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INTRODUCTION

This Mathematics Program Library is intended to provide you with tested, workable
programs to cover a broad range of mathematical applications of your Tektronix 31
Programmable Calculator. The programs are catagorized into seven sections, ranging from

GEOMETRY AND TRIGONOMETRY through NUMERICAL INTEGRATION AND
DIFFERENTIAL EQUATIONS.

The majority of these programs are written for the standard TEK 31 Calculator equipped
with the 512 step program memory and 64 registers. Two of the matrix programs are
designed for the 1024 step Option 04 machine. With larger memory options, more than one

program can be loaded and operated, so long as the subroutine LABELs are compatible.

Each program is fully documented with PROGRAM DESCRIPTION, working EXAMPLES
(often with reproductions of actual printouts), PROGRAM EXECUTION, and PROGRAM
STEPS. In addition, most programs have a NOTES page which you may use to document

your program modifications or your own special examples.

All of these programs are written assuming that the optional silent thermal printer is
installed in your TEK 31 Calculator. Consequently, the PRINTOUT column on the
PROGRAM EXECUTION page always shows the program printout of input data and
results. In many cases the EXAMPLES page shows reproductions of actual printouts for the
examples given. However, in many programs the printer is not essential, and the results (and
often the input data as well) may be manually recalled to the display from the storage
registers listed in the PROGRAM EXECUTION instructions. You should note that because
of space limitations the listing in the PRINTOUT column may not match exactly the

sequence of execution and displays listed in the PRESS and DISPLAY columns.

Many of the programs in this library include options for the “linking” or “chaining” of
operations. In these programs the calculated results are automatically stored in place of the
original input data so that the program is immediately ready to perform a new operation on

the results obtained from the previous operation. For example, in the section COMPLEX

C C

A 5 & Iy &N D N N D N By D GE BN G R N EE Ea



INTRODUCTION

OPERATORS all of the individual programs incorporate this feature so that a whole series
of operations on complex numbers may be carried out without the necessity for manual
re-entry of data. In these programs the printout will include alphanumeric and mathematical
symbols to detail each operation performed in the sequence. To utilize the linkage capability
fully, these programs should be stored on magnetic tape cartridges. Some programs require
more than one BLOCK for storage. Wherever possible automatic loading routines have been

included to simplify the operation of these programs.

Many programs include a variety of options in their operations. For example, program 7-1
includes three different routines for numerical integration: Trapezoidal Rule; Simpson’s 1/3
Rule: and Newton’s 3/8 Rule. These options are accessed through the subroutine LABEL
system via the EXECUTE key. Wherever possible these programs are made interactive with
the user through the inclusion of alphanumeric messages in the input/output printer opera-
tion. In addition, most programs end with a cleared display so that they are immediately

ready for entry of new data.

Careful study of the various programming techniques incorporated in these programs should
help you in writing additional programs to solve your own special problems. We suggest that
you thoroughly document any programs you write; a month-old set of program steps
without a description, working example, and execution instructions may be almost

impossible to decipher and use.

We hope these programs will be useful to you in your mathematical analysis. We welcome
your comments and suggestions, and we encourage your submission of other programs you

find useful.

Calculator Software Development

Tektronix, Inc.
P.O. Box 500
Beaverton, Oregon 97005



PROGRAM LISTING

SECTION 1

1-1
1-2

SECTION 2

2-1
22
2-3
2.4

SECTION 3

3-1
3-2
33

SECTION 4

41

4-2

4-3
4-4

GEOMETRY AND TRIGONOMETRY

Plane Triangle Solutions

Plane Closed Polygon Solution

GENERAL FUNCTIONS

Gamma Functions and Factorials

Number Base Conversion: Base 10 to N
Number Base Conversion: Base N to 10, N > 2
Number Base Conversion: Base N to 10,2 <N <9

POLYNOMIALS

Quadratic and Cubic Equations
3rd-Order Polynomial Interpolation

Real Roots of Functions and Function Evaluation

SIMULTANEOUS EQUATIONS AND MATRICES

Matrix Inversion and Simultaneous Equations for
512 Step Calculator

Matrix Inversion and Simultaneous Equations for
1024 Step Calculator

Matrix Arithmetic for 512 Step Calculator

Matrix Arithmetic for 1024 Step Calculator
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SECTION 5

5-1

5-2

5-3

54

SECTION 6

6-1
6-2
6-3
6-4
6-5

SECTION 7

7-1
7-2
7-3
7-4
7-5

PROGRAM LISTING

VECTORS

Vector Addition and Subtraction, Polar and
Spherical Coordinates

Vector Cross Products, Rectangular and
Spherical Coordinates

Rotation and Translation of Axes, Rectangular
and Polar Coordinates

Coordinate Transforms: Rectangular to Polar or
Spherical, and Inverse

Vector Inner (Scalar) Product and Angle,

N-Dimensional Vectors

COMPLEX OPERATORS

Complex Operators: Polar to Rectangular Conversion and Inverse
Complex Operators: X, +, +, and —; Z,22, /Z, 2+Z,2

Complex Operators: eZ, In z, log z; zz,/;, 1/z

Complex Operators: tan z, cos z, sin z; arctan z, arccos z, arcsin z

Complex Operators: tanh z, cosh z, sinh z; arctanh z, arccosh z, arcsinh z

INTEGRATION AND DIFFERENTIAL EQUATIONS

Numerical Integration (Quadrature)
1st-Order Differential Equations
2nd-Order Differential Equations
Nth-Order Differential Equations

Two Simultaneous Differential Equations
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Plane Triangle Solutions

TITLE Mathematics 1-1

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) K¢ : working
K HEE - |
PROGRAM DESCRIPTION L
5 F
K3 ¥ e
This program is designed to solve plane triangles. Four K oy
basic subroutines are included to solve for the sides, K4 £rald
angles, altitudes to each side, the area, and the perimeter, KS v
given various combinations of sides and angles. Angles may K6 h
be entered in either degrees or radiams. K7 . ha
8 E b
K9 : hc

R¢¢¢ ¢ Area

11;z>\ //6k\\ hc

Rﬂl : Perimeter

Subroutine labels used:
LBL 0 Ly 2 3, @,
5, 65 7y 85 9

Subroutine LBL 1:

Given three sides a, b, and c.

Subroutine LBL 2:

Given two sides a, b, and their included angle Y.

Subroutine LBL 3:

Given side a, and its including angles B and Y.

Subroutine LBL 4:

Given two sides a, b, and the opposite angle o.

Each subroutine computes the remaining sides and angles, the three altitudes, and the

area and perimeter of the triangle.

TEKTRONIX CALCULATOR PROGRAM
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PROGRAM DESCRIPTION (cont)

Note that in the case of subroutine LBL 4, that given the two sides a and b, and the

opposite angle o, the solution of the triangle is unique only if side a 2 side b.
If side a is the shorter, then it may be possible to construct two dissimilar
triangles that satisfy the input data. In this case the program solves first for
the case where B = Bl < 90° (or m/2). The program will then automatically compute
new input data and branch to subroutine LBL 3 to solve for the second triangle

where B = 82 > 90°. Results for both triangles are automatically printed out.

Note also for this cadse it is possible for side a to be too short to intersect
side ¢ (that is, a < hc)’ and thus no solution is possible. 1In this case the
program will print the entered data, and 0's for the remaining sides and angles.

The program will then truncate with a flashing display.

These anomolies for subroutine LBL 4 can be seen from the sketch below:

TEKTRONIX CALCULATOR PROGRAM



NOTES
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EXAMPLES

Solve the following triangles: . S —
FLANE TRIAHGLE:

#1 #4
LBL 1: Given 3 sides: T stoEs:
135 zd.
12 12.
S 24,77ER9913
ANG: ANG: :
208 53134845
&7, 38013585 28, 63194545
5 2 5251986495 9%, 36205454
ALT: ALT:
4.615384615 11.87224354
13 b 19.787087257
a=13, b=12, c=5 12. 3.58762612
&P A&F:
. 3o. 118.,7224354
LBL 2: Given 2 sides and included angle: S LS iea513
EHD FHD
#2 #d
(0]
6 73 10 SIDES: SIDES )
18, 1.
&. 12,
19, 24418633 1@, B773I2657
0 o ANG: ANG:
aum {0, 1o = G = 2T BF Sy 78.54593887 53,
I4,45486193 73.40283156
75 53,59196844
LBL 3: Given 2 angles and included side: - aLT
5. 795554958 3,657
3. 659258263 2.048:
S.657452945 9,583
AP qEP
28,97777479 48, 28363634
26,24418633 32.87732857
0
a = e SIDES:
SIDES.
/ 17o T \ 0 il 1@.
= | — or =+ 12.
a=17, B=4 orgzm ¥ = <= 6 4.366239982

LBL 4: Given 2 sides and opposite angle:

186.5
2@, 4838
ALT:
4,184441154
12 I.457A34295
a>b 3,583626121
A&F .
53° a<b E.9222ZB57T
26.36623998
/ EHD
0 ,
For a > b: a =20, b =12, o = 53 #a .
EMD =%
12. 4
B, #
o)
For a < b: a =10, b = 12, o = 53 S53.#
a4
a.#
o) .
Try a = 9, b = 12, o = 53 END

(display will flash since a is too short TEKTRONIX CALCULATOR PROGRAM

to intersect side c).



PROGRAM EXECUTION

3a

3b

3e

3d

ENTER

Set D/R to desired oper

Select subroutine to mat

For 3 sides:

ch input data:

EXC 1
CONT
CONT
CONT

EXC 2
CONT

e

CONT
CONT

For 2 sides, 1 angle
a
b
Y
For 1 side, 2 angles |
a
B
Y
For 2 sides, opposite
angle
a
b
(0}

In the case where two tr

from the given a, b, and

STOP with m in the display.

second triangle, press C

If a printer is not use:t

manually from the indic

EXC 3
CONT
CONT
CONT

EXC 4

CONT

CONT

CONT

iangles are realizable
o, the calculator will
To solve for the
ONT.

results may be recalled

ed registers.

For a new triangle retur

as desired.

n to Step 1, 2, or 3

DISPLAY PRINTOUT
0 PLANE
TRIANGLES:
#1, #2, #3,
or #4
0 SIDES:
0 : K1
0 K2
0 el 8 K3
ANG:
0 o K4
0 B K5
0 Y K6
0 ALT:
ha 2 K7
0 hb : K8
0 hC
0 A& P:
0 At Rogy
E Rp1
END
0
0
0
0
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PROGRAM STEPS

1

PF

LBL

STOP

+

cos

CD

¥ O@OOOE® @@ &
OCOOEOOOOWE®mD o
O o

1

STOP

EXC

2

STOP

STOP

CD

EXC

EXC

sin

EXC

STOP

STOP

K

K

= K
= K
I 112
3 =
+ K
2 -
= K
K )
STOP =
2 %
K 3
) Zo
K 3
K 4
EXC 1)
1 CD
6 LBL
= K
3 sin
K 6
LBL 4
= K

PF

LBL

STOP

sin

GO O

)

TEKTRONIX CALCULATOR PROGRAM

RSET

CD

CD

STOP

+/-

Zo

arc

EXC

sin

X

CD

COMMENTS

LBL 1

LBL 2

LBL 3

LBL 7

LBL 4




PROGRAM STEPS

STOP = K 2 x2  Zo
4 K 1 - K 2
= K 9 IF<§ EXC 6
K 9 = g K 1
K 5 EXC 9 K 6
3 X K 2 X 2 +/-
vx = K 3 EXC 5
2 ) IF<§ EXC 8 K
EXC 9 PF m STOP EXC

m s (OOODEOOD x| wms

1 PRNT K 2 PRNT K
@ © 4+ mn
6 PRNT PF sin X K

DD mr

sin = K 8 PRNT K
4 sin o K 9 PRNT PF
2 =  Rxxx ) ) )
PRNT K 1 + K 2
Rxx 0 1 PRNT RADR GODP
K 1 PRNT K 2 PRNT
PRNT PF K 4 PRNT CD
= K 6 PRNT EXC @
+/- arc cos - RADR GODP
+/- arc cos - K 4
K 6 RADR GODP LBL [}

1-1
COMMENTS
CO STOP = K
X K 4 sin
CONT K 1 =
= arc sin =
cos X K 1k
+ K 0 =
K 1 - K
5 = K 5

7 CONT EXC )

3 et pF CA)

K 5  PRNT K
2 = K 7
1 X K 6
1 = K 5
X K 3 +
OO
+ K 3 =
LBL 6 b 1/x LBL 6
CD = K 3
= K 5  PRNT
LBL 8 CD 1 LBL 8
LBL 9 CD 1 LBL 9
- K 5 =

r D@

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

1-1

COMMENTS ‘

5 CD PF PF RSET

|
1

TEKTRONIX CALCULATOR PROGRAM



Plane Closed Polygon Solution

Mathematics

TITLE

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers)

K¢ ¢ Area
PROGRAM DESCRIPTION I
K2 ¢ X Interior Angles
Given the coordinates for the vertices of any plane, simple K3 PoXo
closed polygon, this program calculates the length of each K4 « Yo
side, the interior angle at each vertex, and the enclosed KS A SeRREey
area of the polygon, its perimeter (summation of sides), and K6 b wotlkdng
the sum of its interior angles. K7 o aemet e
K8 ¢ working
The polygon may be either convex or concave, that is, it may K9 t 180° or T rad
have interior angles 6 over the full range 0 < 6 < 360°.
ROOL : Xogs X1y sees xn_1
In order to calculate the correct values for the interior RO2Z & 3o, y15 -voy Yn-1
angles 6;, 62 ... B9, the coordinates for the vertices must RO % B1s Bas osnp *n
be entered in clockwise (CW) progression. LD PV Y2, eees Yy
RO5 ¢ working
RO6 ¢ working

The program saves the coordinates of the initial point

(x0, yo) and compares them to each point entered. When an
Subroutine Labels

entered point (xn, y_) coincides with (xy, yo), the program
“ LBL #, 1, 2, 3

automatically truncates, printing the area, perimeter, and

summation of the interior angles.
The sum of the interior angles for a plane closed polygon is given by
0
6 = (n - 2) 180
where n is the number of sides.
This program calculates I6 by accumulating the sum of the interior angles as they are
calculated. If the sum does not equal (n - 2) 1800 with allowance for roundoff, the

program is not operating properly. If the sum equals (n + 2) 1800, the vertices have

been entered in CCW progression.

TEKTRONIX CALCULATOR PROGRAM



EXAMPLES

Given the polygon with coordinates as sketched below, enter (xi, yi) values in
CW order, beginning at point (2, -2). Repeat using any other point as (%o, Vo),

or repeat in CCW order to see the effect on the calculation of the interior

angles.
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PROGRAM EXECUTION

ENTER | PRESS

Set D/R to desired oper%ting mode.

:

i

% START
- | CONT
- E CONT

E
%1 | CONT
V1 SCONT

'
5 | CONT
v | CONT
X3 - CONT
- | CONT
e | CONT
n t

P

i
To solve a new polygon,i

press (EXC § or START

*When a printer is not us?d, replace PRNT steps

with STOP as detailed on%the PROGRAM STEPS pages

to display each calculat?d side and angle in

turn.

DISPLAY

PRINTOUT
TITLE

Xo

Yo

*side 0, 1

X1

2

*angle 1
side 1, 2

X2

Y2

angle 2
side 2, 3

X3

Y3

angle 3
side 2, 3

angie n-1

side n-1, O

X, = Xo

¥, — 30

angle 0

area : K¢

perimeter : K1

Z int angles: K2

END

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS
1-2

COMMENTS

0 o r (@ @O @ & &GO
OO @O GO G QD
OEE&®ED e @@ @O
@O r (O@ OO EO®
OE®CEOED WO rr Co G GO
OO OO ECEO O W
OO @@ W@ & &
OO O v OW@OE
OO O @ Lo @O @ &
OOWEH ®OOE OE

1T @OOWEOE OO GO @
ISPl CDICICPICDICHICPICD;
®®®® LBL @ PF @@ LBL §

cD = K ) - K 1 - K 9 Initialization

and data entry
STOP = Rxxx 0 [} 1 = K 3 PRNT

€D, (=) cp stop = Rxx P 2 =
K 4 PRNT PF PF CD STOP = Rxx @
3 CD STOP = Rxkx H 4 CD 1  +/-

= K 5 arc cos = K 9 LBL 3 LBL 3

Rxx () 1 - Rxx ) o - K 7 Calc. side

¢2x2 K 7 = %1 PRNT* PF 1/x X K *If a printer is
not used, replace
PRNT with STOP to

7 ) ] arc cos = Rxx 1) 5

display the calcu-
2 + Rxx 1] 5 = Rxx 1] 5 CONT lated side.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

K 5 + 1 = K 5 IF=p Rxx )
5 = K 6 CONT Rxx § 1 +  Rxx
1) 3 ) e 2 X K 8 ) Zo
Rxx 3 - K 3 ) IF=p Rxx )
4 - K 4 ) IF=p EXC 1 CONT Rxx
3 1] 3 = | Rxx 1) 1 PRNT Rxx @ 4
= Rxx § 2 PRNT PF CD STOP =  Rxx
) 3 -  Rxx ) 1 = K 7 CD
STOP = Rxx 1) 4 - Rxx [} 2 =
K 8 vix? K 7 = | 1/x] x K 7
) 1) arc cos = Rxx 1) 6 K 8
IF<@ K 9 - Rxx 1) 6 ) X 2
+ BRxx @ 6 = Rxx § 6  CONT EXC
2 EXC 3 LBL 1 K 6 + K 9
= Rxx 1) 6 - 2 X K 9 )
4 IF2f = Rxx 0 6 CONT K 3 PRNT K
4 PRNT PF EXC 2  PF PF K p x°
L -k DD DE
Pk 1 DODODDODED D

O O D OO
D@D OO®OO®

PF K 2

CGOCOemr rr (OGO o pF pF
RSET LBL 2  Rxx @ 6 -  Rxx § 5
) IF$ + K 9 X 2 CONT = PRNT*
PF* + K 2 = K 2 RADR GODP

*If a printer is not used, replace PRNT with STOP to display

calculated interior angle.

1-2

COMMENTS

LBL 1
Conclusion
Print
Area : K¢

Perimeter : K

%L Int Angles

LBL 2

Calc. and print

interior angle.

1

¢ K

2

TEKTRONIX CALCULATOR PROGRAM
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\
SECTION 2 GENERAL FUNCTIONS
‘ l -~ 2-1 Gamma Functions and Factorials
; 2-2 Number Base Conversion: Base 10 to N
—
| 2-3 Number Base Conversion: Base N to 10, N = 2
OCTAL PRINT KEY SYMBOL 2-4 Number Base Conversion: Base N to 10,2 <N <9
- CODE ouT
LBL e
- FIF_
I
OCTAL PRINT KEY SYMBOL
T CODE ouT
H
I
T 045 LR CLEAR
046 FRUE PAUSE
™™ 047 CLFG GERE

(o]
w
o
~

‘. %
4 %

5 6 % 1/x

7 7 21 T ™

8 FAPR oy PF

£ 9 #1871 x10°° 1672

AR ADDRS ADR CONT CONT CONT
START STRT R AL ADORESS RADR
<o CIR<p e - +H-
= Gk SOLF OISPLAY GoDP :
>0 : IF_>.¢ : 1 F%" LS EEAG
=¢T~ l T lennon




OCTAL PRINT KEY SYMBOL e e
R 1 e o S R
i e N P
g TaeE RGD) MH@MEHVHI@M
203 e @ o s A
204 EXE:UTE :ml? %ll’%‘l 7
205 R @D e g 7
e o -
210 SPACE Gred o I:ll:l e 2
L2lt S Im:x‘lél o <A E[
220 STEP ] el i
o1 ; INSERT
222 DELETE
223 “step
226 LEARN QD
240 SPACE D) 300 @ a
261 : ! G A s
242 " oy N
243 # # @ c D)
T e e
755224:6’ & o Fi 0
251 ) L
252 LA * J
254 ’ - N @
255 - - @i " Qo
: i o
257 / Sy £ A
260 0 h D)
261 1 1 Ca Q <D,
262 2 2 20 322 R R g
263 : 3 ) 323 = 2 gE
264 4 4 @ 324 3 T @
265 g 5 €5 325 i u Gud
e c 6 D) 326 i \ GV
267 7 7 Ca) 327 w )
270 8 330 X CED
271 3 9 9 331 Y )
o . i 332 z z €2
273 : Cao 333 [ E iR
274 < &2 334 3 (XD
5 . = e gt i 7 -
276 > &y 336 i A D
277 7 5 337 - i ()



Gamma Functions and Factorials

Mathematics

TITLE

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) I'(x) or x!
K, ¢ X
PROGRAM DESCRIPTION L "
1
5 K2 : log
For 1 < x £ 1 X 10° this program calculates R, : T'(x) or x!
K4 ) mantissa
In I'(x) In x! Kg exponent
log T'(x) log x! K6 Rn(x) for
I'(x) or x! 1n I'(x) or 1n x!
mantissa I'(x) mantissa x! Ry : o 55! o
exponent ['(x) exponent x!
Rn(x)’ 1n T'(x) Rn(x), In x! Subroutine labels used:

1, 2, IFFG, IF20Q,

x!, 10°°,

@, &

for the asymptotic approximation
In '(x) = (x - %¥)1n x + %1In 2m - x

1 1 i 1 1

12x 3t 5 = 7 9

360x 1260x 1680x 1188x

B

and the identity
x! = xI'(x) =T(x+ 1) or 1n x! =1n I'(x + 1)

For x > 70 or x > 69, the directly calculated values for I'(x) or x!, respectively,
will exceed the calculator's dynamic range. In this case the printout will not

include I'(x) or x!. The proper value for I'(x) or x! is then found from

(X.)
I'(x) or x| = (mantissa) x 10(e¥Ponent) - (K,) * 10 &

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

For integer values of x, I'(x) or x! is accurate to the number of significant

digits displayed. For small non-integer values of x the error in 1ln T'(x) or
In x! will be less than or equal to the first neglected term in asymptotic

series; in this case the error is given by

x for 1n I'(x)
x + 1 for 1ln x!

-691

<R (x) 20,
360360 (y) n

11

where Rn(x) = [True value for 1n TI'(x) or 1n x!]
- [calculated value for 1n I'(x) or 1n x!]
For x > = 3.5, the error term Rn(x) is not significant.

While the program will operate satisfactorily for positive x < 1, the error in
the calculated value for I'(x) increases very rapidly as x - 0, as shown by the

error term.

References

1. A. Abramowitz and I. A. Stegun (editors), Handbook of Mathematical
Functions, AMS 55, Dept. of Commerce, Washington, D.C., 1964.
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NOTES
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PROGRAM

1
2 X value
3 For I'(x)

For x!

EXECUTION

4 For a new x return

to Step 2.

If the printer is not used, recall results

from the indicated registers.

DISPLAY

0

I'(x) or x!

x < 3.5,

TEKTRONIX CALCULATOR PROGRAM

St

exponent:
’

PRINTOUT

TITLE
INSTRUCTIONS

el

X3

T'(x):

1n I'(x):
log T'(x):

mantissa:

AN N A AR AR
oUW N HE S

Rn(x):
or

~
=

1

In x!:

does

#Rn (x):

~ A AN

S 0N -

t:g x!:
ntissa:

exponent :

~ A AN
w

(o)}

not print

when range has been exceeded.

Error term prints only for




PROGRAM STEPS

2-1

COMMENTS
LBLs

o oar o (OO G @ @
QD O D O O QD &GO G GO D
EOE®OWOOO®OWW
GO o OO EOEC
o (OO EY @O OO
OO @OE @ v (OO

CRD G |CRDICTD I D IR ICEDICEDICE D [GFD

C2) PF  PF STOP LBL 1 X 1 - 1

k| ¢ |CZD (=) er pr cre Exc CAD
L. 2 = ¥ 1 = x ¢ O 2
1 (C=>er pF sf¢ + 1 1L CA) K D

CONT CLR 1 (1) X (¢ K 2 - K

2 ) X 1 10 7 o . 5 =

O
b
N
—
S~
»
X
-
S
=
|
w
N
w
I I NI G Gy G G I N N TE AN OE U TR oE EBEm aE e

int o 1 10 7 = D/R D/R = K

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

2-1
‘ COMMENTS
LBLs
4 CLR +/- 6 9 1 o 3 6 [}
3 6 1) + K 9 x2 1 1 =
K 6 K 3 1/x K 3 IFFG EXC x!

conr 1FFL  ctk  Exc IFFL cont (6D COCO O
Cemr pr oL L k1 (O R
3 OO OO EO D mr oK
2 (D@ @ OO
C=Der pF Exc 10°° Exc (2D LBL  x! IFFL x!
ctR  Exc 1F2¢ cont Cx) (1D (=) PRNT  PF
L 1F2p k1 DO QD GO IF>¢
PRNT PF kK 2 (1) Co) Ced GO )
GeoC=D panr  pr Exc 10°° L (2D K D
- 3 i 5 ) 1 CrO Qo (O
OGO =D & 6 perar pF cont (D
C*> o pr omrsEr L 10° QO OGO 10%°
EDEDICHICDICD IR T

PRNT PF RADR  GODP

-008-00
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Number Base Conversion: Base 10 to N

TITLE Mathematics

MINIMUM HARDWARE REQUIRED

TEK 31 (512 Steps and 64 Registers)

REGISTERS USED

K¢ : new base N
K. : x, then R
PROGRAM DESCRIPTION s, 10
K2 : exponent for K¢
: N digit
This program converts any positive base 10 number x of 10 or K3 base gits
; K, - K, : working
fewer digits to its equivalent in any other base N where 4 8
K9 : number of decimal

N >1 places desired, M

The resulting number is of the form SptlacEt s SIS 5

* .
MSD_, ..., LSD_ . MSDD,, ..., LSDD 3 R,

where R10 is the remainder of the base 10 number.

The number M of decimal digits DD to the right of the decimal point may be selected
by the user; when that number of decimal digits has been calculated, the program will
truncate, displaying RlO'

Whenever the remainder R10 is 0, the program will automatically truncate, displaying O.
For integer values of x and N, the converted number will also be an integer, so the
program will automatically truncate without printing any decimal digits. For integer

x and N, the remainder R will typically be 0 as expected; however, in some cases round-

off errors may cause a small remainder term.

Note that the new base N will typically be an integer, although the program will

operate correctly with non-integer values.

* MSD is the Most Significant Digit and LSD the Least Significant Digit to the left of
the decimal point. MSDD is the Most Significant Decimal Digit and LSDD the Least
Significant Decimal Digit to the right of the decimal point.
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EXAMPLES

Convert 45910

45910 = 7138 3 R10 =0

Convert 459.99 to base 8, with m = 4:

459.9910 = 713.7727

8
R, = 9.76566 x 10
10 i
Convert 27.. to base 2, with m = 4:

10

275 = L1OLL, 5 Rys = O

Convert 25.5621 to base 2,

0
with m = 6
25.562, = 11001.100011,
R = 1,5125 x 1072
1™
Convert 7.893 x 10310 to base 16,
m= 4:
7.893 x 103, =114 13 5
. 10 16
Ry = O

Convert 92.38.. to base e, m = 4:

10

92.38. . = 11210.0110
1 e

0

R, = 1.479666726 1072

to base 8, with m = 4:

BASE COHMUERSICON:
BASE 1@ > BRSE Ao
FOR M * 1s N=7
2.
# OF DEC DIGITE
DESIREDs M=%
4.
E¥C 1i EMTR BRSE
16 #5 CONT

PR

BRSE 18 # = 7
459,

[ [ et
P

REMAIMDER =

ok

BASE 1@ # ¥

459,99
7
1.
3.
*
W
7
REMARINDER =
9. TEDOLBBEAE-BE
Fokk
W=7
2,
M=
4.
EE 3
BASE 18 # =
i
1.
G.
i.
1.
*

REMAIHGER

E

TEKTRONIX CALCULATOR PROGRAM

N=7

2.
M="7

G
# ok

1.

I

@,

H.

+

1.

H.

G

51

1e

1.

REMAIHDER =

1.51258008080E-82

R
H=

16.
M=7

.
FraTIn

BERASE 1@ # = 7
VLOESIORBAEBE+ET

1.

14.

13.

T

REMAIHLDER =

a.
dokk
M=T7

2718281828
M=7
ok

BASE 18 # =

a7, 38

.

E .

L

8.

*®

8.

1

1

a4,

REMAIHDER

1.479666726E-82

ok



PROGRAM EXECUTION

DISPLAY PRINTOUT
1 i START 0 Title
! N=17
2 | N, new base | CONT 0 N : Ky
; M=
<) M, number of decimal = CONT 0 M : Ky
digits desired Instructions
4 | EXC 1
Base 10 number ; CONT Remainder MSD : K3
RlO .
LSD
*
|
MSDD
' LSDD
5 To convert a new base 19 number to base N R10

|
i

To change N or M withouﬁ

Title and Instructions:;

to Step 2.

