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70001 - n!
Calculates n! for positive integer n. (n <70)

70002 - POLYNOMIAL EVALUATION

Evaluates polynomials of the form:

1 -Computer
f(z) = Cpz" + Cn_lzn' t.. . +Cz+Cy

<+ Museum

for complex C;, i=1, . . . , n and complex z.

70003 - NUMERICAL INTEGRATION USING SIMPSON'S ONE-THIRD RULE
Uses Simpson's rule to obtain the area under a curve. The equation used is:

h
A :g(Y0+4Y1+Y2)

70006 - 1st ORDER DIFFERENTIAL EQUATIONS
Solves differential equations of the form:

v/ = fx, y)

70007 - RAISING A NUMBER TO A POWER
Solves the equation:

Z
Zg = Z; 2where Z; =X, +jY; i=1, 2, 3

70008 - 2nd ORDER DIFFERENTIAL EQUATIONS
Solves differential equations of the form:

y” = fx, 5, 7)

70009 - QUADRATIC EQUATION
Solves ax2 + bx + ¢ = 0 for the roots.
70010 - FINITE DIFFERENCE INTERPOLATION USING GAUSS'S BACKWARD FORMULA

Uses Gauss's backward formula for interpolation in tabular data with equal abscissa spacing.
The program fits a cubic equation through the tabular data.

70011 - CUBIC EQUATION
Solves x5 + pxz +gx +r = O for the real and complex roots.

70013 - FACTORS OF n
Gives all factors of an integer n.

70014 - REAL ROOTS OF {(x)
Calculates real roots of f(x) by starting from x, and incrementing until f(x) changes sign,
then converges on the root. £(x) is programmed in by the user.

70016 - SIMULTANEOUS SOLUTION OF TWO EQUATIONS IN TWO UNKNOWNS
The program solves two independent equations of the form:

ax + by
cx + dy

e
f

1 n

X and y are the unknowns to be found.



MATHEMATICS (CON'T)

70017 - n! (0 < 1012)
Calculates n! for positive integer n.

70021 - POLYNOMIAL EVALUATION (1 £ n Z 10)
Repeatedly evaluates for a given x, a real polynomial of the form:

n-1
X

fx) = A" +Ap 1x ... Agx+Ag for 1Sn<10

70022 - 3 X 3 MATRIX INVERSION OR SIMULTANEOUS SOLUTION OF THREE EQUATIONS
IN THREE UNKNOWNS
Solves three linear independent equations in three unknowns simultaneously or inverts a
3 x 3 matrix.

70023 - FOURIER SERIES
Calculates the Fourier Series coefficients that represent a periodic time function f(t) with period T.
The specific f(t) is programmed into the calculator by the user.

70024 - GAMMA FUNCTION @ 1
Evaluates the gamma function I'(¥) for 0 < v < 109 where I'y) = f e-tt V- lat
o)
70025 - BESSEL FUNCTION
Calculates the value of the Bessel function J, (x) of the first kind of integer order n where

r @ (2

X
W =G) 2 W eewr

9100B ONLY

70401 - HYPERGEOMETRIC SERIES EXPANSION
Given a, b, and c, this program determines the coefficients of the hypergeometric
series F(a, b, ¢; X). This program is useful in solving Gauss's differential equation.

70402 - (3 X 3) MATRIX MULTIPLICATION
Given two (3 x 3) matrices A and B, this program determines the product matrix C = A:-B .

70403 - ROOTS OF A 4th DEGREE POLYNOMIAL
This program determines the roots (real and complex) of a 4th degree polynomial of the form

x4 a1X3 + aZXZ +agX +a4
where a; is real,
70404 - NUMERICAL SOLUTION OF TWO FIRST ORDER DIFFERENTIAL EQUATIONS

This program may be used to solve a wide variety of pairs of first order differential
equations of the form

iX,Y,2),

g(X,Y,2) .

&R 82

70405 - ROOTS OF A 6th DEGREE POLYNOMIAL
The program determines the roots (real and complex) of a 6th degree polynomial of the form

6

X"+ alX5 + a2X4 + a.3X3 + a.4X2 +a5X +ag

where a; is real,



MATHEMATICS (CON'T) 9100B ONLY

70406 - CHARACTERISTIC EQUATION OF A (3 X 3) MATRIX AND EIGENVALUE DETERMINATION
Given a (3 x 3) matrix A, this program computes the characteristic equation

)\3+p )\2+q A+r =0

and then determines the eigenvalues by using Program 09100-70011 as a Sub Program ,

70407 - SIMULTANEOUS SOLUTION OF FOUR LINEAR EQUATIONS IN FOUR UNKNOWNS
Given a system of four linear equations in four unknowns defined by the matrix equation

[Ag] [X3] = [Pi],

this program uses Cholewski's method to determine the X;'s.

70408 - CONVOLUTION INTEGRAL WITH PLOT
This program evaluates and plots y(t), the convolution of e(t)and h(t). Mathematically

y(t) = f e(T)ht-7)dT

70409 - NUMERICAL INTEGRATION USING SIMPSON'S RULE WHEN f(x) IS KNOWN
The specific f(x) is programmed into the calculator by the user and is then used by the general
solution to evaluate the integral. Execution time is dependent on the number of panels. Note
f(x) should not have any singularities in the integration interval.

X
70410 - INTEGRAL OF THE FORM: F(x) = Af f (u) du WITH PLOT
This program calculates the integral of a known function f(u) between any lower limit A and
a successively incremented upper limit X. Simpson's rule is used to perform the integration.
A special application of this program is when f(u) is a probability density function., F(x) then
represents the cumulative distribution function.

70411 - MAX - MINOF Z = Z(X, Y)
This program determines the approximate range of a function Z of two independent variables
X and Y given a rangefor X and Y. This program can be used in conjunction with Program
09100-70412, PLOT OF Z = Z(X, Y).

70412 - PLOT OF Z =Z(X, Y)
Given a function Z of two independent variables X and Y, this program creates a three
dimensional plot over a prescribed range of X and Y.






This program calculates n! for integer n where 0<n< 69

QYVIOVd - LLITM3H (@

nl=n(p-1)---3-2-1

QYVYMOVd -113TM3IH [@]

AQYVADVd - L13TM3H @

AQYVAOVd - L13TM3H @]

ayvi

v

1137TM3H (@)



09100-70001

EXAMPLES USER INSTRUCTIONS
o =1 ENTER PROGRAM (Starting Address iss 0-0)
6! = 720 PRESS: GO TO (0) (0) [or END|

—» PRESS: CONTINUE
ENTER DATA: n—»X
PRESS: CONTINUE
DISPLAY

Z
! Y

s B ©
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09100-70002

EXAMPLES

USER INSTRUCTIONS

P(Z) =@ +4D)22 + (-2 +1)zZl + (1 - 1)

for Z =2 +i ReZ =2 ImZ =1
P2 +i) = -11 + 23i

P(Z) =49.62%+1823 +52.472 .87 +12.8

for Z =1 ReZ =0 ImZzZ-=1
P() = 10 - 10i

GENERAL FORM

f(z) = CL2" + Cn_lzn'1 +...4+C1Z +C,

ENTER PROGRAM (Starting Address is 0 -0)
PRESS: GO TO (0) (0) [or END]

—— PRESS: CONTINUE

DISPLAY
0 zZ
0 Y
1 —— X

ENTERDATA: n—* Z, Im Z — Y,

Re Z —» X
—»PRESS: CONTINUE
DISPLAY
0 Z
0 Y
n; Z

1

nj is an indicator or
coefficient entry number.
When n; =0 enter Cg,.

‘—ENTER DATA: ImCnj — Y,

ReCni —» X

PRESS: CONTINUE

DISPLAY
0 z
ImP(Z) Y
ReP(Z) X




PAGE 1 PART NO. 09I00-70002
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This program evaluates the area under a curve represented by discrete points. The equation used is Simpson's

One-Third Rule ie.,
X

Xo
where xo<§ < X2

Graphically the integration is performed over two panels (each of width h) as shown below

YA

The ipplication of Simpson's Rule over 2n panels between XO= a , and X2n= b gives

b
f(x)dx = % (Yot 4Y,+2Y,+ 4 Y, +2Y, + - +4Y,_ + Y, )

I PR N O
__I8—O(b a)h'f (&)

where g<€< b andf*(¢) is the fourth derivative of f(x)
evaluated at § .

Thus to use the program divide the abscissa into 2n panels. (The method requires an even number of panels of
width h.) Since the error term is neglected, choose h (the distance between points) such that the error term

is small. Usually h<<1{ whenf®X¢) is unknown.

Reference: Numerical Analysis
by Kaiser S. Kunz

McGraw - Hill Book Co., Inc. 1957



09100-70003
USER INSTRUCTIONS

ENTER PROGRAM (Starting Address is 0 -0)
PRESS: GO TO (0) (0) [or END]
PRESS: CONTINUE

DISPLAY
0 Z
0 Y
1 —— X

ENTER DATA: h —» X
PRESS: CONTINUE

DISPLAY
0 Z
0 Y
2 X

ENTER DATA: X,— X

PRESS: CONTINUE
—~— DISPLAY

Ay 1 A Note: Subsequent
X Xj'sare calculated
i Y fromXg,and h and
0 — X are not entered.

A - the area shows every other time
starting after third y entry
(Corresponds to calcu-
ENTER DATA: Y; — X latedXjdisplayedin Y)

——— PRESS: CONTINUE (To restart a new prob-
lem PRESS: END,
PRESS: CONTINUE)

To Change Increment (new h)
This can only be done if area or Z register is
blank
ENTER DATA: Y; — X
PRESS: SET FLAG
PRESS: CONTINUE

DISPLAY
0 Z
0 Y
1 X

ENTER DATA: new h— X

PRESS: CONTINUE (Program branches to area
display and ordinate entry. Proceed as
before. )

EXAMPLES
INCREMENT CONSTANT
X Y
0 2

.25 2.8

.50 3.8

.75 5.2 h=.25

2

1.00 7.0 f f(x)dx = 16. 58
1.25 9.2 °

1.50 12.1

1.75 15.6
2.00 20

INCREMENT CHANGE
X Y
0 2]

.25 2.8

0 58 F h=.25

.75 5.2
1.00 7.0 |
1.50 lz-j> h= .5
2.00 20

2
f f(x)dx = 16. 62
0
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PAGE 2 PART NO. 09100-70003
Display Storage
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This program may be used to solve a wide variety of first order (homogenous or non-homogenous, linear or non-

linear) differential equations of the form

Y = f(X,Y)

The solution is a numerical solution which calculates Yj for X;. The X values are closely spaced with incre-
ment h over the desired range. Specifically the solution used in this program is a Runge-Kutta Method (third-
order) which uses the equations,

Yi+1=Y;+ 1—6(p+2q+2r+s)

where  p= hf(X;Y;)

- h p
q-hf(X|+-§, Y|+ f)
- h q
r—hf(Xi+’2—,Yi+§)
s=hf(Xj+h, Yj+r)

h= Xi4+q1=X]

Reference: Numerical Analysis
by Kaiser S. Kunz

McGraw -Hill Book Co. Inc. 1957



09100-70006

USER INSTRUCTIONS EXAMPLES
ENTER PROGRAM (Starting Address is 0 -0) R
PRESS: (GO TO) (4) (a) r MV O + V(0 =0
Place mode switch to PROGRAM + c o
] . f(1) ~ \6(” t, =0
Starting at 4-a, enter the program steps which >
take the independent variable from the X re- h=.01
gister, the dependent variable from the Y re- —0 -
gister and calculate £(X, Y). Place (X, Y)in ()
the Y register and exit to location 8-b. Note ‘r
there is a maximum of 57 steps (4-a through vV
8-a) available for storing and positioning f(X, Y). 0
Place mode switch to RUN
PRESS: GO TO (0) (0) [or END] N !
PRESS: CONTINUE
ENTER DATA: (Initial conditions and incre- iy ia
ment) L —% o +
h —»2, Yo =+ Y, Xo = X ca 2 l
PRESS: CONTINUE JR—) R C VN
The Calculator will display answers at every T
increment of the independent variable in the o -
form
il + iz + i3 =0
h Z ) Volt) _odVolt) _,  itial |‘o~"
Y; v R R dt Conditions [ V(0 =0
. —— dvolt) _ _ Volt)  £(t) -
X5 X i - "R ‘tTm Increment h = .01
To stop the solution at the next increment de- Let Vo =1V, C=1F,R=1Qandt; =4 sec.
press PAUSE until display. To restart press The equation becomes
CONTINUE.
To start from a new set of initial conditions (-i—%%@ = - Vo(t) +1; t<4
PRESS: STOP
PRESS: GO TO (0) (0) [or END] Wold — vyt t >4
PRESS: CONTINUE
Enter initial conditions and increment as be- The program steps that form V§ =1(t, V) appear on
fore. Page 1. See User Instructions.
Vo { Volts)
107 — )
91 o o™ 0
// Vo(0)=0

':T / h =01
/ \‘\

1+ \'\

‘\,\‘\
O+t ¢
0 1 2 3 4 5 6 7 8

fime -(seconds) {4
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. Dsplay Storage

Sten Kay Code i ;
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_ PROBLEMS.
2 SEE " OPERATING MANUAL
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(@] HEWLET.

