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Introduction 

Here is the Program Library furnished with your 9l00A Calculator. The purpose of the Program 

Library is to demonstrate calculator capability in many areas and to illustrate programmiog technique. 

We hope you will find the format, examples selected and the problem solutions useful, convenient, and easy 

to use. 

The programs have been placed in the three-ring binder with category dividers so that changes, 

additions and reorganizations can be easily made. Each category has a corresponding part number and each 

program within a category is numbered consecutively according to the category part number. Additional 

binders may be purchased at a minimal cost to contain your programs. 

The programs within the Program Library have been thoroughly tested and will yield accurate 

results. Each program includes a title, general description that includes formulas used in the program 

solution, reference, user instructions, and examples that you may use to test the operation of the program. 

Program steps are also included with each program. Comments have been placed by the program steps or 

flow charts have been included pointing out how problems were solved and programming techniques. 

The program steps must be manually entered into the calculator step-by-step the first time. Then 

if you deSire, you may record the program on a magnetic card furnished with your calculator. The use of 

the magnetic card eliminates the manual step-by-step 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 see if you get the 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. 

The format of the programs is conSistent, however, there are minor differences in the operation 

of the programs. Some programs are multiple-pass programs and others require re-entry before each set 

of test data, because they are "destructive" programs. A "destructive" program is one where we store 

data back into registers of the calculator that contain previously executed instructions. These program 

instructions have been destroyed. Before re-executing another problem and a different set of data, the 

program steps must be re-entered. This can be conveniently done by using the magnetic card. Record 

"destructive" programs on the magnetic card before trying any data, i.e., key the program steps into the 

calculator and record these on the magnetic card, then test the sample data. 

We hope you find the 9100A Library a useful tool and guide for your computational work. To 

better serve you and other 9100A users, we welcome you to send us program solutions you have written. 

Please write them up in a Similar format to the programs furnished in the Program Library and send them 

to us. Those having general interest will be published and added to the Library. Also send in any comments 

you might have on the 9100A Calculator and Program Library to our Applications Group. We at Hewlett­

Packard look forward to serving you. 

P.O. Box 301 
Loveland, Colorado 80537 

Sincerely, 

H~WLETT-PACKARD COMPANY 

~-W.~ 
Ivar W. Larson 
Applications 
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MATHEMATICS 09100-70000 

70001 nl 
Calculates n I for positive integer n. (n<70 ) 

70002 - POLYNOMIAL EVALUATION 
Evaluates polynomials of the form; 

n n-1 
f{z) ~ Cnz + Cn_1z + ••• + C1z + Co 

for complex C
i
, i=l, .•• ,n and complex z. 

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

h 
A =T(YO+4Y1 +YZ ) 

70004 - VECTOR CROSS PRODUCT A x 13 
Calculates the vector cross product (A x B ) of two three-dimensional vectors of the form: 

A 

and B 
ail + aZJ + a3k 

bIT + bZJ + b3k 

70005 - ANGLE BETWEEN TWO THREE-DIMENSIONAL VECTORS 
Calculates the angle between two three-dimensional vectors of the form: 

and :i3 

ali + a2J + a3k 

b 1i + bZl + b3k 

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

y' = I(x, Y) 

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

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

y" = i(x, y, y') 

70009 - QUADRATIC EQUATION 

Solves ax2 
+ bx + C = 0 for the roots. 

i = 1, 2, 3 

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. 

700n - CUBIC EQUATION 
3 2 Solves x + px + qx + r 

PRlfIIT£O IN U.S.A . 

o for the real and complex roots. 



MATHEMATICS (CONT.) 
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70012 - OCTAL ~ DECIMAL CONVERSIONS 
Converts octal numbers to decimal or decimal numbers to octal. 

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

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

70015 - 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 lntegration interval. 

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 yare the unknowns to be found. 

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

70018 - CONVOLUTION t 
This program solves the cOllvolution integral of f 1(t-r) f2 (T) dT 

70019 - 4TH OR 5TH DEGREE POLYNOMIAL ROOTS 
Calculates the roots, real and/or complex,of 5th or 4th deg~'ee polynomials of the forms: 

5th x 5 + a4x4 + a3xS + a2x2 + alx + aO ~ 0 

4th x4 + a3x3 + !l2x2 + alx + aO ~ 0 

" 70020 - INTEGRAL OF THE FORM: f(x) ~ Af f (u) du 

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. 

70021 - POLYNOMIAL EVALUATION (l ~ n S 10 ) 
Repeatedly evaluates for a given x, a real polynomial of the form: 

f(x) ~ A xn + A lxn-1 ... A1x + AO for 1 5. n 5. 10 
n n-

70022 - 3X 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 ao 
9 r () J -t v-I Evaluates the gamma function r (II) for 05. II S 10 where 11" 0 (? t dt 

70025 - BESSEL FUNCTION 
Calculates the value of the Bessel function I

n 
(x) of the first kind of integer order 

(-F) k 

n where 

k! (n -to k)! 



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 the best fit of a set of data points to the line y ~ ax + b i. e. , the program computes 
the estimates a and b. It also gives the correlation coefficient r. 

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

70805 - Xz- CHI SQUARE DISTRIBUTION 2 

Calculates the integral under the Chi Square distribution from 0 up to a value of X for a 
given number of degrees of freedom. 

70806 - X2 - CHI SQUARE EVALUATION EXPECTED VALUES EQUAL (Ei ~ E) 
Chi square calculation where the expected value of each observation is equal. 

70807 - X 2 - 2 x 2 CONTINGENCY TABLE 
Calculates X 2 for a 2 x 2 matrix. 

70808 - Xe - CHI SQUARE EVALUATION EXPECTED VALUES UNEQUAL (Ei';tEj) 
Chi square calculation where the expected values of the observations are not necessarily equal. 

70809 - t - STATISTIC FOR MEANS OF TWO SAMPLES 
Used for testing means of 2 samples with a normal distribution assuming the standard deviations 
are unknown but equal. Nx + Ny - 2 is the number of degl'ees of freedom where Nx is the number 
of samples in x and Ny is the number of Sall1p1es in y. 

70810 - WEIBULL DISTRIBUTION PARAMETER CALCULATION FOR FAILURE DATA 
Calculates the parameters for the Weibull disbribution and thus estimates of times to failure 
percentages may be made. 

70811 - LEAST SQUARES FIT-POWER CURVE 
Calculates coefficients fitting data points (Xi, Yi) to an equation of the form: y axb 

70812 - LEAST SQUARES FIT-EXPONENTIAL 
Calculates coefficients fitting data points (Xi, Yi) to an equation of the form: y aebx 

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

70814 - MULTIPLE LINEAR REGRESSION 
Calculates coefficients in the least squru:es sense, fitting data pOints (Xi, Yi, Zi) to a linear 
equation of the form: 

70B15 - NON-LINEAR REGRESSION - LEAST SQUARES PARABOLA 
Calculates coefficients fitting data points (Xi' Yi) to an equation of the form: 

y = aO + al x + a2x2 

70B16 - RANDOM NUMBER GENERATOR 
Random numbers (RN) in the range 0:0 RN:o 1 are calculated; more than 10,000 random numbers 
may be generated before any previous value is repeated. 

70B17 - MEAN, DEVIATION AND PROBABLE ERROR 
Calculates the mean, standard deViation, probable error, standard deviation from the mean, 
and the probable error of the mean. 3 



ELECTRONICS 09100-71000 

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

71002 - TCHEBYSHEFF FILTER DESIGN - FINITE TERMINA TlONS 
Calculates component V'.tlues for Tchebysheff low pass filters with finite terminations 
(equal or unequal). 

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 11 
Calculates resistor values for either T or 11 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 VSWRon 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. 

71011 - S PARAMETER TO Y PARAMETER CONVERSION 
Converts S parameters for linear (active or passive) circuits to Y parameters. 

MECHANICS 09100 -72000 

4 

72001 - MOMENT OF INERTIA OF A CIRCULAR SEGMENT 
Given the radius of a segment of a circle and the central angle relative to a coordinate system 
located at the origin of the circle, this program calculates the distance to the center of gravity, 
the area of the segment, and the moment of inertia about both of the coordinate axes. 

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

where the INV (cp) is given. IxlO -17< </> < lx106 (cp 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. 



BUSINESS 09100-73000 

73001 - ANNUAL INTEREST 
Calculates i that satisfies the equation: 

R ~ P ill + i)n 

(1 + i)ll_l 

73002 - DEPRECIATION SCHEDULE-DECLINING BALANCE 
Uses the declining balance technique for deriving the depreciation schedule for an asset. 

73003 - DEPRECIATION SCHEDULE - SUM OF YEARS' - DIGITS 
Uses the sum-of-years' -digits technique for deriving the depreciation schedule for an asset. 

73004 - COMPOUND INTEREST 
Uses compound interest factors to compute present and future worth and a uniform series 
of payments. 

73005 - PRESENT VALUE OF A SERIES OF CASH FLOWS 
Calculates the present value of a series of cash flows for any number of periods with a constant 
interest rate per period. 

73006 - SINGLE AND DOUBLE EXPONENTIAL SMOOTHING AND FORECASTING 
Uses single and double exponential techniques to smooth input data and subsequently predict 
future data on the basis of the past input data. 

73007 - TRIPLE EXPONENTIAL SMOOTHING AND FORECASTING 
Uses triple exponential techniques to smooth input data and subsequently predict future data on 
the basis of the past input data. 

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

PHYSICS 09100 -73200 

73201 - BLOCK ON INCLINE (FRICTION PRESENT) 
Gives acceleration, if any, of a block on an incline e with coefficient of friction /.L. 

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

~ddw~" d 6:-=1 
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 

73701 ~ TEMPERATURE CONVERSION 
Calculates the temperature equivalents of a temperature given in any of the three temperature 
scales -- Fahrenheit, Centigrade, and Kelvin (absolute). 

5 



SURVEYING 09100-74D00 

74001 - COORDINATE GEOMETRY 
Traverses by bearing and distance and calculates coordinates and the following curve data; 

1. Arc length 3. Central angle in degrees, minutes and seconds 

2. Chord length 4. Coordinates of tangent points 

74002 - ANGLE ACCUMULATION 
Accumulates angles given in degrees, minutes and seconds. 

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

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

74005 - LINE-TO-CURVE INTERSECTION 
Calculates the length of a line intersecting a curve and the beadng of the radial line through the 
point of intersection. 

74006 - TRUE MERIDIAN 
Calculates the sun's bearing to within ± 2' by a single observation on the sun. 

74007 - TRAVERSE WITH LAW OF SINES OPTION 
Calculates coordinates of any number of points when traverSing from point to point. The two 
distances between any series of three paints may also be calculated using the law of sines option. 

74008 - 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 paints 

74009 - TRIANGLE SOLUTION - SIDES GIVEN 
Calculates the three included angles and area of any triangle where the side lengths are given. 

74010 - CIRCULAR SECTOR 
Given the radius and the included angle in degrees, minutes and seconds, calculates the arc 
length, chord length, and segment and sector areas of a circular sector. 

74011 - TRAVERSE WITH COMPASS RULE ADJUSTMENT OPTION 
Traverses by bearing and distance, calculates coordinates, closure errol', total traverse 
distanCe and precision ratio. The program may then be used to distribute the closure errOl" 
by the Compass Rule. 

STRUCTURES 09100 - 74200 

74201 - SHEAR COEFFICIENT - THIN-WALLED I SECTION 

74202 - SHEAR COEFFICIENT - SPAR AND WEB SECTION OR THIN-WALLED 
BOX SECTION 

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. 
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FLUID MECHANICS 09100-75000 

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

75002 - CALCULATION OF FLOW CORRECTION (b.) IN A SYSTEM OF PIPES 
HARDY CROSS METHOD 

For an assumed flow computes a correction b.. The process may then be repeated. 

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 
Imown 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 

75501 - ELEMENTAL PERCENTAGES AND MOLECULAR WEIGHT 
Calculates elemental percentages and molecular weight of compounds containing 4 elements or less. 

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. 

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 

75801 - TIME KEEPER 
Keeps time; any initial lime (in hours, minutes, and seconds) may be entered. 

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

MISCE LLANEOUS 09100 -76000 

76001 - DIAGNOSTIC PROGRAM 
CheckS all functions and operations of the calculator (9100A) and indicates by display whether or 
not the calculator is functioning properly. 

76002 - POUNDS~DOLLARS CONVERSION 
Converts British pounds and subdivisions thereof to American dollars and vice versa. 

7 



MISCELLANEOUS (CONT.) 

8 

76003 - NAVIGATIONAL COURSE CALCULATION 
Calculates course settings for one or mOl'e adjoining legs of a proposed journey, the length of 
each leg, and the total distance cover eel 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 HECTILINEAR SURFACE POLYGON 
Calculates the area of any rectilinear polygon given the rectangular coordinates of the vertices. 
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This Program Library is intended to illustrate practical problems which can be solved with the 9100A Calculator. 
Many programs are short enough so that they maybe incorporated as subroutines in other programs. Each pro­
gram consists of a description, equations (with references), examples and a list of the pl'ogram steps. 

A periodic program updating service is provided. Please return the Program Library card (in the pocket on 
the rear cover) indicating the Program Library disciplines in which you want to be informed of new programs. 
You are also invited to submit new programs to the Library. User submitted programs will be credited to the 
author and distributed as part of the updating service. 

Selected programs will also be included in the Hewlett-Packard Keyboard, a periodic publication which will 
also include an index of other new programs. 

PROGRAM LIBRARY CLASSIFICATIONS 

HP Part No. 

09100-70000 

09100-70800 

09100-71000 

09100 -72000 

09100-73000 

09100-73200 

09100 -73700 

09100-74000 

09100 -74200 

09100-75000 

09100 -7 5200 

09100-75500 

09100-75800 

09100-76000 

------------------------

The following accessol'ies are available: 

HP Part No. 

09100-90000 

09100-90001 

09100-90002 

09100-90004 

5060-5919 

9320-1157 

4040-0350 

Mathematics 

Statistics 

Electronics 

Mechanics 

Business 

Physics 

Thermodynamics 

Surveying 

Structures 

Fluid Mechanics 

Life Sciences 

Chemical 

Secondary Education 

Miscellaneous 

Five Programming Pads 

Operating and Programming Manual 

Program Library 

Diagnostic Card and envelope 

Box of ten magnetic program cards 

Pull-Out Instruction Card 

Dust Cover 
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This program calculates n: for integer n where 0 $ n $ 69. 

n! = n( n-1) ... 3·2·1 



09100-70001 

EXAMPLES 

0: = 1 

6: = 720 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0-0) 

PRESS: GO TO (0) (0) [or END J 
~PRESS: CONTINUE 

ENTER DATA: n-X 

PRESS: CONTINUE 

DISPLAY 
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PAGE 1 PART NO. 09100-70001 
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This program evaluates polynomials of the form 
n n-l f(Z)=CnZ + Cn-1Z + ... + C1 Z+ Co 

for complex Cj 1 j =0,1,,··, n and complex z. 
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EXAMPLES 

P(Z) = (3 + 4i)Z2 + (-2 + i)Zl + (1 - i) 

for Z = 2 + i ReZ = 2 hnZ = 1 

P(2 + i) = - 11 + 23i 

P(Z) = 49.6Z 4 +18Z3 +52.4Z2 +8Z+12.8 

for Z = i ReZ = 0 hnZ = 1 

P(i) = 10 - 10i 

GENERAL FORM 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 -0) 

PRESS: GO TO (0) (0) [or END1 

,- PRESS: CONTINUE 

DISPLAY 

o Z 
o Y 

1 --X 

ENTER DATA: n --- Z, hn Z - Y, 
ReZ---X 

__ PRESS: CONTINUE 

DISPLAY 

0-- z 
o --Y 

ni -- Z 

ni is an indicator or 
coefficient entry number. 
When ni = 0 enter Co. 

-ENTER DATA: ImCni - y, 
ReCni - X 

PRESS; CONTINUE 

DISPLAY 

o Z 

'------i hnP(Z) Y 

ReP(Z) X 

• 

• 

• 
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This program evaluates the area under a curve represented by discrete points. The equation used is Simpson's 
One-Third Rule ie., Xz f f(x)dx = ~ (Yo+ 4YI+ Y2 ) - ~O h5 f(4l(O 

Xo 

where X 0 < ~ < X 2 

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

Y f(x) 

~--------~I~~'~~------~X 
I I 

Xo XI X2 

--lh~ I , 

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

I
b 

h 
a f{x)dx= 3 (Yo+4YI+2Y2+4Y3+2Y4+"'+4Yn-I+Yn) 

I~O (b-a) h4
f(4l(!) 

where a<e< band f(4)(O is the fourth derivative of f(x) 
evaluated at e . 

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

is small. Usually h« 1 when f(4}(t) is unknown. 

Reference: Numerical Analysis 
by Kaiser S. Kunz 

McGraw - Hill Book Co., Inc. 1957 
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USER rnSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 
1 --x 

ENTER DATA: h - X 

PRESS: CONTrnUE 

DISPLAY 

o 
o 
2 

z 
Y 

X 

ENTER DATA: Xc - X 

PRESS: CONTINUE 

DISPLAY 

z 
Y 

X 

Note: Subsequent 
Xi's are calcula ted 
from Xo and hand 
are not entered. 

A - the area shows every other time 
starting after third y entry 

(Corresponds to calcu­
ENTER DATA: Yi - X latedXi displayed in Y) 

PRESS: CONTINUE (TO restart a new prob­
lem PRESS: END, 
PRESS: CONTrnUE) 

To Change Increment (new h) 

This can only be done if area or Z register is 
blank 

ENTER DATA: Yi -- X 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY .--------..... 
o Z 
o Y 

1 X 

ENTER DATA: new h- X 

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

X 

o 
.25 

.50 

.75 

1. 00 

1. 25 

1. 50 

1. 75 

2.00 

X 

o 
.25 

.50 

.75 

1. 00 

1. 50 

2.00 

EXAMPLES 

INCREMENT CONSTANT 
Y 

2 

2.8 

3.8 

5.2 

7.0 

9.2 

12.1 

15.6 

20 

h = .25 
2 J f(x)dx", 16.58 

o 

rnCREMENT CHANGE 

Y 

2 

2.8 

3.8 

5.2 

7.0 

h = .25 

12.1L 

~ 
2 I f(x)dx=lB.62 

o 

h = .5 

• 

• 

• 
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• 0 CLEAR 20 

1 01 DISPLAY 1 TO INDICATE FIRST DATA ENTRY 

STOP 41 I h 0 0 rENTER INCREMENT 
'It 
I X~II 23 

'It 
d 17 

~ 
0 IF FLAG 4} a:: 

01· BRANCH LL 1 WHEN CHANGE h 

6 06 

CLEAR 20 

2 02 DISPLAY 2 TO INDICATE SECOND DATA ENTRY 

STOP 41 I Xo 0 0 I· ENTER Xo 

X~(I 23 

F 15 

1- 27 

1 0 00 

t 27 

ROLL '" 31 • DISPLAY Xo 
STOP 41 YO Xo 0 I ENTER Yo CORRESPONDING 

• X~( I 23 TO Xo 

C 16 
.. 

---

CLEAR X 37 

t 27 

d I:J> CALCULATE Xj=Xj_l+ h 

Ace + 60 
I'- 61 I RECAL L 

'It 
~ t 27 
0 CLEAR X 37 0:: DISPLAY AREA j -I, Xi 
LL 41 Yi Xj AREA i-I I ENTER Yj CORRESPONDING STOP 

2 X~II 23 
-TO Xi·· 

b 14 

CLEAR X 37 

t 27 

d 
1:1 

CALCULATE Xi+l= Xj +h 

ACC + 60 

F 15 

t 27 

• CLEAR X 37 DISPLAY Xi +1 
STOP 41 I Yi+1 Xi+1 0 ENTER Yi+1 CORRESPONDING 

t 

~~ 
TO Xi+, 

Y~IJ 

C 

+ 33 
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This program calculates the Vector Cross Product by the equation 

AXB=(02b3-03b2) i +(03bl-0Ib3) j +(olb2-a2bl f"k 

where 

and 

= CI i +C2j +C3k 

A = all + 02 T + 03k 
B = bIT + b2 T + b3k 

Reference: Advanced Calculus 
by Angus E. Taylor 

Ginn and Co. 1955 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 -0) 

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

r-- PRESS: CONTINUE 

DISPLAY 

0-- z 
o Y 

1--X 

ENTER DATA: a3 - Z, a2 - y, 
al - X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

o Y 

2 X 

ENTER DATA: b3 - Z, b2 - y, 
b i - X 

PRESS: CONTINUE 

DISPLAY 

I 

EXAMPLES 

A = 21 + 3f + 4k 

B'" 11 + 5f + 2k 

A x If = -141 + of + 7k 

A=I+f-2k 

B = 21 - 3f +k 

A x B = - 51 - 5f - 5k 

GENERAL FORM 

• 

• 

• 
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This program calculates the angle between two three -dimensional vectors of the form 

and 

The equation used to calculate this angle is 

Reference: Advanced Calculus 
by Angus E. Taylor 

Ginn and Co. 1955 
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USER INSTRUCTIONS 

(Switch to Degrees or Radians 
Depending on Desired Output, e ) 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

_PRESS: CONTINUE 

DISPLAY 

o 
o 

z 
Y 

I X 

ENTER DATA: a3 - Z, a2 - Y, 
a1 - X 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 

2 X 

ENTER DATA: bS - Z, b2 - Y, 
hI -X 

PRESS: CONTINUE 

DISPLAY 

0-- z 
o --Y 

e --X 

EXAMPLES 

A = 2. 5f + 2. 6T + 2. 1k 

If = 1. 9f + 1.4] - 2. 8k 

e = 1. 406 radians = 80.548 degrees 

A = of +] + k 
B = of + r -k 

8 = 1. 571 radians = 90.000 degrees 

GENERAL FORM 

• 

• 

• 
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This program may be used to solve a wide variety of first order (homogenous or non-homogenous, linearor non­
linear) differential equations of the form y / = f (X, Y) 

The solution is a numerical solution which calculates Yi for Xi' 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+l =Yj + k (p+2q+2r+s) 

where 

Reference: Numerical Analysis 
by Kaiser S. Kunz 

p= hf(Xj,Yj) 

q = hf( X j + ~ , Y i + ~} 
h q ) r= h f( Xi + "2 ' Yj + 2" 

s=hf(Xj+h, Yj+r) 
h= X i+1-Xj 

McGraw-Hill Book Co. Inc. 1957 
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USER rnSTRUCTIONS 

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 f(X, Y). Place f(X, Y) in 
the Y register and exit to location 8-b. Note 
there is a maximum of 57 steps (4-a through 
B-a) available for storing and positioning f(X, Y). 

Place mode switch to RUN 

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

PRESS; CONTINUE 

ENTER DATA; (Initial conditions and incre­
ment) 

h - Z, Yo - Y, Xo _ X 

PRESS: CONTINUE 

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

h --Z 

Yi -- Y 

Xi -- 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
fore. 

Vo (Volts) 
1.0 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

EXAMPLES 

R 

f(t)~ 
'I/IA 

tc 

f(t) _ Vo(t) _ C dVo(t) = 0 
R R dt 

~:) 
VO(O) =0 

to = 0 

h = .01 

Initial } to = 0 
Conditions V 0(0) = 0 

dVo (t) _ Vo(t) f(t) 
-at - - CR + CR Increment h = .01 

Let V 0 = 1 V, C = 1 F, R = 1 nand t1 = 4 sec. 