]
|

1
i

without changing M, retﬁrn to Step 4.

reprinting the
EXC 2 and return

If the printer is not uéed, replace PRNT at
step 190 with STOP to v%ew each digit as it
is calculated. Press C?NT to restart after
each digit is calculate?.

|
| |

e T s e
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PROGRAM STEPS

SR AR SR AT e

0 o or (3D Cad GO (D Geo Ced Cod Qo e
OE W@ WWC w
CaD GO D Gro (1 G o GO o (3D
Cad GO D Gro D (1D Coo (o Gro (D
EDIEIEDIEDIGICHICDICHIEDN:
STOP = K @ PRNT PF dint - K @
R A €D ICDICPIEDIEDICPIED)
COE O @O @ r (O
SIS CICIIGICIICPICY
(2> cr stop = x 9 er  pF CE) D

L OG0 OGO G QD G @
GO GO GO G O G Gro G GO GO
COCO@ @ 7 r GCOCGOCD o
pr mrsET LB 1 (3D () GO GO G (1D L L
CoO Geo (PO Geo (=D e (2D cir  sTop

K 1 PRNT PF 1n 3 K ) 1n )

int = K 2 K 1 int - K 1
= | & [ 5 | [CAD| K | 1 + | K | ¢ LeL (A
x> K 9 = int D/R D/R = K 3

PRNT* K 2 IF=p (§rO) PO Gro) PO (Gro) (5RO
» (PO Gro Gro (PO (5pod (* D conT cLR 1 =

K 4 K 2 x4 1 = K 6 K

2 = | K 8 - 1 = K 2 LBL
K | o | m| x | 6 | - 1 = K LBL

6 - 1 ) TIF2p EXC CONT K 8 o
% If the printer is not used, replace PRNT with STOP to view

each digit in turn as it is calculated. TEKTRONIX CALCULATOR PROGRAM



I

PROGRAM STEPS
2-2

COMMENTS

ex int xa = K 6 X K 4 +
K 4 1/x x ( 1 - K 6 =
- 1 ) x K 8 x>+ 1 =
x K 3 | #/-| ) Ty | K 8 = 1

) 1F2¢ Exc CADCONT K 5 + K 7
) 1r2¢p Exc Ccocor K 8 + K 9

) 1=¢p mxc (cocoor &k 1 1r=p Exc CC)
conr Exc (a) L (¢ rr (RO CGEO QO > e
OW®E®® Dl & | 1 fuoes

= & 1 emr pF (GOGOGD o pE
RSET IBL 2 (W) (=D/(2) cr sToP | = | K LBL 2

) PRNT PF int = K ) = K 7

@ @@ CLR STOP = K 9  PRNT PF
GO GO e PP ORSET

TEKTRONIX CALCULATOR PROGRAM
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Number Base Conversion: Base N to 10, N > 2

TITLE Mathgpgticsk

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers)

PROGRAM DESCRIPTION

K¢ : base 10 integer
K, : base 10 decimal

fraction

K2 : base N digit,
This program will convert any positive base N number of then combined
arbitrary length to its base 10 equivalent, within the base 10 rugber
display accuracy of the calculator, where the base N K3 i st
is an integer such that K4 s working

K. : working

N 22 >
K6 ¢ base N

Glven the. hage N gouber Subroutine labels used:

1, 24 3, 4
&S . &S

the program calculates the sums and base 10 equivalents for each separate digit to the

*MSD , ..., LSD . MSDD,, ..., LSDD_ ,
n (o] m

1’

left of the decimal point beginning with LSDo and proceeding to MSDn. The program then
separately calculates the base 10 equivalent for each separate digit of the fractional

portion beginning with DD1 and working to the right to DDm.

Thus the integer and decimal fraction portions of the resulting base 10 number are
accumulated separately, increasing the overall accuracy of the program. These

results are printed separately and as a combined or mixed base 10 number.

* MSDn is the Most Significant Digit and LSD0 the Least Significant Digit to the left
of the decimal point. MSDD1 is the Most Significant Decimal Digit and LSDDm is the
Least Significant Decimal Digit to the right of the decimal point.

TEKTRONIX CALCULATOR PROGRAM



EXAMPLES

1. Convert the base 2 number
100110011100.11100011101

to base 10 2. o

o

T
|

AT
LE e T

e Bl g B e u

Results, Combined: 2460.88916
displayed or K

2

DN ROV WD B A

el B
[

Integer: 2460. from Ky EXC 3 TO PRINT

RESULTS.

1 ol o

Fraction: .8891601563 from K, Hoh

[ on B e B B o B B S S S o O W]
Womoow oW omomow owoowmoomow

2. Convert the base 16 number

15961320 .17 156 3

AT el e e
P

o
.

o I S S o )
wom o wowow

to base 10

Results, Combined: 16346400.09
displayed or K

o
TEr
baxd
I
[
Deon
el
m
[axl
L
I

2

Integer: 16346400 from K¢

Fraction: 9.360027313 x 102

from Kl B

TEKTRONIX CALCULATOR PROGRAM



PROGRAM EXECUTION

1 . START

2 | N - CONT
3 CEXC 1
LSD . CONT
" |
MSD CONT
4 | EXC 2
MSDD, | CONT
LSDD | CONT
m E
5 | EXC 3

To convert a new base N number return to

Step 3.

é
To change to a new base @“ without printing
the Title and Instructiéhs: EXC 4, and
return to Step 2. |

2
g
|
|
2

If the printer is not ué@d, recall results
from the indicated regi%ters.

DISPLAY

0

Base 10
Total

PRINTOUT

Title
N=27

N : K6
Instructions

LSD
o

LSDD
m

Base 10
Result

Int Part: K¢
Dec Part: K1

Total: K2

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

< 2 ) I e ’;\’,.‘s; fone L -t
COMMENTS .
. 2 N EDIEICPI EPIEDICPICICD

Il CICPICPICICPICP IR 2
ISIGIEHICIEDIEICHIEDIEY
CO@eE@O@ r WO o
stoe = &k 6 et pF (7D CoO ) GO
OWOEEOE® @ @ W
GO @O OO G D GO GO GO
@O ® r OO O
GO G G D G Go o & @ &>
OO OO @ @ o G Qo
1T OO @ @ @@ @
®© @ @ @ O@ @ W@ @
@O @OE®@ O®@ @ @ @ &
O@@O@@E®@® v @@
OO @ & @ @ G Lo
OOOOWE® @ @@
OED @@ @D o &
GO O @O G Go (1 (o G o o
@O@@ v OGO WWO
GOCDO er pr (GO GO D o PF RSET

2 IBL 1 CR = K 3 = K @§ = LBL 1
k 1 1L CaA) ctR swop = k2 et L1BL CAD
x K 6 x> K 3 + . 5 -
int | 5o |k |3 |+ |1 |= |k |3 |Exc |
CaoJusL [ 2 Jer [ = [k [ 1 |1 | = | K LBL 2 o
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PROGRAM STEPS

2-3

COMMENTS

’
D 1mL CLR STOP = K 2 LBL
PRNT | K | 6 | My | K | 4 |l/=| x | kR | 2
) 5; xe (3D w3 e (3 Ca>(SD) L3
@G W @ @@ & GO W@
3 @ o x4 (O@WO@O&EE
COCGOCOHO ORI + K 1 (oD
& O GO D o o (> Geo (=D prar
r = x 2 (@@ &
COer pr (3O CGOCD PF PP ORSET  LBL
4 @@@ CD STOP = K 6  PRNT LBL 4
pF (3D DOC*) o PF RSET
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Number Base Conversion: Base N to 10,2<N <9

Mathematics

TITLE

MINIMUM HARDWARE REQUIRED
TEK 31 (512 Steps and 64 Registers)

REGISTERS USED
K¢ : Base 10 number

K. : exponent, or

PROGRAM DESCRIPTION

position counter

K2 : base N digits
This program will convert any ten digit base N integer, K, : working
decimal fraction, or mixed number to its base 10 equivalent, K3 : working
within the accuracy of the calculator. The base N must K4 : working
be an integer such that K5 : base N
6 °
K7 : base N number

2SNZ29.

Subroutine labels used:
1, 2

@, &,

TEKTRONIX CALCULATOR PROGRAM



EXAMPLES

1.

Convert the base 2 number
110110.11 to base 10:
Result: 54.75

Convert the base 8 number
713.55 to base 10:
Result: 459.703125
Convert the base 5 number
-41330.14444 to base 10
-2715.39968

Result:

Convert these base 8 numbers to base 10:

Base 8 Base 10
107 71

-113 ~75
127 87
130 88
071 57

-045 -37

PR

D]

TEKTRONIX CALCULATOR PROGRAM

L R

BASE H
BASE 18

23K 3

BRSE H & =
BASE 1@

2 % A

7

BRSE 1@

ok

BRSE # f:'
EASE 14

R



PROGRAM EXECUTION

DISPLAY PRINTOUT
1, START 0 Title
| N =2
2 N é CONT 0 N @ K6
¢ Instructions
3 EXC 1
Base N number i CONT Base 10 Base N number:
£ equivalent K7
5 Base 10

equivalent: K¢

4 To convert a new base N number return to

Step 3.

To change to a new base N' without printing
the Title and Instructions: EXC 2, and

return to Step 2.
If a printer is not use?, recall results from

the indicated registers.
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PROGRAM STEPS l
2-4
— o !
N Yololalalalalola U
OO OO ED *r I
OGO D @D & GO GO GO D
DODDD " DDO® !
QD EO GO GO & QD GO &GO GO GO
COCOGCEHOCC) ar swp = K 6 .
vt (ED (O CO @ OO COE GO I
WO E @ v OO
OO GO D GO O GO ED 1
COCOQOC r OGO ar pF 7
1 rser LBl 1 (B CaO GO GEHOG (W) GO LeL L l
EDICEDICRICIED I T I S ‘l
PRNT PF 4 1 = K 5 dat = K
2 crR = & ¢ = k 1w Ca> LA l
K 2 : 1 ¢ = K 2 - K
2 int = x 1 ¢ x K 6 x® l
K 1+ 5 = dnt I, C 1
21 K 2 int = K 2 x> - 1 I
) 1r2¢ Exc CA) CONT CIR = K 1 K l
5 | = | kK |5 |tee | = |k | 2 |wn (B u(B)
2 R |2 i g |= lx |2 Je |1 l
- x 4 & 1 = x 3 1w (o> l
K 6 m, | & | 3 | - 1 = K 3
1F2p EXC (C ) CONT CD 1 | K 4 1/x .I
x K 2 dnt ) f¢ | X | 2 | - | K
° 1
TEKTRONIX CALCULATOR PROGRAM I



PROGRAM STEPS

2-4

COMMENTS

2 int = K 2 2 - 1 ) IF2¢
EXC CONT K 7 10°° = 10° ¢ ¢
e* int xa X 2 - 1 = X K

g = x 1 OO EOEC
g GO O @O GO W@ (@D mir pr
3 GOGOGY »er oprorsEr L 2 (0 (=D L2

(7> o swp = K 6 pr PF () ()
C*) o  PF RSET

TEKTRONIX CALCULATOR PROGRAM
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SECTION 3 POLYNOMIALS

E ~ 3-1 Quadratic and Cubic Equatiohs

q ' 3-2  3rd-Order Polynomial Interpolation

s 33 Real Roots of Functions and Function Evaluation
F'l OCTAL PRINT KEY SYMBOL

; CODE ouT

OCTAL PRINT KEY SYMBOL
CODE ouT

|

—

—
)

- B e B

RETURN
ADDRESS RAD

f'\ 07 3=

S




l:l:ll::l:l:l I:I:l I':JD

?
T o meeoomm o usm gL NORESs  oiSeLAY T RAER
| s P e o | B | o | I:ll:ll:ll:ll:l l':l
g ) oeom v oao

' FEFEEREFE
“_
=

OCTAL PRINT KEY
CODE ouT

- LABEL
m

202 . TAPE
: T0

203 . L TAPE
L0 EXECUTE

| — | — | i

wime X! X e

| e | DI [t I | e | M

=

{oe)

_ o
. I

are I, logX a

| B | — | —Jc

hyper A, mX NI

: 205 k CLEAR

R FILEW
=207 & BELL
o0 . SPACE

anX L%, VEX %

—c i
cosX I, [ ¢
1 | - — E

sinX I, T,

El

SR TAB
: - —
STEP

INSERT

222 DELETE
s . sTep

e st
DISPLAY

, OCTAL PRINT KEY SYMBOL
225 PROGRAM

CODE ouT

699960966000

-
S
TR
: ,,,'®z:
)
>
@ 317
>
€D
o
D
(7
e
T
)
L2y
yay

i
o
!

O

N
(o)}
%]
B et A
©~N OO A GRS e TS

A3
w
N
~
PLU-TIN<XZI<CcH®nIODO2:

00060906E000EARAREAREEARAEEAEENE

N

~I

19,

]
VLA

w
@
~
1
|

—

e

s aEn

o



Quadratic and Cubic Equations

vt Mathematics

REGISTERS USED
¢ X

MINIMUM HARDWARE REQUIRED
TEK 31 (512 Steps and 64 Registers)

“a 0
K1 : working
PROGRAM DESCRIPTION K, : working
K3 ¢ A
This program solves the quadratic equation K4 ¢t B
, K5 ¢ C
Ax" + Bx + C =0 K6 ¢ D
K7 s Xy or R
or the cubic equation K8 X,, OT I

3 2

Ax™ + Bx  + Cx + D Subroutine labels used:

g, 1, 2, 3, 4, V%

]
o

where the coefficients A, B, C, and D are real, and A # 0.

The quadratic equation is solved for roots
b , /(b)2 _¢c
2a ~ 2a a

For the cubic equation, the program solves for one real root x

»
=1
-
N
1
|

0 by an iterative algorithm,

then reduces the equation to a quadratic, which is then solved for Xy and Xpe

\- ‘- -

For the quadratic the character of the roots is indicated by the discriminant

=(b)2_c¢
dis <2a) a

For d > 0O: Xy and x, are real and unequal.

For d = O: 3 and x, are real and equal.
For d < O: X, and x, are the complex conjugate pair
X, = R.+.4iL, X, = R - jI

' This latter condition is indicated by a flashing display at the conclusion of the program.

TEKTRONIX CALCULATOR PROGRAM



EXAMPLES

LS

: ‘

4 4

non Lo

e [n] e b T woowmoowmom [ea] " o woom
o e [ i 1 BT P s W et LT = el Py
" s (et L et o - ] D]
] e e o pe n 1 oo =
m_ el Dol S 0 © e o
] ] e e o Lo
2X | 0 b b b nl_x | [ 1
o~ i L Do B P o e} i
ol I i ow W ow X Lid sl sl
+ = e . w b W FT ! ~3 (- [ e o
™ 11l et g e o (28] = L Lt s
W+ Ot L I P 1Ll X+ Ll I T £ 1

5 .
6.
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« omoow e noow W owooa
v et U5 AT [N L. R N acn ] B

£ i ; “.._ 5]

s sl 11 ==

= _.._H_‘ "...x._ _..J B3
I D o o o
kD S

1
1l sl DR ]

free e woow 1080
A Lid G e 7

Ll Lk 1 (W]

%2 - 25

E

P
3x2+5x=0

3
4.

T |
i 0 kR abf
noowoom - n o | [Tl il

[ DA I S U | I 10

- LI N I

b g e CE neel el
[t} - DL [
LE o R T i

Lt =k el el
e .. { I

2x2+3x+7=0

2x2+3x-7=0

Lid | L. u "

e i ] N B et e e
2 Ll 2 S 0 g7
Lt I 12 L1l o () | [ [N

1%
24




PROGRAM EXECUTION

For QUADRATIC
or for CUBIC

or B

registers as follows

return to Step 2.

If a printer is not used, recall results from

K¢ PoXg (CUBIC only)
x1 real root
K8 S x2 real root
or
K7 : R complex
K8 : I roots

If final display is flashing, roots are complex.

To solve a new equation

PRESS

START

EXC 2
EXC 3

CONT
CONT
CONT
CONT

of either degree,

0

o

(=M (= {= I =}

DISPLAY

PRINTOUT

see examples
for printout

details

(may flash)

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

OGO @

K

8

, (W@ @ @O @ & @@ &>
GO EO O GO WO GO
GO OO OO & +-

O

7

PF

PF

i

K

PF

CLR

EXC

K

7

PRNT

K

K

8

K

7

LBL 1
0 +
6 =
X 2
2 +/-
= K
x2 (
K ¢

= K
K 5
4 LBL
= K
K

Vx
7  PRNT
PRNT RADR

8 Vx

PRNT CD

8

IF20 @@
@@-O@O O O@O GO

K

2

8

X

K

coop cont (¢ (oD

1/x

K

K

8
8

TEKTRONIX CALCULATOR PROGRAM

K
PRNT

+/-

3-1
COMMENTS ’
LBL 1
Iterative
cubic
algorithm

Print real

*5

LBL vVx

Quadratic

algorithm

Print real

Ry

=5

Print complex

R, I
B, —i




PROGRAM STEPS

PRNT RADR GODP  LBL

DD =

RSET LBL 2 PF

Cc) stop  PF =

K 4 PRNT CD

PF EXC Vx EXC

EEOOODOD®DODOD o
D OO OO@m@m @O DD
ax (DD D D @D D

OGO COCOCH D smor r

3 PRNT CD STOP

K 4 CD STOP
K 5] CD STOP
K 6 xa 1
1 CONT = K
K ) = K

K

STOP

4

3

LBL

PRNT

PRNT

PRNT

CD

EXC

RSET

PRNT

K

3

BOIOICICICOR Y
Co @O @O COED & ar Gro (e () Introduction
OO OEEOOWWODDD
D@ D@D D D DD
r (D CoO O
, @D OO D@D D D@
D@D DD DD D
CD O Gro O O Co Gro (53O (D smoe
pr Ca)CO OGO w2

O EOOEOOOE@ ar w2
OO@OOO®@E D®>OOD

CD STOP =
5 PRNT PF
PF  PF @ LBL 3

K

K

K

3-1

COMMENTS

Data input

Data input

= K
3 =
3 X
3 =
IFFL = CLR
6 =
4 PF  LBL 4

END
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3rd-Order Polynomial Interpolation

Mathematics 3-2

TITLE

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers)

X Yo
K °
PROGRAM DESCRIPTION 1 Y1
K Sy
2 2
. - : K., ¢t ¥
Given four value pairs for a function 3 3
K4 : x0
K %1 =X
y = g(x) 5 3
K6 xi
at equally spaced values for x such that K7 : working, then yi

Subroutines used:

40 g(xo) LBL §
vy = g(xl)
Yy = g(xz)

. yq = 8(xy)

where the interval h between successive values of x is a positive real number

then for any X this program evaluates the unique third-order polynomial

y; = P(xy)

that satisfies the four given points.

The values for Yo through y4 must be entered in ascending order; the values x. through

0
X4 must be equally spaced.

The program finds a value v for any X, entered; however, it is most accurate in the
range X < X < Xqe For many functions extrapolation beyond this range will give grossly

inaccurate values for vi-

The program prints out input data and results.
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EXAMPLES

Given the data pairs,

X = 0 = -
° Yo L THIRD-ORDER
- = FOLYMOMIAL
x1 L y1 1 IHTERPOLATION:
Xy = 2 V., =
2 3 2 EMTER IMITIAL
Ko & = CATH:
Y=
= 1.
find y values for these Xt 1= i,
l,(l3— N
X, = .12 .
i 5 ;
x, = .750 K@= .
i )
R3=
X, = «9 %
i 33 1.
x, = 1.383 3
i IHNTERFPOLATIONS:
x; = 2.5 ENTER ¥ UALUES:
x, = 3, FRESS COMT

EHD

= 3c
]
-
b
|
Il B I I I i N I Il 6 I i Il BN BN I D B e
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PROGRAM EXECUTION

n-1

4 | For the last point

When a printer is not uj
K7, or for automatic di

the instructions on the

For a new x,. to x, intet
0 3

START

CONT
CONT
CONT
CONT
CONT
CONT

CONT

CONT

SET FLAG

CONT
ed, recall Yy from
play of Yy follow

PROGRAM STEPS pages.

val return to Step 1.

DISPLAY

0
0
0
0
0
0

PRINTOUT

TITLE
INSTRUCTIONS

END

See examples
for printout
detail.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

COMMENTS

0 PF  PF @@@@@@@@
QO ED @D ar GO O @ GO QD
COWOW @ r & @O QD
OO OO
OO v rOOO®E®E
OWOOO® @
O @OWWC v v GOW™D
STOP = K p et (v (1) (=D cp stop
= K 1 et (YO 2> () o s =
k 2 et (3OGOCE) o stop

1 3 et pF (XHO(@) (=D cp sToP
4 et (2O GO op st = K 5
PRNT PF  PF @@@@@@@
ICICPIEICIECPICIEPIGH IR
SIOISIGISICRICIEDICDICS)
OO O r GO @ @ GO
®®®®@®® LBL ) LBL §

K

K

PF PF @ @ CD STOP = K 6 PRNT Interpolation
@ @ ¥ K 4 ) : ( K 5
. K 4 ) X 3 = K 7 K
2 3 : ( K 7 - 3 ) - K
) K 7 = + 3 + K 1
: ( K 7 - 1 ) - K 2
& ( K 7 - 2 = 2 N
K 7 X ( K 7 = 1 ) X .

TEKTRONIX CALCULATOR PROGRAM



§

PF

PROGRAM STEPS

7 i
= K
K 3
)
K 7
PF RSET

IF=0
PRNT

CONT

K
K

IFFG

CONT*

PF

EXC

CONT

PF

3-2

COMMENTS

K 7
K 5
K 6
K 7

*If a printer is
not used, replace
CONT with STOP to
view calculated

value for vie

TEKTRONIX CALCULATOR PROGRAM
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Real Roots of Functions and Function Evaluation

TITLE

Mathematics 3-3

MINIMUM HARDWARE REQUIRED

TEK 31 (512 Steps and 64 Registers)

PROGRAM DESCRIPTION

This program offers two simple methods for finding real
roots for the equation f(x) = 0, as well as a routine for

evaluating f(x) for any real x.
LBL 1: Real roots by the Halving Method.

This method is straightforward and surefire but does
require knowledge of the approximate location of the roots.
Given an initial interval in which the curve crosses the
axis, this method repeatedly halves the interval in which
the intersection occurs. The initial interval (xo, zo)
must be given such that the function crosses the axis an

odd number of times in the interval. The formula used is:

x =z
% B n
n+l 2
: x If sign f(xn+1) = sign f(zn)
z =
n+l

z : If sign f(xn+1) = sign f(xn)

The calculated root is stored in K¢.

REGISTERS USED

~
=

Y X

: not used
: not used
: not used
: £(x)

: working

¢ logic

N o Oy =

¢ logic

N AN AR A AR AR

(o]

: logic

~
e

: working

R¢¢¢ ¢ ind. address
R¢1 ¢ working
92 ¢ working

Subroutine labels used:
STRT, 1, 2, 3

G through (O

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

In case the number of roots and/or their approximate locations are not known,

L
I
U
U
U
i
U
|
U
| ol
U
I
I
U
U
U
.
|
.

Step C, shown in the Program Execution Section, should be done. Omit this,
however, and continue to Step D if the number and approximate locations of the

roots are known.

Two considerations should be taken into account to avoid errors.

1. The program will not find the correct roots of

a function which may have real roots but never

<

crosses the x axis, such as y = (x - 2)2. In
this case the correct root will be found only

if the root is entered as one of the initial

values. B X

2. The program will give an erroneous result for

a function which may seem to cross the x axis

but never really does, such as y = sec X. \\~//

a

Any calculated result can be checked to see whether it really is a root by
pressing EXC 3, K@, CONT. If the result stored in K@ is a root, the calculator
will print @ (or a small residual) for f(x).

LBL 2: Real roots by the Secant Method.

This routine finds roots for the equation f(x) = 0 by generating successive

approximations which converge to the desired root, providing appropriate initial

approximations, xo and X)s have been entered. The recurrence formula used is

TEKTRONIX CALCULATOR PROGRAM
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PROGRAM DESCRIPTION (cont)

(xn—l - Xn) f(xn)

n f(xn_l) - f(xn)

The calculated root is stored in K@:

By By By

Two considerations should be taken into account to avoid error.

If the calculator finds the same values for successive f(xn) and f(xn—l)’

but different values for X and X, 10 two conditions are possible:

a)

b)

X and X _, are sufficiently close in value such that the calculator
can not distinguish between them in subsequent calculations. Hence
X will be taken to be a close approximation to the desired root by
the calculator.

X and X1 differ by more than 1 x 10—6. In this case the calculator
in the course of its calculations has happened to evaluate two points
on the opposite sides of a minima or a maxima, at which the values of
the function are equal. In this case the program prints out a

"flashing" #. Restart the program with different initial values.

In case the programmed function has no roots, the calculator will stay in

the "busy'" mode searching for a non-existent root. It will only terminate

execution if the "Stop" key is pressed.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

LBL 3: Function Evaluation.

This routine calculates and prints the value for f(x) for any real x entered.
This routine may be used to search for approximate locations of roots prior to
using routines LBL 1 and LBL 2, or it may be used independently to generate
values for graphing the function f(x).

TEKTRONIX CALCULATOR PROGRAM
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EXAMPLES

Find the roots of the function
f(x) = x3 - 2x2 -x+ 2 =0,
First we must program f(x) as f (K@),
that is, A
£(K) = (KM x kP - 2(kP)% - KO + 2.
To enter the programmed function, press

RSET LRN , and then enter f(K@) as

&
?é =

Press LRN to exit the LEARN mode. BOGOT
EXC STRT to print Title.
EXC 3 to search for x-axis crossings. e

Try x = -1.5, 0, 1.5, 3 BOOT

EXC 1 to find roots using Halving Method:

Try X = L.5, zy = 3 Root = 2
Try Xy = 1.5, zy = .5 Root =1
Try X = -1.5, zy = 0 Root = -1

EXC 2 to find roots using Secant Method:

&25 =
i ]
P F =
= i.

<

Try X = 20, X, = 10 Root = 2
Try Xg = 0, X, = .9 Root =1
Try X = =20, Xy = -10 Root = -1

R %

TEKTRONIX CALCULATOR PROGRAM
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PROGRAM EXECUTION

ENTER

To program your function f(x) as f(K@):

Enter f (K@)

To print Title

. PRESS

RSET LRN
= EXC @ LRN

EXC START

To search for x-axis crossings, or to

evaluate f(x) for variot

trial x
new x
for as many x as desirec

If f(x) changes sign bet

s X:
EXC 3
CONT
CONT

5

least one root exists between them.

ween any two x's, at

To find a root of f(x) between two initial

values of x found in C:
for Halving Method
%0

zZ

Repeat D for finding adc

EXC 1
CONT
CONT

litional roots.

To find a root using the Secant Method when

approximate locations at

E may be repeated using

e difficult to
EXC 2
CONT
CONT

new x0 and xl;

occasionally the program will find the

root from several starti

ing points.

find:

same

DISPLAY

f(x)
f(x)

Root

Root

PRINTOUT

Title

x =73 F(x) =
trial x

f(x)
new x

f (x)

and so on

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

3-3

COMMENTS

0 Program your function
f(x) as £f(XK@). Finish with the sequence
"= EXC @." You may use registers Kl,
K2, and K3 for intermediate storage as
necessary. As you program the function
f(x) = £(K@), do not modify the contents
of register K. You may use steps 000

through 099 for your function.

1 LBL 0 = K | 4 K 8 IF=§ K 4 LBL @

et pF (#> pF Exc (G CONT K 6 IF2p
EXC cor kK 7 IF2p EXC (A ) CONT K

4 % K 9 10°© = 1000 ¢ ) e*
int %2 + 1 = Rxxx @ ) 1) K
) = Rxx  Rxx @ @ Rxx 1) I )

- Rxx @ 2 ] ) 1F=p Exc CE ) CONT

B (A) Rxx # 1 + Rxx @ 2 ) LeL CAD

+ 2 = K ) K 7 +/-  IF2p STRT
CONT = K 7 K 4 = K 9 SIRT
9 LBL IFFG K @ = Rxx 0 HE LBL
s = rx 9 2 oo GOWEOO
STOP = K ¢  PRNT CLFG SIRT CONT K 4
- ®mex @ 2 ) 1F=p Exc (C ) CONT K
4 x ( K ) - Rxx 0 1 ) ‘

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

s | ¢ e | 2 - K | 4 ) +
K ) - K 5 K ) = Rxx @
1 K 5 = K 1)} K 4 = Rxx

p 2 smr wL 1 ¢ O @O D
CLR STOP = Rxxx @ ) 1 PRNT @

(=>C> car smP = Rxx @ 2 - | x
g [pRNT | v | = | R | 7 [ = | R | 8 [4/-
= | & | 6 |cwelsmrr [ | 2 | pF |CZD
C=>C> cR swoP = K $ PRNT 1 =
K | 6 | = | kR | 8 |[sFe |stRr |LBL | 3 | PF
OO @ @O @ E O
GO COCHOOO G rown (6 pF R

STOP = K @ PRNT CD = K 8 CLFG
st 1BL (C) Rxx @ 1 [ - [x e [)

Exc (DO k [ 4 [Eec Co)[exc CEO[1BL LD
1 - 1 [10%° [+/- | 6 )  IF2 CD

1/x ¢ pF EXc ((F) CONT RADR GODP LBL (E)

PP (RHOCoOCoOCDEO=D] & ¢  LBL
(¥ et PF C* > (C*) PF RSET LBL SIRT PF
I CICIEICOICDICDICPI DI D)
GOCGCOCO v (OO @G G
CRICRIGPICHIECRICICPICHDIEDIN
GO GO CO GO GO CD G ED (D
CO GO @D v D QD CO @ & GO
GO OGO GO @ GO GO O @ GO

TEKTRONIX CALCULATOR PROGRAM
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COMMENTS

LBL 1

LBL 2

LBL 3




PROGRAM STEPS

3-3

COMMENTS .