(@] HEWLETT- PACKARD (@] HEWLET1- FACKARD  [@ HEWLETT- PACKARD

(@] HEWLETT-. ACKARD

Zy

This program solves the equation Z3 = Z1

where Z; and Zy are given. Z; may be real or complex ie. Zi =Xi+ jYi i=1,2,3

The definitions 2122 = 922|nz1 Z,#0

and |7 =In(./X2+Y2)+ j6 (-7 <857r,,/ X%+ Y2>0)
- -1 Y
6 = TAN W

are used,

The following equations are programmed

Z3= 922|n21

=9(X2+jY2)( In X12+Y12+ 191)

X,ln, /X2 +Y2-Y,8
=@ 2TV T T TR LC0S(Yyln /X H YR+ X8y +

iSIN (Yyln, /X2 +Y2 +X,8,)

Reference: Complex Variable and Applications
by Churchill

McGraw-Hill 1960



09100-70007

USER INSTRUCTIONS EXAMPLES
. . _ . (X2 +3Ys)
ENTER PROGRAM (Starting Address is 0 -0) Zg = (Xq +iYy) 2
SET:| | RADIANS
PRESS: GO TO (0) (0) [or END] 1) zz-e @+12)
—» PRESS: CONTINUE X{ - e (-0
DISPLAY
Xy = 2 Yo = 2
0 —— Z
o . Zg = -3.075 + j6. 719
— X

ENTER DATA: Y; — Y, X1 — X
2)

N
w
it
—
)
+
-
w
-

PRESS: CONTINUE
DISPLAY Xy = ¥y =3

0 Z
0 Y Zg =1.674 +j.896
2 — X

ENTER DATA: Yg — Y, Xy — X

PRESS: CONTINUE

DISPLAY
0 — 2
Ys Y
X3 — X

RESULT: Zg =Xg3 + Y3
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{Hspiay Storage

4 z ¥ £ o O R
J

- 0 - CLEAR 20

1 ol | DISPLAY 1 TO INDICATE FIRST ENTRY

Sl X Y, 0 ENTER X, AND Y,

23

3

40

14

- 25

02| DISPLAY 2 TO INDICATE SECOND ENTRY

R Y2 0 ENTER Xp AND Y,

23

C 16

I y->0 40

1778 14

A 27

ad 13 —
= CALCULATE In./ X2+Y;% AND &
TO POLAR 62

inx 65

{ i ROLL ’4~ 22

16

40
STORE In./ X2 +Y,2

36

22

36 | = CALCULATE Xz In./XZ+YZ AND |X,6,

24

12

30

24

17"/ = CALCULATE Y, In./XZ +Y.2

30

36

24

|7 CALCULATE Y,8,

36

31

T

34 ' —
CALCULATE X,ln,/XZ2+Y,2 =Y,8

24

g

12

33
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PACKARD

(@) HEWLE"

(@ HEWLETT- PACKARD

PACKARD

(%] HEWLET.

(@] HEWLETT- PACKARD

. ACKARD

) HEWLET,

This program may be used to solve a wide variety of second order differential equations of the form

Y"=£(X,Y,Y")

The soiution is a numerical solution which calculates Y; and Y-ll for a set of closely spaced values of Xj over
the desired range. The method used employs a Taylor series around the point Xj. The equations used are

2
- h
Yigr=Y + 0+ 5 (47 - )
-h4
where the first term of the error is —— Y(4)

and

1 _yi gL h "no_ "
Yi+1'Yi + 12(5Yi—2 16Yi_1+23Yi”)

-3n”
where the first term of the error is ._8- Y(s)

where h = Xi+1 ~-X I
1 .2,(4)
In order to start the solution the equations Y_q = YO” -h 'Yé” with error of — ? h™Y

and _Ié = Yél -2h 'Yé” with error of — th Y(4) are used.

Xo» Yo, and Y,/ are known from the boundary conditions. Y, is calculated from f(X,, Y, Yo' ).
Y,/ is obtained by differentiating f(X, Y, Y’ ) and substituting in values X,, Yo, Yo' , and Y . These
initial conditions are required input.

In cases where an increasing exponential predominates it may be necessary to reverse the direction of the in-
dependent variable. This may be done simply by making h negative.
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USER INSTRUCTIONS EXAMPLES
ENTER PROGRAM (Starting Address is 0 -0)
PRESS: (GO TO) (58 (5)(0)
PLACE MODE SWITCH TO PROGRAM
=
The general program has a blank section for § K 1| ¢
storing your specific differential equation. ;\
Starting at 5-0, enter the program steps which
take the independent variable from the b regis-~
ter, the dependent variable from the f regis-
ter, and the derivative of the dependent vari-
able in the e register, and calculate f(X, Y, Y'). Fo SINwt M
Place (X, Y, Y/ ) in the Y register and exit X
to location 9 -3. Note there is a maximum of
59 steps (5 -0 through 9 - 2) available for storing
and positioning £(X, Y, Y/ ). . L
MX +C|X| X +KX = Fo SIN wt
PLACE MODE SWITCH TO RUN X(0)=10 C =.08 w=47 m=.1
PRESS: GO TO (0) () [or END] X(©0)= 0 F,=100 K=25 h=.00:
PRESS: CONTINUE . . -
DISPLAY X=-.8 |%| % - 250X + 1000 SIN 4t
X(0) = -2500
0 z X = -1.6|X|X - 250X + 40007 COS 47t
0 Y %(0) = 40007
1 — X
NOTE: SET [ |RADIANS
ENTER DATA: Yo' — Z, Y — ¥, The program steps that form X = f(t, X, X) appear on
h —» X Page 1. See User Instructions.
PRESS: CONTINUE
10—
DISPLAY F, = 100 t X
%7 X(0) =10 0 '0
0 zZ %(0)= 0 A 6.283
0 - 87 = 2 3.871
-1 3 1.269
2 X .4 -1.958
6L .5 -3.24
.6 -.185
ENTER DATA: X, — Z, Y{ — Y, 5 7 2.755
Y,— X .8 927
4_}_. .9 -1.528
PRESS: CONTINUE 1.0 - 3.07
The Calculator will display answers at every — 3T
increment of the independent variable in the a ZJ—
form Z
Q
<7
o 2 §OIII}+%!IJN_IL‘%*!I{—ILTIMIEJ
T 1
Y; Y e I 2 3%Y4 5 6 7 8 \9 10
_' .
X, X 7
_Zk;
To stop the solution at the next increment de- /
press PAUSE until display. To restart de- -3
press CONTINUE.
-4
To start from a new set of initial conditions
PRESS: STOP -5
PRESS: GO TO (0) (0) [or END|
PRESS: CONTINUE
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e
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Le o |y 55 [X]

% Y 36 X|X|

: EIERNET CALCULATE - <=[X|X
5. 8 o
CHG SIGN = 32 -.8
= X 36 -8|X|X
§ ﬁ F 15 X 1
é& M 4 27 X -8IXIxX
v 2 02
4 > | > CALCULATE  — Ko
= -0 oo M
% ) w«i CHG SIGN | 32 -250
5= 6 35 -250X

25 - 250X - 8IXIX

5]

33 - 8XIX -250X

CKAR

- 8IX|X 250X

g
i

“TT-PA

36 4T

36 " 47t

I'e
€ X X 3y > n+ X
N
ﬂ
D

Y
D
O

r
>
e

E-- FxSIN-wt
25| 4wt -gXX -250X o SiN-wt

sinx 70 | SIN 477t

& A 27 SIN 4mt - 8[XIX-250X

ENTER EXP 26

Sy 3 o3 1000

LT 0 X 36 1000 SIN 477t

i v 25 1000 SIN 47t -8IXIX-250X

(@)
>
2

>

=

m

+ 33 ’ X '

froeoTOl ) ) 44

ééééé A = EXIT TO 9-3

A 3 03 —

PROKARD
i
i
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g 3 Display Storage
;,:: Step Key Code 5 - N ; - y - ; -
) ‘)’ ot [av S py &
) ;
< 0,0 am 20 REGISTER CONTENTS= Y; = Yi'I Yi" Y& X h
- ' 1 ol { DISPLAY 1 TO INDICATE FIRST ENTRY '
P 7 ENTER INCREMENT ~AND
w 2] s a1 h Yo' Yo INITIAL __CONDITIONS
E (31 xs0) | 23
T L4 3 13
& 50 x  36]]
; 85 % 25
g Ly y-0 40
y; "8 4 |17 |> CALCULATE v
U i
E ' 9 -_— 34
o ‘ g y»0 |40
E ih c 16
~ i
= r - 34
T d1 y+0 a0 | CALCULATE Y%
& 1.0 & 1] ‘
01 CLEAR 20
g I 2 2 02 | DISPLAY 2 TO INDICATE SECOND ENTRY
< '3 soe 4l Yo Yo Xo ENTER INITIAL CONDITIONS
‘&) r4 acc + 60
o
Sne 5 F 18
E ;: 6 i RoLL w 3! —~—REOAL) AMMD. . POSITION EOR. CDISPL.AY
4 © : 2GR L ANDH IO TOUN O HOT LAY
=/ ©7 1 cLear X | 37
= o
Ts | 8 ROLL 31
B |0 e |57 Xi Yi 0 DISPLAY AT EACH [NCREMENT
b 3 %2y | 30
S h Yo 24
> s b 14
s T 5 |05
£ L
. 2,0 x 36
" 1 C 16
—d
= 2 A 27
= 3 1 ol
§ |4 6 |os
5 X 36
> s ¥ 25
% A Tl = CALCULATE 1—2—(5\.{{’_1 Y +23¥ )|
i 17
R S
e 19 A
" a2 o2
i —
= tf 3 03
< rl % 36
& g g Vv 25
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(8] HEWLETT - PACKARD

(@] HEWLETT- PACKARD

(@] HEWLETT- PACKARD

(%] HEWLETT- PACKARD

B HEWLETT  PACKARD

Display Storage
Key Code X y - £ o | o - b
) + 33
f d 13
"2 x 3e
!’“3 1 ol N
b g 2 02
50 T35
5 d 17
7 A 27
'3 4 04
9T X e
'3 C 16
] - 34
f: 3 13 L,
o X 36 | = CALCULATE hY| + -= (4Y{ -Y{4)
5 6 |oe
L - 35
. g 12
e + 33
4 d 13
LR X 36
6 Voo 25
7 ac + 60| CALCULATE Yi4; AND Y{4,
B Y2u o 24
g b 14
5 o d I3
b 3B NCREMENT X
o Y20 40 '
4 & 4]
") contine 47|  ENTER SPECIFIC DIFFERENTIAL EQUATION HERE. REGISTER &
= CONTAINS X; -REGISTER - £ CONTAINS -, -AND REGISTER - CONTAINS
' Y! USE THESE VARIABLES. TO. PROGRAM THE SPECIFIC_EQUATION
2 Y"=§(X,Y,Y'). AFTER FORMING Y” PLACE IT IN THE 'Y REGISTER
2 AND EXIT TO LOCATION | 9-3.
| g FILL THE REMAINING —AREA WITH CONTINUES TO ELIMINATE
: THE POSSIBILITY...OF_AN._-END._AND . THUS. RECORDING ND
6 ENTERING PROBLEMS.
- SEE— OPERATING  MANUAL
S e B e A
d \j
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'"ACKARD

(@] HEWLE"

(@] HEWLETT:- PACKARD

[@) HEWLETT- PACKARD [ HEWLET ACKARD

ACKARD

[@2] HEWLET)

This program calculates the two roots X4 and Xy of the equation

A ax? +bX+c =0 a#0
aXz +bX1‘C—:O

The ejuation used to calculate the roots is:

-_b 1 2_
KXo = > t 55 b®-4ac

[@]

A Denotes Revision



09100-70009
USER INSTRUCTIONS

EXAMPLES

ENTER PROGRAM (Starting Address is 0-0)
PRESS: GO TO (0) (0) [or END]
——# PRESS: CONTINUE
ENTER DATA: a—» 2, b —»Y, ¢ —» X
PRESS: CONTINUE

DISPLAY
0 z Im (Xg) ———— Z
|_real complex
roots:y X2 Y roots: | (Xp) Y
X, X Re(X; and X9) — X

(Note Z contains zero)

GENERAL FORM

aX2 +bX +¢ =0

X2 1% +1.25=0
X2=-.5+j1
Xy =-.5-]jl

2X2 45X +3 = 0

Xz = -15

Xl = -1.0
X2 i4=0

X9 = j2

X, = -j2
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vy e H
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e ; v 25
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PACKARD

S22+ 33
m b  RoLL A 22
= - + 33
= [ CLEaR X | 37

i

I Fa ROLL 31 :
T e A ' L DISPLAY
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PACKARD

(@] HEWLE .

(@] HEWLETT- PACKARD

-PACKARD

(@] HEWLET)

(@] HEWLETT- PACKARD

~ACKARD

(@] HEWLET1

This program interpolates for data points in the region of tabulated data for uniformly spaced abscissas, with
spacing h. The equation used is the backward-interpolation formula of Gauss which uses four pairs of data
points and sets up the polynomial for cubic interpolation.

The equation used is:

B 1 2 1 ' 3
Y—Y0+u8Y_1/2+ 3 (u+l) 8 Y0+ 3 (u+1)(w(u-1)5 Y_1/2
The difference table is:
u X Y
-2 X1 Y1 . .
-1 X, ¥, 2771 Yq - 2Y, +Y,
0 X, Yg—7 3 Yawy, -2y, +v, Yy -3y 4 3Y, - Yy
Y, -Y
1 X4 Y4 4 3
where 8Y_1/2 Y3 - Y,
S = Y4 - 2Y3 +Y2
83Y Y 3 3y Y
-1/2 g~ Yy + 3y - ¥y
X -X
and u = h 3

Reference: Introduction to Numerical Analysis
by F.B. Hildebrand

McGraw -Hill 1956
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(@) HEWLETT- PACKARD  [@ ) HEWLETT- PACKARD (@] HEWLETT:- PACKARD  [@] HEWLETT- PACKARD

[ HEWLETT- PACKARD

This program solves

x3

+pX2+qX+r =0

for real and complex roots.

