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To enter negative exponents, press CHS any time after EEX. For example, to key

in 28.45 X 10_35, press:

EEX >
35 >
CHS >

PRESS

28.45 —m—>
EEX
CHS
35

ENTERY —m8 >

v v J/

SEE

28.45
28.45E
28.45E35
28.45E-35
2.845E-34

SEE

28.45
28.45E
28.45E~
28.45E-35
2.845E-34

To enter a negative number with an exponent, be sure to press CHS before EEX.

If you forget and if it won't disturb the stack (this is a first entry), you

may press CHS after the ENTERt. Entering -285 X 10

these points:

PRESS

285
CHS
EEX
CHS
10

ENTER®
CHS
CHS

v [ vV Vv V v V

~10 U511 illustrate both

SEE

285

-285
-285E
-285E-
-285E-10
-2.85E-8
2.85E-8
-2.85E-8

If no mantissa is entered before EEX is pressed, a mantissa of 1 is assumed.

If no exponent is entered after the EEX, an exponent of 0 is assumed.
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‘ P
-
PRESS : SEE
CLEAR —> 0
EEX ————> 1E
ENTERY —> 1
| Entering T
T is a fixed constant available to the user. To enter the value of 7, press
the T key. An automatic ENTER? is performed before the value of 7 is placed
in the X register and displayed.
PRESS SEE
2 ENTERY —> 2
M e————3 3.14159265359
3 ——3 3
Ko e > 9.42477796077
X me— 18.8495559215
il s
PERFORMING MONADIC FUNCTIONS
Seveiral monadic, or single operator, functions are included in the hand calculator
program, including square root, reciprocals, natural and base 10 logs and natural
and base antilogs. These functions replace the contents of the X register with
the value of the function of %, leaving the rest of the stack alone.
PRESS CONTENTS REGISTER
1/x: 4% t > T
10%, L0G z > Z
e®, 1N y > Y
x —> f(x) ——> X (displayed)

i Reciprocals

To calculate the reciprocal of a displayed value, press 1/x:
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PRESS SEE
5 >
1/x > 0.2
1/x >

Square Root

To calculate the square root of a displayed value, press x:

PRESS SEE

81 > 81

Nx > 9

Jx > 3

X > 1.73205080757

Natural Logs and Antilogs:
To find the natural log of a displayed value, press LN. To find the natural

antilog of a displayed value, press ex.

PRESS SEE
2,02 — 5 2,02
LN > 0.703097511413
e S5 2.02

Base 10 Logs and Antilogs
To find the base 10 log of a displayed value, press LOG. To find the base 10 |

antilog of a displayed value, press 10%.

PRESS SEE

2.02 —m> 2.02
LOG 0.305351369447

10% 2.02

v

\ 4
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S
TRIGONOMETRI( FUNCTIONS
Three trigoncmetric functions are provided by the SIN, COS, and TAN keys. These
are extended ¢o six functions by first pressing the ARC key, to provide ARC SIN,
ARC COS, and ARC TAN functions. The trig functions are monadic functions. For
example, to find the sin, cos, and tan of 45 degrees:
PRESS SEE
45 > 45
SIN > (.707106781187
ARC » ARC
SIN > 45
Ccos » 0.707106781187
ARC 3 ARC
008 e 445
TAN > 1
ARC > ARC L
TAN > 45
| When first run, the program is set in degrees mode. The program may be set in
radians, gradians, or back to degrees mode by briefly stepping outside the pro-
gram. To do this, press the BREAK key. The error message PROGRAM INTERRUPTED
PRIOR TO LINE 300 will be printed and the cursor will appear. Then, type in
the appropriate command:
SET DEG for Degrees mode
SET RAD for Radians mode
SET GRAD for Gradians mode
followed by a carriage return. Then type RUN 300 followed by a carriage return.
DO NOT type just RUN, or the stack and memory registers will be cleared and the
program will be set in degrees mode again. When this is done, the program is l
where it was before the mode change, with the stack and memory registers unaf-
fected. As an example, let us see how many radians are equivalent to 45 degrees.
Also, let us express the number of radians in relation to T, as /8 or m/2
radians. Assuming the program is in degrees mode: «
L 8
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PRESS

45 —— >
SIN ——>

BREAK —>
SET RADQ*
RUN 3002

ARC —>
SIN —>
T o—_—
P ————

1/x ———>

The result is that 45

DYADIC FUNCTIONS

Several dyadic, or two operator, functions are included in the hand calculator
program. These are add, subtract, multiply, and divide, as well as exponentia-
tion. For an explanation of the way these functions utilize the stack, see

the section entitled "OPERATIONAL STACK".

Addition

Pressing the + key places the result y + x into the X register, and moves the

stack up, propagating

SEE

45
0.707106781187

"PROGRAM INTERRUPTED PRIOR TO LINE 300"

ARC

0.785398163397 (number of radians equivalent to 450)

3.14159265359
0.25
4

degrees is equivalent to 7/4 radians.

the T register.

PRESS

CONTENTS

[ REGISTER

Subtraction

Pressing the - key places the result of y-x into the X register, and moves the

rest of the stack according to dyadic operator rules.

*2 means carriage return
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!l Multiplicatior
Pressing the X key places the result of yXx into the X register, and moves the
rest of the stack according to dyadic operator rules.
Division
{1
Pressing the ° key places the result of y*x into the X register, and moves the
rest of the staick according to dyadic operator rules.
| Exponentiation
Pressing the ¥ key places the result of yX into the X register, moving the rest
! of the stack according to dyadic operator rules. For example, to find 2 raised
i to the 16th power:
PRESS SEE
2 > 2
ENTER? -3 2
16é > 16
Y* > 65536 —

. X, . . . . .
When Y is used in conjunction with the reciprocal key, n—th roots may be extract-

! ed. To continue the above example, find the 16th root of 65536:

PRESS SEE

65536 (from above)

16 > 16
1/x > 0.0625
= >

As can be seen, 2 is the 16th root of 65536.