5 pF (* ) C*) PF  RSET

=
:

\
-‘ -' -l
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OCTAL
CODE

PRINT
ouT

SECTION 4

SYMBOL

4-1

4-2

SIMULTANEOUS EQUATIONS AND MATRICES

Matrix Inversion and Simultaneous Equations for
512 Step Calculator

Matrix Inversion and Simultaneous Equations for
1024 Step Calculator

Matrix Arithmetic for 512 Step Calculator

Matrix Arithmetic for 1024 Step Calculator

OCTAL PRINT KEY SYMBOL
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Matrix Inversion and Simultaneous Equations for 512 Step Calculator

TITLE Mathematics 4-1

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) K¢ - K2 : counters

PROGRAM DESCRIPTION T R
K4 : determinant
K5 - K7 ¢ working

This program calculates the inverse of the real matrix Ks A

[A] = [aij] of order n £ 7 on the basic Model 31 with 64 Kg .

R-registers and 512 program steps, and up to n < 31 with R¢¢¢ ¢ Tnd. addvess

various expanded memory options. Provision is included in R¢1 v Ind. sdivess

the program for the solution of n simultaneous equations R¢2 e Do dddress

in n unknowns, once the inverse matrix [A]_1 = [B] is R, thibugh
#8

obtained. R .
n(n+l)+7 °

matrix [a,.] and [c
The program uses a Gauss—Jordan normalization and [ 1J] Le]

elimination technique with row pivot interchange to

: . Subroutine labels:
improve accuracy. Storage in place is used to reduce

the memory requirements. As each row of the matrix [A] @ -
is entered, the calculator appends and prints the row ®: i @ﬂ g
number.

CD, PRNT, D/R, ENDR

The program prints out the determinant of matrix [A] as

D[A], and the inverse matrix [A] as [B]. Then for the

solution to simultaneous equations, where in matrix notation
[A] x [x] = [c] ,

the constant vector [c] is entered, and the program prints out the solution vector [x]

from

[x] = [B] x [c]
This portion of the program may be repeated for as many constant vectors [c] as desired.

The program includes a checking option whereby the inverse [B] may be re-inversed to
obtain [A]. The discrepancy between the original [A] and the re-inversed [A] is an
indication of the accumulation of round-off error in the program, and of the ill-
conditioning of the matrix [A]. The check procedure is recommended whenever the

absolute value of the determinant D[A] is small. TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

The program requires two blocks on the tape cartridge; any two blocks may be used.
The selected block numbers '"M" and "N" must be entered in the final program steps
as indicated on the program step lists. As the program requires two tape searches,

"™M" to '"N", and "N" to "M", total search time is independent of '™M" and "N".

The maximum matrix order n depends on the number of installed registers as follows:

Number of n Number of n
R-registers max R-registers max
64 7 448 20
128 10 640 24
192 13 1000 31
256 15

If an order n greater than allowed by the installed memory is entered, an E2
"no such register" error message will be displayed. (With 1000 registers installed,

no error message will be displayed regardless of n, but n is limited to n < 31.)

Note that the basic inversing routine execution time is roughly proportional to
3 . : :
n~, exclusive of tape search and printout; execution time for a 6th order matrix
is about one minute plus search and print time. Inversion of a 15th order identity

matrix requires approximately 11 minutes.

INPUT DATA CORRECTION PROCEDURE:

Following entry of [A] or [C] the calculator stops to allow checking and correction
of any data accidentally entered incorrectly (watch sign errors). Incorrect data
must be corrected by manually entering correct values to the proper registers

using the Rxxx key and 3 digit register address. The register number may be
determined by counting from the register number for the first entry in any given
row, which is given by

Rewdt = (& —1) G+ 1) $8

where r is the row number and n is the order of the matrix. Thus the first entry

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

a_. in the 6th row of the 12th order matrix is stored in register 8 + (6 -1)(12 - 1) =

is in Rxxx @#74; a_, in Rxxx $#75, and so on.

63
The registers for constant vector entries can be determined from the formula

Rxxx# =r(n+1) +7
After manually entering data corrections, be sure to press Rxxx @#@@ to return the
calculator to FILE @ so that the program indirect address registers will operate
correctly.

References:

1. S. S. Kuo, Numerical Methods and Computers, Addison-Wesley Publishing
Co., Reading, Mass., 1965.

2. T. R. McCalla, Introduction to Numerical Methods and FORTRAN
Programming, John Wiley and Sons, New York, 1967.

3. A Ralston and H. S. Wilf, Mathematical Methods for Digital Computers,
Vol. I, John Wiley and Sons, New York, 1960.
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EXAMPLES

Given the simultaneous equations:

X, + x2/2 + x3/3 =c,
x1/2 + x2/3 + x3/4 =c,
xl/3 + x2/4 -+ x3/5 = cg
or in matrix notation
1 1/2 1/3 X, cq
1/2 1/3 1/4 | x X, | = |¢c,
1/3 1/4 1/5 X, cq
or [A] X [x] = [c]

Solve for [B], the inverse of [A].

Then, given ¢, = 15 c, = 1 cy = 1
solve for X, = 3, X, = =24, Xy = 30.
Given ¢ = c, = ¢y = -1, then

X = -3, X, = 24, Xy = -30.

Matrix [A] is a 3rd order Hilbert matrix.
Hilbert matrices are often used to test
computational algorithms because they are
very ill-conditioned, that is, a small change
in element values leads to a large change

in the inverse [B]; as the matrix order
increases the determinant rapidly diminishes

‘toward 0.

HTR

r-
p
)

[A1 ORD H=T

TEKTRONIX CALCULATOR PROGRAM
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STEP

S~ W =

10

ENTER

Load initial block

matrix order n
matrix [A] by rows
241

aln

221

a
nn

The calculator stops to

input data; see Program

data is correct

To solve simultaneous

equations:

constant vector [c]

Same as 5. If correct

For a new constant vect

Step 6.

To inverse [B] to obtaii

optional check

PROGRAM EXECUTION

PRESS

RSET FTP '"M"
START
CONT

CONT
CONT
CONT

CONT
allow correction of
Description. When

CONT

CONT

CONT

CONT
CONT

or [c] ' return to

n [A] as an
EXC D/R

To terminate the program and reset the

calculator for entry of

matrix [A]'

a new
EXC ENDR

DISPLAY

0
0 during
tape searches

m

PRINTOUT

Title

[A]

D[A]

[B]

D[ B]
[A] by

re-inversing
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PROGRAM STEPS

MATRIX INVERSION BLUCK "M"

0 IFFG

Rxx

RADR

Rxx

GODP

gxc (U coNT

) = K
Rxx ) ]

RADR GODP  LBL

GODP LBL CD
8 = Rxx
) ) +

s (W) Rxx

3 mxe Ce)

8 ) IF=0
= Rxx  Rxx
CONT K

Rxx 0 ¢

. Cu) o 1

= Rxx )
8 ) IF=0
Rxx ) 2
+ K 9
K [} +

EXC

Rxx

CD

STRT LBL
Rxx  Rxx
6 =
Rxx ]
RADR GODP
) 1
= K
§ RADR
= Rxx
) )
1 X1
K 1
9 )
X K
K 2
K )
. (XD
PRNT CONT
IF=0 1
Rxkx 0
= Rxx
2 +

1 +
L. (%)
= K
) =

GODP
@ )
PRNT RADR
K 1
1 o
@  PRNT
9 +
K 3
K 8
K )
K )
Xo Rxx
2  EXC
] ]
7 =
) )
1 )
Rxx 1)

TEKTRONIX CALCULATOR PROGRAM
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PROGRAM STEPS

MATRIX INVERSION BLOCK 'M"

exc Cay Exc (L) CONT K @

+ 7 = Rxx )} )] Rxx

X K 9 -+ 7 = Rxx

(v Exc (XD LBL PRNT EXC  CD
Cw) «x 2 1r2¢p  Exc (Y CONT
e v (D (DD CD (D

(s> cp stoP = Rxx Rxx @

] 1 = K 7 - K

Rxx

LBL

LBL

EXC

1 ) 1F<p Exc (@) Exc (S CONT

Rxx  Rxx ] ) X Rxx  Rxx
W |k |1 | - | & [ 8 |)
r. Exc (2D mxc Ce) mxc (XD

pavr | kR | 2 | - [k |8 |)

Cr) conr pr (»> Exc (V) LBL

IF<@

STRT

4-1
COMMENTS

K 9

) 0

1 EXC
(YD EXC  LBL PRNT,
Cv o e C V)
LBL LeL (5D

PRNT Rxx
x2 +
PF STOP
2 =
1 = LeL (T
K 9

1 )

e | 1

K ¢

3%,  EXC

PF  PF LBL STRT

QO (D GO GO @0 CD o D @ o

O @ @O O o

8 PRNT PF | +F 1 = K

=  Rxxx 1] 1) @ Rxx

Do ol [ @
o stop = Exc Cw) K 2

CONT CD STOP CLFG IFFG LBL D/R

STOP

Rxx
PF
IF2(

SFG

= K

e (A>  LBL CAD

CONT CD LBL D/R
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PROGRAM STEPS

MATRIX INVERSION BLOCK ''M" 4-1

COMMENTS

5 apr  GooP Fre  "N" 1BL ENDR CE D (WD (CD) ©  LBL ENDR

PF | RSET

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

MATRIX INVERSION BLOCK ''N"

0

EXC

)

= K
Rxx ]
RADR GODP

1

K

K
%xa
IF2(

&>

X
¢

1

me (D

K

K

)

e (RO
coop LBL C$))

-

K

1

CONT RADR GODP

5

5

Rxx

K

EXC

EXC

4

5

K

7

EXC

EXC

K 8
K )
) IF<@
Exc (M)
6 RADR
= Rxx
i =
1 21
(D) coNT
= Rxx
Rxx 1)
K 0

O «x

gxc (G CONT K

()

Rxx

CcD cont

9
9

e (O

) xa

K 1

+ 8
= Rxx
co 1

L. Q)

GODP LBL
) 1

Rxx 1)
K 1

e (&)
) )
® RADR
) IF=0
1 =
) =
1 )
= Rxx
8 —
7 +
K 6
1 )
+ 1

@ me (D me (O 1

9 +
K ]
) 1

TEKTRONIX CALCULATOR PROGRAM
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PROGRAM STEPS

MATRIX INVERSION BLOCK '"N"

)  IF<@ CD 1
@& me (D w=
6 = Rxx Rxx

1 - K 8

CONT  LBL C:::) K

7 + K 9
) = Rxx @
Rxx ] ] -

6 X Rxx Rxx
1 - K 5
CONT CD 1 By

+/- = K
Rxx 1] 1
1} 1 CD

) IF<@ EXC
7 = Rxx

CD 1 EXC

1 = Rxx
8 - 1
) ¢ +
- K 5
CD 1 =
Rxx ) 1
X ( K

1] 1 EXC

) IF<@  EXC

e (8 K

1 ) 1r2¢ Exc (I CONT  CD

8 K @

) IFz¢ EXC

r OWEHD S «
OGO O G me () conr
i rr (OGO O

QOIC=D| x | 4
. (#) PF  SFG

CD ADR GODP

1 T, LBL
exc CR) K
1 2| K

Co> e (ED
¢ §  EXC

K 6 EXC

) IF<p EXC

K 1  LBL
e C$) K

1 - K
co  Exc CRD
1 = Rxx
1) - K

8 = K
1 %o K

CONT IFFG

4 PRNT PF

OO G

FTP llMll

COMMENTS

o (D
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Matrix Inversion and Simultaneous Equations for 1024 Step Calculator

TITLE

MINIMUM HARDWARE REQUIRED
TEK 31 (1024 Steps and 128 Registers)

REGISTERS USED

PROGRAM DESCRIPTION

This program calculates the inverse of the real matrix
[A] = [aij] of order n £ 7 on the basic Model 31 with 64
R-registers and 1024 program steps, and up to n < 31 with
various expanded memory options. Provision is included

in the program for the solution of n simultaneous equations
in n unknowns, once the inverse matrix [A]_1 = [B] is

obtained.

The program uses a Gauss-Jordan normalization and

elimination technique with row pivot interchange to
improve accuracy. Storage in place is used to reduce
memory requirements. As each row of the matrix [A] is

entered, the calculator appends and prints the row number.

The program prints out the determinant of matrix [A] as

D[A], and the inverse matrix [A]_1 as [B]. Then for the

solution to simultaneous equations, where in matrix notation

[A] x [x] = [c] ,

Mathematics

K¢ - K2 ¢ counters
K3 ¢ working

K4 determinant
K5 - K7 : working
K8 n

K9 n+1

R

000 ¢ ind. adr. reg.
R@l ¢ ind. adr. reg.
RQ2 : ind. adr. reg.
R¢8 through

Rn(n+1)+7
matrix [a,,] and [c]

1]

Subroutine labels:

(B eheough (D
& . » &
(3D , STRT, PRNT

D/R, ENDR

the constant vector [c] is entered, and the program prints out the solution vector [x]

from

[x] = [A]"! x [c] = [B] X [c] -

The portion of the program may be repeated for as many constant vectors [c] as desired.

The program includes a checking option whereby the inverse matrix [B] may be re-

inversed to obtain [A].

The discrepancy between the original [A] and the re-inversed

[A] is an indication of the accumulation of round-off error in the program, and of the

ill-conditioning of the matrix [A].
absolute value of the determinant D[A] is small.

terminates the program and resets the calculator.

The check procedure is recommended whenever the

Execution of the checking routine
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PROGRAM DESCRIPTION (cont)

The program requires 964 steps. It calls for data entry on the printer, and once

data is entered, its operation is entirely automatic. The maximum matrix order n

depends on the number of installed registers as follows:

Number of n Number of n
R-registers max R-registers max
64 7 448 20
128 10 640 24
192 13 1000 31
256 15

If an order n greater than allowed by the installed memory is entered, an E2
"mo such register" error message will be displayed. (With 1000 registers
installed, no error message will be displayed regardless of n, but n is limited
ton £ 31,)

Note that the basic inversing routine execution time is roughly proportional
to n3, exclusive of data entry and printout; execution time for a 6th order
matrix is about one minute. Inversion of a 15th order matrix requires 11 to

12 minutes.

INPUT DATA CORRECTION PROCEDURE:

Following entry of [A] or [C] the calculator stops to allow checking and
correction of any data accidentally entered incorrectly (watch sign errors).
Incorrect data must be corrected by manually entering correct values to the
proper registers using the Rxxx key and 3 digit register address. The register
number may be determined by counting from the register number for the first

entry in any given row, which is given by
Rxxx? = (r-1) (n+ 1) + 8

where r is the row number and n is the order of the matrix. Thus the first

entry ac, in the 6th row of the 12th order matrix is stored in register

8+ (6 -1)(12+ 1) = ¢73; a,., is in Rxxx P74; a,., in Rxxx @75, and so on.

62 63
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PROGRAM DESCRIPTION (cont)

The registers for constant vector entries can be determined from the formula

ieo 5.

Rxxx# =r(n+1) +7

After manually entering data corrections, be sure to press Rxxx (@@ to return
the calculator to FILE § so that the program indirect address registers will

operate correctly.

References:

1. 8. S. Kuo, Numerical Methods and Computers, Addison-Wesley Publishing
Co., Reading, Mass., 1965.

2. T. R. McCalla, Introduction to Numerical Methods and FORTRAN
Programming, John Wiley and Sons, New York, 1967.

A. Ralston and H. S. Wilf, Mathematical Methods for Digital Computers,
Vol. I, John Wiley and Sons, New York, 1960.
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EXAMPLES

Given the simultaneous equations:

x, + x2/2 + x3/3 =

|
0

1 1
xl/2 + x2/3 + x3/4 =c,
x1/3 + x2/4 + x3/5 = cg4
or in matrix notation
1 1/2 1/3 3 ¢
1/2 1/3 1/4 X X, = ¢,
1/3 1/4 1/5 x3 c3

or [A] x [x] = [c]

Solve for [B], the inverse of [A].

Then, given ¢, = 1, c, = 1, c3 =1
solve for X = 3 X, = =24, % 30.
Given ¢ cy = ¢q = -1, then

X = -3, X, = 24, x3 = =30.

Matrix [A] is a 3rd order Hilbert matrix.
Hilbert matrices are often used to test
computational algorithms because they are
very ill-conditioned, that is, a small change
in element values leads to a large change

in the inverse [B]; as the matrix order
increases the determinant rapidly diminishes

toward O.

HTREX [A1 ORD HT

To re-inverse, EXC D/R

SR
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PROGRAM EXECUTION

ENTER

matrix order n

matrix [A] by rows:
294

aln

Aoy

a
nn

PRESS

| START

Vv

| CONT

- CONT

| CONT
| CONT

.

' CONT

The calculator stops to allow correction of

input data; see Program

When data is correct

To solve simultaneous

equations

constant vector [c]

€1

Description.
| CONT

CONT

| CONT

| CONT

Same as 4. If correct | CONT

i
For a new constant vector [c]' return to Step 5.

]
£

To inverse [B] to obtain [A] as an optional

 EXC D/R

check

To terminate the program and reset the calculator
for entry of a new matri?

gExc ENDR

[a]’

]

Y
|

DISPLAY

PRINTOUT

Title

[A] by rows
with row
numbers
appended as
1,00, 2.00,
e 0 3010)

D[A]

[B] with

row numbers

[c]

[x]

D[B]

[A]

END
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PROGRAM STEPS

4-2

COMMENTS

0 exc STRT LBL (N ) Rxx Rxx @ ¢ = kK LB N)

Rxx ) ]

¢
K

6 Rxx  Rxx [} 1

K 6 = Rxx Rxx 0 1 RADR GopP LBL LB 0)

3. (2D Rxx @ o+ 1 = rx ¢ ()
p RaDR Gobp LBL (Q) Rxx Rxx ) - LeL(_ Q)
K 6 RapR Gopp LBL (CF)D D 1 . &k LBL(FD
1 | - [ & | 8 | » |wr2e | exc [CoD|conr | zer | nEu(a)
(&) rRxx 9 ) + K 9 = Rxx 0
¢ RapR GopP  LBL (@) Rxx  # 1+ r @)
1 9 = Rxx 0 1 RADR GODP LBL K LBL( %)

8 + 8 1 = K 7

RabDR GopP LBL ($) K 1 - |k | @ ) LBL( S )

IF=g 1 £1 coNT RaDR GopP LBL (R ) CD = LBLCR D

1

K 1} = K 1 8 = Rxx ) 0
RaDR GoDP LBL (W) Rxx Rxx @ ¢ PRNT RapR  LBLCHD
= K 3 mc (&) o 1 g | ox 1
= K 8 ) IF=p = K 1 1 T4
K ¢ = Rxx  Rxx ) U} ) ¢  PRNT
pF Exc (P ) CONT K 8 x K 9 +
2 7 - Rxx ) ) K 3

GODP  LBL STRT  PF  PF OGO LBL STRT
OO O En OO @ @ &

CLR | STOP| = K 8  PRNT PF + 1 -

K 9 x2 - 5 = Rxxx @ ] ¢
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PROGRAM STEPS

Il B G i A A B T G &m0 A T T T TE BE O =
= +
[§;] =

IF<@

Rxx

EXC

CD
K

K

IF=0
Rxx
Rxx
EXC

EXC

Rxx

CD

EXC

Rxx

Rxx

)

2> exc CH) cont  cp

STOP

4

9

Rxx

EXC
LBL

LBL

9
)

D x mD
Cw o (D
e x  w(E)

o )
Rxx §
1 =
3 k  ueL CH)
[} -

4=2

COMMENTS
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PROGRAM STEPS

4=2

Y
0
0
0
9
Il S B N Iy IE I & . ::!:I I B = E Em

COMMENTS

5 1 = x 1 w (I) k 3 = rx 1L
( K 1 - K ] = Rxx 1) 1)

) - K 1) + 1 = Rxx ) )

0 1 - K 5 ) 1r<p Exc (0 EXC

> w (O PP 1 = k ¢ kL Cu)
8 + 8 = Rxx @ 2w (x0 k1L CxO

¢ - K 8 ) IF=¢) EXC PRNT CONT K
) IF=9 1 2o
= Rxx 1) 2
7 = Rxx [1)
[} 2 + 7

2

9

+

Rxx

=  Rxx § 1w (1) Ex¢ () Rxx ¢ 1L (LD
K
e
7

8 x2 + 1
exc (L D coNT K

= Rxx ) )

) 1F<p Exc (&) EXC
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PROGRAM STEPS
4=2

COMMENTS

Rxx | Rxx () 1] X K 9 * 7 =
Rxx @ 1 Exc Cw) Exc (KD LBL PRNT EXC  LBL PRNT

Crof L [ e [ k | 2 [wrzp [ mxc [Cx)]| 1L (3D

CONT IFFG EXC ENDR CONT LBL C:::) m stop  PF  LBL (V)
8 STOP = Rxx  Rxx 1) 1 PRNT Rxx ) 1

- K 7 - K 8 x2 + 1 )

1r<p  Exc (@) Exc (s conr pF  cp sror ([
O OO EIINEIEAEN N
3 wr Cr) o = Kk ¢ 1 = [ & | (T

1 [k 2| -1 ]y | x]x |9 |+
8 = @Rx 6 @§  EXC L. (XD Rxx 1L (XD
Rxx 1] 1] X Rxx  Rxx 1] 1 ) 2o
K | 1 | - | K| 8 | ) 8 | @] I | =y
exc (2D Exc (@) Exc (XD coONT K ¢ PRNT
9 K [ 2 [ - [T x [ 8 [ [tres [ o2, [Exe [CTD

coor pr (C*) mxc (V) LBL D/R STFG CD 1 LBL D/R

= K 0 K 8 + 8 = Rxx ]

¢ 1w (z) kK @ = Rxx Rxx @ S A D)

- | & T 8 ) IF<p CD 1 zo Exc Ca)
gxc (z ) cont Exc () . ExoR PP CED (N  LBL ENDR
CpD) ¢ PF PF RSET

TEKTRONIX CALCULATOR PROGRAM



NOTES
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Matrix Arithmetic for 512 Step Calculator

e Mathematics

MINIMUM HARDWARE REQUIRED
TEK 31, Printer (512 Steps, 64 Registers)

REGISTERS USED
K¢ - K9 ¢ working

PROGRAM DESCRIPTION

¢¢¢: ind. address
91 : ind. address

This program consists of five BLOCKS for performing the o ¢ 4nd. address

following matrix arithmetic operations.

R., through R

BLOCK ) 98 xax
LBL STRT: Title and instructions

LBL (:::) s [Akl] initial data entry
LBL @: [Akl] X [Akl] = [RkI] where k = 1

for matrix storage

Subroutine labels used:

strr, (<)

@ through 9

(:::) through C:::)

BLOCK 1

LBL 1: [Ak1] X [an] = [Rkn] where 1 = m

BLOCK 2
LBL 2: [an] X [Akl] = [le] where n = k

BLOCK 3
LBL 4: [Akl] + [an] = [Rkl] where k = m, 1 =
LBL 5: [Ak1] - [an] = [RkI] where k =m, 1 =n
LBL 6: [an] - [Akl] = [Rk1] where k = m, 1 = n

LBL 7: Transpose [Akl] = [A]' = [le]

BLOCK 4
LBL 3: S X [Akl] = [Rkl], S a constant
LBL 8: Adds row numbers to [AkI] as required for matrix inversion program 4-1.

LBL 9: Removes row numbers from [Ak1] following operation of program 4-1.

The result of each operation is stored as matrix [Akl] in place of the previous data.
Thus the five BLOCKS may be used to perform almost any sequence of matrix arithmetic
operations, so long as they are mathematically defined and the calculator storage

capacity is not exceeded.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

Each BLOCK includes calling routines for automatic loading of any of the other
BLOCKs as a sequence of operations is executed. Labels (:::) , 1, 2, 3, and 4
will run automatically when called from any other BLOCK. Labels STRT, 5, 6, 7,
8, and 9 require two EXECUTE's when called from another block: the first calls
and loads the proper BLOCK, the second starts execution of the desired routine

after loading is complete.

For matrix multiplication, storage requirements will be minimized if the smaller of
the two matrices is called matrix [Akl] since all elements of [A] must be stored
initially, while only one column or row of [B] must be stored during operation of

[A] X [B] or [B] x [A], respectively. Storage requirements for any of the operations
may be determined from the following equations, where R is the number of R-registers

installed in your calculator:

[A] x [A]l, [A]': 2k1 SR -8

[A] x [B]: kl1+m+kn S R-8
[B] x [A]: kI +n+ml SR-8

S x [A], [A] * [B], [B] - [A]: k1 SR -8
LBL 8, Add row numbers: k(L + 1) SR -8

Row and column indices k, 1 for [A] and m, n for [B] must be entered as indicated
during operation of the program. If an inappropriate row/column index is entered,

in most cases the program will print INDX ? and STOP to wait for your correction.
Correction is easily accomplished by reexecuting the desired operation and reentering
the correct matrix indices. Storage requirements are tested for each operation; 1t
your calculator does not have sufficient storage for the matrix [A] and operation

you have entered, the program will display the E2 "no such register" error message.

When LBL 8 is used to add row numbers for inversing by program 4-1, the program
will print 4-1 loading instructions for any square matrix. For a non-square matrix,
the program will add and print out the matrix with row numbers with the message '"NO

INVRS" to indicate that the non-square matrix cannot be inversed.
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PROGRAM DESCRIPTION (cont)

When LBL 9 is used to delete row numbers from a matrix, the program STOPs to ask

"INDX OK?". At this point recall K6 and K7, and be sure that they are equal to the
row (k) and column (1) indices, respectively, of the matrix. When deleting row
numbers from a matrix inversed by program 4-1, it will be necessary to manually
set K6 and K7 equal to the matrix order n (n = k = 1 for a square matrix; enter

n = K6 = K7 manually).
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EXAMPLES

To perform the following series

of operations, load BLK @
EXC STRT

Enter k = 3, 1 = 4

o B~

SRl

Multiply [A] X [B]:

O Ul =

2
6
0

=W

1

EXC 1 and the program will
auto load and execute BLK 1

Enter m = 4, n = 3

12 8 4
B = |11 7 3
g 10 6 2

9 5 1

Multiply by scalar S = .01
EXC 3 and the program will
auto load and execute

Enter S = 0.01 Press CONT

Subtract [B]: EXC 5
The program will load BLK 3.
Again EXC 5 and enter m = 3,

1 1
B = ]2 2
3 3

w N =

Multiply [B] x [A]:
EXC 2 and the program will
auto load and execute BLK 2.
Enter m = 4, n = 3

1 2 3
B =] 3 2 1

=3, . =2 T B3
R R |

#

# Note the reversal error in entry of m and

indicated by the INDX ? message.

MTRY ARITH

Ed

n
&
pu ]
-

= B LA PO e O

EEs

fE

R
Bl MaH=7

IHDE?

A+E:
E:l MiH=7

B=7
BY COLYS

Lo

—

ol B
" o= .- =

e e
R N
P

[0 e AN Nwa]

L
P

DOt I Ry B R B
- = o= on P

| A RN o]
wow oo

A+E=
EY ROWS

Ksb=

A el

oot
[
I I

- b
T T
DO S

g
o

b
PR
Do g

FEOWE
S=
81
|
Sie
S
i.
B
«2
2.68
i.6d
4,36
Z.EE
EE s

e LA

[R——

LSO N

(BRSBTS
P

R-E=
EY ROWS

EslL=

dog

Bfl
E. MsH=7

BE=7
BEY ROWS

ExfA=
BY ROWS

Ksl=

wn

(55

s o.

[ ]

SR

[ |

s o

[N N

ENE

ed Fa

D N e L% P | Sy

- b el

ol

e
LA =

= R
[ RSB = )

Do
DL I 2N

L e |
S S O

Correct by

pressing EXC 1 again and reentering m = 4 and

n

= 3.
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PROGRAM EXECUTION

ENTER | PRESS
Load Block § . RSET FTP §
Print Title - EXC STRT

k ~ CONT

1 ~ CONT

By | CONT

B . CONT
Select desired operatioﬁ

A XA | EXC ¢
A XB | EXC 1
B XA f EXC 2
S XA | EXC 3
A+B | EXC 4
A-B  EXC 5
B - A | EXC 6
A' | EXC 7
Add row numbers j EXC 8
Delete row numbers | EXC 9

i
B

Enter S, m, n, [B], etc., as requested by the

PRINTOUT.

To perform another operétion on the result of

4 and 5, return to Step 4.

To enter a new matrix A without reprinting the
title, etc., press EXC @ .

Note that LBLs <:::> , 1, 2, 3, and 4 execute
automatically from any BLOCK. LBLs @, 5, 6, 7,
8, 9 will require a secénd EXC following
completion of tape loading when called from

another BLOCK.

DISPLAY

TEKTRONIX CALCULATOR PROGRAM

PRINTOUT

Title and

EXC instructions

as required
s
m
n

b elements

Results
k
1
L]

a1

See examples
for detailed

printouts.