Enter p, q, r

Choose initial increment
ir|

AX,, K = '=
_AX

AX =15

K =-K

A

YES

YES

LSolve Quadratic J

|

Display Roots

|




09100-T0011
USER INSTRUCTIONS

EXAMPLES

ENTER PROGRAM (Starting address is 0 - 0)
PRESS: GO TO (0) (0) [or END]
—>» PRESS: CONTINUE
ENTER DATA: p =+ Z,q —»Y, r —» X
PRESS: CONTINUE

DISPLAY:
0 Z
3 real roots 0 Y
3 X
1 real 0 —— Z
2 complex 00— Y
roots { —— X

PRESS: CONTINUE
DISPLAY:

(X3)- Z

L complex|y, (v andX.)-Y
roots: 1 2

Re(X1 and Xz) ~-X

General Form

Example 1

Example 2

X3+pX2+qX+r

0

x3 4, 3x2 43X +1

X

-X"+X -1

Xl’ X2 = +i



(B HEWLETT  PACKARD

w1 HEWLETT  PACKARD

7
R,

HEWLETT  PACKARD

Y
R

s

i

HEWLETT - PACKARD

@

I7emet
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FROM 5-8—1
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PAGE | PART NO. 09100-700ll
Display Storage
Step Key Code X y dJ - a 5
0 w 0 CLEAR 20
I sTOP 41 r q q,r
"2 acc + |60
j y:) jz ~ STORE—DATA
; 5 d |7
61y 55
' 7 F 15 7 Compute!
; s 25y T30
9 Iyl |55
g+ 33
i {fj ENTER ExP | 26
| cHG siGN | 32
: I 2 02
(o
1,0 A 27
" 1 ol
2 0 00
'3 X 36
; 4 2 25 | = STORE INITIAL INCREMENT AX,
5 Fx<y 52
6 1 ol
7 0 00
8 x->) 23
9 ¢ E
; & | CLEAR X 37
' h A 27
i F 15
vid A 27> CALCULATE K
2,0 Iyl 55
' = 35
L2 ¥ a0
13 b |4
— 4 C 16
51 x2y 30
6 21 CALCULATE =2
L7 1 ol -
1 8 X 36
gl ysu a0
3 C 6
; f CHGbsm '3: = GALCULATE =K
‘L ’ g1 x>0 23
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PAGE 3 PART NO. 0SI00-700Qll
Bisplay Storage
Step Key Code ¥ p - - J - 5
6 ! + 33
A 27
v 25
% 36
o >
-
i + 33
L6 v 25
?%’ CHG SIGN 32
T ROLL 31
2 02
CHG SIGN 32
- 35
v s
v 0 27
7,0 X 36
Ly ROLL 3
+ 33
ENTER EXP | 26
CHG SIGN | 32
: 1 ol
5 0 oo
3 7 rROLL A 22
T T CED-QUA EQUATION
'3 1yl 55
ROLL 31
CHG SIGN 32
IFX>y 53
9 1
1 ol
k SET FLAG ' 54
! 2 CHG SIGN | 32
R x>y 53
& CLEAR X = 37
X 36
| v 25
7 A% 78
: 5 - 34
9 R g 22
2+ 33
| B v 25
 coTol )| 44
v.74. 9 A
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g!') Display Storage
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This program gives the factors of any positive integer n.

"L3TM3H (@]

All repeated factors are given.

A4VAMOVd -113TM3H [@)]

ayaviOve

'13TM3H [@)]

AYVAHOVd -113TM3H [@)]

aydvMOv

LLITMIH &



09100- 70013
USER INSTRUCTIONS

EXAMPLES

ENTER PROGRAM (Starting Address is 0- 0)
PRESS: GO TO (0) (0) [or END]

—» PRESS: CONTINUE

DISPLAY
0 z
0 Y
0 X

ENTER DATA: No. to be factored —+ X

DISPLAY
0 —— 2Z
0 —— Y
n —— X

PRESS: CONTINUE

DISPLAY
n ———272
remaining
factor
Factor X

FINAL DISPLAY

n Z
1 Y
Factor X

n =50

Factors are: 2, 5, 5

(B)

n =2,9393939 x 10'7

Factors are: 2.9393939 x 107

(n is a prime number)
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0-1
Enter X
X =n
Y r Computer
I Museum
f=1 " *
K=2
n e
n—ee
A ‘
n =n/K
A 1-9
; [ Y — Z
No. Z
? n/K — Y
1— K — X
Last - L

factor ( DISPLAY )

(DISPLAY )

2-d
K=f
‘ 2-17
f=f+2 |=







THEWLETT: PACKARD

)]

r

@ HEWLETT - PACKARD

@] HEWLETT - PACKARD

@2 HEWLETT  PACKARD

HEWLETT  PACKARD

2]

A
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SET FLAG

RECALL

PAGE | PART NO. 09100-70013
Display Storage
Step: Key y z 4 c b
O, D cuear
lm‘{ sToP 0
fr? x>0} —L
s_3 d
4 r 71]
50 1 = STORE | AND X
15 acc 4
7 2 2 Y
=2 = ’K
1 9 IFX>y _-I
3| 3 = BRANCH FOR FINAL DISP
‘& 3 |o3]
L x2y
v d A
1,0 intx L COMPARE TO K AND BRANCH IF
- = i
L b K_IS_NOTLA_ FACTOR
2 1
'3 d 71
4 ROLL ) 1]
! 5 d
56 ROLL DISPLAY AND |STORE UNFACTORED TION
Y7 y=>0)
sl e
e syoP N/k
&g leoto( 1)
b 0 BRANCH TO CONTINUE FACTORING
c 8 —
—> o cLear X
2.0 ROLL
1 6
2 rFax>y
73| SET FLAG SET FLAGIF 6>K
4 | CLEAR X 7 )
5 ¥
8 2 ‘> CALCULATE f+2
7 acc + 0
8 IF FLAG 3_
g 2 ,> BRANCH WHEN FLAG IS
g d |
b| re t -‘\ f+2—-AN
c [
d
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(@] HEWLET - PACKARD
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~“ACKARD

@] HEWLET:

This program finds the real roots of equations of the form f(x) = 0. The solution evaluates f(x) at a specified
starting point xo and at successive x's by replacing x with x + Ax(the initial Ax is also specified by the user).
When £(x) changes sign, A x is replaced with -Ax/10.

The search continues until f(x) is driven to zero. The value of x such that f(x) = 0 is a root of the equation.
f(x) must change sign for the technique to converge.



09100- 70014
USER INSTRUCTIONS

ENTER PROGRAM (Starting Address is 0-0)
(6)(0)
PRESS: GO TO (8) (0) [or END]

—> SET: | PROGRAM | |

Starting at (6) (0) enter the program steps
which take the independent variable from the
X register and program f(x), (x is also con-
tained in the d register). Place f(x) is the X
register and exit to location 0-6. The last
four steps of the f(x) subroutine should be:

GO TO
0
6
END

Note: Registers 6, 7, 8, 9, a, b, ¢, e, and
f are available for programming and storage

ser: [ RON]

—» PRESS: END
Store initial conditions (when applicable).

ENTER: x; —* X (x; is initial x from which
search is to begin.)

PRESS: CONTINUE

DISPLAY
f (x4-1) - £ (%) Z I\{otez)
. f(xj-1) is random
f(x) Y the first pass and
Xi X product is mean-
ingless

YES

ENTER: Ax—* x. (Axis the searching
increment. +Ax searches right,

- Ax searches left)

of f(x). Register d and the flag are unavailable.

USER INSTRUCTIONS (con't)

PRESS: CONTINUE

The real roots of f(x) program successively
evaluates f(x).

PAUSE DISPLAY

if(xi-l)' f(Xi)-— Z
f(x))— Y
Xi —_— X

The calculation stops when x; is a root, xj is
successively replaced by xj £ Ax, (See flow-
chart). If calculation is not converging, press:
PAUSE, press: END and enter a new estimate
as before.

TO ENTER A NEW PROBLEM:
PRESS: END

PRESS: GO TO (0) (0)

L —— ENTER NEW DATA AS BEFORE

EXAMPLES

1. FIND ROOT OF x = cos X

SET:| | RADIANS |
ENTER DATA: x; =0 — X
PRESS: END
PRESS: CONTINUE
DISPLAY
(JUNK) —— %
-1.000 —— Y (Y contains £(x))
0 —X (X contains x)
ENTER DATA: x=0.1— X

PRESS: CONTINUE

DISPLAY
0 Z
0 Y
0. 7390851332 X (X contains root)




EXAMPLES (con't)

09100-"70014
EXAMPLES (con't)

2
y = %__ Given the initial x
% X condition y = 4,

find x.

Rewrite equation as
f(x) = y(l + cos "5 X) - w2/%

User subroutine assumes y is in a (it will be
manually entered into a as an initial condition)

SET: | | RADIANS |

ENTER DATA: vy =4 —+ X

PRESS: X! a} to satisfy initial condition that
y is in a.

PRESS: END

ENTER DATA: Initial X, = 0 X

PRESS: CONTINUE

DISPLAY

(JUNK)

Z

8.00 Y f(x,4) inY

0

X (xin X)

Instead of entering A x, evaluate f(x) at a
new value Xy

PRESS: END
ENTER DATA: x; = 1—+»X

PRESS: CONTINUE

DISPLAY
(JUNK) Z
58T v | tx 4y
1.0 —— X (xinX)

A root has been crossed between £(0) and £(1)
because f(x) changed sign. Begin search to the
left by entering

x=-0.1—-+X

PRESS: CONTINUE

DISPLAY
4x 10_22
-2 -1l | f(x,4)inY
4, 868292372 -0l | X contains root




09100-70014

Initial Conditions

X+ Ax-—»x

2-4

Save Ax

xO inX
CONTINUE
N 0-0
SET FLAG
Pg |
0-1
x —»d
Y o3
Find f(x) A
(]
PAUSE Y =i(x)
X=x

YES

| 3-1
Stop, user enters Ax

A

Not first pass

both £(x) old and f(x)
new are available

YES

Is
Product of
f(x)i - 1(x) i1

Product = 0

to begin searching for
root

1-8

Recall x

YES, ROOT FOUND

Axe— -0.1Ax
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&I HEWLETT- PACKARD

EXAMPLE | PAGE | PART NO. 09I00-70014
Display Starage
Etep Koy Code P A
x y 2 f g | d £ b g
6 O A 27 X X
"1 cosx 73| cos(x) EXAMPLE | FINDS THE ROOT
2 - 34 x —cos(x)=f(x) OF x=cosx. REWRITE THE
'3 v 25 f(x) EQUATION | AS f(x)=x-cos|x.
"4 eoto()) | 44
5 0 00
— 5 6 06
t7 END 46
'8
19
=7
s
 C
4 [EXAMPLE 2
6 0 A 27 X X
"1 m 56 T EXAMPLE (2 FINDS THE ROOT
| 2 X 36 X o
3] 2 o2 > OF y= ——— mi— . GIVEN
4.+ 3 ™ %2 THE_|INITIAL_CONDITION THAT
i5 1 ol ' y=4, FIND x. REWRITE
6 x2y |30 Lz | THE | EQUATION AS
P71 cosx | 73| cos(m¥) f(x) =ly (I+cos ZX ) -72,/X .
g + 33 | +cos(r*2) )
g ad 13 y
- X 36 y |1+ cos(m¥5z)
LR d |7 X
T yx  |7e Ny
td A 27 X y |[+cos(rX/2)
—% ; §] T 56 ™
1 X 36 /X
2 X 36 m2/x
'3 v 25 T2/X y {I+cos(m %)
4 - 34 f(x,y)
i 5 ¥ 25 f(x,y)
PH leoTo( 1) | 44
7 0 00
— 8 6 06
g END 46
3
s
'r
 d




PAGE 2 PART NO. 09i00-70014

g g Display Storage
;E Step Key  |Code x y z £ e d c b 3
gr—»O ;O seT FLac | 54 B
t’(,:— 1 X->() 23
wl ' d 7
= g 13 coTor () |44
L ; ;
=& | T4 6 06
B 5 0 oo

l 1 6 A 27
g 7 y2u 24 ]
; 81 4 o4
% 9 X 36
; - A >7 | NEGATIVE PRODUCT MEANS ROOT JUST |PASSED,
- e ZERO PRODUCT--MEANS--ROOT—FOUND
w b d 17
]
= L pause 57 Xj f(x;) fxj-q)- f(x;) o
i_% v Il IF FLAG 43
& 1,0 3 o3

1 1 ol
g ¢ ] 9 ROLL \],‘ 3]
§ 3] CLEAR X 37
- 5 2 02
o e 0 oo
g ?" FX=y 5Q !
% i g ROLL A 22
=~ g [coro(1() | 44 | RECALCULATE f(xJ —SET FLAG AT (0)={0)"T0 |
= ' STOP AT (2)=(¢c) -ON-NEXT _PASS ..} . | :
= 0 00

STl 0 00 |
< [ | cHasieN | 32 )
U ....... -
< Vi d 21
o 12,0 1 o]
S L y20 | 2a
_j fA—
5 : 2 v5 05
T L3 X 36
%j I—-—P{qL y-u 40

v |.5 5 05

Sl
g = 6 d 17
qe | 7 + 33
A | g wr=y 50| IF Xnew=Xold THEN ROOT HAS BEEN FOYND
. 90 oo | AS NEAR AS POSSIBLE
— 2 )
- 3 0 00
;‘ iy 4 25
% "roicovtor) | 44
& oy, d 0O oo ‘

{7
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Display

Storage
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GOTO( ) ) |
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- 41

lx))

f(xi)-f(xi"_i)

27
44

2 02

4 04 i
CONTINUE 47

\
CONTINUE 47

a7
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(@] HEWLE\

(@] HEWLETT- PACKARD

PACKARD

(@] HEWLEN .

(@] HEWLETT- PACKARD

ACKARD

(@] HEWLET.,

This program solves two independent equations simultaneously for the two unknowns.

The two equations are of the following form:

ax+ by =e

cx +dy =f

where x and y are the two unknowns to be found.

The solution is obtained by normalizing the coefficient of x to 1, yielding the equations:

X

e/a—(b/a)y (1)

f/c—(d/c)y (2)

M
1}

Substracting gives the solution for y:

_(e/a-1£/c)
Y =1b/a - d/c)

The value of x is then found by substituting the value of y back into the second equation.