The equation becomes 

dVq(t) () dt = - Va t + 1; t < 4 

The program steps that form V 6 = f(t, Va) appear on 
Page 1. See User mstructions. 
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This program solves the equation Z -Z Z2 
3 - 1 

where Zl and Z2 are given. Zi may be real or complex ie. 

and InZ::; In(.jX2+ y2) + j 8 

8=TAN-1 l 
X 

are used. 

The following equations are programmed 

Z - g Z21nZ 1 
:3 -

Zj::Xj+ jYj 

=g(X 2 + jY2 )( In.jX12+Yl + j81 ) 

X21n /X1
2 +y2_ Y, 8 { 

= g V . 1 2 1 COS( Y2In.jX12+ y1
2 + X281) + 

jSIN lY2In.jX,2+y,2 +X28,)} 

Reference: Complex Variable and Applications 
by Churchill 

McGraw-Hill 1960 
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USER INSTRUCTIONS EXAMPLES 

ENTER PROGRAM (starting Address is 0 - 0) 

SET: I I RADIANS I 
PRESS: GO TO (0) (0) [or END] 1) Z3 = (? (2 + j2) • ~PRESS: CONTINUE 

DISPLAY 

0 -- Z 

0 -- Y 
Z3 = -3.075 +j6.719 

1 -- X 

ENTER DATA: Y1 - Y. 
2) Z3 = (2 + j3)' 5 

PRESS: CONTINUE 

DISPLAY 

0 --z 
0 --Y Z3 = 1.674 + j.896 

2 --X 

ENTER DATA: Y2 - Y. 

PRESS: CONTINUE 

DISPLAY • 0 -- Z 

Y3 -- Y 

X3 -- X 

• 



a 
D::: 
< 
:L 
U • ~ "'"" 

c-
LJ...! 
-1 

$ 
L;,.: 

::c 
(£:! ,j 

0 
!Y 
« 
::,,:: 
~.J 
« 
n.. 
~-
f-
i..,l.J 
...J 

~ 
t.Jj 

..... 

~ 1'C-f-b~-· : 
-- - ~~ -"_ ... .,. 

0 
Cc; 

i"- --1'--
. ? ! a 

« 
:::.:: 
U • « 
Q 

;-. 
1-,,J 
5: 
w 

;.!t 

a 
c:::. 
<: 
~ 

u 
« 
t\_ 

f-
1--

W 
~ 

S 
i..,l.J 
,...i..,. 

;':~'j 
~ 

0 
n::: 
« 
~ 

u • "'-c., 

~-. 

f-
lU 
...J 

5: 
Lw .,.-
-'-

~~ 



Ll:'i~.1 !clt.WU:c I I' r'ACKAHU L0tJ Ht-WU::.! I, PACKAlW L(;'::'j Ht-WLt. r r' PACKAlW 12m HEWLETT, PACKAfW l{o/0J HEW LE'TT' PAC Kf\HD 

'"1 !~ I'.lll 1.(0 CD.,.,,!'! (j) U1 .f:>.l (:; _. r,)'~ -_. II 0 l'I:~'i::-- --~I~=I C+' ~ I ~I, .~ .]. 
I'! . ... ~--- " " -I I :' I ) , : 

, ' ,!, I I 'I I 1 I 
, I " "1 H "'I" n' ,,,,1 I 

i II! ~, ~ i 0 x r- I ~: £:1..1 HI:;" ~ I Sl ' ~ : ~ I I ! 
: i \ ,~I :~I I l'<llk ~!k' :~ .. j 
I I S I ! i : I I 

i 'i [ ! oIl>: (),I +'~-:' ~; I\l; Vl ---.I; ..::! Vl I --.I Vl i --.I iN! (),I "£--
,';_C"",j..,c __ + rL: -=p ~ ; ~~-~}~~I~-II'-~f:":-~V, --.I :~-= r'~l~" ; 

" If " ',I I 

1 I I II I! (') (') i I : : <1>. I I x I :t> 1,> I ! I J> I , 

I 01 I r- r I r I i ,c>. I 
I I (') (') II (i) • 

i I I P ~ I I j f I I 
, i I :t> l>, I I ~I -H ,I 

. '; -1"" -rijl c-
M.:--··.t

l 

c •• I' 'i--f I ""! II 

1 x I ~ I ~i 0 I -0 
I 01 I Ix I zl <P I' 51 J> 
l -< 1 l> 1 r _ I I ~I C(l ! <".; ~ G) 

1

01 I z! ~:::J i.. I I ~I ~ I. ~ ! I"ll 01 1 I I 1_: "i.. I iN 
! I x I I !:J I c±l ~ 

I -I- I: xTl :k 
;N 
+ 

O 
I + i ~I i 1 ! ':<~I tl: N 

I I 1 I j LI Ii' i , , ' I 1 : ; I I I I I ·1 ,I, 1:-<) I ! ~ ,: . 
11'1'1'1 ilJl'iJlI ,'II':: Iii i<l:li'I+'xt;ll. 

i
ll l I ' I I I I I I I I! i [ I XI ~ ~ . f -

_~~L ... j . .,_,+ ___ i","._L L_W_" J._~_, -J-.~_,",""~L&,";" __ L .. ~,~,_,! __ ,~_..L.~....; ____ ~ __ I """-"""I! ___ L, -~~" __ L~.:.~ __ r;,i-~-~.' !'~_I!·,J 
, I , ' I I I' i 'i 'II' I ' ' I I ; ~ , ! , 1 • 'I ' i QI I, i I I ; 1 ~ y!', ~ , '" ,': I I I ' , ! ,i(l) I I I I I ' : I ::u 

j 'L-t~-I i t' i ',- 1-': ·:-!--I--l~ 1-1-+ 'T I' i t~1 I: 
: -f- -I ,r' II +-: I r LI 'I '--~---H- ,--IT:j' 9 

1 -i-- )·--··'I······_! " : !-: / .. i ' '1
1

'--1--" : ,i II - -I loll! 
I ! r I l 1 ! I ' 

i I ; : ' I I -: -1 - - J -Ul": .. ( ! ' ! "1"'''~ .. ~- -1 -- ~'-I I' -: :-! I I Ii: ! Q'I I 0 

I, I I I ' i' I ii' t I ! I I, I I" '1 0 I' l'-~-: i t- . '1 .: r I -I - -1 -:- t I 'I "":--, --r ct 'T--;-- --:---['1 1-:- ~ -:.: l -I i t ,[ ',u' 1-..1 
L_._LJ __ L_~_c.~ __ J_.L_L_~, __ LJ _I '.1_' ...i~ __ L_l __ L",_l.._l._J ___ L _.-i. __ c _L .... __ ~ _____ J_..L .. _, _' .... ., ... t .. J_ ... 1._ •. , ~ .. L.J 

• • • 



o 
0::: 
c:( 
::.::: 
U 

l 
I..LJ 
--I 

:s: 
I..LJ 
:::c 

~ 

o 
0::: 
c:( 
::.::: 
U 
c:( 
a.. 
t­
I-­
w 
--I 

:s: 
w 
J: 

~ 
~ 

o 
0::: 
c:( 
::.::: 
u 

~ 
t­
I..LJ 
--I 

:s: 
w 
:::c 
~ 
~ 

o 
0::: 
c:( 
::.::: 
U 
c:( 
a.. 
t­
t­
W 
--I 

:s: 
I..LJ 
:::c 
r§::! 
t=:J 

o 
0::: 
c:( 
::.::: 
U • I--
I-­
W 
--I 

:s: 
w 
:::c 
r,;] 

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

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

2 
Yj+1=Yj + hYj' + ~ (4Y( -li~1) 

where the first term of the errOr is 

and 

y,' =y.' + l(5y,1I -16Y,/I +23Y.1I) 
1+1 1 12 1-2 1-1 1 

4 
where the first term of the error is -3h y(5) 

8 

where h = X j +1 - X i 

Y /I - y; /I h Y III " In order to start the solution the equations _ 1 - a - . a wIth error of 

and Y II - yll 2 h yilt "th ,,_ 2h2 y(4) - 2 - a - '0 WI error 01 are used. 

XO' Yo' and Yo' are known from the boundary conditions. Yd' is calculated from f(Xo' Yo' Yo' ). 
yo" is obtained by differentiating f(X, Y, y' ) and substituting in values Xo' Yo. Yo' , and Yo" . These 
initial conditions are required input. 

In cases where an increasing exponential predominates it may be necessary to reverse the direction of the in­
dependent variable. This may be done simply by making h negative. 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS: (GO TO) (5) (a) 

PLACE MODE SWITCH TO PROGRAM 

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 01 the dependent vari­
able in the e register, and calculate f(X, Y, y/). 
Place f(X, y, yl ) in the y register and exit 
to location 9 - 3. Note there is a maximum of 
59 steps (5 - 0 through 9 - 2) available for storing 
and positioning f(X, y. y/). 

PLACE MODE SWITCH TO RUN 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 

z 
Y 

1 X 

ENTER DATA: Yci' - Z, Y6/1 - Y. 

h-X 

PRESS: CONTINUE 

DISPLAY 

o 
o 
2 

z 
y 

X 

ENTER DATA: Xo - z, yb - Y, 

Yo- X 

PRESS: CONTINUE 

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

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

To start from a new set of initial conditions 

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

'----- PRESS: CONTINUE 

EXAMPLES 

c 

FO SINwt M 

x 

MX + C I X I X + KX = F 0 SIN wt 

X(O) = 10 C = . OS w = 41T m =.1 

X(O) = 0 Fo=100 K=25 

X = - . Slxl X - 250X + 1000 SIN 41Tf: 

X(O) = -2500 

X = -1. 61xl X - 250X + 40001T COS 41Tf: 

'X(O) = 40001T 

NOTE: SET I RADIANS I 

h = .001 

The program steps thatform X = f(t, X, X) appear on 
Page 1. See User Instructions. 
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This program calculates the two roots Xl and X2 of the equation 

ax 2 +bx+c =0 a¢O 

The equation used to calculate the roots is: 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0-0) 

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

r---" PRESS: CONTINUE 

real 
roots: 

ENTER DATA: a_Z, b _Y, c_X 

PRESS: CONTINUE 

DISPLAY 

o--z 
X2--Y 

XI--X 

complex 
roots: 

Im(X2) ---- Z 

Im(XI ) Y 

(Note Z contains zero) 

EXAMPLES 

GENERAL FORM 

ax2 + bX + c = 0 

X2 + X + 1. 25 = 0 

X2 = -.5 + j1 

Xl = -.5 - jl 

2X2 + 5X + 3 = 0 

X2 -1. 5 

Xl = -1.0 

X2 + 4 = 0 

X2 = j2 

Xl = -j2 

• 

• 

• 
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X;::y 
----.--------., 

2 
CHG SIGN 

c X 

ROLL ..j, 
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t 
CHG SIGN 

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

The equation used is: 

Y = Yo + u By -1/2 + ~: (u + 1) a2yo + fr: (u + l)(u (u - 1) a 3y -1/2 

The difference table is: 

where 

and 

u 

-2 

-1 

o 
1 

8 Y -1/2 = Y 3 - Y 2 

a2yo Y4 - 2Y3 + Y2 

3 
8 Y -1/2 = Y 4 - 3Y 3 + 3Y 2 - Y 1 

X -X3 
u = -h-

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

McGraw -Hill 1956 
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USER rnSTRUCTIONS 

ENTER PROGRAM (starting address is 0 - 0) 

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

PRESS: CONTrnDE 

DISPLAY 

0-- z 
o --Y 

1 X 

ENTER DATA: Y1 - Z, Y2 - y, Y3 - X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

0-- Y 

2 --X 

ENTER DATA: Y4 - Z, X3 - Y, h -X 

~ PRESS: CONTINUE 

DISPLAY 

0-- Z 

0-- Y 

3 --X 

ENTER DATA: X -X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

y(X) - Y 

X -- X 

TO REST ART PRESS: END 

PRESS: CONTINUE 

h 

h 

X. 
1 

-1 

2 1 

3 3 

4 5 

'" 2 

x. 
1 

1 0 

2 .5 

3 1 

4 1.5 

= .5 

EXAMPLES 

GENERAL FORM: Y(X) 

Y. • 1 

-1 
Y(3. 1) '" 21. 181 

1 Y(2.5) = 10.375 
19 Y(-2) = -11.000 

101 

Y. 
1 

-7 

- 6. 75 Y(.7) = - 6. 314 

-5 Y(1.2) = -3.544 

-.25 

• 

• 
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This program solves 

x3 + pX2 + qX + r 0 

for real and complex roots. 

Solve Quadratic 

Display Roots 

YES 

Choose initial increment 

D.X K = 1£1 
o· r 

~=.6.X 
10 

K =-K 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting address is 0 - 0) 

PRESS: GO TO (0) (0) [or END J 
PRESS: CONTINUE 

ENTER DATA: p _ Z, q _Y, r _ X 

PRESS: CONTINUE 

DISPLAY: 

3 real roots 

1 real 

2 complex 
roots 

0-- Z 

0-- Y 

3 --X 

o 
o 
1 

Z 

Y 

X 

PRESS: CONTINUE 

DISPLAY: 

real 
1-oIIf----roots 

L-__ complex 
roots: 

X3 -- Z 

X
2
--Y 

X
1
-- X 

(X
3
)- Z 

Im(XI and X
2
)-Y 

ReCX! and X2) - X 

EXAMPLES 

General Form 

X3 +~ +qX + r 

Example 1 

Example 2 

X3 "' - 1 

X
2 

= -1 

Xl = -1 

o • 

• 

• 
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Many computer program dumps are in octal. Debugging such a dump is aided by converting octal +!: decimal 
numbers on the 9100A. 

This program converts numbers in the X register from one base to the other. The Y and Z registers are not 
affected by the conversions so that arithmetic operations may be carried out by first converting from octal to 
decimal, then performing the desired arithmetic operations in decimal and, finally converting the answer from 
decimal to octal. The A and B registers may be used for auxiliary storage. Conversion limits are: 

OCTAL _DECIMAL 

8-
99 

:::: I OCTAL NUMBER I < 8100 

DECIMAL- OCTAL 

Decimal numbers are expressed as standard floating point numbers; however, the exponent on octal numbers is 
listed in decimal rather than octal 1. e. , 

1. 234 19 0 19 means 1.234
8 

x 8 1 
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USER INSTRUCTIONS 

PRESS: CLEAR 

ENTER PROGRAM (Starting address is 0 - 0) 

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

PRESS: CONTINUE 

NO 

ENTER OCTAL - X 
PRESS: SET FLAG 

PRESS: CONTINUE ENTER DECIMAL 

~ 
PRESS: CONTINUE 

0-- Z O--Z 

O--Y O--Y 

DEC -- X OCT -- X 

CONY. 

DEC ..... OCT.? 

L-___ .....-J yES 

To reset octal _ decimal, without losing 
X, Y or Z, 

PRESS: END 

PRESS: CONTINUE 

NOTE: Contents of Y and Z remain un­
changed after conversion. 

X 

NO 

EXAMPLES 

DEGREES I 

Following the steps listed above: 

1. PRESS: CLEAR 

2. PRESS: END 

3. PRESS: CONTINUE 

{

PRESS' CHANGE SIGN 

4. PRESS; 3 

PRESS: 6 

5. PRESS: CONTINUE 

(Converts to - 30°) 

6. PRESS: SIN X (sin 30° = -.5) 

7. PRESS: t (-0.5 to Y) 

8. {PRESS: 2 

l PRESS: 4 
(Converts to 20

10
) 

9. PRESS: CONTINUE 

10. PRESS; X (2010) (-0.5) = -10 in Y 

PRESS: 1 

PRESS: 4 

11. PRESS: 4 

PRESS: 

(Converts to 100. 5
10

) 

PRESS: 4 

12. PRESS: CONTINUE 

13. PRESS: + 90. 51N Y 

14. PRESS: t 90. 5IN X 

15. PRESS: SET FLAG Set up Decimal _ Octal 

16. PRESS: CONTINUE 

Answer, 132.4
8

, IN X 

• 

• 

• 
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6-6 

• 

YES 

3-3 
SXN+I.P.Q .... N 

F.P.Q .... Q 
F -l-F 

4-4 

"Q = NUMBER ENTRY" 

NO 



• 

• 

• 
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~ This program gives the factors of any positive integer n. 
t=1 

All repeated factors are given. 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

~ PRESS: CONTINUE 

DISPLAY 

o 

o 

o 

z 

Y 

X 

ENTER DATA: No. to be factored - X 

DISPLAY 

o z 

o Y 

n --- X 

~PRESS: CONTINUE 

DISPLAY 

n 
remaining 

'--- factor 

Factor 

FINAL DISPLAY 

n 

Z 

Y 

X 

Z 

1 ---Y 

Factor --X 

EXAMPLES 

(A) 

n '" 50 

Factors are: 2, 5, 5 

(B) 

n '" 2.9393939 x 10 
7 

Factors are: 2.9393939 x 10
7 

(n is a prime number) 

• 

• 

• 



No.-- Z 

1 Y 

Last 
factor 

X 

(DISPLAY) 

• 
YES 

• 

f = 1 
K = 2 

n e 

YES 

NO 

09100-70013 

1- 9 

y '-- Z 

n/K Y 

K --X 

(DISPLAY) 



• 

• 

• 
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PAGE 2 PART NO. 09100-70013 
::) 
v Display Storage 
~'(..o. ~t~j) 
~I .Z 

_ GO TO ( )( I 

o 
8 
d 17 

CONTINUE FACTORING 
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This program finds the real roots of equations of the form f(x) = O. The solution evaluates f(x) at a specified 
starting point Xo and at successive x's by replacing x with x + t.x(the initial t.x is also specified by the user). 
When f(x) changes sign, t. x is replaced with -t.x/lO. 

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. 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0 ) 

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

SET: 1 PROGRAM I 

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

GO TO 
o 
6 

END 

Note: Registers 6, 7. 8, 9. a, b, c, e, and 
f are available for programming and storage 
of f(x). Register d and the flag are unavailable. 

SET: I 

PRESS: END 

Store initial conditions (when applicable). 

ENTER: xi - X (Xi is initial x from which 

search is to begin. ) 

PRESS: CONTINUE 

DISPLAY 

±f (:Xi-l) • f (xi)-- Z 

f{Xi) -- Y 

xi-- X 

NO Is xi 
Satisfactory ? 

YES 

Note: 
f(xi_l) is random 
the first pass and 
product is mean­
ingless 

ENTER: ~x - x. (~x is the searching 
increment. + ~ x searches right, 
- ~x searches left) 

J 

USER INSTRUCTIONS (con't) 

• PRESS: CONTINUE 

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

PAUSE DISPLAY 

±f (Xi-1)' f(xi) -- z 
f (xi)-- Y 

Xi -- X 

The calculation stops when Xi is a root, Xi is 
successively replaced by Xi ± ~x, (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) 

ENTER NEW DATA AS BEFORE 

EXAMPLES 

1. FIND ROOT OF x ~ cos x 

SET: I I RADIANS I 
ENTER DATA: Xi ~ 0 _ X 

PRESS: END 

PRESS: CONTINUE 

DISPLAy 

(JUNK) -- Z 

-1.000 Y 

O--X 

(Y contains f(x» 

(X contains x) 

ENTER DATA: x =0.1_ X 

PRESS: CONTINUE 

DISPLAY 

o --Z 

o --Y 

0.7390851332 -- X (X contains root) 

• 

• 

• 



2. 

I 

• 

EXAMPLES (con't) 

.".2.,/X 
Y = 1 + cos .". 

T X 

Given the initial x 
condition y = 4, 
find x. 

IEwrite equation as 

f(x) = y(l + cos -T- x) _ .".2.jX 

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

SET: I RADIANS I 
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 
1 

PRESS: CONTINUE 

DISPLAY 

(JUNK) Z 

8.00 Y 

o--X 

i(x,4) in Y 

(x in X) 

Instead of entering !:J. x. evaluate f(x) at a 
new value Xi 

mESS: END 

ENTER DATA: x. = I-X 
1 

PRESS: CONTINUE 

DISPLAY 

(JUNK) -- Z 

-5.87 __ Y 

1.0 -- X 

f (x, 4) in Y 

(x in X) 

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

x = -O.l-X 

PRESS: CONTINUE 

09100-70014 

EXAMPLES (con't) 

DISPLAY 

4 x 10-22 

-2 

4.868292372 

-ll f(x, 4) in Y 

-01 X contains root 
~-----------~ 
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2-7 
x + !::"x- x 

2-4 
Save !::,.x 

NO 

Not first pass 

Initial Conditions 
Xo in X 

r 
CONTINUE 

NO 

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

YES 

3-1 

Stop, user enters !::"x 
to begin searching for 

root 

YES, ROOT FOUND 

• 

• 

• 
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I ~~ ~~ 

Step Key I Code ---~---- -.--------- --_..... -- -. ----.---.- .... -.... I -- -,"-' ---- -, --------.. - .. -.- _oj 

! X Y I Z JFi.2 d c,c'al 
:--~-'"'-------+---------:----,------,-,- "1"' , ---------l 
6 '_9 _____ ..:-N~----1-4~.-t-. ___ x ____ ~-_ J------- --- --- 1- __ : __ : __ ~ ___ :. ________ ~ _____ ; 

, 1 ; ENTER SPEGIFIC f(x) STARTING AT S-p. THE X AND d I i 
;--2 ,-- --------T--- --REGISTER- ~ONTAIf\J--x- :.- -IT$E---TRTS\lAR;LE -. TO FROGRA:rvr~-- ---~---! 

----~ ---------- .. -ftxr.-----L---EA:VE-;--ftx+---tN~X--AND--£XI_T TO- - -e-AT-teN-0--S------- ----------1 
3 If' i ! I ~ 
4 J FOLlOWE-O-.-~Y---~ND.- ---.. --:..----------,-----+-- . - -'-----;----1 

r-
5 
~-·-------r- I-~--- ----t------ t-------,-, --r-'~-~---~'-'-t 

• 6 ' :r---------t---:-------r-·, --' ---' ~--"'---I 
- . --~ __ L_.---~_---- i ----------T - - --~----J-_-, -- -- -r --- --j 
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: 1 -------L--L-----, ---·"------r,! - .. -.. :.-----,--+--- ' '---i : ~ ~---!.---.+-----------r--.-- .. --- 1 ------r---~: -- .... 

. -------~----~--~------ [- ----._------ j -~ -' ~ 
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,---,---i----t - -- .. ---~~---~----.-.... l- -- ,--~---.. - -.--~: ---~--___l 

. 6 • Ii -fl-.. --;--.-~--J -7-1--- ! ! , 

,tr~ ---:=.l==-- -~t=J-=-:- -~- _';!:;.:.-.~-j 
:-'~-f------+--+ '- --I-----J-----i - - f 
i -~ ___ ~ ____ J - ---.------~~- ____ . _______ . ___ .... _ -.-.------4-----· J __-/ 11 ! - ---.- I I --:-- -
;~+--:+ ------t- ----,-----=---::l~i -_L----.-."--'-'.---,' ~-_-T+=-~_.c~-~ 
o . i . ___ .... _ i ____ .. ______ ._.... ~! ! ~-'--------~-+_--------. --.. -,.,.-,.. -- . .t-.-.. -~ , : - ~ ~~~~ ~1 

I : c-- . I ----.- ---1. -------~---L- --.-:-=~:~=~--~--;- -- -1 
.c: ! : I '; ! 