PROGRAM STEPS

BLOCK 4-3

COMMENTS
LBLs

0 1FFG EXC (A ) coNT sSToP LBL (Y ) Rxx Rxx 0 D

1 IFFG CD STOP CONT = Rxx  Rxx ) ¢
PRNT Rxx ¢ ¢ - 7 ) + K 7

= K ¢ - K ) int )  IF=( PF
CONT Rxx 1) 1 + 1 = Rxx 1] 1
Rxx ) 1) + | = Rxx @ 1) -

K |5 ] - | 8 y 1r<p Exc (3 cont (x)
GOl @ | = [mnm [ F (D]
e DD O « 6 mn -

K 7 PRNT PF PF ) x> 4/~ 1F<p (I

;. QOGO GO @D PF PR STP CONT K 6
2

X = K 5 X 2 = K 4 EXC

(3D o = K # @ EXC . (¢ o

0

8 = Rxx 1) 2 2 K 5 = K
1 LBL @ Rxx  Rxx ) ) X Rxx  Rxx @
) 2 ) Zo Rxx 1) ? + 1 =
Rxx ) ] Rxx ) 2 + K 7 =
Rex #  2 - kK 1 ) 1r<p Exc (D)
CONT K 1] = Rxx  Rxx 1) 1 CD =
K 1) 1 Zif Rxx 1) 1 + 1 =
2 Rxx 1) 1 Rxx 1) 2 - K 5 -
K 7 - 7 ) IF<@ Rxx 1) ) = l
K 7 = Rxx ) ] Rxx ] 2 - )
K 5 * 1 = Rxx ¢ 2 EXC @ I
CONT Rxx 1 = K 4 - 8 ) . .
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PROGRAM STEPS

BLOCK ¢ 4-3

COMMENTS

1F<p Exc CC)D) CONT  EXC (Jg)larre | Exe Y O| 1AL
CIEIEPIEDIEPICICPICDE S T

LBLs
QD
coop LBL (I + 7 = Rxx @ ¢ N ED
D)

Rxx Rxx @ ¢ RaDR copP LBL (J) c» 8

= Rxx 1) 1) + K 5 = Rxx 1)

3 1 mapr goop  LBL STRT (M) (1) (B (ZO(SPO  SIRT
OO ar r (OO GO
OO r OO ®OTD
rr (D CO GO GO @ D wr
EOOWOE @ v OO
CO GO D rr G GO GO &GO Gro
r (WD O OE G rr (OO
O O ED O rr (OO GO G Gro
G : B R E IO IEPICHICPI GDIED)
DI : R ESIEPIEPI@PICHIC IR A @D

4 EPICDIGDICHIO IR BN ECOICOIE::
rr 1L (WD WO @ OO WS W

(2> CcR STOP = K 6 PRNT CD STOP =

K 7  PRNT PF X K 6 = K 5

=g (IO QO @O GO D PF PF STOP CONT
e (DO OO me (D o = R

) 1 8 = &Rx ¢ ¢ sk Exc (YD

LBL 1 CD ADR GODP FTP 1 LBL 2 ¢ 1,2

ADR GODP FTP 2 LBL 4 SFG LBL 5 LBL 4, 5
® 6 LBL 7  CD ADR GODP FTP 3  LBL 3 6, 7, 3
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PROGRAM STEPS

BLOCK @ 4-3

COMMENTS
LBLs

3 SFG LBL 8 LBL 9 CD ADR GODP  FTP 4 8, 9
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PROGRAM STEPS

BLOCK 1

1r<p  Exc (E ) CONT

Rxx 1) 1
) 1 )
Rxx ) )
1 K 8 -
] = Rxx
1 21 Rxx
¢ 2 K
¢ 1 -
G CONT  Rxx
9 + 1
- K 9

Rxx

CD

Rxx

Rxx

~

L N T S Y

IF<@

EXC

CD

PF

Rxx

4-3
L BCOMMENTS
¢ =  LBL
Rxx 0 1 CeED
PRNT Rxx @
- 7 )
9 = K
K 4 -
+ 1 = D)
x  Rxx Rxx
+ 1 =
K 4 -
Ce) conr K
- K ¢
9 = Rxx
) IF<p Rxx
) 1 | EXC
6 X K
= K 5
PF  EXC
-2
) () i
K 6 CxO
K 7 PRNT
pF  LBL (XD O
¢ §  PRNT
K 7 -
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PROGRAM STEPS

BLOCK 1
K ¢ - K @ dint ) IF=f
Rxx @ 1 + 1 = Rxx @
) ) + 1 =  Rxx @ ¢
5 | - | 8 | y |mp | mxe |(XD|cont
c PF RSET LBL 1 K 6 X
3 - x5 OGO E or

GO QD & O O ) st -

PRNT +/- 1F2p EXC (2 ) CONT  CD STOP
9 pRNT PF +/- 1F2¢ ExC (2 ) CONT
K 6 + K 5 - K 4
8 + 7 = Rxx 1) 1) 1)
) ) K 8 - K 7 )
5 + = ) 2

COMMENTS
LBLs
PF CONT
1 Rxx
K
CIED
K 7 1
& &GO
K 8
= K
+/- X
+ K
Rxx  Rxx
IF=§ K

OO

PE -@-@@@@@ PF

PFEXC cont 1L (2O (D QO O &
4 (2> o pr srop 1B (AD STFG LBL

) CD ADR GODP FTP ] LBL 2
GODP FTP 2 LBL 4 SFG LBL 5

LBL 7 CD ADR

LBL 8 LBL 9 CD ADR

GODP FTP 3 LBL

GODP FTP

STRT LBL
CD ADR g,
LBL 6 4,
3 SFG 75
4 8,
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PROGRAM STEPS

BLOCK 2 4-3

COMMENTS
LBLs

0 exc 2 1L (B) K
CFD rRxx 8 1 + 1 = Rxx @ 1

IS8
+
~
I
B
=)
=

CLS

CD STOP = Rxx Rxx ) 1 PRNT Rxx )
1 - K 4 - K 9 = 7 )
1F<p Exc (F) CONT €D = K ) = K
1 8 = Rxx ) ) + K 4 -
1 = L CH) Rxx ¢ 1 |+ |1 | = (D
Rxx 1) 1 Rxx Rxx 1) 1) X Rxx Rxx
1) 1 ) Yo  Rxx 1) 1) + K 7
= Rxx 1) 1) Rxx 1] 1 - K 4
1 - | g 9o | - | 7 )y 1F<p Exc CH) CONT
Rxx ) 2 CD = K
] 1 1 Rxx @ + 1 = Rxx
) 2 K 1 - & 7 ) IF<f Rxx
) 1 - K 9 = Rxx @ 1 Rxx
) ) - K 5 + 1 = RxxX ]
¢ Exc (H ) CONT Rxx 2 = K 4

- 8 ) IF PF EXC CCIT  PF
OO e WO @W D o

8 = Rxx [} 1] + K 5 = Rxx

7 PRNT PF PF = k5 L () rx (GO

Rxx 1] 1 = Rxx  Rxx @ @ PRNT Rxx

] - K /] int ) IF=p PF CONT Rxx

TEKTRONIX CALCULATOR PROGRAM
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PROGRAM STEPS

4

BLOCK 2
) 1 4
1) + 1
- 8 )

PF RSET LBL

k5 OO & ar GOCO GO

1

= Rxx

1F<p ExC (X)) CONT GO o

2 K

Rxx

()

6

QO C&O QD O D stoe

+/- IF2f EXC
K 5 =

PRNT PF  +/-

4 + 7
] ) K
5 + 8

exc (W) Exc
GO o

Rxx

CONT

PF | STOP

EICRICPIERR

LBL STRT LBL

1 CD ADR

5 LBL 6

LBL 3 SFG

FTP 4

¢ CD
GODP  FTP
LBL 7
LBL 8

+/-

CD

)
¢

X

X

STOP

2D cont

)

LBL
LBL

PF

CD

LBL

()

1

K

K

K

GODP  LBL
GODP  FTP
LBL 4
ADR GODP

9 CD

4=3
COMMENTS
LBLs
Rxx ?
K 5
7 = 2

8  PRNT
7 +
K 9
+ K
Rxx Rxx
IF=0 K

1} LBL STRT, @
SFG  LBL 1, 4
FTP 3 5, 6, 7
ADR GODP 3, 8,9
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PROGRAM STEPS

BLOCK 3 4-3
COMMENTS
LBLs
0 IFFG CLFG EXC 4 coNT stor 1BL (P ) Rxx #
9 - 7 ) % K 7 = K ()
- K @9 dint )  TIF=p PF CONT Rxx @
6+ 1 = Rxx @ § RADR GODP  LBL
(:::) Rxx ] 1 + 1 = Rxx ¢ 1 (:::)
RaDR Goop ©LBL C UD RADR = K 1 CLR 8 C
= Rxxx @ 9 9 + K 5 = K
4 1L (V) D SToP = PRNT X K 3 <€D
+ K 2 X Rxx  Rxx ¢ ¢ = Rxx
Rxx p ®xc CP) Rxx ) - K
1 4 ) 1r<¢p Exc (V) CONT K 1 GODP LBL
(:::) Rxx Rxx ¢ 1 = Rxx Rxx ¢ ) (:::)
pRNT  ExC (P Ex¢ (Q) Rxx § ) - K
5 - 8 )y 1r<g Exc (1D conr (x) G
co pF RSET LBL 7 (A O me G 7

CROICDOICEDIC=D] & | 7 |- [ x| 1]«

6 | = | x | 7 K 1 = K 6 PRNT
x | &k | 7 |vc | PP | PF | = | K | 5 X
2 = K 4 + 7 = Rxx 1) 1)
# Rxx Rxx p ¢ Exc (J) Rxx @ 1
) = ® 1 L CK) Rex Rex @ @ = <,
Rxx Rxx @ 1 Ex¢ CQ) Rxx ¢ p +
K 6 = Rxx @ ) - K 1 )
1F<p Exc (XKD CONT Rx=x 6 6 - K 5
+ 1 = Rxx 1) ) CD 1 %1  Rxx
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PROGRAM STEPS

BLOCK 3 -3

COMMENTS
~.BLs

) ) - K 4 8 ) IF<§  EXC

T oo e (D w0 (D . DD o
EDIEDRR 6 PRNT K 7 PRNT PF  PF

CcD 8 = Rxx [0} 1)} = Rxx [} 1

i (1D L (R @O COGE oGO o
3 OO «x x |k |7 |= |® |5

K

CD STOP K 8  PRNT CD STOP

9 PRNT PF - K 7 ) IF=0@ K 8

k6 ) 1=p (3OO w G G
-@-@@@@RADR PF  GODP
cont (1O QOO GO 2> PF PF OSTP  LBL
(3D o 8 = rx ¢ 6 + x 5 (O
= Rxx § 1 rapr copp LBL 4 CA) () 4
D me Cr) CR 1 = | |2 |=
k 3 mc Cv rr Cao GO =D mxc
4 G me Co w5 Ca D ) Exc 5
(RcR 1 = K 2 +- = K 3
exe (v pr Cad GO GO me (W) ExC
CoO wm 6 (3OCOCO G me (&) ar 6
1 - & 3 +- = & 2 & (0
PF CO O e (w exc (0D 1L

=

(A> SsFG LBL STRT LBL @ co apR Gopp FTP (A , SIRT
¢ LBL 1 CD ADR GODP FTP 1  LBL 2 8, 1, 2
CcD ADR GODP FTP 2 LBL 3  SFG LBL 8 3, 8

O

LBL 9 CD ADR GODP  FTP 4
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PROGRAM STEPS

BLOCK 4

0 IFFG CLFG EXC 3 CONT sToP LBL (M) CLFG RADR

= K 1 K 2 X Rxx Rxx ) ]

= mxc (z) L (N) SFG RADR = K 1
Exc (z) 1BL (< )CLFG RADR = K 1  Rxx

Rxx @ 2 = 1L (Z2) Rxx Rxx )
PRNT Rxx 1) 2 + 1 = Rxx 1) 2
Rxx 1) 1) + 1 = Rxx 1) 1) -
8 IFFG  + 1 CONT ) 3 ( K 7
IFFG o+ 1  CONT = K 0 - K )
int ) IF=p IFFG Rxx Rxx ) ) ) )
1 PRNT  Rxx ) ) + 1 = Rxx ) )
CD CONT IF=§ PF  Rxx ) 2 + 1 =
Rxx @ 2  CONT Rxx 1)} 1)} - K 5
- 8 IFFG - K 6  CONT )  IF<@ K

1 - 2 ) GODP CONT K 1 GODP LBL

 DDOD@® @D @ D
OOO@ DD m @ m D

K 6 + 7 = Rxxx ) ) =

K 6 = Rxx @ 1 Rxx Rxx ) ¢

LBL (:::) Rxx 0 ¢ - 7 ) + (

2 K 7 e 1 = K 0 - K @
int ) IF=§ K 1 = Rxx Rxx @ )
CcD 1 +/- I + Rxx @ ) =  Rxx
(] ) CONT Rxx Rxx ) 1 = Rxx  Rxx

@ g Rxx @ 1 - 1 = Rxx @

TEKTRONIX CALCULATOR PROGRAM
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PROGRAM STEPS

BLOCK 4 4-3
LBLSCOMMENTS ‘
1 Rxx [} [} - 1 = Rxx 1) )
+H- o+ 7 ) 1F<¢p Exc (S CONT D 8
= Rxx @ ¢ Exc (N)CLFG € PF K
6 - K 7 ) | ) |F=p | K 6

8 + 1 = K 9 1O o
3 W@ @@ @™ O @
OO o @ @ OO
COGOEO EOCO O GED QD
C*>C*> > PF  RSET CONT CoD C

N \ R S CD * * PF PF RSET

Il
~

Ct> o swop = k 2 Pt PF Ex¢ (1D

CLR =  Rxxx 1) 1) 2 8

) EXC @ @ @ CD PF RSET LBL 9 9

O @D C G > Coo o &eo U T

i OO @WE m W@

CO @O O (x> 2> s Exe (1D CR 8

=  Rxxx ) ¢ ) = Rxx ¢ 2 EXC
COCOC o erorser e GO GOG O
>

GO (&> CoO > (SO mor pr covr 11 (LD
COCOGOCD[® [ 6 | = k|1 pur

X K 4 PRNT PF PF = K 5 +

RaDR GopP LBL (A ) SFG LBL STRT LBL @ co (A, STRT, ¢

1
P
o]
X
=

ADR GODP  FTP [} LBL 1 CD ADR GODP  FTP 1

1 LBL 2 CD ADR GODP  FTP 2 LBL 4 2, 4
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PROGRAM STEPS

BLOCK 4 4-3
. COMMENTS
LBLs
5 SFG  LBL 5 LBL 6 LBL 7 CD ADR GODP Ss 65 J
FTP 3
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Matrix Arithmetic for 1024 Step Calculator

Mathematics

TITLE

REGISTERS USED

MINIMUM HARDWARE REQUIRED

TEK 31, Printer (1024 Steps, 128 Registers)

PROGRAM DESCRIPTION

K¢ - K9 ¢ working

R¢¢¢: ind. address
R¢1 ¢ ind. address

This program consists of two BLOCKS for performing the R

42 : ind. address
following matrix arithmetic operations.

R¢8 through RXXX

BLOCK @ for matrix storage

LBL STRT: Title and instructions
LBL (:::) : [Akl] initial data entry

Subroutine labels used

LEL @2 L& ;] x [h, ) = IRy, ] where k= 1 ¢ through 9
LBL 1: [Akl] X [an] = [Rkn] where 1 = m <:::> theoeugh <:::>
LBL 2: [an] X [Akl] = [le] where n = k <:::> , <:::> ,
Zos Z1, 322,
BLOCK. 1 IF<@p, IF=@p, IFFG,
LBL S x [Akl] = [Rkl]’ S a constant STRT, ADR
LBL [Akl] + [an] = [RkI] where k =m, 1 = n
LBL [Akl] - [an] = [Rk1] where k =m, 1 = n
=m, 1 =n

LBL Transpose [Ak1] = [A]' = [le]
LBL Adds row numbers to [AkI] as required for matrix inversion program 4-2.

33
4
5t
LBL 6: [an] - [Akl] = [Rkl] where k
7%
8:
LBL 9:

Removes row numbers from [Akl] following operation of program 4-2.

The result of each operation is stored as matrix [Akl] in place of the previous data.
Thus the two BLOCKS may be used to perform almost any sequence of matrix arithmetic
operations, so long as they are mathematically defined and the calculator storage

capacity is not exceeded.

Each BLOCK includes calling routines for automatic loading of the other BLOCK as a
sequence of operations is executed. Each of the LABELed routines listed on page 1

runs automatically when called from either BLOCK.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

For matrix multiplication, storage requirements will be minimized if the smaller of

the two matrices is called matrix [Ak1] since all elements of [A] must be stored
initially, while only one column or row of [B] must be stored during operation of
[A] x [B] or [B] x [A], respectively. Storage requirements for any of the operations
may be determined from the following equations, where R is the number of R-registers

installed in your calculator:

[A] x [A], [A]": 2k1 SR -8
[A] x [B]: kl+m+kn SR -8
[B] x [A]: kl+n+ml SR -8

S x [A], [A] * [B], [B] - [A]: k1l <R - 8
LBL 8, Add row numbers: k(1 + 1) SR -8

Row and column indices k, 1 for [A] and m, n for [B] must be entered as indicated
during operation of the program. If an inappropriate row/column index is entered,

in most cases the program will print INDX ? and STOP to wait for your correction.
Correction is easily accomplished by reexecuting the desired operation and reentering ‘
the correct matrix indices. Storage requirements are tested for each operationj; if
your calculator does not have sufficient storage for the matrix [A] and operation

you have entered, the program will display the E2 "no such register'" error message.

When LBL 8 is used to add row numbers for inversing by program 4-2, the program will
print 4-2 loading instructions for any square matrix. For a non-square matrix, the
program will add and print out the matrix with row numbers with the message '"NO

INVRS" to indicate that the non-square matrix cannot be inversed.

When LBL 9 is used to delete row numbers from a matrix, the program STOPs to ask
"INDX OK?". At this point recall K6 and K7, and be sure that they are equal to the
row (k) and column (1) indices, respectively, of the matrix. When deleting row
numbers from a matrix inversed by program 4-2, it will be necessary to manually

and K. equal to the matrix order n (n = k = 1 for a square matrix; enter

6 7
n = K6 =K, manually).

set K

TEKTRONIX CALCULATOR PROGRAM



NOTES

TEKTRONIX CALCULATOR PROGRAM



EXAMPLES

To perform the following series

of operations, load BLK @
EXC STRT
Enter k = 3, 1 = 4

1 2 3 4

Akl = |5 6 7

9 10 11 12

Multiply [A] x [B]:

EXC 1
Enter m = 4, n = 3
(12 8 4]
11 7 3
an Tl 10 6 2
9 5 1
- -

Multiply by scalar S = .01
EXC 3 and the program will
auto load BLOCK 1 and
execute.

Enter S = 0.01 Press CONT

Subtract [B]: EXC 5

Enter m = 3, n = 3

Multiply [B] x [A]:

EXC 2 and the program will
auto load BLOCK $ and
© execute.
Enter m = 4, n = 3
— N
3

.an = 3

<E =B =3

-3 -2 -1

MTEX ARITH

FORsEXCE

x
-
m

0 T B A B

# ITHDET

[P

— et

RN I N N

EoRl

P = T

Ho

o

Ll DR I SR e S )

DN R gl S S

AxE= A-E=
EY ROWS EY ROWE
KslL= L=
P
3 3
14, 5
S, = .4
24, & e
ZEE, LEE
164, - .36
5@, - 1.4
436 1.36
2&8 = .32
iaa = 24
Ak Aok
Ewfs
B!l MsH=7
oy 4
.61 _ i
Kil= EY ROWS
By
3 1.
3.
1.
. E b
2 2.
:
Z.68
.64 - 1.
. B = 2.
3
4. 36 '
Z.68 S
1. - 2
1.
E RS
E+R=
H-Ha B ROWS
El MsH=7
I. Bal=
3 4,
- 3
BY ROWS
S.44
) P = 2,88
i. = 3
i. .
7. - 2,24
2.
= 5. 44
3. Z.88
34 EN:
B
- 2,72
224
72
*k

# Note the reversal error in entry of m and n

indicated by the INDX ? message. Correct by .

pressing EXC 1 again and reentering m = 4

and n-= 3.
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PROGRAM EXECUTION

ENTER

T

Load Block @

Print Title

e

i

Select desired operation?

X
> e ow > > w >

Add row numbers

Delete row numbers
|

Enter S, m, n, [B], etc.,
PRINTOUT.

PRESS

RSET FIP ¢
EXC STRT

CONT
CONT
CONT

CONT

EXC
EXC
EXC
EXC
EXC
EXC
EXC
EXC
EXC
EXC

O 00 N o0 1 & W N FHF S

as requested by the

To perform another operation on the result of

4 and 5, return to Step @.

To enter a new matrix A @ithout reprinting the

title, etc., press EXC .

Note that LBLs (:::) 5 ¢%through 9, and STRT

execute automatically from either BLOCK.

DISPLAY

PRINTOUT

Title and

EXC instructions

as required
s
m
n

b elements

Results

See examples
for detailed

printouts.
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PROGRAM STEPS

BLOCK @ b4

Q
o
=z
=
aQ
=]
Il
~
=
|
~
o
[0}
- EE I & I i N B BN O D E G IE m D EE EE .

COMMENTS
LBLs

0 IFFG CLFG K 1 GODP CONT EXC STRT LBL Xy el

Rxx [} 1 - 1 = Rxx )] 1  RADR
copp 1B (P RADR cD stop =

&
B (YD Rxx Rxx § § PRNT Rxx @ ¢ o

- 7 ) 3 K 7 = K ] -

I
~
[

K @ dint ) TIF=p PF CONT EXC I; Rxx
) ) + 1 = Rxx ) ) - K
5 | - | 8] ) || x| 1 | -] 2 )
coop coNT (* )C*) ¢ PF RSET LBL K
4 o+ 7 . (E) EXC Z; CD STOP

Rxx () 1 PRNT Rxx 1) 1 =

0 ©

&
5

K 4 - K 2 - 7 ) IF<p  EXC

BL (G EXC I; Rxx Rxx @ @ x  Rxx D)
Rxx 1) 1 ) Zop Rxx ) 1) i 1
9

1)} Rxx

) 1r<p Exc CGDCONT K @ = Rxx Rxx
8 | 2 | | = | & | ¢ [ 1 | 2 [Rex]| @

5 2 = K 9 IFFG  x°  CONT Rxx 0§

2 K 1. - K 3 ) IF<p) EXC IF<§
CONT Rxx 1) 2 - IFFG EXC TIFFG CONT K

6 X K 9 it 1 = Rxx ) 2

= K 5 - K 9 - 8 )  IF<p
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BLOCK @

PF  EXC CONT

G e

Rxx )
PF IFFG
X K
Q) cont
x K
RADR =
(3D 1BL
Rxx ¢
+ 1
IFFG K
CONT  PF

K 6
x  +/-
K 5
= K
Rxx @
(:::) Rxx
) Zo
§ Rxx
2 .
)] =
| I

[/

K

7

OOOO =
OO WEO e WOOWSD

PRNT
IF<@

X

¢

PROGRAM STEPS

+

8

PRNT

rr (> GO GO
WOOOWED o

K 5
=  CONT
PF  PF
= K
K 5
Rxx  Rxx
1) 1
i
) ¢
8 )

K 5
) X
) +
+ K
) IF<p
@ 1
Rxx 0

b=4

COMMENTS
LBLs

s - @D
= Rxx ) 1

K 6 PRNT IFFG

= K 5 EXC

7  PRNT PF PF

e Co) w Co

) 1 =  EXC
- K 2 = IF<@
)] - K 5

cont Ex¢c (G LBL

IF<) PF EXC IFFG

Ca) L @ /]

PRNT PF PF )

K 6 x2 =
4 ¢ (IO o
1. o O
= K 1 LBL
Rex Rex § 2 D
1 = Rxx @
7 = Rxx @
exc (D) coNT K
@ = K
2 - | & || 5
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PROGRAM STEPS

BLOCK @ YA

Q
e
=
=
~
i &N OF N O G Oy Ay i Oy O O O aE BN BN En aE .

COMMENTS
LBLs

[}
~
(9]
-
-

[}
1
=
N
5
(@]

CpD cor Rex ® I - K 4 - 8
) 1F<p Exc (c) cont Exc (J) Exc CQ) LBL
(3> o 8 = Rxx ) + K 5 <€D
= Rxx 1 raprR copp LBL 1 cLFe CA) 1
OO me ]GO x [ 6 |+ [ [ 5
= |k | 4 [+ | & | 8 |ex¢c|(ZD| & |6

= K 3 K 8 = K 2 - K
6 7 ) 1r=¢p Exc 1F=p cont Exc (2D LBL 2 2
e (B DD D e
= g |3 | =x|x |8 |+ |k |5 | =
K | 4 | + | & [ 9 |ee Dl kK | 9 | =
K 2 - K 6 ) 1IF=p EXC IP=§ CONT

exe (2D . (XD K 6 x | & | 7-| = O
k5 OCO@OW GO

c0 swop = K 8 PRNT +/- IF2¢ Exc (?)

CONT CD STOP = K 9 PRNT PF +/- IF2j

exc (2D CONT +/- x TRADR GODP LBL IF=§ K TF=¢
7 5 + 8 = Rxx @ 2 OO

rrc Exc (W) EXC CONT €D, e

COCGOTHOC) pF PP OEXC L. (1 (D

+ 7 =  Rxxx 1) 1) 1) Rxx  Rxx [}

¢ rar coop i QD DD @@ GO

o
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BLOCK @

Cw > (s ranr
COICD)| o
GO GO GO O B ar
OO OO
CI@ICDIED;
DI N EPICICSIGICHIED.
CI@SIEICHIED
GO rr OO @G r
I SIISIEDICD)

PROGRAM STEPS

PF GODP

PF STOP

Gro GO (D er

COEOCO

C*> pF PR

2N CESIEIEPICHICPICP IR ES

rr (oD GO CGOCO @&

A OICICIEICD.
L COICHIECIEPICOIED
PF (0D (DGO @D

C) = 2D cur stop

STOP = K

7

PRNT

5 1F=p ExC (2 CONT

exc (W) oD

) @ EXC
EXC ADR LBL

LBL 5 CLR

5 4 EXC

EXC ADR LBL

@

CLR
9
EXC

LBL

CLR

A EDIEDIECPIED

X

2N EDIEDICHIED,

()

K

K

1

CLR

EXC

LBL

CLR

b=4
COMMENTS
LBLs
LBl STRT (M) (1O CRD STRT
(D
rr CaD GO
o D
rr (A GO D
D COICD
PP PF (¢
6 PRNT  CD
6 = K
8 - Rxx
6 4 2 3
3 EXC ADR 4
ADR LBL 6 5, 6
7 | CLR| 2 7
3 | 8 ) 8
2 LBL ADR 9, ADR
1

FTP
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PROGRAM STEPS

BLOCK 1
0 CLR K 1
CLR 8 =
= K 4
kK | 3 [ +
=  Rxx Rxx
) * K
int ) IF=0
- K 4
GODP  LBL I
) @  RADR
1 1 - Rxx
¢ 2 +
Le. (M) CLFG
Rxx Rxx 0
RADR = K
= K 1
el (F)) CLFG
2 | = | LBL
Lo EXC I
IFFG  + 1
2 + 1 CONT
)  IF=§ IFFG
EXC Ip CD
» 0 -
6 CONT )

GODP
Rxxx

LBL

RADR

EXC

CONT

CONT

K

IF<@

e Cu) RADR =

) ¢
GO o
2 X
] Rxx
= K
CONT EXC
IF<p EXC
) )
LBL O
1  RADR
= Rxx
= K
= EXC
EXC
Rxx )
= K
Rxx  Rxx
3L Rxx
) &
K )
Rxx )
IF=¢ PF
5 =
K 1

] +
STOP =
Rxx  Rxx
9 ¢
)] -
) Rxx
3D cont
+ 1
Rxx @
GODP LBL
) 2
1 K

1 = mc (2
1 Rxx  Rxx 1)

) @ PRNT EXC
) ) - 8

( K 7  IFFG
- K [} int
9 ¢ §  PRNT
EXC 3I, CONT Rxx
8 |IFFG | - K
- 2 )  GODP

K 1
K 5
PRNT %
) )
- 7
K )
9 9
K 1
= Rxx
1 +
3%,  Rxx
RADR GODP
2 X
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PROGRAM STEPS

BLOCK 1 b=4

COMMENTS
LBLs

coo;k’ Kk 1 eoop 1L 7 Cay DO D Exc 7

CGOICOICOIGOICD] x | 7 | = | & | 1
K 6 = K 7 K 1 = K 6
PRNT X K 7 PRNT PF PF = K 5
x 2 = K 4 + 7 =  Rxxx )
3 8 6 Rxx Rxx ¢ ¢ Ex¢c (U Rxx P
1 = kK 1 1Bt (KD Rxx Rxx @ )
= Rxx Rxx )] 1 EXC ]  Rxx 0 )
+ K 6 = Rxx ] ) - K 1
) 1F<p EXC (K CONT Rxx @ ) - K
5 + 1 = Rxx 0 ) c 1 Z
Rxx @ ) - K 4 - K 8 )

1r<p  Exc (kD conr Exc (3D mc (1) me (2D
m s DOO@DODD@
DOOO@DDD m @

4 @ K 6 % 7

Rxxx ) ) )

= K 6 = Rxx @ 1 BRxx Rxx @
¢ |wL (SD/rx [ 8 | 9 [ - [ 7 ) + D)
( K 7 - 1 = K ) - K
) int ) IF=¢§ K 1 = Rxx Rxx 0
) ¢ 1 +4/- % + Rxx ) =
Rxx ¢ § CONT Rxx Rxx ) 1 = Rxx
Rxx ) g Rxx @ 1 - 1 =  Rxx
1 Rxx @ ) - 1 = Rxx @

| B

+/- + 7 ) 1F<p Exc (S ) CONT CD
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PROGRAM STEPS

BLOCK 1 4=4

COMMENTS
LBLs
5 8

¢ Exc (N CLFG CD PF

)
K 6 & K 7 ) 2 ) 1= K
8

+ 1 = x 9 (D
CRICICPIEDIEDICPICPICDIERRCD
I EPICPICBICOIOIEPIEDIEPICTY
CGEOCGOCOHOGEO (M) e pr exc () cont
D@ DD DDE o =
e GO o (O @ GO GO @ o O 9
@ D DD @D
DD ® @ @ @ @ D ax

6 stop Exc (L) CLR 8 = Rxxx 0 0 g
= rx ¢ 2 B (¥F) me¢ & ow ()
OGO GO ¥ 6 = K1 PRNT
x K 7 PRNL PF PF = K 5 %

RabDR  copp LBL 3 (5D (GO Cad) (=) Ex¢ WD 3
(sHO=>C?> cp swop = K 2 PRNT PF
exc (L) CLR 8 = Rxxx ¢ §  EXC
Cu> exe (*) wr 4 Ca) GO G Exc 4
(R cr 1 = K 2 = K 3 EXC
C rr (OGO me (w) e (o)

4 L 5 CAC-OGHOCD e (R R 1 5
= k 2 +- = & 3 ©Exc Cu) FPF
CaO OB ) me (w) xe (o) LBL 6 6
(BOCOCH GO e (R R 1 = K
3 4/~ = kK 2 mEc (v F (BOCD

Rxx

6 = K

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

BLOCK 1

DO me G e Coo o O GO

GO QD O W O @O

7 = K 5 CD STOP
CD STOP = K 9  PRNT
) IF=@ K 8 - K

K

PF

6

6

K

)

X
8
K

IF=0@

K

PRNT

7

B

s O@ m WG G & @@

Csowrmapr  pr coop cont C1D) (v GO G
pF pF stop LBL (o) (xO GO GO D

6 PRNI K 7 PRNT  PF
Rxx @ ) = |BRxx | @
GO G OC*) o PFORSET

=  Rxx ] ¢ + K

1 RADR GODP LBL  STRT CLR

AR LBL (A CLR 8 7

 CLR 3 7 8  EXC
9 5 6 6 EXC ADR LBL
8 LBL ADR = K 1
FIP ¢

PF

1

LBL

ADR

SFG

CD

exc (1))

O

6
EXC
LBL
CLR

CD

8

CD

Rxx

5

ADR

1

6

ADR

TEKTRONIX CALCULATOR PROGRAM
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EXC
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CLR

GODP

4=4

COMMENTS
LBLs

Y

Y
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OCTAL
CODE

PRINT KEY
ouT

~ LABEL
|

FROM
T0
TAPE
{ ]
CLEAR

GOTO

N

SET.

