 is stored at step 022. Label
5 (steps 084-096) actually generates the digits for each arithmetic problem.
However, pseudorandom number generation occupies only the first six steps of
label 5. These six steps and the corresponding x register contents are as follows:

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 107) divided by two or
five must not be an integer. Also, it would be wise to statistically test other
seeds before using them.

mERR
A AdddauduuuelauwaswewssyuYwWwYS

E
E‘
B
o
(L]
=
i
o
o
B
e
|
B
B
o
o0
=
E
o

FRC fractional part of (seed X 997)
STO E  pseudorandom number is stored
to act as seed for next loop.
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Moon Rocket Lander E -3
i -
60 xlELA BS7  RCLS
[l [ L E - ;
ez @ gse Ed y
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:ﬁ‘ “Ef":g Clear registers. BST  ESET ) ol
il (13 SIN
Bz 25 & Test hour, minute second h 113 RIN
" Bss S Tethenmintesecond | g gl | 0 sl |Coeckoxy comparioms,
| :g: C:;:E ————————— = BEE  HMS+ PR EI a 114 wLBL4 Check x-y comparisons i?: E;?:.
| o g Test digit entry. BEL  SIN iiz P 171 aLBlé
wer . for Bl 00 [emefeeeeceew . 117 RCLI ez 1821
a6e 5 bes LDk Test Log and 10%., e g XY 1z R
bed [
, gec z S Lo s RN {zg. Rt
| (1] ? :‘,‘,’ L D T 126 1821 dca: EI0K
o ? o B Test Lnand ¢*. B ‘; 121 2 e
2 7 A v izé +
= & B6E  GSBT e i 178 ISZI
3 b - e 123
14 z L Tostad and 5 ow ie8  ROLL
l— ?a I square root. - - 186 Fz?
B1g L4 ] E —; 125 RTH 18l cTo6
BIE  CHS B S (e 126 1zl el
.} g EEX = 17 RcLl
73 s o) 183 #LE
g;i mi :'__,' LETY Test y* and /x, and LST x. E a iii X;?,; 184 Isiéf
; o 4RI P e 185 RCLI
[ 7 L ey - 136 18Z1
B2l mav comrmemend 028 130 RCLI e 2
B2z £t Test stack manipulations 677 GSB3 132 x#@° 182. €706 e -———
I p23 RY and stack registers. e ENTt | 7 E q 133 £Its Choek: x0 comparisns: 188 RIK
824 P B7s + Test +, -, i34 RTH :gg ‘Lgi‘:
‘ B25 Pt :gf LSTX 135 #LBLS & 2 Display format check
Bz& R = - 36 1521
T T . e . » o 192 PRIX
827 PSE ) 4 eez ese3 | E 3 i 137 RCLI
- < S - RC 193 ENG
i
o eto; 000 |To T oo TTTTTTT x s
#38 RCL; Test registers. gg? LSTY E q lsg 15821 };g Pfﬂ]j)j‘
831 Yo © ® b i4l KCLI
oy g eses | _____ 162 %007 5 tro
832 1521 BEE 1% e T 143 ETUS 199 CF )
#7¢  RCLE pee 1 sar:Intand Fra; E a 144 RIN 266 o Clear flags for next run.
875  PCLA Blg = - 145 #LBLS - Sy %1 pspe ;
o B FRC 156 Iszl 92 RN e
837 €702 paz 17X 147 RCLI Flag off tests 5
2 picd ' j : 83 ReS
w38 6108 93 LSTX =3 — 145 FE?
39 A ettt pas + 14% RN
B8 ';gtl Display number for error [LH] INT 158 1821
841 RTN in register store or recall. BSE  &5B3 E——. . 151 RCLI
| 2 S 20 |mmmmmseeey [ SSfsssos E; q oo
| B4z > Start function checks. B95 R0 Test degree and radian i53  RIN
[ “:' g pos  GSET conversions. 154 1521
188 /2 | it
zg S;(;:‘ 7777777777777 181 EE: Test %, E a fgz RE‘#’
M7 SINH Test sin, sin". 162 X 157 RTN
it 55 187 % 156 ISzl
HS  "pbe 184 GSEZ E 3 155 RCLI
’8  cose i85 ET04 - : 166 F3?
851 C5B3 186 4LBL3 GTO conditionals. 161 RTN
B52 i T 1€ I | o 162 1821 20 |eemsme—ee—ee
B532 ]—g:ﬂ Test tan, tan”". 1BE  RCLI Increment counter and EI ﬂ 163 RCLI
189 X#V7 check function. 1 164 SFi :
gg; csfi _____________ 118 303 Stop and display code in 165 SF1 ST g on,
B5¢ R ;I'nsl r‘el:tangular and polar 11 E. 152 case of error, , 166 5F2
unctions. 112 RCLI .f ﬂ 167 SF3
- i
REGIS’ - =
:EHS - - = 168 Fa? Test flags in on state.
B
sl;sed used used used used : A 8 c LAB [E\LS IERag SET STATUS
| S6 S7 S8 S L, Start E 0 e
| used used e ) a 5 S FLAGS TRIG DISP
used & d e 1
| o E ; used 0 o O;F
O - ] 7
i I_ used used 4 ! Bk ‘ registers Zqunctions  [“functions | xy ? used 10 = gFE!SD f ;gu :i“
3 7 x0 © flag 7 B g 3 2 0® RAD L ENG
used aOg® n