----·--------~----r---------· .. -.. -.. - -.-~------ -- . ---;--.---~- .. ---- -;- .- ... - .. ---- ---'j 

:1 ~=~=---r+--~·"---c----=-=-- -~f?I-E-~~F l-===~ 
;-7;---- : -1-'----------.. - -r m .+------ Ii. ! 
~-r----··--- i' .. - .... -l.- -. -'-"-'1-'--- .. --- -- - - -- .. I ........ ---,-- -----j - - -- .. - .. ,----,----.-----r 
: 8 I .. _ .. _______ L.-:.. __ L- ...... L-l __ ~i __ -\ 
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-~ I ...........,..,~,_~~""""'~-_j 

• 

• 

• 



Cl 
a:: 
< x:: 
U 
< a... 
f­
f­
l..i.J 
...J 

~ 
l..i.J 
:::c 
~ 
f:j 

C 
0:: 
< x:: 
u 

i 
l..i.J 
...J 
~ 
l..i.J 
:::c 
~ 
t:::l 

Cl 
0:: 
« 
:::.:::: 
U 

• f-
l..i.J 
...J 
~ 
l..i.J 
:::c 
~ 
fS1 

This program evaluates the integral of a known f(x) using Simpson's rule. The equation used is: 
b J f(X)clX:::: ~x [f(a)+4f(a+~X)+2f(a+2~X)+ ... +2f{a+(n-2)~X}+4f{a+(n-l)~X}+f(b)] 
a 

b-a for n panels (n must be even) where ~ X =-n-

The specific f(x) is programmed into the calculator by the user and is then used by the general solution to eval­
uate the integral. Execution time is dependent on the number of panels. Note f(x) should not have any singulari­
ties in the integration interval. 

Reference: 

Numerical AnalySiS 
by 

Kaiser S. Kunz 

McGraw-Hill Book Company, Inc. 
(1957) 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS: GO TO (6) (0) 

SET: I PROGRAM I 
Enter the program steps that take X from the 
X register (X is also in the e register) and 
calculatate f(X). Placef(X) in the Y register 
and exit to location 1 - 5, 1. e. finish with the 
steps GO TO () (), (1), (5), END. Registers 
6, 7, 8, 9, and a are available for storing and 
calculating f(X). The flag is unavailable. 

SET: I I RUN 

PRESS: END 

,...PRESS: CONTINUE 

DISPLAY ,.---------.. 
o --z 
o --Y 

1 --X 

ENTER DATA: n panels (must be an even 
number) -Z, b-Y, a-X 

PRESS: CONTINUE 

DISPLAY 

AREA -- Z 

b --Y 

a --X 

To calculate the integral of another f(X), repeat 
the instructions, 

PRESS: GO TO (6) (0) 

and proceed as before. 

EXAMPLES 

dX 3 =8 

1. Let n panels = 30 (must be even) 

b = e2 

a=e 

b 1 

J X (lnX)3 
a 

2. Let n panels = 100 

b = e2 

a=e 

dX ~. 3750098 

b 1 J X (lnX)3 dX ::=: . 3750001 
a 

• 

• 

• 
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Step 

I 1 Display 
leode 1--------,--------.--,-----.------.- -
i X I Y z a 

Storage 
Key 

b 

I 27 , , i I 

! 65 ! -c---·-·-·~-.. ·-·-t· ---------- --~~+___i_--.,-----i----'--_jl 

i. 36t- .---.-------+ ii, ~ 
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~ ~i 1 i 01·1------·-·-· i ; ,-+----'----r--.. -

o :_6J--X~Y-- : 30 I : 'I, i +--:[1 --+i:--··-~+i··- .. ·-··-!, -~--l-.~ 
(t , 7 i -:- : 35 I ' « ---.--. 1---' --------+-- '. -. -+----~- --I -

~ +!. : ~ j GOTO~ J( I .. ~.:~-l-- . I __ ~ __ ~ ____ ._.~-.---'.--.--.;--.-
~ LL.~ a , 5 i 05 1-------- I .-- -.. -,----------H--~--f ·----~-----H 
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This program solves two independent equations simultaneously for the two unknowns. 

The two equations are of the following form: 

ax + by = e 

cx+dy~f 

where x and yare the two unknowns to be found. 

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

x = e/a -(b/a)y (1) 

x = f/c-(d/c)y (2) 

Substracting gives the solution for y: 

_ (e/a - f/c) 
y - (b/a - d/c) 

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

Reference: 

Numerical Analysis 

by 

Kaiser S. Kunz 

McGraw-Hill. 1st edition 

(1957) 
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USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is (O) (0)) 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 
o 

z 
Y 

X 

ENTER DATA: a _ Z, b _Y, e -X 

PRESS: CONTINUE 

DISPLAY 

o 
o 
o 

z 
Y 

X 

ENTER DATA: c - Z, d -Y, f -X 

PRESS: CONTINUE 

DISPLAY 

o 
y 

TO RESET PROBLEM: 

z 
Y 

X 

EXAMPLE 

Solve the following equations simultaneously 
for x and y. 

(1) 2x+ y= 6 

(2) 2x+3y= 1 

Data to be entered: 

2 

1 

6 

2 

3 

1 

Solution: 

.. 
~ 

.. 

.. 
• .. 

x 
y 

4.25 
-2.50 

General. Form: 

ax + by 
ex + dy 

e 
f 

Z 

Y (1) 

X 

Z 

Y (2) 

X 

• 

• 

• 
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This program calculates n! for integer n where O<n<lO 12 

n! ~ n (n - 1) .•.. 3 . 2 . 1 

c:: No Reference 
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USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is (0) (0» 

PRESS: GO TO (0) (0) 

PRESS: CONTINUE 

DISPLAY 

ENTER DATA: 

o 
o 
o 

[or END] 

z 
Y 
X 

n .. X 

PRESS: CONTINUE 

DISPLAY 

Exponent of 10 ---Z 
Decimal Number of n [ Y 

n X 

TO RESET PROBLEM: 

DATA 

A) n 

B) n 

C) n 

D) n 

0 nl 

7 nl 

1000 nl 

104 nl 

EXAMPLES 

SOLUTION TIME 

1 

5.040 x 103 1 sec. 

4.0239 x 102567 16 sec. 

2.8463 x 1035659 2 min. 
53 sec. 

• 

• 
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This program uses the convolution integral to find the response of any system to an arbitrary forcing 

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

Development: 
t 

The convolution integral is: e (t)* h (t) = y (t) = J e (T) h (t- T) d T 

where e (t) 

y (t) 

h (t) 

is the forCing function. o 

is the circuit response due to the forcing functions. 

is the impulse response. 

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

~ Reference: Transform & State Variable Methods in Linear Systems 
-l Someshwar C. Gupta 
~ Publisher - John Wiley & Sons, Inc. 
w Copyright - 1966, 1st Edition 
:::c: 
~ 
E::l 

o 
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w 
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USER INSTRUCTIONS 

SET: IRadians 

ENTER PROGRAM: Starting Address is (0- 0) 

.....-...... PRESS: GO TO(71 (c) 

SET: 1 PROGRAM 1 I 

Enter program steps to form e (T) • h (t- T ) 
and place this quantity in the Y register. T is in 
the X register and in storage register e. t is 
in storage register d. 

The last four steps must be: 

GO TO 
3 
4 

END 

NOTE: Steps 7 -c, 7 -d and registers 8 and 9 are 
available for forming the function to be 
integrated. 

SET: 'I 'I"'R"--u-n'! 

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

PRESS: CONTINUE 

DISPLAY 

0- Z 
o-y 
1-- X 

ENTER DATA: Panels/unit time _ Y 
Time increment (I:J. t) _____ X 

PRESS: CONTINUE 

DISPLAY 

y(t)- z 
t-Y 
O-X 

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

value of t. 

TO RESET PROBLEM for a different I:J. t. 

TO RESET PROBLEM for a different e (T) 

EXAMPLES 

CA) Find the response of a circuit with an 
impulse response of e -t to a forcing fUnction 
of u (t) -- for 0:5 t :5(1) • 

Therefore: e(T)=u(T) =1for0:5 t:5CO 
h (t _ T) = e -( t- T) = e T -t 

Program Steps Code No. 

7-c - t --27 
7-d-- d --17 
8-0 -- - --- 34 
8-1- t --25 
8-2 -- eX -~_ 74 
8-3 -- ~ --27 
8-4 - GO TO --44 
8-5 -- 3 ---03 
8-6 -- 4 ---04 
8-7 -- END ---46 

Integrating analytically, the result is: 
t t (T -t) -t fa e (T) h(t-T) dT=fo e dT= l-e for t>O 

Data: I:J. t = 1, Panels / (unit time) = 100 

Results:!.. .x...i!l 

(B) 

1 
2 
3 
4 
5 

.63212 

.86466 

.95021 

.98168 

.99326 

Find the response of a circuit with an impulse 
response of e -t to a forcing function of sin t 
- - for 9::: t:5 1T • 

Therefore: e (r) = sin (T) for 0::: t:::.". 
h (t-T) = e -(t-T)= e (T-t) 

Program Steps Code No. 

7-c -- t 27 
7-d -- d 17 
8-0 -- 34 
8-1 -- t 25 
8-2 -- eX 74 
8-3 t 27 
8-4 -- 1T 56 
8-5 -- + 27 
8-6 -- e 12 
8-7 --IF x>y -- 53 
8-8 -- CLX 37 
8-9 -- • 27 
8-a -- sin 
8-b -- Rt 
8-c -- X 
8-d -GO TO--
9-0 3 
9-1 -- 4 
9-2 --END 

70 
22 
36 
44 
03 
04 
46 

Set the forCing 
function to zero in 
the Y register if 
t > 7T • 

• 

• 

• 
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• 

EXAMPLES 

(B) continued 

Integrating analytically, the result is: 

j t Jt -(t--i) 
e(.) h(t-T) dT '" e sin'l'"d'l'" 

o 0 

'" 1/2 (sin t - cos t + e -t) for 0 < t < 11" 

'" .e -t (1 + e 11") for t > 11" 
-2- ~ 

Data: l!! t '" ·11"/4, Panels/(unit time) ~ 100 

Results: 

t Y (t) 

11" /4 .22797 
11" /2 .60394 

(311")/4 .75450 
11" .52161 

(511")/4 .23782 
(311" )/2 .10843 

NOTE: Simpson's one-third rule is used to perform 
the integration; therefore, accuracy depends on the 
number of panels per unit time that is selected. In 
both examples, accuracy to nine decimal places was 
obtained using 100 panels/ (unit time) . 

09100 -700 18 



• 

• 

• 



Cl 
0:: 
<: 
~ 

u - « 
Q.. 

l-
I-
W 
...J 

:s: 
W 
:r 
r:;s 
8 

0 
0:: 
<'( 
~ 

u 
« 
n... 
l-
I-, 

i.:..l 
...J 
$: 
W 
::c: 

~ 
'--' 

0 
0:: 
« 
;:::::: 
u • « 
CL 

l-
I-
W 
...J 

~ 
W 
:r: 
~ 
~,1 

0 
0:: 
« 
::x:: 
u 
« 
CL 

l-
I-
W 
...J 

3: 
w 
::c: 

.oj 
f I 
t-i 
:Ei 
~! 
ILi 

! 
i 

Step Key 

PAGE 1 PART NO 09100-70018 

lCodJ~----~-----~-~-~i!l~"-~ _____ .__ ___ --it--_--.-__ ,--_S_torage 
I r ~ - ! ~-~ 1~-,---.,----4 
i! -'v , Y i z F ;e b a 



) 
( 

J 
J 
~ 

> 
.I 

) 
(; 

J 
J 

• 



• 

e 

0 
0:: 
<C 
::,c: 
U 
« a... 
f-
f-
LU 
....J 

~ 
u..l 
::c 
~ 
~ 

0 
0:: 
« 
::,c 
u 
<C 
a... 
f-
f-
W 
....J 

5: 
l!..1 
:r: 
~ 
t=1 

0 
a::: 
« 
:.:::: 
U 
« 
a... 
f-
f-
W 
....J 

5: 
w 
:r: 

~ 

0 
0: 
« 
~ 

u 
« 
CL 

f-
r" 
W 
..J 

~ 
W 
:::r: 