FLAG

DSPLY

TAPE
[ ]

- EXECUTE
L]

R FLEmM

| ssm®

CLEAR
| FUASH
STOP
' PRINT

CCUEAR
 PAUSE

SECTION 5

SYMBOL

LBL
“ETR
O ITP
 EXC
HECRT
o er
. Rxxx
f‘RXx

CD

IFFL
| SFG

- STOP

_ PRNT

CLR

PAUS

5-1

5-2

55

VECTORS

Vector Addition and Subtraction, Polar and
Spherical Coordinates

Vector Cross Products, Rectangular and
Spherical Coordinates

Rotation and Translation of Axes, Rectangular
and Polar Coordinates

Coordinate Transforms: Rectangular to Polar or
Spherical, and Inverse

Vector Inner (Scalar) Product and Angle,

N-Dimensional Vectors

OCTAL PRINT KEY SYMBOL
CODE ouT

100
101
102
103
104

105
106
107
110
2111
i
13
114




OCTAL PRINT KEY
CODE ouT

IABEL
201 s
: FROM

202 . ) TAPE
12030 . . TIOPE
2040 sxzc.ure

| |

i
= ooran. BELL
2105 : SPACE

211 TAB

220 STEP

2210 . INSERT
09 DELETE
L e .?T-E.P.

224 ' LSt
026 e g Légnu

Do T sBAGE L 08
243 ’  4l ;
ag
e
ey
i s
250
wala
252
253
,,;3525,4 i -
elmeln L g
256
1 260,

Yooy

R m NS

SYMBOL

OCTAL

b
304

1912

AGAA0AGEA008E999686890069

- I\ o : :
<
e ALl R . GO f

.

£315
316
P37
320
T
392
- 323
(o

327
330

noo’ e

= =0 e =

20 P Zan’ 7O 180243 +
o e =t =

PRINT KEY SYMBOL

CODE ouT

s

300
301
302

Spt) R S CHE SRR -

et ik
gy
S o

S

999306R6AA09968

WIOVO2ZrXcec —ITOTMTMOODD B

. .
I» i I - I
LAt

SLSESS

326

e

C

—
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Vector Addition and Subtraction, Polar and Spherical Coordinates

TITLE Mathematics 5-1

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) K¢ dimension
K . 2"
PROGRAM DESCRIPTION 1 1°
K : B,y 9
2 1
K3 ¢1’ ¢'
This program adds or subtracts vectors in 2-dimensional K .
polar coordinates, or in 3-dimensional spherical coordinates: K4 62
5 2
Ke = ¢
K7 working
K8 ¢ working
K9 RADR
R¢¢1 r,
y R¢2 61
Rgs 9
X Subroutine Labels:
XD /R, +, -, 10°°,
Given the vectors
IFFG, ENDR
V1 =1 61 or =1, 61, ¢1
V2 = I, 62 or = r,, 62. ¢2
then
Vl+72=r',e' or =r', 8', ¢'
V=V, =V, ¥+ (V) =", & or =1r', 0', ¢'

The program operates in degrees or radians as selected by the operator. Addition or

subtraction is selected simply by EXC + or EXC - commands. Input data, selected

operators, and results are automatically printed out.
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PROGRAM DESCRIPTION (cont)

Each calculated result is stored in place of Vi, and the calculator stops ready for
selection of a new operator and vector data entry. Thus a series of operations can
be chained together as

v V. =V' =V, =V' =V, =V + ... - ... +V_ =7V

V1 + V2 Vv V3 \Y V4 AV Vn \
with all the data, operators, and intermediate results automatically printed out.
Note that with each operation the original content of Kl’ KZ’ and K3 is stored in
for verification when the printer is not used.

R¢¢l’ R¢2, and R¢3

2-dimensional polar coordinates:

y

3-dimensional spherical coordinates:
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NOTES
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EXAMPLES

1. 2-dimensions VECTOR ADD & Sug
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2. 3-dimensions
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PROGRAM EXECUTION

8%

. PRESS
|
G
5
Enter DIMENSION 12 or 3, CONT
1
For DEG ' SET FLAG
For RAD | CLR FLAG
For data entry &EXC D/R
enter initial r, | CONT
S - CONT
1 w
(3-DIM only) ¢1 ' CONT
Select operator i
for ADD (EXC +
for SUBTRACT EXC -
Enter r, | CONT
0, | CONT
(3-DIM only) ¢2

| CONT

To add or subtract anoth?r vector to this

result return to Step 5.

To add or subtract a new pair of vectors,

return to 3.

'EXC ENDR
The DIMENSION entry may be changed from 2 to 3

To terminate

or 3 to 2 prior to Step ? without reprinting the

title: !
for 2 ;CD 2 = K¢
for 3 [CD 3 = K¢

*If the m STOP steps are replaced with EXC D/R
as shown on the PROGRAM STEP list, the program
will automatically return to Step 4 and await

entry of new vector data.

DISPLAY

o O 10 O

T*

PRINTOUT

TITLE

DIM instruction

FLAG instruction

#

@
~
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PROGRAM STEPS l
5-1 l
commeNTs o
0 L (¢ pr pr (OO COC@ @O G e l
IIED GO G CO
P DO@D® D@D OO D I
COGOCOCED o swop = K § PR l
o o DDD@ DD DD V
OO OO O i
secc (R Ca>oo rser 1L /R pF (#) CLR  LBL D/R
pr CRD CiDstop = K 1 PRNT '
(1> o swop = K 2 PRNT EXC IFFG
1 k 6 - 3 o 1= I
(1> cp stop = K 3  PRNT EXC IFFG CONT P
co srop B - pr (-0 Exc Cu) K 4  LBL - l
#/- ] = K 4 | Exc |CxD| LBL| + pF (+) LBL + l
e (w> L (%D Exc (F) ciR 1FFe D/R cont  LBLC XD
K ) - 3 ) IF=f K 4 X K .
6 |stm| = | x| 7| x| 1| x| g | 3 I
sin = K 9 X K 2 cos + K
7 x| k| 5 cos| =] k| 8] x| 9 l
x | K| 2 Jem]|] + ] x| 7| x| g 5 ‘
2 sin - K 9 vix2 K 8 = K 7 I
EXC  10°° x 1 x K 3 cos  + K l
4 X K 6 cos = K 9  /ix2 K
7 | =] x| 1 1yx x K 9 | ) @ arc l
EOR | = X K 1 x° | = K 3 EXC @ I
TEKTRONIX CALCULATOR PROGRAM l



I PROGRAM STEPS
l 5-1
. COMMENTS
I (LD conr « 1 x K 2 cos + K
4 X K 5 cos = K 8 K 1
I X K 2 sin + K 4 X K 5
I sin = K 9 |v/ex2| & 8 = K 7
= K 1 exc¢ 10°° et (LD cwr IFFé D/R  LBLCLD
I . o v o OODD ¢ 1
l CODOCO G x 2 PrT  EXC IFFG
k | o -] s] ) [wes| CEICHICTCD
I COCO GO x 3 PR EXC IFFG CONT i
stop# 1BL 1FFG cp 1FFG (D) CED Ce) m coNT  LBL IFFG
l 17=p (R Ca) (D) CONT RADR GODP LBL 1090 K LBL 10°°
l . 9 | 10°9 =] 10°9 ¢ g | & | tne| x| x
5 - 1 = X K 7 x> X (
l K 8 - K 7 ) arc .cos = K
2 mabr coop 1BL CWD RADR = K 9 IR D)
l 4 pr CRD C2)swop = K 4 PRNT
' C2) o srp = K 5 PRNT EXC IFFG
x 8 - 3 ) s (@
l (2> o swop = K 6 PRNT EXC IFFG CONT
pF (=> kx 9 coop 1L (CF) K 1 - LeL(F )
' Rxxx )] ) 1 K 2 = Rxx ] 2
I K 3 = Rxx @ 3 RADR GODP LBL ENDR  LBL ENDR
P (2O (D CO PF PF RSET
1
®
I
# Replace m STOP with EXC D/R for automatic
l repetitive operation. TEKTRONIX CALCULATOR PROGRAM
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Vector Cross Products, Rectangular and Spherical Coordinates

Mathematics

TITLE

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) K¢ working
K1 BT, T, 7!
PROGRAM DESCRIPTION :
K2 : 61 5 92 s 0
— s K3 . ¢1 bl ¢2 5 ¢'
Given two 3-dimensional vectors Vl and 20 this program K9 s L REERen addfess

calculates their vector or cross-product V' which is

another vector that may be defined ‘as R¢¢¢ s Yadivect address

R X x'
V' = V1 X V2 X Yy 2 x'"i+y'j+2z'k, R¢3 2, Ly
%2 Tp 29 Ry, z,
B Rgs = Y2
oL VE= 2y = 29y » 2%y © X2y 5 XpY,) - YiXp) o6 29

where I', 3., and k are the mutually orthogonal unit vectors Labeled Subroutines:

taken in the positive directions of the xyz coordinate

CONCINED.
system axes. C:::D 4 <:::> ’ <:::>
O

, X , IFFG , ENDR

This program solves for x' , y' , and z' . It is arranged for convenient chain multipli-
cation of a series of vectors, with automatic printout of the input data and resultant

cross product vectors.

<|
X
<|
"
<

Thus given V1 X V2 X 3 ¢ o

<

: : v - ! v o= ! v = ! = ‘W v o=
this program finds V1 X 9 V' x V3 Vi X V4 V™ v v ow vV x Vn \

The vectors to be multiplied may be entered in either rectangular coordinates as

(x'" , y'", z") , or in spherical coordinates as

11

Gepo g s 2p) X G5 ¥y 5 2p)
(r1 , 81 . ¢1) X (r2 . 82 . ¢2) = (', 8", ¢') . Angle measure for spherical coordi-
nates may be either degrees or radians. When vectors are entered in spherical coordi-
nates, the program converts the data to rectangular coordinates before performing the
multiplication, and then re-converts the resulting (x' , y' , z') to (' , 6' , ¢').

The x' , y' , z' values may be manually recalled from R¢1 3 sz , and R¢3 .

TEKThOND(CALCULATORPROGRAM



PROGRAM DESCRIPTION (cont)

With steps 098 and 207 changed from CONT to STOP either V. and/or Vé may be

1
entered in xyz or r0¢ coordinates. That is, V1 may be entered as (x1 s ¥y o zl)

and v, as (r2 5 92 5 ¢2 1

entered as (rl s 61 , ¢1) and Vé as (x1 > ¥y o zl) with the solution given by

) with the solution given as r' , 6' , ¢' ; or V. may be

', y', 2",
Program execution is modified as follows:

1. Press START; STFG for DEG; CLFG for RAD

2. For Vi as (x1 s Yq oo zl): EXC (:::) .

3. Enter X s CONT ; Yy o CONT ; zy CONT ; program will STOP ;
4. For V2 as (r2 . 62 . ¢2): EXC g

5 Enter r, s CONT ; 62 , CONT ; ¢2 , CONT ;

6. Results will print out as (' , 6' , ¢"') .

or

1. Press START; STFG for DEG; CLFG for RAD

2. For V as (r; , 8, , ¢,)¢ EXC Cu .

3. Enter £y s CONT 91 , CONT ; ¢1 , CONT ; program will STOP ;

4, TFor Vé as (x2 s Yy o z2): EXC (:::) :

5. Enter x, , CONT ; y, , CONT ; z, , CONT ;

6. Results will print out as (x' , y' , z") .

+z
Coordinate
Conventions:
+¢
r
""'y

b
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EXAMPLES

1l
LU /1 /Vl
X

Given V1 and V2:

1. 1In rectangular coordinates

V1><V2= (I, 1, 0) x (0, 0, 1)

<

r

2. In spherical coordinates

(I, 1, 0) = 0, 0, 1)) = (1.5,

= (x' 5 3" 5 2') = (1 =15 0)

.5, .5)] X

(-1, .5, 1] = Vr = (-1.5, -1.5, -.75)

e
#
#2
1 = 4.4
H.
#*
-
# =
.
i
o
i
= '.'.i
- 1.
d.
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) 1,8
#H b
2
E i i
1.o4142 =
g1
45 =
DEG
FHI 1
LED 3
" T N
R
i RY
i3
DEG o
FHI & b
DEG Z Z
R
1. bk
= R - i
-_— [ AR
— ¥
[RESREY = i.5
FHI 2
i - T
DES °
Els

m
;‘:;r
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PROGRAM EXECUTION

|
4
1 E EXC X

;

]
2 | For DEG § SET FLAG
For RAD | CLR FLAG

3 For rect. coordinates

For sphr. coordinates EXC (:::)

e T

4 Enter Xy T ; CONT
¥ 8, | CONT
z ¢ CONT
Lor 1 f
x2 r2 | CONT
Y, 0, | CONT
z, ¢, | CONT

5 | To multiply this result?

by Vg 3 !
for rect. coordinates | EXC <:::>
for sphr. coordinates : EXC <:::>

x3 r3 é CONT
vy or 63 * CONT
2, 95 | CONT

1

Step 5 may be repeated ﬁor as many vectors as

desired. g

§

6 To enter a new Vi to beéin a new operation,

return to Step 3.

7 To terminate the

S ——————

e

program EXC ENDR

If the m STOP steps %re replaced as described

will automatically retugn to Step 3 following

If vectors in rect. and spher. coordinates are t

special instructions in the Program Description.

DISPLAY PRINTOUT

0 TITLE

FLAG Instruction
0 EXC Instruction
e H

3 |0 O 10 OO
N
<
N

x' in R
18 R
in R¢3

or

6' in K
o' in K

on the step list, the program

printout of the|results in Step 4.

be multiplied together, see

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS
5-2

COMMENTS

0 LBL X PF  PF @@@@@ LBL X
OO . ¥ (OO
CHICIEICPICH IR A I L E @D,

GO OO . r (OE> D
O OE O OED O v (D
O OOOE CO O G D
rser 1eL (6> PF (4O (o) ar pr (O GO 186D
(1> stop = Rxxx 6 0 1 et (YD) (52O
(1> cp stop Rxx 2 et (2D (5O

(2> oo srtop Rxx  § 3 prwr coNt® 1BL LB J)

1 G pr G oo pF O GO (2 stop =

Rxx @ 4 vt (YD (2> o swp =
Rex ¢ 5 PRT (zZ ) (2> cp stop =
Rxx @ 6 penr  PF (=) Exc (ID PF  Rxx

) 1 (CxD C' D PRNT  Rxx 8 2 CoO D
PRNT Rxx # 3 (2> D emnr nf ostort 1L LBLCHD
Cai> pr (3O CED) CR 1 = Rexx § P
) pPF (R (1> op stop = K 1
PRNT (1) ¢ sTOP = K 2 PRNT
exc  1rr¢ (2D Ca ) (D (1> oo st =
2 K 3 panr Exc  1Fre exc (2D cont® 1L (kD 1BLCK D
pp (D R 4 =  Rxx ) pF CR)
2> c» stop K 1 PRNT
(2> o swop = k2 e Exc IFEG (2D
COIED, (2> ¢ stop = K 3 PRI

# Replace m STOP with EXC (:::) for repetitive operation.

$ Replace two CONT's with STOP's for intermixing TEKTRONIX CALCULATOR PROGRAM
of rectangular and spherical vectors. See
Program Description.




PROGRAM STEPS
5-2

COMMENTS

exc 17F¢ Ex¢c (2> PF (=) Exc (I) PF K

1 Jx2 K . = K 1) K 2 1000

= 1000 ¢ 1) eX int xa@ X 2 -

1 = x K ) x2 X ( K 1

+ K ()] ) arc cos = K 2 K
3 p vix2 k3 = k 1 (RO emar
x2 X ( K 3 o K 1 ) arc

cos = K 3 CLR TIFFG D/R CONT K 2

DO e me k3 DD D
(D eryr  EXC IFFG % sTop* LBL (P ) RADR

*

]
=
&=

@

K 9 CLR IFFG D/R CONT K 1 X K
2 cos  x K 3 sin = B¢ CQ) K
1 X K 2 sin X K 3 sin =

exe (@) Kk 1 x K 3 cos = EXC

Ce> x 9 coor BL (Q) Rxx Rxx ¢ ¢ 1BLCQD

4 Rxx ) ) + 1 = Rxx 9 ¢  RADR
coor 1L (I Rxex # 6  x rex ¢ 2 1D

- Rxx [} 3 X Rxx 1)} 5 = K

1 Rxx ) 3 X Rxx ] 4 - Rxx

@ 1 x Rxx ) 6 E K 2 Rxx

9 1 X Rxx i} 5 - Rxx ) 2

X  Rxx @ 4 = K 3 = Rxx @

3 | x 1 = Rxx P 1 K 2 =
Rxx  § 2 RADR GopP LBL IFFG cp TIFF¢ (D )  LBL IFFG

GO GO o oconr 1r=p (DO Ca> (DD conT RADR

% Replace T STOP with EXC (_H ) for repetitive operation.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

5=2

COMMENTS

5 coor 1L EnR PF (E)(C®) (D> € PF PF  LBL ENDR

RSET

TEKTRONIX CALCULATOR PROGRAM



Rotation and Translation of Axes, Rectangular and Polar Coordinates

Mathematics

TITLE

MINIMUM HARDWARE REQUIRED
TEK 31 (512 Steps and 64 Registers)

REGISTERS USED

K e
[
K P X, T
PROGRAM DESCRIPTION 1 ’
K Y Y B
2
K3 s xly B
This program finds the new coordinates of a point in a K4 : vy, @'
translated and/or rotated system of coordinate axes, in K5 : Xy or s
either rectangular or polar notatiod. K6 Poygory
K7 ¢ working
Rectangular Coordinates: K8 ¢ working

Y

Subroutine Labels:

CONEPIRCY

arc, hyp, IFFG, SFG, ENDR

Given the rectangular xy coordinate system which is to be transformed to a new x'y'

coordinate system through translation of the origin O to 0' by distances x. and Yo

0
relative to 0, and/or rotation of the xy axes by angle o, the program calculates the

coordinates (x', y') in the new system for any point P(x, y) in the old system; where

(x - xo) cos o + (y - yo) sin a

y' = (y - yp) cos a - (x - x5) sin o .

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

Polar Coordinates:

The program also performs the analogous rotation and translation of axes for

data entered in polar notation (r, 6),

Yl

(r, 8) traans. to (r', 6")

xl

where 0' is the new origin translated from the old origin O by the vector s/Y,
and r'/6' are the polar coordinates of the point P relative to the new system,

and r/6 are the polar coordinates of P relative to the old system.

TEKTRONIX CALCULATOR PROGRAM



NOTES
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EXAMPLES

o N W

Translate and rotate the XY system by
X = 2 Yo = 4 , and o = 45° , and
calculate the new coordinates for the

points listed above.

Translate and rotate the polar coordinate

by s=7,Yvy= 35°

, and o = 45° , and find

the new r', 0' coordinates for th-.se points:

10 =29

RECT COORDIMATE
AES, TRAMS/ROTI

SET FLAG FOR DEG
ZLR FLAG FOR RAD

noa

2.
¢ B

4.
ALFHA
CEG
#ARC
¥

3.
L.J

2.
TO

HOLK3
-.7A71867812
YiK4
-2.121320344

$ARC
X

7
L

18.
o
K°1K3
7.778174593
Wik
L TAT1067812
#ARC
X

&.
v

5.
To
%73IK3
3.535533906
VoIKd
-2.121320344
#ARC
%
- 2
v

4.
0
< 1K3
-2, 828427125
/71K
2.828427125
END

TEKTRONIX CALCULATOR PROGRAM

*OLAR COORCDIMATE
AXES. TRANMS<ROT:

SET FLAG FOR DEG
CLR FLAG FOR RAD

S

7.
GAMMA
3S.
DEG
ALPHA
45.
DEG
#HYP
R
6.
3
82.
DEG
TO
R

K3
5.264231925

87 .K4
113.5324477
DEG

#HYP
R

a
DEG
TO

R7eK3
9.281391836

a’.K4
137.9611776
DEG

#HYP

TO

R7IK3

9.360%84%962
aiK4
-116.2296848
DEG

END



PROGRAM EXECUTION

ENTER

For RECT coordinates
For DEG
For RAD
Enter x
Yo
o
Enter x
y
Now enter new point

and return to Step 4.

0 !

SET FLAG, CONT
CLR FLAG, CONT
CONT

CONT

CONT

CONT

CONT

EXC arc

To enter new initial conditions, return to

Step 1.

To terminate

For POLAR coordinates
For DEG
For RAD
Enter s
Y
o,
Enter r
6
To enter a new point

and return to Step 4.

EXC ENDR

e (D

SET FLAG, CONT
CLR FLAG, CONT
CONT

CONT

CONT

CONT

CONT

EXC hyp

To enter new initial conditions return to

Step 1.

To terminate

If the m STOP steps aré replaced as detailed

EXC ENDR

on the PROGRAM STEP list the program will

automatically return to Step 4 for entry of

new data points.

DISPLAY

g o0/ 0ol |lolOo | O

5 ©O O © o

PRINTOUT

TITLE
FLAG

Instruction

TITLE
FLAG

Instruction

D R o R Q < ®w



0

PROGRAM STEPS .
5-3 l
COMMENTS )
. () pr pF (RO CGEOCO OGO (6> (M) I
EOD®DDDDDD l
CoD exc sk pr (XD CcD STOP =
k5 et (YD D STOP = K l
6 rrvr Cad (O C@HO@EY > o stop =
K ¢ ©PRNT EXC IFFG LBL arc PF (#) (CA) LBL arc l
(&> (c) cwr  1FFG D/R coNT  PF (X ) STOP =
k 1 et CY) D STOP = K 2 PRNT I
pF Ct) Cod k2 - K 6 = K I
8 K 1 = K 5 - K 7 x
K U} cos & K 8 X K () sin '
= K 3 P (XD O CO O3 erar PN I
K 8 X K ) cos - K 7 X
K g | ein | = K ED OO l
Cso et n# stort e (x> pr pF (2D Co> ey
OOD@DDD D DD D i
QOO @ @ e (o exe sre pF (5D l
o stop = k5 et (6D oo QD
Ca> cop stop = K 6 PRNT ExC IFFG CA) I
QOGO > o swop = K § PRNT |
EXC IFFG LBL  hyp er (G G G (C®> CLR  LBL hyp I
IFFG D/R coNt PF (R STOP = K 1 PRNT l
cD STOP = K 2 PRNT EXC IFFG  PF
o «x 1 x K 2 cos - K l
5 X K 6 cos = K 3 K 1 @
# Replace m STOP with EXC arc for automatic l
repetitive operation. TEKTRONIX CALCULATOR PROGRAM .



X K
sin =
3 X
X K
sin =

I,

GODP LBL

LBL ENDR

* Replace m

PROGRAM STEPS

o

K

i

SFG

8

= 1000 ¢ )

1 = X K

£ K 3 )
IFFG D/R CONT K
PRNT EXC IFFG m*

VIx2

e

K

int

STOP with EXC hyp

repetitive operation.

3

7

s DO O G

X

STOP* LBL IFFG

CD STOP RADR GODP

CD

for automatic

co IFF¢ (D)  LBL IFFG

cont 1F=¢p (R D (A (DD CONT RADR

coop 8L CoO D CO OO O & (1D (0D

OO D @@ G C mMr

A CICPIEICPIEPIED I

s O COED O @G e
COWOE @ aOW O @ &
COOEOE® O

rr (2> QD D

PF

PF RSET LBL ENDR

5=3

COMMENTS

TEKTRONIX CALCULATOR PROGRAM



NOTES
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Coordinate Transforms: Rectangular to Polar or Spherical, and Inverse

TITLE Mathematics

MINIMUM HARDWARE REQUIRED
TEK 31 (512 Steps and 64 Registers)

REGISTERS USED

K¢ ¢ working

PROGRAM DESCRIPTION .

S
¢

dimension

3

Subroutine Labels:

OO n,

A3, cos, IFFG, SFG, ENDR

Given the right-handed 2-dimensional coordinate system defined by the XY axes, or the
3-dimensional system defined by the XYZ axes, as sketched above, this program performs
the rectangular to polar transform (x, y) - (r, 6) or the rectangular to spherical
transform (x, y, z) > (r, 6, ¢). The program also performs the inverse transforms

(r, 6) > (x, y) and (r, 6, ¢) to (x, y, z).

TEKTRONIX CALCULATOR PROGRAM



EXAMPLES

1. RECT - POLAR
Convert these (x, y) points to their
equivalent (r, 0) coordinates:

x=3, y =4 ; - deg

4 -2 ;3 > rad

2. RECT > SPHER : 5

Convert these (x, y, z) points to pae-
their equivalent (r, 6, ¢) #
coordinates: " . .
i, el ®
- 2 1.5
) RAL
x =3, y =8, z =2 3; = deg T -
7oy 3 -2 ;3 = rad s
# #
3. POLAR ~ RECT H ) R »
Convert these (r, 6) to the ¥ ; @ 7;
z i LEG i
equivalent (x, y): . FHI o
T LEG o
T
r=6, 6 = 35° '
4 1.5 rad -
# #
4, SPHER - RECT i =
Convert these (r, 6, ¢) to the ¥ ; g :
equivalent (x, y, z): & o, ﬁﬁ%
TO RAL b
r=6, 0 =35, ¢ = 20° : w
RAD vrz
r -1 rad, 1.5 rad i L
RAD 4351684117

m
22
bl
=
iy
i
I I BN B B D BN B S N D I I B O EBE B b s
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PROGRAM EXECUTION

ENTER

1 For Rect. to Polar or
Spherical

2 | Enter dimension:

3 For DEG

or for RAD

4 | Enter x

A
z (3-dim only)

Y To convert a new
vector with the same
dimensions

6 To terminate

1 | For Polar or Spherical
to Rect.

2 Enter dimension:

3 For DEG

or for RAD

4 1 Enter r

0

¢ (3-dim only)

a To convert a new
vector with the same
dimensions

6 To terminate

In either program, dimen
from 2 to 3 or 3 to 2 wi

The FLAG may be set or g

CD, then 2 = Kg,-or.3 =IK9. ,

EXCCSD

2 or 3, CONT

SET FLAG CONT
CLEAR FLAG CONT
CONT

CONT

CONT

EXC Iy
EXC ENDR

ROED

2_or 3. CONT

SET FLAG CONT
CLEAR FLAG CONT
CONT

CONT

CONT

EXC Az
EXC ENDR

sion may be changed

thout reprinting title:

leared as desired

._*Mprior to. any«initialﬂdaqa pikry. s ptid.