The fact that the contents of the T register is unaffected by dyadic operators

| implies that this last number propagates throughout any number of dyadic oper-
ations. This is correct, and sometimes useful. For example, finding the powers
of 2 using the * key would involve each time entering 16 and then keying the

| next power and pressing ¥x. However, it can be done with the multiply key by
completely filling the stack with 2's and allowing the stack to propagate them

during the desired number of multiplies. To find the powers of 2, one would:
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PRESS SEE
2 > 2
ENTERY —m > 2
ENTERY —m78M——> 2
ENTER* —— > 2 (The stack now contains all 2's)

x > 4 (or 22)
x > 8 (or 2°)
x > 16 (or 24)
x > 32 (or 2°)
x > 64 (or 2%
X > 128 (or 27)
X > 256 (or 28)
etc.

If desired, verification of the earlier result of 2 raised to the 16th power

using the v key can be accomplished with this method.

CALCULATING PERCENTAGE PROBLEMS
The hand calculator program simplified the calculation of percentage problems
because conversion of percents to their decimal equivalents is performed
automatically, just press the 7 key after keying in the percent value. Three
types of problems are handled:

o Finding percentage of number (base X rate)

o Finding net amount (base + or - percentage)

o Finding percent difference between a number and a base

number - base
base

Finding Percentage
To find the percentage of a number, key in the base number and press ENTER*.

Then key in the percent value and press %. For example, to find 25% of 256:
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PRESS SEE

256 ENTER? ————> 256 base

25 - > 25 percent value

%o— > 64 percentage

Finding net amount
An additional feature is that the original base number is not destroyed during
a percentage ‘alculation. From this may be calculated the net amount simply

by pressing + or -, as applicable:

PRESS SEE

256 EYTERY ——> 256 base

25 % > 64 percentage

+ > 320 net amount (base + percentage)
or

PRESE SEE

256 ENTERY ———3> 256 base

25 % 3> 64 percentage

- > 192 net amount (base — percentage)

Finding percent difference between two numbers

To find the percent difference between a number and a base, key in the basc
number and press ENTERY. Key in the second number and press AZ. For example, !
if you wish to find the rate of increase in your rent ($200 last month and

$225 now),

PRESS SEE !

200 ENTERtY -————> 200 base number

225 > 225 second number

JAVA > 12.5 percent increase

to verify, continue:

XIY > 200 base number !
XiY > 12.5 percentage
% 25 increase amount (second number - base)

+ 225 second number

A\
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DATA REGISTERS
In addition to the operational stack, the hand calculator program provides

9 registers for user storage.

Unrestricted Storage

Registers Rl through R, and register R, can be used for temporary storage with-

4 9
out restriction. Values stored in these registers are not affected by calcu-
lations or by clearing operations. New values are entered by writing over
the old contents; that is, by storing a new number. The contents are lost,

of course, whenever the program is started (RUN).

Restricted Storage

Registers R_ through R, are zeroed by the CLEAR function. This is the only

difference getween res?ricted and unrestricted storage.

Storing and Recalling Data

To store a value appearing on the display (whether the result of a calculation
or a key entry), press STO followed by the number key (1 through 9) specifying
the indicated storage register. To retrieve the value at any time, press RCL
followed by the applicable number key. A copy of the recalled value appears
on the display (X register); the storage register is unaffected. The stack is
pushed up (an automatic ENTERt is performed) before the recall unless the last
operation was a CLX or ENTER*. These keys do not cause the stack to be pushed
up by the last data entry. For example, when calculating the amount of interest
and the amount from principle in a loan payment above, the original principle
amount was keyed in twice. Using a register can avoid this needless delay.
Assuming a principle amount of $7000, monthly payments of $105.65, and a

7% annual interest rate, find the parts of the first two payments credited

to interest and credited to principle, and the remaining principle after these

two payments.

PRESS SEE

7 ENTER? 12 + -—> 0.583333333333 (monthly percent)
STO 1 ———————> 0.583333333333

105.65 —— > 105.65 (monthly payment)
STO 22— > 105.65
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PRESS {cont) SEE (cont)
7000 —————> 7000

STO & ————3> 7000

RCL 1 ——————> 0.583333333333
7 — > 40.8333333333
RCL ? —————3> 105.65

xly > 40.8333333333
- > 64.8166666667
RCL 3 -————> 7000

A

Xy > 64.8166666667
- > 6935.18333333
STO 2 ———— 3 6935.18333333
RCL © % —————> 40.4552361111
RCL © X4Y - ——> 65.1947638889
RCL 3 XIY = ——> 6869.98856944

| Note that one

that only the

stored internally, thus reducing time required and also the chance for error.

can loop back and perform this process repeatedly. Note also

values at the first were keyed in, all intermediate values are

!l Performing Register Arithmetic

Arithmetic operations (+, -, X, ¥) can be performed between a data storage
| register and the X register (display).
I register, press STO followed by the applicable operator key (+, -, X, %),

Il then the number key specifying the storage register. For example, to store

6 in register R

PRESS

1

SEE

6 ST0 1 —————> 6

2

> 2

STO + 1 —> 2

To modify the contents of a storage

and then increment it by 2:

(principle)

(amount of interest in first payment)

(amount of first payment credited
to principle)

(amount of principle remaining after
first payment)
(replace old principle)

(amount of second payment credited
to interest)

(amount of second payment credited
to principle)

(remaining principle after second
payment)
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To see what is now in Rl’

RCL1 ——> 8

Now, to subtract 3 from the contents of Rl’

3 > 3
ST0 - 1 —> 3
RCL1 —m> 5

Conversely, to alter the X register (display) without affecting the data storage
register or any other stack registers, press RCL, then the applicable operator

(+, -, X, %), followed by the number of the desired register. For example:

PRESS SEE

4 ST0 9 —m——>

CLX > 0
7 >
RCL + —_—> 11

RCL -
RCL = —> 0.75
RCL § ——m> 4

9

RCL - 9 ——> 7
9
9

It is worth noting that a RCL * 2 (for example) does exactly the same thing
as a RCL 2 %, except that the stack is not moved up a position. This extends

the number carrying capability of the stack.