a 
~ 
<C 
~ 

U e < 
a... 
f­
f-
uJ 
_...J 

~ 
U 

r"'" 

~~~ 

- ... ---~-~--'-- - .. _--_. ---_._. __ . __ .. ,--
: 3 f I 

... , ._. .._. ,,_ . __ e ____ ~._ -.--.- .• " •. __ . _._ .• _ -. -

.41 ~ 
;.-~-.~~-:.-~~:~==~~:~--~--[-- .. 

-j"-'---".- . 

PAGE 3 PART NO 

, 
---t 

j .+-- -

09100- 70018 

i 
- ~. 6 ' ~ . 

'-'--'-'-"'-'--~'~~~--------1----- -- .. -- .. -~-. - -.------~L~~--
~ 

'"1------ ---.-----, 
- f -_.-.. -.--.--.. -.-... -.-.--. ---.--- . ---... -------.-~'-----.. --.. -------.-.--.-_I_-------- . ______ L_ -

, L------· 8 I 
.. --1, .. - . _ __ ..• " .• ""_''''_",., ... _.,, •• ,. _",_. __ .~ __ •.•. _. , 

I 
~ -f ......... ,., -.... _. 

'-'-------i 
. £=I .. 

i 
.~ --.----, -._." "r"-

i 
-j -

------~---~~--- _ .. _. -.-g-----~.--,~- ,--, 
i fJ -~-·----·-~------'Ji 

'_' ~J __ • _______ J--_-_-_-_"'~~~'_"'''_'' ._.-_._ .. -_.-_" .. -_--_---.-_-_-.. ~~--------,~~i~=~~~ ____ L-_~ _ ___'_ __ ._-n~j 



) 

c 

: 
J 

) 
t: 

.J 

6 
7 
("> o 

9 

,~~- --
'h 

L 
--"-----_._-

d 

'" 

x 

c~i ________ ~ :----.. -ic------------

2" ! 

d 

• 

• 
------···-1-

• 



o 
c::: « 
~ 
u a 
I­
w 
...J 

=r= 
w 
:J: 

~ 

o 
c::: 
« 
~ 
u 
« 
a.. 
l­
I­
W 
...J 

3= 
w 
:J: 

~ 
~ 

o 
c::: 
« 
~ 

u 

11 
I­
W 
...J 

=r= 
w 
:J: 

~ 
fS1 

This program calculates the roots, real and/or imaginary, of a fifth or fourth degree equation of the form: 

5 4 3 2 
5th degree - x +a4x +a3x +a2x +a1x+aO '" 0 

4 '3 2 
4th degree - x +a3x +a2x +a1+aO = 0 

The fifth degree equation is reduced to a fourth degree by a normal iteration process, incrementing or 
decrementing an initial arbitrary value of x until f(x) '" O. 

The fourth degree equation is then reduced to two quadratic equations by Brown's Method, after which the 
,--:----

two quadratic equations of the form ax2 + bx + c are solved by means of the quadratic formula x '" -b/2 :!:.jb2/4 -ac, 

or, in this case, x = -b/2 :!:. jb2/4 - c since "a" is always normalized to one. 

Brown's Method 

4 32 
Brown's Method states that given an equation of the form x + a 3x +a2x +a1x+aO = 0, a third degree 
of the form Z3 - a2z2 +b1Z+bO = 0 may be reached 

where: b1 

Then solving for the largest real root (Z 1) of f( z), the following constants are obtained: 

A=a3 , B=Zl' D=~, C = AB-Al/2 ,ifD~O; orC =~A2-a2+z1JifD=O. 
2 2 -D--

The resulting quadratic equations are: 

Reference: 

2 
x + (A - C) x +(B-D) 0 

2 
x + (A + C ) x + (B+D ) o 

Numerical Methods in Engineering, 
Mario G. Salvadori and Melvin L. Baron 

Prentice-Hall, Inc. , 1961 
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USER INSTRUCTIONS 
FOR 4TH DEGREE 

Equation of the form: 
4 S 2 

x + aSx + a 2x + a
1 

+ aO = 0 

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

ENTER PROGRAM B: (Starting Address is 0 - 0) 

PRESS: CLEAR 

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

ENTER DATA: 

a3------ Y 
32 -- X 

PRESS: CONTINUE 

DISPLAY 

ENTER DATA: 

o 
o 
o 

z 
Y 

---X 

---.»- Y 
---»" X 

PRESS: CONTINUE 

DISPLAY 

---z 
---Y 

1 ---x 

NOTE: Continue with 5th degree instructions 
beginning with entry of Card C. 
Card A is not used for 4th degree 
roots. 

15, February 1969 

USER INSTRUCTIONS 
FOR 5TH DEGREE 

Program includes 2 cards - 4 sides 

Equation of the form: 
5 4 3 2 

x + a4 x + as x + a2 x + a1x + aO = 0 

ENTER PROGRAM A: (Starting Address is 0 - 0) 

PRESS: CLEAR 

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

Note: Do NOT press CONTINUE at this time. 

ENTER DATA: 

a4 --_ .. Z 

as »" Y 

a
2 

»" X 

PRESS: CONTINUE 

DISPLAY 

ENTER DATA: 

o 
o 
o 

z 
Y 
X 

.Y 

.X 

PRESS: CONTINUE 

DISPLAY 

o 
f (root) 

(root) 

YES 

---z 
---Y 
----X 

• 

• 

• 
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YES 

USER INSTRUCTIONS 
FOR 5TH DEGREE 

NO 

ENTER DATA: 

Root approximation .. X 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

o 
f (root) 

root 

I 

~PRESS: CONTINUE 

DISPLAY 

o 
o 
o 

'" 

z 
Y 
X 

z 
Y 
X 4I-~Indicates side B 

is to be entered. 

ENTER PROGRAM B: (Starting Address is 0 - 0) 

PRESS: CONTINUE 

DISPLAY 

1 

z 
Y 
X __ ~ Indicates side C 

is to be entered. 

ENTER PROGRAM C: (Starting Address is 0 - 0) 

PRESS: CONTINUE 

DISPLAY 

Intermediate ----z 
values ----Y 

2 ---- X -f--Indicates side D 
is to be entered. 

ENTER PROGRAM D: (Starting Address is 0 - 0) 

PRESS: CONTINUE 

09100-70019 

USER INSTRUCTIONS 
FOR 5TH DEGREE 

DISPLAY 

root 
root 

o 

z 
----Y 
----X 

Note: 0 in X register indicates two real roots 
in Y and Z. 

PRESS: CONTINUE 

DISPLAY 

Re. (root) 
1m. (root) 

(-) 1m. (root) 

Note: Z contains real part of complex root, 
Y and X contain + and -. imaginary part 
of complex root. The last two roots are 
therefore: 

(Re + jim.), (Re - jim.) 

EXAMPLES 

1. Find the roots of the follOwing equation: 

x 5 _ x4 _ 2x3 _ x 2 + x + 2 

Solution: roots are -- -1,1,2, (-.5:t .866) 

2. Find the roots of the following equation: 

x4 _ 6x3 + 18x2 - 24x + 16 '" 0 

Solution: roots are -- (2:t.:.j2), (1 :til) 

*** 
NOTES: A 4th or 5th degree polynomial must 

have the coefficient of the highest 
degree term normalized to 1; Le •• if 
the equation to be solved is: 

543 2 
2x + 4x + 3x + 6x + 7x + 10, then the 

equation to be input on the calculator is: 

5 4 3 3 2 7 
x + 2x + TX + 3x + 2x + 5. 

A 4th degree polynomial may be solved 
by using cards B, C. and D. 

3 
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4 

c 

SFL 

Display root C and 
fCC) 

YES IFL 

Display 

a ~ a
4 

+ c 
b = a3 + ca 
c = a2 + cb 
d = a1 + cc 

PROGRAM A 

Enter Coefficients 

x ~ Exponent of 
I a41 + laol; X_ 0 , 

K-Iaol/ aO 

A 14---------, 

YES 

~x ~ ~X/l0 
K~ -K 

B 

NO 

Yf:S 

YES 
f(X) = 0 

NO 

YES 
Kf(x) < 0 '>-------' 

NO 

of X4 + aX3 + bX2 + cX + d = 0 

• 

• 

• 



• 

FLOW CHART - PROGRAM B 

Calculate 
and store 

b
l 

= ac - 4d 

1 
Calculate 
and store 

b
O 

~ d (4b - a 2) - c 2 , 
Calculate 

I -10 (Ia + Idl) x 10 ~ , 
(bO ~ zeror) _______ YE_S_-< 

Calculate 

Clear and 
Set Flag 
(no real 
roots are 
present) 

Proceed to 
Program C flow­
chart. 

Is 

(b
2
/4)-b

1 
negative? 

YES 

Calculate roots 
and Set Flag; 
real roots are 

0, b/2, b/2 

M 

NO 

NO 

15. February 1969 
09100-70019 

(b
O 

=f zero) 

Calculate 
Increment 

t:"Z 

Proceed to Program C 
flow chart 

(Flag is not set) 

NO 

Calculate roots 
and Set Flag; 
real roots are 0, 

b/22:. )b
2/4) - b 1 

5 
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6 

Set 
Flag 

FLOW CHART - PROGRAM C 

YES 

YES 

Store 
Calculate 
and Store K 

6Z =6 Z/l0 ~,.--____________ ---, 
K = -K 

=z.+K·6z 
1 

~NO 

Calculate 
f(Z) - 3rd degree 

Store Zo and 

begin calculation 

of the roots of the 

remaining quadratic 

in Z 

NO YES 

NO Calculate 
Kf(Z) 

r--1II--<" Kf( Z ) < 0 J---:~----I 

(Flag is not set) 

Proceed to P OGRAM D Flow Chart 

• 

• 

• 



( 2) 

• 

Determine 
which root 
of f(Z) is 
the largest 

Calculate 

C ~ A2 -b + Z 

Calculate 

A !. C, B !. 

Calculate 

b2/4 - c 

YES 

Calculate 
imaginary parts 
of complex roots 
of one quadratic 

(1) 

D 

FLOW CHART - PROGRAM D 

YES 

Calculate 
real roots 

of one 
quadratic 

Flag 
Set? 

(b
O 

~ O)? 

YES 

YES 

NO 

Quadratic 
formula applied 

to f( Z) 

(b2/4 - c)< O? 

Calculate partial 
coefficients A, B 

of the two quadratic 
equations 

Calculate D 
and C = AB -b/2 

D 

NO 

09100-70019 

Clear 
X and Y 

registers 

NO [~2 -C] ~O 

2 
b /4 - c» 07 

YES 

Complete 
calculation 

of real 
roots of f(Z) 

7 
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(2) 

8 

YES 

Display 
roots 

END 

Is 
the 

Flag 
Set? 

FLOW CHART - PROGRAM D (Can't) 

NO 

Display 
roots 

Set Flag and 
enter coefficients 

of 2nd quadratic 

• 

• 

• 
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This program evaluates the integral of a function feu) between any lower limit a and a successively incremented 
upper limit. 

A modification of Simpson's one third rule is used. to perform the integration. The following equations are used: 
x. 

J l For j = 0, 

a 
feu) du = h/6 [1/3 f(a) + 4/3 f(x j +1) + 1/3 f (xj +2)] 

x. 
J 

For j :? 3, J 
x

j
_
1 

f( u) du = h/24 [f(X. 3) + 5f (x. 2) + 19 f(x. 1) + 9£ (x.)] 
J - ] - 1 - J 

Notes: 
Due to the manner in which the program is written, the function will initially be integrated over an area formed 
by twice the increment; thereafter, integration will proceed by one increment at a time. 

To integrate with some constant (a) as a lower limit (other than zero), at the program steps starting at 7-8 
add a to u to form u' and form f(u'). For a lower limit of zero simply form feu). In each case the upper limit 
will exceed the lower by some multiple of the increment depending on the number of times x is incremented by 
depression of the CONTINUE key. 

To scale f(x) include a scaling factor in the program steps beginning at 7 -8, multiplying this factor times f( u) 
or f ( u') after it has been formed. 

To integrate from some lower limit to a specified upper limit without continually depressing the CONTINUE 
key, enter a Pause at step 4 -d. Then just before the incremented upper limit (shown in a flashing display) 
reaches the desired upper limit, depress PAUSE--this will stop the program after the next integration. 

If a plotter is available a plot of the function being integrated may be obtained by making the following changes: 

Step 0 - 1 
Step 0 - 2 
Step 4 - d 
Step 5 - ° 

Reference: 

Insert FMT (Format) 
Insert + 
Insert FMT 
Insert + 

Numerical Analysis 
by 

Kaiser S. Kunz 
McGraw-Hill Book Company, Inc. 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 -0) 

PRESS: GO TO (7) (8) 

SET: I PROGRAMl 

Starting at 7-8 enter the program steps to form 
the function feu) to be integrated; u is located in 
the Y register. After forming f( u) place it in 
the Y register. The last four steps of the sub­
routine must be: 

GO TO 
o 
9 

End 

SET: I RUN I 
PRESS: GO TO (4) (8) 

SET: I PROGRAM I I 

Enter scaling factor for x which may be neces­
sary for a plot of f(x) versus x. (3 spaces are 
available. 

If scaling is unnecessary, set the scaling 
factor to 1. 

Note: Registers 7-8 thru 7-d, 8 and 9 are 
available for programming and storage of f(x). 

SET: L...l _-,-I_Ru_N--J 

PRESS: GO TO (0) (0) 

PRESS: CONTINUE 

DISPLAY 

[or END] 

o 
o 
o 

z 
Y 

X 

ENTER DATA: Increment (1) 

PRESS: CONTINUE 

DISPLAY 

x 

f flu) du - Z 
a 

f 
x 

feu) du-Y 
a 

Xl = (2 times 1)-x 

CONTINUE 

-X 

USER INSTRUCTIONS (con 't) 

DISPLAY 

f x+l flu) du - Z 

a 

x+l 

\ ~ flu) du - Y 

I I (xl + I) 

L:=-. -
-X 

Each successive "CONTINUE" increments the 
upper limit and evaluates the integral using the 
incr emented upper limit. 

(Al 
x 

EXAMPLES 

Increment = I 
Scale factor = 500 

Program Steps 1 
7-8 , 
7-9 f 
7-a X 
7-b GO TO 
7-c 0 
7-d 9 
8-0 End 

PRESS: END 
PRESS: CONTINUE 

DIBPT ~ ~ I 
o -X 

ENTER DATA: Increment-X 
PRESS: CONTINUE 
DlSPLr.;A:=-Y~;--_';";""1 

2.667- Z 
2.667-Y 
1,OOO--X 

PRESS: CONTINUE 
DlSPLrA",,",Y~_---;:;-o 

9 -z 

upper limit = 2 
1. e. 
[2x increment] 

upper limit = 3 
1. e. 

9 -Y 
1,500 -x 

[2 + Increment] 
Successive depressions of the CONTINUE 
key will give progressive values of x 
{scale factor x Increment + previous value 
of x), and the integral of the function evalu­
ated using an upper limit which is equal to 
the upper limit of the previous evaluation 
plus the value of the given increment. 

• 

• 

• 



(B) 

J 
2 

EXAMPLES (con 't) 

x 

Increment = • 1 
Scale factor = 1 

SET: 1-1 _---'I_R_A_DI_AN----JS I 
PROGRAM STEPS 

7-8 2 
7-9 + 
7-a t 
7-b eX 
7-c • 
7-d GO TO 
8-0 0 

To integrate from 2 to n, 
add 2 to x to form x' = x + 2 
and then form f(X'). In this 
case f(x ') = eX' = ex+2 

8-1 9 
8-2 End 

PRESS: END 
PRESS: CONTINUE 
DISPLAY 

~
z 

o ---Y 
o X 

ENTER DATA: Increment _ X 
PRESS: CONTINUE 
DISPLAY 

1.6360 --z 
1.6360 --Y 
.2 --X 

PRESS: CONTINUE 
DISPLAY 

2.5851--Z 
2.5851---Y 

.3 --X 

Upper limit = 2.2 
i. e. (lower limit 
+ 2 times the 
increment) 

Upper limit = 2. 3 
i. e. (Increment + 
previous upper 
limit) 

Successive depressions of the CONTINUE key 
will give the integral of the function evaluated 
between the lower limit and a successively in­
cremented upper limit. 

09100-70020 

3 
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Enter h • --I 
j ~ 0 

Calculate 
f(x.) 

J 

~ 

j ~ O? YeS . 1/3 f(xa) Accumulate t---.. , j ~ j + 1 
NO 

, 
j = 1? YES 4/3 f(x

l
) j--. -

NO 

, 
j = 2? YES 1/3 f(x2) ~ .. 

NO 

If • 3/B f(x.) 
and J 

accumulate 

19/24 f(x'_l) 
and J 

"I'''"''''"]'lte 
I 

-5/24 f(x. 2) 
and J-

accumulate 
1 

1/24 f(x. 3) 
and J-

accumulate 
I 

j+l 

h' j 

(S.f.)h, j 

r plot 

-
f x. = h(j+l) 

J 

I • 
4 
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This program will evaluate a polynomial of the form: 

for 1< n< 10 

Input data is an' An _1 ... AO' and the value of x for which the polynomial is to be evaluated. Any 

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

must be entered as zero. 

The value of f(x) for a new x may be obtained by entering the new x after the last f(x) has been calculated. 

To enter new coefficients for a different f(x) , the program card must be re-entered and the user instructions 

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

NTER PROGRAM (Starting Address is a - a ) 

PRESS: GO TO (0) (0) 

PRESS: CONTINUE 

DISPLAY 

o ---Z 

o Y 
---x 

ENTER DATA: AlO----Z, Ag_Y, A8~X 

ENTER 0 if term does not exist. 
PRESS; CONTINUE 
DISPLAY 

o ---Z 

o Y 

o x 

ENTER DATA: A~Z, A6--Y, A~X 

PRESS: CONTINUE 

DISPLAY 

o---z 
o Y 
a x 

ENTER DATA: A;r--Z, A~Y, AZ--X 

PRESS: CONTINUE 

DISPLAY 

a Z 

0 1. 

a x 

ENTER DATA: A1Y, A-X 
0 

PRESS: CONTINUE 

0 Z 

0 Y 

2 X 

USER INSTRUCTIONS 

ENTER DATA: x -X ..... ;---------, 

PRESS: CONTINUE 

DISPLAY 

NO 

x---Z 

f(x) ---Y 

o x 

Wish to enter 
a new x? 

EXAMPLES 

YES 

(A) Polynomial: x + 10 (AI = 1, AO = 10) 

x f(x) 

1 
2 
3 

11 
12 
13 

. g 8 7 2 
(E) PolynomIal: x - 2x + 4x + x + x + 100 

(Ag=l, AS=-2, A
7

=4, A 2=1, A1=1, Ao=100) 

x f(x) 

1 105 
2 618 

.1 100.11000 

• 

• 
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This program inverts a 3x3 matrix of the form: 

[all a
l2 a" ] A= a

21 
a

22 a23 
a31 a

32 
a

33 

and calculates: 

[bll b I2 b" ] -1 
A = b

21 b22 b23 
b31 b32 b

33 

where -1 
A· A = I 

where 

1= [: : : ] 
or solves three independent equations of the form: 

aU xl + a 12 x2 + 

a 21 xl + a 22 x2 + 

a SI xl + aS2 x2 + 

for xl' x 2, and xS. 

Reference: Elementary Matrix Algebra 
Franz E. Hahn 

1958 

a
l3 x3 = KI 

a
23 Xg K2 

a
33 Xg Kg 
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USER INSTRUCTIONS 

This program is a destructive program 

ENTER PROGRAM: (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DlSPLAY;-______ --,. 

o--z 
o--y 
O--X 

ENTER DATA*: 

all-Z 

a21- Y 

aS1- X 

PRESS: CONTINUE 

DISPLAY --------.. 

ENTER DATA: 

o--Z 
O--Y 

O--X 

PRESS: CONTINUE 

DISPLAY 

o--z 
O--Y 

O--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. 

USER INSTRUCTIONS (con't) 

ENTER DATA: 

~~;~~:~he NO 

~nput matrix 

tYES 

PRESS: CONTINUE 

DISPLAY 

bll --z 
b

21
--Y 

b31 --X 

PRESS: CONTINUE 

DISPLAY 

b
12
--Z 

b
22

--Y 

b32 --X 

PRESS: CONTINUE 

DISPLAY 

NO 

b
I3 

--z 
b

23 
--Y 

b
33

--X 

YES 

ENTER DATA: 

bll_Z 

o -Y 
o -X 

PRESS: CONTINUE 

DISPLAY 

all -- Z 

a
21

--Y 

a
31
-- X 

PRESS: 

PRESS: CONTINUE 

DISPLAY 

-_Z 

--Y 

1 --x 

ENTER DATA: 
(Do not disturb Y and 
Z registers when KiTS 

(i = 1, 2, 3) are being 
entered) K1 --.. X 

PRESS: CONTINUE 

DISPLAY 

Z 

--Y 

o --X 

ENTER DATA: KS- X 

PRESS: CONTINUE 

DISPLAY 

Z 

--Y 

0-- X 

ENTER DATA: K 2-----X 

PRESS: CONTINUE 

• 

• 

• 



• 

USER INSTRUCTIONS (can't) 

PRESS: CONTINUE 

DISPLAY 

a 21 -Z 

a 22 -Y 

a
32

-X 

PRESS: CONTINUE 

DISPLAY 

a
31

-Z 

a
32

-Y 

a
33
-X 

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

DISPLAY 

TO RESET PROBLEM: 
re-enter program and 
repeat USER INSTRUC­
TIONs. 

09100 -70022 

EXAMPLES 

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

[" A = a 21 
a

31 

[" -1 
A "' b 21 

b
31 

Solution: 

-1 ~.1429 
A = -.0306 

-.0102 

a 12 ~'J a22 a 23 
a

32 
a

33 

b
12 

b

1

'] b22 
b

23 

b
32 

b
33 

-.0714 
.1582 

-.0306 

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

[11 Xl ' 
a12 x2 + a 13 x3 

a 21 Xl + a22 x2 + a 23 x3 

a 31 Xl + a32 x2 + a 33 x3 

3 



09100-70022 

EXAMPLES (can't) 

Stored in the following registers 

4 

o 
e 
f rJ • 

• 

• 
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This program calculates the Fourier Series coefficients an and b
n 

that represent a periodic time function f( t) 

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

where 

aO (X) 27T"nt . 271" nt 
f( t) ~ -2- 7 n~l an cos T + bn sm --T-

2 a 
T n 

b 
2 

~ 

T n 

t J O+T 

to 

t J O+T 

to 

f( t) cos 2 7T" ntdt 
T 

f(t) . 271" nt dt 
Sin -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) 
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USER INSTRUCTIONS 

SET: I RADIANS I ] 
ENTER PROGRAM: (Starting Address is 0 - 0) 

PRESS: GO TO () () 

PRESS: 6 

PRESS: 4 

SET: I PROGRAM I 
ENTER: Steps to take t from the X register (t 

is also stored in the e register) and form 
f( t) • Lea ve f( t) in the Y register and 
exit to location 8 -4. Steps 6 -4 through 
8 -3 are available for for ming f( t) . The 
FLAG is not available. 

SET: I RUN I 
PRESS: GO TO () () 

PRESS: 9 

PRESS: 9 

SET: I PROGRAMI 

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: IRUNI 

PRESS: GO TO (0) (0) 

PRESS: CONTINUE 

DISPLAY 

[or END] 

ENTER DATA: 

o 
a 
1 

---z 
---Y 

-~-X 

Number of panels 

(n is set to 0) 

must be an even number _ Z 

to + T -----i ..... Y 

to _____ .... X 

Note: n is contained in the a register. 

----"PRESS: CONTINUE 

DISPLAY 

to + T Z 

a or b Y 
n n 

n X 

To change from cosine series to sine series--

15. February 1969 

USER INSTRUCTIONS (con't) 

PRESS: GO TO () () 

PRESS: 9 

PRESS: 9 

SET: /PROGRAM I 
PRESS: sin X 

SET: lRUN! 

PRESS: CLEAR 

PRESS: X-() 

PRESS: a 

(n is set to 1) 

PRESS: GO TO () () 

PRESS: 5 

PRESS: 7 

EXAMPLES 

Example #1 

f (0 

IX) 

I (a cos nt + b sin nt) 
n n + 

n=1 

Data: Number of panels = 100 
T 27r 

to '" - 7T 

Solution: 
to + T = 3.14159 

a
O 

= 6.57974 

a 1 = -4. 00000 

a
2

'" 1. 00000 

a 3 '" - . 44444 

a = 4 
.24998 

a =-
5 

.15997 

a = 
6 

. 11107 

a 7 '" - .08158 

a '" 8 
.06243 

b n = 0; f( t) '" f( -t) 

• 

• 

• 



• 
EXAMPLES (can't) 

Example #2 

Data; 

• 

f(t) =t 
f (t) =2 

ao 
f(t) = """2 

T=4 

to = 0 

f (1) 

~ ___ .... 2 

Q? 

+ I 
n=l 

Number of panels = 50 

Solution; 

to + T = 4.0 

a
O 

= 3.00053 

a
l 

= -.40582 

a2 = .00054 

a
3 

= - .04557 

a4 = .00057 

a
5 

= -.01676 

a
6 

= .00062 

a
7 

= -.00883 

a
8 

= .00069 

b
1 

= -.63662 

b
2 

= -.31832 

b
3 

= -.21223 

b
4 

= -.15921 

b
5 

= -.12744 

b
S 

= -.10631 

b
7 

= -.09128 

b
8 

= -.08009 

2 4 

O<ts2 
2$.ts4 

+ b sin 2n1Tt) 
n T 

Note: See step page 1 for steps needed to exe­
cute examples land 2. 

09100 -70023 
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These program evaluate the Gamma Function, 

where 

r (V) 

Program 1 evaluatesr (V) over the range O<V.$ 69.98 

Program 2 evaluatesr(v) over the range O<V.$ 109 

Reference: Handbook of Mathematical Functions 
National Bureau of Standards 

Abramowitz & Stegan 
Sixth Printing, 1967 
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USER INSTRUCTIONS 

PROGRAM #1 0< V:5 69.95 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS; CONTINUE 

DlSPLAY,._------..... 

o 
o 
o 

ENTER DATA; V-X 
PRESS; CONTINUE 

z 
Y 

X 

DlSPLAY,.-______ ___ 

o 
f(V)--­

V---

To enter new value for V 

z 
Y 

X 

PROGRAM #2 
9 

0< ])1:5 10 

ENTER PROGRAM; (Starting Address is 0 - 0) 

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

PRESS; CONTINUE 

DISPLAY 

o z 
o Y 

o X 

ENTER DATA; V- X 

PRESS; CONTINUE 

DISPLAY 

exponent of 10- Z 

decimal number - Y 

1/------ X 

To en ter a new value for V 

EXAMPLE 

PROGRAM #1 

V = 1. 750 • f (V) = 0.919062527 

1/ = 51 
f (V) = 3.041409320 x 10

64 

PROGRAM #2 

V = 1. 750 
r (V) = 0.919062527 

1/ = 97 
f (V)= 9.916779322 x 10149 

• 
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The computation is performed as follows: 

Reference: 
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Handbook of Mathematical Functions 
M. Abramowitz & 1. A. stegum 

National Bureau of Standards 
Sixth Printing. 1967 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 
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ENTER DATA: n_Y. x-X 

PRESS: CONTINUE 

DISPLAY 

To enter new value for n and x 

(A) 

(B) 

EXAMPLE 
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n = 9 
In(x) = 5.520283139 x 10-3 

x = 24 
n = 46 
J (x) ~ 3.347208960 x 10-10 
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This program calculates the mean, )E, and standard deviation, S, of a set of data points by the equations 

n 

2: Xi X = ...!..I=::..!I_-

n 

and 

s'" 

Reference: Introduction to the Theory of Statistics 
by Mood and Graybill 

McGraw - Hill 1963 

n 2 
~ (Xi -X) 

n-i 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o---z 
o Y 

i---X 

(i indicates point to be entered) 

ENTER DATA: Xi -----. X 

PRESS: CONTINUE 

NO Last Entry? 

YES 

PRESS; SET FLAG 

PRESS: CONTINUE 

DISPLAY 

S---z 
X Y 
n---X 

S = Standard deviation 

X = Mean 

n = Number of data points 

EXAMPLES 

SAMPLE DATA 

5.036 

5.085 

4.991 

4.935 

4.999 

5.031 

5.064 

4.942 

5.051 

5.011 

SAMPLE DATA 

4 

5 

6 

4 

7 

2 

S = .0493 

X = 5.0145 

n=lO 

S = 1. 7512 

X = 4.6667 

n = 6 

• 

• 

• 
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This program calculates the mean, X, and standard deviation, S, of a set of data points Xl, X2' ..• , XK with 
frequencies f1' £2' .. " fK respectively. The equations used are 

K 

_ fufj Xj 
X=-;-;K""'---

~fi 

s= 

Reference: Introduction to the Theory of Statistics 
by Mood and Graybill 

McGraw - Hill 1963 

K 
Ifj-I 
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USE R INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE ..... :----------, 

DISPLAY 

o---z 
o y 
---X 

(i indicates pair of points to be entered) 

ENTER DATA: fi - y, Xi - X 

PRESS: CONTINUE 

NO 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

s---z 
X Y 
n---X 

s ~ Standard DeViation 

X~Mean 

n ~ Number of Data Points 

SAMPLE DATA 

1 

2 

3 

4 

5 

3 

3 

1 

2 

1 

EXAMPLES 

SAMPLE DATA 

Xi fi 

41 3 

38 5 

37 2 

39 18 

40 22 

S =l.4337 

X = 2.5 

n ~ 10 

S = .9010 

X = 39.38 

n = 50 

• 

• 

• 
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This program calculates the equation of the straight line of best fit of a set of data points. The best fit is 
determined by minimizing the sum of the squares of the deviations of the data points from the line. 

The program calculates m and b for the equation 

Y = mX + b. 

The program also calculates a correlation coefficient r, an indication of goodness of fit. Note -1 < r < 1 where 
the sign corresponds to the slope m. 1£ r = a there is no correlation, and if r = ± 1 there is perfecf correlation 
or a perfect fit. 

The defining equations are 

m= 

where Y = 

r = 

Reference: Mathematical Statistics 
by John E. Freund 

Prentice - Hall 1962 

n 

I (X' 
i~1 I 

- X)(Yj - Y) 

n 2 
I(Xj-X) 
i~1 

b= Y-mX 
n n 

Iy· I Xj 
i~1 I and X= i~ I 

n n 

.jn -2 -2 
I(x·-X) I(Y'-Y) 
i~1 I I 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS; CONTINUE 

DISPLAY 

0--- Z 

o y 
i---X 

(i indicates pair of points to be entered) 

ENTER DATA: Yi - y, Xi - X 

PRESS: CONTINUE 

NO 
Last Entry? 

PRESS; SET FLAG 

PRESS; CONTINUE 

DISPLAY 

r---Z 

b---Y 

m---X 

X 

26 

30 

44 

50 

62 

68 

74 

X 

o 
1 

2 

3 

4 

Y 

92 

85 

78 

81 

54 

51 

40 

Y 

1 

3 

2 

4 

5 

EXAMPLES 

r = -.96 

b = 121. 04 

m= -1. 03 

Y = -1. 03X + 121. 04 

r = • 9 

b ~ 1.2 

m= .9 

Y = .9X + 1. 2 

• 

• 

• 
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This program computes the integral of the standardized normal distribution 

The following equations are used 

x 
erf('; 2 ) +_, 

P(X) = 2 2 

where 

2 -x2 
CO 2n 2n+1 

erf(X)= ..nr ($ ~O 1·3··· (2n+1) X 

Reference: Handbook of Mathematical Functions 
by Abramowitz and Stegan 

National Bureau of Standards 1964 
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USER rnSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS: GO TO (O) (0) or END 

~ PRESS: CONTrnUE 

DISPLAY 

0 Z 

0 Y 

1 X 

ENTER DATA: x---...x 
PRESS: CONTINUE 

DISPLAY 

0 --z 
P(X)-- Y 

X --X 

x = .3 

x = -.3 

x = 0 

x = 3 

EXAMPLES 

P(X) = .618 

P(X) = .382 

P(X) = .5 

P(X) = .999 

• 

• 

• 
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1. e., the program evaluates 

2 
P( X ,1/)= 

The series approximation used to evaluate the integral is 