DISPLAY PRINTOUT

TITLE
2 or 3
INSTRUCTION

TITLE
2 or 3
INSTRUCTION

4 O O o o o o

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

0

m D e (W @O @@ G &
OO G @ & oG o &GO o
O @& O O@@ w o
OOOO@ r(OO@O@E®
@@@@@ CLR STOP =

K 9 PRNT EXC SFG LL 1, ©PF C#) CD
pF (x)stop = k 1 Pt (Y) CD STOP

= K 2 PRNT /Ix2 K 1 = K )
CLR IFFG D/R CONT K 9 - 3 ) IF=g
Cz) c srop = K 3 et pr (1) CoD
Vix2 K ) = K 4 pr CRD PRNT  x?
X ( K 3 i K 4 ) arc cos

- &k 6 ©Emc cos Ex¢ 1rreC2) Cao (D
b stop# cont  pF (T
Coo x ¢ = K 4 pF (R PRNT  EXC
cos Exc 1Fre¢  nf stop# e (1D Exe Cuw) (2D
O@OOWE® O @ @ W
@OEOOOO®EG O
O@OWE®OWMOO®™
OOOEOOOO@OES

(2> crR stop | = K 9  PRNT EXC SFG LBL

rps pF (3D o pr (R stop = K 4

.

K 6 PRNT EXC IFFG m

PRNT CcO STOP = K 5 PRNT EXC IFFG
CLR 1IFFG D/R CONT K 4 x K 5 cos
= K 1 K 4 X K 5 sin =

# Replace m STOP with EXC I, for repetitive operation.

TEKTRONIX CALCULATOR PROGRAM

COMMENTS

1315

LBL Iy

LBL As

5-4




PROGRAM STEPS
5-4

COMMENTS

K 2 K 9 A 3 R NEDIED)

C1)| cp stoP | = | K | 6 |[PRNT |sin | x | EXC

3 K 3 (z)ernr m* stopx cont  pF (1) CoD

K 1 PF (XOPenT Kk 2 (YD) PRNT
stopx 1BL IFFG cp IFFGé (D) CED CG)D ™ CONT  LBL IFFG
1F=p CRD CAD (D) CONT RADR GODP LBL cos K  LBL cos

2 10°° = 10°° ¢ ) eX int  x@ x
2 - 1 = X K [} x2 X (
K 1 + K [} ) arc cos = K

5 CLR IFFG D/R CONT K 5 PRNT RADR
cooe 181 skc BF (5D (D (D @0 L 1 swe

WOOEOO®® & &
¢ OO® E@OW @ D
@ @ @ @ @ CD STOP RADR GODP

m (W rr o (O@@O@GE @ wl

OWWEOOOO®WE:
pF RapR oo LBL ENDR PF (CED Cw) (D) cp  LBL ENDR

PF PF RSET

* Replace m STOP with EXC Aj; for repetitive operation.

TEKTRONIX CALCULATOR PROGRAM
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Vector Inner (Scalar) Product and Angle, N-Dimensional Vectors

TITLE
MINIMUM HARDWARE REQUIRED

TEK 31 (512 Steps and 64 Registers)

Mathematics

REGISTERS USED

PROGRAM DESCRIPTION

This program calculates the inner or scalar (dot) product

of two n-dimensional vectors U and V where

U (u1 s Uy s Ug s e u4) and
vV = (v1 s Vo s Vg eee s v4)

The inner product is given by

Uu.Vs= uvy + u,v, L SRR uv = ru,v

The absolute magnitudes or norms for U and V are given by

5| =T - ©

[Zl(ui)Z];5 and

¥ =V . ¥

SIS

The angle between U and V is given by

8 =4,/_ﬁ e LT

K¢ data pair counter
By Uy

K2 vi B

K3 Yiu2 = II

K4 Vive = |V1

K5 Uu .V

K6 )

K9 LI ;|

Subroutine Labels:
OO ®
ENDR

ND

The program operates in degrees or radians, at the user's option.

TEKTRONIX CALCULATOR PROGRAM



EXAMPLES

LI HY _
EHMTER L.u PRIRS: EHTER U.i EFRIRS:
1
L X
2
1
1.7326850268 1
RESULTS
n [IM Hika .
U . V= 3.464101615 IHHEE F &

I.4541
FES MAG

TH
RESUL TS

B Uikd
S = 30 2, DIM Higd
= 0.5235987756 rad IBC RHGLECKE
DEG

Example 2: EHD

U = (ul s Uy s eee s u5)
v

= (v1 Sy s e s v5)
n=>5 EHE
up o, vyl 12, 0
u, 5> Vv, s 35 10
u3 , v3 s 2, 2
U, sV, 0t 5: 6
ug A -2, =2
K¢ : Dimension n = 5
K5 : Inner Product U * V = 68
Ky |U] = 13.6381817
K, : |V] =12 )
K6 Included Angle 6 =

1.142303721 rad
TEKTRONIX CALCULATOR PROGRAM
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PROGRAM EXECUTION

ENTER PRESS DISPLAY
EXC 0
For DEG SET FLAG CONT
For RAD CLEAR FLAG CONT
Enter dim n* CONT 0
Enter Uy CONT 0
vy CONT 0
u, CONT 0
v, CONT 0
| CONT 0
3 |
v | CONT it
n i
To enter a new pair of i

vectors J, K |
;
to return the program |
i

to Step 3.

To terminate the

program | EXC ENDR

*If 0 is entered for n, |
- ExcCRD

i

then press
following entry of the

last data pair u , v
n’ n
#1f the i stop# steps are replaced with EXC(::>,

the program will automatically return to Step 3

for entry of a new vector.

PRINTOUT

TITLE
FLAG Instruction

A

< £ 4 g
N N = =

Results

¢:n

K. : Inner Prod
U-v

K, : Abs Mag U

K4:AbsMagV

K, : UV

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

5-5

COMMENTS

0 LBL  * pF pF C2) GO QO CoHCo (1 LBL
QD ED OO OO
COICD T CEDICR|CD|CED CECAOICLD
ODDOOMEHE®OO™
OO EOE WWOO:

GO O D WO @ O O
OO . r (WO O @
OO rOHO®O @O
GO Ceosor wr (ay pr (O (A v LBLCA )
= K p = K 3 = K 4 =

5 pr Q) QD Geo Ca 2 stoe

= K 9 prvr pFr (2O QO GO

W OO @O@W OO

[
~

D 1L PF CLR IFFG D/R CONT STOP = LBL( B )
K 1 PRNT /%x2 K 3 = K 3 CD

STOP = K 2 PRNT /gx2 K 4 = K
4 K I x K 2 + K 5 =
K 5 CD 1 o K ) - K 9

)  1F=p Exc (R CONT EXC B (R PF LsL(R D
2 rr (O (D GO @0 GO & GO (D prr

ok 5 (W@ OE @ @@

OO @ @O @ & & G e

r CoO @O OED Q@ @ x 3

@O O GG mr x4 GO

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

5=5

COMMENTS

COCO Tt PF X K 3 = K
6 3| X ( K 5 % K 6 )
arc cos = k 6 cr kK 6 C1HOQD
OO WOWE®O®E®
Nt ¢ 1FFG (D) CEDCGY w conr 1F=p CR)
3 Ca> > conr  pr m# sror 1L EOR PR CE)D LBL ENDR
(x> Cd> ¢ PF PF RSET

#fReplace T STOP with EXC (:::) for repetitive

operation.

TEKTRONIX CALCULATOR PROGRAM
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o— |
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e
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OCTAL
CODE

PRINT
ouT

SECTION 6
6-1
6-2
KEY sympoL  6-3
64

COMPLEX OPERATORS

Complex Operators: Polar to Rectangular Conversion
and Inverse

Complex Operators: X,+,and —; Z,22,/2,2 + Z,2

Complex Operators: e?, In z, log z; 22 ﬁ-, 1/z

Complex Operators: tan z, cos z, sin z; arctan z,
arccos z, arcsin z

Complex Operators: tanh z, cosh z, sinh z; arctanh z,

arccosh z, arcsinh z

OCTAL PRINT KEY SYMBOL
CODE ouT

"




OCTAL
CODE

PRINT
ouT

T

202

Tl U e i

LT ke

it

)

LI

. TAPE
L ]

_REm

KEY

. LABEL

W LTAPE
. e

T0

- EXECUTE
..

CLEAR

BELL

SPACE
~ TAB

S
STEP

INSERT

DELETE
c1E
_ STEP

STl
DISPLAY

PROGRAM

o *fléénuﬁ .

" O®NOD A BN = ON

S A

‘EE’m
i
@S
y‘!ﬁbil
: g;‘lI'i
g
ey e
. @C::>,ﬁ
SR
:
L
Ch
0
&
€
o

OCTAL
CODE

(300 0ty
Trapr i
3t
aang

304
305

logX el

ntX VX

VEx

1% ST

PRINT
ouT

3
g

Sape vl ey

(ALl

i

A

814

398 ::

316

Aol

3900
321

3220 .

3937

30
kot

326"
$307

3305000

=331

3328
333"

3305
335
336

337

KEY

>/ MN<XS<CA0IODDVO22rxc-—I0 nmo Owp e

SYMROL



Complex Operators: Polar to Rectangular Conversion and Inverse

TITLE Mathematics

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) K

PROGRAM DESCRIPTION

D R < M

K
K
K

1
2
3
This program calculates either the rectangular to polar 4

coordinate conversion Labeled Subrottines:

(:::) , arc, Rxx

_ 36 -
z_x+jy+re —r,e @;hyp’ﬂ
SFG, IFFG
i £ <
where -m <0 S m, 10°°, ENDR

or the inverse conversion from polar to rectangular

coordinates

j6

r, 0 Zre"” +x+ jy=2z2

The conversion algorithms are written as independent labeled subroutines. The R > P

These programs may be used with the other Complex Operator programs to solve programs
of broad complexity. The P - R program stores its complex result x + jy in registers
K1 and K2, where it is ready to serve as an operand for the Complex Operator programs.
The R > P program converts x + jy in K1 and K2 to r and 0 in K3 and K4.

Simple modifications to simplify the execution of these programs for repetitive
operation are shown on the PROGRAM STEP pages.

Input data and results are printed out. In addition, each operator is printed out
following the input data so that a complete record of the calculations is available
for verification. When the printer is not used the results must be manually recalled

from the indicated registers: x, y from K Kz; r, 0 from K3, K4.

1’

TEKTRONIX CALCULATOR PROGRAM



EXAMPLES

1. RECTANGULAR to POLAR:

x + jy
0 + jo
3+ jb
3 - j4
-3 + j4
-3 - j4
-3 + j0

T,

6 in rad or
0

0.927295218
-0.927295218
2.214297436
-2.214297436
3.141592654

b

s

’

b

-

-

w U1 L1 L1 L O K

-

6 in deg

0
53.13010235
-53513010235
126.8698976
-126.8698976
+180°

Note that 6 is always in the range -m £ 6 < T radians or

-180° < 6 < 180°.

2. POLAR to RECTANGULAR:
r; ©

0, 0

m/3
5, 60°
5, 420
g, -120°

(o}

x + jy

0+ jo

5+ j8.660254038
2.5 + j4.330127019
2.5 + j4.330127019
-1 - j1.732050808

Note that 6 may be any positive or negative angle within

the calculator's dynamic range for trigonometric functions,

in radians or degrees

TEKTRONIX CALCULATOR PROGRAM

RECT TQ FOLAR

SET FLAG FOR DEG
CLE FLAG FORE ERU

1K4
53, 13816235
DEG

EHD

FOLAR TO REECT
FOR DEG
FOR ERD

SET FLAG
CLRE FLAG
#
Fi
18,

a1

1.847197551
=R

FTO R

#
F1

18.
531
HEG
FOTOOR
JiKl

5.

JUIR2

B, EEAZS4E3E

EHD



PROGRAM EXECUTION

ENTER

RECTANGULAR TO POLAR COﬁVERSION

To print title
for degrees
for radians
Data entry

%y

Y1

To enter new (x, y) return to Step 3.

may be cleared or set as desired.

To terminate

POLAR TO RECTANGULAR CO&VERSION

To print title
for degrees
for radians
Data entry

r

6

To enter new (x, y) return to Step 3. The

flag may be cleared or set as desired

To terminate

For use with other COMPLﬁX OPERATOR programs:

For R + P, with data already stored as x in

1> ¥ in K2:

SET or CLR FLAG

For P + R, with data already stored as r in

3 0 in K4:

SET or CLR FLAG

{ PRESS DISPLAY

)i
|

— =

- Exc (8D 0
| SET FLAG
| CLEAR FLAG
.~ EXC arc 0
. CONT
| CONT m
The flag
EXC ENDR
. EXC 0
SET FLAG
CLEAR FLAG
EXC hyp 0
CONT
CONT T

EXC ENDR

|

i

EXC Rxx

EXC m

PRINTOUT

Print title &

flag instruction

Print title &

flag instruction

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

0

. () . rF GO CO @GO 1D wu(5OrR» P

D ED OO @ =

L arc PF (#) o pF (DO Q) smwp = LBL arc

k 1 et (3OO oo srop

2 PRNT LBL Rxx PF CLR IFFG D/R

@0 @OC@ @@ 1

(3D enr k2 EXc 10°° K

( K 1 - K 3 )

k 4 car k 4 @ GO
pF (2O (o) (TP ~R
OO @ @@ @& @& O
(1> Exc sFe RSET LBL hyp PF (4D
GO @Osror = k3 vt @D o

il PF LBL m

exc 1FFc nf stor# 1L (T PF

Yix2

= D/R D/R = K 3 PF @@@
a

3

arc

STOP = K 4 PRNT EXC IFFG LBL

ctk  1FF¢ D/R  cont () C O €D

K 3 X K 4 cos =

OO® @D mr ks

sin = k2 (OGO GO GO @ et
m srop* e s pF (5D (&) (1D @O (F)  LBL s¥e
OO E @O @O® @ &
OOO@OEE® O G &

@ @O GO @ &> (oD st radr - GopP

LBL IFFG cp IFFG (D) O O
(&> (&> (DD coNr RADR GODP  LBL

# Replace m STOP with EXC arc for repetitive operation.

* Replace m STO? with EXC hyp for
repetitive operation.

K

X

10

m

00

SFG RSET

= K
cont CR)  LBL Rxx
K 2

X X

COs =

CD PF LBL hyp

K 4

CONT IF=0 LBL IFFG

10

6-1

COMMENTS

1 PF

oo | o LBL 10°°

TEKTRONIX CALCULATOR PROGRAM
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PROGRAM STEPS
6-1

COMMENTS
1000 ¢ ) e*  int x2 x

2 | - jau
x RADR GODP LBL ENDR  PF ) () (o) LBL ENDR

CD PF PF  RSET

TEKTRONIX CALCULATOR PROGRAM
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Complex Operators: X, +, +, and —; 2,22,/Z,2 + Z,2

TITLE

Mathematics 6-2

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers)

:  working

~
=

X1» then u

PROGRAM DESCRIPTION

Yy then v
Pox,
Py,

: working

This program calculates any one of the standard arithmetic
operations:

= R R A =
bt &~ W N =

: working

N
X
N
I
N
Il

u+ jv s

N
|
N
]
N
I

u+ jv
saves x;

: saves y,

~ A~ AN A
W O N O

N
|
N
]
N
[

ut jv 3 z;tez,=g;mut v : logic variable

or either of the two-operand functions Labeled Subroutines:

D . @
oNe

for any pair of complex variables x2 y Vix2 5

- b, 2.%
(zl) =u+ jv or (z1 + z, )

, O
o e ,
z, = x1 + iy, and z, = X, + jy2

In each case the results u and v are stored in K; and Ky in place of the original data
X] and yj, respectively. Thus the program is arranged so that these operations may be
linked to one another, or to the other Complex Operator programs, in almost any fashion
desired.

Thus one can do complicated operations on complex variables such as

[ (z1 + 22) X 23} A
e

+ 22) X z3)ez)z2

[

b4 simply by rewriting the expression as

4

2 Z much as one writes standard real-variable operations in

1 4

the calculator program format. Then the calculation of z, becomes a simple process of
calling the appropriate programs from the tape cartridge, selecting the desired sub-
routine, entering data, and keying the necessary operator subroutines, in sequence.

IHE N N B B D D B O D ID BN BN B B O EE EE e
=
N
P
-
o
o)
o
=
=
o
=

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

When operations are linked, it is important to remember that each new operation
is performed on the cumulative result of all previous operations. Thus linked
operations can be performed on any arithmetic sentence that can be written as

A#B=#C=#D=#E=4# .. .=#N= END RESULT

where the # signifies any of the operations in the series of Complex Operator
programs. '

Input data and results are printed out. In addition, each operator is printed
out following the input data so that a complete record of the complex variables
and the operations performed on them is available for verification. When the
printer is not used, the results of any operation must be recalled manually from
registers K; and Kyp. The original data xj and y; are saved in K7 and Kg for
verification when the printer is not used.

Algorithms:
(z,) (x, + jy,) z. 1ln z
2’ _ 2 y _ % 1 _
(zl) = (xl + jyl) = @ u + jv
(x, 1n Vx . + vy 2 . v,0) /
= e & . s 2 ><{}os (y2 1n xl2 + y12 + xze)
*1
+ jsin (y2 157 IR, x26) where 0 = arccos ————— , -T S 6 =7
2 2
% Ty
(z 2 % z 2);5 = +/{x + jy )2 + (%, + Iy )2 = +[/r cos 9—+ j(/r sin 9)]
1 2 - 1 1 2 2 2 2
= +(u + jv)
1 2 2 2 5.9 2| 4
r = [}xl 3 ¥y *x, =¥, Y7+ (2x1y1 + 2x2y2)}
2 2 2 2
(x," -y +x -v,)
6 = arccos - , =TS0 =T

Note that the program calculates and prints out only the positive square root..

Reference:
A. Abramowitz and I. A. Stegun (editors), Handbook of Mathematical Functions,

AMS 55, Dept. of Commerce, Washington, D.C., 1964 .
TEKTRONIX CALCULATOR PROGRAM
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EXAMPLES

AULT DI ADD: SUE = '

1. Multiply iz , Hiki 2

(1 + 32) + (7 + 33)] x (2 + jb)1 Fa .
- (3 -34)] % &+ 3§+ 3+ 32)]
x3(2 + 3j2) = - ' ‘.
~37.45243257 .
-371.84814785 :

e
L]

TEKTRONIX CALCULATOR PROGRAM

21 sRSSG(21.22) 4. ' o l
(7 + j3) x (-27 - j8) = ) JUIEZ vz
# 11 1
-165 - j137 - ) i : '
Iyt . i Uikl
2% Divide - ' Il b JUIEZ o I
Z. 18
(7 + 33) = (-27 - j8) = o .
s — (:Z -
-.2686002522 - §.0315258512 - ar- 71 .
- =&, i3 - 3 l
3. Add ] e ‘s - *
TH 3 Les -
(7 # J3% + (<27 — }8) = Juikz ) TH 3 I
=20 = = 3! 8.
20 - 35 A i eanipinis TUIK2
# JUIEZ z2
. 2828583986
%1 " l
4. Subtract - £ # B
(7 # 33) = (=27 = 38) = A i , ! '
34 + jl1 g i
21 " 2 TUiK2
= Yz 128
: 1.
(1 + j2) (2+3D) _ -1.640101018 T SO .
S. 2686082522 -
JUIK2?
+§.2020503986  TVikZ_ . e z _
# Kz B . 2. I
1 =
6 (212 + 222)/2 w1 .y o -
5 )1 Iv1 }
[(1+32)% + @@+ 3D = I
2 + 32 B CHAINED OPERATIONS:
_2 . # £2Z
g &1 31
Note that the symbol # separates i . . 1. =
the various operations in the 2 : e
TH 'S = 4 - '
printout. p— »i- . =
g Ivz
7. Chained operations =y .
1 _




I S S

—

PROGRAM EXECUTION

STEP

ENTER

INITTIAL OPERATION:

To print title
Initial data entry

X1

b4
Select operator

Second data entry

%

)

| PRESS

CONT
| CONT

If printer is not used,:Tecall u and v from

K1 and K2, respectivelyi

To operate directly on @ and v return to Step

A-3 (Another Complex Op%rator program may be

called from tape it desﬁ#ed.)

Or to enter a new (xl, xl) for another operation

return to Step A-2.

To terminate

CHAINED OPERATIONS:

To operate directly
on an (x, y) pair

already stored in K

1:
and K2 from a previous
operation
Enter X,

Y3

Recall results as in A-5

!
]
|

| EXC ENDR

CONT

I
#

For the next chained operation return to B-1.

(A new Complex Operator program may be called

from tape if desired.)

To terminate

| EXC ENDR

DISPLAY

[=RE=1RE=10 K==

PRINTOUT

Title
it

|
I1
operator

symbol

END

operator

symbol

END

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

0

6-2
COMMENTS

. D o or (D @O OGHO@
OO OOOD@

PF @@ r O
OO OOWOOO®
> QD Orser L b/ pF (3D cr pF (XD LBL D/R
D sror = x 1 Rt QOO @D o

STOP = K 2 PRNT STOP LBL X PF (*) LBL x

exc (W) ck Exc (x> wL + pF (/D EXC LBL ¢
G ar 1 e () wr +  pr (£ EXC  LBL 4
GiD ar 1 EXc D L - pF (- EXC  LBL -
G oear 1 o+~ L (3D = x 9 me (YD)
Colx | 9| x| x |3 |+ | x |1 ] =

K | 1 [k [9 [ x [ [& |+ [ & |2

= x 2 ®me () w D = k9 @D
xce Q) K 3 x2 4+ K 4 x2 =

x* | K 9 = K ) K 9 x 2

- {1 | =]1& |9 |+ | x| & |1 |x

k | 4 | «+ | g |2 | x | x| 3 |=1]-¢=

K | ¢ | = | & |5 [ & |1 | x |[& |3

2 K 2 X K 4 X K 9 -

e K ] = K 1 K 5 = K

2 wr (& ar pr (GO COGO @ v @GO

1 it (OO G@OCO GO v 2 emwr

co wt  stop# 1BL  x®  PF CDIO I TS

pr (2O me (@) Exc G 1 /ox2 2122
# The two steps m STOP may be replaced with EXC D/R

if automatic repstitive operation is desired.  TEKTRONIX CALCULATOR PROGRAM



6-2

COMMENTS
K 2 = K 5 IF=p CLR = K 1

= K 2 mxc CRYcCONT K 2 EXC 10°°

4 = e = K 6 X K [} cos

= K 1 K 6 X K [ sin =

K 2 mxe (&) wr vix2 pF (R GO L ik
@O OOOO@O@WO me (D rsSQ (7, 2,
exe (W) K 1 % - K 2 = | +

K 3 %2 = K 4 x2 = K )

G O &N GOn BN =
N
®
Ia]
0
0
]
9]
I
~
o
X
~
w
+

-

K 1 x K 2 + K 3 X K
4 ) X 2 = K 6 V/ix? K )
= K 5 K 6 EXC 1000 CD ( K
4 U] + K 5 ) arc  cos = % 2

= K 6 cos X K 5 Vx = K

K 2 = K 8 RADR GopP 1BL (W) PF QD

:
:
C
9

(2D o st = K 4 et pr (=) Rapr

GODP LBL  10°° 10°° = 1000 ) ) eX  int LBL 10°°

x2 x 2 - 1 = x RADR GODP LBL LBL ENDR

‘ ENDR  PF @@ CD PF PF RSET

TEKTRONIX CALCULATOR PROGRAM

B Gl O GO o . Gn D D oE =
N
=1
>
a
£
o}
=
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Complex Operators: e, In z, log z; zz,'/;, 1/z

Mathematics

FITLE

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) K¢ ¢ working

K1 : X, then u
PROGRAM DESCRIPTION = . =
2 " ’
K ¢ R
7 3
This program calculates any one of the single-operand K . I:}ln 2
4
functions KS s R
2 K6 I e 2
e” ,lnz ,logz, z", Vz , or 1/z K+ x
7
K8 Ly
for any complex variable z = x + jy. K9 logic variable

In each case the results u and v are stored in K1 and K2

in place of the original data x and y, respectively. Thus

Labeled Subroutines:

(s>, O, D
GO, e

the program is arranged so that these operations may be
» € , 1In , log

linked to one another, or to the other Complex Operator x2 . /%, 1/x , D/R
programs, in almost any fashion desired. 10°° , ENDR

Input data and results are printed out. In addition, each operator is printed out
following the input data so that a complete record of the complex variables and the
operations performed on them is available for verification. When the printer is not
used, the results of any operation must be recalled manually from registers K, and K,.

1 2

The original data Xq and y, are saved in K7 and K8 for verification when the printer

is not used.
Algorithms:

1. &% = e(x + 3v) = (ex cos y) + j(eX sin y) = u + jv 3
2, Inz=Jdn(x+Jy) =lant+ jB =9+ 3y

wherer=+/x2+y2 and 9=arccos%, -T<B8 =T

3. logz= (In z)/(1n 10) = u + jv .

°
bl

When either 1ln z or log z is selected, both are calculated and may be

K, or K

recalled from registers K3, 4 59 K6’ respectively.
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PROGRAM DESCRIPTION (cont)

b, 2% = (x+jy)2= (xz-yz) + 3(2xy) = u + jv ;
5. Vz =+ Vx + jy = # (Vr cos g-+ j /r sin g) =% (u+ jv)

where r = + /xz + y2 and 6 = arccos %-, -m20 27

Note that the program calculates and prints out only the positive root.

1 1 X -y 5
L m_ = — = — | 4+ =

TEKTRONIX CALCULATOR PROGRAM
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EXAMPLES

e £, LNz, LoG 2
+ 2, sarT 2z, 102
eI 32 L 1 131204384 + §2.471726672 '
%1 1 i
2., 1n z T ] 1 il
In (1 + j2) = 0.8047189562 + j1.107148718 Ei 1-%1
it K
TUIK2 -
3. log z ) a
\ END
log(l + j2) = 4+0.3494850022 + j0.4808285788 w1 1
-
2 72 CHAINED OPERATIONS:
4 z LH Z
HiKd !
2 marﬂ?ﬁﬁu i
(1 +32)" = 3. + j4 Til1a714871 171 )

Il Uikl
315118835

=
+
[N
N
Il
I+

(1.27201965 + j0.7861513777)

R
# Z.711472496

1/(1 + 3j2) = 0.2 - j0.4

s
vt K1
z. 4342944813
7. Chained operations: i JUikz
2 LES14417228
1 - Uikl ) '
/ ; UKz o
log e(2 +33) " 4.
¥
+ w1
e T I37 2] 10g 21 51 2% = I

~0.6274435634 FHRT S
272E1965 ad ‘
-31.505864552 861513777
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PROGRAM EXECUTION

ENTER

INITIAL OPERATION:

EXC

To print title

R ST

Initial data entry | EXC D/R

X i CONT

Yy 2 CONT

Select operator i EXC e* g3 log s
2

; x~ , Vx , or 1/x
If printer is not used,irecall u and v from
K1 and K2’ respectivelyé
To operate directly on u and v return to Step
A-3. (Another Complex dperator program may
be called from tape if iesired.)
Or to enter a new (xl, %1) for another operation
return to Step A-2.

To terminate | EXC ENDR

|

CHAINED OPERATIONS:

To operate directly
on an (x, y) pair
already stored in K

1

and K2 from a

X
previous operation

| EXC e

| x2 , Vx , or 1/x

Recall results as in A-4

sl s leg

For the next chained operation return to B-1.
(A new Complex Operator program may be called
from tape if desired.)

To terminate . EXC ENDR

i

DISPLAY

5 © O o O

PRINTOUT

Title
#

%y

4
operator
symbol

u

v

END

operator
symbol
u

v

END

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

6-3

COMMENTS

o m D o@D r D@ uD
@ODO@EDDOE DD O
@D n m @D v DOED D

GO Lo W W E D O
(D2 rser L o/ pF (F> cr pF (XD LBL D/R
Cosroe = k1 et (OGO o

STOP = K 2 PRNT STOP LBL e* pF (SPC) LBL &*
D ar (&) me QO «x 1 X = K
3 X K 2 cos = K 1 K 3

2 K 2 Exc CR) LBL  LBL In
1 m rr (O @Oz cr mxe (V) LBL  LBL log
log pF (1) Coo e (z> car 1w (VD
(v = [ x [ 9 jpor | = | k | ¢ |Exc )

sin =

K 1 vix2 K 2 = K 3 K 2
EXC 1000 K 3 =2 | x ( K 1 z

K 3 ) arc cos = K 4 K 9
IF<f K ¢ GODP CONT K 4 3 1 0

1n = K 6 K 3 1n = K 3

& 1 ) in = K 5 K 9 IF=@
K 3 = K 1 K 4 = K 2

2 exc (CR) CONT K 5 - K 1 K 6

= k 2 L (&) ar pF C GO R
SOIEEE T Ol OIE
2 et cp nwf storf LBL  x2  PF (2D L ¥

ar Cz) me (O k1 x | & |2 | x

# The two steps T STOP may be replaced with EXC D/R
TEKTRONIX CALCULATOR PROGRAM

if automatic repetitive operation is desired.



PROGRAM STEPS
6-3

COMMENTS

N
]
~
w
~
[
w

N

I
~
N

@ wm & 2 OOD®O@E@D WA

3 K 3 Vx X K 4 sin = K 2

exe (R L 1/x  pF (10D (Z) cr  EXC LBL 1/x
O « 1 x2 4 K 2 x2 | = K

3 | /x| x K 1 = K 1 gpll . =
K 2 ) % K 3 = K 2 | EXC
CrO| L [Co)] & 1 = K 7 K 2 LBLC Q)
‘ = K 8 RADR GODP LBL 10°© 10°°© =  10°°  LBL 10°°
? ? eX  int xa X 2 = 1 =
X RADR GODP LBL ENDR  PF EDICP I LBL ENDR

PF PF RSET

TEKTRONIX CALCULATOR PROGRAM
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Complex Operators: tan z, cos z, sin z; arctan z, arccos z, arcsin z

Mathematics

TITLE

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) Ky working
K1 : X, then u
PROGRAM DESCRIPTION * SR
2 b
K3 : R)cos z
This program calculates any one of the single-operand K I or working
functions 4
K5 ¢ R) sin z
. K : I) or working
tan z, cos z, or sin z, 6
K X
7
K
or calculates the principal value for any one of the 8 y
functions K9 : logic variable

Arctan z, Arccos z, or Arcsin z Labeled Subroutines:

-

000
060
530

-

-

for any complex operand z = x + jy within the ranges of
values given for the particular functions.

