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Congratulations, you have just become the proud owner of a new Hewlett-Packard 9100B Calculator.
This calculator is a big brother to the successful Hewlett-Packard 9100A. The 9100B however, has several

features which more than triple its computing power, these being:

A TWO PAGE memory allowing up to 392 program steps or 32 data storage registers.

A true SUBROUTINE capability permitting instant access to subroutines from any point
in a program.

A convenient X «— () operator allowing rapid data recall to the X register.

A STEP PROGRAM ''dual display" greatly simplifying program editing and modification.

A detailed explanation of the use of these features is found in the 9100B Operating and Programming
Manual (Hewlett-Packard Part No. 09100-90021) supplied with your calculator.

We hope you find the 9100B Calculator and Library a useful tool and guide for your computational work.
To better serve you and other 9100 Calculator users, we welcome you to send us program solutions you have
Pleasewrite them up in a format similar to the programs furnished in the Program Library and send
them to us. Also send in any comments you might have on the 9100B Calculator and Program Library to our

Applications Group. We at Hewlett-Packard look forward to serving you.

Sincerely,
HEWLETT-PACKARD COMPANY

Rove, Cole

Dave Cole
Applications

P.O. Box 301
Loveland, Colorado 80537




INTRODUCTION TO LIBRARY

This Program Library is intended to illustrate practical problem solutions available with the 9100B
Calculator. Approximately two thirds of the programs in this library are compatible with the 9100A Calculator.
Those programs which are applicable only to the '""B" calculator will have a 9100B ONLY above the program
number,

Many programs are short enough so that they may be incorporated as subroutines in other programs.
Each program consists of a description, equations (with references), examples and a list of the program steps.
The programs have been placed in a three-ring binder with classification dividers so that changes, additions
and reorganizations can be easily made. Each classification has a corresponding part number and each program
within a category is numbered according to the classification part number.

In each Program Library Classification is found a listing of the programs in that section. The first
grouping contains 9100A programs (with "A'" program numbers). The second grouping contains '"B' only
programs for that classification, An inspection of the first group program numbers will disclose that certain
A" programs have been removed from the "B" Library. These deleted programs have been replaced by more
extensive "B'" programs.

PROGRAM LIBRARY CLASSIFICATIONS

HP Part No.

09100-70000 Mathematics

09100-70800 Statistics

09100-71000 Electronics

09100-72000 Mechanics

09100-73000 Business

09100-73200 Physics . ™~
09100-73700 Thermodynamics ' L
09100-74000 Surveying S
09100-74200 Structures

09100-75000
09100-75200

Fluid Mechanics
Life Sciences

09100-75500 Chemical
09100-75800 Secondary Education
09100-76000 Miscellaneous

You are invited to submit programs for inclusion in the Hewlett-Packard KEYBOARD, a periodic
publication which contains useful information about the Hewlett-Packard 9100 Calculator systems. Submitted
programs having a broad appeal or illustrating ingenious programming techniques will be included in the
KEYBOARD with credit.

Please return the Program Library card (in the pocket on the rear cover) indicating the Program
Library disciplines in which you are interested.

The following accessories are available:
HP Part No.
09100-90020
09100-90021

09100-90022
09100-90024

Five Programming Pads

Operating and Programming Manual
9100B Program Library

Diagnostic Card and Envelope

5060-5919 Box of Ten Magnetic Program Cards

4040-0350 Dust Cover

9320-1183 Pull-Out Card (English)

9320-1184 Pull-Out Card (French)

9320-1185 Pull-Out Card (German) N
9320-1186 Pull-Out Card (Italian) \u
9320-1187 Pull-Out Card (Spanish



Program Library Usage

To facilitate the use of the 9100B Program Library, brief discussions of:
Manual Program Entry,
Program Loading from Magnetic Card,
and 9100B Peripherals

are included here. The Operating and Programming Manual (HP Part No. 09100-90021) covers these topics in
greater detail and should be consulted for further information.

Manual Program Entry

Initially, the program steps must be manually entered into the calculator step-by-step. Then, you may
record the program on a magnetic card furnished with your calculator. The use of the magnetic card eliminates
repeated manual re-entry. Programs recorded on the magnetic card may be entered instantly, using the ENTER
button on the calculator. After entering the program steps into the calculator, it is suggested that you use the
sample data to verify test answers. If you do not get the correct answers, it is suggested that you carefully
check each program step to see if the program is correctly entered into the appropriate location and/or re-read
the user instructions. This may be done by comparing the step location and the code number to the printed
program. You can do this very conveniently using the STEP PROGRAM key in the program mode.

Program Loading

In general, 9100B programs will occupy both the (+) and (-) calculator pages. The most efficient manner
to load a 2-page program is to load Side A into the (+) page and Side B into the (-) program page. This can
easily be accomplished by placing no END statements on the (+) program page. The END statement may be
included on the (-) program page. ~Load the program as follows:

PRESS: END
ENTER PROGRAM: Side A

(Since there is no END on Side A, the calculator will advance to (-)(0)(0)
automatically).”

ENTER PROGRAM: Side B

(With or without an END, the calculator will advance to (+)(0)(0) ready for
execution).

In the Program Library the above two instructions will be replaced by the single instruction:
ENTER PROGRAM: Side A followed by Side B

To insure that an extraneous END statement does not get recorded on Side A, all unused registers on the (+)
page should be filled with CONTINUE's prior to recording.

9100B Peripherals

Several peripheral devices are available to complement the 9100B Calculator, these being:

9125A X - Y Plotter
9120A Printer

9160A Optical Card Reader
9150A Display Monitor

The "B" library has been written to simplify the attachment of the 9125A and 9120A to the 9100B. At
appropriate input and output points in a program CONTINUE's have been placed for use in calling the printer
or plotter. Tn most cases the plotting programs incorporate plotting Subroutines allowing the user to specify
units in terms of inches, or centimeters.



9100B/ 9100A Program Library Cross-Reference

The 9100B Program Library contains several B Only programs which previously were "A'" programs.
These programs were either multiple pass or storage limited on the 9100A Calculator. After conversion, these
programs offer the advantages of being single pass, having ample storage, and in some cases yielding plotted
output. The table given below lists these converted programs.

"A'" Library Part Number Program Title "B'" Library Part Number

70015 NUMERICAL INTEGRATION USING 70409
SIMPSON'S RULE WHEN {(x) IS
KNOWN

70018 CONVOLUTION 70408

70019 4th OR 5th DEGREE POLYNOMIAL 70405
ROOTS

X
70020 INTEGRAL OF THE FORM F(X) = f f()du 70410
A

70810 WEIBULL DISTRIBUTION PARAMETER 70902
CALCULATION FOR FAILURE DATA

70814 MULTIPLE LINEAR REGRESSION 70901

70815 NON-LINEAR REGRESSION-LEAST 70903
SQUARES PARABOLA

71002 TCHEBYSHE FF FILTER DESIGN-- 71501
FINITE TERMINATIONS

71011 S PARAMETER TO Y PARAMETER 71502
CONVERSION

74008 COORDINATE GEOMETRY AND 74102

ENCLOSED AREA

74011 TRAVERSE WITH COMPASS RULE 74101
ADJUSTMENT OPTION
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MATHEMATICS 09100-70000

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

70002 - POLYNOMIAL EVALUATION
Evaluates polynomials of the form:

fz) = Cpz+ Cp12 1. L0z

for complex C;, i=1, . . . , nand 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 = ?(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 s
Z3 = 21 2whereZi:Xi+]Yi i=1,2,3

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

v’/ = ix,y,v5")

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 x3 + px2 +qgx +r = 0 for the real and complex roots.

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

70014 - REAL ROOTS OF f(x) .
Calculates real roots of f(x) by starting from X, and incrementing until f(x) changes sign,
then converges on the root. f(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 = e
cx + dy f

x and y are the unknowns to be found.

PRINTED IN U.S.A.




MATHEMATICS (CON'T)

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

/
70021 - POLYNOMIAL EVALUATION (1 < n < 10) Q .
Repeatedly evaluates for a given x, a real polynomial of the form: =

f(x) = Aan+An_1Xn'1 <. Ax+Ag for 1<n <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 a
Evaluates the gamma function ['(v) for 0 < v < 109 where I'v) = f e-tt V- lgt
0

70025 - BESSEL FUNCTION
Calculates the value of the Bessel function J(x) of the first kind of integer order n where

[00]
X —_—
3,0 =(3) kZ: , KO ®

70401 - HYPERGEOMETRIC SERIES EXPANSION
Given a, b, and c, this program determines the coefficients of the hypergeometric
series F(a, b, c; 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 + ang +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

ﬁ‘_.g’( = 1(X,Y,2),
dz
& = g(XaY,Z).

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

x6

+ 31X5 + a2X4 + a3X3 + a4X2 +agX +ag
where a; is real,

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

WMapX2ig a+r =0

and then determines the eigenvalues by using Program 09100-70011 as a Sub-Program. O
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MATHEMATICS (CON'T)

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

[Ag5] [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

t

yt) = f e(T)ht-T)dT .
o

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) = ,/ 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 gpecial application of this program is when f(u) is a probability density function. F(x) then
represents the cumulative distribution function.

70411 - MAX - MIN OF Z = Z(X, Y) ‘
This program determines the approximate range of a function Z of two independent variables
X and Y given a range for X and Y. This program can be used in conjunction with Program
09100-70412, PLOT OF 7Z = 7Z(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.

STATISTICS 09100-70800

70801 - MEAN AND STANDARD DEVIATION
Calculates the mean and standard deviation of n data points.

70802 - STANDARD DEVIATION AND MEAN OF GROUPED DATA
Calculates the mean and standard deviation of data points of certain frequencies.

70803 - LINEAR REGRESSION
Calculates theAbest fit of a set of data points to the line y =ax + b, i.e., the program computes
the estimates 4 and b. It also gives the correlation coefficient r.

70804 - NORMAL PROBABILITY INTEGRAL
Evaluates the integral under the normal density function.

70805 - X? - CHI SQUARE DISTRIBUTION 2
Calculates the integral of the Chi Square distribution from 0 up to a value of X~ for a
given number of degrees of freedom.

2
70806 - X - CHI SQUARE EVALUATION EXPECTED VALUES EQUAL (E; = E)
Chi square calculation where the expected value of each observation is equal.

70808 - X2 - CHI SQUARE EVALUATION EXPECTED VALUES UNEQUAL (E; # E;)
Chi square calculation where the expected values of the observations are not necgssarily equal,

70811 - LEAST SQUARES FIT-POWER CURVE
Calculates coefficients fitting data points (x;, yi) to an equation of the form: y = axP




STATISTICS (CON'T)

70812 - LEAST SQUARES FIT-EXPONENTIAL

Calculates coefficients fitting data points (xj, yj) to an equation of the form: y = aePX

70813 - POISSON DENSITY
Calculates the various summations associated with the Poisson density to give a probability
based on an input parameter and summation endpoints.

70816 - RANDOM NUMBER GENERATOR
Random numbers (RN) in the range 0 < RN <1 are calculated; more than 10,000 random numbers
may be generated before any previous value is repeated.

70901 - MULTIPLE LINEAR REGRESSIONS
Given a set of data points (X;, Y;, Z;), this program determines the coefficients of
the linear equation

Z = ag+a1X +agY

70902 - WEIBULL DISTRIBUTION PARAMETER CALCULATION FOR FAILURE DATA
Calculates the parameters for the Weibull distribution and thus estimates of times to failure
percentages may be made.

70903 - NON-LINEAR REGRESSION - LEAST SQUARES PARABOLA
Calculates coefficients fitting data points (x;, yi) to an equation of the form:
y = 2.0 + alx + a2x2

70904 - NORMAL (GAUSSIAN) CURVE PLOT
Given mean (M) and variance o 4, this program generates a normal curve given by

2
o xew?

v = . 20

This program can be used with Program 70905, Histogram Generation,

70905 - HISTOGRAM GENERATION WITH PLOT
This program generates and plots a histogram of ten windows given a set of positive numbers.
The mean M and variance o 2 of the data set are computed and stored for use by Program 70904,
NORMAL CURVE PLOT.

70906 - HISTOGRAM GENERATION
This program generates a histogram table of ten windows given a data set of positive numbers.
In addition it determines the mean M and the variance o 2 of the data set.

70907 - ONE WAY ANALYSIS OF VARIANCE
This program separates the total variance in a table of data into that due to chance
and that due to differences between the population means underlying each column of sample data.

70908 - F DISTRIBUTION
This program evaluates the F distribution density function for given values of F, V4, and V,.

70909 - TWO WAY ANALYSIS OF VARIANCE (m X 4)
This program analyses the total statistical variance in a table of data by separating the total
variance into two parts, the variance among rows, and the variance between columns. These
variances are then compared to the variance due to random influence,

70910 - TWO WAY ANALYSIS OF VARIANCE WITH REPLICATES
This program analyses the total statistical variance of a table of data by separating the total
variance into three parts; the variance among rows, the variance between columns, and the
variance due to interaction.

~
\




ELECTRONICS 09100-71000

71001 - TCHEBYSHEFF FILTER DESIGN
Calculates component values for Tchebysheff low pass filters with equal terminations.

71003 - BUTTERWORTH FILTER DESIGN
) Calculates component values for Butterworth low pass filters between equal terminations.

71004 - MINIMUM LOSS PADS
Calculates resistive minimum loss pad and gives resistor values and loss in dB.

71005 - TCHEBYSHEFF EVALUATION
Used to determine filter order or the frequency response of a particular Tchebysheff filter.

71006 - ATTENUATOR PADS T OR II
Calculates resistor values for either T or II pads.

71007 - BAND PASS FILTER DESIGN
Calculates ideal component values and evaluates the frequency response by the image parameter
method for a band pass filter.

71008 - STUB MATCHED TRANSMISSION LINE
Calculates the distance from a load to a point where a shorted stub is to be placed and the length
of the stub to match a transmission line.

71009 - TRANSMISSION LINE
Calculates the impedance at any point on a transmission line either toward the generator or
toward the load, the voltage reflection (magnitude and phase) and the VSWR on the line.

71010 - WYE —DELTA AND/OR DELTA — WYE CONVERSION
Transforms impedances wired in delta configuration to the equivalent wye configuration and
vice-versa. Loop and nodal analyses are used to perform the transformations.

71501 - TCHEBYSHEFF FILTER DESIGN - FINITE TERMINATIONS
Calculates component values for Tchebysheff low pass filters with finite terminations

0 (equal or unequal).

71502 - S PARAMETER TO Y PARAMETER CONVERSION
Converts S parameters for linear (active or passive) circuits to Y parameters.

71503 - FREQUENCY RESPONSE FROM POLES AND ZEROES WITH PLOT
Given the zeroes and poles of a complex function f(s), the magnitude and phase response
is computed over a specified frequency range, The program can consider any combination
of six poles and zeroes of the form r; = + jw,

MECHANICS 09100-72000

72002 - TRANSCENDENTAL EQUATION (ARC INVOLUTE IN GEAR DESIGN)
Solves for the angle ¢ in radians in the following expression

INV (¢) = TANP-¢
where the INV () is given. 1x10-17 < ¢ < 1x108 ( ¢ is in radians).

72003 - SPRING DESIGN - COMPRESSION AND EXTENSION SPRINGS
This program calculates one of three variables (d - diameter of wire, N - number of turns of
wire, and D - mean coil diameter), the remaining two being set, and calculates the maximum
allowable stress. Other inputs are set to predetermined values.

72004 - STRESS AND STRAIN FROM A RECTANGULAR ROSETTE
Calculates the principal strains and stresses given rectangular rosette and strain gauge inputs.

72501 - PROPERTIES OF AREAS
This program determines the properties of any area which can be approximated by
a set of rectangles. The properties determined are:

1. Area 3. Distances from axes to the centroid
w“ 2. Moments of inertia 4. Products of inertia about the centroid
iy




BUSINESS 09100-73000

73001 - ANNUAL INTEREST
Calculates i that satisfies the equation:

Pi(l+i)?
R=———
(L+ir-1

73008 - AMORTIZED LOAN
Calculates the monthly payment on the principal of a loan for a specified term, the amount of
payments toward principal and interest, and a running total of the amount of payments toward
principal and interest to date.

73101 - RETURN ON INVESTMENT FOR UP TO 16 VARYING CASH FLOWS
This program solves for the value of interest per period for up to sixteen
varying cash flows. The program solves the equation:

16
PV (Present Value) = . Cx
k=1 (1+ik

where Cy represents a cash flow per period.