Reference: Handbook of Mathematical Functions 
by Abramowitz and Stegan 

National Bureau of Standards 1964 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

~ PRESS: CONTINUE 

ENTER DATA: X2~y, lI_X 

PRESS: CONTINUE 

DISPLAY 

EXAMPLES 

P(7.88, 1) =.995 

P(10.6, 2) =.995 

P(12.8, 17) = .251 

GENERAL FORM 

P(X 2,lI) 

• 

• 

• 



• 

• 

• 

..... 
G.I 
..J 

PAGE 1 

CALCULAtE 

int x 

IF X=y ODD 

PART NO . 09100-70805 

'---'-~'---r---' "-~ t -

.. .t 
n. ~1 •• ,---4 •. - •.• -.- •. --i.'----i------1-~' ... -.. -

- ----_._ ... - .. -..... -~- _. __ ._---
~ 

.. ··t 

C _. ---4----v~04~' ,-~--- --.~--.. 
"i.,J 

- 1- -, 
i 

r-;-~·-3-- 03 - --···---1---
} 
! 

·-2------0 2 a-RANCHES HERE--fF'---;;-ls- -EVEN-t- .. -
65 T ox :.:r. !- .. _ ... " .. ,,, , x ·-:-·36-T----

---t---'-"2 5 --; ----

-eT ---- '- i4':-

[-4 
:----x·-·- '-"-'3" :-6---'l-'--



PART NO. 09100-70805 

3 • 2' • i 35 
~------ .. <,. _._-_ •. _----- •. _ ... _-

• 

• 



PAGE 3 PART NO. 09100-70805 

C! 
n: 
« Step Key 

~ 

u 

t 
« 
CL 

i-
t-
W 
...J 

5: 
WJ:l ..,.. 

I ...... 

i-
i-
W 
.....J 

S 
w 
::c 
~ 
B 7 

0 
n::: 
« 
::.::: 
U 

• « 
CL 

i-
l-
W 
.....J 

$ 
W 
-,-

~j 

0 
a:: 

, I 

« 
- .. - -----:----- -~--; --.~.-

~ 

u 
« 
0... 

l-
I-
L!.J 
-l 

e 1.. 

::=0 
;;;> 

LtJ 
:r: 

2 + 
3 '" 

GAl£IJl:..:A:f-E-- -P+ XL.·lI~--i-----··---··-··· -... --., -----r---- - .. 

_ .. _.:~_. _____ ._. _--!--_ .. __ -: __ .... _ .... i .. _____ ~ _. ___ : ___ '---. 

Ii '.., X 
J 

• 

_.
~ _

~m_'
_r_'

 ___ I __ ~_" __ '--'---"'-____ ' __ " __ ., -.:~--.----,
 _ 

5' C 16 ! I 

.~~=._~·-·t-~~~ .. 2 7] -.-- ·REE~.!:~~_N~_V ._._ ... __ ... :~~ .. '--.--------1-··-'-·-··· .- ....... -~~=~-~~:_~_._;.~. 
7 I d : I 7 i,' 

- -·--t·-----,-·-----'-----· . , 

1 ~ . 

~ , 

-3-i--·-;~--:--4611 II X2 p(X2 ,V) ,-DISPLAy-i'-' .. ---;------'7-

~9Y-~---- -.-~-v----------i 
".- '1 ~'---, -----;---" .. _~~ __ ~~ __ .. _J_~ 

" .... _,. -... --f-- ,, __ ,,~_ .. _. __ ~ ... _._,.~_ .. __ ~~. ____ . ___ .'_.r___{ ". __ ..... '~". ..._ .... , " •. ___ ~_-,.c~ ___ ... _ I 

--.::-! .... - ... --.-.- .-.. - .-----.--1------. -_ ..... -... -.. :.-.... --.. -- _. _____ . __ 1_ -----'... .. ..... . -, ..... -.. . .... .. -.----".' 

! b : 1 

~ 

r- ~--, _. ' .. -. '-".' ~ . --·-·-·~·1'~···--- ---".- --"-"---'-'--'--- ~-------- .. -----~-.!~ "-. "-""~ -----"'i- _~' __ ~----j __ 'c~_-,:--_~ ""-- .. 

r:! ~ 
--~-1---·-·

·-

1 ' 



:( 

::: 
) 
I: 

:.J 
J 

) 
:( 
I-

3 
4 1 

[-5 +""~" ... ~-. --~~~. 

• I 

1 8 
;-9~~~-----1~ 

:--------r-.. 
i C I 

~-;--r----

f] 

2 

3 

5 

L, 
, 

::J 

• 

------~-" ---

• 

• 



o 
e::: 
« 
::.::: 
U 

• W 
....J 

~ 
W 
:c 
r;:J 
El 

o 
e::: 
« 
::.::: 
U 

• W 
....J 

~ 
W 
:c 

~ 

o 
e::: 
« 
::.::: 
U 

• I-
w 
....J 

~ 
W 
:c 
r;:J 
jSj 

This program calculates the value of X 2 by the equation 

Reference: Mathematical Statistics 
by John E. Freund 

Prentice - Hall 1962 

where 
0i - observed frequency 

E - expected frequency of 0i is E= 

n 

2: Q' 
~ 

n 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE~~----------~ 

DISPLAY 

o---z 
o Y 

i X 

(i indicates point to be entered) 

ENTER DATA: OJ---''X 

PRESS: CONTINUE 

NO 
Last Entry? 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

E -----z 
X2 _____ Y 

n----X 

EXAMPLES 

The table shows the observed and expected frequencies 
in tossing a die 120 times. Calculate X 2 for testing 
if the die is fair, 

FACE i123456 

0i Observed Frequency 

Ei Expected Frequency 

25 17 15 23 24 16 

20 20 20 20 20 20 

E = 20 

X2 = 5.0 

n = 6 
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This program calculates X2 for a 2 x 2 contingency table containing observed frequencies. The table is 
shown below. 

OBSERVED RESULTS 

I II TOTALS 

GROUP A a b a +b 

GROUP B c d c+d 

(Note there is only one degree of freedom.) The equation used to evaluate )(2 is 

Reference: Mathematical Statistics 
by John E. Freund 

Prentice - Hall 1962 

x2 = (ad-bc)2(a+b+c+d) 
(a+ b)(c+ d)(a+c)(b+d) 
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USER rnSTRUCTIONS 

ENTER PROGRAM (starting Address is 0 - 0) 

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

~PRESS: CONTINUE 

DISPLAY 

o z 
O---Y 

1 X 

ENTER DATA: a ____ Y, b ----.X 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 
2 X 

ENTER DATA: c~Y, d ____ X 

PRESS: CONTINUE 

DISPLAY 

o ----z 

GROUP A 

GROUPB 

EXAMPLES 

FREQUENCIES OBSERVED 

I n 

75 (a) 

65 (c) 

25 (b) 

35 (d) 

x2 
= 2.381 
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This program calculates the value of X 2 by the equation 
2 x2=I (OJ-Ei) 

i=1 Ej 
where 0i - observed frequency 

Ei - expected frequency of 0i 

Reference: Mathematical Statistics 
by John E. Freund 

Prentice - Hall 1962 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE ~-------, 

DISPLAY 

o z 
o Y 

i X 

(i indicates points to be entered) 

ENTER DATA: 0i - y, Ei - X 

PRESS: CONTINUE 

NO 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

o----z 
X2 y 

n----X 

EXAMPLES 

The table shows the observed and expected frequencies 
of some numbers. Calculate X2 • 

1 2 3 4 5 6 • 
O. _ Observed 

1 Frequency 8 50 47 56 5 14 

E. _ Expected 
1 Frequency 9.6 46.75 51. 85 54.4 8.25 9.15 

X2 = 4.844 

n = 6 

• 

• 
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calculated by the equations. 

- IYj .. y= 
.. __ .Dy 

The sample estimates of the standard deviations are also displayed. These are calculated by the equations 

This program may be used to test the null hypothesis p- X '" fL y where we don't assume knowledge of 0" 2 . 

Reference: Statistical Theory and Methodology in Science and Engineering 
by K. A. Brownlee 

Second Edition 

John Wiley and Sons, Inc. 1965 



09100-70809 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS: GO TO (0) (0) [or END J 
PRESS: CONTINUE 

DISPLAY 

0-- z 
a --Y 

i -- x 

(i indicates point to be entered) 

ENTER DATA: Xi - X (After last entry 
SET FLAG be­
fore depre ssing 
CONTINUE) 

NO 

PRESS: 

PRESS: CONTINUE 

DISPLAY 

o --z 
o --Y 

--X 

(j indicates point to be entered) 

ENTER DATA: Yj - X 

NO 
Last Yj? 

YES 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY I 
0-- z 
y--y 

X--X 

PRESS: CONTINUE 

(After last entry 
SET FLAG be­
fore depressing 
CONTINUE) 

USER INSTRUCTION (Cont'd) 

DISPLAY 

0-- z 
Sy --Y 

Sx --X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

t -- Y 

n -- X 

PRESS: CONTINUE To restart a new 
problem 

EXAMPLES 

X 79, 84, 108, 114, 120, 103, 122, 120 

y 91, 103, 90, 113, 108, 87, 100, 80, 99, 54 

y = 92.5 

X=106.25 

Sy = 16.82 

Sx = 16.64 

t = 1. 73 

n '" 16. 

• 

• 

• 
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The Weibull probability density function is given by 

bX(b-1) 
fO<)= eb 

and the cummulative distribution function is given by 

X b 
F (X) = t - B -(e) 

For a set of data, the Weibull parameters band e are to be calculated for these functions. 

A common application is to use Weibull analysis for failure data where all samples are tested to failure. To use 
the program,list the items in order of increasing time to failure. The number of items and times to failure are 
entered. The parameters b ,e , and r are displayed. r is a correlation coefficient indicating goodness of fit. 
The time required for 10% (BlO) to fail is displayed and times to other failure percentages (B%) may be re­
quested. 

The Median Rank (M. R.) is calculated by the equation 

M.R. ~ 

where j "failure order number 

j -.3 
N+4 

N " number of samples tested 

This is an approximation of F(X). 

The commulative distribution function is linearized into the form 

1 
bLnX - bLne = LnLn (l-F(X)) 

A least squares fit is performed which calculates the slope, intercept, and correlation coefficient. The solution 
is similar to the linear regression program 09100-70803. Thus estimates of band e are obtained. 



09100-70810 

USER INSTRUCTIONS 

ENTER PROGRAM 1 (Starting Address is 0 -0) 

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

PRESS: CONTINUE 

ENTER DATA: N - X 

PRESS: CONTINUE 

DISPLAY 

0-- z 
o --Y 

--X 

(j indicates point to be entered) 

ENTER DATA: tj - X (Data must be 
ordered) 

NO 

PRESS: CONTINUE 

ENTER PROGRAM 2 (Starting Address is 0 - 0) 

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

PRESS: CONTIl\TUE 

DISPLAY 

r -- z 
e -- Y 

b --X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

B%-- Y 

%-- X 

(first time will be 10%) 

ENTER DATA: % - X 

TO RESTART A NEW PROB LEM GO TO 
BEGINNING OF USER INSTRUCTIONS 

EXAMPLES 

TEST DATA 

Hours to failure (must be ordered) 

34 

60 

75 

95 

119 

158 

N = 6 (number of samples) 

r = .999 

B= 104.091 

b ='1. 953 

BIO= 32.887 

B90= 159. 539 

• 

• 

• 
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This program computes the least squares fit and correlation coefficient of N pairs of data points for a power 
curve of the form: 

Y = aX b 

The equation is linearized into InY = blnX + Ina 

where 

and 

Note: 

b= N}) InX InY)-L InX Lin Y 
N2: ( In X)2 - ( L In X)2 

N L In X InY - (2: In X )( Lin Y) 
r= 

-J[ NL(lnX)2_(LlnX)2][ NL(lny)2_(L Iny)2] 

2:lnY 2:lnX 
In a= -- - b N N 

Xi >0 and Yj > 0 I i=l,···,N 

Reference: Statistical Theory and Methodology in Science and Engineering 
by K. A. Brownlee 

John Wiley and Sons 1965 
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USER rnSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0-0) 

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

PRESS: CONTINUE ..... '----------, 

DISPLAY 

0-- Z 

o --Y 

--X 

(i indicates pair of points to be entered) 

ENTER DATA: Yi - y, Xi - X 

PRESS: CONTINUE 

NO Last Entry? 

YES 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

r -- Z 

b -- Y 

a --X 

EXAMPLES 

X Y 

1. 0001 25.58 

3.16 

10 

31. 6 

100 

316 

1000 

14.55 

9.26 

5.63 

3.48 

2.12 

1.7 

r = -0.9964 

b '" -0.4022 

a = 23. 5871 

Y = 23. 5871X-' 4022 

X 

1 

2 

3 

4 

5 

r = 1. 000 

b '" • 505 

a = 3.000 

Y 

3 

4.2574 

5.2248 

6.0417 

6.7624 

Y = 3X' 505 
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• 
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This program computes the least squares fit and a correlation coefficient of n pairs of data points for an ex­
ponential function of the form: 

The equation is linearized into 

Iny=lna+bx 
or 

Y =A +bx 

Using a linear regression method, 

A= 
LY -bLX 

n 

a=e A 

the correlation coefficient is given by 

n2:xY-2:xLY 
r = 

Note: Yj > 0 i = 1, ... ,n 

Reference: Statistical Theory and Methodology in Science and Engineering 
by K.A. Brownlee 

John Wiley and Sons 1965 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0-0) 

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

PRESS: CONTINUE ... ------, 

DISPLAY 

o z 
o Y 
i X 

(i indicates pair of points to be entered) 

ENTER DATA: Yi - Y, Xi - X 

PRESS: CONTINUE 

NO 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

r 

b 

a 

z 
Y 

X 

X 

.5 

1.2 

3.1 

7.4 

X 

.72 

1. 31 

1. 95 

2.58 

EXAMPLES 

GENERAL FORM: Y = aebX • Y 

7.12 

11.67 r = 1. 000 

44.75 
b = .707 

935.64 
a = 4.998 

Y = 4. 998e' 707X 

Y 

2.16 

1. 61 r = - 1. 000 

1.16 
b = -.503 

.85 
a ",3.103 

Y '" 3.103e-· 503X 
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The Poisson density function is defined by f(n; A ) ", 
An e -A 

n; 

>.. ", the expected value of X. (n '" 0, 1, 2, ... ) 
1 

~ >.. n e - A -A ~ ),n 
L n! e L-----n:Y e-

A
e
A

"'1 
n=O n"'O 

where A may be estimated by 

The Poisson density function is a descrete density which is used to evaluate such things as component failure 
probabilities. It is also used to approximate the Binomial Distribution when the number of events (N) is large 
and the probability that an event will happen (p) is small i. e., a general rule of thumb is for p < .1 and 

~ = Np.s 5. -

Reference: Mathematical Statistics 
by John E. Freund 

1962 Prentice-Hall 
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USER INSTRUCTIONS 

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

PRESS: CONTINUE 
II 

ENTER DATA: n2- Z, nl _Y, A _x 

PRESS: CONTINUE 

DISPLAY 

z -- ni 
ni A 

Y -- l: f(n;>..) 
n =nl 

" X -- f(ni;)..) 

NO 

'----PRESS: CONTINUE 

EXAMPLES 

A Poisson distribution is given by 

( 2)n -.72 
f(n; • 72) = • 7 ~ 

n. 

Find: a) f(O;. 72) 

f\ 
).. = • 72, nl = 0, I1z = 0 

f( 0; .72) = .48675226 

b) f( 3; .72) 
f\ 
A = .72, n l = 3, n2 = 3 

f (3; , 72) = .03027988 

If 3% of the electric bulbs manufactured by a 
company are defective find the probability that 
in a sample of 100 bulbs 

a) Between 1 and 3 bulbs will be defective. 

Expected no,} f\ 

of bulbs that = A = (.03) (100) = 3 
are defective 

3 
l: f(n;3) = .59744482 

n =1 
1\ 

where >.. = 3, 111 = 1. I1z = 3 

b) Less than or equal to 2 bulbs are 
defective 

2 

l: f(n;3) = .42319008 
n =0 

II 
where A = 3, ill = O. I1z = 2 

• 

• 

• 
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This program fits any munber of data points (Xi' Yi , Z) to a linear. two variable equation of the form: 

where X and Yare the independent variables, 

Developm ent: 

The constants a • a1 , and a2 of the equation may be found by solving simultaneously the following normal 
equations whichorepresent the least square plane (approximating plane) formed by the data points. 

I Z '" aon + a1 LX + a2 LY 

I XZ = a
o 

I X + a
l 

LX2 + a
2 

L XY 

L Y Z = a 0 I Y + a
1 

L xy + a
2 

I y2 

In the program the constant a
2 

is found from solving the equations by matrix algebra, Therefore, 

a = 2 
n( LX2 IyZ - L xz LXY) - LX(I X LYZ - Iy IXZ) + Iz( Ix LXY - LY Ix2) 

D 

Where D (the determinant) = n 

After finding a2, the solution is reduced to two equations in two unlmowns which are: 

M = aon + a l I X 

N=a
o

Lx+al Lx2 

where M = ( I Z - a 2 L Y) 

These two equations are then solved for ao and aI' 

Reference: 
Introduction to the Theory of Statistics 

Mood and Graybill 
McGraw·Hill, 1963 
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USER INSTRUCTIONS 

ENTER PROGRAM 1 (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

0---

o 

Z 

Y 

X 

ENTER DATA: Zi -Z, Yi -Y, Xi - X 

PRESS: CONTINUE 

NO 

PRESS: SET FLAG 

PRESS: CONTINUE 
(Intermediate results displayed) 

ENTER PROGRAM 2 (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 
(Intermediate results displayed) 

ENTER PROGRAM 3 (Starting Address is 0 - 0) 

PRESS: GO TO (0) (0) [or END J 
PRESS: CONTINUE 

DISPLAY 

Z 

Y 

x 

To reset problem, repeat USER INSTRUCTIONS 

EXAMPLES 

(A) Equation of the form: 

Z = a
o 

+ a
1
X + a

2
Y 

Input data: 

x Y Z 

Solution: 

1 
o 
1 
3 
2 

o 
1 
1 
4 
2 

Z = 1 + 2X + 3Y 

3 
4 
6 
19 
11 

(B) Equation of the form: 

Z = a
o 

+ a 1 (logX) + a 2 (logY) 

Note to enter data; 
ENTER: Z. _ X 
PRESS: f 
ENTER: Y. _ X 
PRESS: lolg X 
PRESS: + 
ENTER: Xi - X 
PRESS: log X 

Input data: 

X Y 

1 2 
1 1 
4 3.63 
10 5 
8 16 
13 7 
3 10 

Solution: 

Z 

4.6505 
4.5 
5.9841 
6.8495 
6.9082 
7.1504 
5.9542 

Z = 4.5 + 2 (logX) + .4999 (log Y) 

• 

• 

• 
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The least square parabola approximating the set of paints (Xl' Yl) ...... (Xi' Yi) has the equation: 

Y=aO+a1x+ a2x 
2 

where the constants an' aI' and a2 are determined by solving simultaneously the following normal equations. 

2 2:y = aan + a l2: x + a22: x 

L XY = a.o LX + a
l 

2: ~ + a2L X3 

2 2 3 4 2:x Y = ao2:x + al 2: X + a22:x 

In the program the constant a
2 

is found by matrix algebra; the determinate (D) involved in the solution is: 

n 

The equation for a2 is therefore: 

a jn(Lx2LX2y -:l:x3 LXY) -LX(LXLX2
y - LX2 2:XY) + 2:y 

2 D 

After finding a
2 

the solution is reduced to two equations in two unknowns which are: 

N = aOn + al 2: X 

M= aoLX + a1Ix2 

where 

These equations are then solved for aO and a l . 

Note: Curves with the following equations may also be fitted with this program. 

Y = aO + a1X 
log Y = aO + a l X 

2 
log Y = aO + a1X + a2X 

Y = aO + a1logX 

log Y = aO + allogx 

2 
log Y = aO + a l (logX) + az (log X) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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An equation of the form of (6) is solved in the examples. 

The general form, representing all of these equations which can be fitted is: 

fey) = aO + a1f(X) + ail' (X) 

Reference: Introduction into the Theory of Statistics 

by 
Alexander M. Mood & Franklin A. Graybill 

McGraw-Hill 
(1961) 

2nd Edition 

USER INSTRUCTIONS 

ENTER PROGRAM 1 (Starting Address is 0-0) 

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

PRESS: CONTINUE 

DISPLAY 

i Z 
o Y 

o X 

(i indicates pair of points to be 
entered) 

ENTER DATA: Yi-Y, Xi-X 

PRESS: CONTINUE 

NO LAST ENTRY? 

YES 

PRESS: SET FLAG 

PRESS: CONTINUE 

ENTER PROGRAM 2 (Starting Address is 0-0) 

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

PRESS: CCNrINUE 

DISPLAY 

ao--- X 

To calculate coefficients for new data repeat 
User Instructions. 

EXAMPLES 

Data: X Y 

3 29 
o 2 
5 67 
2 16 

1.5 n 
4 46 
1 7 

Solution: Y = 2X2 + 3X + 2 

(B) Equation of the form: 
2 

logY = aa + a 1 log X + a
2

(logX) 

Note: Data to be entered is log Y i , log Xi; 

therefore, to enter sets of data: 

ENTER: 
PRESS: 
PRESS: 
ENTER: 
PRESS: 

Data: X Y 

Yi-X 
logX 

+ 
Xi-Y 
logX 

1 2.7183 
2 35.1595 
3 245.3746 
4 1188.7946 
5 4530.5750 

Solution: In Y = (lnX)2 + 3 (InX) + 1 

• 

• 

• 
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This program calculates random nlUTIbers (RN) in the range 0 < RNi < 1 using the formula given below: 

RNi is the current random nlUTIber and RN(i_1) is the last calculated random number. More than 10.000 

random numbers may be generated before values are repeated. 
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USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is 0 - 0) 

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

~PRESS: CONTINUE 

DISPLAY 

---TO RESET PROBLEM: 

z 
Y 

X 

RNl = .5310 

RN2 = .6918 

RN3 = .3712 

RN4 = .6890 

EXAMPLE 
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This program calculates the mean, X; standard deviation, CT ; probable error, pe ; the standard x x 
deviation from the mean, CTxi and the probable error of the mean, pe5t 
The mean is continually displayed after the second entry. The other terms can be manually called as 

required: 

CT 
X 

n 

n 

n-l = 
Dx.) 2 _ n (X) 2 

1 

pe 
x 

n-1 

References: 1. Reference Data for Radio Engineers, International Telephone and 
Telegraph Corporation, 1956. 

2. Treatment of Experimental Data, Worthing and Geffner, 
John Wiley and Sons, 1943. 

'" This program waS written by J. Carlos Chavez of Jet Propulsion Laboratories, Pasadena, California. 
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USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o 

o 

z 
Y 

X 

~ENTER DATA: X.-X 
1 

PRESS: CONTINUE 

DISPLAY 

1 

1 

1 

First 
Entry 

YES 

z 
Y 

---X 

NO 

(N indicates entries thus far) 

DISPLAY 

x --- Z 

N---Y 

o X 

PRESS KEY TO GET 

a o"x 

b cr_ 
x 

C 
pe 

x 

d pe-
x 

Data Display 

X N 

1 1 

2 1.5 2 

3 2.0 3 

4 2.5 4 

5 3.0 5 

SAMPLE DATA 

90 
80 
70 
60 
50 
40 

EXAMPLES 

Key a b c d 

o"x 0"-x pex pe-x 

.707 .5 .477 .337 

1.0 ,577 .675 .389 

1. 29 .645 .871 .435 

1. 581 .707 1.066 .477 

Final result after last 
data entry: 
:x = 65 

N = 6 

o"x = 18.708287 in a 

cr-x = 7.637626 in b 

pe = 12.618740 in c x 
pe- = 5.151579 in d x 

• 

• 

• 
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This program computes component values for Tchebysheff low pass filters between equal terminations. The 
network designed is of the form; 

R L2 

R 

0 

L 
ryy-y-'\ 

t 
BIN I 0 

The first element of the filter is a shunt C. The order (no. of poles) must be odd. (Even order requires un­
equal terminations for realizability.) 

Frequency response of filter is: 

20 LOGIO ( ;0 ) 
IN O-+--~ 

User specifies: Filter Order n (must be odd) 
Pass Band Ripple E dB (in dB) 

- - 1 ;ASSBAND RIPPLE =EdB 

LOG f 

Termination Resistance R (in ohms) 
Corner (- EdB) Frequency fe (in Hz) 

e::: The equations used are: 
< 
ij G1 = 2;1 

< 
11. 

I-­
I-­
W 
....J 

!= 
w 
:x:: 

~ 

Cl 
c::: 
< 
~ 

u 

• I-
W 
....J 

!= 
w 
I: 

f§3 
fS1 

where 

K 2, 3, 4, ... n 

EdB 

sinh [In(Coth2~O @)J 

. [(2K-1)1T] 
sm 2n 

K 

K 1, 2, 3, . . . nand bK 

RGK 
1, 3, 5, . . . nand LK - -­- 21Tfc 

Reference: A Handbook on Electrical Filters 

White Electromagnetics, Inc. 1963 

K 1, 2, 3, . • • n 

K 2, 4, 6 •... (n-l) 
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USER INSTRUCTIONS 

SET I RADIANS I I FLOATING I 
ENTER PROGRAM (Starting address is 0-0) 

This program is self-destructive ie., 
each solution requires reloading the 
calculator. 

PRESS: END 

PRESS: CONTINUE 

DISPLAY 

0-- z 
o --Y 

1 --X 

ENTER DATA: n - Y. E dB - X 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 

2 X 

ENTER DATA: R - Y. fc - X 

~ PRESS: CONTINUE 

L-DISPLAY 

(K odd) 

(K even) 

z 
Y 

X 

z 
Y 

X 

(CK is in 
farads) 

(~ is in 
henries) 

Displays component values until K = N. 
Next CONTINUE clears DISPLAY. The 
program steps must be reentered to en­
ter another problem. 

o 

EXAMPLE 

7th Order (n) 

0.1 dB Ripple ( E dB) 

50 n Impedance Level (R) • 3.2 MHz Corner Frequency (fc) 

C1 1175 pF L2 3.538 IJ,H 

C3 2086 pF L4 3.913 IJ,H 

C5 2086 pF L6 3.538 /-LH 

C7 1175 pF 

• 

• 
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~ This program computes component values for Tchebysheff lowpass filters between equal or unequal finite ter­
minations. The network designed is of the form: 

R1 L2 
0 

I 
fYYY"\ 

I 
- - - ~ 

r t R2 r1 r 3 eo 
BIN 

I 0 - - - ~ 

The first element of the filter is a shunt C. The order (no. of poles) may be even or odd but if the order is even 
the mismatch loss between the terminating impedances must be equal to or greater than the ripple. 

n ODD 

POUT 
10 LOG 10 

PiN 

n EVEN 

4R1 R 2 
fO LOG fO 

(Rl+ R2)2 

10 LOG 10 POUT 

PIN 

User specifies: 

Pass Band Ripple - EdB (dB) 

Corner (- E dB) Frequency - fc (Hz) 

Filter Order - n 

Load Resistance - R2 (0) 

Generator Resistance - Rl (0) 

- - 1 ;dB -PASSBAND RIPPLE 

f 

_i_ 

T -T-
€dB 

~o 

f 
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The equations used are: 

4 sin in 

16 (. 1I(2K -1)) (. 1f(2K+l)) 
sm 2n sm 2n 

(
t" 2 2 . 2 1fK C" 1fK 2 
.. + 71 + 4 sm n - 2" 71 cos n ) CKw c 

16 (. 1T(2K-l)) (. 1I(2K+1)) 
mn 2n sm 2n 

K = 1, 2, ... , n 

where 2 . h {1 . h-1 1 } ,= sm n sm E 

or 

NOTE: A < 1 

In general, Tchebysheff filter designs with unequal terminations the solution will be non-unique. Filters de­
signed by other methods may differ considerably from those formed by use of this program. This does not 
imply that either method is incorrect. 

Reference: Network Analysis and Synthesis 
by Louis Weinberg 

McGraw-Hill 1962 

• 

• 

• 
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EXAMPLES 

.1 dB ripple 

620 kHz 

n 6 (Filter Order) 

600 n (Load Impedance) 

135 n (Generator Impedance) 

L2 L4 L6 

0 

C1 .0117 (.1.F 

L2 13.71 (.1.H 

C3 . 0143 IJ.F 

L4 12.94 IJ.H 

C5 • 0113 IJ.F 

L6 5.030 IJ.H 

USER rn8TRUCTIONS 

SET: I RADIANS I I FLOATING 

ENTER PROGRAM 1 (Starting address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

0-- z 
a --Y 

l--X 

ENTER DATA: E dB - Z, fc - Y, 

n-X 
PRESS: CONTINUE 

DISPLAY 

0-- Z 

a --Y 

2 --x 

ENTER DATA: R2 - Y, R1 - X 

PRESS: CONTINUE 

DISPLAY 

n -- Z 

1 Y 

C
1
-- X 

ENTER PROGRAM 2 (Starting address is 0 - 0) 

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

~ PRESS: CONTINUE 

-

DISPLAY 

n -- Z 

K --Y KEVEN 

~ --X 

n -- Z 

K --Y KODD 

C
K --x 

After K ~ n the display clears. To solve 
another problem repeat user instructions. 
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This program calculates component values for Butterworth low-pass filters between equal terminations, The 
user supplies filter order n, termination resistance R, and corner (3 dB) frequency f c ' The filter designed is 
of this form: 

R L2 L4 L6 
------0 

BIN or r3 

(, CO;;;;;;;;NTS) 1 e 

Ies 
0° 

20 LOGIO ( ~~ ) 
OdB+-----------~I---3d8 

Reference: Simplified Modern Filter Design 
by P. R. Geffe 

J.F. Rider 1963 

Handbook on Electrical Filters 

White Electromagnetics Inc. 1963 

I SLOPE = -6'n dB/OCTAVE 
OR-20'n dB/DECADE 

LOG f 

R 
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USER INSTRUCTIONS 

SET: I RADIANS I I FLOATING I 
ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

ENTER DATA: n - Z, R(in ohms) _ Y, 

fe{in hertz) -X 

(K is initialized to 1) 

PRESS: CONTINUE 

DISPLAY 

K is 
incremented 

by 2 

0-- Z 

CK -- Y 

K-- X 

YES 

(K is initialized to 2) 

PRESS: CONTINUE 

DISPLAY 

K is 
incremented 

by 2 

0-- z 
Ix --Y 

K --X 

YES 

(CK is in 
farads) 

(LK is in 
henries) 

EXAMPLES 

n=6 

R = 50 n 
fc = 10 mHz • 

L2 L4 LS 

0 rCi I C

3 I C

5 