Reference:
Numerical Analysis

by
Kaiser S. Kunz

McGraw-Hill, 1st edition
(1957)
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USER INSTRUCTIONS EXAMPLE

ENTER PROGRAM: (Starting Address is (0) (0)) Solve the following equations simultaneously

for x and y.
—3 PRESS: GO TO (0) (0) or[END]

(1) 2x+ y=6

PRESS: CONTINUE
(2) 2x+3y=1

SP
DISPLAY Data to be entered:
0O ——— 7 2 ——— = Z
0 —— Y 1l ——» Y (n
0 —— X 6 ——» X
ENTER DATA: 2 —» Z, b —Y, ¢ —X 2 > Z

3 — Y (2)
PRESS: CONTINUE

DISPLAY
Solution:
0
2 X = 4.25
0 Y y = -2.50
0 X
General Form:
ENTER DATA: ¢ —%Z, d —=»Y, { =X ax + by = e
cx + dy = f

PRESS: CONTINUE

DISPLAY
0 Z
y Y
X X

——TO RESET PROBLEM:




PAGE | PART NO. 09100-70016

@ Display Storage

g Step Key  Code X y z £ g | d c b

g_;:_ 0 j CLEAR 20_,

: SET FLAG 54

-

w Acc + 60

- k CLEAROUT STORAGE AND

= |3 | cemx |37 SET THE FLAG

T : 0 27

] ¥

& ; A 27

ENTER DATA{COEFFICIENTS —
| s (41 f] e b a AND/CONSTANT OF FIRST

g i RoOLL A 22 1] EQUATION

>, = 35

U H

= ro 4 | 22 | | CALCULATE ©/a AND %4 ON THE FIRST PASS;

5 22y | 30 f% AND 9% ON THE SECOND PASS

= f :

ik ! - 35

d i

= ; ¥ 25

% IF FLAG 43

= BRANCHTOSTORE— &0 ANT 2

g1 O |90} = AND CONSTANT OF SECOND EQUATION

2 02

; b—d f
2 acc — | 63 | = CALCULATE ( 7a=7/c) AND ( Za-/c)
§ X2y 30
< 4 ¥I0 e
= .
- e 12 {1 = CALCULATE vy
Eo ] Fs
—~ ;
= : 35 1 |
% e 12
§ x2y | 30

X 36 | = CALCULATE «x

g ROLL 31
< — | 3]
‘;é CLEAR X 37
o,
= 2 ROLL ¥/ 3|
= END 46 || X y 0
e
=
Lt
I
§
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oo~ oo el olimiolyoe NI o b - O M OO0 3G e W R O
|

()




™
® | L !
o0
2
5 e
s,.mu
s
Y.
z :
E
&
FRe
=]
5
o
3
4]
)
b 4
2 012845678gB,huCd9123456718m35.ﬁ5d@123&567895ﬁuflﬂu
] - - SN DUURS S B IR S N AU N SR R R S SN IR S - Lo - SRR O B

QaVYHOVd - LLITMEH &)

QHVYMDVYd - LLFTM3H @ QUVADYd LLIFTMIH [@ GdViOVd L1 TM3H @ QUYMOVd - LIJdTMIH [&]



3

n!=n{(n-1)....

This program calculates n! for integer n where 0<n<1012

No Reference

AYVMOVd - LLITMIH [@  QYVIOVd -113TM3IH @ AYVYNOVd-LLITMIH @ AYVIOVd -113TM3IH @]  ayVMOV-'-L13TM3IH @)
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USER INSTRUCTIONS EXAMPLES
ENTER PROGRAM: (Starting Address is (0) (0)) DATA SOLUTION TIMI
PRESS: GO TO(0) (0) [or END]
3 PRESS: CONTINUE A n =0 nl =1 .
= 1 = n
DISPLAY B) n 7 n! 5.040 x 10 2567 1 sec.
C) n = 1000 n! = 4.0239x10 16 sec.
D n = 104  nl - 2.8463 x10°°0°9 9 pn.
0 z 53 scc.
0 Y
0 X
ENTER DATA:

n ——» X

PRESS: CONTINUE
DISPLAY

Exponent of 10
Decimal Number of n!
n

PN

L TO RESET PROBLEM:
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@] HEWLEY .- PACKARD

(@] HEWLETT- PACKARD

(@] HEWLET - PACKARD

(@] HEWLETT- PACKARD

~“ACKARD

(@] HEWLET.

This program will evaluate a polynomial of the form:

-1
f(x) = Anxn + An—l L. A1 x+A0

Input data is a . A .. AO’ and the value of x for which the polynomial is to be evaluated. Any

n-1°
coefficient (Ai) may be zero. If any term(s) of the polynomial is absent, then the coefficient of that term(s)

must be entered as zero.

The value of f(x) for a new x may be obtained by entering the new x after the last f(x) has been calculated.
To enter new coefficients for a different f(X), the program card must be re-entered and the user instructions

repeated. Ai's and x's must be real numbers.
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USER INSTRUCTIONS

USER INSTRUCTIONS

- ENTER PROGRAM (Starting Address is 0 - 0)

PRESS: GO TO (0) (0) or [END]
PRESS: CONTINUE
DISPLAY

0O — Z

Q0 — Y

X

ENTER DATA: A10—>Z, A9—>Y, A8—>X
ENTER 0 if term does not exist.
PRESS: CONTINUE
DISPLAY

0 Z

0 Y

0 X
ENTER DATA: A7—>Z, A6—>Y, A5—>X

PRESS: CONTINUE

DISPLAY
0 Z
0 Y
0 X

ENTER DATA: A4—> z, A3—> Y, A2—>X

PRESS: CONTINUE

DISPLAY
0 Z
0 Y
0 X

ENTER DATA: A1—>Y, AO—"X

PRESS: CONTINUE

A

ENTER DATA: x —»X-&

PRESS: CONTINUE

DISPLAY
X Z
f(x) ——Y
0 X

Wish to enter
anewx ?

EXAMPLES
(A) Polynomial: x + 10 (A1 =1, A0 = 10)
x f(x)
1 11
2 12
3 13

(B) Polynomial: x9 - 2x8 + 4x7 + x2 +x + 100

(A9=1, A8=-2, A,7=4, A2:1, A1=1, AO: 100)

X (%)
1 105
2 618
1 100. 11000

General Form:

n n-1
f(x) = Anx + An-l X . e . A1x+ AO kn<10
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Display Storage
Ste:s Key Code X y - F e 4 C 3
03 . CLEAR 20
K 1 ol
FZ sTOP 4| Ae A9 AIO ENTER | DATA
:3 X>() 23
g g 13
51 ye0 | 40 |
B 8 | 10| = STORE [Ap, A, AND Ag Pcomputer
Py roLL & | 31 I
8 y>t | 40
9 9 ¥
15 CLEAR 20
B Teor | al As A, A, ENTER DATA
i[.‘ xX->t) 23
vi o b 14
1.0/ y» | 40
1| € [ 18] =STORE A; As,AND As
2 ROLL & = 3§
3 y->u 40
4 d |z
f o CLEAR 20
6] sor | 4 A, A, As ENTER DATA
7 x| 23
'8 0 | oo
: g ROLLY | 3
‘g %0 | 23 STORE As, A;, A;
b7 o1
L]y | a0
vidl 1 o]
2.0 CLEAR 20
3 T a Ao A 0 ENTER DATA
2] ac + | 60l >STORE A, AND A,
e \ 25
A 2 | e X o o ENTER DATA
5| stoe | 4l 0 £0X) X AND |DISPLAY
[Te o a :
d |7 9 y
i 8 y=>0 | 40
g 9 9 1
N X | 36
b ROLL 3|
' y2u | 24
v d 8 10
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PACKARD

(@] HEWLE.

(@) HEWLETT- PACKARD

PACKARD

(@] HEWLEN .

(@] HEWLETT- PACKARD

. ACKARD

[ HEWLET,

This program inverts a 3x3 matrix of the form:

A1 %12 343
A= | 3y 3yy 2y,
431 232 433
and calculates: — ]
4 | P11 P2 Pus
A=l by byy Dbyg
by b3y DPgg
where -1
A-AT ST
where
0 0
I-= 01 0
0 0 1

or solves three independent equations of the form:

211 ¥ + B9 %y + 2y5 X3 = Ky

321 %1 + Agp¥g * 93 X3 = Ky

331 %1 * 339Xy + 333 X3 = Ky
for X{ Xy and Xg.

Reference: Elementary Matrix Algebra
Franz E. Hohn
1958



09100-70022

USER INSTRUCTIONS

USER INSTRUCTIONS (con't)

This program is a destructive program
ENTER PROGRAM: (Starting Address is 0 - 0)
PRESS: GO TO (0) (0) [ or END]

PRESS: CONTINUE

DISPLAY
0 z
0 Y
0 ——X
ENTER DATA*:
a,,— 2
R
a31—> X
PRESS: CONTINUE
DISPLAY
0 z
0 Y
0 X
ENTER DATA:
a7 7 2
322—> Y

Az > X

PRESS: CONTINUE

DISPLAY
0 Z
0 Y
0 X

*If the program for either mode should turn on
the RED light in the RUN mode, interchange

the second and third rows of the matrix or the
second and third equations of the set and run the
program again. If the RED light still comes on,
the equations are dependent or the matrix is
singular and a solution cannot be obtained. If
the matrix or equation set is ill-conditioned,

an answer will be obtained but the accuracy of
the solution will suffer.

ENTER DATA:

Wish to
solve three
equations si-

multaneously ?

Wish to
invert the
input matrix

+ YES

PRESS: CONTINUE

PRESS: 'SET FLAG

DISPLAY PRESS: CONTINUE
b 7 DISPLAY
11
b21 —Y — 7
b31 —X — Y
1 — X

PRESS: CONTINUE ENTER DATA:

DISPLAY (Do not disturb ¥ and
Z registers when Ki's

blZ_Z

(i=1, 2, 3) are being
bzz —Y entered) K1 — X
b32 —X

PRESS: CONTINUE PRESS: CONTINUE

DISPLAY DISPLAY
b13 —Z — 7
b23 —Y — Y
b33 —X 0 — X

ENTER DATA: K(3—> X

PRESS: CONTINUE

Desire
check ?

DISPLAY
ENTER DATA: '/
b —»7Z — Y
11

0 —X

PRESS: CONTINUE ENTER DATA: K5—»X

2

DISPLAY PRESS: CONTINUE
3'11 —Z
a21 —Y




USER INSTRUCTIONS (con't)

09100-70022

EXAMPLES

PRESS: CONTINUE DISPLAY
DISPLAY x1 —7Z
A, —7Z Xg —X
21 X, —X
a22 —Y 3
Ane —X
32 TO RESET PROBLEM:

re-enter program and

PRESS: CONTINUE repeat USER INSTRUC -

DISPLAY TIONS.
a31 —7
a32 —Y
a33 X

—® TO RESET PROBLEM:
re-enter program
and repeat USER
INSTRUCTIONS.

(A) Find the inverse of the following matrix (A).
General form:

-
41 212 13

A=l agy 399 9g
431 232 33
by by byg ]

-1

AT =l byy o byy  bog

byy  Pgg  Pgg
ER

A=12 8 4

1 2 8

Solution:

g | -1429 -.0714 0
A "=1_-,0306 .1582 -.0714
-.0102 -.0306 .1429

S

(B) Solve the following three equations
simultaneously.
General form:

1% * 3a Xy *33%3 = Ky
A91 X1 * g Xg T 93Xy = Ky
A31 Xp * 339Xy * 33 X3 = Ky
—xl + X +2x3= 3
4x1 +3x2 + Xg = 1
2x1 + X +6x3: 4

Solution:

STORAGE ALLOCATION OF THE aij} or {bij}
IS AS FOLLOWS:

a1 3y 3 P11 Pia by3
221 223 23| or | P21 Paz  Pag
331 23y 233 bgy bgy by,




@) HEWLETT . p————

] HEWLETT: PACKARD [ HEWLETT  PACKARD [ HEWLETT - PACKARD

] HEWLETT - PACKARD

10

! !
(o IRV
K 1 o
i 2 IF FLAG 43
3| stwor 4|_[ K, 0 0 ENTER K,
V4 | seT FLaG | 54
5 x2y | 30| > CALCULATE Kiq
| 6 - 35
L7 y20 | 24
8 d 17
e y2a 24
'3 0 oo
BT e Tee = REPOSITION—COUNTER
' 3 13
vd oc 6
4,0 x2Zy | 30
t1 X 36
12ty UL e AL CULATE - AND STORE— a1 g
3 — 34 - 33 Q)
4y
g b 14
B y2u 24
7 0 00
81 F 15
g ROLLA | 22
3| x | 36| CALCULATE AND STORE az3 - —0—3
tE roly |31 '
L - 34
) ) y:() 24
50 & |2
1 d 17
} 2 ROLL A | 22
31 cHG siGN | 32
4 X 36
51 cearx | 37 o
"6 wrac | 43| > CALCULATE AND STORE ks — —3—1
| 7 sTOP 4|
18 seT LA | 54
‘9 + 33
= yet) | 24
t b 1 ol
L y2() | 24
d 0 00
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fHapiay Storage

o~ = i b
H i fo 14 i i 4

gy ;
- H . . s _
g Btep o Koy Code

S 4]

Qg K,

: ? -CALCULATE -~ Ky~

¢ CLEAR X 37

- 4 IF FLAG 43

CE CLEARux 37 !
| 41 Ka 0 0 ENTER k,

CREATER. .. T4 AN

bod WLJEP\I Z LS
TITN ~ ' UV ATLTTY TTTRIN

COUNTER.AND REPEAT.  CALCULATION

Pusban by

30 RECALL AND POSITION SOLUTION OR

|15 s [ by ba b | DISPLAY SOLUTION
| s _ba LR par SO

KARD

3

"3 0 00 = RECALL AND POSITION DISPLAY
I | ON jDISk

SWLETT- PAC

r»%i
‘h
o

¢ ' :,?? STOP 41 b32 b22 b|2 DISPLAY ;
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PACKARD

(@] HEWLET .,

(@] HEWLETT- PACKARD

(@] HEWLET) - PACKARD

(@] HEWLETT- PACKARD

ACKARD

(%] HEWLET1

This program calculates the Fourier Series coefficients a, and bn that represent a periodic time function f(t)

with period T. The Fourier Series representation of £(t) is:

a (2 2]
_ 0 27 nt . 2T nt
f(t) = — -t Y a, cos + b sin S
n=1
where t0+T
. 2 f 2T nt B
a = f(t) cos —T—dt n=0,1,2, ....
t
0
t0+T
b = % f f(t) sin 2—7%13 at n=1,2,3,....
to

The program evaluates the coefficients by numerically integrating using Simpson's Rule which is the same
procedure used in program 09100-70015.