APPENDIX
The flowchart which follows allows evaluation of any expression on a calculator
using an operational stack and reverse ''Polish'" (Lukasiewicz) notation. Although
the general case solution requires an operational stack of infinite length,
the four register stack of the hand calculator program allows solutions of most
expressions of normal complexity. Before using the algorithm, write the
expression in serial form. For example ———Z—Eif- can be rewritten as

32 - zgy
7/(32 - (31/(6))).
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Key in Next Number

Can any
monadic functions
be performed

Do it Yes

Can any
dyadic functions
be performed

Entert 1S No Yes Do it

DATA STRUCT'IRES

i Memory Allocation to Variables

| 736 Bytes

Y Memory Alloration for Program

| 8371 Bytes i

APPLICATION LIBRARY PROGRAM



TITLE

HAND CALCULATOR

PAGE NO. 21
ABSTRACT NUMBER

51/00-6001/0

VARIABLE MAP

TAPE
VARIABLE FILE USAGE
F Used in RCL and STO operations to determine whether
register arithmetic is desired and if so, what type:
F = 0 No register arithmetic
F 1 +
F=2 -
F = 3 X
F=1¢4 =
G Used to determine mode of operation.
G = 1 Regular Function
G = 2 Alternate (Colored) Function
G = 3 STO Operation
G = 4 RCL Operation
G = 5 ARC Operation
I1 Work Variable
K On some keys, used to store key number struck.
M(9) The nine storage registers M(1l) is register 1, etc.
S(4) The four-place Stack. S(1) = X register, S(2) = Y register,
S(3) = Z register, S(4) = T register.
BS Work String (72)
C$ Work String (72)
DS Work String (72)
v$ Contains Backspace Character (1)
X$ Contains Current Number Entry String (72)
zZ$ Contains current function name (7)
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USER PROGRAMMABLE KEYS
. TAPE
KEY LAZEL FILE FUNCTION
.9 - . X
1 17%7) The digit 1 and the function Y .
2 2(vVx) The digit 2 and the function V.
3 3(10™) The digit 3 and the base 10 antilog function.
4 40T The digit 4 and the function '"change in percent".
5 5.%) The digit 5 and the percent function.
6 6{1/%x) The digit 6 and the reciprocal functiom.
7 7 (ARC) The digit 7 and the ARC trig function shift.
8 8(SIN) The digit 8 and the SIN function.
09 9 (C0s) The digit 9 and the COS function.
| 10 O (TAN) The digit 0 and the TAN function.
11 . {L0G) The decimal point and the Base 10 Logarithm
function.
12 CHS (LN) The "'change sign' directive and the natural
‘ logarithm function.
W13 EEX(eX) The "enter exponent'' directive and the natural
! antilog function.
14 CLX (CLEAR) The clear x function and the clear calculator
directive.
j 15 ¢ ) The color shift (alternate function) key.
% 16 +(XiY) The Add function and the X-Y swap directive.
17 - (R¥) The Subtract function and the roll stack
: directive.
18 X (STO) The Multiply function and the store register
shift key.
it 19 +(RCL) The Divide function and the recall register
shift key.
20 ENTER™ () The Enter directive and the T constant.
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1 GO 10 100
4 K=1
5 GO TO G OF 520,1892,2860,3009,520
8 K=2
9 GO TO G OF 520,195@,2860,3002,520
12 K=3
13 GO TO G OF 520,1850,2869,3000,520
16 K=4
17 GO TO G OF 520,2009,286@,3000,520
20 K=5
21 GO TO G OF 520,2210,2860,30800,520
24 K=6
25 GO TO G OF 520,2250,2860,3000,520
28 K=7
29 GO TO G OF 526,2398,2860,3000,2390
32 k=8
33 GO TO G OF 520,2300,2860,3000,2340
36 K=9
37 GO TO G OF 529,2438,2860,3000,2470
40 K=9
41 GO TO G OF 520,2520,529,520,2560

44
48
52
56
60
61
62
64
65
68
69
72
73
76
77
80

100

GO TO G OF 698,1580,600,600,600
& TO G OF 898,1739,890,890,890
GO TO G OF 76¢,1810,760,760,760
G TO G OF 1300,1210,1309,1399,1300
IF G=5 THEN 289
G=2
GO TO 280
K=16
GO TO G OF 1358,2950,2730,2730,1359
K=17
GO TO G OF 1409,2146,2736,2733,1480
K=18
GO TO G OF 1458,2600,2730,2730,1459
R=19
GO TO G OF 150¥9,26608,2739,2732,1508
GO TO G OF 420,470,420,428,422

INIT

119 SET KEY

120 SET DEGREE

130 PAGE

149 DIM S(4) ,M(9),V$(1),Z2$(7)
159 V$=CHR(8)

169 2s=""

178 s=0
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180
199
200
219
2208
230
249
250
269
270
280
290
300

310

326
330
340
359

360

370
380
394
400

419
429
439
449
450
460
470
480
499
560
510

529

M=0

Xs___uu

G=1

PRINT " CLEAR"
PRINT S{1)
GO TO 330
Xs:un

G=1

PRINT " ";Z$
PRINT S(1)
z8=""

RETURN

GO TO 368

REM PUSH SUBROUTINE

S(4)=8(3)
5{3)=8(2)
S(2)=s(1)
RETURN

REM POP SUBROUTINE

S(1)=5{2)
5(2)=5(3)
S(3)=5(4)
RETURN

REM ENTERT SECTION

GOSUB 320
X$=n o
Z$="ENTERT"
GO TO 259

REM PI SECTION

GOSUB 324
S(1)=PI
Z$=IIPIM
GO TO 249

REM NUMBER SECTION

IF LEN(XS)>9 THEN 540
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530
5449
550
560
570
580

590

500
610
620
630
649
650
660
670
680
599
793
710
729
730
740

759

760
779
780
790
800
8190
820
839
8490
850
860
870

880
890

909
910

GOSUB 329
B$=CHR(48+K)
X$=X$&BS
S(1)=VAL(XS)
PRINT BS$;
GO TO 280

REM . SECTION

T1=POS(XS,".",1)
IF I1=0 THEN 630
GO TO 73¢
I1=POS(X$,"E",1)
IF I1<>d THEN 730
IF LEN(XS$)>@ THEN 700
GOsuB 3249

X$="."