~~~--~---~----~O 

C1 164.8 pF 

C3 614.9 pF 

C 5 450.2 pF 

L2 1.125~H 

L4 1. 537 ~H 

Le .412/-lH 
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• 
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c{ 
:.::: 
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I 
LU 
...J 

s: 
LU 
::r::: 

~ t:::I Given 2 impedances to be matched, program calculates resistive minimum loss pad and displays resistor values 
and loss in dB. 

The equations used are: 

A(dB) l~~O arccosV'f 

Reference: Reference Data for Radio Engineers, ITT 

Fourth Edition 1963 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting address is 0 - 0) 

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

~ PRESS: CONTINUE 

ENTER DATA: Z2 - Y, Zl - X 

Zl > Z2 

PRESS: CONTINUE 

DISPLAY 

Z 

Y 

X 

EXAMPLES 

75 Q 

50 Q 

UNBALANCED 

Rl 
43.301 

0- J. 

Loss 

Zl 

Z2 

75 --
5.719 dB 

600 

150 

BALANCED 

R1/2 
259.807 ..... 

600 

~1;z 
259.807 

~ 'v 

Loss 11. 439 dB 

Rl 519.615 

R2 173.205 

• R2 ~ 
86.603 

R2 
150 --173.205 

• 

• 

• 



• 

• 

• 
.. ::..., 

PAGE 1 PART NO. 09100-71004 
- I D1Sp!ay ( •. ~.-'~ Sto;;;;;;;--~-~'"'----

Step: Key ~{!orlr::l~- - ~-.~-... ,,-... -. - - --------~-----+---~-- -, --~- r·-------'·-~~----
I ,X j ;.' : z i..j;lEI~j c bE} 

~~--~-~t--,-.-~~----~........" .. "---~--~---.--, .... --""""""",~ .. ",,","'~.",,,"""-~'"~_ ..... ~r'~_"""_~,.......,.., ___ .':"""~~~~_ 
. 0 : il: CLEAR : 20 1 iii: :; , ""r i ~ ! ) ~!;;: 

1-"~--$TOP--41-;1 Z 1 ' Z 2 0 I ENT~R-Z~-;Z~-:-"---'--~"""" -;-._-
- i - ___ ~ __ ~~ _______________ - - __ . . .... ' __ \' ... ---.-..... -:-.-.. -"'--... -,-.'r-----~---~--.-_. ___ ._1. _w ___ _ 

. ACC + : 60 I: ! . 
~ , ... ' .,~_ .. _o. __ ._, __ ._" ___ ~_~~ _____ ~~ __ 
~ ----.. -----·--27 r .. -··----- -.----... -.. '-,' . ~' 

-~-,--. - .. --.~~.-.•.. - .. ~.--~-
:£'~ -¥ 25 1 
.--.:.....:---------i--. --- .. + 
. 5 • -:- 35 l 
L _ .. _ .. __ 

_ ___________ •. _ •. ______ i_. __ ._ -.-------.-----l-.----:.- -----------_.----.------. i--------'--

...... - - ----.- ---.---.. J,--

-----J.... 

---r--
- -~.-.-_!--~----1--.----.--.;--. --.-

_ .. _________ ... _____ - - -----'_. __ ._--------_--1 

. --- - --1'----.-.------
.[X 

-.- .----,----... ~.-I- .. - ----~" .. ~ ~- ... - . --.-t-------.--------.-.. :,----

arc. 

---CAbCUl-AfE---AdB --.. ~~_i-____ ~ ___ _ _of -

I t ._~"'""'""'!" _____ .... '''''''''''·'''.,.'"''''''~'._''''','' ... >fi"'''''_ • ______ • ...-____ ' __ ,_"'-"""- + .. - ·T"""NM-+.~.",""",-",--.~=~,,,,,,,=- •• ~ .. <· ... ~~~ __ ~~""",-._;",_· __ c· 

... --- .--.. --~.------+-I---------~.-. I .. _." --'~"" 
00 I 

- -----, --~_r_-- .. ---
i 2 X ,36! 
-- -- ----- -_ .. --- --- .. _; -_. +- ----.-.--- .. : -

3 1 01 I ~ 
•..•.. ____ .. -'>. ___ ,_ .... _1 _.~ ___ ~ ____ _ 

o 00 I I 
.. ~--... , ... ---,._ .. _-+---i-- -,,-~--~-------~-"- --·----~_-~_~~· ___ r---·-__ -·A'~-.~--~ -- J --

5 I n x .- 65 t j : ~. 
;-5 - - ---:--3S-r-______ _____ ~ .. --------------.J_-_-- ---.... --- ... -... -----~-- --. -.... --

:~~ ~ ~~~t-~;I~;~D~~P~~=~~~~~t:=~---
r:' - -~~-D-- -,- 46 ! I R 1 R 2' -A--'" i--DISPLAY 

---~-.-----~. ~---j ····t---; 
! ;; 

___ ~ - - - . __ t_~~ . -- -- --- ---,- - -- .. _- ... --1,---·--------- -- .. 



J 

( 

) 
( 

J 
J 

::: 

) 
( 

J 

Step Key 

• 

• 

• 
_____ '-___ - " ___ ~- ---i --- --1 

----- ~ 



o 
0::: 
« 
::.:::: 
U 

~ 
I­
W 
.....J 

~ 
L.aJ 
:r: 
~ 
8 

This program evaluates the response of a Tchebysheff filter. The programmed input-output routine is designed 
to facilitate the use of the program in determining the optimwn filter for a given application. 

User specifies: 

Pass Band Ripple - E dB (dB) 

Corner (- E dB) Frequency - fc 

Frequency at which response is to be found 

Filter Order - n 

The equations are: 
1 

G(n)dB = 10glO 2 2 
l+ETn (n) 

f. 
where n .1 

= fc 

- f. } 
1 

in any consistent units 

the attenuation in dB below the minimum attenuation 

E 2 = 10' E dB _ 1 

T is the Tchebysheff polynomial 
n -1 

T (n) = cos (n cos (n)) n < 1 
n 1 

T (n) = cosh (n cosh - (n)) n > 1 
n 



09100-71005 

USER rnSTRUCTIONS 

ENTER PROGRAM (Starting address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 
1 

z 
Y 

X 

ENTER DATA: fc - X 

PRESS: CONTINUE 

DISPLAY 

0-- z 
o Y 
2 X 

ENTER DATA: fi - X 

PRESS: CONTINUE 

DISPLAY 

0-- z 
o Y 

3 X 

ENTER DATA: n - X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

0-- Y 

4-- X 

ENTER DATA: EdB -X 

PRESS: CONTINUE 

DISPLAY 

f. -- Z 
1 

n. Y 
1 

A -
dB 

X 

t 

USER INSTRUCTIONS (Cont'd) 

YES 

ENTER DATA: 
fi -X 

NO 

TO RESTART YES 
PROGRAM 

PRESS: END 

PRESS: CONTINUE 

NO 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

[ 
f. Z 
1 

f. --Y 
I 

n. --X 
I 

ENTER DATA: n. - X 
1 

PRESS: CONTINUE 

DISPLAY 

f. - Z 
1 

f. -- Y 
1 

EdB -X 

• 

• 

• 
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ENTER DATA: EdB - X 

EXAMPLES 

The following general filter requirements are known: 

1. Filter cutoff frequency is 10 MHz 

2. Minimum ripple is desired (0 < max :: .1 dB) 

3. At 14 MHz amplitude attenuation of 15 dB is 
required 

4. At 20 MHz 35 dB attenuation is required 

5. Minimize components 

6. Prefer matched terminations i.e., n odd 

t Initial design parameters are: 

f 10 MHz 
c 

f. 20 MHz 
1 

n 2 

EdB .025 dB 

Results are 

AdB = 1.1 dB 

thus increase n (increment n) 

n '" 3 

AdB 6.9 dB 

increase n (increment n) 

n = 4 

AdB 17.4 dB 

increase n 

n = 5 

AdB 28.8 dB 

• increase n 

n = 6 

AdB 40.2 dB 

EXAMPLES (Cont'd) 

Because of matching preference, increase E dB and 
decrement n to 5. 

n = 5 

EdB .05 

AdB 31. 8 

further increase E dB 

further increase EdB 

.1 

34.8 

try increasing n to 7 since want odd and decreasing 

EdB 

7 

.01 

47.7 dB 

E dB '" • 01 is about the minimum ripple achievable 
so we check attenuation at 14 MHz. . 

f. 14 MHz 
I 

AdB 20.4 dB 

Thus the requirements are met. The element values 
may be found from program #09100-71001 Tchebysheff 
for Equal Terminations. 
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Given input and output impedances and attenuation desired, program calculates resistor values for either T or 
n pads. 

'T' OR 'H' PAD 

UNBALANCED 

'n' OR '0' PAD 

R3 

:~ fRI 

'VV\, 

fR2 ~: ~A 
UNBALANCED 

Reference: Reference Data for Radio Engineer, ITT 

4th Edition 1963 

BALANCED 

R3 

R3/2 

IRI = iR2 ~: R2 

R3/2 R1 

BALANCED 

8 - A(dB) 1 10 - 2CI n 

~ 
R3 sinh 8 

./ZI Z2 sinh 8 

RgZ2 tanh 8 

Rg - Z2 tanh8 

R3Z1 tanh 8 

R3 - ZI tanh 8 
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USER INSTRUCTIONS 

SET: I FIXED I 
ENTER PROGRAM (Starting address is 0 - 0) 

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

PRESS: CONTINUE 

ENTER DATA: Z1 - Z, Z2 - Y, 

AdB - X 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

PRESS: CONTINUE 

DISPLAY 

z 
Y 

X 

Z1-- Z 

Z2-- Y 

AdB -- X 

ENTER NEW VALUES OF AdB , Z1 and/or Z2 
AS BEFORE 

PRESS: CONTINUE 

DISPLAY NEW VALUES OF R1 , R2 and R3 

NOTE: H SET FLAG is pressed, program 
continues II calculation. To change 
from n program back to T pro­
gram, press IF FLAG after entering 
new data, then press CONTINUE. 
Thus the selection of II or T pads 
needs to be made only once at entry 
point. 

EXAMPLES 

Input impedance 75 n 
Output impedance 50 n 
Attenuation 20 dB 

UNBALANCED 

'T' o-___ 6~4v·vI4~4----_.----3J8v·v63~9----_o 

75 - 12.371 
50 -

'n' o-______ ~~3-0~~vV·I~2-4~~-------o-

75 -- 97.052 

50 -~ 58.462 

Input and output impedance 600 n 
Attenuation 3 dB 

BALANCED 

'H' 51.299 51.299 

600 600 - -1703.114 

'0' 
51.299 51.299 

105.689 
~ 'v '-' 

600 > 600 - -3.508K 3.508K 

-
105.689 

Rl 102.598 R1 3508.826 

R2 102.598 R2 3508.826 

R3 1703.114 R3 211. 378 

All units are in ohms 

• 

• 

• 
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Given the image impedance level and the desired bandpass of a filter the program calculates the ideal component 
values. If values of closest commercially available components are substituted for these ideal values, the pro­
gram then calculates the frequency response of the proposed filter. 

F L = low frequency } 

F H = high frequency 
Frequency range over which filter is to be tested. 

AdB = Attenuation in dB 

Dimensions: Increment, fl' f2' F L' F H' given in cycles/sec. 

Attenuation given in decibels (dB) 

~, La given in henries 

C
a

, C
b 

given in farads 

The equations used are: 