PHYSICS 09100-73200

73202 - FLUX DENSITY
Calculates the flux density along an axis of a circular loop for a specified radius r, current I,

and distance d.
[

Nz

73203 - VENTURI METER
Calculates flow Q by using Bernoulli's equation.,

73204 - ORBITAL MECHANICS
Calculates the velocity of a satellite at apogee and perigee and the orbital time in seconds of
a satellite orbiting a body in space.

THERMODYNAMICS 09100-73700

73851 - HEAT TRANSFER THROUGH A MULTILAYERED CYLINDER
This program calculates the rate of heat flow through a multilayered cylinder.
Both convective and conductive layers are considered.

73852 - TRANSIENT CONDUCTION IN A SLAB
Given the initial temperature of a slab and a fluid, this program determines the
temperature (as a function of time and distance) of the slab as it is immersed into
the fluid.

SURVEYING 09100-74000

74003 - INVERSE TRAVERSE FROM COORDINATES
Calculates bearing, distance, and quadrant code from end-point coordinates.

N
N7

-~



SURVEYING (CON'T)

74004 - THREE POINT PROBLEM
Calculates the coordinates of an observer's position given coordinates of three other points and
two reference angles to the observer's position.

w 74101 - TRAVERSE WITH COMPASS RULE ADJUSTMENT OPTION
Traverses by bearing and distance, calculates coordinates, closure error, total traverse
distance and precision ratio. The program may then be used to distribute the closure error
by the Compass Rule.

74102 - COORDINATE GEOMETRY AND ENCLOSED AREA
Traverses by bearing and distance and calculates coordinates, enclosed area, and the
following curve data:

1. Arc length 3. Central angle in decimal degrees
2. Chord length 4. Coordinates of tangent points
STRUCTURES 09100-74200

74203 - CANTILEVER BEAM - INTERMEDIATE LOAD
Calculates shear, moment, and deflection.

74204 - CANTILEVER BEAM - TRIANGULAR LOAD
Calculates shear, moment, and deflection.

74205 - COORDINATES OF EQUALLY SPACED POINTS ON A CIRCLE
Computes the rectangular coordinates of equally spaced points on a circle given the center point
coordinates, radius and offset angle of the circle, and the number of coordinate points desired
on the circle.

FLUID MECHANICS 09100-75000

75001 - CHEZY-MANNING EQUATION
0 Finds channel flow when channel is circular pipe and flowing full.

75003 - RECTANGULAR WEIR
Calculates the rate of fluid flow over a rectangular weir.

75004 - WATER FLOW IN PIPE
Calculates the loss factor (f) and the head loss for a pipe of specified dimensions with a
known flow rate.

LIFE SCIENCES 09100-75200

75201 - RADIOACTIVE DECAY
Calculates the mass loss between any two times given the half-life, initial mass and present
mass; displays the decay curve; or calculates the age of the mass based upon the present mass.

CHEMICAL  09100-75500

75502 - ELEMENTAL PERCENTAGE AND MOLECULAR WEIGHT - 6 ELEMENT
Calculates percentages and molecular weight of compounds containing 6 elements or less.

75503 - CHN ANALYSIS [K VALUES]
Calculates K values given C, H and N, blank values, and percentages for a known standard.

75504 - CHN PERCENTAGES

Given C, H, and N values and using previously calculated K values and known blank values,
calculates C, H and N percentages.

C




CHEMICAL (CON'T)

75505 - MOLECULAR WEIGHT BY VPO
Calculates molecular weight for an unknown based on a series of vapor pressure osmometer (VPO)
readings at various dilutions by extrapolating a least squares curve fit to infinite dilution.

75506 - MEMBRANE OSMOMETER
Determines the number-average molecular weight by extrapolating a least squares curve fit to
infinite dilution.

SECONDARY EDUCATION  09100-75800

75802 - PRIME NUMBERS
Calculates all prime numbers between any two numbers.

75901 - CONIC SECTION DETERMINATION WITH PLOT
Given the generating angle of a cone, 8 , and the intersection angle with a plane, a ,
this program determines and plots the conic section.

MISCELLANEOUS 09100-76000

76003 - NAVIGATIONAL COURSE CALCULATION
Calculates course settings for one or more adjoining legs of a proposed journey, the length of
each leg, and the total distance covered on completion of the journey.

76004 - CIRCLE DETERMINED BY THREE POINTS
Calculates the radius and center point (in rectangular coordinates) of the circle defined by
three given points.

76005 - AREA OF A RECTILINEAR SURFACE POLYGON
~Calculates the area of any rectilinear polygon given the rectangular coordinates of the vertices.

76501 - DIAGNOSTIC (EXERCISER)
The program exercises each calculator operation and memory location with the
exception of the FMT, PRINT, and error conditions.
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70001 - n!
Calculates n! for positive integer n. (n <70)

70002 - POLYNOMIAL EVALUATION
Evaluates polynomials of the form:

n-1
Z

f(z) = ann + G +...+C1z+Cy

1

for complex Cy; i=1, . . ., nand 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:

A - % (Y, + 474 + ¥y)
70006 - 1st ORDER DIFFERENTIAL EQUATIONS
Solves differential equations of the form:

y/ = i, y)

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

z
Zg = Zy 2 whereZj =X; +iY; i=1,2, 3

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

y// = f(X’ Y, Y/)

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 %3 4+ pxz +qgx +r = 0 for the real and complex roots.

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

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

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

i}

ax + by e
cx+dy = §

x and y are the unknowns to be found.




MATHEMATICS (CON'T)

70017 - n! (n < 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:

f(x) = Ax" +An_1xn'1 ... Ax+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 @ vo1
Evaluates the gamma function ['(v) for 0 < v < 109 where 'w) = f ettt Y7 7t
o
70025 - BESSEL FUNCTION
Calculates the value of the Bessel function J (x) of the first kind of integer order n where

@ (D)

X
W =G) 2 Warwnr

9100B ONLY

70401 - HYPERGEOMETRIC SERIES EXPANSION
Given a, b, and c, this program determines the coefficients of the hypergeometric
series F(a, b, c; 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 + a.2X2 +agX +ayq
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

d
& = ix,7,2),
az
= g(X,Y,2Z),

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

x5 + a.1X5 + a,2X4 + a3X3 + a4X2 +agX +ag

where a; is real,



MATHEMATICS (CON'T) 9100B ONLY

O 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

t
yt) = f e(T)h(t-T)dT

[o]

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 - PLOTOF 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 O0<n<69.

QYVAIVd- L ITITMIH [@)]

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

Ay¥VvMIOVd -113TM3IH [@)]

ayvMdOoVv

13TM3H [@)]

QJdVMOVd -113TM3H [@)]

aydvio

113TM3H [@)]




09100-70001

EXAMPLES USER INSTRUCTIONS
0 =1 ENTER PROGRAM (Starting Address is 0-0)
! =720 PRESS: GO TO (0) (0) [or END]

DISPLAY

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

Z

C
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This program evaluates polynomials of the form

aydvMOVd - LL3TMIH [@)]

Cpz"+Cpyz™ +--- 4 CyZ+ Co

f(Z)=

AyvMOVd -L13TM3H [@)]

* , N and complex Z.

AN

for complex Ci ’ i

AYVMOVd -L13TMIH [@]  ddVIOVd -L13TM3H [@)]

AydvYMOV 1 13TMIH [@)]



09100-70002

EXAMPLES

USER INSTRUCTIONS

P(Z) =(3 +41)Z2 + (-2 +1)Z1 + (1 - 1)

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

P(Z) =49.62%+1823 152,472 +87 +12.8

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

GENERAL FORM

£#(z) =cpzt +cp 1z 4L L L 1 CyZ +

ENTER PROGRAM (Starting Address is 0 -0)

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

r— PRESS: CONTINUE

DISPLAY

0 Z

0 Y

1 X
ENTERDATA: n—» Z, Im Z — Y,

ReZ —» X
—»PRESS: CONTINUE

DISPLAY

0 Z

0 Y

n. Z

1

n; is an indicator or
coefficient entry number.
When n; =0 enter Cy.

L__ENTER DATA: InCnj — Y,

PRESS: CONTINUE

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

O
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The equation used is Simpson's

=
-

o

R A

This program evaluates the area under a curve represented by discrete points.

One-Third Rule ie.,

QJVvMOVd I 13TM3IH @]

» X
=b gives

a , and X2n

B (Y aY+2Y,+ AYgH2Y - +4Yn_ +Yy)

w
<
G ~—~
0 X
N -l Y
I3
NS
|
— -
W\
VI
+_ N
Vl
<
+ o
(e} >
VI
N <
<|m wp
" A\ -
x o >
o x
= o
byt =~
[ od I
= <
< B

/

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

AyvMIOVd -113TM3H [@)]

f(x)dx=

b

!

The application of Simpson's Rule over 2n panels between Xo

didvMOVd -L13TM3IH [@]

points) such that the error term

nknown.

1S Ul

(The method requires an even number of panels of

tance between

is

d

(b-a) K*¥(£)
Usually h<<1 when f®)(¢)

|
180
where g<¢< b and f(4)(§ ) is the fourth derivative of f(x)
evaluated at § .
is small.

Thus to use the program divide the abscissa into 2n panels.
width h.) Since the error term is neglected, choose h (the

Reference: Numerical Analysis

didvIOVd - L13TM3IH [@)]

by Kaiser S. Kunz
McGraw - Hill Book Co., Inc.

1957

qyvMxOVv

-1 13TMIH [@)]




09100-70003
USER INSTRUCTIONS EXAMPLES

INCREMENT CONSTANT
ENTER PROGRAM (Starting Address is 0 -0) X Y

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

0 2
PRESS: CONTINUE .95 2.8
DISPLAY .50 3.8
.5 5.2 h=.25
0 Z 2
0 N 1.00 7.0 [ f(x)dx=16.58
1.25 9.2 0
] — X 1.50 12.1
1.75 15.6
ENTER DATA: h — X 9.00 20
PRESS: CONTINUE
DISPLAY INCREMENT CHANGE
X Y
0 Z 0 T
0 Y .25 2.8
2 X .50 3.8 L h=.25
ENTER DATA: X,—* X + 75 5.2
1.00 7.0 |
—» DISPLAY 2.00 20
2
A4 7 Note: Subsequent f f(x)dx = 16. 62
X Xj'sarecalculated o
i Y fromX,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 latedX;displayedin Y)

L—— 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.) :
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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 Vs
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=Yi+ 1—6 (p+2q+2r+s)

where p= hf(Xi;Yi)

q=hf(Xi+—%,Yi+ g)

h
2 ]
s=hf(Xj+h, Yj+r)
h=Xj+1-X|

- q
r=hf(Xj+5, Y+ %)

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)
PRESS: (GO TO) (4) (a)
Place mode switch to PROGRAM

Starting at 4-a, enter the program steps which
take the independent variable from the X re-
gister, the dependent variable from the Y re-
gister and calculate £(X, Y). Place {(X, Y)in
the Y register and exit to location 8-b. Note
there is a maximum of 57 steps (4-a through
8-a) available for storing and positioning (X, Y).

Place mode switch to RUN
PRISS: GO TO (0) (0) [or END]
PRESS: CONTINUE

ENTER DATA: (Initial conditions and incre-
ment)
h =+ 2, Yo » Y, X, &+ X

PRESS: CONTINUE

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

h Z
Y; Y
X; — X

To stop the solution at the next increment de-
press PAUSE until display. To restart press
CONTINUE.

To start from a new set of initial conditions

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

Enter initial conditions and increment as be-

O —
f(t)
I
Vo
» t
ty
i1 > _<i3 o +
f2
) Lc vy
R
O —
il + iz + i3 =0

t, =0
Vo(0) =0

(
R R dt Conditions

Volt) - _ Vo)

dt CR

) Vo) | odVol®) _, Initial }

Q.

£(t) -
+ TR Increment h = .01

Let Vg =1V, C=1F,R=18andt; =4 sec.
The equation becomes

av,(t .

——O—-dt ) - . Vo(t) +1; t<4
dv,(t) _ .

Tl — - v, t >4

The program steps that form ch =1(t, Vo) appear on

fore. Page 1. See User Instructions.

Vo ( Volts)
104 o

9+ //‘//./ \ =0

8l / Vo(0)=0

/ h=.01

7+ /

A

54 /

a4

oy

2+ .

ke N
o4 S s =SS

0 1 2 3 4 5 6 7 8
time - (seconds) t=4
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Zy

This program solves the equation 23 = Z1

where Z; and Zg are given. Zj may be real or complex ie.

The definitions 2122 = oZ2InZ; Z,#0

_ -1 Y
6 = TAN %

are used.

The following equations are programmed

Z, = szln Z,

-0 Xa+ Y2)(In, / XE+YE + j6,)
Xoin. /X2 +Y,2-
- 2NV X Y281{COS(Y2Inm2+X291)+
ISIN (Ypln /XZ+Y2 +X,6,) }

Reference: Complex Variable and Applications
by Churchill

McGraw-Hill 1960




09100-70007
USER INSTRUCTIONS

EXAMPLES

ENTER PROGRAM (Starting Address is 0 -0)

SET:| | RADIANS |

PRESS: GO TO (0) (0) [or END]
—» DPRESS: CONTINUE

DISPLAY
0O — 7
0 —— Y
1 — X

ENTER DATA: Yy —&» Y, X3 —& X

PRESS: CONTINUE

DISPLAY
0 zZ
0 Y
2 — X

ENTER DATA: Y9 —» Y, X9 — X

PRESS: CONTINUE

DISPLAY
0 Z
Y3 Y
Xg —m—— X

RESULT: Zg =Xg +jY3

2)

. X j
Zg = (X +]Y1)( 2 +1¥p)
Zg=e (2 +j2)

X =e Y =0

X9 =2 Yy =2

Zg = -3.075 + j6.719

Zo =1.674 +.896
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PART NO. 09I00-70007

Display Storage
Step Key Code " .
x ¥ F3 f g | o c
0; 0 CLEAR 20
1 1 ol | DISPLAY 1 TO INDICATE FIRST ENTRY
2 s | al X, Y, 0 ENTER X, AND Y,
13 X->0) 23
e
;4 g 2 >-STORE—-Z
51 y» | 40 !
1 6 b il
L7 v 25
28 2 02 DISPLAY 2 TO INDICATE SECOND ENTRY
1g | stor |4l X2 Y2 0 ENTER X, AND Y,
; I x>0 | 23
b1 £ 1L srore 2
"rloyeur 40 4
viod d 17
1,0 b 14
.| A 27
2] 2 1 CALCULATE inr/XE+YZAND 8
! 73| TO POLAR 62 B v I I
. : 4 Inx 65
! ) ROLL A 22_
6] C 16
f 7 y->t) 40 In V/xlz—-l-\(lz-
X e |_2__r :
19 X 36
| i ROLL A 22
' X | 36> CALCULATE Xz In,/ X®+Y2 AND X6,
Lo YO 24
vid F '2_|
2,0 XXy |30
t4] yeu 24
2 d 17 1= CALCULATE Y, In,/ X2 +Y2
13, X2y |30
4, X 38 |
P51 Y20 | 24
g d 17 | = CALCULATE Y,6,
71 X 3e ]
| 8 ROLL 31
i g —
¥9 34 ~ CALCULATE X.In./X24Y¥.2 ~Y. 8
: 5 y:() 24 14 | ) b4
b d 17 ]
' e 12
v o7 t+ 33
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% |ise w..
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£ X
Vm/_|2 /M- =
.Ww ~ > [ = ”n
gl > w = N < >
o, 2 > "0
& o < >
S ®
A
[ .
A <
3 < J 3
3 > 3
o o
" | I o
I I =4 <
o o 'S |l
e \\!&t 3 ,I— > — H
e —
g |sinieinelelllelyielgls e
> > <« >
o ® s a
2 4 € - Tt " - (@]
<RI E IR RN RYXE XS
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QUVIOVd - L13TMIH @

advXovd - LLITM3H &

QU¥MOVYd - LLIITMIH (@]

QuvXOvd - LLITWMEH (@]

QivXAOYd - LLITMIH (@]
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This program may be used to solve a wide variety of second order differential equations of the form

Y'=£(X,Y,Y)

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

2
Yier=Y 0+ A )

where the first term of the error is

-h% v
8
and

h

! _ /
Yie1®i T 15

no_ " n
(5Y;l,—16Y/" +23Y")

-3h?

where the first term of the error is -~ Y(5)

where h =Xi+1 -X i
1" 1" n 1 .2.,(4)
In order to start the solution the equations Y_1 = YO -h .YO with error of — "'2" h™Y

and Y_Ié = 6’ -2h 'Y(’)“ with error of — 2h2 Y(4) are used.