S(1)=2

GO TO 728
XS=X$&" . "
S(1)=VAL(XS)
PRINT “.";

G=1

GO TO 28%

REM EEX SECTION

I1=POS(X$,"E",1)
IF I1<>¢ THEN 860
IF LEN(X$)>8 AND S(1)<>@ THEN 830
X$=X$&"1E0"

PRINT “1E";

S5(1)=1

GO TO 860

IF X$=" “ THEN 799
X$=XS$&"E"

PRINT "E";

G=1

GO TO 289

REM CHS SECTION

Z$="CHS"
IF LEN(XS$)=9 THEN 920
IF XS$S<>" " THEN 940
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920 S(1)=S(1)*~1

930 GO TO 252

940 I1=POS(XS,*“E",1)

95¢ IF I1=@ THEN 1650

960 CS=SEG(%S$,1,11)

970 DS=SEG(XS$,I1+1,LEN(XS)-I1)
980 BS=SEG(DS,1,1)

99¢ IF BS="--" THEN 1020
1080 DS="-"&DS

1419 GO TO 1034

1920 DS=SEG(DS$,2,LEN(DS)-1)
193¢ XS$=CS&ns

1848 GO TO 1189

1658 BS$=SEG’'¥S$,1,1)

1068 IF B$="-" THEN 1098
1070 X$="~"&x$

1682 GO TO 1190

16890 XS=SEG{XS,2,LEN(XS$)-1)
1168 IF XS=".," THEN 11848
1110 IF X$="~." THEN 1189
1124 IF XS$="-* THEN 1180
1136 S(1)=VAL(XS)

1149 PRINT " " 7S

1150 PRINT * " :XS;

1169 G=1

1178 GO TO 28¢

1188 S(1)=0

1199 GO TO 11446

1206 REM CLEAR SECTION

1219 5=

1220 M(5)=9
1230 M(6)=0
1240 M(7)=0
1259 M(8)=0
1260 PAGE

1279 Z$="CLEAR"
1286 GO TO 244

1290 REM CLX SECTION

1360 S(1)=0
1319 Xx$=" "
1320 z$="CLX"
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1330

13440

1350
1369
1379
1380

1392

1400
1410
1429
1432

1440

1450
1469
14790
1489

1490

1509
1510
1528
1539
1540
1559
1560

1574

1580
1590
1690
1610
1620
1630
1640

1650

GO TO 258

REM + SECTION

S(1)=5(1)+5(2)
GOSsuB 380
z$=“+ll

GO TO 249

REM - SECTION

5(1)=5(2)-S(1)
GOSUB 389

Z$= "_n

GO TO 240

REM x SECTION

5(1)=5(1) *s(2)
GOSUB 380
ZS‘—'"X"

GO TO 240

REM / SECTION

Z$=V$

2$=25&" "

2$="-"825

IF S(1)=0 THEN 1650
S(1)=5(2)/5(1)
GOSUB 380

GO TO 240

REM LOG SECTION

2$="10G"

IF S(1)<=0 THEN 1660
IF S(1)=1 THEN 1630
S(1)=LGT(5(1))

30 TO 240

5(1)=0

GO TO 240

REM ERROR ROUTINE
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1679
1680
1690
1700
1710

1720

1738
1749
1750
1760
1778
1780
1799

1800

1819
182¢
1839

1849

1850
1869
1878

1888

1890
19020
1910
1929
1932

1949
1950
1960
1979
1980

1999

x$=ﬂ“

PRINT “ “;2$

PRINT " ERROR! ——-= ";0
S(1)=0

GO TO 280

REM LN ROUTINE

Z$="LNM

IF S(1)<=0 THEN 1660

IF S(1)=1 THEN 1784
5(1)=LC3(S5(1))

GO TO 240

S(1)=0

GO TO 249

REM eTX SECTION

z$="elx"
5(1)=2.71828182846T5(1)
GO TO 240

REM 107X SECTION

Z$=u l@’l‘xu
S(1)=167S(1)
GO TO 246

REM YTX SECTION

2$="yTx"

IF S(2)<=@ THEN 166%
S(1)=5(2)Ts(1)

GOSUB 384

GO TO 240

REM SQKT SECTION

Z$="SQRT"

IF S(1)<@ THEN 1669
S(1)=5(1)78.5

GO TO 240

REM DELTA % SECTION
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(O

2000
2010
2020
2030

2040

2050
2060
2070
2089
2990
2100
21190
2120

2138

2140
2150

g‘ 2160
2179

2180

2190

2209

2210
2229
2230

22440

2259
2260
2279
22840

2299
2309

2319
2320

Z25="DELTA &"

IF S(2)=0 THEN 1660
S(1)=(S(1)-5(2))/5(2)*100
GO TO 2440

REM X<>Y SECTION

ZS=CHR(127)
2$=2$&V$
2$=25&"TY"
2S="X"&2$
11=5(2)
S(2)=S(1)
S(1)=I1

GO TO 24¢

REM ROLL STACK SECTION —=—=——-—-

2$=CHR(127)
Z$="R"&ZS$
I1=S(1)
GOSsUB 379
S(4)=11

GO TO 248

REM % SECTION

2$="%"
S(1)=S(1)*S(2) /100
G0 TO 248

REM 1/X SECTION

28="1/x"

IF S(1)=¢ THEN 1660
S(1)=1/5(1)

GO TO 240

REM SIN SECTION

2$="SIN"
S(1)=SIN(5(1))
GO TO 246
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2348
2350
2360
2370

2380

2390
2400
2410

2420

2430
2449
24509

2469

2470
2489
2499
2500

2519

2529
2538
2548

2550

2560
2578
2580

2599

2600
2610
2620
2630
2640

Z2$="SIN"

IF S(1)>1 THEN 1668
S(1)=A=(S(1))

GO TO 240

REM ARC SECTION

G=5
PRINT * ARC";
GO TO 289

REM COS SECTION

2$="C00"
S(1)=C0S(S(1))
GO TO 248

REM ARC COS SECTION

2$="C0s"

IF S(1)>1 THEN 1660
S(1)=AC5(5(1))