-

tan, cos, sin,
In each case the results u and v are stored in K, and K, D/R, 10°°, ENDR
in place of the original data x and y, respectively.
Thus, the program is arranged so that these operations may
easily be linked to one another, or to the other Complex
Operator programs, in almost any fashion desired.

Input data and results are printed out. In addition, each operator is printed out
following the input data so that a complete record of the complex variables and the
operations performed on them is available for verification. When the printer is not
used, the results of any operation must re recalled manually from registers K; and Kj.
The original data x] and y; are saved in K and Kg for verification when the printer
is not used.

Algorithms:

l. cos z = cos(x + jy) = cos x cosh y + j sin x sinh y = u + jv

2. sin z sin(x + jy) = sin x cosh y + j cos x sinh y

a + jJw

sin z
cos z

3. tan z =u + jv

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

The algorithms used for the tan, cos, and sin always calculate both cos z and sin z
with each operation, regardless of the choice of operators tan, cos, or sin. Thus
cos z and sin z may be recalled as follows:

cos z as K, + jK

3 and sin z as K5 + jK

4 b 6 bl

following any tan, cos, or sin operation.

The principal values for the functions Arctan z, Arccos z, and Arcsin z are
given by:

2 2
% +j%ln X2+(y+1)2
1-x%x" -y x"+ (y - 1)

1. arctan z = arctan = u + jv

N =

for z2 # -1 and where 2z = x + jy = t cos T + jt sin 1
For ]TI = g—, t # 1 ; otherwise for -m <1 < m, 0 <t <1
2 % .
2. arccos z = *[arccos B - j 1In (a + (a” = 1)%)] = 2(u + jv) , and

2k
arcsin B + j 1n (o + (a” - 1) =u+ jv ,

3. arcsin z

(V/m - vn) for m= (x + 1)2 + y2 and

N

whereu=—%-(/—n7+ yn) , B =
2 2 ¢ ¢

n=(x-1)"+y ; and wher_. z = x + jy =s cos 0+ J s sin 0 .

Forco = 0or #tm , 0 < s £ 1 ; otherwise for -t <o <m, s 20 .

Note that for arccos z the program calculates and prints out only the
positive value.
References:

1. A. Abramowitz and I. A. Stegun (editors), Handbook of Mathematical
Functions, AMS 55, Dept. of Commerce, Washington, D.C., 1964.

2. E. Jahnke and F. Emde, Tables of Functions with Formulas and Curves,
fourth edition, Dover Publications, New York, 1945.
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EXAMPLES

bt
-
—

TAH. COS. SIH 2.
AME IHUERSES
tan (1 + j2) = 3.381282608 x 1072 " \
+ 31.014793616 " 1 4 1
Jvi ) U

2. cos z

cos (1 + j2) 2.032723007 - j3.051897799

B v SN 2 1

sin (1 + j2) 3.165778513 + 1.959601041

4., arctan z Ti): CHRINED

OPERATIONS.

#
arctan (1 + j2) = 1.338972522 . #
+ 30.4023594781 P : » .
: }I‘n'l].
SIN -
5. arccos z Lory RRECTAN
T3.165778513 Uikl
JU:K?"f1ﬁ41 ‘ﬁ.fszgrzﬁzz
1.959:@18¢ JUTEZ
arccos (1 + j2) = 1.14371774 L4REISR4TEL
#
- j1.528570919 " cos
: 1. Uik
T4 i X
6. arcsin z - Y ibazaraszt
ARECTAH
ARCEIH
arcsin (1 + j2) = 0.4270785864 32
+ j1.528570919 - AR
#
” =
7. Chained operations h 1.

1

arcsin {cos [arctan (1 + j2)]}
1K1

1.14371774

K

(1 + j2) arctan] cos] arcsin

(1 + 32) Exc (D ) EXC cos ) Exc (F) =

0.2318238045 + j0.4023594781

TEKTRONIX CALCULATOR PROGRAM



PROGRAM EXECUTION

ENTER

INITIAL OPERATION:

To print title

Initial data entry | EXC D/R

xl ;CONT

Yy . CONT

Select operator | EXC tan, cos, or sin,

(:::) for arctan,
<:::> for arccos, or

| (:::) for arcsin.
il

If printer is not used, ?ecall u and v from

|
a

Kl and K2’ respectively.

To operate directly on u and v return to Step
A-3. (Another Complex Oberator program may be
called from tape if desi?ed.)

Or to enter a new (xl, y%

return to Step A-2.

|

To terminate | EXC ENDR

CHAINED OPERATIONS:

To operate directly
on an (x, y) pair

already stored in K
and K

2
operation

1
from a previous

;EXC tan, cos, sin, or
:as in A-3.

Recall results as in A-4

For the next chained ope?ation return to B-1.
(A new Complex Operator %rogram may be called
from tape if desired.)

To terminate EXC ENDR

) for another operation

DISPLAY

o0 o 10

PRINTOUT

Title
i

X

1
71
operator

symbol

END

operator

symbol

END
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PROGRAM STEPS

6-4

COMMENTS

0 . (M) PF  PF @@@@@ LBL(M )
O OO OO O @O O
O O O W &
RO GO GO orser e bR PF (F) CLR - LBL D/R
pF (x> (1D stop = @k 1 eenr (o G
(1> c» stop = K 2 PRNT STOP LBL tan  LBL tan
pF (2 0C Do) ar 1 +/- Exc (2D LBL  LBL cos
cos PF (cHOCo>CsD cr Exc (2D LBL sin  LBL sin
pr [(SOCDGD|ar | 1 [we (D] = | x| @D

9 EXC (:::) K 1: cos X K 2 hyp
1 cos = K 3 CLR - K il sin X cosh z to
K 2 hyp  sin = K 4 K 1 sin KB’ K4
sinh z to
X K 2 hyp cos = K S K 1 K . K
5° 76
cos X K 2 hyp sin = K 6 K
9 IF<§ K 3 x2 + K 4 x2 =
K ? 1/x X ( K 6 X K 3
- K 5 X K 4 = K 2 K
5 x K 3 & K 6 X K 4
= + K [} = K 1 EXC CONT

L 2Dk |9 (=p| &R |3 [ = |K 1w
2 K 4 - x 2 mc Cr)D cor K 5
= |k 1 k 6 = x 2 1L (&) Q@R
ar  pr (0D CGCOTO K 1 et (U
GOICOOGED] & 2 penT cp  wt stop#

e @) rr OGO G@ GOGY ar (oD

# The two steps T STOP may be replaced with
EXC D/R if automatic repetitive operation
is desired.
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l

PROGRAM STEPS
6-4

COMMENTS

1+~ mxc Co wr () rr (A GO w(ED
COCO D ar e Co wr () pr (o (@D
CGOICOICOICDICND| ar | 1 3L 0)
k 9 mxc CQ) K 1 | + | x| 2

x2 + 1 = K 3 K 9 IF2p K

=

(=]

[l
I

X K 2 = 1n = 4 = K 2

exe Cr) e (@) K 1 - K 7 K 3L Q)

2 - K 8 RADR GODP LBL 1090 10Q°° LBL 10°°

]

1000 ¢ 1] e* int x3 X 2z - 1
= X RADR GODP LBL ENDR  PF O DD LBL ENDR

CD PF PF RSET

TEKTRONIX CALCULATOR PROGRAM
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Complex Operators: tanh z, cosh z, sinh z; arctanh z, arccosh z, arcsinh z

Mathematics
TITLE

MINIMUM HARDWARE REQUIRED

TEK 31 (512 Steps and 64 Registers)

REGISTERS USED

K¢ ¢ working

Kl ¢ x, then u
PROGRAM DESCRIPTION .
K2 : y, then v
K ¢ R| cosh z
i lculates any one of the single-operand :
This program ca ?u a y g P K : 1) or working
hyperbolic functions 4
K5 $ R} sinh z
K s L T rki
tanh z, cosh z, or sinh z, 6 OF WEEAE
K ¢ X
7
< K HE 4
or the principal value of any one of the inverse 8
hyperbolic functions K9 ¢ logic variable

Arctanh z, Arccosh z, or Arcsinh z, Labeled Subroutines:

-

000
0PH

-

€D,
for any z = x + jy, within the allowable range for the <:::>
given function.

3L2
, D/R , 10°°

-

™
-

(g
=}

In each case the results u and v are stored in K] and K3 ’

in place of the original data x and y, respectively. ENDR
Thus the program is arranged so that these operations

may easily be linked to one another, or to the other

Complex Operator programs, in almost any fashion desired.

Input data and results are printed out. In addition, each operator is printed out
following the input data so that a complete record of the complex variables and the
operations performed on them is available for verification. When the printer is not
used, the results of any operation must be recalled manually from registers K; and Kj.

The original data x; and y; are saved in K7 and K8 for verification when the printer
is not used.

Algorithms:

1. cosh z cosh x cos y + j sinh x sin y = u + jv

2. sinh z = sinh x cos y + j cosh x sin y = u + jv
3. tanh z = SN B . u + jv
cosh z

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

The algorithms used for the tanh, cosh, and sinh always calculate both cosh z and
sinh z with each operation, regardless of the choice of operators tanh, cosh, or
sinh. Thus cosh z and sinh z may be recalled as follows:

cosh z as K, + jK and sinh z as K_ + jK

3 4 ° 5 6 °

following any tanh, cosh, or sinh operation.

The program calculates the principal value for Arctanh z from

4. arctanh z = % ln[ji t ::] =L [}n r + j%} =u+ jv, - g-s v £ g ;

9 9.1 a +1 for y 2 0 9
where r = (a~ + b )/i and 0O = arccos ;—X 0 forr =0, for 2= # 1
-1 for y < O
5 = 1 - x2 - y2 B 2y
(1 - x2)2 + y2 (1 - x2)2 + y2

The principal values for Arccosh z and Arcsinh z are obtained from

IA
=

5. arccosh z j arccos z =u + jv, 0 = v

6. arcsinh z

IA

<

1A
INIE

-j arcsin jz = u + jv , —-g

References:
1. A. Abramowitz and I. A. Stegun (editors), Handbook of Mathematical
Functions, AMS 55, Dept. of Commerce, Washington, D.C., 1964.

2. A. E. Kennelly, Tables of Complex Hyperbolic and Circular Functions,
Harvard Un. Press, Cambridge, Mass., 1914.

3. G. A. Korn and T. M. Korn, Mathematical Handbook for Scientists and
Engineers, 2nd ed., McGraw-Hill, New York, 1968.
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EXAMPLES

1. tanh 2z
tan h (1 + j1) = 1.083923327
+ §0.2717525853

2. cosh z
cosh (1 + jl) 0.8337300251

+ j0.9888977058

3« sinh z
sinh (1 + jl1) 0.6349639148

+ §1.298457581

4. arctanh z
arctanh (1 + jl) 0.4023594781

+ j1.017221968

5. arccosh z

arccosh (1 + jl)

1.061275062
+ j0.9045568944

6. arcsinh z

arcsinh (1 + jl)

1.061275062
+ 30.6662394324

7. Chained operations:

arcsinh {cosh [arctanh (1 + j2)1}

(1 + j2) arctanh ) cosh ) arcsinh

(1 +32) Exc (3 ) exc £, ) xc (T =

0.383410822 + j0.1503212048

TAHH. COSH. SIHH £

& ITHUERSES

#
St

1.
I

1.

W
S

)
AL

1.
COSH
ikl

.8337388251

TUIK2

. 9888977058

#
#i
1.
Il
1.
SIHH
Urki
343639148
TUIKZ
1.292457581
i
31
1s
i
1.
ARCTANH
ikl
LABZI594721
JUlKZ
1.817221%62
#
1
)
JN1
i.
ARCCOSH
Skl
1.861275HE2
TUlEZ
. 9845562944
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13K 1
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1Kl
383418822
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ENTER | PRESS

DISPLAY

INITIAL OPERATION:

To print title | EXC (:::) 0
Initial data entry i EXC D/R 0
X, . CONT 0
Y, CONT 0
Select operator . EXC 3X, for tan h,

| 21 for cosh, %y for

sinh, (:::) for arctanh,
{ (:::) for arccosh, or
I (:::) for arcsinh. m

If printer is not used, recall u and v from

K1 and Kz, respectively.

To operate directly on u and v return to Step
A-3. (Another Complex qurator program may be
called from tape if des;red.)

Or to enter a new (xl, jl) for another operation
return to Step A-2.
To terminate . EXC ENDR
CHAINED OPERATIONS:

To operate directly !

on an (x, y) pair |
already stored in
K, and K, from a

1 2
previous operation | EXC 33Xy, Z1, Zp

@D @ o
C:::) as in A-3. ™

Recall results as in A-4

For the next chained operation return to B-1.
(A new Complex Operator program may be called
from tape if desired.)

To terminate . EXC ENDR

PRINTOUT

Title
it

%y

71
operator

symbol

END

operator

symbol

END
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PROGRAM STEPS

6-5

COMMENTS

0 L Q0O prorr (D GO GO OGO & (D
OOWOO @M @G @
OEEOWWEEO O &

RsET LBL D/R PF (#D cik PP (X)) (1) sTop  LBL D/R

= | k 1 et (OO GO QD o swop =

K 2 PRNT S0P LBL X, PF (TDCa) (W) LBL 5%, : TANH
Ca>y cr 1 +/- exc Ce) wL ;. pF (C) LBL Z; : COSH
O GO ar exe (6 L 5 pF (S LBL I, : SINH
COG @ ar 1w (& - K 9 LB G

EXC (:::) K 1 hyp cos X K 2 cos
1 = K 3 K 1 hyp sin X K 2
sin = K 4 K 1 hyp  sin . K COSH ~ K,, K,
2 cos = K 53 K 1 ' hyp cos X SINH - KS’ K6
K 2 sin = K 6 K 9 IF<9 K
3 x2 o+ K 4 % | = K g 1/x
X ( K 6 X K 3 = K 5
X K 4 = K 2 K 5 X K
3 # K 6 X K 4 = = K
¢ = k 1 Exc CR) coNT K 9 IF=p
K 3 = K 1 K 4 = K 2

2 gxc CRD CcONT X 5 - K 1 K 6
= |k 2 1L CR) CLR PF CO D (RO
ol [ et o s
2 et o wf stopf wer (0D pr (A (R L (UD
CO@O@@W @ lar 1 | +- e G

# The two steps T STOP may be replaced with
EXC D/R if automatic repetitive operation

is desired. TEKTRONIX CALCULATOR PROGRAM




1
PROGRAM STEPS
. 6-5
‘ COMMENTS
| D D OO DD wm D
i mome D wm @D r D@D DE m D
COCGO@ ar 1w (B = K 9 LerCa)
I exc CQ) K 1 x2 o+ K 2 x2 =
K 3 + 1 = K ] - 2 X
I 3 K 1 - K 4 1/x  x ( 1 -
l K 3 = K 3 K 9 IF<@ K 2
x 2 3 K 4 = /ix2 K 3 =
l K 4 1n < 2 = K 1 K 2
Exc 10°° «x 4 x x ( K 3 &
. K 4 ) arc cos + 2 = K 2
I ) exc CR)cCONT K 9 IFp K 1 = K
2 CONT K ) = 2 x K 2 =
l Vx = K 4 x2 4 4 x K 2
l = X = K 3 -+ K 4 = %
4 2 = K ) x2 - 1 = x +
' K | ¢ | =| 1a| = | g | 8| g | 9 |1p=p
K ) = K 1 K 3 - K 4
I = = 2 ) 1) arc cos = K 2
l exc [Ce)jeovr | x | 1 | Exc| 10°°] x | o | =
K 1 K 4 . K 3 = s 2
l ) 9 arc sin +/- = K 2 EXC @
. (Q) K 1 = K 7 K 2 - L. Q)
l K 8 RADR GODP LBL 10°° 10°° = 1000 ¢ LBL 10°°
I ' i} e* int %> X 2 - 1 = X
I TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

6-5

COMMENTS

5 rapR copP LBL ENDR PF CED Cw > (D) ¢ PP LBL ENIR

PF  RSET
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OCTAL

CODE

001
002
003
004
005
007
010

011

040

041
042

oo
<048

045

PRINT
ouT

b ]

DRl

=

KEY

LABEL
L]
FROM
TAPE
L
T0
TAPE
L

EXECUTE
| |

CLEAR
R FILE®
GO TO
LLLL)

R

CLEAR
DSPLY

FLASH

SET
FLAG

STOP

PRINT
DSPLY

'CLEAR

PAUSE

CLEAR
FLAG

W O ~N O G P w N = O

SECTION 7

SYMBOL

LBL
FTP
TTP
EXC
CFI
GT
Rxxx

CD
IFFL
SFG
STOP
PRNT
CLR
PAUS
CLFG

AD& O0RH NS (LI s o A NS e il e o

£
=

STRT
IF<f

IF2
1F=0

7-1
7-2
7-3
7-4
75

INTEGRATION AND DIFFERENTIAL EQUATIONS

Numerical Integration (Quadrature)
1st-Order Differential Equations
2nd-Order Differential Equations
Nth-Order Differential Equations

Two Simultaneous Differential Equations

OCTAL PRINT KEY SYMBOL
CODE ouT
100 3 ks
101 n@m D/R
102 arc arc
103 hyper shyp
104 tanx ~ kt_:an,»
105 cosX cos
106 siny i
107 XL
110 s
111 A
112 L
113 2
114 2ia
115 InX ,
116 logX log
14 int X int
120 ATk /ix?
121 1x1¢ xa
122 T RMT
123 et ex
124 5 o x2
125 T /x
126 = 1/x
127 T T
130 ey PF
131 x10°° 102
132 CONT CONT
133 ADORESS RADR
134 = +:— +/-
135 DISPLAY GODP
136 FLAG IFFG
137 END ENDR




OCTAL
CODE

201
202
203
204
205
207
210
21k

220
L
o
23

PRINT
ouT

o - -

A

L | R SRt S T

RS R K

KEY

LABEL
| |

FROM
TAPE
]
TO
TAPE
L]

EXECUTE
]
CLEAR
R FILE®
BELL
SPACE
TAB

———

STEP
INSERT
DELETE

i
STEP

T
© DISPLAY

PROGRAM
LEARN
SPACE
|

/"

sr et b e

-

© 0N~ WON =0 N\ -

SV TR G G

H00000EAEAAEAEARA0NNARAACARRANNEEAOE0AEEEREEARE

hyper A,
tanX X,

cosX I,

|

OCTAL

CODE

----------

g X X

| — — |

X vx
s
i
i n

| — | — |

REMOTE  PAPER
L) [

isgiu
5 302

4303
304
305
306
307
310
311
317
313
314
315

sanm
o1

3
323
324
325
326
327
330
331
332
333
334
335
336
337

5l

PRINT

ouT

B

L i p

R o i e

llllllll
ADORESS  DISPLAY

ol ()

()]

5, Eﬂ

= B

KEY

LI/ TIN<KX X S <CcC-H MW IHIVO22LrxXcec -—-ITOTMTMODO®D H

DEELEEEEEHEHLEEEEEEEHEEEHEHAEEE

SYMBOL
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Numerical Integration (Quadrature)

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) Kﬂ ¢

K ¢ a, then a + ih
PROGRAM DESCRIPTION N

2

K3 h
This program includes three separate subroutines for K4 —
numerical integration (quadrature) by the Trapezoidal Rule, K5 "
Simpson's 1/3 - Rule and Newton's 3/8 - Rule. Each of these g

6 return address
Newton-Cotes (closed) quadrature formulas an is derived by Kg v, = gla + Th)
approximating g(x) by interpolating polynomials of order n b
over each set of n subintervals of width h, and computing the K9 S =J/F g (x)dx
integral of the interpolating polynomial over its interval of a
definition. These three quadrature Rules are of order Qll’ Subroutines used:
Q22, and Q33, respectively. LBL @, 1, 2, 3, 4,
55 65 7, .8
A comparison of these algorithms is given in the reference.
Subroutine LBL 1: The Trapezoidal Rule is defined as
b h m-1
I ij/ﬁ g(x)dx=x 5 g(a) + 2 z:g(a + ih) + g(b)
a i=1

where the interval from X) = a to I b is divided into m equal parts; m must be a

positive integer; and then

Subroutine LBL 2: Simpson's Rule is defined as

b
I =/ g(x)dxx~ %{g(a) + 4g(a + h) + 2g(a + 2h)
a

+ 4g(a + 3h) + ... + 2g[a + (m - 2)h]

+ 4g[a + (m - 1)h] + g(bE}

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

m-1 m-2
h
=3 {g(a) + 4y gla+1h) +2) g(a+ ih) + g(b)}
1=153355a5u i1m2 4654 0
where the interval from X, = a to X = b is divided into m equal parts; m must be

an even, positive integer, and then

If an odd or negative value is entered for m, the program automatically converts

it to the next higher even, positive integer.

Subroutine LBL 3: Newton's g-- Rule yields the equation
b

I =J/ﬁ g(x)dx

a

= é%-[g(a),+ 3g(a + h) + 3g(a + 2h)
+ 2g(a + 3h) + 3g(a + 4h) + . . .
+ 3g(a + (m - 1)h) + g(a + mh)]

where the interval between X, = a and x = b is divided into m equal parts; m must

be a positive integer that is integrally divisible by 3, and then

b-a
m

h =

If a negative or non-factorable m is entered, the program will automatically convert

it to the next higher positive integer divisible by 3.

Reference:

—

T. R. McCalla, Introduction to Numerical Methods and FORTRAN Programming,
John Wiley and Sons, New York, 1967.
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EXAMPLES

(1) Given g(x) = i-, find the definite

integral for the interval x, = 1

3

0 _
tox =e (the value for e may be l
X e N—— .
easily obtained by keying CD, e, MUMERICAL MUMERICAL
" INTEGRATIOH INTEGRATIOH
& Js EHTER EMTER
A= =
i 1.
B= =
2.71 Z.71g281828
= M= II
14 1ae
FOR TRAP EXC i FOR TRAF EXC 1 .
FOR SIMP EXC 2 FOR SINF z
FOR HEWT EXC 3 FOR HEWT EXC 3
ol (8
H= Ho=
1.7182281828E-63 1az, ,
H=
#1 1.624538025E-02
4
IHTEGRAL = #3
1,80002127 INTEGRAL = :
| L L
! . A END 1.0608008088

Program g(x) as g(Kl) = K8:

HIIMERICAL
INTEGREATIOH

EHTER
A=

1@a.

R TRAF EXC
Or "SIMP EXC
FE HEWT EXC

DN S

EHD

TEKTRONIX CALCULATOR PROGRAM
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OGRAM EXECUTION

Press CD 6 ( GODP LRN LBL §
Program your function g(x) =y as g(Kl) = Kg.

You have 140 steps, and you may use K_ or any

i
Rxx for intermediate storage. Do not alter the

value stored in K. in programming g(Kl). Finish

1
with the sequence 'RADR = K 6 GODP LRN
START 0
CONT
' CONT
m | CONT

Choose desired algorithm;

For Trapezoidal Rule (EXC 1 I
For Simpson's Rule 'EXC 2 I
For Newton's Rule EXC 3 I

|

To integrate the same g(é) using another of the

algorithms return to Steé 2,

1

To integrate a new function return to Step 1.

]

Gl

Adjusted value of m as necessary to meet the

requirements of Simpson's or Newton's Rules.

ENTER | PRESs DISPLAY

PRINTOUT

Title and data

entry instruction

Execution

instruction

m'*

#1, #2, or #3
to designate

algorithm used

Integral I : K9

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

7-1
COMMENTS .
0 EXC 8  LBL 4 K 4 2 - K 4 LBL 4
x K ) ) =+ 1 ) x K
8 - K 5 = K 5 X  RADR GODP
LBL 5 = K 9 K 3 I K 4 LBL 5
- 1 = K 4 IF2¢ K 6 - 2

) GODP CONT  EXC 7

LBL 1) LBL @
g(x) =y

as

Program your function g(x) = y as

g(Kl) = K8 beginning with LBL § at Step 60. Register K7 g(Kl) = K8
and any of the Rxx registers may be used as intermediate

1 storage registers in programming g(Kl) = KS'

Be sure to finish with the sequence

RADR = K 6  GODP

before you reach step 200

2 LBL | 1 K ¢ Exc 6 ((#O (1D Exc ¢ LBL 1: TRAP
EXC 4 K 3 + 2 |exe} s |uBn | 2 LBL 2: SIMP
DO 8+ 2 m -
K ) + 2 ) x2 ) Zo K )

g
|
Il I BN & I i B I Al Il G B I B Il EE B B E.

pvr Ex¢ 6 (#>C2) ERC H K

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

SRR i TR

+ 5 5 ) X 2 X ( EXC

COMMENTS

4
K 3 ¢+ 3 E 5 1w 3 Cu)CD L3 NmT

D k¢ : | 3 ) [tae | - | ®x | @

3 3 ) IF<p  + 1 CONT = x 4
3 = int I, K o eyt Exc 6 () D
EXC U} K 4 & 3 ) int - K
4 % 3 ) x@  + 1 = x (
EXC 4 K 3 x 3 3 8 EXC 5
LBL 6 = K 4 1/x X ( K 2

- kK 1 = x 3 (@COrr rr
RaR  GooP LB 7 pF (OO (o
CO GO EOC= kK 9 PF PRNT PF
CE> (> C>) PF PF  PF RSET LBL 8  PF
(DD DD DD DD D
4 P GO EDOW MmO @
OO aw v @ O®
C®» = x 5 Ca ) smor kK | 1
pvt (8D (=) o stop = K 2 PRNT  PF
QD &> o swp = %8 = K )
PRNT  PF ®®®-®®®®
Co OO @OE @D r (@O
GO OO OO @ &0 O O o @
@D r OOOEOEOW D
G0 O OO ED G o PF RSET

TEKTRONIX CALCULATOR PROGRAM

LBL 6
H =

LBL 7
Results

LBL 8
Title and
data entry
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1st-Order Differential Equations

Mathematics 7-2

TITLE

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers)

K¢ g Jd
K s oo
PROGRAM DESCRIPTION 1 A
K2 : Xg» yl, oo
This program is designed to solve ordinary first order K3 ¢ working
differential equations where the derivative may be expressed K4 ¢ working
as a function of x and y, that is, KS -
K7 ¢ working
K : K
dy _ 8
dx g(X, y)° K s X
9 n
For given initial values Xgs Yo and the fixed x-interval Rﬁﬂﬂ ¢ Ind. Adr. Reg.
h, the quartic Runge-Kutta algorithm yields the solution RQl ¢ P
points Xy, ¥y Xos Yo 5 Xgs Y3 5 o+ o+ 0 3 X, ¥ from R¢2 : q
the recursion formulas R¢3 s T
R¢4 H
X4 = xn + h

Subroutines used:
LBL @, 1, 2, 3, 4, 5,
65 7

1
T g‘(p + 2q + 2r + s)

where
p=nhxglx ,vy);
q=h><g(xn+%,y + B
r = h X g(xn +

s = h X g(xn + bl i )

The program includes subroutines for two modes of execution.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

1. LBL 1, Manual mode: In .this mode the user selects J, number of successive

points to be calculated; h, the x-interval value; and enters the initial

%0

at a time, and h may be modified by changing the value stored in K

and Yo+ If J = 0 is entered, then the program will calculate one point
5 To

calculate successive points, it is only necessary to press EXC 3. To
terminate the program press SET FLAG prior to calculating the last point

wanted.

For any J # 0, the program will calculate and print the number of points

selected.

2. LBL 2, Automatic mode: In this mode the user can select the number of

points J to be calculated over an interval from an initial X to a final
X . He also has the option of selecting a value K which will cause the
program to print only every Kth point calculated. Thus for example, for
a given equation one can calculate y values for 100 points between X and
X that is, use a small h for accuracy, but only print out every 10th

point calculated.

The program contains its own instruction for data entry for either mode.

The examples show printouts for the alternative modes of execution.
Reference:

T. R. McCalla, Introduction to Numerical Methods and FORTRAN Programming,
John Wiley and Sons, New York, 1967.
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EXAMPLES

Given ydx - xdy = xydx ;

rewrite as

1ST-0RD DIFF EGH 15T-0RE DIFF EGH

d
E% =g(x, y) =yl - x)/x YoDH = GOHLYY DY-/DH = GEX. Yo

FOR MAH EXC 1 FOR MAH EAC 1
FOR AUTO EXC Z FOR ARUTO EXC 2

4) #1 2 o
INFUT DARTH IMFUT DARTH

Program g(x, y) as g(K3, K

CD 4 1 4 GODP LRN LBL @ CLR

1 - K # K, X K, = K, x X H=
y 3 4 4 5
= Rxx Rxx @ @ RADR GODP LRN wE=
N 1 WE=
= i 1
i Y=
Example 1: g(KB, K4) te
#Y PRIRS HN= "
Manual Execution i' H=
.81
Let J =0
142
h= .2 LIBZ4TE4206 24 PAIRS
X =1 1.4 1.
Yo = 1 93545081363
1.2
1.6 IGZATEIEIT
875188541
Calculate 5 points 1.4
1.8 ATB44EAE4S
BAETI4338
Example 2: 1.6
7, ETEEIBELTE
L73ISTERYITE
1.8
Automatic Execution — L 8@87I21355
Let J = 100
K = 20 7357588824
X = 1
0 END
Yo = 1
x = 2
n

Print 5 points;

execution time

n %5 minute per

e

point.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM EXECUTION

3a

3b

ENTER | PRESS DISPLAY

To program your functio% first press

CD 4 1 4 GODP LRN fLBL § CLR D/R¥
Now enter your function %(x, y) as g(K3, K4)
finishing with the sequence

= K, X K, = Rxx Rxx § ¢ RADR GODP LRN.
*D/R should be omitted unless your function

includes trigonometric functions in degrees.