If 

R = Impedance; fl = Low cutoff; f2 = High Cutoff 

T 
2Ca La/2 LO/2 2Co 

~~~~--~~~~ 

R 
L = a 7r (f2 - f 1) 

2 2 

1 

(w Ca La - 1) (1 - w ~ ~) 

4w
2 

Ca Ie 
whenw = 2 7r f 

Attenuation in dB 

l*--1 a 
(sinh 4Xb) 

n 
La 
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X 
a 

(Attenuation in dB) 

-1 < <0 

X 
a 
4~ < -1 

USER INSTRUCTIONS 

o 

ENTER PROGRAM: (Starting Address 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 
o 

z 
Y 

X 

ENTER DATA: R- Z, f
2
-Y, f 1 - X 

PRESS: CONTINUE 

DISPLAY 

NO 

Z 

Y 

X 

realistic component 
values? 

Enter approxima­
tions; C - Z, ao 
L -Y,O-X 

a
o 

1 

PRESS: CONTINUE .... ;--------' 

USER INSTRUCTIONS (can't) 

DISPLAY 

NO 

Approx. 

Z 

Y 

X 

~, Lb with 

realistic component 
values? 

YES 

Enter approxima­
tions: C

bo 
- Z, 

~-Y, O-X 

PRESS: CONTINUE ..... 1--____ ° __ ....... 1 

DISPLAY 

0-- Z 

o 
3 

Y 

X 

ENTER DATA: FL -Z, FU -Y, 

Increment - X 

PRESS: CONTINUE 

DISPLAY 

Aclb -- Z 

f Y 

Increment --- X 

• 

• 

• 



NO 

USER INSTRUCTIONS (can't) 

YES 

ENTER DATA: New 
increment-x 

Note (1): When the frequency being used is in­
cremented enough to exceed the value of F H 
entered, the calculator will return to the 
initial display. 

Note (2): Substitution of "Pause" instead of 
"Stop" in step 9 - 0 will provide continuous in­
crementing and attenuation evaluation without 
use of "continue" key. 

09100-71007 

EXAMPLE 

SET: digit dial to 8 

SET: FIXED POINT 

(A) R '" 50 

f2 = 3000 

f1 = 300 

Results: La = 5.89 mh 

Ca = 4.77 p.f 

~ = 11.94 mh 

Cb = 2.36 p.f 

ENTER DATA: F U = 3500, F L = 150 

Increment 

(B) Reset problem - use same values as 
part (A) 

After displaying La and Ca set in approx­

imate values of; Ca = 5 f, La = 6mh 

(realistic component 
values) 

After displaying ~ and C
b 

set in approx­

imate values of; ~ = 12 mh, Cb = 2.5 f 

(realistic component 
values) 

-- = ACTUAL VALUE, - - - " APPROX IMATE VALUE 
o 

4 

6 

e 
10 

12 

lD 14 
." 
« 16 

18' 

20 

22 

24 

II 

11/ 
Jj 

1* ./ 

1 11 , 

Ij 
,I 

1/ 
If 

I 

1,1 
II 

I 

" .-' 

i 

i \ \ 
"\ 

,"" 
r--

I 

, 

I I 

i : 
I 

0 
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Calculate 

Adb = 40 loglO e ~X 
1 a 

(cosh- 4Xb) 
YES 

Input: R_ Z 

f2 - Y 

fl - X 

Input: 

Z - FL 

Y - FU 

X - Increment 

Display; 

Z - atten. 

Y - freq. 

X - Inc. 

YES 

F L - F U is frequency range 

over which filter is to be in­
vestigated. 

-1 a 
Calculate: ~ 

Adb "" 40 loglOe sinh ~ 

• 

• 

• 
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CI 
0::: 
« 
::,c 
u 
« a.. 
I-­
I-­
W 
..J 

3: 
w 
::c: 
~ 
8 

CI 
0::: 
« 
::,c 
u 

~ 
I-­
W 
..J 

3: 
w 
:::c 

~ 

CI 
0::: 
« 
::,c 
U 
« 
a... 
I-­
I-­
I.JJ 
..J 

3: 
I.JJ 
:::c 
~ E:l 

C 
0::: 
« 
::,c 
u 

11 
I-­
l.LJ 
..J 

3: 
I.JJ 
::c: 
~ 
~I 

This program solves for lx, the distance from the load to the point where Y. / Y = 1 + jb. /Y in wavelengths 
ill 0 ill 0 

and meters and for Is' the length of a shorted stub to match the line in wavelengths and meters. 

GENERATOR 

The equations used are: 

Y. 
ill 

~ 

-Zo 

bl 
j (-y- + tan (3 1 ) 

o 
gl 

tan 1 + j- tan (31 
Yo 

The iteration technique solves for: 

b. 
1 +. lU 

J Yo 

The length of the shorted stub in: 

-1 bin 
tan - ) Yo 
--3"'6"'0...--

Reference: Microwave Theory and Measurements 
Hewlett-Packard Microwave Division 
Prentice-Hall, Inc., 1962 

I x -----I·~I 



09100-71008 

USER INSTRUCTIONS 

SET: [DEGREES I ] 

ENTER PROGRAM (Starting Address is 0 - 0) 

mESS: GO TO (0) (0) [or E}.TI) ] 

PRESS: CONTINUE 

DISPLAY 

z 

0--- y 

o x 

ENTER DATA: Zo -Z, XL -Y, RL-X 

PRESS: CONTINUE 

Note: Program pauses at each iteration, stops when 
completed. 

DISPLAY 

1 
x 

b. 
ill 

z 
---Y (In Wavelengths) 

X 

PRESS: CONTINUE 

DISPLAY 

2 

1 s 

1 x 

z 

---Y 

X 

(X contains distance from load in wavelenths) 
(Y contains lengths of shorted stub in wave­
lengths) 

ENTER DATA: Frequency (f; -yo Propagation 

Constant (k) - X (k = 1 for air) 

PRESS: CONTINUE 

DISPLAY 

3 Z 

Y (In meters) 

X 

USER INSTRUCTIONS (con't) 

(X contains the distance from load in meters, Y con­
tains the length of shorted stub in meters) 

PRESS: CONTINUE to enter new problem 

z = 50 Q, 
o 

g. = 1. 000 
ill 

b. = .500 
ill 

WAVELENGTHS 

1 x .250 

.176 

EXAMPLE 

k = 1. 000 

f = 1 x 106 

METERS 

1 = 74.944 
x 

1 = 52.823 s 

• 

• 

• 



YES 

NO 

• 

NO 

Update Ix 
1 + inc. x 

NO 

ANS: 

YES 

NO 

09100-71008 

1 = Dist. to Stub 
x 

1 = Length of Stub 
s in wavelengths 



• 

• 

• 
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;5 BRANCH IF ITERATIONCOMPLETED'---'!' 
--H--------~-_ ..... !k •..• -" .. - - . --~-,---.~~~--~-----~---
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Step 
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CI 
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c( 
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CI 
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c( 
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...J 
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5il 

Given the characteristic line impedance, generator frequency, measured impedance at some point on 

the line and propagation constant, the program solves for the impedance at any other point on the line 

either toward the generator or toward the load, the voltage reflection coefficient (magnitude and phase) 

at the point where impedance is determined, and the VSWR on the line. 

Zo 

CY-· ------t ____ 1 z'~~' _1 ___ t --fh ~ __ IZ{I 1ZiLI ___ ---.T 
1---+ L -1- -L---1 

Given: Characteristic impedance (ZO) of the line 

Frequency(f) 

Propagation constant (k) (k = 1 for air) 

Measured impedance (Z1) at some point on the line 

The Lossless Equations used are: 

Zz Zo 
Z1 + JZO TAN f3Z 
Zo + jZ1 TANf3~ 

where: f3 211' 21Tf - Ck A 

c velocity of light 

Z1 R1 + jX1 

NOTE: + l implies toward the generator 
- Z implies toward the load 

For the case: TAN {3l = m, 1. e., {31 =11' ( 2N;1) 

Z 2 
Then Z =_0_ 

Z Z1 

The reflection coefficient is: 
zZ- z p. = __ 0 jP

II 
j e j G Ii, 

11 ZZ+ZO 

where N = 0, ± 1, + 2 - .. 

VSWR= 1 + IplIl 
Reference; Microwave Th!o~VKJd Measurements, Hewlett-Packard Microwave Division 

Prentice-Hall, Inc. 1962 
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USER INSTRUCTIONS 

SET: I DEGREES I 
ENTER PROGRAM: (Starting Address is 0 - 0) 

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

PRESS; CONTINUE 

DISPLAY 

o 
o 
o 

z 
Y 

X 

ENTER DATA: ZO-Z,f_y,k_X 

PRESS: CONTINUE 

DISPLAY 

1 

o 
o 

z 
Y 

X 

~ENTER DATA: Xl - Y, Rl - X (ZI= R 1+jX1 ) 

PRESS; CONTINUE 

DISPLAY 

2 

o 
o 

Z 

Y 

X 

{1l ENTER DATA: ~ -X ( + ~ -Generator 

Z in meters? 
YES 

NO 

-l _Load) 

I 
PRESS: SET FLAG 

I 
PRESS; CONTINUE 

I I 
PRESS: CONTINUE (r 

LI ___________ ~. 

USER INSTRUCTIONS (Con't) 

DISPLAY 

3 

Xl 
RZ 

(2) 

• 
Zz = R Z + jX z 

PRESS: CONTINUE 

DISPLAY 

Z 

Y 

X 

(1 ) 

Z 

Y 

X 

, 

PRESS: CONTINUE 

FINAL DISPLAY 

5 

o 
VSWR 

Z 

---Y 

---X 

,--PRESS: CONTINUE to enter new 

Xl' R 1 , orZ· 

EXAMPLE 

50 ohms 

1 x 106 hertz 

k 1 

50 }Where Zl =R1+iX l 50 

1. 75 

In Wavelengths In Meters 

XL -25.000 51. 757 

RZ 25.000 53.876 

9p -116.565 59.232 
v .447 .447 IPvl 

VSWR= 2.618 2.618 

• 

• 

• 
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• 
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Delta~Wye Conversion: 

b a 

c a 

Wye--.Delta Conversion: 

b 

cae ~a 
By loop and nodal equations the following equations may be obtained: 

a 

Delta-Wye: 

Wye __ Delta: 

Zab(S) Zca (8) 
Za (S) '" Z b (S) + Zb (S) + Z (S) 

a c ca 

Yb(S) Yc(S) 

Ybc(S) = Ya(S) + Yb(S) + Yc{S) 

Because of the similarity of the two sets of formulas, the same basic relationship is used in the program for 
either wye to delta or delta to wye conversion. Thus, circuit values are given as impedances when converting 
from Delta to Wye, and as admittances when converting from Wye to Delta. 

Reference: Introductory Circuit Analysis - S. Ivar Pearson and George J. Maler 
Publisher - John Wiley & Sons, Inc. 1965 
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USER INSTRUCTIONS 

Notes: To convert from Delta to Wye, the in­
puts must be in ohms (D) and in rectangular 
form. i. e. Z = R + jX. 

To convert from Wye to Delta. the inputs must 
be in mhos ('IT) and in rectangular form. i. e. 
Y = G + jB. 

Outputs axe in the same dimensions as the 
inputs and are in rectangular form. 

If one wishes to transform impedances from 
Wye to Delta or admittances from Delta to 
Wye then the data must be inverted before in­
put by displaying each input in Polax form, 
(use TO POLAR key), taking the inverse of 
the magnitude, changing the sign of the angle and 
after placing these quantities in the X and Y 
registers respectively pressing the TO RECT 
key. 

ENTER PROGRAM (Starting Address is D - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o----z 
o Y 
1 X 

ENTER DATA: 

PRESS: CONTINUE 

DISPLAY 

o----z 
D Y 

2 X 

ENTER DATA: ~c} ~c} 
:: -'Y, ~: ~X 

PRESS: CONTINUE 

USER INSTRUCTICNS (conrt) 

DISPLAY 

o---z 
o Y 
3 X 

ENTER DATA: X } R } ca ca 

or -Y, or _ X 

B G a a 

mESS: CONTINUE 

DISPLAY 

---z 
Bah or Xa --- Y 

Gab or Ra X 

PRESS: CONTINUE 

---z 
---Y 

---x 

mESS: CONTINUE 

3 ---z 
B orX ---Y 

ca c 

----x 

Note: To reset problem, re-enter program 
card and proceed with user instructions. 

EXAMPLES 

(A) Wye--Delta 
Input: Yb = 2 + jOU Solution: Yah = .3333u 

(B) 

Yc = 3 + JOU 

Y = 1 + JOU a 

De lta ..... Wye 
Input: Zab =0 + j5D Solution: 

Y
bc 

= 1. DOOOU 

Y =.5000 U 
ca 

Za = 2. 5 + j2. 5D 

• 

• 

Zbc = 0 + j5D 

Zca = 10 + JOD 

Zb =-1. 25 + jl. 25!1 • 

Z =2.5+j2.5D 
c 
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Ci 
a:: 
« 
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I 
w 
..J 
:?; 
W 
:::c ThiS program converts S parameters for linear (active or passive) circuits to Y parameters. The equations 
ri] used are as follows: 
8 

s22 + 1 1 -s21 
Yll = - -- Y21 '" 

D Ro D 

-s12 sl1 + 1 
Y12 = Y22 = 

D D 

D= 
1 

Ro [ (1 + 8 11 ) ( 1 + s22) 2" -s12 

where Ro is the characteristic impendance of the S parameter measuring system. 

The Matrix form 

thus 

R Y '" 2 (S + I fl - I 
o 

s = 2 (R Y + I)-I - I 
o 

1 
- --

Ro 

s21] 

A similar program can be used for the reverse transformation; only the input and output sections need be changed 
since S will usually be expressed in dB and degrees and Y is Siemens (Mho) in rectangular coordinators. 

Similar programs could be written to convert S to Z or Z to S as follows: 

Z '" Ro [2 (I - sr1 
- I ] 

S = I-2(~0 Z+Ir
1 

or convert from Z to Y or Y to Z as follows: 

This program requires sl1 

and R in ohms o 

Reference: Hewlett-Packard Journal 
February, 1967 

in dB and degrees 
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USER rnSTRUCTIONS 

SET: I DEGREES I FIXED 

ENTER: Program 1 (Starting Address is 0 - 0) 
This program is self-destructive. 

mESS: GO TO (0) (0) [or END J 
PRESS: CONTINUE 

DISPLAY 

o --z 
o --Y 

11 -- X 

• 1\0 Y R ENTER DATA. "11 - , 11 dB - X 

PRESS: CONTINUE 

DISPLAY 

0-- z 
0-- Y 

12-- X 

o 
ENTER DATA: (l12- Y' R12 dB-X 

PRESS: CONTINUE 

DISPLAY 

0-- z 
0-- Y 

21-- X 

ENTER DATA: 9~r--Y' R21 dB- X 

mESS: CONTINUE 

DISPLAY 

0-- z 
o --Y 

22-- X 

o 
ENTER DATA: 922 -Y, R22 dB-X 

PRESS: CONTINUE 

DISPLAY 

0-- z 
o --Y 

o --X 

ENTER DATA: Ro-X 

PRESS: CONTINUE 

USER rnSTRUCTIONS (con't) 

DISPLAY 

0-- z 
0-- Y 

2 --X 

SET: FLOATING I 
ENTER: Program 2 (Starting Address is 0 - 0) 

PRESS: GO TO (0) (0) [or END J 
PRESS: CONTrnUE 

DISPLAY 

11-- Z 

B 11-- Y 

Gll -- X 

PRESS: CONTINUE 

DISPLAY 

12-- Z 

B12 -- Y 

G
12 
-- X 

PRESS: CONTINUE 

DISPLAY 

21-- Z 

B21-- Y 

G21 -- X 

PRESS: CONTINUE 

DISPLAY 

22 -- Z 

B22 -- Y 

G22 -- X 

To restart reload program 1 and proceed as 
before. 

• 

• 

• 



• 

• 

• 

EXAMPLE 

S parameters for 2N3478 transistor in common 
emitter configuration, at 100 MHZ I = 10 rna 
Vee = 5V c 

General form 

S .. R..QdB 1J 1J 1J 

SI1 '" -10.09 /-1030 dB 

812 = -29.63 / 600 dB 

8 21 = 17.21 /102° dB 

S22 = -1. 67 L20dB 

R 50n 
0 

General form 

Y ij (Gij + jBij ) 

Y 11 = (14.34 + JIO. 97) mS 

YI2 = (-98.49 - j645. 94) f..£S 

Y21 = (78.91 - j119. 99) mS 

Y22 = (-657.70 + jl070. 83) /J-S 

09100-71011 
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where 

b 

a 

o 
I'C---X--~ 

r = radius of the arc 

a = angle in radians 

b 

X = distance to the center of gravity (c. g.) 

A = area of segment 

J aa = moment of inertia about axis (aa) 

Jbb= moment of inertia about axis (bb) 

The equations used are 

C.G. 

X= ~ [ r3 S~N3a ] WHERE -7r ~ a ~ 7r 

A= + r2 (2a-SIN 2 a) 

1 2 [ 2 ( SIN
3
a COS a )1 

JOO = 4Ar 1-"3 a -SINaCOSa J 

Reference: The Engineer's Manual 
by Ralph G. Hudson 

Second Edition 

2 SIN
3 

a COS a ] 
a-SIN a COSa 

o 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

SET: I I RADIANS, 

PRESS: END 

...... PRESS: CONTINUE 

ENTER DATA: a - Y, r - X 

( a is in radians) 

PRESS: CONTINUE 

DISPLAY 

x -- Z 

A --y 

1 --x 

PRESS: CONTINUE 

DISPLAY 

Jaa -- Z 

Jbb -- Y 

2-- X 

r = 100 

1T a=;r 

x = 82. 587 

A = 2853.982 

J oo = 2.968 x 106 

Jbb= 1. 963 x 107 

r = 100 

x = 42.441 

A = 15707.963 

Joo = 3.927 x 107 

Jbb = 3.927 x 107 

EXAMPLES 

• 

• 

• 
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This program solves the following equation for cp in radians for a given value of the involute of cp , Inv(cp). 

IN V(cp) = TAN cp - cp t( cp n) 
The method of solution is an iteration technique using the Newton -Raphson equation cp n +1 = cP n - f I ( CPn) . 
The range of INV(CP) is lX10-17 :sINV(cp}:5 1X106 

resulting in cp in the range 4.085x 10-6 RAD :s cp :5 1.571 RAD 
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EXAMPLES 

rnv(rp) =.35 rad rp = .894 rad 

INV( rp) = 1 x 10 - 17 rad rp = 4.085 x 10- 6 rad 

USER rnSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 -0) 

SET: I I RADIANS I 
PRESS: GO TO (0) (0) [ or END] 

INV( rp) '" 1 x 106 rad 4> = 1. 571 rad 
~ PRESS: CONTINUE 

rpn = ¢n + 1 

no 

CALCULATE f(cP n) 

CALCULA TE f' ( cP n) 

ENTER DATA: INV(rp) - X 

PRESS: CONTINUE 

DISPLAY 

Irpn+l - ~nl - Z 

~n+l- Y 

INV(rp)- X 

~ f( rp ) 
4> n + 1 ~ 4> n - f' ($n) 

IN THE Y REGISTER 

• 

• 

• 
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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. 

Basic relationships: 

S = ~ Kw2 ; Kw = 1 + ~ 
7Td 2 D 

assuming the spring is all set out; Kw is used 
as the most accurate coefficient when t:onsidering 
the maximum stress. 

Gd4 
K=--3 

8 ND 

S= 

p= 

d= 

D= 

N= 

G= 

K= 

Maximum stress 

Maximum load 

Wire diameter 

Mean coil diameter 

No. of active coils 

Modulus of rigidty 

Spring constant 

P, K, G are set to predetermined or desired values for a given application. 

With two of the three variables d, N. and D set to predetermined values. the 3rd is calculated from 
the expression 

Dimensions: 

S, Gin Ibs/in
2 

; Kin lbs/in. 

N dimensionless 

Pin lbs. 

D. d in inches 

Reference: Design Handbook 
Associated Spring Corporation 

Bristol, Connecticut 
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USER INSTRUCTICNS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o--z 
o --Y 

o --X 

PRESS: CONTINUE 

DISPLAY 

o 
o 
o 

z 
Y 

X 

ENTER DATA; d -Z, D -Y, N - X 

(Enter unknown as zero) 

PRESS: CONTINUE 

DISPLAY 

(1) 
S -- Z 

o --Y 

o --X 

PRESS: CONTINUE 

DISPLAY 

(2) 
d -- Z 

D--Y 

N --X 

Note: To alter solution, enter new set of data 
(d, N, D) after display (2), setting unknown to 
zero. 

To reset complete problem with new P, K, and 
G; 

PRESS: END 

PRESS: CONTINUE 

EXAMPLE 

We wish to use music wire (G = 11. 5 X 106 psi) 
to make a spring which will compress 1/4" with 
5 lb. load (k = 20 Ib/in.). The spring must fit 
over 1/2" pin. Maximum load will be 10 lbs. 

ANSWERS: 

P=lO 

k '" 20 

G = 1.15 x 10
7 

d = 0 (d selected as the unknown) 

D = .625 (Choose to allow clearance) 

N '" 10 (Reasonable number for max-
imum compression of 1/2 in. ) 

S = 37,955.01 

d = .0763 (Calculated value) 

D= .625 

N= 10 
(Given values) 

Enter: New data for 14 gauge wire (good corre­
lation) 

d = .0736 (Standard wire size, 14 gal 

D=.625 same 

N = 0 (New unknown) 

ANSWERS: 

S = 42,270.12 

d = .0736} Given 
D = .625 

N = 8.6387 (Calculated N) 

Therefore, for 14 gauge wire with 10 lbs. maxi­
mum load and other variables as specified, the 
number of turns should be 8. 64 and the maxi-
mum stress is 42,270.12 lbs. 

• 

• 

• 
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The basic equation obtained from graphical representation of a set of strains is 

EX +€y E X - Ey 
(1) € ~ = 2 + 2 

Yxy 
cos 2 cp + -2-

The strains can be displayed graphically in the following manner 

with 2-r:pp is the angle from the E axis to the prinCipal strains. 

sin 2 ¢ 

By writing equations for sin 2¢p and cos 2 CPp and substituting into equation (I) the following equations are 
obtained: 

EX Ey 
±Ax 

2 2 
Emax, Emin = + Ey) Yxy (max +) 2 + 

2 min -

CPp = 1/2 tan- 1 Yxy 
(from the figure) 

EX €y 

Ymax JEX Eyl 
2 

+ (txy) 
2 

Using a rectangular rosette gives cP 1 = 00
, CP2 = 45°, and <P a = 90° then from equation (1) it is found that 

Ex= E1' Ey=E3' Yxy=2€2-(El+€a)' 
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Then writing the principal strains in terms of e: l' e: 2' and E 3 we obtain; 

-1 cp p = 1/2 tan 

+ [2 e: 2 - ( E 1 + E 3)] 2 

2 E 2 -(E
I

+E 3 ) 

00 I - 00 3 

( max + ) 
min -

The principal stresses are then related by the following equations which may be obtained from investigation of a 
Mohr's circle for strain. 

U"max = E 

1 - J.l 
2 

(J" min = E 

1 - Il 
2 

T max = E 

2 (1 + J.l) 

E = strain (in. per in. ) 

U" = stress (psi) 

(E max + J.l 00 min) 

( Emin + Jl Emax) 

Ymax 

Ymax 

T max 

maximum shearing strain (radian) 

maximum shearing stress (psi) 

<p p angle between the E axis and the principal strain axis, (degrees) 

Jl Poisson's ratio (dimensionless) 

E Modulus of elasticity (psi) 

Reference: The Strain Gage Primer 
Perry e. Lissner 

McGraw-Hill 
New York, 1962 
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USER INSTRUCTIONS 

SET: I DEGREES I 
ENTER PROGRAM (Starting Address 0 - 0) 

PRESS: GO TO 3 - d 

SET: I PROGRAM I 

ENTER: Program steps for constant Jl 

SET: I RUN I 
PRESS: GO TO 5 - c 

SET: I PROGRAM I 
ENTER: Program steps for constant E 

SET: I RUN I 
~ PRESS: CONTINUE 

DISPLAY 

o--z 
o --y 
0-- X 

ENTER DATA: E 3 - Z, E 2 -Y, E 1 - X 

PRESS: CONTINUE 

DISPLAY 

E min Z 

Emax Y 
Ymax X 

PRESS: CONTINUE 

DISPLAY 

CPp z 
o Y 

o X 

PRESS: CONTINUE 

DISPLAY r-------_.. 
(J" min Z 

(J" max Y 

T max X 

Note: (.l and E are included in the program as 
constants dependent on the materials being used. 

EXAMPLE 

J.l '" • 3, E = 30 Joe 10
6 

psi 

Given: E I = 285 Joe 10 -6 in. per in. 

E = 65 Joe 10 -6 in. per in. 
2 

-6 
E 3= 102 Joe 10 in. per in. 

Result of calculations: 

09100-72004 

E min = 3. 5752 x 10 -5 in. per in. 

E max = 3.5125 x 10-4 in. per in. 

Y max = 3.1550 x 10-
4 

radian 

CPp = -27. 2734° 

(J" min = 4.65251 x 103 psi 

(J max = 11.93320 x 10
3 

psi 

T max = 3.64034 x 10
3 

psi 
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~ This program calculates i that satisfies the equation 
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for a given R, P • and n . 

where R = monthly payment 

P = principal amount 

n = number of monthly payments 

i = monthly interest rate 

R=P 
i ( 1+ i )n 

(1 +j)n-1 

The program uses this i and calculates and displays an annual interest. 

The solution is based on a Newton-Raphson iteration technique which converges to a point which satisfies the 
condition 

Note iK is the Kthestimate of i and i K- 1 is the (K-1)th estimate of i. The initial estimate of i is R/Punless 

otherwise specified. If the solution does not converge it may be necessary to enter a better initial estimate. 

The value of i that satisfies the equation 

Hi)=(1+j)n(R-Pi)-R=O 

is found. The annual interest is displayed. 

Reference: Principles of Engineering Economy 
by E. L. Grant 

Ronald Press, N. Y. 1950 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0-0) 

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

r-----l-.PRESS: CONTINUE 

DISPLAY 

0-- z 
o --Y 

1 --x 

ENTER DATA: P - Z, R - Y, n- X 

NO Initial Estimate for i 
to be Entered? 

YES 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

o --Z 

o --Y 

2 --x 

ENTER DATA: (estimated i percent) 
i t%-x es 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

o --Y 

--X 

(i is annual interest) 

P " $10,000 

R = $276.45 

n = 40 months 

EXAMPLES 

5.999% (Note: This is annual interest) 

P $2500 

R $81.95 

n = 36 months 

11. 087% 

• 

• 

• 
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This program uses the declining balance technique for deriving the depreciation schedule for an asset, 

Given: Ie Initial Cost. (dollars) 

S Salvage Value, (dollars) 

N Asset Life. (periods) 

The program will pause, displaying the number. 1. of the depreciation period, then display: 

Depreciation charge for period i. 

Accurn. depreciation at end of period i. 

Book asset value at end of period i. 

After each period's display, CONTINUE will cause the values for the next period to appear. After period N. 
CONTINUE will enable the program to receive another set of input data. 

The equations used are 

Depreciation charge for period i: 

Nrs 
where R = 1 - V JC 

(N, S, andIC given above) 

BVi -1 = Book Value at beginning of period 

i = No. of Period 

Reference: Financial Accounting 
byE.A. Spiller Jr. 

Irwin. Inc. 1966 
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USER INSTRUCTIONS EXAMPLES 

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