The specific f(t) is programmed into the Calculator by the user and is then used by the general solution to
evaluate the coefficients. Execution time is dependent on the number of panels.

Reference: Signals Systems and Communications
B. P. Lathi
Wiley (1965)



09100-70023 15, February 1969

USER INSTRUCTIONS USER INSTRUCTIONS (con')
SET: | RADIANS | | A press: coTo O 0
ENTER PROGRAM: (Starting Address is 0 - 0) PRESS: 9
PRESS: GO TO() () PRESS: 9
PRESS: 6 SET: [PROGRAM| |
PRESS: 4 PRESS: sin X
SET: IPROGRANi ] SET: -

ENTER: Steps to take t from the X register (t .
is also stored in the e register) and form PRESS: CLEAR
f(t). Leave f(t) in the Y register and PRESS: X —»()
exit to location 8-4. Steps 6-~4 through

8-3 are available for forming f(f). The PRESS: a
FLAG is not available. (nis setto 1)
SET: | |RUN PRESS: GO TO () ()
PRESS: GO TO() () PRESS: 5
PRESS: 9 PRESS: 7
PRESS: 9 —
SET: | PROGRAM| |
PRESS: sin X or cos X depending on desired sine EXAMPLES
o osine sesifcents I ceris imalves | pampe 11
gram to cos X. f (1)
SET: RUN
PRESS: GO TO (0) (0) [or END |
PRESS: CONTINUE
DISPLAY ~3r -27 -T o '/ 2T 37T
0 — 7 2
Y |(nis setto0) fl1) =1 TTwEtsw
1l ———X 9 a, oo
"= — o+ 2 (a cosnt+ b sin nt)
ENTER DATA: n=1

Number of panels

must be an even number —» 7 Data: Number of Pane'lrs z 102 -

to + T —m—» Y tO - - T
v ——=FX Somtmnio +T = 3.14159
Note: n is contained in the a register. ag = 6.57974
—®»PRESS: CONTINUE ay = -4,00000
DISPLAY 32 = 1.00000
33 = - ,44444

to + T Z 34 - 24998 bn =0; f(t) = (-t

a, or by Y ag = - .15997
n X 36 = ,11107
-— J a, = - .08158
A To change from cosine series to sine series-- 38 = .06243



09100-70023

EXAMPLES (con't)

- Computer

. Museum. .

f(t
Example #2 (t)
—_— 2
2 4
f(t) =t O<t<?2
f(t) =2 2<t<4
a 2%
0 2n7rt . 2nTrt.
iy = 5= + 2 (a cos = + b sin )
n=1

Data:

T=4

t0 =0

Number of panels = 50
Solution:

tO +T =4.0

ag = 3.00053 b1 = -.63662

ay = -.40582 b2 = -.31832

az = .00054 b3 = -.21223

2, =-.04557 b4 = -,15921

ay = .00057 b5 = -.12744

ag = -.01676 b6 = -,10631

ag = .00062 b,7 = -.09128

a, = -.00883 b8 = -.08009

ag = . 00069

Note: See step page 1l for steps needed to exe-
cute examples 1 and 2.
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% Display Storage
g’ se e Goce X : h% z # e I I =3 #
2 30 C 16
AT .
ﬁ h? rROLL A 22
bt 2 A 27
§ : 3 IF FLAG 43
=
X 4 3 03
= 5 B 14
;5 SET FLAG | 54 i |

& 7 4 | 04| = CALCULATE 4g(to+At)+2g(to+2At)
:f% ii3 GoTo( 1) 44 B
E 3 03
ﬁ - C 16
Lus - b 2 o2
% 2 - X 36 ]
N v 25
= 4.0 A + | 60

:u: i ‘ 11 oTo( 1) 44 ]
%gf 2 1 | 01| = BRANCH TO CALCULATE ANOTHER PARTIAL AREA
SEbrs 3 o3
%L_‘L‘f‘ £ '67] RECALL At AND CALCULATE t+ At
o |'5 wuws 22| >PLACE t+At AND g(t) IN THE ACCYMULATORS
E:; & acc + 60
%Z‘ 3 7 eoTo()) 44
] A= 1 01| > BRANCH FOR OTHER PANEL CALCULATION
L be9 3 |03

I ! 2 cLear X 3?_|
g jtv’ row A | 22| > SUM gltg+T) TO gltg) #4glto+At)+2g(ta+2At)4H .-
e O ace + 60
g i RCL 61|
~ 5.0 A 27
Gl e el L L m
5 i‘? % 36 = MULTIPLY At 73 TIMES —SUMMATIONTS
T '3 3 03

) g I3__> RECALL n, THE HARMONIC NUMBER

2 6 s a4l n ap or by, to + T DISRLAY ]
é g 7 CLEAR 20
E ; 8 =] 13 o
t 3 A 27
w g 1 0l INCREMENT n
% b+ 3
T L y>t) | 40
g d g 13
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(7]

] HEWLETT PACKARD

HEWLETT - PACKARD

(0]

HEWLETT PACKARD

D HEWLETT- PACKARD

UThgy
L

I—FROM 1-6

8s

PAGE 4

PART

NO. 09100-70023

Stepn

Key

Display

Storage

Lode

X

A

o

HA

# 7

~

»

b

= RECALL ty

i

L GOTO{ ) )

1

44

Ol

= BRANCH TO CALCULAT

E  COEFFICIEN

T

2

o2

CONTINUE

47

STEPS 6-4

THRQUGH 8

-3 ARE

~ AVAILABLE

FOR FORMING

f(t)

i
e

G B G N - O

WHEN - ENTERING

RS e]=laVal=V,¥ Vi

=t ]

AQE /

_WITH._CONTINUES TO AVOID THE . P{
OF AN _END STATEMENT AND THUS R

L R A A IR Y T /]

7

/.4
[y &4

1S
1O AN A

ECORDING

AND ENTERING PROBLEMS .

DSSIBILITY.

| CONTINUE

47

{

0 j—

CONTINUE

47

02

36

17

27

14

—> CALCULATE

| & > X0

34

-

| 56

ROLL

31

-

- 35

RIS LI AR L A S IR I S TS Nl SN R SN R RCoR Ko - BTG R

rROLL A

221
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m B Btorage
$eegiea 9_ x:y 3»0 ;;;;;;;;;
+ "'W35
2 02
X 36
Q‘F{ \ qun ,,,,,,,,
wo | c 1 CALCULATE =5 cos =22
;  — R : o
[y x 36
5 g 3 Ok =%~ SIN=F—=9lb
x
AS ENTERED IN THIS STEP: J° f“"f —h =S dn
SIN LCULATES b