X, Yo, and Y,/ are known from the boundary conditions. Y.’ is calculated from £(X,, Y, YO' ).
Yo' is obtained by differentiating £(X, Y, Y/ ) and substituting in values X, Yo, Yo' , and YJ” . 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.




09100-70008
USER INSTRUCTIONS EXAMPLES

ENTER PROGRAM (Starting Address is 0 -0) [ ‘
PRESS: (GO TO) (5) (a)

PLACE MODE SWITCH TO PROGRAM - C
The general program has a blank section for
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 inthe e register, and calculate £(X, Y, Y'). Fo SINwt M
Place f(X, Y, Y/ ) in the Y register and exit -_lx

i

to location 9 -3. Note there is a maximum of
59 steps (5 - 0through 9 - 2) available for storing
and positioning (X, Y, Y'). . L
MX +C |X| X +KX = Fo SIN wt

X0)=10 C =.08 w=47 m=.1

X(0)= 0 F,=100 K=25 h=.001

PLACE MODE SWITCH TO RUN
PRESS: GO TO (0) (0) [or END]
PRESS: CONTINUE

X = -.8|%| X - 250X + 1000 SIN 47t

DISPLAY .
X(0) = -2500
0 Z e _ . ve .
X = -1.6|X|X - 250X + 40007 COS 4nt
0 — ¥ %(0) = 40007
1 — X
NOTE: SET [ |RADIANS
ENTER DATA: YJ —» Z, Ycl>” — Y, The program steps thatform X = f(t, X, X) appear on
Page 1. See User Instructions.
h — X )
PRESS: CONTINUE ah
10+ N
DISPLAY F. = 100 t X
%7 X(0) =10 0 0
0 Z S Ny 6.283
8t X(0)=0 2 3.87]
0 Y . 3 1.269
2 — X i 4 -1.958
5 ~3.24
6_,_
.6 -.185
ENTER DATA: X, —» Z, Y5 — Y, st .7 2.755
X .8 1.927
Yo a4t .9 -1.528
PRESS: CONTINUE 1.0 -3.07
The Calculator will display answers at every — 3T
increment of the independent variable in the & ol
form =
&
ST
’ i % o1 i
Y, Y e 7 .8
- I_
X; — X i
..2__
To stop the solution at the next increment de-
press PAUSE until display. To restart de- =3+
press CONTINUE.
To start from a new set of initial conditions 4T
PRESS: STOP -5
PRESS: GO TO (0) (0) [or END] O

PRESS: CONTINUE



PART NO. 09100-70008

PAGE |

+

ATF - Fe SIN
T T TN W

Storage

Ut

d
CALCULATE - S Jx|X

EXIT TO 9r3

=>CALCULATE
~ ALC)
A\
CALCILULATEL ¢
r 7 OV AT L IAY
-

"

s
il

&

-.8|X|X
- 8X|X -250%
- 8IXIX -250X%

Display
y
X
[X|
XX
-.8|X| X
X
-250X%
- 8IXIX
- 8IXIX -250X
4
41T
47t
-8IXIX - 250X
SIN 477t
-.8IX|X-250X
X

1000 SIN 47t

X
X
8
X
-250
- 250X
4
-

t
4Tt
SIN 47t
1000

25 11000 SIN 4irt

Code
12
27
55
36
21
10
32
36
15
27
02
05
00
32
]
25
33
04
27
56
36
14
36
25
70
27
26
03
36
33
44
|
03

Key

e
A

|V
X
8

CHG SIGN
X
£
A
2
5
0

CHG SIGN
X
A4
+
4
A
m
X
b
X
\4

sinx

A
ENTER EXP

3

X

N

+

GOTO( )} )

0
1
2

O RR SRt

' 6
7
8
9

L) b IR R RToRE(ORE SNE Re o B R )]

|
f
|

viod
0
1
2
-
L]
C
vi o
O
1
2
3
4
S)
6
7
8
9
3
b
C

; o

Step

QUVNDVA - LITTMIH (@] Q¥YNOVd - LT TMIH [ QUYMaWd - LIITMIH @] QHVNOVA -LITTMIH @ Q¥YNOVd - LI TMIH (]

o _ o O

e e e miE e a1 LS



PAGE 2 PART NO. 09I00-70008
g Display Storage
;E step Key  |Code x y z i e d c b E]
O
< (0,0 ame |20 REGISTER CONTENTS= Yi | Yi' | Yi"| ¥ify Xi
- ' 1 Ol IDISPLAY 1 TO INDICATE FIRST ENTRY
- i 7] ENTER "INCREMENT TAND
N 2| st |4l h Yo" Yo INITIAL _CONDITIONS
= '3 x>0 |23
Lt
T h4 g 13
% ; 5 b 36
) \/ 25
2 17 y»0 |40
S || /8 d |17 |> cAcuLATE Y4
{%:? 19 - 34
o s
?:M ; & y-=0 40
o LA C 16
s i =
= C - 34
e 1
I ] Wi y->t 40 CALCULATE YZ3
g (10 & [
e CLEAR 20
£ 2 2 |02 | DISPLAY 2 TO INDICATE S$SECOND ENTRY
§ '3 sToP 41 Yo Yo' Xo ENTER INITIAL CONDITIONS
g ; 4 | acc + 60
.
- I—-_N 5 F 15
m i 6 ROLL 3| ]
So = RECALL—AND POSITION--FOR—DISPLAY
gc;) 17 | CLEAR X 37
et !
Is ; 2 ROLL 3_I_
@ | 19| e |57 X Yi 0 DISPLAY AT EACH INCREMENT
b 3| %2y |30
& LA y20 |24
=<
W L b I 4
g v ' d 5 05
= 2,0 X 36
" 1 6
o a
= 2 A 27
Li} I3 1 ol
g |la] 6 o8
5 X 36
£ I8 ¥ 25
< 7 - 34 h
S = CALCULATE 5= (5Y{-p =16 ¥{=t+23Y{ )
< | 8 d 17 12 =c =1 1
- i A 27
- 9
m i 2 02
J
= Ny 3 03
% . r X 36
§ y,d Vv |25
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PAGE 3 ART _NO. 09I100-70008
Display Storage
Step ey Gode X v z £ e o c b E
3.0 + 33
M g 13
% 2 X 36
13 1 ol
4 2 02
5 - 35
e d 17
L7 A 27
8] 4 |oa
e X 36
3| 6
I - 34
\ © =) 13 o
g | X 36 > CALCULATE| hY{ + & (aY{ - ("))
4,0/ 6 |06
1 - 35
2| B 12
ha + 33
48 13
5 X 36
61 v les | |
17| acc + 60 | CALCULATE | Yi,q AND Yi,4
8 y2u o 24
9 b 14
8 3 13
B o 33
T 20 = INCREMENT-X;
v'd b 14 |
5, O |contine |47 ENTER SPECIFIC DIFFERENTIAL EQUATION HERE. REGISTER | &
' 1 e 2 TEG'?,IE.RAD’.‘C\O'EIA"EEJ;?D A S S i Wallind
Ps . Uvil MieJvc VRARTNIRDLLS | AV [ RAVAVIAY Y1) 1 |y SVl T T CWURTTUIN
L 2 Y"=£(X,Y,Y'). AFTER FORMING Y" PLACE IT IN THE |Y REGISTER
:3 AND EXIT TO LOCATION |9-3.
4
s I TRE IRERRINNG aER TH COATINUES T ECMITAYE
'6 ENTERING. PROBLEMS. | S
3 ; SEE OPERATING  MANUAL
"9
-]
s
'C
v, O v
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QavOVd - L13TMIH @]

QdVAOVd - L13TMAH @

YYDV - LLITMEH (@]

QUvMOVd - L1ATMIH [@]

QUYADVd - L1ITMIH (@]
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Storage

Display
Y

Code

Hey

QUVYOVd - LLIITMIH [@]  dYVYNOVd -L13TM3H @ QdvXOVd - LLITMIH [@)]

QUVNOVd -L1FTMIH [@  QYVYYOVd - LL3TTMAH [@)]



QYVAOVd ol 3TMIH [@)]

This program calculates the two roots X; and X5 of the equation

a#0
b%-4ac

O
n__u +
O

(&) b_2
+
X U
0 "
+ . o~
. n >
x 9] h
o B 3

8 x

o

@

=

Q

-~

<

ped

E

3

<

[

o

)

o

oy

[}

=

=

Q

.m

&

)

©

£
<4 I

AYVMOVd -L13TM3H [@)]

dyvyov

-1 13TM3H [@)]

A Denotes Revision

AyvMOVd - L13TM3H @]

ayviov

13TM3H @]
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USER INSTRUCTIONS EXAMPLES

ENTER PROGRAM (Starting Address is 0-0) GENERAL FORM
PRESS: GO TO (0) (0) [or END] ax® +bX +c =0
——» PRESS: CONTINUE
ENTER DATA: a—»Z, b —»Y, ¢ —» X X2 +X +1.25=0
PRESS: CONTINUE Xy = -.5+il
DISPLAY Xy =-.5-jl
0 zZ Im(Xy) ———— 7 9X2 45X +3 =0
| real complex _
roots:| X2 Y roots: | m(Xp) Y X9 = -L5
X1 X Re(Xl and Xz) — X Xl = -1.0
(Note Z contains zero) X2 +4=0
X9 = j2




PAGE 1 PART NO. 09I00-70009
g Display Storage
o
»fé Step Key Code % y - ; - P - 5
(9]
< 0 § 0 CLEAR 20
- 1 sToP 41 'I c b a ENTER |a,b,c
i; 3 2 ROLL A 22 1]
m'J 1
1;% 1 3 - 35
T P41 row g | 22
8 5 x2y |30
] - 35
= 7 2 oz
§ i 8 cHesien | 32
U : : b b ¢
g :9 - 351 = CALCULAT ~5g AND 22 d
b N v 25
% s A 27
% i o X 36
T v! o ROLL 31
dli1,0 a2y |30
E 1 - 34
g ; 2] cear X | 37
§§ i 3 Fx=y 50 )
Q E L 7
< 4 3 03|>IF 4;’2 - ==0, SOLVE FOR X;,Xp=- —
- + ; 5 4 04
; | B Fx>y | 53
ped 2
= b7 2 02 >|Fd—tl§-% <0, SOLVE FOR COMPLEX ROOTS
R T »
& 5 - b _ &
= 39 v 25 BRANCH HERE IF 22 a >0
| & ' 76
2 Ik A 27
§ 3 [0 CHG SiIGN | 32 .
% v!d | rud | 22| > CALCULATE X, X,=-—5 %/ 7 - &
120 + 33
% F ROLL A 22
% | 2 + 33
e 3] CLearR X 37
= f
= Ay Xz 0 REAL-ROOTS
c\
h 5 o 4'|"" Re{X18-%2) Jm(Xq) (X ) COMPLEX--ROOTS [ DISPLAY
- I'§|eoTol)) | 44 ~ LbulAL ' <
o ,
g |7 0 | oo
SelTe 0 |oo ,,
™ D C
tg —» O v 25| | BRANCH HERE IF ZaZ 4 <0
fﬁg}) | & CHG SIGN 32
sz |b w7
@ |
Tw c A 27 - b ,. /¢ b?
| CALCULATE  X=z==—1 | £ __D
% v | cmesien | 32 o CASEUEA e 2a 4q?
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This program interpolates for data points in the region of tabulated data for uniformly spaced abscissas, with

spacing h.

JTM3H @]

The equation used is the backward-interpolation formula of Gauss which uses four pairs of data
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8Y _q )y = Yy -3V +3Y, - Y,

X—X3
h

u =
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13TM3IH [@)]

Reference: Introduction to Numerical Analysis

ddviOVvd -113TM3IH [@)]

by F.B. Hildebrand

1956

McGraw -Hill

A Denotes Revision

aygvMov

13TM3H [@)]
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USER INSTRUCTIONS

EXAMPLES

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: Y1 — 7, Y2 — Y, Y3 —» X
PRESS: CONTINUE
DISPLAY
0 z
0 Y
2 X

ENTER DATA: Y, > 7 X3 —» Y, h —+X

—>» PRESS: CONTINUE

DISPLAY
0 Z
0 Y
3§ — X

ENTER DATA: X -+ X
PRESS: CONTINUE

DISPLAY
0 — 2
YX) — Y
X — X

TO RESTART PRESS: END
PRESS: CONTINUE

GENERAL FORM: Y(X)

Y(3.1) = 21.181

BWw DN

Y(2.5) = 10.375
Y(-2) =-11,000
Y;
-1
-6.75 Y(.7) =-6.314
-5 Y(1.2) = -3.544
-.25
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PAGE 1 PART NO. 09100-700I0
Display Storage

Step Key Code x y > £ o J - b
0 1 O CLEAR 20

I 1 o1 | DISPLAY 1 TO INDICATE FIRST ENTRY

i ) sToP 4] Y3 Yo Y4 ENTER Y1, Yo,Yz3,

3 xX->() 23

"4 d 17

i 5 y=0 40

| 6 C 16 | = STORE Yy,Yo Y3

17 ROLL A 22

; 8 X->() 23

e b 14

i g CLEAR 20

1 h 2 02 | DISPLAY 2 TO INDICATE SECOND ENTRY

£ soe | a1 h X3 Y4 ENTER Y4,X3,h
yio| acc + | 60
1 ; Q ROLL 3

b1 y2o |24

2 b 14

'3 v 25

[ 4 CHG SIGN 32

'5 A 27

6 C 16

Ly + 33

i 8 + 33 N

19| <4 [33]> CALCULATE 87 Y_1

al d 17 2

Ny - 34

; r - 34
vigd| — 34
2.0 B |14

h + 33

f 2 y->t) 40

'3, & 14 ||

f 4 A 27

' 5 d 17

6 - 34

LT PP caLcuLaTE- 82y

| 8 C 16 v

lg + 33

g YU |24

A 18 ||

' d 7
v. o xZy 30
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qQiviOVd -L13TM3H [@]

QUVHOVd - LLITTMIH (@]
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Storage

P
DISPLAY

2
0

Y.
!

Display
Y
ulu+H—2
57 O Y,
INLAL QLIKA
LA Fo i Smpw W4} 4
Y(X)

NDISPLAY.
() -y |

CALEULATE
= -POSITION
BRANCH FOR X ENTRY

25 |1
24
|
0
[ X
4

|

3
4
4
03
03

31 |= FORM PARTIAL SUM

%
02 | > CALCULATE
33
17

35
37 ]

Code
36
16
36
33
46

y2o

X<y
3
3
END

GOTO( )( )
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C
X
CLEAR X
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ACKARD

(@] HEWLE

This program solves

X3+pX2+qX+r =0

for real and complex roots.