GO TC 24¢

REM TAN SECTION

Z\quTAN“
S(1)=TAN(S(1))
GO TO 249

REM ARC TAN SECTION
Zsz (] TAN“

S{1)=ATN(S(1})
GO TO 243

REM STO SECTION

G=3

F=1

X$= W

PRINT “ STO";
GO TO 288
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2650

2660
2679
2689
2699
2700
2710

2729

2739
27449
2750
2769
2770
2780
2799
2800
2810
2820
2839
2849

2859

2860
2379
2880
2893
2909
2910
2920
2939
2940
2959
2969
2979
29840

2999

3000
3010

REM RCL SECTION

G=4

F=1

IF X$=" " THEN 2700
Xg=""

PRINT " RCL";

GO TO 280

REM STO,RCL FUNCTION SECTION ---—-

F=K-14

IF X$=" " THEN 2760
X$=""

GO TO F OF 2880,2770,2790,2810,2830
PRINT " +";

GO TO 288

PRINT " =";

GO TO 289

PRINT " x";

GO TO 289

PRINT " =";V$;":";
GO TO 239

REM STO REG SECTION

Z$=CHR(K+48)

GO TO F OF 2888,2900,2920,2940,2960
M(K)=5(1)

GO TO 24

M(K)=M(K) +S (1)

GO TO 249

M(K)=M(K) =S (1)

GO TO 240

M(K)=M(K) *S(1)

GO TO 240

IF S(1)=9 THEN 1662
M(K)=M(K) /5(1)

GO TO 240

REM RCL REG SECTION

Z2$=CHR(K+48)
GO TO F OF 3020,3969,3083,3190,3120
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IF X$=" " THEN 3040
3830 GOSUB 340

3040 S(1)=M(K)

3059 GO TO 2-4

3068 S(1)=S(i)+M(K)

3870 GO TO 240

3082 S(1)=S(1)-M(K)

3098 GO TO 249

3108 S(1)=S(1) *M(K)

3110 GO TO 240

3120 IF M(K)=0 THEN 1660
3138 S(1)=S(1)/M(K)

3146 GO TO 240
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TITLE . ABSTRACT NUMBER
51/00-5501/0

PLANE TRIANGLE SOLUTIONS MEMORY REQUIREMENT
16K
AUTHOR PERIPHERALS

DAN TAYLOR, G S Software Engineering

ABSTRACT

PLANE TRIANGLE SOLUTIONS is an interactive program which graphically demonstrates the
relationship between sides and angles of a triangle.

The user enters any three of the three sides and three angles of a triangle. The program solves for the
unknown sides and/or angles and prints their values. It then draws the triangle with the sides and
angles labeled with their values.

The program material contained herein is supplied without warranty or
representation of any kind. Tektronix, Inc., assumes no responsibility and
shall have no liability, consequential or otherwise, of any kind arising from
the use of this program material or any part thereof.
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LIMITATIONS

All angles are in decimal degrees. A user angle in degreses, minutes, seconds must be converted to decimal
degrees by the user before it is entered.

For example:
X deg Y minZ sec = X + Y/60 + Z/3600 decimal degrees.
10 deg 30 min = 10.5 degrees.

However, the program is designed so that you need delete only two lines of code to change input and
output of angles to deg, min, sec. form. Angles are then represented as deg. min sec. For example:

10deg 30 min 15sec = 10.3015
10 deg 30 min 15.28 sec = 10.301528

10.3015 would be the ““number’’ the user enters and would receive printed back. Line No. 1800 and
No. 3130 are the two lines which must be deleted. Both are preceeded with remark statements to that
effect.

METHODOLOGY

Standard trig formulas such as the ""law of sines’’ and ""law of cosines’’ are used.

With angles A, B, C and opposite sides a, b, ¢

law of sines a = b = c
sin A sin B sinC

law of cosines a? =b? +¢? — 2bccos A

REFERENCES

Selby, Samuel M. Ph.D., editor, Standard Mathematical Tables, Fourteenth Edition, Cemical Rubber Co.,
Cleveland, Ohio.

Wilson, Jeff, Plane Triangles, Abstract No. 35568/001-00 (Tektronix 31 Demo Library) Systems Analyst,
Palo Alto, Calif.

MAN/MACHINE INTERFACE

This program is a turn-key package and requires no user programming. You simply type RUN and follow
the instructions.
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OPERATING INSTRUCTIONS

LOADING THE PROGRAM
Type in the program from the listings or OLD it from tape.

RUNNING THE PROGRAM

Type RUN and press “RETURN". Follow the instructions printed on the screen. Note: a side or angle
entered as O is treated as an unknown. Also, 'side’’ always refers to the length of that side.

As soon as three (non-zero) values have been entered the program will attempt to find a solution.

If the values you have entered (or failed to enter) result in an error condition then:
1. One of the following messages is printed:
NO SOLUTION

NO SIDE ENTERED. TRY AGAIN.
or LESS THAN 3 ENTRIES. TRY AGAIN.

2. The program pauses for a few seconds while the bell rings.

3. The program starts over from the beginning.

If a solution is found then:

1. The values for the unknown sides and/or angles are printed.

2. At the bottom of the screen it prints: Press ‘’Return’’ for the graph. A blinking ““?’* appears.
This causes execution to stop until you press “RETURN".

3. After you press “RETURN'’ it pages, draws the triangle, labels the vertices, and then labels the sides.
! The triangle is always oriented so that side A is horizontal and vertex A is above it. The window and
viewport are adjusted so that all triangles are drawn distortion free (i.e., 90 degrees always looks like
90 degrees).

4. At the bottom of the screen it prints the message: Press ‘‘Return’ to continue. When you‘re done "
looking at the picture press “RETURN".

5. If there was only one solution triangle the program starts over from the beginning. If there were two
solutions the second solution is provided as in 1 through 4, above, and then it starts over. i

MEMORY ALLOCATION FOR PROGRAM

The program itself requires 7.5K bytes. It was not designed to be broken into segments and overlayed
on a 6K machine, and therefore requires at least an opt. 1 4051. (16K)

&
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VARIABLE MAP

VARIABLE

JJ1

KO, K1, K2
K5,----K9

K

K3

Scratch indexes
Scratch

A linear array, K(6), containing the values for the sides and angles. K(1), K(2),
K(3) are sides A, B, C  K(4), K(5), K(6) are angles A, B, C.