AND OBTAIN| COEFFICIENTS

g O e 46 AFTER EXECUTION DATA 1S STORED IN_THIS
REGISTER WHICH DESTROYS THE END  STATEMENT,

THEREFORE, RECORD PROGRAM ON A MAG/\E Tic
CARD BEFORE "EXECUTION. ‘

A

~~~~~

congs

fd
rrrrr
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[ HEWLETT- PACKARD  [@] HEWLET1:- PACKARD (@ HEWLETT- PACKARD  [@ HEWLE" - PACKARD

) HEWLETT- PACKARD

These program evaluate the Gamma Function,

where

-t VA
ray - Jetd Ta

Program 1 evaluates” (/) over the range 0<V/ < 69

Program 2 evaluatesI'(I/)over the range 0<V < 10

Reference: Handbook of Mathematical Functions
National Bureau of Standards
Abramowitz & Stegan
Sixth Printing, 1967

.98
9



09100-70024

USER INSTRUCTIONS EXAMPLE
PROGRAM #1  0<V < 69.95 PROGRAM #1
. . V =1.750
ENTER PROGRAM (Starting Addr -
(Starting Address is 0 - 0) T (v) = 0.919062527
PRESS: GO TO (0) (0) [or END]
—» PRESS: CONTINUE v =5l
T ()= 3.041409320 x 1054
DISPLAY
0 z PROGRAM #2
0 Y
UV =1.750
0 X T (1) = 0.919062527
v =91 149
ENTER DATA: V—eX T (v)= 9.916779322 x 10

PRESS: CONTINUE

DISPLAY
0 yA
ry)—m—yx
V— X

L— To enter new value for U/

PROGRAM #2 0< y < 10°

ENTER PROGRAM: (Starting Address is 0 - 0)
PRESS: GO TO (0) (0) [or END]
— 3 PRESS: C ONTINUE

DISPLAY
0 —— 2
0 Y
0 —m X

ENTER DATA: V— X
PRESS: CONTINUE
DISPLAY

exponent of 10—— Z
decimal number — Y
V — X

L To enter a new value for V/




PROGRAM

—

PAGE 1

‘W/ g

PART NO 09100

oy

e

Bisnlay

Storages

CLEAR X

CLEAR X

F x>y

'REPLACE v WITH ¥

(6]
A
-

B
35

! l

l

60, | 1680y | 25207°

e




. T L T e iy
il T h

PROGRAM 1

L :
2 | Htep Hae - ’ - - o T
x x | 5

Lo = CALCULATE (v+——) Inv .
e CA[_CU LATE |n\/2 77'

e 50 . | |

AT ] i : :

- , H é s e - ,4 - -

o; T ) ) ]
C“;f H i y " e -
. BRANCH . TO DI SPLAY i+ ot S S S S




PROGRAM 1 PAGE 3 PART NO 09100- 70024

Display Storage

Ste s Key Code

FROM 5-7

THEWLETT- PACKARD

S8

g‘?ﬁ

i

FROM S-a

HEWLETT - PACKARD

]

oo i . |
x ¥ z 7 e 4« b E
ol

,,,,,,,,

HEWLETT - PACKARD [

i

T

7
8K,

PACKARD

HEWLETT:

a7yl

i

HAG

TT - PACKARD

IHEWLE

he
LA

7

. - e — |
~ GoTo( () 44 A
L = 5 o5 - . I DR
Y 4 o4
— o 0l

fom } x:y 30 . S SO

'3 d 7| = RECALL AND POSITION DISPLAY |

4 + 33 ,

| % ETERET I I B . .

L RORECRR -
7 END 46 v T(v) | 0 DISPLAY

L3 . N

T I DU S .

S R DU B R §

1)

.

ot I

©

6 R |
‘g‘; :

b , |




B HEWLETT- PACKARD

¢

W] HEWLETT - PACKARD

‘‘‘‘‘

@] HEWLETT - PACKARD  {#] HEWLETT - PACKARD

HEWLETT- PACKARD

PROGRAM 2 PAGE 4 PART NO 09100 -70024
Display Storage
Step ey Code X y P £ = i - b F
OE 0 CLEAR 20
bq 0 see Al |y 0 0 ENTER v — X
2 A 27
! 3 1 Ol
L4 - 34
5 yeu a0
6 d 17
4 1 ol
8 7 o7
P9 IFx<y 52
i 3 |03 OMIT [LAST TERMS OF P(V)IF v>1I7
5 4 04
; r d |7
v 5{ intx 64
1 , Q] wx=y 50 — SET FLAG IF v IS AN INTEGHR
1 SET FLAG | 54
% o SET FLAG 54
} 3 - 34
; 4 CLEAR X 37
| 5 IFX>y 53
§ | cear X | 37 — REPLACE v WITH ¥ TF v < 17
L7 1 ol
8 + 33
e S 05
) + 33
‘b ¥ 25
| o~ e
Yy d X 36
2: Q1 #Acc + 60
tq 2 02
‘ol xZy |30
| 3 - 35
4 3 03 BEGIN CALCULATION OF P (%)
' 5 —_— 34
i o) e 12
‘ 7 - 35
|8 2 02
g - 35
3 + 33
‘5 sl e 12
r o= 35
\h d 7 07 !




PAGE 5 PART NO 09I00- 70024

PROGRAM 2

3
-3
@l u
o)
g
]
P ln
.
Y.
A
M~
N —_ a
A A
2 W c _
L | S
= = o
® ®) —|ou
- - >
> “ _.Am ¥ c
= J A —
o ~—
&2 > =z =
) 3 z z
N S < _Aln
= J
o) -2
by % O (&
- — - -
o z < a
a ™ (& (&
x A
e543|76070I42565536055547|5355653673557257_|
M34OII3633O3I303030031332203|63235232620333
» »
s @ ®x| 5T OO OOy e € 0 X > R e
o 2|3 3=
(L)
_ loleindmiaglhnioi~loioolmiDiuimMio~lcnlolsiv©Ii~o @ Quimiol~ NI VIO~ O LIy
w [N D TS R B J I | RN R SO NURE SN SO I [ URRE DIV W | i (RS VR SO SR SN AN EURDY SR SNV SN RIS SNV SUNNDUUS S SN SR S ke
il . — o :

QUvAOVd - L13TMIH (@]

9-0 Woy4—

QUYVIOVd - L13TMIH (@]

AAVYNOVd - LLITMIH [E]

QyyiOVd - L13TMIH (@]

QYVXOVd - LL3ATM3H (&



PROGRAM 2 PAGE © PART NO 09I100- 70024

Bisplay Storage
Stap Koy Code ’ ! - T T
X | y ; & 7 g g L& El
6. 0 + 33 DONT GO THRU. STEPS TO CONVERT v/ TO! v/iF v>I7
1, 3 03 [ AND DON'T TAKE €* OoF Injy | )
2 4 o4 WITHOUT REMOVING _CHARACTERISTIC, FIRST

L3 IFx<y 52

(1 HEWLETT: PACKARD

% &4 d 13
5 4 o4
& 7oer T4
< v , ot .
5 -
< 9 f 15
- (Lo 4%
= v d |7
—d
= ' IF x>y 53
" |5 - 1
{g’* +F 0O 7 07
i .B iF x<y 52 N
2 2. 8 o
Smmrs,. 0 o
c&) ) 4 60TO( 1) 44
i ';Mg 8 10 —BRANCH TO REMOVE INSIGNIFICANT ZEROS o
GMnre. 8 1o
z e 7 1 Y M
L o ]
T 6, 3 CALCULATE v/ FROM T/
& g ¥ 25
; o X 36
2 gf:, covo( i( ), 44
< L 6 06
% Ts g 13 )
g LP8g 0 7 25
E 1 - 35
_; > . A ]
Lfi 13 1 0l
i% 4 —_— 34
- 1;5 covo( 1( )} 44 )
g s 6 06
I L . 7 b 14
&;é T@ CLEAR X 37
o :
o e ROLL A 22
Lom | g rree 43 REMOVE INSIGNIFICANT ZEROS
; 9 i 57 intx ; 64
15:*] § r intx 64
s CT ] A 277 |




PROGRAM 2 PAGE 7 PART NO_Q9100-70024
& ' " 4 Bisplay Storage

Bian ey Cove

i
o X | ¥ <

: . ;
(A2 R b

4o
¥

< 93 1 o
0O oo

e Fx>y | 53
H i .

[
= H 14

Sdad S :

= : 2l

1 ol CALCULATE P |

INT |
X 36 ’

1 0l

-
5 ROLL A | 22
2 xly 30

Slote o+ 33

= || o X2y 30

ROLL 3

ROLL § 3l | |

4 goTor ) ! 44

a7 CONVERT Inw/ TO,_ “L0OG vl

64 REMOVE ~ CHARACTERISTIC, = e

— 34 CONVERT ~DECIMAL: NUMBER "TO In

ANDTAKE EXPONENT OF 10O

33 RECALL AND POSITION DISPLAY

T Y v DECIMAL NO. EXP OF 10 | DISPLAY




Step | Key  Code i — Storage
5 P o i 7 "
- i i s i i A - H 3
" i ;
ol 1
o i
Bandees 4 “ R — ’ E
4 l T R - o i
T ;
oy T e : : e
[ i
4 - 3
o 5 -




(@3] HEWLETT- PACKARD [ HEWLETT-PACKARD [ HEWLETT:- PACKARD  [@] HEWLETT- PACKARD

(@) HEWLETT- PACKARD

2
2 d7y dy 2 _
X —dx—z— X ot " -nT)y=0

is called Bessel's equation of order n, When n is an integer the Bessel function of the first kind of order
n, J, (%), is a solution where:

9 k
n 0 X
I = (zi) kz k!( E:)k T x>0
=0
The computation is performed as follows:
@ [, &) (%) (%)
Jn(x)=121—: - e il e ¢ 1‘?(5%)‘ ql-.

Reference:
Handbook of Mathematical Functions
M. Abramowitz & I. A. Stegum
National Bureau of Standards
Sixth Printing, 1967



09100-70025

USER INSTRUCTIONS

EXAMPLE

ENTER PROGRAM (Starting Address is 0 - 0)
PRESS: GO TO (0) (0) [or END]

®PRESS: CONTINUE

DISPLAY
0 Z
0 Y
0 X

ENTER DATA: n—»Y, x—=X

PRESS: CONTINUE

DISPLAY
Jn(x)_.._._ Z
Y
X X

L

To enter new value for n and x

(A)

(B)

n =46 _
Jn(x) = 3.347208960 x 10

10



PAGE 1

PART NO 09100- 70025

ARD

Display

Starage

Y

o3

|

[ o

PACK
B e £ %

20

41

ENT

[ER

DATA

b
Lad

23

23

DATA

16

40

17

207

03

27

16

76

76

35

33

[N
sl

16

CALCULATE A=

1+9

X + 3X

TO

BE

65

— ADDED

TO LARGER

OF n OR

T0

FIN

27

03

35

25

74

33

Ol

33

02

J

27

16

35

_— CALCUL/

y4
TE 2%

\ND REPLACE

24

16

.-

17

52

'> OMIT

EST

IF._X>n

04

03

357

—

02

35

25

27




PAGE?2 PART NO 09100- 70025

@] HEWLETT - PACKARD

@] HEWLETT - PACKARD

@) HEWLETT: PACKARD

(@] HEWLETT - PACKARD

FROM 7-C —+

| @ HEWLETT - PACKARD

Display Storage
Step Key Code T
X y z F e | d c 7
3 X |36
F1 Inx 65
]; 2 - 34 2/ e
3 4 17 CALCULATE q=%"4n+ (n+V2)1n (h-n-n(72)-n
4l x 36 | —. EXPRESSED AS q=n|(x,/2n)%In (*{2n)
5 = |34 —n +In(,/n ) AND COMPARE WITH 7|99In (10}
6 Jx |76 — In(,/2), EXIT AND DISPLAY FERO| FOR
7| iz |65 Jn(X) IF_LATTER IS LESS
. 8 + 33
Xe] 2 02
) 2 02
L h 7 07
i L Fx<y |52
y 1 d 7 o7
4,0 o 17 |]
(| d 17
2 X2y 30
3 cewx |37 ADD GREATER__OF ph OR_X_ TO
(40 row 3
'5 + 33 |
(B8 2 o]
L7 - 35
: 8 xly 30 FORCE | m TO BE EVEN
e intx 64
g X 36_| |
t b7 | enTer Exp | 26
; [ | cHo sloN | 32
i 9 Il
5 ; 0 9 |
b rott ¥ |3
; 5 y>0 |40
1 3 b 14
i 4| acc 4 60
5] x2y |30
| B d 17
; 7| wx=y 50
1 8 \/ 25
gl y»u 40
: 3 =} 13
[ By | CLEAR X 37
‘' X2y |30
g £ s




PAGE 3 PART NO 09100-70025

Disglay Slorage

e s y Z g o I ¥
L

= IFx=y 50 ‘
o 8 10 = BRANCH WHEN m=0

roLL ¢ 31

F FLAG 437

9 11

SKIP WHEN m IS 0ODD

JL\/_H—_\/—I(

f‘j : 7 acc + 60—
= | "ACCUMULATE EVEN TERMS : =
¥ 4 | SET FLAG | 54 _|
P 9 c 16
:ﬁ s el roLL A 22
£ X 36

¥ 25

X
&
v

CALCULATE T EROM T AND....T.

v 25 i k—1 K K

" :‘; xly 30

",“"» | 4 - 34_

}e £ CLEAR X 377 |

o R S-S

i =""DECREMENT m (or k)

1 (o]

5 AcC — | 63

o F s

&1 60TO( ) : 44
L 5 08

- 5 | 05

o ¥ s/ cLeaR X | 37
.8 0 x>y 23

1 g 13

rolt ¢ 31
le

33

e
+
v

25

fﬁi %:%J E:}

7 - 35

8 A 27

,,,m,
L

7oy
B

G Ylu | 24
e 9 ~— RECALL "AND ~POSITION ~DISPLAY

ETT

& d 17

o Xy 30

v 4w sl [ X n Jn (X) DISPLAY
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-PACKARD

(@] HEWLET)

@ HEWLETT- PACKARD  [@ HEWLET1-PACKARD [ HEWLETT:- PACKARD

) HEWLETT- +ACKARD

The program determines the series expansion of the hypergeometric function

F(a, b, ¢; X) =I(c) (g P@+n)"'(b+n)

F@T®  n=0 T'(c +n) n! x"

The program incorporates programs 08100-70001 (N Factorial) and 09100-70024 (Gamma Function)
as subroutines. The a, b, and ¢ must be greater than zero. The program can be used for power series

expansion or for the solution of Gauss's hypergeometric differential equation.

Restrictions: (¢ + n), (b + n) and (c + n) must be less than 69.

Reference: Advanced Engineering Mathematics, E. Kreyszig, John Wiley & Sons, 1968
Handbook of Mathematical Functions, U. S. Department of Commerce, Applied Math Series 55



09100 B ONLY
PART NO.,
09100-70401
USER INSTRUCTIONS

EXAMPLE

PRESS: END
ENTER PROGRAM: Side A followed by Side B
— PRESS: CONTINUE

DISPLAY

OO O

Z
Y
X

ENTER DATA: ¢ — Z, b—» Y, a—» X

PRESS: CONTINUE

DISPLAY

M N

To run another case:

—— PRESS: END

1. The differential equation (Gauss's Hyper-
geometric)

X1-X ¥+ [e-@+b+1)X ¥ -aby=0
has solutions given by

YI(X) = F(a,b,c;X) and

Yy(X) = X1 CFa-c+1,b-c+1, 2- ¢;X)

XI<| andc#0,-1,-2, ...

Thus

X(1-X)Y'+(1 - 1.25X)Y' - .375Y:=0
is a Gauss equation with

a=.75,b=.50andc=1

It's solutions are
Y1(X) = F(.75, .50, 1;X) = Y3(X)

n F

L3175
.246
.188
.154
.132
.116

O W= O

Thus
Y{(X) =1+ .375 X + .246 X2 +.188 X3 +

154 x4 4. L.



EWLETT PACKARD

T H

e

THEWLETT  PACKARD

e
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KARD

o
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(@] HEWLETT: PAC

HEWLETT: PACKARD

Page 1 PART NO. 09100-70401  9100B ONLY

o & Display Disgday
b Key | &1 % | 3 z Key
0C| cea |20 y»1) | 40
(+f»‘§f x>0 23 - 34
| —_ 14 e 12
d 17, ENTER xet) | 67
sTOP 4| a b C _— 34
CONT 47 X d 17
g CONT 47 - GoTo() : 44
V: x> 123 i 7 GoTo() | 44 *7 asuBYy | TT
el a i3 § asume |77 5 = 3
SRR G5, 8 |10 HIE IS
il b e a6 |06 = C 16
:E ‘1’ 25 ‘gf; x») (23 :g‘m roLL & | 31
t y>» 40 Sg: - 34 Xel() 67
e Yo e iz —
1:{:) GoTo(1 | 44 44(:} b 14 e 12
(+?~5 asuey [ 77 ("?“3 goTol ) 44 1 Row A | 22
p 8 |10 lol asuey 77 ol T+ s
:E c 16 '3 8 10 i) xen | 67
“ iooconr 47 4 6 o6 4 - 34
Wl a0 |23 s et s d 7
2; - 34 £ x«l) 67 B 4 27
T UL o Te0
ﬁ% d 13 : e 12 i%% rROLL Y | 3| DISPLAY
i3 GoTo() | 44 §§% X 36 &} STOP 4) n Fp 0
?'} asugvy | 77 g1 Yy 40 lzy CONT 47
s* 8 10 e — 34 b ) 27
i C 16 Vol I 12 i 1 ol
Y./ b et + HdC e Yo + 3@
.
2i 3 xe() | 67 5;@ goTo() | 44 ctoraee
) 4 - 34 Hal asvee | 77 - + —
i? f 115 2t 8 |10 5
i3 X 36 13 6 06 I n
DEOE ELRE e
5;3 - 34 (£ xet) | 67 g“; o
'3 f 15 e - 34 g
:?’ cC |1s 71 B |12 8
23 goT0( )| 44 :8 xZy | 30 g
ig aSUBY 77 gg _:. 35 3
|3 8 o) gl X< | 67 4
Bl e H = | J
of e el F |15 :
Y xeo [er EIREES 5
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21 HEWLETT - PACKARD