(@] HEWLETT- PACKARD

ACKARD

Enter p, q, r

Choose initial increment
_lrl

AX,, K= '2
_aX

10

K =-K

YES

(@] HEWLET

YES

(@] HEWLETT- PACKARD

Solve Quadratic

Display Roots

CKARD

@] HEWLET
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USER INSTRUCTIONS EXAMPLES
ENTER PROGRAM (Starting address is 0 -0) General Form
PRESS: GO TO (0) (0) [or END| X3 p® X i = 0 C;
—>» PRESS: CONTINUE
ENTERDATA: p —»Z,q Y, r — X Example 1
PRESS: CONTINUE 3 9
DISPLAY: XY 43X +3X +1
X, = -1
0 Z X, = -1
3 real roots 0 Y
3 X Xy =-1
1 real 0 —— Z Example 2
2 complex 0O — Y X3-X2+X-1
roots
1] — X
X3 =1
Xl’ X2 =+i
PRESS: CONTINUE
DISPLAY:
X3 Z -
-~ oots| X ¥ e
2 Vo /
X —X A
(X3)— Z

complex _
roots: Im(X1 and XZ) Y
Re(X1 and X2) -X
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[ HEWLETT- PACKARD

PAGE 2 PART NO. 09100-700ll
Display Storage
Step Key Code X y yt i e d I &
3,0 B |14
LL 1 \Z 25
|2 c 16
3 A 27
i
AL B L AL CULATE X =X 4 KAX
5] X |36 AL
| & \ 25
L7 + 33
H
8] v |25
e IFx=y 50
'3 5 | 05| >BRANCH IF Xju4=X;
b 9 gul
i o A 27
vid A e?
4.0/ d 17
P9 + 33
"2 v |25
B X 1IN caLcuaTE £x)
L4 e 12
5 4+ | 33
. 8 v 25
i X 36
§ 8 £ 15
e + 33 ]
; & CLEAR X 37
Ll Fx=y | 50 I
; = BRANCH -IF-f(X)=0
| 5 |05
inl ARY) 9 1]
50 b 14
b X 36
o CLEAR X 37
; ~ COMPARE_Kf(X) TO-ZERO
13 IFX>Yy 53
"4 3 03
!
15 1 ol 1]
i 6 eoTolI) 44
* ; 7 2 02| = BRANCH TO INCREMENT| CHANGE
18 4 04
- O 7 25
ia y>( | a0
I A b 14
' d 17
Y d ROLL A 22

TN
N
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PAGE 4. PART NO. 09I00-700ll
Display Storage
Key Code ¥ y P £ o d c b
4 04
14 25
CHG SIGN 32
VX 76
X>() 23
: e 12
§ y->t) 40
{ £ 15
; CLear X | 37
| A 27
j A 27
| 1 Ol . ENTER 1 FOR COMPLEX DISPLAY
; IF FLAG 43
| cear X | 37 | > FLAG IS SET FOR REAL ROOTS
? 3 |93 1 FOR-ONE REAL AND TW
* sToP 41 lor 3 0 0 COMPLEX | ROOTS, 3 FOR
| b |3 THREE REAL ROOTS
? RoLL ¥ | 31 | = POSITION DISPLAY
; RCL 6l
J END 46 Re1'2 Im1.2 X3 DISPLAY

(@8] HEWLETT  PACKARD

)l HEWLETT: PACKARD

)

[
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the factors of any positive integer n.
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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 —— Z
0 —— Y
n —— X
~»PRESS: CONTINUE
DISPLAY
[ N —— Z
remaining
factor
L Factor X
FINAL DISPLAY
n Z
1
Factor X

n =50

Factors are: 2, 5, 5

(B)

n - 2.9393939 x 10"

Factors are: 2.9393939 x 107

(n is a prime number)

C



09100- 70013

0-1

Enter X
X =n

-

|

f=1
K=2
n e

y 0-8
» n/K |
A

n—ee¢

n=n/K
A 1-9
Y —
No. 7z o ’
1 — Y . __.__ N
Last <
= ( DISPLAY )
{ DISPLAY )
2-d
K=f
‘ 2-1
f=f+2 |= l
2-3
Set
Flag







(@ HEWLETT- PACKARD [ HEWLETT- PACKARD  [®] HEWLETT - PACKARD

[@] HEWLETT- PACKARD

@] HEWLETT- PACKARD

PAGE | PART NO. 09100-70013
Display Storage
Step Key Code % y s £ o o -
0 i 0 cLear 20
i1 sToP 41 X 0 0
i2 x>0 (23|l
3 o 7 STORE—X
4 A 27]
5 1 | ol |> STORE | AND X
|6 acc + | 60
A T . | N
’1 8 = 352:|/ CACCULATE 7K
1S9 Fx>y |53
ii:? 3 03 | = BRANCH FOR FINAL DISPLAY
t b 3 03
cl x2y 30
v d A 27
1,0 inx |64  COMPARE || TO K ANDBRANCH IF
1] rr<y |52 [ K 1S NOT. A FACTOR
2 1 ol
1 3 d g
E 4 ROLL ), 3|E
'5 d 17
;6 roe | 31 | = POSITION DISPLAY AND [STORE UNFACTORED! POR[TION
17 y->t) 40
8l B 2
e sTOP 4I[ K N/ n
; & 1eoTo()) | 44
%gf_“? 0 00 | = BRANCH TO CONTINUE FACTORING
c| 8 |1o]
—P o cear X | 37
2 ; O] row 31
b 6 06
; 2 IFX>y 53--
13| seTrae | 541 = SET FLAGIF 6>K
: 4 . cLear X 37 1)
1 5 ¥ 25
'8 2 | 02| = CALCULATE f+2
A ; 7 1 acc + 60 ||
18 IF FLAG 43
fg 2 o2 BRANCH WHEN FLAG IS|SET
g d |17
| & | nee + | 60 -‘\ CALCULATE £.4.2 AND SET ELAG
E{:" SET FLAG 54__], bl N
—-Hd RECALL 61 SET K=f
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“PACKARD

(@] HEWLE

(@] HEWLETT:- PACKARD

ACKARD

@] HEWLET

(@] HEWLETT- PACKARD

CKARD

\

(@) HEWLET

This program finds the real roots of equations of the form f(x) = 0. The solution evaluates i(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)

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

—3 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 £(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 (xj is initial x from which
search is to begin.)

PRESS: CONTINUE

DISPLAY

#f (x3-1) - £ (%) Z b{ote:)
) f(xj-1) is random
(%) Y the first pass and
X product is mean-
ingless

Xi

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

at (xp_q) - £ (%) —
f (Xi)_ Y
xi — X

The calculation stops when x; is a root, x; is
successively replaced by xj + A%, (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 N

. "“;j/
1. FIND ROOT OF x = cos X

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

C



C

EXAMPLES (con't)

09100- 70014
EXAMPLES (con't)

2
{ﬁ—— Given the initial x
—%— X condition y = 4,

find x.

y:

Rewrite equation as
f(x) = y( + cos 75 x) - 72./x

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

SET: | | RADIANS

ENTER DATA: y =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 J(xinX)

Instead of entering A x, evaluate f(x) at a
new value X5

PRESS: END
ENTER DATA: X, = 1—»X

PRESS: CONTINUE

DISPLAY
(JUNK) Z
-5.87 v f(x,4)inY
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 1022
-2 -1 | f(x,4)inY
4.868292372 -01 J X contains root




09100-70014

Initial Conditions

XO inX

CONTINUE

Bl

Y 0-0

SET FLAG

g |

X+ Ax—»x

2-4

Save Ax

0-1

x —»d

Y o3

Find f£(x)

]

X=X

PAUSE Y = f(x)

IF FLAG

3-1

Not first pass
both f(x) old and f(x)
new are available

Stop, user enters Ax
to begin searching for
root

YES

Is
Product of

f(x)i - (%) i1

Product = 0

YES, ROOT FOUND

1-8

Recall x

Axe— -0.1Ax

N



[ HEWLETT- PACKARD [@ HEWLETT- PACKARD  [@ HEWLETT - PACKARD @] HEWLETT - PACKARD

@ HEWLETT- PACKARD

EXAMPLE | PAGE | PART NO. 09I00-70014
Display Storage
Step Key Code ¥ y 2 £ e d - b P
6,0 A 27 X X
41 cosx |73 cos(x) EXAMPLE | FINDS THE RQOT
i 2 - 34 x —cos(x)=f(x) OF x=cosx. REWRITE THE
1 3 % 25 f(x) EQUATION | AS f(x)=x%-cos|X.
"4 leoTot () | 44
5] 0 oo
— 6 6 06
17 END 46
'8
1 g
e
C
' EXAMPLE 2
6,0 A 27 X X
EIREANES - EXAMPLE |2 FINDS THE ROOT
| 2 X 36 X 2. /%
e 2 02 2 OF y= slcosThx - GIVEN
4 = 138 ™% THE |INITIAL_CONDITION THAT
‘5 1 ol | y=4, FIND x.| REWRITE
6] x2y |30 %> | THE | EQUATION AS
4 cos x 73 cos (%) f(x)=y(|+cosg—x)—1r2ﬁ .
8 + 33 |+cos(m¥2)
g d 13 y
| 3 X 36 y {1+cos(m¥/z)
' hl d 17 X
| y® |7e VX )
' A 27 Jx |+cos(m¥/2)
7,00 m |56 ™
1] x| 36 /X
; ol x 36 T2/X
1 3 v 25 m2/%x |y |I+cos(m¥/2)
i 4 - 34 f(x,y)
5 ¥ 25 f(x,y)
6 eotot 1) | 44
Z 7 0 00
—1 8 6 |06
9 END 46
of
b
T
d




PAGE 2 PART NO. 09100-70014
Eé Display Storage
§§ stee Key  |Gode X y z F e d I & a
O
g»o ; ()| seT FLAG | 54 : N
ﬁ g-L* 1 x> ) 23 K\/
Wel| 2l d |
= g 1 3 | eoTor () | 44
e ;
i g TH 4 6 06 5.
g ) { 5 O 00 §
l | 3 A 27
Bl 7 y20 |ea
q |8l 4 o
< 19 X 36
; > A >7 | NEGATIVE PRODUCT MEANS ROOT JUST |PASSED,
- ‘ ZERO--PRODUCT—MEANS—RODT—FOUND
ﬁ Ny d 17
= : e PAUSE 57 Xj f(x;) f(xj-q)- f(xj)
% v | FLac 43
s 11,0 3 o3
1 1 ol
- H
& ¢ | 2 ROLL 3|
§ 3] cLear X 37
g | 4 Fx<y 52 .
- % [§) 2 02 NS
% 6 0 00
= 17 FX=y 50
= B I N
il RECALCULCATE T1(X) o FLAG AT (O)-{U) 10
= | 9 coTo)) |44 | STOP AT (2)=(c) ON_NEXT_PASS
g 0] 00
e b 0 00
% | [° | CHG SIGN 32
2,0 1 ol
i:% L b 1 ylu 24
- b
= |2 5 |05
T 13 b ¢ 36
& r—H 4 y»0 40
Y115 S5 05
alm
oz | 22—
< E LT 33
{,;};) &) wx=y |50 IF Xnew=Xold THEN ROOT, HAS BEEN FOYND IR
z 9 0 oo | AS NEAR AS POSSIBLE @
oy " 3 0 00
A
= th v 25
?é : [ ieoTo( () | 44
@ |y,d] 0O oo
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PART NO.

PAGE 4

O ™ o
S J )
i)
o
o=
[ R RN <L
g o
£ =g
Sd XAmno
-« O
[¢9)
n wO .
-z
wuHI <
“ A
om
O
<
T
N <
T
SF
T
o W
Aﬂ)ll
=
X
-3 —
2 x| X .
&> ﬂwamu
[=] N\}kn
of £ Y
£o T »
m rm:&
SRMHmW
Wy =
=T O
gL
ZWX O
e &= W
g ©
M <
Py a
£ | &
a 1Ol NIt WO MO D LSO NI IOINOO D OOulmIO - NS Wi~ mOum
m SRS RNV PO DU SR SV AR SR SN SN SRR SRR S SN NUNIPN NUWN SRR ISR NN U SURNPH ST NI S S I N — ek JNURES SR SRUUUNE SN S S S -
@1 6 :

QuviIOVYd - LLITMIH @]

QUVIOVYd - L1IFTMIH [@ JUvYYMOVd -LLITM3IH [@0  d¥vADVd - L13TMIH @]

JuVAOVd - LLITMIH [@)




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

The two equations are of the following form

AIVAOV -4 LITMIH (@]

(1)
@)

.
.

)
o =]
B S S
P > b =
« —~~ o \lc ko]
~. L o L w b}
%\ 4+ 4l [T -
0 ) =] ) -
i I 1 — N > N 0
I . k S P ha m m
> R
2 M o = m ) < 1% =
r I [ I o > U oo
8§ 5 x x =2 o 8 2 0
(0] > ot =1 (23
S o [ QS -
.mab e ¢s m S
o g 8§ 32
7 4 =
Q
I3
~
Bl
8
[=]
w0

The solution is obtained by normalizing the coefficient of x to 1, yielding the equations:
The value of x is then found by substituting the value of y back into the second equation.

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

Reference

AaVIOVd -113TM3IH [@)] QIdVAIVL-LIFTMIH [@]  QIVMOVd -L13TMIH @]  qyviDd fm_:_.u.:su_._ (@)
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USER INSTRUCTIONS

EXAMPLE

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

PRESS: CONTINUE

DISPLAY
0O — 2
6O — Y
0 — X

ENTER DATA: 2 —» Z, b —Y, ¢ —»X

PRESS: CONTINUE

DISPLAY
0 z
0 Y
0 X

ENTER DATA: ¢ —*» Z, d —»Y, { —X

PRESS: CONTINUE

DISPLAY
0 Z
y Y
X X

——TO RESET PROBLEM:

Solve the following equations simultaneously

for x and y.

(1) 2x+ y=6
(2) 2x+3y=1

Data to be entered:

2

 —

1 ——»

Solution:

General Form:

ax
cX

—_—

ot

+ +

.25

i u

- ©

K N

(1)

(2)

C



PAGE 1| PART NO. 09100-70016

Display Storage

ey |Code x y z F e | d c b

CLEAR 20

SET FLAG 54

(@] HEWLETT- PACKARD

IF FLAG 43

AcC <+ 60
o s 37 | S CLEAR-OUT STORAGEAND
SET THE FLAG
L4 A 27
é A 27
ENTER DATA-(COEFFICIENTS —

| sor |41 ] e b a AND|CONSTANT OF FIRST
i ROLL A 22 EQUATION
; = 35
% row A | 22 | | CALCULATE ©/a AND P/a ON THE FIRST PASS;
i xly 30 [ V¢ AND %|ON THE SECOND PASS
| - 35
i WV 25
%

(@] HEWLETT - PACKARD

Wwﬁw Y AND ENTER-COEFEICIENTS
0 00| = AND CONSTANT OF SECOND EGUATION

2 02

[@] HEWLETT- PACKARD

!
? [’ A £
' 2| acc — | 63] > CALCULATE ( 7a-7/c) AND ( %a/c)
! xly 30
| yolu | 24
! e 12 CALCULATE y
; o 5
| - 35
; 5] Bl
g x2y 30
X 36 | = CALCULATE «x
ROLL 31
- 34
CLEAR X 3:{__
2 ROLL \/ 3|
END 46 | X y 0

[@] HEWLETT- PACKARD

QMU o oNeo b= oM Lo NDOLIWNN- oI nDu oo~ Oow;

(@] HEWLETT - PACKARD

<%
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This program calculates n! for integer n where 0<n<1012
n!l=n(n-1)....3-2-1

No Reference

QYVIOVde Ll TMIH [@ QUVNOVd -LLIATMIH [@]  QUVIOVE-LLITMIH [@]  AQYVMOVd -113TM3IH [@]  AYVYAD Vel 13TMIH [@)]



09100-70017

USER INSTRUCTIONS EXAMPLES
ENTER PROGRAM: (Starting Address is (0) (0)) DATA SOLUTION TIME O
PRESS: GO TO (0) (0) [or END]
= 1 =
- PRESS: CONTINUE An=0 nl =1 3 .
DISPLAY B n=27 n] = 5.040x 10 2567 sec.
C) n = 1000 n! = 4.0239x 10 16 sec.
D n =104 01 - 2.8463x10°°%%9 2 min.
53 sec.

coo
M N

ENTER DATA:

n ——» X

PRESS: CONTINUE
DISPLAY

Exponent of 10
Decimal Number of n!
n

MN

— TO RESET PROBLEM:
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(@] HEWLETT - PACKARD

(@] HEWLETT  PACKARD

(@] HEWLETT- PACKARD

@] HEWLETT - PACKARD

Fad

[ HEWLETT- PACKARD

FROM 3-c

Display Storage
Key |Code x y z Flel|dl|c]a
CLEAR 20
sToP 4 [ n 0 0 ENTER n
xE;‘) T: —l'> STOREn
A 27
1 Ot
x2y 30
ROLL A 22
acc 4 60
IFx=Yy 50
2 02| =BRANCH IF n=0 TO SET n!=1
I c 16
LF M Z%L FORM-rysforr—d Yol premD.) 2.0 1
v ]d x 3g AV LR LA B AR O Y | Yoo .o
1 z {3} | EnTER EXP | 26
" 9 I
L2 0 00
Y 88 ARl PARTIAL < 1090
4] 2 02| >y 0FCREMENT (n-k)BY| 1
L 5 3 03
; £ | ENTER Exp | 26
17 | cHe siGN | 32
. 8 9 ¥
e 0] 00
;z? X 36 REDUCE EXPONENT OF ni (PARTIAL) BY
< = 90's AND-—SUM—THE VALUE OF - THE
b 0 9] EXPONENT OVERFLOW [IN £
| r A 27
v d 9 I
2,0/ 0 |00
(1 acc <+ 60
| 2 2 25
—p 2 1 ol
4 A 27 | = DECREMENT (n-k) BY 1
| 5 | CLEAR X 37
L§ | acc — 63
E 7 RCL 6l
| 8§ | cLear X | 37
g leotoli) | 44
| BRANEH—TO-MULTIPLY— THE
g 0 00 PARTIAL FACTORIAL. _BY (n-=k-1)
Bl 9 |1
o % 25
I i rf | ENTER EXP | 26




@ HEWLETT - PACKARD
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PART NO. 09I00-700I7

(@] HEWLETT - PACKARD

-

[ HEWLETT - PACKARD

[#] HEWLETT - PACKARD

@] HEWLETT- PACKARD

Display Storage
Step Key Code x y - £ o o - 3
3.0/ 9 .
§ N
1 IFX>y 53 <\//
2 3 03
' 3 d 17 ||__REDUCE EXPONENT OF |n! BY 9% AND
"4 | ener exe | 26 || SUM THE VALUE OF EXPONENT OVERFLOW IN| £
5 CHG SIGN 32 '
| 6 9 H
L7 X 36
8 9 '
19 acc + 60 ||
§ | eoT0(10) | 44
b 2 |02 |>BRANCH TO COMPARE n! TO 10°
, I d 17
" 1 ol
1
4,0/ 0 |00
1L rE>y 93] B ANGH-IF - ARGUMENT () <102 TO- RECALL
2| 4 | 9% > prsUITANT EXPONENT AND DISPLAY
e c 16
: 4 21 -
7N
Iy 1 ol L
3 REDUCE —EXPONENT-OF lnl BY s AND—SUM N
6 X 36 THE VALUE OF EXPONENT OVERFLOW IN |
17 1 o}
s 8 acc <+ 60 ||
| Q| eoTo( ()| 44
3 3 o3 [ BRANCH-TO~COMPARE To—10°
: I} d 17
' F 15
td X2y 1300 ercALL nl AND. EXPONENT._OF o
50 A 27
P o 17
2 o | ae n DEC.NO. (n!)EXP OF 10 | DISPLAY
'3
f
4
15
'6
7
E C
) )
|
L g |
L& |
L !
v i d ‘




(@] HEWLETg./ACKARD (@) HEWLETT- PACKARD  [@ HEWLETr“PACKARD [@] HEWLETT- PACKARD [@] HEWLE!“ACKARD

This program will evaluate a polynomial of the form:

_ n n-1
f(x) = AX +A X "...A x+A,

Input data is a, An . - « A, and the value of x for which the polynomial is to be evaluated. Any

-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.