A linear array, K3(3) containing the X-coordinate values when the triangle
is situated on the X, Y plane.

A linear array, K4(3), containing the Y-coordinate values.

Vertexes B and C are always on the X axis. B is always at the origin and C is
always to the right of B (positive X).

Scratch string variable

Scratch

String variable used for the entry of user sides and angles and for scratch
Scratch
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100 REM PLANE TRIANGLE SOLUTIONS — 4051/MATH-001 "
110 REM SEPT. 1975, DAN TAYLOR, GS SOFTWARE ENGINEERING
120 REM TEKTRONIX INC., BEAVERTON, OREGON

100@ PRINT "L******pLANE TRIANGLE SOLUTTIONS******* ]
1016 PRINT "JENTER SIDES AND/OR ANGLES AS THEY ARE REQUESTED."

1029 PRINT "IF UNKNOWN, PRESS "'RETURY'* WI{4OUT MAKING AN ENTRY."
1030 PRINT “J ALL ANGLES ARE ASSUMED TO BE IN DECIMAL DEGREES.J“
1040 INIT

1050 REM

1060 ON SIZE THEN 2220

1870 DIM K(6) ,K3(3) ,K4(3)

1080 SET DEGREES

1090 RO=0.5

1100 Ko=0

1119 R1=0

1120 R2=0

1139 K=0

1140 K$="SIDE "

1150 J1=64

1160 GOSUB 1320

1172 IF KA<>@ THEN 1200

1188 PRINT “JJNO SIDE ENTERED. TRY AGAIN.GGGGGGGGGGGG"
1190 RUN

1200 K$=" ANGLE "

1216 J1=61

1220 GOSUB 1320

1239 PRINT "JJJ"

1249 RO=0

1250 K1=p I
1260 IF K@=3 THEN 1292

1270 PRINT "JJLESS THAN 3 ENTRIES. TRY AGAIN.GGGGGGGGGGGG"
1280 RUN

1298 IF K(4)=0 AND K(5)=@ AND K(6)=0 THEN 2700

1300 GO TO 1540 "

1310 REM *kkkkkkkkkkkkhkhkhkkkkkkhkhhkhkkkhkkhkkk

1320 FOR J=65 TO 67
1339 GOSUB 1389
1340 K(J-J1)=K8
1350 NEXT J

£ A
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1360

1379

1380
1399
1400
1410
1420
1430
1440
1450
1460
1479
1489
1490
1500
1510

1520
1530

1540
1559
1560
1570
1589
1592
1600
1610
1620
1630
1640
16592
1660
1679
1689
1690
1700
1710
1720

1730

1740

RETURN
REM DATA ENTRY OF SIDES/ANGLES

RO=RO+RA

K8=0

IF K@<3 THEN 1420
RETURN

R$=CHR(J)

PRINT "J";K$;R$;" = ";
INPUT RS

R$=R$&" 0"

K8=ABS (VAL(RS))
IF K8>0 THEN 1499
RETURN

K@=K@+1

R2=R2+R9

RETURN

REM KAk kkkkkkkXAAKKAKKKKRRKKKKKK Rk KKKk K K
REM ANGLE CALCULATIONS

Ko=9

FOR J=4 TO 6
GOSUB 1740

NEXT J

IF K@=1 THEN 2559

FOR J=4 TO 6
IF K(J)<>¢ THEN 1639
IF K(J-3)<>0 THEN 1630
GO TO 2169

NEXT J

FOR J=1 TO 2
IF K(J)<>0 THEN 1670
GOSUB J OF 18783,1964

NEXT J

K (3)=SQR(K(1) T2-2*COS(K(6) ) *K (1) *K(2) +K(2) T2)

GOSUB 2040
K(5)=180-K(4) -K(6)
GOSuB 2770

RUN

REM CHANGE DEG.MIN TO DECIMAL DEGREE (IF LINE BELOW IS REMOVED)

IF K(J)<>@ THEN 1770
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1750 K@=Ko+1
1769 RETURN
1776 K7=K(J)
1780 IF K7=>180 THEN 2229

179¢ REM REMOVE THE NEXT LINE FOR ANGLES = DEG.MINSEC |

1898 GO TO 1850 I
1810 K8=INT(K7)

1820 K7=100* (K7-K8)

1836 K9=INT(K7+1.0E-10)

1840 K (J)=((K7-K9)/0.6+K9) /60+K8
1853 RETURN

1869 REM CYCLE ANGLES AND SIDES

1879 RO=RO+1

1880 FOR J1=1 TO 4 STEP 3
1899 K@=K(J1)

1900 K(J1)=K(J1+1)
1910 K(J1+1)=K(J1+2)
1929 K(J1+2)=K9

1930 NEXT J1

1940 RETURN

1959 REM SWITCH ELEMENTS OF K

1960 R1=-ABS(R1-1)

197¢ FOR J1=2 TO 5 STEP 3
19802 K@=K(J1)

1992 K(J1)=K(J1+1)
2000 K(J1+1) =K@

2016 NEXT J1

2020 RETURN

2039 REM CALCULATE ANGLE |

2040 K(4)=0.5*% (K(2) T2-K(1) T2+K(3) T2) /(K (2) *K(3))
2050 IF ABS(K(4))>1 THEN 2220

2060 K(4)=ACS(K(4))

2070 RETURN

2080 REM BOTH AN ANGLE AND ITS ASSOCIATED SIDE ARE MISSING

20990 REM **kkkkkkkkhkkkkkkkkhkkhkhhhkkkhkkhkkhx
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2110
2129
2130
2140
2150
21682
2179
2189
2198
2200
2219
2220
2230
2240
2259
2260
2270
2289
2290
2300
2310
2320
2330
2340
2350
2360
2379
2382
2390
2400
2410
2420
2430
24409
2450
2460
2470
2489
2490
2500
2514
2520

2539

GOSUB 1874

GO TO 2100

IF K(4)<>0 THEN 2160

GOSUB 1878

GO TO 2169

IF K(2)<>0 THEN 2180

GOSUB 1964

K9=SIN(K(4)) *K(2) /K(1)