.
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@) HEWLETT - PACKARD (& HEWLETT- PACKARD

W) HEWLETT- PACKARD

Page 2 PART NO. 09100-70401 9100B ONLY

o P Display & @ Display o 2 Displiy

& Koy 3 ¥ AN B+ Hey 8fi x 3 z B Key S X ¥
80| y»u |40 110 — |34 40 + 33
W1 = 34 -1 e 2 =311 25

20 d L7 21 = |35 21 e |74

3| o001 [44 3] 2 o2 3 4 |er

‘41 3 o3 4] = |35 ‘af F s

50 6 |06 5| + 33 Sl ey

I SPY Bl e |2 Bl 4 17

i? x<) |67 71 =~ 135 71 Fx>y 53

8] — 134 81 7 ot Bl 6 |05

59 d 7 18 = |35 8 2 |02

id + 33 g 1 ol 5] F x<y |52

‘bl 25 bl — 34 bl 5 los

ol e 'cl e 12 cl 9 1
Yo 1 ol Vid| = |35 Yid| cotot) |44
90| — |34 20| 6 |06 50 6 |06
+11] y»t1 |40 ST EY: ~¥1| 3 |03

2 o 7 2l 5 o5 201 o

'3l 1 et By + |33 3+ |33

4l 4 |2 4] 6 |06 Al b les

‘5] imtx |64 5l 0 oo i5] x  [36

;5 - 34 6 - 35 iﬁ coTo( ) |44

fT CLEAR X | 37 57 f 15 71 4 04

;8 €T0() |44 18 - 35 §8 5 05

i8] — |34 9 — |34 8l |25

'@l 0 oo | A er EIEEE

Bl O oo B a2 Bl er

'c Ll 5 |05 icl 1 ol
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This program calculates the product matrix C of two 3 x 3 matrices A and B of the form:

a
11

A= 291

a1

11
1

31

a
12

299

32

€22

€32

3
where Cij = > aikbkj

a
13

293

33

b3

23

33

Reference: Elementary Matrix Algebra (1958), Franz E. Hohn



9100B ONLY
PART NO.
09100-70402

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

PRESS: END
ENTER PROGRAM: Side A followed by Side B
PRESS: CONTINUE

DISPLAY

-0 O
M N

— 3 ENTER: Row 10of B
b1g —»7Z, by Y, by =X

PRESS: CONTINUE

DISPLAY

NOO
M N

ENTER: Row 2 of B

PRESS: CONTINUE

DISPLAY

ENTER: Row 3 of B
bg3—» Z b32—>Y, bg1—»X

—» PRESS: CONTINUE

DISPLAY
Z i=4
Y indicates C is}_
X complete

ENTER: ith Row of A

PRESS: CONTINUE

DISPLAY

ij

T
@) 3@ _ w~no ()

|

YES

DISPLAY

I NINNN
M N

& To run another case:

PRESS: CONTINUE

EXAMPLE
1 3 4 1 2 4
A=1\4 2 1 B=|4 3 1
1 4 -2 1 6 -2
17 35 -1
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This program determines the real and complex roots of the fourth degree polynomial

_ 4 3 2
fx) =X +a1X +a2X +a3X+a4 ,
where the coefficients a; are real. The program uses the Lin-Bairstow method which determines a quadratic
factor (X2 +rX + s) such that
f(x) = (x2

The variables r and s are obtained by an iteration scheme which reduces the remainder terms R and S
to zero. The user can specify the remainder which he can tolerate,

+rX+s)(X2+b1X+b2)+RX+S

The program applies the following recurrsive relationships:

b1=al-r clzbl-r

b2=az-rb1-s cz=b2-rc1

b3 =ag -rb2- sb1 c—3 =-TCy - 8Cy

b4=a4--rb3-sb2 R=b3
S=b4+rb3

These quantities (bi and ci) are required for the determination of A r and As in the equations:
Cyg Ar+ cq As = b3
F3 Ar + Cq As = b4
The terms r and s are incremented by A r and A s respectively and the remainder terms are tested
against the tolerance. If the remainders are small enough to pass the test, then the two quadratics

(X2 +rX + s) and (X2 + b1X + bz) are solved by the quadratic formula, If the remainder is too large, the
iteration is repeated and the test repeated.

Locations + (5 - 6) through + (5 - 9) are used for storing the tolerance on |R| and |8]| .

Reference: Numerical Analysis, Kaiser S. Kunz, 1957, McGraw-Hill Book Company
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USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

PRESS: END
ENTER PROGRAM: Side A followed by Side B

—® PRESS: CONTINUE

DISPLAY
0 — 27
0—— Y
00— X

ENTER DATA: ag—»Z, a5 —»Y, a; —»X
PRESS: CONTINUE
DISPLAY

<

ENTER DATA: ay—»Z,s —»Y, r —»X *
PRESS CONTINUE

DISPLAY
18| Z
IRF———Y
0 X
PRESS: CONTINUE
DISPLAY
s Z
r Y
1 X

PRESS: CONTINUE

Real Roots Complex Roots
R =a +bj
0—Z | or | +Imaginary Part — 2
Ro—Y - Imaginary Part ——Y
R1—X Real Partof R —X

PRESS: CONTINUE

* Both r and s must be non-zero

DISPLAY
b2 Z
b1 Y
2 X

PRESS: CONTINUE

Real Root Complex Roots
R =a+bj
0—Z |or | +Imaginary Part —- Z
Ry—Y - Imaginary Part —- Y
Re—X Real Partof R — X
To run another case:
L——PRESS: END
EXAMPLE

Fourth Order Butterworth Polynomial

F(s)=s? +2.613 % +3.414s2 4 2.613s + 1
a1=2.613 r=1

a,z :3.414 =

ag = 2.613

a4=1

Tolerance is set as . 001

Solution Actual *
IS| = 0.00094
IR =0.00015
s =1, 0005 1.0
T = (0. 7661 0. 7654

r00t1=-.3831 -j.924
r00t2=-.3831 +j.924

by = 0.9985 1.0
by = 1.8469 1.8478

r00t3= -.9234 -j. 3818
rooty= -. 9234 +j. 3818

* Network Analysis and Synthesis, Franklin F.
Kuo, 1962, John Wiley & Sons
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This program may be used to solve a wide variety of pairs of first order differential equations of the

form:

dy
dx

i

dz
dxX

with initial conditions Y0
Zo

The program will calculate successive Y;’s corresponding to equally spaced Xj's with an increment h
specified by the operator. Specifically the type of solution involved is a Runge-Kutta Method which uses the

equations:
Y1

Zi1
where

b2 =

P4

Reference: An Introduction to Numerical Mathematics, Eduard L. Stiefel, Academic Press, Inc. 1964.

(X, Y, Z)

gX, Y, 7)

Y(X,)
Z(X,)

=Y+ %—(k1+2k2+2k3 +ky)
1
= Zj+ B—(p1+2p2+2p3 +p4)

h{ (Xi: Yi’ Zi)

(X + 5, Yi+ 51,2+ 51
h
hf(Xi+—2—,Yi+%2, Zi+%2)

hf(Xj+h, Y{+ks3, Zj +p3)
hg (Xi, ¥, Zp)

p
hg(Xi+—ll Yi+£1’ Zi +3

2 2 21)

h k P
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USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
ENTER PROGRAM: (Starting Address is 0-0) To hold the solution at the next increment,
depress PAUSE until display. To restar:,
PRESS: GOTO ( ¥ ) press CONTINUE. To execute program
again, enter the new differential equations. =
PRESS: -~
PRESS: 0 EXAMPLE
PRESS: 0
dy _ .
SET: PROGRAM ax " SIX+Z
At this time the independent variable X is in both dZ | osX + 4%
the X and c registers, the variable Y is in both dx
the Y and b registers, and the variable Z is in
both the Z and a registers. Starting at -0,0 itial ditions:
enter the program steps which take the vaz"i- Initial Conditions:
ables from their respective registers and calcu- X = 0
late f(X, Y, Z)and g(X, Y, Z). Place (X, Y, Z)
in the Y register and g(X, Y, Z) in the Z regis- Yo = 1
ter, The last statement must be RETURN since
the main program calls for a subroutine contain- Z, = 2
ing the two differential equations. . .
Let incrementh = ,005 SET: RADIANS
Note there is a maximum of 14 registers avail- §
able for storing and positioning f(X, Y, Z) and The steps that form {(X, ¥, Z)and g(X, Y, Z)
X, Y, Z). appear on page 2 of the step pages.
Note also that the contents of the a, b and ¢ X Y Z
registers must be preserved.
& P .01 1,020 2,050
SET: [RUN| .02 1.041 2,102
- .03 1,062 2,154
— PRESS: END .04 1,083 2,207
.05 1,105 2,260
PRESS: CONTINUE -06 1,127 2.315
.07 1.150 2,370
ENTER DATA: h—» X (Increment) .08 1.174 2,421
.09 1,197 2,484
PRESS: CONTINUE .10 1.221 2,543
DISPLAY
0 Z
0 Y
1 X

ENTER DATA: Z,—»Z, Y, —>Y, X, X

(Initial Conditions)
PRESS: CONTINUE

The calculator will display answers at every
increment of the independent variable in the
form:

falnliy
<N
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rROLL A 22 fg CONT 47 é RCL 61
CLEAR X 37 :i“ 3 03 GoT0() 44

ELoxs0

23 | B y2o 24 1 Ol
- 34 7l = 34 0O 00
' I5 ; B fF 5 * END | 46

W} i

SET FLAG

DI

SrPLAY

sl ~lo g s

o

; PAUSE (57 i Y-| Z i X 36 ¥y

é"gj  cont | 47 ¥l - 13 zi
Y f) conr 47 Y i+ 33 vzfﬁf
2@ GoTo( ) 144 b 14
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+i 4 asuev 77 ! ROLL A | 22
1 - 1 T Yo NOTE
2 21+ 133 2  Zo | Do not destroy
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This program determines the real and complex roots of the sixth degree polynomial.

f(x) = x5 4 a1X5 + a2X4 ‘a

2
3 4X +a5X+a6 ,

where the coefficients a; are real. The program uses the Lin-Bairstow method which determines a quadratic
factor (X2 +rX + s) such that

X3+a

1) = (2 + 1X + ) (K% + ;X3 4 0,X2 £ bK +b,) + RX +
The variables r and s are obtained by an iteration scheme which reduces the remainder terms R and S

to zero. The user can specify the remainder which he can tolerate,

The program applies the following recurrsive relationships:

b1 = a;-r = b1 -r

b2= az-rbl-s g = b2-rc1—s
b3 = ag- rb2 - sb1 g = b3 - rey - s¢y
b4= a4-rb3-sb2 Cy = b4-rc3-sc2
b5 = ag- rb4 - sb3 Cg = -Ircy - SCg
b6= a6-rb5-sb4 R = b5

S = b6 + rb5
These quantities (bi and ci) are required for the determination of A r and A s in the equations:
c4Ar+c3As= b5
€5Ar+c4 As = b6
The terms r and s are incremented by Ar and A s respectively and the remainder terms are tested
against the tolerance. If the remainders are small enough to pass the test, then the quadratic factor
(X2 +rX + s) is solved by the quadratic formula and the remaining quartic (X4 + b1X3 + b2X2 + b3X + b4) is

solved using the equations of program 09100-70403 "Roots of 4th Degree Polynomial." If the remainders are
too large, the interation and the test are repeated.

Locations — (2 - ¢) through — (3 - 1) are used for storing the tolerance on |Rl and IS| for
pass 1 whereas locations (4 - d) through (5 - 8) contain the tolerance for pass 2 (for the reduction of the quartic).

Reference: Numerical Analysis, Kaiser S. Kunz, 1957, McGraw-Hill Book Company
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USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

—® PRESS: END

PRESS: CONTINUE
DISPLAY

ENTER PROGRAM 1: Side A followed by Side B

Z
Y
X

PRESS: CONTINUE
DISPLAY

ENTER DATA: s —» Y, r —» X *

PRESS: CONTINUE

DISPLAY

ENTER DATA: ag—» Z, ag —»Y, a4—»X

=

ENTER DATA: ag—»
PRESS: CONTINUE

DISPLAY

Z, a;—»Y, al—>x

2

51
o

< N

PRESS: GO TO
PRESS: —
PRESS:
PRESS:

Terms bl’ b2, b3, and b4, are stored in regis-

ters 6, 7, 8, and 9 respectively.

* * Both r and s must be non-zero.

ENTER PROGRAM 2 : Side B followed by Side A
PRESS: CONTINUE

DISPLAY
Real Roots Complex Roots
R=a+ jb
0—7 + Imaginary Part — Z
RZ_Y or . Imaginary Part —Y
Rl—X Real Part of R X
PRESS: CONTINUE
DISPLAY
2 Z
S Y
ry X
PRESS: CONTINUE
DISPLAY
Real Roots Complex Roots
R=a+jb
0—7Z +Imaginary Part — 7
Ro—Y | or | -Imaginary Part Y
Rl—x Real Part of R ———X
N

PRESS: CONTINUE
DISPLAY

PRESS: CONTINUE
DISPLAY

Real Roots Complex Roots

R=a+jb

+Imaginary Part — 2

0 —%

or .
Rz—Y -Imaginary Part — Y
R1 —X Real Partof R —X

- To run another case, return to the beginning

of the USER INSTRUCTIONS



EXAMPLE

09100 B ONLY
PART NO.
09100-70405

Sixth Order Butterworth Polynomial

F(s) =s5 +3.864 55 + 7.464 s

4
+

9.141 s°

7.464 52+ 3.864 5 + 1

ay =3.864
ag = 7.464
ag =9,141
ay = 7.464
ag = 3. 864
ag = 1.

Tolerance is set at . 001

Solution

ry =1,9317

Sq 1. 0000
root1 =-,9658 - j.
rooty = ~. 9658 + j.
r, =1.4144
So =0,9970
root3 =-,7072 - j.
root4 =~,7072 +j.
rg =.5179

Sg =1, 0019

rooty = ~, 2589 - j.

root6 = -,2589+ j.

2591
2591

7049
7049

9669
9669

r =

1
-1

Actual *

1.9318
1. 0000

1.4142
1. 0000

. 5176
1.0000
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o N
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= 30 ey — |34
34 * ? T t5 aj
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Program 1 Page 2 PART NO. 09100-70405 9100B ONLY

A @ Disnlay o g Sisptay " " Dis ay