09100-70021

USER INSTRUCTIONS

USER INSTRUCTIONS

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

PRESS: CONTINUE

DISPLAY
00— 7
0 —Y
X

ENTER DATA: AIO—DZ, A9———->Y, A8—>X

ENTER 0 if term does not exist.
PRESS: CONTINUE

DISPLAY
0 Z
0 Y
0 X

ENTER DATA: A7—>Z, A—»Y, A—»X

PRESS: CONTINUE

DISPLAY
0 Z
0 Y
0 X

ENTER DATA: A‘T—b z, Ag——-> Y, A2—>X

PRESS: CONTINUE

DISPLAY
0O — 7
0 —mY
0 — X

ENTER DATA: AI—’Y, A(‘)—’X

PRESS: CONTINUE

A

ENTER DATA: x —»X- (\\

J

PRESS: CONTINUE

DISPLAY

f(x) ——Y

Wish to enter
anewx ?

EXAMPLES \

(A) Polynomial: x + 10 (A1 =1, A0 = 10)

(%)

11
12
13

[PV U -

(B) Polynomial: x9 - 2x8 + 4x’7 + x2 +x + 100

A.=1, A,=-2, A, =4, A,=1, A.=1, A_=100)
9 8 2

7 1 0

X (%)

1 105

2 618
.1 100. 11000

General Form:
(9 = A +A XL Axe A 1<nglo O



[ HEWLETT - PACKARD @ HEWLETT PACKARD  [@] HEWLETT - PACKARD

)] HEWLETT: PACKARD

(@]

@1 HEWLETT- PACKARD

FROM-6-C

PAGE | PART NO 09100-70021
Display Storage
Step Key Code X y - F = dJ -
0,0 CLEAR 20
o 1 Ol
izg sTOP 41 Ag A, A,g ENTER DATA
e xX->(0) 23
b4 3 13
B y»0 | 40
| 6 8 10 STORE Ao, Ag, AND Ag
b7 ROLL v/ 31
38 y->u 40
1O 9 i
? P CLEAR 20
W) sTOP 4| Ay Ag A, ENTER DATA
E T xX->() 23
Vi b 14
170 90 | w0
1 C 16 > STORE A; Ag AND Ag
; 2 RoLL & | 3
'3 y>) | 40
4 d
I 5] CLEAR 20
(B sor | 4l A, A, Ay ENTER DATA
17 x>0) | 23
8 0 00
PG rROLLY | 31
, & x>) | 23] —>STORE A4, A;, A,
i h 7 o7
o y->0 40
v 1 ol |
2; 0 CLEAR 20
1 stor | 4l Ao A, 0 E ENTER DATA
ég acc + 60, > STORE A, AND A,
i3 ¥ 25
4] 2 |8 _—% o 0 ENTER_DATA
—-T% 5 sTop 41 A £(X) X AND_DISPLAY.
I- g y2u | 24 ———
79 | n
8] ¥>0 | 40
e 9 I
EINENED
th ROLL 3|
‘r y2u | 24
v oo 8 10




)

PART NO 09100-7002]

PAGE 2
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T |7 > |1 3 > t T > > tolf o
2 ﬁ8+.wxa+.vxd+|vxc+|vxb+|vx Oi-Lm I+ x|vy7vﬁ7+ X L I
m8123456?895&fd0§23456?8§a&ad0123é56?895b5,3
| — o~ S 17, S — — O

QIVADVd - LLJTMIH @]

QAVADYd - LLITTAMIH (@)

QUYNOVd - 11T TMIH [ QHVYNOVd - L1TTMIH @)

Adviovd - LLITM3H (@]
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QUVXOVd - LLIFTMIH [@]

o

QYVIOVd - LLITMIH @]

QUVXOVd - LL3TM3H @1

O

QYVHIOVd - LL3TMIH (@]

"
-
gl u
§
@l w
L]
G
1]
Z <nq
94 o
g 5 5
Bl e w wen
a ot
o
T.D....
p=4
I
Sl
ku\lw
" 8 >
w2
E mivlojlalmwiolp ! mictle alolo
M323|323|334004
NE
x| o Q
g |+ x|u+|> x|y |+]F |0 E
3o
(Z)
@01234567898b5d0 IO < DO MO AU IO~ N < O~ odMiLOlium
# © -
P E——

QUVIOVd - LL3TTM3H @&

O
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Storage

Display
J

Code

Key
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&
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|

YYDV - LLFTMIH @] |

QHVMOVd - LLFTAMIH [@ Q¥VMOVd -LLFTMIH @ QUYYIOVd - LLIFTMIH @ QyvXOVd - LLITMEH [@)]



ACKARD

@ HEWLE

(@] HEWLETT- PACKARD

ACKARD

(@] HEWLET

(@] HEWLETT- PACKARD

ACKARD

(@] HEWLET

This program inverts a 3x3 matrix of the form:

41 %12 13
A= | 31 23 33
831 39 f33
and calculates: — .
| P Pr2 Ps
A 7 =) byy byy Doy
gy bgy DPag
where -1
A-AT =1
where
0 0
I-= 1 0
0 0 1

or solves three independent equations of the form:
A1 %) * Bp¥p * A3 X3 = Ky

391 %1 + 299 %g * 393

831 %1 * 839 %y t 333 X3 T B3

for X15 Xg) and Xg.

2

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 —— 7
0 Y
0 X

ENTER DATA*:

311—-’- Z
1~ Y

a31—> X

PRESS: CONTINUE

DISPLAY
0 z
0 Y
0 X
ENTER DATA:
197 7 2
a22——> Y
Ao+ 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
invert the
input matrix

+ YES

PRESS: CONTINUE
DISPLAY

b11 —_—Z
b21 —Y
b31—X

PRESS: CONTINUE

DISPLAY
N
b12_ z
b22 —Y
b32 —X

-/

PRESS: CONTINUE
DISPLAY

Wish to
solve three
equations si-

multaneously ?

PRESS: 'SET FLAG
PRESS: CONTINUE
DISPLAY

7
—Y
1 — X

ENTER DATA:
(Do not disturb Y and
Z registers when Ki's

(i=1, 2, 3) are being
entered) K1 —» X

PRESS: CONTINUE
DISPLAY

\
b13—Z — Z
b23—Y — Y
b33——X ) 0 —X

Desire
check?

ENTER DATA:

b —7Z
11

0 —/»Y

0 —/™X

PRESS: CONTINUE

DISPLAY
a’ll —_—Z
azl —Y
a,, —X

31

ENTER DATA: K3—> X

PRESS: CONTINUE
DISPLAY

— Z
-— Y
0 — X

ENTER DATA: K2-—>X

PRESS: CONTINUE

N
N/




USER INSTRUCTIONS (con't)

09100-70022

EXAMPLES

PRESS: CONTINUE DISPLAY
DISPLAY X, —7Z
a,, —7Z Xy —Y
21 X, —X
299 —Y 3
Aoy —X
32 TO RESET PROBLEM:

re-enter program and
repeat USER INSTRUC -

PRESS: CONTINUE

DISPLAY TIONS.
ag —7
a32 —Y
a33 X

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

(A) Find the inverse of the following matrix (A).

General form:

41 212 q3
A Sl 2y A9y  Ag3
331 233 233
byy by byg |
-1
A 7=l byy byy  Dog
bgy  bgy  bgg
- pu—
KR!
A=12 8 4
1 2 8
B

Solution:

) L1429 -.0714 0O
A " =]1-.0306 .1582 -.0714
-.0102 -.0306 .1429

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

a11%1 * 319 %9 t 33 %3
391 %1 + 89y Xg + 353 Xg
g1 Xj + 839Xy +a33 X5 = K4

X+ Xy +2x3= 3

4x1 +3x2 + Xg = 1
2x1 + Xg +6x3= 4
Solution:
xy = -3
Xy = 4
Xg = 1

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

211 213 3 by Pra Py
891 299 %3] or | P21 Paz Pa3
a37 33y 233 b3y b3y D3y




09100-70022

EXAMPLES (con't)

Stored in the following registers

z 0 a
b e 1
c f d
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& [Hsplay Htorage
sl Bten Koy Code o ) N
w x ¥ z f g | d s b El
» :
gi’” 0. C CLEAR 20
é«:“ @ STOP 4| G3| 02| 0“ ENTER DATA
i o X>i) 23
oo
2 P 3 C )
T L4 yst a0
B 5 b 14| = STORE COEFFICIENTS
] ‘@ \4 25
& -
Q_*;' | g‘v y—)( ) 40
:Q § & d 13
o -
wf 19 CLEAR 20
G ; -
g sor | a1 s, Uyp a, ENTER DATA
L LR y2u | 24
o
= - e 12
b ;
- yia ROLL A 22
bl RPN
& 1, yau 24 = STORE COEFFICIENTS
01 £ 15
2 21 xs0 | 23
> '3 0 | oo
5 x
o [ 4 cear X | 37
o
a 51 stoe | 41f] Oy 9p3 di3 ENTER DATA
z; B X->() 23
= 7 d 17
L e
- | o CLEAR X 37
! g RoLL & ¢ 31
& 2 ' CTARE - COFEEICIEN TS
- ~ 1 UMNL W) FrTTUICEIN T O
- you) 24
& ‘G g I3
g x->0) 23
L -
< L 1 0l
0. - ==
i& 2,0 cEaRx 3.7—"-
L 1 A 27
wd !
= I——h o y20 | 24
L
T g 3 0 00
1
S0 |4 x2y | 30
&
- ) rOLL A | 22
g2 l'8 = 35
<5 |5 = - aiz ai3
X & P yeu) 24, > CALCULATE AND STORE /a,; AND /4y
{2 ;
<t 1 8 C 16
o ; ~
- 9 yae) 24
2 'h = |35
Lud :
T o yz2u 24
& ; £ 15




PAGE 2 PART NO. 09100-70022

[@] HEWLETT- PACKARD

[@] HEWLETT- PACKARD

[ HEWLETT - PACKARD

@ HEWLETT- PACKARD

[@] HEWLETT- PACKARD

Display Storage
Key  |Code x y 2 Fleld]| c| &
A 27
1 ol
IF FLAG 43
sto 4|_[ K, 0 0 ENTER K,
SET FLAG | 54
x2y | 30 > CALCULATE Ky%
- 35
y2u 24
d 17
y2u 24
0 00 L CoAGIIALL  AALINTED
y:() o4 ~ IWLTTUOITTIUIN CUUNTLEN
d 13
c 16
X2y 30
X 36
ROLLY | 31 1L mnr cin AT AN _cTARE a3 9jp
- 34 ~— UUAHALUVULATID ANU  oTUNRD U33 0”
you | 24
b 14
y2u 24
0 00
v 15
ROLLA | 22 ~
X | 36| > CALCULATE AND STORE_ asz — —it>
ROLL V¥ 31
- 34
¥ you | 24
e 12
d g
RoLL A | 22
CHG SIGN 32
X 36
i 5 cearx | 37 o
(6] wna | 43| > CALCULATE AND STORE| Kj = —
| 7 sTop 4|
1 81 seT FLAG | 54
'9 + 33
; d you) | 24
iy} 1 ol
i C yZu) | 24
dl 0 Joo




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

@2 HEWLETT - PACKARD

PAGE 3

PART NO. 09I100-70022

Display Storage
Step Key Code % y - F o o -
6,0 € 6 .
1] x2y | 30| > CALCULATE aq,,- ——%
"2 X 36 )
' 3 rRoLLY | 31
4] = |3l
5 ' 15
1 6 roLLA | 22
7 X 36
8 xZy | 30
S y20 | 24 CALCULATE AND STORE q,; - —2—C
'3 0 00 "
I b - 34
"r yZuy | 24
v o 0 00
770 d |7
1 CHG SIGN 32
; 2 x 36 S CALCLH-ATE e ag K
i g CLEAR X 37 - T 2 q|l
[ 4 IF FLAG 43
PE | cLear x| 37
:6 STOP 4 L Ko 0 0 ENTER «k,
7+ | 33]]
; 8 you | 24
g d 13 INCREMENT COUNTER
g 1 ol
L B + 33
s 3 03
vy o | wx>y | 53 B AN N2 10 E ATE B T AN
480 2 | 92| > CoUNTER |AND REPEAT | CALCULATION
~1 2 02
; 2 b 14
'3 x2y | 30 RECALL AND POSITION| SOLUTION OR b,/,b, b3
4 L e ]
5| soe | at|[ by, ba, by, DISPLAY |SOLUTION
6| y20 | 2a) | OR 1By, by, b5
7 0 00
18 y->0) 40
'g 0 00 RECALL AND POSITION| DISPLAY
¥ = 12
t b A 27
ol F sl
v o s | alll b, boo b ] DISPLAY
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[@ HEWLETT- PACKARD

(@] HEWLETT - PACKARD

(@ HEWLETT- PACKARD

[@2] HEWLETT- PACKARD

@] HEWLETT  PACKARD

Display Storage
Step Key Cade 2 y 5 7 = 4 - b
plesuis
9.0] y20 |23
9 1 o
"o ys01 |40
; 3 1 OI L DEOALL AD DAOCLTIONL DICDL AN
l4 d |7 ~— AL URL L N T"UOTTIVIN T UTOTTLERT
; 5 A 27
i 8 =) 3
i ROLL 31
19 eoTor()() | 44
fﬁ 2 02 BRANCHTO DISPI-AY COEFFICIENTS —0OF
L ORIGINAL - MATRIX-—F— CHECK—IS—DESIRED
v b 2 02
; r END 46
y 1 o
T
0O
.
!
| 2
'3
F
1 4
'5
6 .
Ly
8
19
| &
]
s
Lo
H
, O
"1
|
| 2
13
|
4
P 5
)
f
7
1 8
'9
¥
L b
'
d




@] HEWLET@ACKARD (@] HEWLETT- PACKARD  [@] HEWLE ACKARD [@W] HEWLETT- PACKARD (@] HEWLEQPACKARD

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 f(t) is:

a (224
_ 0 27 nt .
f(t) = 5+ > a cos —m— + b sin
n=1
where t0+T
2 f 2T nt
a, = 7 | f(t) cos — dt
0
0+T
2 f 2t
brl = T f(t) sin B dt
to

27 nt
T
n=0,1,2, ....
n=1,2,3, ....