START
For manual execution | Exc 1 0
Number of points J - CONT 0
x-interval h . CONT 0
X0 CONT 0
Yo CONT 0
or
If M = 0, one point will be calculated: Yi
To calculate the
next point: | EXC 3 Y41
h may be changed prior to calculating
a new point by: - CD hnew = K5
To calculate the last point
wanted: . SFG EXC 3 T
For auto execution | EXC 2 0
Number of points J . CONT 0
Print Kth points K . CONT 0
X CONT 0
Yo . CONT 0
final X - CONT 0

PRINTOUT

Title
Instructions
#1 or #2
Input Data
as entered

XY Pairs

0

< X
~ AN
—

See examples
for detailed

printouts.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

0 PF  PF @@@@@@@
OO @G G & @
OO W@O & O @ OO
O OO G
WO OEE O OED
@O @O®E@ @ O O@OE @®

r O @ @

GO O Geo (2> rsEr 1BL

+ 1 = Rxx
+ K 5 <

+ Rxx Rxx @

1 Rxx 1) @ -
K 1 + K
+ Rxx ) 3
- 4 ) IF<(
K 1 Rxx [}
X 2 + Rxx
= + 6 +
K 4 CD =
K ¢ 3 K

2 K 2 PRNT CONT

EXC 3 CONT K

EXC 4 CONT K

D me s DO

PRNT EXC 5 EXC

f

2

EXC
2
o

3

EXC

CLR

EXC

LBL

STOP

Rxx

Rxx

+/-

pr (2O

) 9 LBL 3
K 1
K 2
K 4

3 CONT
K 2

] 0

3 =

3 )

) 4

2 =

1 Zo
. K

1 PRNT
) IF20
CONT IFFG

pF (#) 1BL 1

K

2

7-2

COMMENTS

5

PF LBL 2

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

W m s OO DED
W@ @@ @
CxO ) op stop = K 8 ©PRNT EXC 5
pF (x0 CxD(=) cp stop
PF - K 1 ) > K ) = K
3 5 (> CEDPNT EXC 7  EXC 3  LBL 4
pF PF CEDC)O (@) ¢ PF PF RSET LBL
5 | PP CD = Rxxx § ) s COD
(=D stop = K 1 = K 3 et (D
Co> > o srop
prr RapR cooP 1L 6 (1D QOGO GO o
GO (O OO G o rr (o G
WO @O@OOWOWD OED
CDICD]| = K 8 STOP = K §  PRNT
PF RADR GODP LBL 7 pF pF (XD @
4 COCO OGO «x 1 PF PRNT K

2 PRNT RADR GODP  LBL 1) CLR D/R¥

K 9 |PRNT

]
~
N

= K 4

Program your function
g(x, y) as g(K3, K4) finishing with the sequence
= K 4
x K 5 = Rxx Rxx ) ¢ RADR GODP
*The D/R step should be omitted unless your function
includes trigonometric function arguments in degree

measure.

TEKTRONIX CALCULATOR PROGRAM

I=2

COMMENTS

LBL 4
LBL 5

LBL 6

LBL 7

LBL @

Your function
g(x, y)

= 8Ky, K,)
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2nd-Order Differential Equations

Mathematics 7-3

TITLE

MINIMUM HARDWARE REQUIRED REGISTERS USED

TEK 31 (512 Steps and 64 Registers) K¢ : h
K1 s XO’ 000 o xn
PROGRAM DESCRIPTION .
K2 L yO’ e yn
K3 y'O, * b y'n
This program is designed to solve ordinary second order K .
differential equations whose second derivatives may be K4 . yno
.
expressed as a function of x, y, and dy/dx, that is, as 9 ”n 1
K ¢ ¥ sls s
6 n-2’
dz . K7 o Wl
L=gx, 7, D oor v = glx, v, ¥y Kl K
2 dx 8
dx
K S L3
9 n

Given the initial values ! and the x-i val .
ues Xgs Ygr Y 2 g & A=iDEetya Subroutines used:

LBL #, 1, 2, 3, 45 5,
65 75 8

value h, the Taylor algorithm yields the solutions

Yis Yoo vee 5 ¥, and the first derivatives y'l, y'z, oo I
y'n using the recursion formulas:

n+l Xn = b

h2

1 L " - "
Vo thxy' +=ly" -y

)

yn+1 n-1

L]

h
= ! J0, " x " "
Yintl = Y T 130V - 16Y )+ 239"
. " = v s 2
where the notation y' = dy/dx and y" = d“y/dx
For initial approximations at n = 0 we first evaluate y"O and y30 where

= 1
M g(xo, Yor ¥ 0) and

g; [g(x, ¥, ¥')] evaluated at x

«
]

'
0’ Yo0° Y o

After entry of these initial values the program automatically calculates the starting

values for y"_2 and y"_l from

" = "

31
y -2 y 0

0

- 2h x y36 and y"_1 = y”O - hXxy

-l & = =l . il B . S . . O O I B B B
»
|
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PROGRAM DESCRIPTION (cont)

The program includes subroutines for two modes of execution.

LBL 1, Manual mode: In this mode the user selects J, number of successive

points to be calculated; h, the x-interval value; and enters the initial Xg»

Yo and y'o. If J = 0 is entered, then the program will calculate one point

at a time, and h may be modified by changing the value stored in K¢' To
calculate successive points, it is only necessary to press EXC 3. To
terminate the program press SET FLAG prior to calculating the last point

wanted.

For any J # 0, the program will calculate and print the number of points

selected.

LBL 2, Automatic mode: In this mode the user can select the number -of

points J to be calculated over an interval from an initial X, to a final
X . He also has the option of selecting a value K which will cause the
program to print only every Kth point calculated. Thus for example, for
a given equation one can calculate y values for 100 points between X, and
X s that is, use a small h for accuracy, but only print out every 10th

point calculated.

The program contains its own instruction for data entry for either mode.

The examples show printouts for the alternative modes of execution.

Reference:

T. R. McCalla, Introduction to Numerical Methods and FORTRAN Programming,
John Wiley and Sons, New York, 1967.
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EXAMPLES

L0 e
-

SHD-ORD DIFF E&M 2HD-CORD DIFF EGH
Solve the differential equation

yo o= GOHLYLYOD AN -

2 2 FOR MAH EXC 1 FOR MAH )
EOR H ¥ Wit 2 OF AUTO o TR
dy _ 1 -y~ dy FOR AUTD EXC FOFR
10 dx 7 #1 §2 o
flz INFUT DHATH IHFUT DATH

Program g(x, y, y') as g(Kl, K2, K3) as

HE=
YRz 1d.
i.
CD 4 3 8 GODP LRN LBL @ CLR Yogs ) A= "
2 . = DERT - e . Y= o
1 - K2 x ) = 1 p x K3 K2 = _H i o -
K, RADR GODP LRN ¥Eg- g L 5
H= R
i = i
YIiE=
. i,
Example 1: 8(K1, K2, K3) P ——— . i
Manual Execution . - -
W, ! i
Let J =0 b
h=.1 N ¢ PHIAS
$
Xy = 0 _
Yo = '“1 .
y'o = 0 . 3 —
H
" = -
yao 1
' =
¥9=0

Calculate 5 points

Example 2:

Automatic Execution

e
Let J = 50 o 3
.4 L3553 2449872
K =10 azesaiezez
- aidanlbERlE
XO =0 -.I9@3AF5345 »
= £
)
' =0
L _
y30
RS
N 0 0 EHE W 2
X = 5 S AR S b
2 -, 4882541652
2 -
= + .
Note that y3'= y"(l—TBX—) - y'(§~§*z) and that EHE
Yo LA g S et s, S0 gy = Ly = TEKTRONIX CALCULATOR PROGRAM



PROGRAM EXECUTION

3a

3b

ENTER

. PRESS

To program your functio£ first press

CD 4 3 8 GODP LRN iBL § CLR D/R¥
Now enter your function %(x, y, y') as
g(Kl, K2, K3) finishing %ith the sequence
= K, RADR GODP LRN.

*D/R should be omitted unless your function

includes trigonometric fﬁnctions in degrees.

| START

For manual execution EXC 1
Number of points J CONT
x-interval h . CONT
5 % CONT
Yo j CONT
y'0 . CONT
AN | CONT
n | CONT

If M = 0, one point will be calculated; to cal-

culate the next point: EXC 3

h may be changed prior tp calculating

Ch h = K
ne

a new point by: " 5

|
f

To calculate the last poﬁnt

wanted: SFG EXC 3
For auto execution . EXC 2
Number of points J - CONT
Print Nth points K | CONT

xO } CONT

y0 : CONT

L | CoNT

y"o . CONT

y30 | CONT

final X CONT

DISPLAY

o O O O O (O O o

00 O © © L O o ©

PRINTOUT

Title
Instructions
Input data
as entered
XY Pairs

¥

END

See examples
for detailed

printouts.
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PROGRAM STEPS
7-3

COMMENTS

0 . pF C2OCw QOO (:::)(:::> C:::D‘IEID
OOWOE@®H; @O GO
OCOEHE OO O
OOOODOE rr (OO ED
I OICASISIGICOIED IR
OO ED W W@ @O E»
GO OGO (2 RsET LBL 3 EXC § K LBL 3

) Z1 K 4 X 4 - K 5 -

+ 6 X K 1) x2 + K () X

K 3 + K 2 = K 2 K 6

1 x 5 = 1 6 x K 5 + 2
3 x K 4 = o 1 2 x K

] + K 3 = K 3 K 5 =

K 6 K 4 = K 5 K 7 -

i = K 7 o K 8 ) int -
( K 7 + K 8 ) ) IF=@ PF
(>G> ar PFOK 1 PRNT K 2 PRNT
PF K 3 PRNT CONT K 7  IF=p EXC K
CONT - 1 ) IF>) EXC 3  CONT IFFG EXC

4  CONT K 2 RSET LBL 1 pr (#O (1D L1
2 Exc 6 | Exc |5 Cu)C=> cp | srop = K

) PRNT EXC 8 EXC 7 EXC 3 LBL 2 LBL 2

r (DO@D 86 OO
DI IBICOI I IEICRIED

® ® ® CD. . STOP ' = K 8 PRNT  PF

"TEKTRONIX CALCULATOR PROGRAM




l PROGRAM STEPS
I 7-3
O s
l exe 5 GOCDO &) cp stop = K 9
I PRNT - K 1 ) : K 7 = K
9 Ca>CDerir EXC 8 EXC 7 EXC 3
I LBL 4 pF PF CEDCX) (DD o PF PF  LBL 4
RSET  LBL 5 (XD (=) o s = K 1ps
I 3 1 prvt (YD (=D c|swp| = | k | 2
I 2 NG DD, (=) cop st = K 3
pvt (YO D (=> o swp = K 4
I vt (3O GO (=D cpiswp | = | K | 5
pevT RADR Gopp LB 6 (10 (D GO (T L6
L @@ODDD o O @
0 O®OOO®DOD
COICGD = K 8  STOP = K 7  PRNT
l PF RADR GODP LBL 7 . pF GO LBL 7
i OO COICD| &
4 1 PF PRNT K 2 PRNT PF K 3 PRNT
. RADR GODP LBL 8 K 4 = 2 x K LBL 8
) x K 5 = K 6 + K 9
l x K 5 - K 5 RADR GODP LBL LBL ¢
CLR D/R* Program your function Tour Lungtlon
l g(x, vy, ¥v')
8(x, v, v') as g(K;, K,, K;) finishing with the = 8K}, Ky Ky)
l sequence = K 4 RADR GODP
*The D/R step should be omitted unless your function
I includes trigonometric function arguments in degree
1 ®
l TEKTRONIX CALCULATOR PROGRAM
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TITLE

MINIMUM HARDWARE REQUIRED

Nth-Order Differential Equations

TEK 31 (512 Steps and 64 Registers)

~

Mathematics

REGISTERS USED

point counter
g e

Yo » Y 0 +ee
h, x-increment
J, # of points
K, Kth point
printed
working

working

n counter
n + 1 counter

order N + 10

1

y
y

0’ Y'l’ 9. ‘e
i .

IO’ ylll s

ab - 10)"'
y( )

Subroutines used:

LBL @, 1, 2, 3; 4,

Sy By L9
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l PROGRAM DESCRIPTION i
2
X3
This program is designed to solve higher order differential K
I equations of the form K4
5
N N-1
dy _ i w5 0T . .4y K
glx 3 v 3 ax o1 )
dx dx K
ll 7
where N 2 3; N is limited only by the number of available R¢¢¢
I storage registers (from R11 through RXX) and the practical R(Dl
limits of available program steps and execution time. R¢2
I s
dy, dN'lyo Rio
l Given the initial values Xy» yo, FralE AR E‘I——l , and
. the x-interval value h, the Euler method yields the solutions .
R
ll ab
N-1
N i/
l Y1 3 seie .y Y ’ dX b ’ dx ] LU )
I using the recursion formulas
X = = + h EZE
I n+l Y41 T Y dx
2 N-1 N-1 N
l dyn+1 4 Yn d Y+l i y e Yn
dx ke ¥-1 - mlTBT jm
dx d dx dx
Notation:
Il N
‘ QX = " Q_Z = N'
l ax =Y » N " y
dx



PROGRAM DESCRIPTION (cont)

The program includes subroutines for two modes of execution.

1. LBL 1, Manual mode: In this mode the user selects J, number of successive

points to be calculated; and K to print every Kth point calculated; and h,
the desired x-increment. If 0 is entered for J and K, then the program will
calculate one point at a time, and h may be modified after any point by

changing the value stored in K To calculate successive points, it is only

3'
necessary to press CONT. To terminate the program press EXC 9 after calcu-
lating the last point wanted. For any J # 0 and K # 0, the program will

calculate and print the number of points selected.

2, LBL 2, Automatic mode: In this mode the user can select the number of

points J to be calculated over an interval from an initial X, to a final

X He again has the option of selecting a wvalue K which will cause the

3
program to print only every Kth point calculated. Thus for example, for
a given equation one can calculate y values for 100 points between X and

X7 that is, use a small H for accuracy, but only print out every 10th
point calculated.

The program contains its own instruction for data entry for either mode. The

examples show printouts for the alternative modes of execution.

In either mode, if SET FLAG is pressed prior to entry of any data point, the

(N-1)"'

new values for the derivatives y' through y will be printed out.
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EXAMPLES

HTH-ORD E0H 4TH-ORD DIFF EOH
Solve the differential equation HTH-DRD DIFF E88 dhiatr
FOR MAN EXC 1 FOR MAN EXC 1
FOR AUTO EXC 2 FOR AUTO EXC 2
2 2 #1 #2
dy.1l-7 &y _ y Do J POINTS, J= L3 1 POINTS, J=
o 10 dx 5. SE.
x
PRINT KTH POINTS PRINT KTH POINTS
Program g(x, y, y') as g(K,, K., R,.): 8. 18.
1 2 11 - i
o 2, e 2.
CD 4 2 5 GODP LRN LBL @ CLR @, - 8.
2 fE= Y=
1 - K * x - = fs b
, X ) 10 Ry K, RR¢ ) . q
RADR GODP LRN .1 N 5
ENTER ¥°@ THRU .81
WiH—- e :
A e IHTER %78 THRU
Example 1: g(Kl’ KZ’ Rll) ka_lg.ua:
Manual Execution, iv FRIRS
' ¢ PATRS
8. !
1.
Let J=0,K=0 3.

N = .

_ ’ : O
X0 2 L399 ;
Yo ¥ 994564591

ES
h = ul ~ *
o &

Y'O = i L9TAEISA1

N
X
I
7
I
B I IR I N I b I BN B BEE e

Calculate 5 points

<X
it
Il
[

TEKTRONIX CALCULATOR PROGRAM

i 3
SET FLAG to print ? 9538459923 .
y' after 4th point. * "
4 #
IR14295858 i l
Example 2: " 3190521226
-.4214122283
Automatic Execution, # :
ES3Z583638 "'51'1'”1“‘.’2
Let J = 50 5 K =10 . Sl 1t AR W
+
N =2 l
EHD o
x. =0 ZHD
0
Yo ° II



PROGRAM EXECUTION

3a

5a

ENTER | PRESS
i

To program your functio@rfirst press
CD 4 2 5 GODP LRN LBL § CLR D/R*

(N_l) ']

Now enter your function ?[x, Ty Yl esuy F
as g[Kl, Kys Rygs oo "?(10 N - 1)] finishing
with the sequence = R%bz RADR GODP LRN.
*D/R should be omitted uﬁ;ess your function

1
includes trigonometric functions in degrees.

0

START

For manual execution % EXC 1
For auto execution % EXC 2
Number of points, J i CONT
Print Kth points, K i CONT
Order; N | CONT
X, % CONT
Yo ! CONT
For manual, h % CONT
For auto, xj é CONT
y'0 ; CONT

. % CONT

iN 5 % CONT

Y g CONT

:

For manual execution:

P —

If J =0 and K = 0, one %gint will be calculated;

to calculate the next % CONT

h may be changed prior to calculating

a new point by: é CD hnew = K3
After calculating the

last point wanted . EXC 9

*In either mode, pressingESET FLAG prior to any

| of the data entries will cause the calculated

derivatives to be printed out.

DISPLAY PRINTOUT

Title
Instructions
#1 or #2
Input data
as entered
XY Pairs
*Derivatives

END

See examples
for detailed

printouts.

o 1o 1O 1O 10 |O O |0 |0 |10 |0 10 D
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PROGRAM STEPS

7-4

COMMENTS

0 PF  PF @@@@@@@
OO O®eES @O r O
O @0 O & @& OO
@O @O r O O@ @ @ O
O @O GO OGO (2ORsEr IBL 1 LBL L
GOCGDO » = x 7 1< L 2 (D L2
CDILE TR K 7 cor  pF (0D
& QD @@ W@ W @W GO
GO D ar st = K 4 PRNT PF
OO© O @ e & @ @ &

1 OO OEOO@WE o -
K @ sToP = K 5 et pF QD
CD STOP = PRNT  + 1 ) = Rxxx @
) 2 @@ CD STOP = K 1
vt (3D (@O =) o st = K 2 PRI

k7 1r<p (O (GO~ cp s = PRNT
- K 1 ) & K 4 = K 3
coor (i) D x 7 IF2) CD STOP = CONT
K 3 PRNT €D 1 1 = Rxx )

rr (O @ O @ @ GO O GO
2 @@ @ @ r GO @& GO O
WO OO O @& w5 LBL 5

Rxx [} 1] - Rxx )] 2 ) IF2¢) EXC
6  CONT CD STOP = Rxx  Rxx 1) ®  PRNT
Rxx 1)} 1) + 1 = Rxx [} 1) EXC
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l
PROGRAM STEPS
i 7-4
. COMMENTS
I 5 LBL 6  PF PF GO GO s
I CiDICeROICsDl pr| Exe| 7 | 1BL| 3 eo | 1 LBL 3
Zo CD 1 1 = Rxx () 9 + 1
I = Rxx ) 1 EXC 1) LBL 4 Rxx  Rxx LBL 4
) 1) + K 3 X Rxx  Rxx 0 1
l = Rxx  Rxx 0 ) K 9 g K 5
l - | K | 6 - | k| 6 |tme] =] kK | 6
IF=¢ CLR IFFG Rxx Rxx 1} § PRNT CONT Rxx
l 0 1 = Rxx ? @ + 1 = Rxx
l ? 1 +/- + Rxx ? 2 ) IF2p  EXC
4  CONT K 1 + K 3 = K 1
l . K 2 + K 3 X Rxx 1 1 =
' K 2 K 6 IF=p EXC 7  CONT K 1}
l - K 4 ) IF=p EXC 9  CONT K 4
l IF=0 K 7 IFzp K 2 STOP CONT EXC 3
B 7 () K 1 PF PRNT K 2 PRNT  LBL 7
l pF (%) RADR GODP LBL 9 pF pF CED)CW) LBLY
Cp) ¢ PF PF RSET LBL @ CLR D/R¥ LBL §
I Your function
Program your function
glx, vy, v's +ov
I gl vo v v eee 5y a6 ,D
8lKys Ky Ryps Rygs vve s Rigg 4oy opyl
l finishing with the sequence : g[Kl’ KZ’
= Rxx  Rxx ) 2 RADR GODP S R12’ =
I . *The D/R step should be omitted unless your function includes
l trigonometric function arguments in degree measure.
l TEKTRONIX CALCULATOR PROGRAM
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Two Simultaneous Differential Equations

Mathematics

TITLE

REGISTERS USED

MINIMUM HARDWARE REQUIRED

TEK 31 (512 Steps and 64 Registers) K¢ 2 tO’ SERERE
K1 : XO’ Xl’ o
PROGRAM DESCRIPTION L
L s e
2 0 !l
K3 h
This program is designed to solve the simultaneous equations
K4 ¢ dx/dty e
K5 : dxz/dtz, T
dx
5 T oax * by = M(t) Ke ¢+ a
K7 : b
K I
dy 8
e 1 + =
T cx + dy N(t) Kg d

given the constants a, b, ¢, d, the functions M(t) and N(t), R¢¢¢ : point counter

and the initial values to, Xg» and Yo* These equations can R¢1 : J, # of points

be reduced to R¢2 ¢ K, Kth point

printed
d2x d . .
== =-(a+d) =+ (bc - ad)x + M'(t) Ky3 ¢ working
2 dt
dt
Subroutines used:
+d x M(t) - b X N(t) LBL @, 1, 2, 3, 4,
5, 65 9
. dx . ' - -
and s [M(t) it ax] ; where M'(t) = it M(t) .

The first of these latter equations can be solved by Euler's method using the

recursion formulas

tn+l = tn + h
dxn
Xn+l N xn F o dt
2
dxn+1 B dxn d xn
T
dt

after which the solution to the second equation is direct.

TEKTRONIX CALCULATOR PROGRAM



PROGRAM DESCRIPTION (cont)

Note that the solution requires differentiation of M(t) to get M'(t); choose your

notation so that the simpler of the two functions of t in your pair of equations

is represented by M(t).

The program includes subroutines for two modes of execution.

10

LBL 1, Manual mode: In this mode the user selects J, number of successive

points to be calculated; K to print every Kth point calculated; and h, the
desired t-increment. If O is entered for J and K, then the program will
calculate one point at a time, and h may be modified after any point by

changing the value stored in K To calculate successive points, it is only

3
necessary to press CONT. To terminate the program press EXC 9 after calcu-
lating the last point wanted. For any J # 0 and K # 0, the program will

calculate and print the number of points selected.

LBL 2, Automatic mode: In this mode the user can select the number of

points T to be calculated over an interval from an initial t0 to a final
tJ. He again has the option of selecting a value K which will cause the
program to print only every Kth point calculated. Thus for example, for
a given equation one can calculate y values for 100 points between t0 and
tJ, that is, use a small h for accuracy, but only print out every 10th

point calculated.

The program contains its own instruction for data entry for either mode. The

examples show printouts for the alternative modes of execution.

TEKTRONIX CALCULATOR PROGRAM
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EXAMPLES

Solve the simultaneous differential equations,

given the initial conditions:

dx

It + X -y =cos t t0 =0
ie XO =0
Ef - xXx+y =-cost yO =

Now M(t) = cos t, so M'(t) = -sin t

Thus M(to) = cos tO =1
M(Kﬁ) = K¢ cos
N(Kﬁ) = K¢ cos

M'(K,) = CD - K¢ sin

%

From these data we can program the function as

listed.

Example 1: g
g
Manual execution, 8
&
a
-
Let J =0, K=0
Let h = .1

Calculate 5 points,

EXC 9 to end.

Example 2:

Automatic execution,

Let J = 100, K = 20

Let tJ = .5

AR AR DA DA A AN DA A IDA I AR AR A D A R R A R

O

A= )
b B B B B o B i W e T e W P e W e B s i i e o B B B

B

FRHT ETH FHTZ K=

o,

ENTER DRTH
- 1.
= i
o i
“= 1.
g=

.

5]
TE=

5]
H=

ok
HeTE=

i.
T 2% PRHIES

&,

H.

i,

TEKTRONIX CALCULATOR PROGRAM

I-SIM DIFF EOHE

MAH E:
AUTO

FRHT KTH FHTS k=

8.

SHTER ©RTH

[ R
Pt

L=

(]

=
on

—4
]
I
s

-
5
=0
—
aa
[¥¥]

PR



PROGRAM EXECUTION

STEP| ENTER | PRESS DISPLAY PRINTOUT
{
1 | To program your function&first press
CDb 4 ¢ 5 GODP LRN @ CLR D/R* .
Now enter your function ?s K9 X M(Kﬁ) -
K, x N(Kp + M'(K(a) {2= Ky -
Follow with the sequence K3 Yo M(K¢) =
K2 RADR GODP LRN . |
*D/R should be omitted unless your function
includes trigonometric functions in degrees.
!
2 | START 0 Title
3a | For manual execution i EXC 1 0 Instructions
b | For auto execution | EXC 2 0 #1 or #2
4 Number of points, J % CONT 0 Input data
Print Kth points, K i CONT 0 as entered
a ‘ CONT 0 to
b | CONT 0 X
c CONT 0 Yo
d J CONT 0 t
X, . CONT 0 Xy
Yo CONT 0 Yy
ty : CONT 0 :
5a | For manual, h . CONT 0 '
b | For auto, t; \ CONT 0 END
For manual execution: See examples
) for detailed
If J =0 and K = 0, one point will be calculated; i printout.
to calculate the next i CONT Yi+1
h may be changed prior to calculating
a new point by: CD hneW = K3
After calculating the |
last point wanted EXC 9

TEKTRONIX CALCULATOR PROGRAM



PROGRAM STEPS

PF  PF @@@@@@@
O@OEWOO G ror (D
O E W OO & E OO
GO r O@O®E® W@
CoO GO (B> O Ceoo o (2D rsEr 1BL 1
GO e 5 (> (&> cop stop = K

3 perwr Exc 6 L 2 (#>C2) EXC 5

CO GO o stop

PRNT = K 0

y | = [rx| 0 [ 2 [ =]k ] 3 (DGO
et e 6 O CO T QODIC=D| o
STOP = PRNT - K 6 x K 1 -

K 7 x K 2 = K 4 PF  PF
@D, o O W O®
(s> PP EXC | 4 | LBL 3 EXC 0@ K 7

X K 8 - K 6 5 K 9 )

x K 1 + K 5 - K 4 X

( K 6 + K 9 = K 5 K

3 x K 4 ) T K 4 + K

3 x K 5 = K 4 K 2 -

K 4 - K 6 X K il = +

K 7 = K 2 Rxx ) 0] # 1

= Rxx ] ) B Rxx ) 2 - Rxx

) 3 - Rxx ) 3 int ) IF=p CLR

EXC | & CONT Rxx  f ) -  Rxx 0 1

) IF=§p EXC 9 CONT Rxx @ 1 IF=p K

TEKTRONIX CALCULATOR PROGRAM

COMMENTS

LBL 1

LBL 2

" LBL 6

LBL 3

-5




PROGRAM STEPS

7-5

COMMENTS

2 STOP CONT EXC 3 LBL 4 PF K ) LBL 4

PRNT K 1 PRNT K 2 PRNT PF RADR GODP

s DD @D ws
OO EOCD G ar = Raxx ¢
@ STOP = Rxx @ 1 et PF C2) (R

D D@D DD @D DD
CGHOEO (xXOC) o sP = Rax 2
5 D@D D DD @ D
O o (DT o stop =k
6 PT (B)(C=) c» STOP = K 7 PRNT

COCD o soe = k8 et (0O
o stop = Kk 9 PRt (XD D o
k 1 et (YD (<> o srop
= k2 et (DD (=> oo stop =
K ¢ PRNT RaDR GopP LBL 9  PF (ED (WD LBL 9

4 <:::> CD PF PF RSET LBL (1] CLR D/R* LBL @
Your functions
M(K¢)
N(K¢)
X N(Kw) + M'(Kw) = K M'(Kﬁ)
ﬂ) = K2 RADR GODP

STOP

Program your functions as
K9 X M(K¢) - K7
K 3 2o M(K

*The D/R step should be omitted unless your functions
M(K¢), N(Kﬂ)’ or M'(Kﬂ) include trigonometric function

arguments in degree measure.
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CHANGE INFORMATION

At Tektronix, we continually strive to provide the best possible
products by adding improvements as soon as they are developed and
tested.

Sometimes, due to printing and shipping requirements, we can’t
get these changes immediately into printed manuals. Hence, your
manual may contain new change information on following pages.

A single change may affect several sections. Sections of the
manual are often printed at different times, so some of the
information on the change pages may already be in your manual.
Since the change information sheets are carried in the manual until
ALL changes are permanently entered, some duplication may occur.
If no such change pages appear in this section, your manual is
correct as printed.
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