IF K9<=1 THEN 2240

K9=K(1)

IF K9<=1 THEN 2240

PRINT "QQNO SOLUT IONGGGGGGGGGGGG"

RUN

K (5) =ASN(K9)

S1=K(5)-K(4)

K(6)=180-K(5)-K(4)

K(3)=SIN(K(6))*K(1) /SIN(K(4))

IF S1=>@ THEN 2310

GOSUB 2778

RUN

PRINT “"JJTHERE ARE 2 SOLUTIONS. THE FIRST IS:J"
SP=180-K(5)

R8=8IN(S1) *K(1)/SIN(K(4))

R6=K(1)

R7=K(2)

R9=K (4)

R3=R9

R4=R1

R5=R2

GOSUB 2770

PRINT "“LTHE SECOND SOLUTION IS:J"

R@=R3 "
R1=R4
R2=0
K(1)=R6
K(2)=R7
K(3)=R8
K(4)=R9
K(5)=S0
K(6)=51
3303 2774
RUN

REM *%kkkkkkkkhhhkkkkhkkkhkikhkihhiskhkkik
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2540

2550
2560
2579
2580
2590
2600
2610
2620
2630
2640
2659
2660
2670
2680

2690

2709
2710
2720
2738
2740
2759

REM ONE QUANTITY LEFT UNKNOWN

IF K(1)<>0 THEN 2588
GOsuUB 18742

GO TO 2550

IF K(5)<>® THEN 2600
GOSUB 1969

IF K(4)<>@ THEN 2620
K(4)=180-K(5)-K(6)
K9=K (1) /SIN(K(4))
K(2)=K9*SIN(K(5))

IF K(6)<>0 THEN 2660
K(6)=182-K(4)-K(5)
K(3)=K9*SIN(K(6))
GOSuUB 2779

RUN

REM ALL THREE SIDES ARE GIVEN

FOR J=1 TO 3
GOSUB 2044
GOsuB 18790

NEXT J

GOSuB 2779

RUN
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MEMORY REQUIREMENT
8K

AUTHOR
DAN TAYLOR, G S Software Engineering

PERIPHERALS

ABSTRACT

CIRCLE SOLUTIONS is an interactive program which graphically demonstrates the relationship between

a sector and its circle.

The user enters any two of the angle, radius, chord, or arc of a sector. The program solves for the
unknowns and prints their values. It then draws the circle and the sector and labels the portions of the

sector.

The program material contained herein is supplied without warranty or
representation of any kind. Tektronix, Inc., assumes no responsibility and
shall have no liability, consequential or otherwise, of any kind arising from
the use of this program material or any part thereof.
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LIMITATIONS

The angle of the sector is in decimal degrees. A user angle in degrees, minutes, seconds must be converted
to decimal degrees by the user before it is entered. For example:

X deg Y min Z sec = X+Y/60 + Z/3600 decimal degrees.

10 deg 30 min = 10.5 degrees

METHODOLOGY

The standard formulas relating the portions of a sector are used:
arc = radius * angle * 7/180
chord = 2 * radius * sin (angle/2)

radius = chord/ (2 * sin (angle/2))
= (arc/angle) * 180/ 7

The only complication arises when the user enters the arc and the chord.

Then we use the formula:
sin(angle/2) / (angle/2) = (chord/arc) * 7/180

This is a transcendental equation with the angle the unknown. An iterative method (bisection) is used
to solve for the angle.

midordinate = radius — 4/radiust2 — chord?2
4

sector
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REFERENCES

Lai, Leslie, Circle Solutions, Abstract No. 3558/004-000 (Tektronix 31 Demo Libra‘ry) Irvine, Cal.

Selby, Samuel M. Ph.D., editor, Standard Mathematical Tables, Fourteenth Edition, Chemical Rubber Co.,
Cleveland, Ohio.

MAN/MACHINE INTERFACE

This program is a turn-key package and requires no user programming. You simply type RUN and follow
the instructions.

OPERATING INSTRUCTIONS

LOADING THE PROGRAM
Type in the program from the listings or OLD it from tape.

RUNNING THE PROGRAM

Type RUN and press “RETURN". Follow the instructions printed on the screen. Note: a value entered
as 0 is treated as an unknown.

After two valid (non-zero) values have been entered the program will attempt to solve for the unknowns.

If the values you have entered (or failed to enter) result in an error condition then:
1. One of the following messages is printed
NO SOLUTION
or TWO ENTRIES REQUIRED

2. The program pauses for a few seconds while the bell rings.
3. The program starts over from the beginning.

If a solution is found then:

1. The values for the unknown parameters are printed.

2. At the bottom of the screen it prints Press ““Return”” for the Graph and a blinking ?"" appears. This
causes execution to stop until you press “RETURN".

3. It pages, draws the circles, draws the sector, and labels the portions of the sector. The size of the circle
on the screen depends upon the radius of the circle as long as the radius is between 1 and 100. The
circle is never allowed to appear too big or too small.
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4. At the bottom of the screen it prints Press ‘’Return’’ to continue. After you press “RETURN" the
program starts over from the beginning.

MEMORY ALLOCATION FOR THE PROGRAM

The program requires about 4K bytes and will therefore fit easily in a 8K machine.
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VARIABLE MAP

VARIABLE -L?I_PEE USAGE

KO Used for the entry of the values.