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

USER INSTRUCTIONS

15, February 1969

USER INSTRUCTIONS (con't)

SET: | RADIANS |

]

ENTER PROGRAM: (Starting Address is 0 - 0)
PRESS: GO TO() ()

PRESS: 6

PRESS: 4

-

ENTER: Steps to take t from the X register (t
is also stored in the e register) and form
f(t). Leave f(t) in the Y register and
exit to location 8-4. Steps 6-4 through
8-3 are available for forming f(t). The
FLAG is not available.

seT: || RuN]
PRESS: GO TO() ()
PRESS: 9

PRESS: 9

SET: | PROGRAM|

SET: | PROGRAM| |

PRESS: sin X or cos X depending on desired sine
or cosine coefficients. If series involves
both sine and cosine, then initialize pro-
gram to cos X.

SET: RUN

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

PRESS: CONTINUE

DISPLAY
0 — 7
0 ——Y |(nis setto0)
1 ——X

ENTER DATA:

Number of panels
must be an even number —» 7

—_— =
tO+T Y

Note: n is contained in the a register.

—®»PRESS: CONTINUE

DISPLAY

t0+T—-—Z
a orb———Y
n n

n —————X

-

To change from cosine series to sine series--

PRESS:
PRESS: 9
PRESS: 9

SET:
PRESS: sin X

SET:

| [ro |

PRESS: CLEAR

PRESS: X —»()

PRESS: a

(n is set to 1)

coTOo () O

PROGRAM | |

PRESS: GO TO() ()

PRESS: 5
PRESS: 7
EXAMPLES
Example #1
f(1)
O
t
-3r =27 -T o T 2T 3T
£(1) =12 —T<tsT
2 0 x
I > (an cos nt + b sin nf)
n=1
Data: Number of panels = 100
T= 2T
= - T
Solution:
tO + T = 3.14159
a, = 6.57974
ay = -4,00000
a, = 1.00000
a, = - .44444
3 b =0; f(t) =£(-t)
a, = . 24998 n
a5 = - .15997
36 = .11107
3.7 =-.08158 Q
a8 = ,06243




09100-70023

EXAMPLES (con't)

Example #2 tHt)
—_— o 2
2 4
f(t) =t O<t<?2
f(t) =2 2<t<4
a oo
0 nr .o2nmt.
(9 = 5 + 2 (a cos =i~ + b sin =5)
n=1
Data:
T =4
ty = 0
Number of panels = 50
Solution:
to +T =4.0
a, = 3.00053 b1 = -.63662
a; = -.40582 b2 = -. 31832
ay = .00054 b3 = -.21223
ag =~ . 04557 b4 = -,15921
a, = .00057 b5 = -.12744
ag = -.01676 b6 = -.10631
ag = .00062 b,7 = -.09128
ag = -.00883 b8 = -,.08009
ag = .00069

Note: See step page 1 for steps needed to exe-
cute examples 1 and 2.
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O

(@] HEWLETT- PACKARD

(@] HEWLETT - PACKARD

o=

FROM 1-¢

@) HEWLETT - PACKARD

,—FROM i:? & 2-d [—

Display Storage
Key |Code x ¥ z F e d c b
C 16
ROLL A 22
2] A er
|3 IF FLAG 43
4| 3 o3
;53 b 14
(6| seTrRac | 54| .
17 4 04| = CALCULATE 4g(ty+At)+2g(to+2At)
; & eoTo( ()| 44
19 3 03
-3 16
b 2 02
- x| 36
o \’ 25
4? O acc + | 60
1 coTo( 1) | 447
:2 1 Ol'{ = BRANCH TO CALCULATE| ANOTHER PARTIAL| AREA
: 3 03
_ﬁ £ 16 7] RECALL At AND CALCULATE t+At.
! rot A | 22| = PLACE t+At AND g(t)] IN THE ACCUMULATORS
; Acc + 60
! GoTo( )t )| 44
1 01} = BRANCH FOR OTHER PANEL CALCULATION
+ 3 03
CLEAR X 371

ro A 221 = SUM g(ty+T) TO g(tg) #+4g(to+At)+2g(ty+2At)+---

acc + 60

@] HEWLETT- PACKARD

WIOI~NI®O2WMN = O L ML OO ~NO MW

@] HEWLETT - PACKARD

'§ RCL 61
5, A 27
f [ L || SRR IS DNV P
—~ TOLTIFLY AT /770 FTvVIE D SQUIVIVIATTUIL fo) ulf o { | site}
| X | 36
; 3 03
z - 35
! E] 13] = RECALL n, THE HARMONIC NUMBER
| stor | 41 [ n ap or bp to+ T DISPLAY
Z CLEAR 20
| =] 13
f A | 27
3! 1 | o> INCREMENT n
L b, + 33
L y->0 40
d| a3 13
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1-6

FROM

Display Storage
Key |Code x y z F e | d c b
b | 13]>> RECALL t,
GoTo( )( )| 44
1 ol BRANCH TO CALCULATE COEFFICIENT
2 02

[

CONTINGE | 47| STEPS 6-4, THROUGH 8:3 ARE

@ HEWLETT- PACKARD

O Q0

AVAILABLE | FOR FORMING _f(t)

VALbA NN TR RUN .. T fed e RN R AR o ff fod. 141 ADL‘A
LAZ [~ B =Y A A =YY A AV | Sy py A S VA e o i_AE

~§ i h

WITH _CONTINUES. . TO. AVQID . THE POSSIBILITY,

o

OF AN _END STATEMENT| AND THUS _RECORDING

o

AND ENTERING PROBLEMS .

(@] HEWLETT- PACKARD

N

CONTINUE 47

[@) HEWLETT- PACKARD

] HEWLETT- PACKARD

LN oo~ N = O IMr Ly ©O~NOO A Wi = Ol W

[@] HEWLETT- PACKARD

!
!
i
2
|
|
: v

8, CONTINVE | 47
!
|
| v
f o | o3z
I X 36
f d 17
2 A 27
| b | 1a| > cacuate -£U
f - | 34
; m 56
! ROLL 31
f - 35
: RoOLL A 2§__|
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[@] HEWLETT - PACKARD

Display Storage
Key |Code x y F4 f e | d c b
xly 30
-~ 35
2 02
x> CALCUCATE &g —2znt
e 12 1 T T
N —
X 3 or—2Lit) 2wnt
5 - OR T SIN £ =g
X |36
v 25 ‘ o
cosx |73 || = AS ENTERED IN THIS STEP: o> [“h- b=V F® 8
DTN RLCUULCARTLES Un
X 36
ib GOTO( )( ) 4.4—-
1 |ol |~ BRANCH TO INTEGRATE AND OBTAIN| COEFFICIENTS
V- oJ| 7 o7

[ HEWLETT - PACKARD

END 46 AFTER EXECUTION DATA [S STORED IN _THIS

REGISTER WHICH DESTRQYS THE END | STATEMENT,

THEREFORE,| RECORD PROGRAM ON A MAGNETIC

AALAONS AT

CARD—BEFORE EXECUTION:

(@) HEWLETT: PACKARD

(@] HEWLETT- PACKARD

OINMDT L O OINIOOE2WND=-OMT RO ~NO e W =IO

[ HEWLETT- PACKARD
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These program evaluate the Gamma Function,

where

24

-t V-4
r(v) = fe t dt

Program | evaluatesI" (V/)over the range 0<1/ < 69.98

Program 2 evaluatesI'(¥/)over the range 0<¥/ < 109

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




09100-70024

USER INSTRUCTIONS EXAMPLE
\\
PROGRAM #1 0<l < 69.95 PROGRAM #1 (/
. . V =1.750 '
ENTER PROGRAM (Starting Address is 0 - 0) T () = 0.919062527
PRESS: GO TO (0) (0) [ or END]
) V =51
—p» PRESS: CONTINUE I (1) - 3.041409320 x 1084
DISPLAY
0 Z PROGRAM #2
0 Y Y =1.750
0 X T (v) =0.919062527
v =91 149
ENTER DATA: V—X ' ()= 9.916779322 x 10

PRESS: CONTINUE

DISPLAY
0 z
rv)——vy
V — X

L— To enter new value for I/

PROGRAM #2 0< V< 109

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

DISPLAY
0 —m Z
0 Y
0 —m X

ENTER DATA: UV-—+ X
PRESS: CONTINUE
DISPLAY

exponent of 10— 7Z
decimal number — Y
V ————— X

——— To enter a new value for I/
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PROGRAM 1 PAGE 2 PART NO 09100-70024
Display Storage
Step Key Code X 5 7 J - 5
3,0/ 5 |os ™
L + 33 L
"o 6 |06
P 3 0 00
g+ 35
5 £ |15
| 6 - 35
b7 - 34
'8 A 27
e 21
g, 5 | CALCULATE (v+——)) In
) + 33
cl F 5
Vi inx 65
4,0 X 36
P v 25
; o + 33
I3 Vi 56
4 A 27 Y
5| 4 33| = CALCULATE In/27 o
, B \4 25
7 Inx 65
8 27
19 2 o2
gl + |3
Lk v 25
 C + 33
Vi V4 25
o 5; 0 e* 74
© 11 A 27
?f 5l F 15
[ 3 A 27
g 4 d g
~ [ B Fx>y 53
g |'s 6 06
& 1—0 o
* |81 wx<y |52 -
‘e 6 |06 NS
* | 7 o7
| fpsoTo)) 44
g r 7 o7 BRANCH TO DISPLAY
V ) 1 ol J
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PROGRAM 2 PAGE 4 PART NO 09100 -70024
Display Storage
Step Key Code X y = - - p C
O; O CLEAR 20
M sToP 41 v 0 0 ENTER v —= X
i 2 A 27
1 3 1 ol
b4l — |34
: 5 y»>0 |40
| 6 d 17
L7 1 ol
:8 7 07
e IFx<y 52
g, 3 |o3 OMIT LLAST TERMS OF P(¥) IF v 517
‘ E b 4 04
L d 17
vy G; intx 64
1,0 rx=y | 50 — SET FLAG IF v IS AN INTEGER
I SET FLAG | 54
; 2| SET FLAG | 54
'3 - 34
;4| cear x| 37
S IF x>y 53
6| oean x| 37 REPLACE v WITH 7 IF v < 17
b7 1 ol
8] + |33
P Q 5 05
g + |33
' b 2 25
C A 27
v' X 36
22 O] acc + | 60
H 2 02
2| x2Zy |30
13 - 35
"4 3 |os| = BEGIN| CALCULATION OF P (3)
i 5 - 34
'6 e 12
7| = |38
1 8 2 02
'9 - 35
3 + |33
iy e 12
f c - 35
v, o 7 07

N

N
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PROGRAM 2
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T- PACKARD
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[ HEWLE

(@] HEWLETT- PACKARD

PROGRAM 2 PAGE 6 PART NO O09100- 70024
Display Storage
Step Key Code % y p £ o J . 5
6,0 + 33 DON'T GO THRU. STEPS TO CONVERT 7/ TO v/ IF v>
‘1] 3 03] | _ AND DON'T TAKE e oF Ink
L2 4 |04 WITHOUT _REMOVING CHARACTERISTIC | FIRST
1 3 IFrx<y 52
4 a 13
5 4 04
¢ | 6 M 25
b7 e* 74
'8 A 27
19 £ 15
*i*i 5, A er
i b d 7
I o IF x>y 53
Vi 7 o7
7, 0| 7 o7
L Fr<y 52
; 2 8 10
e 0 00
: A eoTo()) | 44
g 8 10 —BRANCH TO REMOVE INSIGNIFICANT ZEROS
6 8 10
Hrﬂ 7 1 ol
8+ 13|~ CACULATE v/ FROM 7/
e ¥ 25
\ & X 36
i ,f? GOTO( ) ) | 44
| C 6 06
v o d I3
8 I 0 4 25
b q - 35
2 A er
13 1 ol
4 - 34
f & 60TO()() 44
6 6 06
- 7 b 14
r; £ CLear X 37
fg | Rrowp |22
m | g "rae 1431 = REMOVE INSIGNIFICANT ZEROS
; 1 A intx 64
e [ imz | 64
& A 2777 ]
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(@] HEWLETT - PACKARD

PROGRAM 2 PAGE 7 PART NQ _09100-70024
Display Starage
Step Key Code % y 5 £ e J - b
9,0 1 ol
M1 0 00
z 21 Fx>y |53
1 3 b 14
' 4 4 04
; 5 . 21
1 6 1 ol CALCULATE P
% ,7 X 36 INT
; 8 1 ol
P9 o A |22
: g x2y 30
L b + 33
o] xzy |30
'7 td | row ¥ 31
g a: O rou ¥ 3y
o 1 leotor () | 44
T2l 8 [ho
tt_i 3 d 17
= 4| 1 ol
'5 0 00
(6] nx 65
17 - 35
8] x2y |30
19 A 27 CONVERT Inv/ TO | LOG v/,
Ea intx 64 REMOVE ™ CHARACUTERISTIC,
B - 34 CONVERT DECIMAL T NUMBER TO | 1In
; | x2y 20 ANDTAKE " EXPONENT —OF 10
V! o orow A |22
b, ol x 36
1 \ 25
; 51 e* 74
3 A 27
4| y2o |24
5 d |7
) 1 ol
; 7 + 33| = RECALL AND POSITION DISPLAY
18| xZy |30
{ g y2ou 24
i a d 17
i b END 46 v 'DECIMAL NO. EXP OF 10 DISPLAY
'
v, d
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2
2 d d 2 2
X ___572_ + X—iy + ' -n)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, Jn (x), is a solution where:

, k
n 0 X
7,6 = () z k!( 1;1_+)k.’ x>0

The computation is performed as follows:

5 ) = (—?i 1o f%l){l_gé}%} {1_%_:?;)7},{1_,_,}

Reference:
Handbook of Mathematical Functions
M. Abramowitz & I. A. Stegum
National Bureau of Standards
Sixth Printing, 1967
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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—s»Y, x—»X

PRESS: CONTINUE

DISPLAY
Jn(x) _— 7
Y
X X

.