E 3

NOTES

NOTES

e
BB W E

sTfTf"fsf"TMTYAAMAMTARAAAAEAMN
W & A & @ & & & @ & & 85 8 @ @8 & &5 n




HEWLETTMPACKARD

1000 N.E. Circle Bivd., Corvallis, OR 97330

00067-90021 Rev. 5/77
ABeDE




Scan Copyright ©
The Museum of HP Calculators
www.hpmuseum.org

Original content used with permission.

Thank you for supporting the Museum of HP
Calculators by purchasing this Scan!

Please do not make copies of this scan or
make it available on file sharing services.



	HP-67_SPack001.jpg
	HP-67_SPack002.jpg
	HP-67_SPack003.jpg
	HP-67_SPack004.jpg
	HP-67_SPack005.jpg
	HP-67_SPack006.jpg
	HP-67_SPack007.jpg
	HP-67_SPack008.jpg
	HP-67_SPack009.jpg
	HP-67_SPack010.jpg
	HP-67_SPack011.jpg
	HP-67_SPack012.jpg
	HP-67_SPack013.jpg
	HP-67_SPack014.jpg
	HP-67_SPack015.jpg
	HP-67_SPack016.jpg
	HP-67_SPack017.jpg
	HP-67_SPack018.jpg
	HP-67_SPack019.jpg
	HP-67_SPack020.jpg
	HP-67_SPack021.jpg
	HP-67_SPack022.jpg
	HP-67_SPack023.jpg
	HP-67_SPack024.jpg
	HP-67_SPack025.jpg
	HP-67_SPack026.jpg
	HP-67_SPack027.jpg
	HP-67_SPack028.jpg
	HP-67_SPack029.jpg
	HP-67_SPack030.jpg
	HP-67_SPack031.jpg
	HP-67_SPack032.jpg
	HP-67_SPack033.jpg
	HP-67_SPack034.jpg
	HP-67_SPack035.jpg
	HP-67_SPack036.jpg
	HP-67_SPack037.jpg
	HP-67_SPack038.jpg
	HP-67_SPack039.jpg
	HP-67_SPack040.jpg
	HP-67_SPack041.jpg
	HP-67_SPack042.jpg
	HP-67_SPack043.jpg
	HP-67_SPack044.jpg
	HP-67_SPack045.jpg
	HP-67_SPack046.jpg
	HP-67_SPack047.jpg
	HP-67_SPack048.jpg
	HP-67_SPack0481.jpg
	HP-67_SPack049.jpg
	HP-67_SPack050.jpg
	HP-67_SPack051.jpg
	HP-67_SPack052.jpg
	HP-67_SPack053.jpg
	HP-67_SPack054.jpg
	HP-67_SPack055.jpg
	HP-67_SPack056.jpg
	HP-67_SPack057.jpg
	HP-67_SPack058.jpg
	HP-67_SPack059.jpg
	HP-67_SPack060.jpg
	HP-67_SPack061.jpg
	HP-67_SPack062.jpg
	HP-67_SPack063.jpg
	HP-67_SPack064.jpg
	HP-67_SPack0641.jpg
	HP-67_SPack065.jpg
	HP-67_SPack066.jpg
	HP-67_SPack067.jpg
	HP-67_SPack068.jpg
	HP-67_SPack069.jpg
	HP-67_SPack070.jpg
	HP-67_SPack071.jpg
	HP-67_SPack072.jpg
	HP-67_SPack073.jpg
	HP-67_SPack074.jpg
	HP-67_SPack075.jpg
	HP-67_SPack076.jpg
	HP-67_SPack077.jpg