K1 Angle

K2 Radius

K3 Arc

K4 Chord

K5 180/m

K6 Midordinate and (chord/arc)/K5 when chord and arc are entered.
K7, R1, R2 Scratch

K$ Used for entry of the values and as a scratch string variables.
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109 REM CIRCLE SOLUTION -- 4051/MATH-002
112 REM SEPT. 1975, DAN TAYLOR, GS SOFTWARE ENGINEERING
120 REM TEKTRONIX INC., BEAVERTON, OREGON

1000 PRINT “LA*****CIRCLE SOLUTTONS******J"

1010 PRINT “ENTER VALUES AS THEY ARE REQUESTED."

1020 PRINT “IF UNKNOWN, PRESS ""RETURN"" WITHOUT MAKING AN ENTRY."
103@ PRINT "J ALL ANGLES ARE ASSUMED TO BE IN DECIMAL DEGREES.J"
1040 INIT

1058 K5=180/PI

1060 SET DEGREES

1070 ON SIZE THEN 2480

1080 DEF FNK(X)=SIN(X)-K6*X

1890 PRINT "J ANGLE = “;

1108 GOSUB 1470

1110 K1=K@

1120 IF K1=>36@ THEN 2480

1130 IF K1=0 THEN 1520

1140 REM ******THE ANGLE, K1, HAS BEEN ENTERED*****%

1158 GOSUB 1348

1160 IF K2=@ THEN 1220

1178 K3=K1/K5*K2

118¢ PRINT "JJJI  ARC = ";K3
1190 K4=2*K2*SIN(0.5*K1)

1209 PRINT "JI CHORD = " ;K4
1216 GO TO 1880

1220 GOSUB 1388

1239 IF K3=@ THEN 127

1240 K2=K5/K1*K3

125¢ PRINT “JJJIRADIUS = “;K2
1260 GO TO 1190

1270 GOSIJB 1420

1280 K2=0.5*K4/SIN(D.5*K1) ’
1299 PRINT "JJJIRADIUS = “;K2
1309 K3=K1/K5*K2

1316 PRINT "JI  ARC = ";K3
1320 GO TO 1880

1330 REM ******FOUR UTILITY ROUTINESH***#*

1349 PRINT "JRADIUS = “;
1359 GOSUB 1478
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1360
1372
1389
1399
1409
1410
1429
14349
1440
1459
1460
1479
1482
1499
1509

15140

1524
1530
1540
1550
1560
1578
1589
1592
1609
16140
1620
1632
1640
1650

16690

1679
1680
1692
1700
1710

1729

1739
17449

K2=K@

RETURN

PRINT “J  ARC
GOSUB 1470
K3=K0

RETURN

PRINT “J CHORD = *
GOSUB 1470

IF K@=0 THEN 2500
K4=K#@

RETURN

INPUT KS

KS$=KS&" 0"

K@=ABS (VAL (KS))
RETURN

1]

~e

e

REM *****x*THE ANGLE, K1, WAS NOT ENTERED.*****%

GOSUB 1348

IF K2=0 THEN 1679

GOSUB 1382

IF K3=@ THEN 1600
K1=K5*K3/K2

IF K1>360 THEN 2480
PRINT "JJJI ANGLE = ";K1
CO TO 1190

GOSUB 1420

K1=8.5%K4/K2

IF K1>1 THEN 2480
K1=2*ASN (K1)

PRINT "JJJI ANGLE = “;Kl
GO TO 130¢

REM ******NETTHER ANGLE NOR RADIUS (K1,K2) WERE ENTERED******

GOSUB 1389

IF K3=0 THEN 2500
GOSUB 1420

IF K4=>K3 THEN 2480
K6=K4/ (K3*K5)

REM ******SOLVE SIN(K1/2) = (K1/2)*K6 BY BISECTION******

R1=1.0E-300
R2=180
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1759
1760
1770
1780
1790
1899
1810
18240
1839
1840
1850
1860

1879

1880
1890
1900
1910

1920
1930

1940
1950
1969

1979

1930
1990
2000
2010
2020

2030

2040
2050
2064
2078
208%
2099
2100
21140

IF FNK(R1)<@ THEN 2480
FOR K2=1 TO 58
K1=0.5* (R1+R2)
IF FNK(K1)<9 THEN 1810
R1=K1
GO TO 1820
R2=K1
NEXT K2
K1=K1+K1
PRINT “JJJI ANGLE = ";K1
K2=K5/K1*K3
PRINT "JIRADIUS = ";K2

REM

K6=K2-SOR(K2T2-0.25*K4T2)
PRINT "J

INPUT K$ :

REM

REM 1ST: ADJUST WINDOW AND VIEWPORT

VIEWPORT 25,105,10,99

R1=2.2-0.011*K2 MAX 1.1

WINDOW -R1,R1,-R1,R1l

REM 2ND: DRAW CIRCLE

PAGE

MOVE 1,8

FOR R2=0 TO 368 STEP 6
DRAW COS(R2) ,SIN(R2)

NEXT R2

REM 3RD: DRAW TRIANGLE TO SHOW ANGLE

R2=90~-0.5*K1

K5=COS(R2)

K6=SIN(R2)

MOVE K5,K6

DRAW —K5,K6

DRAW 9,0

DRAW K5,K6

K7=1+27-6

** & x%* CALCULATE MIDORDINATE AND FIX SCREEN FOR PLOT*****

J MIDORDINATE = ";K6
PRINT “TKIIPRESS ““RETURN"" FOR THE GRAPH.GK  “;

**************DRAW LABELED CIRCLE ON SCREEN**********
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FOR R2=R2 TO R2+K1 STEP 6
DRAW K7*COS(R2) ,K7*SIN(R2)

NEXT R2

DRAW -K5,K6

K$=CHR(8)

REM 4TH: LABEL TRIANGLE

R2=2% (K1=>45) -1

MOVE 8,8.5

PRINT USING "4(A),3D,"" DEG""":KS;KS$;KS$;KS;K1
MOVE 0.5*K5,0.5*R2*K6

PRINT " R = “;

K7=K2

GOSUB 2399

MOVE 9,1.04

PRINT KS;KS;KS$;KS;“ARC = “;

K7=K3

GOSUB 2398

IF ABS(K6-0.5)>0.07 THEN 2316

R2=-1

MOVE 0,R2*K6 i
PRINT K$;

K7=K4

GOSUB 2390

PRINT “TKI PRESS ""RETURN"" TO CONTINUE.GK  “;
INPUL KS

RUN

REM ***************SUHR TG PRIMT 3;;'7******#***

IF K7=>1¢%0 O R7<1 THEN 2450
IF K7<18 THEN 2439

FoIST USING “3D,5":K7

RETURN

LRINT USING "D.D,S":K7
RETURN

PRINT USING "2E,S":K7 |
RETURN

REM

PRINT "JJJNO SOLUTIONGGGGGGGGGGGG"

RUN .
PRINT “JJJTWO ENTRIES REQUIREDGGGGGGGGGGGG" :$V
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