To enter new value for n and x

(4)

(®)

3

O
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(@] HEWLETT - PACKARD

@ HEWLETT - PACKARD

(@] HEWLETT- PACKARD

(%] HEWLETT- PACKARD

FROM 7-C —

Display Storage
Key Code X y N o -
X 36
Inx 65
- 34 2/ ) .
d 17 CALCULATE q=%"4n+ (n+2)1n () nl J—n
X 36 EXPRESSED AS q=n|(X/2n%In (%
—  3a —n +In ) AND |COMPARE WI] (10)
x| 78 — In(,/27), EXIT AND DISPLAY
Inx 65 Jo (X) IF LATTER |IS LESS
+ 33
2 02
2 02
7 07
1{: Fx<y 52
L 7 o7
; 0 d 17 ]
b d 17
;;3 x2ly 30
g o x 37 ADD GREATER OF n OR X TO
4 rRoLL ¥ | 3|
) + 33_|_|]
6 2 02
17 - 35
'8 xZy 30 FORCE m TO BE EVEN
e intx 64
E El X 36_ |
! g’}’ ENTER EXP | 26
o CHG SIGN 32
; d 9 I
; 0 9 h
I ROLL ¥ | 3|
| 2 y=>t) 140
'3 & 14
acc 4+ | 60
x2y 30
d 17
Fx=y |50
¥ 25
y-=>t) 40
El 13
CLEAR X 37
xZy |30
+ 15

. @ HEWLETT  PACKARD
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(@] HEWLETT- PACKARD

W1 HEWLETT - PACKARD

7
L.

@ HEWLETT - PACKARD

@ HEWLETT - PACKARD

(@] HEWLETT: PACKARD

Display Btoragse
Key Code % y > 4 ; -
Fx=y | 50
8 10| ~ BRANCH WHEN m=
1 o1 |
rott | 3l
IF FLAG 43"_1
6 los| = SKIP WHEN m IS | ODD
6 9 [
}8 SET FLAG 54_‘f AUVOUUNMULATE EVEN rcnvio
19 C 167 |
§ & ROLL A 22
I & X 36
r ¥ 25
g X 138 = CALCULATE T FROM—TAND
, 0 v 25 [ k=1 K
S y2u 24
2 b | 4
'3 x2y 30
| 4 - 34|
s cear X | 37T |
6 A 27 ‘
7 1 0l DECREMENT m (or k)
8 ACC — 63
9 f 15
& 1 6oT0( ) | 44
A 5 05
- 5 05
Ll | cLear x | 37
| O X->() 23
' g 13
; @ rott ¥ | 31
13 e 2
4l 4+ |33
5 + 33
s ¥ 25
7 - 35
1 8 A 27
fg) y2u | 24
9 ¥ RECALL AND POSITION DISPLAY
d |7
xly 30
END 46 X n Jn (X)
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(@] HEWLETT- ;ACKARD (@] HEWLETT- PACKARD

The program determines the series expansion of the hypergeometric function

o9)
z

F(a, b, c; X) =I(c)

=, . Fa+n) (b +n)
r@re) n

0 T'(c +n)n!

Xl’l

The program incorporates programs 09100-70001 (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 (¢ + 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
M N

ENTER DATA: ¢ — Z, b—>» Y, a—» X
PRESS: CONTINUE

DISPLAY

P

L :
n——

To run another case:

X< N

—— PRESS: END

C

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

X1-X) Y+ [c-(a+b+1)X] ¥ -aby=0
has solutions given by

Yl(X) = F(a,b,¢;X) and

Yy(X) =xCra-c+1,b-c+ 1, 2- ¢;X)

XI<| andec#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) = Y2 (X)

n F

1 \
.375 C

.246
.188
.154
.132
.116

S W= O

Thus
Yy(X)=1+.375 X +.246 X2 + .188 X5 +

.154 x4 4 .,
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(@] HEWLETT- PACKARD

[@] HEWLETT - PACKARD

@ HEWLETT PACKARD

@ HEWLETT- PACKARD

. @ Display @ Display N © fHsplay
) : o A % g & . = o
b Hey o X ¥ Z 4 Hay o X ¥ < b1 Kay £ %4 Y &
OE;:) cLear | 20 3 = 134 62@ y>0 | 40
#)1 x>0 |23 #yl F s Nyl = |34
20— |34 20 = 135 I 12
;Z‘”?? d 17 ENTER t;}g y»>) 40 30 xer 87
4] sor 14l a b | ¢ |[4 — 34 4l — |34
;fﬁ coNT | 47 5 f 16 ;%‘3 d 17
{f, cont 47 %gf\ a 13 5 coTo() | 44
i? xX>0) (23 {71 cot0() | 44 ;“? asusy | 77
8 a 13 (8] asuev 77 i85, = 34
‘9 ys0 40 9 8 |10 f@ 6 |06
EI - @l 6 |08 = AT
§ A 25 i xe) 23 35;3 rotL | 3|
y»ty 40 §{: - 34 o X<€) |67
cC |16 Yo e 12 ﬁg:g — |34
coTo( ) | 44 41@ b 14 7.0 e 12
asusy |77 )4} cotor) | 44 (+#14] row 4 | 22
8 10 fg asuy | 77 2 - 35
c 16 3 8 10 i3 xeO) | 67
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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

31

11

C= Co1

where Cij =

M e

a
12

299

32

€22

C32

aikbkj

a
13

293

33

13
23

33

€23

€33

I

il

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

USER INSTRUCTIONS (Con't)

?4) 32 wNo (1
PRESS: END
ENTER PROGRAM: Side A followed by Side B
PRESS: CONTINUE YES
DISPLAY DISPLAY
0 Z 4 Z
0 Y 4 Y -
1 X 4 X
—® ENTER: Row 1of B —— To run another case:
b13 —»>7, b12_> Y, b11 —» X
PRESS: CONTINUE
PRESS: CONTINUE
DISPLAY
0 Z EXAMPLE
0 Y
2 X
1 3 4 1 2 4
ENTER: Row 2 of B A= 4 2 1 B=14 3 1
b23—> Z, bzz—’ Y, b21———>x
1 4 -2 1 6 -2
PRESS: CONTINUE
DISPLAY 17 35 -1
Cc=| 13 20 16
0 Z
0 Y 15 2 12
3 X

ENTER: Row 3 0of B
b33—> Z bgy —»Y, bg; —»X

—» PRESS: CONTINUE

DISPLAY
Z i=4
—Y indicates C is}T
j ——mmX complete

ENTER: ith Row of A

PRESS: CONTINUE

DISPLAY
C.. Z
i Y
! b (1)
* @) 13 ]2) Y
9 Y
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This program determines the real and complex roots of the fourth degree polynomial
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These quantities (bi and ci) are required for the determination of A r and As in the equations:

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
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wn wn
1 «
—t o
[$] (]
+ o+
Y
4 d
o o
o o
A7TM3H @)

and |S|

IR

(X2 +rX + s) and (X2 + b1X + bz) are solved by the quadratic formula. If the remainder is too large, the
Locations + (5 - 6) through + (5 - 9) are used for storing the tolerance on

iteration is repeated and the test repeated.
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Hill Book Company
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PRESS: END
ENTER PROGRAM: Side A followed by Side B
—®PRESS: CONTINUE '

DISPLAY
0O—— Z
00— Y
0 ——mM— X

ENTER DATA: ag—»7Z, a5 —»Y, a; —»X
PRESS: CONTINUE
DISPLAY

Z
Y
X

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

DISPLAY
S|]—12
IR————Y
0——X

PRESS: CONTINUE

DISPLAY
s Z
r Y
1 X

PRESS: CONTINUE

Real Roots Complex Roots
R =a +bj
0—2Z | or | +Imaginary Part —— Z
Ro—vy - 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 +Dj
0—2Z |or | +Imaginary Part — Z
Ry—Y - Imaginary Part Y
R3—X Real Partof R — X
To run another case:
—— PRESS: END
EXAMPLE
Fourth Order Butterworth Polynomial
F(s)=s?+2.613s% +3.414 8%+ 2.613 5 + 1
a; = 2.613 =
ag = 3.414 s=1
3.3 = 2. 613
ay = 1

Tolerance is set as . 001

Solution Actual *
IS| = 0.00094
IR| = 0.00015
s =1.0005 1.0
r = 0, 7661 0. 7654

root1=-.3831 -j.924
root2=-.3831 +3j.924

bgy =0,9985 1.0
by =1, 8469 1.8478

root3= -.9234 -j.3818
root4= -.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:

day

ax = #(X, Y, Z)

4Z _ o(x, Y, 2)
dx

with initial conditions Y,
Zo

= Y(Xo)
Z(X,)

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

1
Yiig = Y+ ry (kq + 2kg + 2k3 + ky)
1
Ziy1 = Zi+ 5 (p1 + 2p2 + 2pg +p4)
where
k1 = hf (Xi’ Yi’ Z]’_)

ky = hf(Xi+%,Yi+—l;—1, Zi+-g~1)
h k p
ks = hfXi+ 5, Yji+32 Zi+-2—2)

kg = hf(Xj+h, ¥; +k3, Zj +Dp3)

p; = hg Xy, Y5, %)

h k P
Py = hg(Xi+—2',Yi+—2—1, Zi+—21)

h k P
P = hg X+, Y, +52, Z; +52)

Py = hg(X1+h, Yi+k3’ Zl+p3)

Reference: An Introduction to Numerical Mathematics, Eduard L. Stiefel, Academic Press, Inc. 1964,
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USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
. . C
ENTER PROGRAM: (Starting Address is 0-0) To hold the solution at the next increment,
depress PAUSE until display. To restart,
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 + 4v
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 Initial Conditions:
enter the program steps which take the vari- itial Condition " 0
ables from their respective registers and calcu- Xo =
late £(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 =
ter. The last statement must be RETURN since B
the main program calls for a subroutine contain- Zo = 2
ing the two dif ial tions,
ing the two differential equations Let increment h = .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)
g(X, Y, 7). appear on page 2 of the step pages.
Note also that the contents of the a, b and c X Y Z ™
registers must be preserved. o1 1,020 9. 050 )
02 1.041 2,102
SET: [RUN] . . .
- [EUN .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 2,427
P ( ) .09 1,197 2,484
PRESS: CONTINUE .10 1.221 2.543

DISPLAY

O O

Z
Y
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:

(SR

> N
M N




Page 1 PART NO. 09100-70404 9100B ONLY

[@ HEWLETT- PACKARD

(@] HEWLETT - PACKARD

(@) HEWLETT- PACKARD

@] HEWLETT - PACKARD

© Display o ° Display o @ Display
key | 8] x| v | z | & key (&1 x | v | 2z | 8] ey (8| x | v | 2
amae 20/ ENTER [3igf 1 |ol 6 ;{) x>0) |23
sToP 4 { h 0 0 +)f*é roLL ¥ | 3] +) 1 c 16
0 27 12| acc + |60 ig coTo() |44
2 02 33 IF FLAG |43 ;3 2 02
= |35 4] acc — 163 '4] 0 o0
¥ 25 5l cont |47 5 3 03
x») |23 ;6 acc + (60 !6 F x<y |52
d 17 171 rout A 122 ;? 6 06
1 |o1| ENTER 8l y2u 24 gl d |7
sor |41 X0 | Yo |Zo f[19] — |34 ol 6 |os
x>0 |23 fa f 15 5| soTo() |44
c e B+ |33 'h| 4 o4
rott | 3| if_“ 2 02 e 6 06
acc + 60 L 15[ F x<y 52 *iﬁ‘ you 24
x>0 |23 4'gl 6 |06 70 — |34
b |a +1] 5 |05 s £ |15
121 y»0 |40 ol wx=y | 50 ;2 rot | 3|
ES d 13 !3 SET FLAG | 54 3] acc — |63
(4] Rrou A 122 (4] cont |47 ;4 RCL 6!
E& CLEAR X | 37 ;5 3 03 5] eoT0() |44
Bl x>0 123 6] yeu |24 6 1 ol
7l = |34 §? - |34 71 O |00
;8 £ 115 8 F |15 :8 END |46
9 € |16 gl x (36 9
ig SET FLAG | 54 D]§PLA¥’_“ jZ| row A 122 Eg
il oemuse (571X 1Y Z, E& X 36 ;ﬁ
el cont 147 cl o a 13 I
. CONT 47 v i + 33 id
covo() 144 5;0 b 14 Storage
asusv | 77 . +)i-§ rROLL A | 22 = 75 - NOTE
- % 2 + |3 ] _Zo | Do not destroy
e 3 e = g e
A A4 d Yo TIXY Dand
d (17 5 € |16 g Zo | gXYZ)
X |36 6l x2y (30 9
rROLL A | 22 i? + 33 8
X 36 38 IF FLAG |43 %
3 |03 ;g arc v |72 5
= |35 izl — |34 4
ROLL A | 22 ;b x2y 130 g
xZy 130 el YO (24 3
- |35 'iﬁ d |7 5]




[@] HEWLETT- PACKARD

@] HEWLETT- PACKARD

| [ HEWLETT- PACKARD

9100B ONLY

[@] HEWLETT - PACKARD

Page 2 PART NO. 09100-70404
o @ Display a ® Display o © Display
2 Key | & y | z|& key | 8] x| vy | 2z | & key |&| = | v | =
00f 4 |o4 10 0
-y1] x |38 ' 1
21 C |18 12 o)
:3 cosz 73] '3 3
4 + |33 14 4
HIENIC '5 5
i§] sinx |70 6 6
:7 CHG SIGN | 32 '7 ;7
i8] row A |22 8 18
‘gl + |33 19 9
|5 RETURN |77 i‘g '|a
‘b b 'h
&IFE ;ﬂ' s
'd i 'd
10 '0 0
' 1 1
12 2 2
'3 3 13
4 4 4
'5 5 i5
6 18 6
7 7 17
8 18 's
19 '9 9
‘g E E
b 'b b
' \C Ir
o Id :d
;0 ;0 Storage
1 "
2 2 5
13 13 d|
4 4 £
15 15 g
'6 '6 9
7 \7 2
I8 '8 3]
9 9 5
& g 4
B b 3
ic Iz 1
'd o 0

7N

N

/’/\‘
N
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(@] HEWLETQACKARD (@] HEWLETT- PACKARD  [®] HEWLE

This program determines the real and complex roots of the sixth degree polynomial.

4
f(x) = x5 4 a1X5 +agX" + a3X3 + .':14X2 +agX+ag

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

4 3

f(x)=(x2+rX+s) (X +b1X +b2X2+b3X +b4)+RX+S

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 ¢y = bl-r
b2= az-rbl-s Cy = bz-rcl-s
by = ag - rby - sby cg = bg-recy-scy
b4= 5114—rb3 -sb2 Cy = b4-rc3 - 8¢y
b5 = ag- 1'b4 - sb3 ‘é‘5 = -Tcy - 8Cg
b6 = ag- 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
b

Cp Ar+c 4 As 6
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 +b 4) 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 - c) through — (3 - 1) are used for storing the tolerance on {RI and ISl 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




09100 B ONLY
PART NO.
09100-70405

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

[\

—» PRESS: END

ENTER PROGRAM 1: Side A followed by Side B
PRESS: CONTINUE

DISPLAY
0 —m——7
0o—Y
0 —————— X

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

DISPLAY
00— 2
s— Y
l—— X

ENTER DATA: ag—» 7, ag —»Y, ay—»X

PRESS: CONTINUE

DISPLAY
a6 VA
a6 Y
2 — X

ENTER DATA: ag—> Z, a;—»Y, a ™ X

2
PRESS: CONTINUE

DISPLAY
1— 7
s1 Y
T X

1

Terms bl’ bz, b3, and b4, are stored in regis-
ters 6, 7, 8, and 9 respectively.

PRESS: GO TO

PRESS: —

PRESS:

PRESS: 0

* 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 —7Z
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 —2Z +Imaginary Part — 7
Ry—Y | or| -Imaginary Part Y
Rl—-x Real Part of R X
PRESS: CONTINUE
DISPLAY
3 Z
Sq Y
rg X
PRESS: CONTINUE
DISPLAY
Real Roots Complex Roots
R=a+jb
0 —z +Imaginary Part — Z
R2~Y or| . Imaginary Part — Y
R1 —X Real Part of R ——X

—=— To run another case, return to the beginning
of the USER INSTRUCTIONS

C

O
N\
3y




EXAMPLE

09100 B ONLY
PART NO.
09100-70405

Sixth Order Butterworth Polynomial

F(s)=s® +3.864 6%+ 7.464 s* 1+ 9,141 8% +
7.464 52 +3.864 s + 1

ay = 3,864 r=1

a2=7.464 s =-1

a, = 9,141

a, = 17.464

a5 = 3.864

a6 = .