0 wey |81 x|y 1z |8 key 18] x| v |z | €1 ke 8] x|
40l 7 07 70! x2y 30 30l = 35
il ¢ e =11 — 34 =1t § 25

2 xa0) 123 21 ystr 140 ? IF FLAG 143

3, 8 [0 3l € e 3 b 4

a4 4l b lia 4l 3 o3

Bl xs0 23 ‘5| eoto) 44 Bl acc+ |60

Gy 9 I ;6 asusy | 77 ‘61 serrLac 54

Tl e el 7Vod o vt 7od D

8 4 27 B2l 4 o4 a4 a7

9l 1 ol gl 4 it 9l £ e

3l xa0 |23 g %y 30 =IO

'‘Hl B 2 bl o= 134 Bl oxer |67

Ol xe0 23 Tl ys0 40 ol o= (34
val £ s Yo d 17 Yi e |2
53 roue y | 3 85@ C 16 b sotor) 44
-} 1] %00 23 =) 1] coto() |44 -y 1 9 I

2t d 17 I91 asusv 77 ;2 a 13

’3 y>ty 140 13 d 17 {3y acc — 163

543. c 16 | DISPLAY 4 4 04 41 xZy 130

5 soe 4| r, | s 1|8 ¥ |25 5] y20 24

6] o (47| ENTER ||| ove sen |32 B B 2

i7) sor 41| Prgoram 2 7 4 27 7l F 15

8 a8 3 8 F |15 '8l + 35

1K Y PY 9] xs01 23 9l x2y 30

2t F s al B e 'al X 36

b - 34 ‘B B 12 ;@ roLL | 3|

'l y»0 40 o Xt 123 = 34
%5;!’ 3 13 +§d a 3 h;;f b s
60 X |36 90 0 00 Storage
e iz “hl xe0 23 m

; F

2 + 33 21 B e 2]

3l 5 ha 31 xs0) 23 I

‘41 x2y (30 4 F£ 15 L

50 — (34 sl od 17 §

gl ysu 40 6 4 27 9

7 b 14 57 X<t) |67 8

gl d |13 gl — (34 g

;@ coTo( ) |44 9 f 15 5

i3] asusv |77 ig1 mow A |22 4

Bl d 7 bl T (35 g

irt 4 04 i) orolL A 22 3
%35? c e Vigi x2y |30 G
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Page 3

Program 1

SE R
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Program 2 PART NO. 09100-70405 9100B ONLY

?& Display .
<
»:
i,;f- E a
o f I5
" X 36
: T
T + 27
e c 16 N
X 36
1 e |1 v ¥ s e
+ 33
r ez | B T
§ Xel) @7 ROy 3| DISPLAY
N " sor 41 [T, S, 2
i L 22 conr |47
3: *i@ — 34 ROLL A 22
o 40 y»o 140 1 o
;% +) 1 g i3 | rou ¥ ?§~3'
T 14 xZy 30
i‘g 27 GoTol ) 44
5 asuey 77
30 | i
36 ;02 M
3 e
& 33 27
§ 55 17
% 25 27
K 55 03
" ll;ﬁj 27 3| DISPLAY
s " C 2] ’4I rs Si; 3
T20 F s 0 00
5 *H X 36 0 oo B
2 B - 12 @1 ol
A 27 0O o0
d |7 4, 0 o0
X 36 & 0 00
gl ¥ a5 ‘6l 0 oo
SHNIIEE 7| 0 oo
E 18 e 8 0 oo
- ﬁ@ xel) 87 3 Goto( ) :44
~ilia 8 |0 gy — 34
: ié%? ROLL A | 22 ,,,, 0O oo
Wil s = T3 ~ 0 oo
1 + g ys0 40 %g N0 46 .3
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Page 2

Program 2

Disg lay
a’ fed
) Display o ..% Koy ;% X
Display o Key g x ¥ Z &
< g Key ;.% Y el 801 F
S b 50] — |34 it + |33
g 2@ oo &7 ')2 1 e 12 !2 y+0 40
= (] eou g (22 2] 0 oo 3 F s
- 52 1 Ol o 153 x>t} 23 ' i,@ & 25
% !3 roLL | 3| 4l e 12 gﬁ xe() | 67
5 ‘4] x2y |30 5| xe01 23 7
;{E §5 coTo( ) : 44 E Eg f 15 i? e 12
J9 n a8 4 27 _ 'Sl ys0 40
_ 2 ? z
i3 2 0 g7 a 13 | e 2
: =)
E cleaR | 20 DISPLAY o A | 22 .
2 0 | 017 by
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% ia y»>t) 40 14 1 0] 5 xly 130
4 d |7 5| aec+ |60 B = |35
§5 X 36 131 sev FrLaG | 54 7 2 02
§6 £ '6 i7 C 16 ig cHG SIGN | 32
7] xZy |30 8l 1t |er 9l = 35
S8 — |34 ‘ol d |17 gl 1 |25
g g ys0 40 1‘ 27 } T 27
Y e =) ib
<l ¢ ol - B A o) X |36
‘:%-« ib f— 15 C GoTo() {44 *!d ROLL¢ 31
o X 36 % 05 *
U’: tf‘- +!d S Storage
=|\va| d_ |7 NIEERE
g:; 42‘:3 T 27 _)1 ACC — 63 7;
=1 oe e 2| x2y |30 =
- 9 X 36 i3l yzo 24 i
. | g
d I 5 F |!s g
25 s
5] ¥ ‘6] =+ 135 )
1 E] ove sion | 32 7 e 12 7
X
ST A Jer EIEEZIRES g
> ; IS ‘ 36
:‘;,t 5‘8 F 'g X 4
9‘ ;g x») |23 gl rouy |3 3
- igl - 34 xb - 34 2
wif |l : 3
\ 15
% jﬁ: f il xet) |67 3
0 e 12 ; — |34
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Program 2 Page 3 PART NO. 09100-70405 9100B ONLY

o © Display a ° Display a ° Display
& Key § X y z | & Key 3 x Y z | & Key 3 X Y 2
30| x2y |30 10 0
(-11] — |34 1 1
!2 CLEAR X | 37 12 12
;3 ¥ x=y |50 :3 13
41 ¢ e 14 '4
5] 3 o3 5 5
l6 IF x>y | 53 ;6 l6
7l B e 7 7
18 8 10 ;8 I8
9l § s 9 9
3| & |76 '3 E
! i
ﬁ - Jer :b b
(L] cne sien |32 L 1c
*'d roLL A |22 id fd
b0 + |33 '0 0
(_{T rROLL A 1 22 i1 !1
2[ ¥ [ 2 g
i3 CLEAR X | 37 *3 13
4 =uv |3 | DISPLAY | 4 4
'5| cor 47| ROOTS 5 5
ST ;
L@.- sToP 4i 16 [6
171 return | 77 !7 7
8] ¥ l2s 18 '8
191 cve sien | 32 !9 9
—t
| X |76 \3 a
by b er b I2]
2[ cHG SIGN | 32 ;,’_" s
Y| row g |22 'd o
E;Q_ goTo() |44 ;O Storage
=11 hH |14 1 F
[y f
2] 5 o5 2 e
131 ¥ |2s 13 d
‘4] clear x | 37 i4 g
I_5M ROLL 3| 15 3
;6 Goto( ) |44 :5 9
7 B |ie 7 ?
‘8] & |05 '8 6
Lg END 46 ;9 [
g ‘g 4
e i 3
b r 3
I i 1
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a ® Display a o Display a © Dis >lay
5] xev |8 y g we |8 y 21 ky || x 2
0 0 0
1 ' 1
12 2 2
3 '3 13
4 4 4
5 5 \5
Z6 6 g6
7 7 7
18 8 '8
9 9 9
3 3 3
‘b b b
\C fC \c
i g i
'0 0 0
1 1 1
2 2 2
'3 3 3
14 ‘4 4
'5 5 5
8 6 5
'7 7 i7
8 E '8
9 9 9
3 E '3
b 'h B
'c \c ic
4 £ 2
| | Storage
:; z; :
{ |

13 13 d
4 4 £
15 5 g
'8 '6 9
7 7 6
'8 '8 6
9 9 5
=] g 4
b b 3
ic Ic 1
'd d 0
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where the aij are real numbers,

The characteristic polynomial of A is determined by reducing the equation:

a A a12 a

11 13
determinant B} -
eterminan 25 299 \ 2y 0
a3 239 a33-A

to a polynomial of the form:

)§+p )\2+q A+r=0

The eigenvalues are then obtained using the techniques described in Program 09100-70011.

Reference: AN INTRODUCTION TO NUMERICAL ANALYSIS, L. Fox, Oxford University Press, 1965



9100B ONLY
PART NO.
09100-70406

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

A
PRESS: END DISPLAY
ENTER PROGRAM: Side A followed by Side B
0 ———7Z
—® PRESS: CONTINUE 0 v 4 of real roots
DISPLAY 1or3 X
0———m—7Z PRESS: CONTINUE
0 Y DISPLAY
X omplex Roots
ENTER DATA: all—bz, alz—bY, a13—>x
PRESS: CONTINUE
DISPLAY
0 Z To run program for a new matrix:
0 Y PRESS: CONTINUE
2 Z
) EXAMPLE
ENTER DATA: a21—>Z, azz—bY, a23—>X
PRESS: CONTINUE 1 1 3
DISPLAY A = 1 -2 1
3 1 2
0 Z
0 v Coefficient Solution: r= -17
3 X q= -15
2 = -
X 1N -15a-17=0 !
ENTER DATA: a31—>Z, a32—->Y, a33—>X
Eigenvalues: A g = 4,832
PRESS: CONTINUE A 9= -1,524
DISPLAY A 1 = -2, 308
r Z
q
p X

PRESS: CONTINUE
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@ . @ Display @ Display
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Page 2 PART NO. 09100-70406 9100B ONLY
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This program in its original form was written by Dr. Stefan J. Medwadowski, a Consulting Structural
Engineer in San Francisco. One of his hobbies is programming the -hp- 9100A,

4x4 SYSTEM OF LINEAR ALGEBRAIC EQUATIONS

Given a system of linear algebraic equations:

411 X1 +ajpXg+tagz3Xg+ta ¥y = Pq

91 X +aggp X3 +a93 X3 +a94 X4 = P2

a31 Xl + a32 Xz + a33 X3 + a34 X4 = p3
41 X1 +a49 X9 +a43 X3 +agq4 X4 = P4

or a matrix notation:

a11 212 213 214 X1 P17
a1 299 223 34 ) Py
431432 233 2434 X3 P3
| #41242243 244 | | *4 | L Pa |
i.e., [aij] {xi} = {pi} withi, j=1, 2, 3, 4

Such systems occur frequently in the solution of boundary value problems of structural mechanics, such as those
which arise in the theory of thin elastic shells or plates.

It is assumed that the solution of the system exists; i.e., that the determinant of the ajj coefficient matrix does
not vanish. The coefficients ajj are assumed real.
NOTE: None of the determinates of the leading submatrices may be zero, or
| 211 £ 0
| 211 a12|
| 221292 |
| 211215 213
l2g1299293 |  # O
| 2312322333 |
Should one or more of these conditions exist (and should therefore the illegal operation light come on),
it may be removed by re-arranging the sequence of the equations within the system, It is always possible to
do this as a consequence of the postulated existence of a unique solution.

Method of Solution: Cholewski's Method

Reference: Salvadori and Baron, Numerical Method in Engineering, Prentice-Hall, 1952,
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USER INSTRUCTIONS

EXAMPLE

PRESS: END

ENTER PROGRAM: Side A followed by Side B

PRESS: CONTINUE

—» ENTER DATA: 3y (or p;) —>X

NOTE: Data is entered row by row in the
following order with a CONTINUE
following each entry:
a11,212,313,214, b1
321,322,323,324, pz
231,232,333,334,  Pg3

2415342,943,344> P4

DISPLAY

0
X1
)

Mo N

PRESS: CONTINUE

DISPLAY

X3
%4

"N

To re-run program,

L—#— PRESS: CONTINUE

2x1 +Xg + 3x3 + Xy

X1 + 4x9 + X3

3x1

Bx1 ~ X +4x3 + 2%y

X1

)

-bxg3 - 2X4

10

10

22

X3

X4
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Page 1 PART NO. 09100-70407 9100B ONLY
Display Display Display
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(2 rowL A 122 52 y>) 40 ;2 b 14
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This program uses the convolution integral to find the response of a system to an arbitrary forcing

function. The forcing function and the impulse response of the system must be known.

Development:
t

The convolution integral is: e(t)* h(t) = y(t) = f e (T)Yh{t-D)dT
o

where e (t) is the forcing function
y (t) is the system response due to the forcing function.

h (t) is the impulse response.

It is assumed that the forcing function is zero prior to time equal zero.

NOTE: X(gef and Y.qor are multiplicative scaling constants applied in the plotting subroutine.

coe

Reference: Transform and State Variable Methods in Linear Systems --
Someshwar C, Gupta
Publisher - John Wiley and Sons, Inc,
Copyright - 1966, 1st Edition



9100B ONLY
PART NO,
09100-70408

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

SET: Decimal Wheel at 6 orless

PRESS: STOP

Using the origin controls, place the pen at

an appropriate initial position. A trial run
with large At will help to determine a proper
origin.

PRESS: END

ENTER PROGRAM: Side A followed by Side B

—» PRESS: GO TO
PRESS: —
PRESS: 0
PRESS: 0

Enter program steps to forme (T) - h (t - 7)
and place this quantity in the Y register. T is
in the X register and in storage register e, t
is in storage register d, Registers -0 through
-8 are available for generating the product.

The last step must be:

RETURN
SET: [ | RUN |
PRESS: END

PRESS: CONTINUE

DISPLAY
0 z
A 0 o Y
1 ——— X

ENTER DATA: Xcoef—+X, Ycoef-+Y

PRESS: CONTINUE

DISPLAY
0O ——m—F— Z
0O —— Y
2 — X

ENTER DATA: Panels/unit time (N) —»Y
Time increment (At) —X

A

(—PPRESS: CONTINUE

2

A

;& DISPLAY

yt) — 2
t ————Y
0 ——X

-

—NOTE: Each successive depression of the
CONTINUE button increments t by the amount
At and calculates y (t) for the incremented
value of t.

y (t) is multiplied by Ycoef, X (t) is multiplied
by Xcoef and the scaled values are plotted. To
generate the plot free of interruptions replace
the STOP at + (8 - 4) with a CONTINUE. *

To run another case

* If no plot is desired, place a RETURN in

(-9, 0). To scale the plot axis with AXIS PLOT
(09100-76007) use Yshift = 0, Xshift = 0,
Yscale = 500/ Ycoef, Xscale = 500/Xcoef,
Yorigin = 0, and Xorigin = 0,

EXAMPLE

(A) Find the response of a circuit with an
impulse response of e~t to a forcing function
of u(t) -- forOS t< o

Therefore: e(T)=u(T)=1for0< t <

h(t-T):e_(t_T)=e T-t
Ycoef = 5000
Xcoef = 1000
N =10
at = .05

Itntegrating analytically, the result is:

t

[e@nt-trydr= [T Var=1-ettort>0
o )

Results: t y (t)

. 63212
. 86466
. 95021
. 98168
. 99326

D dx W DN
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(B) Find the response of a circuit with an Results:

impulse response of ettoa forcing function
of sin 2t --for O< t< 7 .

Therefore: e(T) =sin(2T)for 0< t< T

h{t-1) = e t-T)_ (Tt
SET: RADIANS
Ycoef = 4000
Xcoef = 1000
N=20
At = .05

t y(t)

.5 .1948
1.0 .4955
1.5 .5135
2.0 