Tolerance is set at . 001

Solution Actual *
ry =1.9317 1.9318
sy =1,0000 1. 0000

root, = -.9658 - j. 2591
root2 =-,9658 + j. 2591

roy =1.4144 1.4142
sg = 0.9970 1. 0000
root3 =, 7072 - j. 7049
root4 =-,7072 +j. 7049

rq =.5179 . 5176
1. 0000

0
=
o]
[
—
©

rootg = -. 2589 - j. 9669
rootg = -, 2589+ j. 9669
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Program 1 Page 1 PART NO. 09100-70405 9100B ONLY
- § Display & § Display o P Display
5 Key 3 X y z S Key & v Z & Key S x ¥

00| @ |20/ ENTER 30| y»0 |40 20/ £ |is

(+;‘ 11 sror | 4l r ] ) + 1 c 16 (-)3 1 1 27
121 acc + | 60 12 b 14 ig Xe() |67
3 1 ol ENTER '3 cotor) |44 3 - 34
4] sror |41l ag | as | ap || 4] s |77 4] e e
5| x>0 23 5] — |34 5 x |36
g 7 |07 6l d 7 G roL Y |3
:7 y>0) |40 7t 4 04 71+ 33
8 8 |10 8] xeu |67 & 1yl |55
L 9l 7 o7 9l ¥ |25
g y»u 40 Eé; GoTo() |44 =] 1y 55
EEIRIE Y Bl er

¢§5 2 |02| ENTER #Ez: 0 oo VC -2
i} s 14tla; lap, laz |Vi4 O oo ‘vl 0 |00

10| x>0 |23 O'n} =2y |30 30, 0 oo

94 Joa EIEEE =i 1 lo
20 y»u 40 fg y->0 40 ;2 F x<y 152
3@ 5 05 E’ﬁ d 17 §3 5 05
4] o A |22 4] € e 4l 8 ho
5] x>0 |23 '5 GoTo( ) |44 5] RO A 22
6] 6 |ose 1G] asuey |77 6| ¥ x>y |53
71 F s 7iod o ir 70 5 05
8l — 34 8 4  oa ‘sl 8 |10
9 y»0 40 ‘o] xe0 |67 9l 8 3
ia-.; g 13 g 8 |10 Izl x>0 23
bl X |36 ‘5l x2y |30 bl 6 |os
rl e e o o= |34 ict & 4

v%d + 33 V*d y->t) 40 ‘:ﬂf X>t) 23

H

20] ¥+ |2 o = - -
11 — 34 i1 e 12 iy 71 be
2] y>0 {40 el d ot e s /1 bg
'3 b 14 13| eotor) 44 ] 24?04? r?na%

! {al asusv c 3/Cc3/ s fina
4] a 13 4] aseer |77 L B2/ce/ T
(5| eor0o() {44 i5 d 17 E) bl/cl 77 s
%@ asusy (77 56 4 04 9 ag/bg
i7 — |34 CETIRG § 35%3
d4/0D2
ig g i §8 Si ' 6 as/b
9 4 04 9] ¥y 30 5 az
) X<() |67 gl — 34 é a |
% i >() |40
b 6 o6 bn 5
ic| X<y |30 igf — ¥ i
Vigl = |33 Vigh 7 |15 0




(@] HEWLETT: PACKARD @ HEWLETT- PACKARD [@2 HEWLETT- PACKARD

(@] HEWLETT- PACKARD

‘Program 1 Page 2 PART NO. 09100-70405 9100B ONLY

a § Display e 2 Display g § ‘Diﬁpsay

R Key Si x y z 13 Key 81 X y z & Key a8l x y 2
4ol 7 o7 710] =2y |30 30| + |35
1l ¢ e 1] — |34 G §  |es

121 x»01 |23 |2 y»>01 |40 52 F FLAG |43

3l 8 |0 3] € |ie 3l & s
14l 4 |17 4 & |ia '4] 3 o3

;5 x>0) |23 35 GoTo() |44 ;5 acc + |60

13 9 ] ;6 asusy |77 &1 seT rLaG | 54

;7 ReL |61 , !7 d 17 ;7 d 17

8] 4 |27 8] 4 Joa 8l 4 |27

"9l 1 o | 9] 4 |7 ~liel o lie

gl x>0 |23 :a x2y |30 gl 1 a7

bl e |2 bl — |34 ‘b 20 |67

] x>0 |23 'c] >0 |40 icy — |34
%d F |15 Yidl d |17 Vg, e |2
510] row y | 3 810 c 16 bi01 eoroi) |44
(-):1 x>0 |23 =)y1] covoc) |44 =il 9 1

21 d |7 12] asuev |77 21 a 13

'3] y»0 |40 3 d 7 T3l wee <= 63

;4 c 16| DISPLAY 4 4 04 4] x2y |30

5| sor |a| T, | s; [ 1]|5] ¥ |25 5] y20 |24

;6 CONT 47 ENTER 6] cHe siGN | 32 . iﬁ e 12

17| sor |41 | program2 || 7] 1 |27 7L s

8l a i3 8] F |15 '8l + |35

9 4 27 :9 x>() |23 9l x2y (30
|8l £ |is al b e ERERE

bl — |34 'hi e |2 AR

'cl y»0 |40 ' C] xe0 [23 icf — |34
vl a |3 Yo 8 |13 Yo &6 |14
GiO x 36 9 ;0 Y 00 Storage
“h1 e 12 (-)01 x>0 123 =

2] + |33 2l e i B

31 b6 14 i3l x>0 |23 d

'a] x2y |30 4l F |15 g

35 - 34 5 d 7 E

%8 y>t |40 : :6 4 27 9

7l b e 71 xenr |67 ?

‘g a 13 gl — |34 8

;9 GoTo() |44 ;9 f |15 5

15| asusv |77 Ig] row A |22 4

bl d 7 0 I EL g

icy 4 04 i) omou A 22 1
Yog| € e | Vgl =2y |30 0




9100B ONLY

PART NO. 09100-70405

Page 3

Program 1

fa
HE
£
# &
Bh
8
apoy 2
B
%
dorg (LI TN S D|ONOD] WD LR O NS w[oi~oohiuT
NP RE R EREE
&
g
&l =
5
b
2pod
)
b4
dors | PN VOO INOD D NTIO||NOF0QINOO DR YWDIOI—|NIO| < [0[W]|N 005 YT
(Y]
k)
2>
3
¥
< — i~
w3 | BIFI2IA 2B RY 68 |nbon|T BlcloR|¥ININIBIPIgIR BIX
5|4 |% |l [m |47 w3 o le|5 [« |2 ~lelu x| 3 |0 :
i+ +i2 wiy o L Alm+1 « x.m_.x_fX|v+m
N =1 ke Y Gl g T e S e Y ) B ) K= B R K A T C S G ) S R T Y = B Y B R A ) G Y CA L ST S
0 9 T it ey el

QUYXOVd - L1ITMAIH @)

O

QAdvyMOVd - L1IITMIH [l

QuVIOVd - 113TM3H [ED

JuvADVd - L13TM3H [#]

O
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[@ HEWLETT- PACKARD

Program 2 Page 1 PART NO. 09100-70405 9100B ONLY
@ &Y o Y % % Key o X 4 “ & Key ot x Y @
00! 1 o 30 & 4 00 ¥ z<y 52
®4l 4 a7 $ 1 F s -1l 2 02
2 d 7 20 %X |36 o od ot
3L et aoe e 3 row A 22
i4 C 16 14 1‘ 27 *@fﬁ\ F x>y 53
25 GoTo( ) | 44 g c 16 ;fﬁg 2 02
1B asuev |77 B X (36 w4t
7= |34 i7i 25 7l e el
89 1 8 4 133 1 R Y-Y
9l 2 o2 EIE Y 9 2 oz
170 R |6l g1 x<l) |67 3 Ry | 3 DISPLAY
Eé? 0 27 by 9 i i‘;:; stop 4] | Ty, | S, 2
;z’_‘ xX<() 67 (1 RoLL A 22 171 CONT 47
%zf 6 06 i — |34 Yo rou g 22
110 x2y (30 4'0) y»0 40 10, 1 ol
1 - 34 1 g 13 =¥4 roy | 3
121 y>0r 140 ?2 b 14 (2 xZy 30
'3 d 17 ;3 1 27 {31 coTo() | 44
14 X 36 4 a 15 ;&5} asuBy (77
‘50 1 |25 51 22y |30 B9
6 + 33 6l x |36 a2 oz
7Eor e 7] Ry |3 71 € |16
8l xetr |67 8 + 133 ‘gl et
g 7 07 gl 1yl 55 o d a7
&) Rou A 22 @ v (25 F I YT
i - 34 gf} (¥ 55 3 03
L] o0 |40 ef * 27 cirwv 31 DISPLAY
Y| € |16 Yo - 2 Yo ser 4 [Ty [sy | 3
2;Q F 15 5,0 0 00 Storvage
W1 x |36 #1110 |oo 5 r(f; =
21 e 12 2 1 ol & s(1)
a3l et 3, 0 |00 d v /by
a4 it 41 0 |oo ci si /b2
5 X |36 5 0 |00 f§ a4 D4
g ¥ |25 ‘i 0 |00 9 as
7L+ 133 7] 0 oo 8 22
gl A 27 ‘sl 0 |oo g a1
a9 xX<() 167 g@ GoTo( ) (44 5
gl 8 10 izl = 34 4
PEIEE i 0 00 g
T 34 T Y 00 5
#%ﬁ y>0) 40 *z&g END 46 @
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Program 2 Page 2 PART NO. 09100-70405 9100B ONLY
Display Display Display
20| conr a7 50| — |34 80/ £ |15
(=11] nou g |22 Yl e 2 i1 + |33
2l 1 ol 12l 0 oo 2] y-0 |a0
3] rouy |3 3] x>0 |23 3l F |is
4] x2y |30 V1T 4l | |25
;ﬁ coTo( ) | 44 51 xs0 |23 ;5 xel) |67
6] asuev (77 6] F |15 Bl — |34
719 | 7l € |ie 7 e e
8l 2 o2 8l 1 o7 g + |33
'9] aew |20| DISPLAY |[19] & [i3 9l ys0 {40
{41 sTOP 4| 0 0 0 ig ROLL A | 22 15 e |2
‘hl cont a7 b+ |35 ‘B F o is
(£ cont 147 £ rROLL A 22 i} GoTo() |44
Yol 4 17 $§gj x2y |30 Yo + |33
30, 1 |er 6/0] + |35 90/ 0 oo
SHIEARIE =\1] § |25 V1 b |4
12 — 34 121 ¥ rac |43 22 roLL A | 22
3y a0 a7 [or o= s
4l d iz i4; 1 ol 41 rouw A |22
5] x |36 5| acc+ |60 5 x2y |30
;@ c 16 161 seT FLaG | 54 26 - 35
171 x2y |30 7l ¢ is 7l 2 |o2
§8 -_— 34 18 1‘ 27 38 CHG SIGN | 32
9] y»u |40 9l d |17 9l = 35
‘5l € e EIEL EIIEREE
b F s v BT B e
§ZZ b 36 (£ coTor) 44 ir X 36
Yol o d Yigl 5 |os Vo rewd |30
4§0 T 2er 7;Q g 13 Storage
-1 e |2 -){] nAcc - |63 re
2l x |36 2| x2y |30 5
3] ¥ |2s 13] y2u |24 d
4 + |33 4 e i g
;5 & 25 15 f 15 E]
56 CHG SIGN | 32 3§ - 35 e}
70 e 7] e e 8
igl £ |15 ‘gl xZy (30 g
;9 x>0 |23 ol x |36 5
gl - 34 igl Ry |3 4
bl F s bl = |3a g
Ted B 12 il X< 167 1
Vo x»0 |23 Vo — |34 0

N

\_/

7N
\\"\_,/
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Program 2 Page 3 PART NO. 09100-70405 9100B ONLY
§ g Display 2 % Display & § Display
i Key o | * | Y 2 16 Key 1| X | Y ] Key | o ¥ | ¥

30| x2y |30 10 '0

(1] — |34 1 11
2] ciean x |37 12 '
3| wx=y |50 '3 13
41 £ |ie 14 '4
50 3 o3 '5 5
6] w x>y | 53 ;8 g@
7l B |a 7 7
8 8 |10 8 '8
91 V|25 19 9
3 x |76 g E
‘Bl A er b 'f
;E CHG SIGN | 32 :g:‘ T

y'o| rou s |22 id 'y

BO| + |33 '0 0

(3] o 1 |22 g =
2] + |33 2 2
:3 CLEAR X | 37 ;3 13
4| oy 13| DISPLAY | 4 4
35 CONT | 47 ROOTS ;5 15
;6 sTOP 4| 16 28
f? RETURN | 77 f? 17
8 ¥ s 18 '8
191 cve sisn | 32 f@ &
al @ |76 E 'a
bl A |27 iﬁ ¥s]
L] one sien | 32 & s

%gd ROLL A | 22 Ief d

L‘if} GoTo( ) 44 ;@ Storage

=1 B |14 11 =
21 65 |05 iQ e
i3] V|25 i3 d
i4 CLEAR X | 37 f4, 2
25 ROLL 30 15 P
fe coto( ) | 44 16 Q
;? b 14 17 ?
'8 5 |os '8 &
:9 END 46 ;g [3
{eF I 4
b b 3
I ' 1

Vd d 0
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This program will calculate the coefficients of the characteristic polynomial of a matrix of the form:

1
[ - )
- &N ™

[a « <
N
- N ™

< 3 «<
A — —
b o )
8 <
f
<

1)

The characteristic polynomial of A is determined by reducing the equation

where the a.. are real numbers.

dydVMOVd -113TM3H [@)]

(=]
It
<
|
2 I )
- ™
< « «
~<
I
[N I o
- ™
(o « «
0
— —
-~ [xc)

determinant

dyvMOVd,

=0

+q A+rT

+p

M <

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

to a polynomial of the form

| 13TM3H [@]

dyvMOVvd -1137TM3H [@)]

ayviov

1965

ity Press,

, Oxford Univers

Fox

L.

AN INTRODUCTION TO NUMERICAL ANALYSIS,

Reference

13TM3H @]




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 O ————Y # of real roots
DISPLAY lor3 X
07 PRESS: CONTINUE
0 Y DISPLAY
1 X Complex Roots
>\3 —_ 7
ENTER DATA: a7 Z, alé_’Y’ a13——>X or mi1,2— Y
PRESS: CONTINUE Re 1,2 X
DISPLAY
0 Z To run program for a new matrix:
0 Y PRESS: CONTINUE
2 Z
. EXAMPLE
ENTER DATA: a21—>z, a22—>Y, a23—>X J—
PRESS: CONTINUE 1 1 3
DISPLAY A = 1 -2 1
3 1 2
00— — 27
0 v Coefficient Solution: r= -17
3———X q=-15
B_132 _15r-17=0 p=-1
ENTER DATA: a31—>Z, a32—>Y, a33—>X
Eigenvalues: A 3= 4,832
PRESS: CONTINUE N 9 = -1,524
DISPLAY Aq=-2.308
r Z
q Y
P X

PRESS: CONTINUE

@

O
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@ HEWLETT- PACKARD

[W] HEWLETT - PACKARD

@ HEWLETT- PACKARD
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you 24 iﬁ d 17 3
33 7 I - %
3] 2 Y bl @ 3 0




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

[@] HEWLETT- PACKARD

Page 2 PART NO. 09100-70406 9100B ONLY
2 ) % Display e § Display & % Display
& ey o X Yy z b9 Key & X ¥ & Key o x y Z
80| x |36 10f ¢ |is 40 + |33 .
+);1 b 14 -y 1] cear X | 37 =) 1] crear x 137 «\\/J
2] + |33 21 4 27 2] wz=y |50
3]t er '3l £ |15 3 5 |os
4] y2o |24 4] 4 a7 4] 0 oo
5l — (34 5] 1yl |ss 5 b |14
6] ¢ |ie 6] = |35 gl x |36
f? e 12 71 y»>0 |40 ;?‘ CLEAR X | 37
18] x2y |30 8l & |4 8l ¥ x>y |53
Ol oo san |32 DISPLAY [|19] £ |16 9l 2 jo2
gl sor (4| P | q | T :,sg x2y |30 izl 6 |06
fb coNT | 47 Ts) . 21 ib GoTo() |44
] rowy | 3 1 o ol 1 ol
#fd x2y |30 Yo x |36 Yg 9 |1
90| x>0 |23 2'0| y»0 |40 50, ¥ |25
(+i 1 f 15 (—-i 1 c 16 H{@ y»() |40
12| y»u |40 2l b |14 2 b |4
is e 12 ;3 CHG SIGN | 32 Je d 17
4l ¥ |es 4] x-0 |23 IR P
'5] y»o |40 5 b |14 5 4+ |33 P
6l d 7 6l |25 ‘5l * o7
I7] 1y1 |s5 7l e 7l v |25
8l F |15 8l Jer '8l x |36
9] x2y |30 9l b |14 9o e |2
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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 t212Xp 213 X3 ta14 X4 = Py
agl Xy +agy X +agg X3 + 324 X4 = P3
ag] Xj +agy Xg +a33 X3 +a34X4 = DPg
441 X1+ a4 X + 243 X3 +a44 X4 = P4

or a matrix notation:

311212 213 agy X1 P17
ag1 gy 223 a4 %2 Pa
431 332 233 234 X3 b3
| 241242243344 | | X4 | | P4 |
i.e., [aij] {xl} = {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 2g5)]

™
=

| 221222 |
| 211212 213
llag12p203 |  # 0
| 231332 233 |
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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PART NO.
09100-70407

USER INSTRUCTIONS

EXAMPLE

PRESS: END

ENTER PROGRAM: Side A followed by Side B

PRESS: CONTINUE
—» ENTER DATA: 2y (or p;) —»X
NOTE: Data is entered row by row in the

following order with a CONTINUE
following each entry:

a11,212,213,214, b1
a21,a22,a23,a24, Py
a31,332,233,234, P3

241,3492,243,244> b4

DISPLAY

0
X
)

Mo N

PRESS: CONTINUE

DISPLAY

0
X3
X4

Mo N

To re-run program,

—<4— PRESS: CONTINUE

2x1 + X +3x3 +Xy

X1 + 4xg9 + X3

3x1

8x1 - X9 +4x3 + 2%y

X1

X9

1}

-5x3 - 2x4

i

1

7

10

10

22
X3 = -1
Xq = 2
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