PRESS: CONTINUE 

ENTER DATA: N _ Z, K _ y, S _ X 

Z = 0 

y=o 
X = 0 

Put !i periods in Z 

Put Initial Cost $ in Y 

Put Salvage Value $ in Z 

i = 1 

PRESS: CONTINUE 

NO 

DISPLAY 
(PAUSE) 

DISPLAY 

Z 

Y 

X 

z 
Y 

X 

PRESS: CONTINUE 

increment i 

i = 
No. of Period 

Given: N = 5 

IC = $10,000 

S = $1,000 

Then, when i = 1; DC1 = $3690.43 

ADl = 3690.43 

BV 1 = 6309.57 

i = 2; DC2 = $2328. 50 

AD2 = 6018.93 

BV2 = 3981.07 

i = 5; DC 5 = $ 584.89 

AD5 = 9000.00 

BV5 = 1000.00 

• 

• 

• 
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~ t::.:l This program uses the sum -of -the -years' -digits technique for deriving the depreciation schedule for an asset. 
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Given: Ie Initial Cost, (dollars) 

S Salvage Value, (dollars) 

N Asset Life, (periods) 

The program will pause, displaying the number, i, of the depreciation period, then display: 

DC i Depreciation charge for period i. 

ADi Accum. depreciation, to date (i). 

BVi Book asset value at end of period i. 

After each period's display, CONTINUE will cause the values for the next period to appear. After 'period N, 
CONTINUE will enable the program to receive another set of input data. 

Equations used are: 

Depreciation charge for period i: 

DC i = (N - i + 1) • ~~ 

where: 

N = Asset Life, periods 

i = No. of period 

DB = Depreciation Base 

= Initial Cost, less salvage 

= IC - S 

SYD = Sum of Years' Digits 

_ N (N + 1) 
- 2 

Reference: Financial Accounting 
by E.A. Spiller Jr. 

Irwin, Inc. 1966 
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USER INSTRUCTIONS 

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

PRESS: CONTINUE 

ENTER DATA: N _ Z, Ie _ Y, S _ X 

PRESS: CONTINUE 

YES 

DISPLAY 
(PAUSE) 

DISPLAY 

i = N? 

z 
Y 

x 

Z 

Y 

X 

NO 

No. of Period 

PRESS: CONTINUE _______ --l 

EXAMPLES 

Given: N 5 

IC $10,000 

S $ 1,000 • 
Then, when i = 3: 

DC i $1,800 

ADi $7,200 

$2,800 

• 

• 
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This program uses compound interest factors to compute present and future worth and a uniform series of 
payments. Given: 

Interest rate in percent per period 

n Time in no. of periods 

plus one of the following amounts, the program will solve for the other two amounts, displaying all three. 

P Present Sum 

R Endcof-Period Payment 

S Future Sum 

After computation, the program can be directed to accept another value of p, R, or S at the same i and n. 

Single Payment Compound Amount 

S = P(l + i)n 

Single Payment Present Worth 

1 
P=S~ 

Sinking Fund 

R = S [( 1 + iill _ 1] 
Capital Recovery 

[ 
i(l + i)n ] 

R = P (1 + i)li _ 1 

Uniform Series Compound Amount 

S = R [(1 + it -1 ] 

Uniform Series Present Worth 

[
(1 + i)n - 1 ] 

P = R i(l + i)ll 

Reference: Principles of Engineering Economy 
by E. L. Grant 

Ronald Press 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting address is 0-0) 

PRESS: GO TO (0) (0) [or END J 
PRESS: CONTINUE 

DISPLAY 

z 
Y 

o 
o 

X 1 

ENTER DATA: i% - X 

PRESS: CONTINUE 

DISPLAY 

z - 0 

Y - a 
x - 2 

ENTER DATA: n - X 

PRESS: CONTINUE 

DISPLAY 

Z - 0 

Y - 0 

x - 3 

ENTER DATA: P - X 

PRESS: CONTINUE 

DISPLAY 

Z - 0 

Y - P 

x - 4 

ENTER DATA: R - X 

PRESS: CONTINUE 

DISPLAY 

z - P 

Y - R 

X - S 

ENTER DATA: S -X 

PRESS: CONTINUE 

-

(Enter 0 if P not 
given) 

(Enter 0 if R not 
given) 

(Enter 0 if S not 
given) 

1 

2 

3 

DISPLAY 

NO 

Z-P 

Y-R 

X - S 

new i and n? 

CONTINUE YES 

PRESS: SET FLAG 

PRESS: CONTINUE --------' 

EXAMPLES 

Given p, Find Rand S (i and n are always 

5% 
given) 

n 10 periods 
P $100 

R $ 12.95 
S $162.89 

Given R, Find P and S 

6% 
n 15 periods 
R $15.00 

P $145.68 
S $349.14 

Given S, Find P and R 

6% } same as example 2 n 15 periods 
S $1000 

P $417.27 
R $ 42.92 

• 

• 

• 
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~ This program evaluates the present value of a series of cash flows. The equation used is: 
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Present Value (P. V.) = I 
K = 1 

CF K Cash flow per period 

Discount rate per period 

This program will accomodate any number of different cash flows. Each flow can be an inflow. outflow or zero . 

Reference: Financial Management - An Analytical Approach 
by J. Robert Lindsay 

Arnold W. Sametz 

Richard D. Irwin, Inc. 1967 
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USER INSTRUCTIONS 

ENTER PROGRAM (starting Address is 0-0) 

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

PRESS: CONTINUE 

ENTER DATA: i% - X 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 
K X 

(K indicates cash flow to be entered) 

ENTER DATA: CFK _x 

PRESS: CONTINUE 

NO 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

o --z 
N --Y 

P.V. -- X 

Number of periods in Y 
Present value in X 

EXAMPLES 

Sample Data 

i = 6% 

Cash Flow 

Year-K Amount in $-CK 

1 

2 

3 

4 

5 

25,000 

17,500 

10,000 

5,000 

19,000 

Sample Data 

i = 5.75% 

Cash Flow 

Year-K Amount in $-CK 

1 -5,000 

2 -2,500 

3 0 

4 4,000 

5 10,000 

6 25,000 

N = 5 

P. V. = $65,714.41 

N = 6 

P. V. =$21,67l.60 

• 

• 

• 
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This program provides a means of smoothing input data (number of orders. etc.). up-dating past smoothed 
data by entering new orders. and obtaining future estimates of orders at any time for any number of time 
periods in the future, 

Development 

Single smoothed data is obtained by adding the previous number of orders to a fraction of the amount by 
which orders this period (month. year. etc.) differ from the old average. This result is then corrected for 
any trend which appears in the order data to obtain double smoothed data. In the case of single exponential 
smoothing. the single smoothed data for the current month is the estimate of orders for the next period; for 
this case only one future estimate (that of the next period) can be obtained. For double exponential 
smoothing. additional calculations are made to obtain a future estimate of orders. and an estimate for any 
period in the future may be obtained. 

The following notations are used: 

x = orders En] = this period's orders 
n 

a smoothing constant 

Sn (X) 

S [2] (X) 
n 

single smoothed result of this period's orders 

= double smoothed result of this period's orders 

= the double smoothed estimated orders for some period in the 
future (the period is identified by the number [n + i] where i = 0, 
1. 2. 3 ..... n J. 

The following equations used are: 

Sn(X) =aXn +j3S(n_l) (X) where/3 =1-a 

2S (X) - S [21(X) 
n n 

a 

f3 

(double smoothed estimate) 

NOTE: Subscripts (n-I) imply the period immediately preceding the current period (n). 

The smoothing constant (a) is the fraction by which current orders are weighted with respect to past order 
information. If a = .3. then the current observation has weight. 3 and past smoothed information has 
weight. 7; i. e .• the current observation has 3/7 as much importance as the previous average. In application. 
if one has a great deal of confidence in the prediction of initial conditions. (past smoothed information) a 
small value of a will be used. If one has little confidence in an initial prediction. then a larger a will be 
used so that the initial conditions will quickly be discounted . 
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Both single and double smoothing techniques require at least one past observation. Usually the past period's 
orders or an average of the orders of several past periods is used, in conjunction with the current period's 
orders, as a starting point. In this case, it is normally assumed that there is no trend associated with the 

first order input and therefore orders [IJ = S1 (X)cS1[2] (X), If one has previously smoothed data to use 

as a reference and/or if an initial trend of zero is undesirable, then initial smoothed data [so (X) and So [2](X)] 

may be used (the procedure is outlined in the User InstrUCtions). If no previous smoothed data is available. 

then [so (X) and So [2] (X)] may be estimated by the following equations: 

s (X) = ~ - ~/a ~ 000 

S [2J(X) 
o ~o - 2 f3 / a 'to 

where the values of 1to' 130 , and a are chosen by the user as he deems appropriate. 

Reference: Smoothing, Forecasting and Predication of Discrete Time Series 

Robert Goodell Brown 
Prentice-Hall, Inc. 

2 
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• 
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USER rnSTRUCTIONS 

ENTER PROGRAM: (starting Address is 0 -0) 

PRESS: GO TO (0) (0) 

PRESS: SET FLAG 

NO 
(Wish to obtain an 

initial estimate) 

PRESS: CONTINUE 

DISPLAY 

~
z 

O-Y 
1-X 

ENTER DATA: a _y 
Orders (l) .... X 

r-II_-L-,------~ PRESS: CONTINUE 

(3) (2) 

DISPLAY 

Sn (X)-Y 

n -x 

(n indicates the number of 
periods currently entered) 

YES 

PRESS: CONTINUE 

DISPLAY 

o--z 
o-y 

[n+1] -X 

(1) 

~ 
(n + 1 indicates the 
number of the orders 
to be entered) 

ENTER DATA: 

Orders [n + 1] _ X 

+ (1) 

+ 
( ) 

09100-73006 

USER INSTRUCTIONS (Can't) 

l1) 
NOTE: If a is to be changed, 
enter new a_ Y; otherwise, 
leave all a in Y. The value 
of a to be used for the 
ordersG + 11 currently 
being enterecf must appear 
in Yat this time. 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

1--z 
~n __ y 

n 
n--X 

~-~-- PRESS: CONTINUE 

DISPLAY 

o --z 
[n+i] --Y 

EO[n+i] --X 

(n+i indicates the number of 
the period for which the 
displayed estimate has been 
obtained. Any number of 
estimates for future periods 
may be obtaine~) 

After all desired future 
estimates have been 
obtained: 

PRESS: END 

PRESS: RECORD 

File program card until 
more actual orders have 
been obtained, at which 
time smoothed data (and 
new (updated) future 
estimates) may be obtained 
by following the appropriate 
section of the User 
Instructions. 

3 
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(4) 

4 

ALTERNATE USER INSTRUCTIONS 

If one has previously evaluated smoothed data 
and therefore does not wish to assume the linear 
coefficient is equal to zero (when entering data 
to obtain an initial estimate) , use the followmg 
instructions: 

ENTER PROGRAM: (Starting Address is 0 - 0 ) 

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

PRESS: CONTINUE 

DISPLAY 

o 
a 
1 

ENTER DATA: So 

z 
Y 
X 

(1 indicates the initial value of the smoothed data) 
PRESS: Y_ 

PRESS: b 
PRESS: X_ 
PRESS: 9 
ENTER DATA: n_X 

(n is the number of the order that is to be 
entered next; n must not be equal to 1) 

PRESS: X-" 

PRESS: a 
ENTER DATA: a -Y, orders [nJ---X 

EXAMPLE 

Data: Period Orders 

1 196.6 
2 189 
3 244 
4 209 

(a = .1) 5 207 
6 211 

Smoothed Double 
Results: Period Data Smoothed Data 

1 
2 
3 
4 
5 
6 

196.60 
195.84 
200.66 
201. 49 
202.04 
202.94 

196.60 
196.52 
196.94 
197.39 
197.86 
198.37 

/\ 
a6 = 207.51; 

Estimates for future periods: 

Period Double Smoothed Estimate 

7 
8 
9 

10 
11 
12 

208.02 
208.53 
209.03 
209.54 
210.05 
210.56 

After obtaining the twelfth estimate, record the 
obtained results on the program card. Now 
assume that after a period of time, more actual 
orders have been obtained and we wish to up­
date the last smoothed value and make new future 
estimations. 

Re -enter the program card and follow the USER 
INSTRUCTIONS for up-dating an old estimate. 

New Data: Period Orders 

7 250 
(a = .1 ) 8 210 

9 236 

Smoothed Double 
Results: Period Data Smoothed Data ----

7 207.64 199.29 
8 207.88 200.15 
9 210.69 201.21 

~ 1\ 
1.05 

9 
= 220.18; bg 

Estimates for future orders: 
Double 

Period Smoothed Estimate 

10 
11 
12 

221. 23 
222.28 
223.34 

• 

• 

• 
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This program exponentially smooths input data such as a time series, and forecasts future values of the series. 
The smoothing equation has the following general form: 

The smoothing constant CI is the fraction by which current data is weighed with respect to past data. If a '" . 3, 
the past single exponentially smoothed data has weight. 7. The new data entry has weight. 3. A value between 
o and 1 is assigned to CI depending on how much the user wishs to weight past smoothed data with respect to 
current data. 

The input data is smoothed according to these equations: 

where 

8 [2](X) 
n ClSn (X) + /38n[~; (X) 

a 8 [2]lX) + a 8[3] (X) 8 [3] (Xl 
n n ~ n-l 

Xn value of variable of period N 

8n single exponentially smoothed average for period N 

8 [2] double exponentially smoothed average for period N 
n 

8P~] triple exponentially smoothed average for period N 

/3 1-a 

The forecast is based on a quadratic model: 

EO (Mi) '" ~o + ~1 (i) + 1/2 ~2 (i1 

EO (n+i) '" expected value of the variable (X) i periods in the future. 

/I " " aO' a l , a2 '" estimates of the model parameters. 

These parameters are estimated from the smoothed data as follows: 

38 (X) - 38 [2] (X) + 8 [3](X) 
n n n 

2 a 

/3
2 

[ (6 - 5a) 8 (X) - 2(5 - 4a ) S [21X) +(4 - 3a) S [3~X)] 
n n n 
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If one does not have previously smoothed data, the program calculates initial values for the smoothed data; 
it is necessary for the user to input his initial estimates of the model parameters ~o' 11, 12, These may 
be estimated from the first few data points. 

Letting a
2 

= 0 simplifies calculation of the initial estimate and usually does not appreciably affect the 
A A 

smoothed data (particularly if a is large). With a2 = 0, the model is a linear one where a
l 

is an estimate 

of the initial slope and aO is an estimate of the Y intercept. 

These equations are used to get initial estimates for the smoothed data: 

S (X) = a (0) -o 0 
f3 " -a-.a! (0) + 

SO[2]{X) = ~O (0) - ~'~1 (0) + /3(3 - 20 
a a 2 

A • a
2 

(0) 

3f3(4-3a 

2a 2 
. 12 (0) 

If one has previously smoothed data not recorded on the magnetic card, and hence not stored as part of the 

program, it is easy to correct this. After recording the program from the magnetic card, manually 

store So (X) in the "a" register, SO[2J(X) in the "b" register, and so[31(X) in the "c" register. Now follow the 

instructions as if this data had been recorded from the magnetic card. 

Reference: 

2 

Smoothing, Forecasting & Predication of Discrete Time Series 
Robert Goodell Brown 

Prentice-Hall 

• 

• 

• 



YES 

PRESS: SET FLAG 

PRESS: CONTINUE 

• J 

USER INSTRUCTIONS 

ENTER: Smoothing Program (starting Address is 0 - 0 ) 

PRESS: CONTINUE 
DISPLAY: 

~
Z 

0-- Y 
0-- X 

ENTER DATA: 

" a
2 

(0) _ z 
at (0) - Y 

S.0(0) - X 

PRESS: CONTINUE 

DISPLAY 

~
z 

O--Y 
O--X 

ENTER DATA: 

a-X 

PRESS: CONTINUE 

DISPLAY 

~
z 

O--Y 
1-- X 

ENTER DATA: 

Q_Y 
X(I) - X 

.(1) 

09100-73007 

3 
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NO 
Do you wish to 

record smoothed 
data for up­
dating later? 

YES 

PRESS: GO TO (d) (0) 

SET: I PROGRAM I I 
PRESS: END 

SET: I RUN I 
PRESS: GO TO (0) (0) [or END ] 

RECORD: Smoothing Program 

USER INSTRUCTIONS (con't) 

PRESS: 

S [3](X) -- z 
n 

S [2](X) -- Y 
n 

NO~ data? 

YES 

CONTINUE 

DISPLAY 

ENTER DATA: 

o --z 
Q--y 
n --X 

Q-Y 
(X)n -X 

-

PRESS: CONTINUE --------' 

ENTER: Forecasting Program (Starting Address is 0 - 0) 

4 

PRESS: CONTINUE 

DISPLAY 

[§Jz 
0-- Y 
0-- X 

NO ENTER DATA: [3] 
S (X) _ Z 
n 

S [2](X) _ y 
n 

PRESS: CONTINUE t (2) 

• 

• 

• 



• 
YES 

PRESS: SET FLAG 

PRESS: CONTINUE 

USER INSTRUC TIONS (can't) 

+ (2) 

DISPLAY 

ENTER DATA: 

o 
o 
o 

z 
Y 
X 

a-X 

PRESS: CONTINUE 

09100-73007 

L---------------------------------~~DISPLAY 

II 
a

2
(n) -- Z 

/I 
a

1 
(n) -- Y 

II 
a

O 
(n) -- X 

PRESS: CONTINUE 

DISPLAY 

o ---- z 
o ---- Y 
o ---- X 

ENTER DATA: 

PRESS: CONTINUE 

_ X {Future period for WhiCh} 
jorecast is desired. 

DISPLAY 

o ---- Z 
i --- Y 

EO (n+i) --- X 

more 
L...-____ -UyE ... S'-< forecasts? 

NO 

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

5 
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6 

EXAMPLE 

Given the following initial conditions and data, calculate 

the smoothed values, model parameters for the second 

period, and forecasts for the next two periods. 

Data: 
a. = .05 

Xl = 510.2 

x2 = 520.8 

Initial conditions: 

" aO(O) ~ 500 

~1(0) = 10 

~2(0) = .4 

Solution: 

n x n 

1 510.2 

2 520.8 

3 528.4 

460.8 

463.B 

467.0 

Forecasts: General form 

555.8 

551. 2 

547.0 

795.2 

783.0 

771. 2 

EO(n+i) 

EO (M1) = EO (3) = 531. 8; i = 1 

EO (n+2) = EO (4) ~ 543.2; i = 2 

a (0) 
n 

520.8 

531. 3 

Re-enter Program 1 and update the old smoothed values, 
using the estimate for period 3. 

X3 = 528.4 

The results are shown in the above table for n = 3. The 
forecast for the fourth period is again: 

EO (n+1) = EO (4) =542.7 i=l 

~ (1) ~ (2) 
n n 

10.8 

11.2 

.4 

.4 

• 

• 

• 
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~ This program calculates the monthly payment necessary to amortize a loan over a specified number of 

periods. The principal, annual interest rate, and term of the loan in months are provided by the user. 
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The program displays (or prints) the calculated monthly payment, showing the amount paid toward principal 

and the amount of interest for each payment. After each payment, the total principal paid, total interest 

paid and the remaining loan balance may be displayed. After displaying the last payment, the program ends 

displaying the total principal paid, the total interest paid and the total interest and principal paid. 

The monthly payment is constant. The amount paid in interest is one-twelfth the annual interest rate 

times the remaining principal. The remainder of the monthly payment is subtracted from the principal 

balance. 

The following equations are used: 

Percent Monthly Interest (i ') Annual interest rate (i) 
12 

Monthly Payment (P ') 
81 'j n I200 (1 + 1 1200) 

(1 + i/1200)n - 1 

where 8 is the amount of the loan (original principal) and n is the term of the loan in periods. 

P ~ P' rounded up 

Monthly payment Paid on Principal (PM) ~ P - I 

Monthly Interest Payment (I) ~ P R X it 

Remaining Loan Balance (P~ ~ S - P
T 

Total Principal Paid to date(PT) ~ 

Total Interest Paid to date (I~ 

Total Amount Paid on loan to date ~ P T + IT 



09100-73008 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting :Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY: 

0---- Z 

o Y 

o ----x 

ENTER DATA: Loan principal in Dollars _Z 
Interest Rate in Percent _ Y 
Term of loan in Monts _ X 

PRESS: CONTINUE 

DISPLAY: 

o z 
o Y 

Calculated Monthly 
Payment raised to X 
nearest cent 

Is a Different 
monthly payment 

desired? 

YES 

ENTER DATA: 
Desired monthly 
payment -x 

PRESS: CONTINUE "'~II--------,I 
DISPLAY: For each month the following brief 

display occurs: 

Amount of Payment 
toward Principal 

z 

Amount of Payment _ Y 
toward Interest 

Payment Number -- X 

To stop display - PRESS: PAUSE 

If desired, while stopped, 

PRESS: SET FLAG 

PRESS: CONTINUE 

USER INSTRUCTIONS (con't) 

DISPLAY: 
,----------, 

Total Principal 
Paid to date 

Total Interest 
Paid to date 

Remaining Loan 
Balance 

Z 

Y 

X 

To continue incrementing payments -

PRESS: CONTINUE 

NO 
Has the 

DISPLAY: 

Amount of Last 
Payment to Principal 

Amount of Last 
Payment to Interest 

Payment Number 

PRESS: CONTINUE 

DISPLAY: 

Total Principal Paid 

Total Interest Paid 

Total Interest and 
Principal paid 

z 

Y 

x 

Z 

Y 

X 

Note: To print out, substitute program steps 
noted in program listing. 

• 

• 

e. 
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09100 -73008 

EXAMPLES 

Example 1 

Borrow $1,000 at 6.25% 
for 5 years and 3 months. 

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

PRESS: CONTINUE 

ENTER DATA: 
1000 ___ ... Z 

6.25 - Y 
63-X 

PRESS: CONTINUE 
DISPLAY: 

0--- z 
o Y 

18.67 X 
Calculated monthly payment = $18. 67 

PRESS: CONTINUE 

PRESS: PAUSE when display for 36 months 
is reached. 

DISPLAY: 
16 .15 - Z - Payment toward Principal 

2. 52 - Y - payment toward Interest 
36 - X - Payment Number 

PRESS: SET FLAG and CONTINUE 
DISPLAY: 

531. 51 - Z - Total Principal Paid to Date 
140.61 - Y - Total Interest Paid to Date 
468.49 - X - Loan Balance 

PRESS: CONTINUE 

PROGRAM STOPS TO DISPLAY 

17. 88 - Z - Final Payment - Principal 
.09 - Y - Final Payment - Interest 
63 - X - Payment Number 

PRESS: CONTINUE 

DISPLAY: 

1000 ---
175.51 

1175.51 ---

Z - Total Paid - Principal 
Y - Total Paid - Interest 
X - Total Paid 

Example 2 

Borrow $1,000 at 6.25% 
for 5 years and 3 months. 

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

,PRESS: CONTINUE 

ENTER DATA: 

1000 --.... Z 
6.25 .. Y 

63 .. X 

PRESS: CONTINUE 
DISPLAY: 

o Z 
o Y 

18.67 X 
ENTER: $19.00 into X register. 

PRESS: CONTINUE 

PRESS: PAUSE when display for 36 months 
is reached. 

DISPLAY: 
16.54 ---

2.46 ---
36---

Z - Payment - Principal 
Y - Payment - Interest 
X - Monthly payment 

PRESS: SET FLAG and CONTINUE 
DISPLAY: 

544.54 ---

139.46 ---

455.46 ---

PRESS: CONTINUE 

Z - Total Principal 
Paid to Date 

Y - Total Interest 
Paid to Date 

X - Loan Balance 

PROGRAM STOPS TO DISPLAY 

12.72 --­

.07 ---

62 ---

PRESS: CONTINUE 

DISPLAY: 

1000 ---
171.79 ---

1171.79 ---

Z - Final Payment to 
Principal 

Y - Final Payment to 
Interest 

X - Payment Number 

Z - Total Paid - Principal 
Y - Total Paid - Interest 
X - Total Paid 
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i"1.' ~y .... , I '- - I.. U C! 

_. _. __ ~_-c--, ••• __ ~~_. \ ----~-~~-""""""~"'-~"-"'~ , - __ 

0' ()' CLEAR 20 ii' I ,-=-.. ~.~ .. ----, .. --l------.---: ------... -............ -.. -.. -!. .- -- - -~---.- --I---~~---~ .. -- .. ·:· .. - ,- -_ ... L---j 
j , _::~_L __ 2.3 L-.. !_ ~_; ___ _ _ .-'~-~'l-I. f ., ••••• _.~f •. ~ .• _....... . ...... -J 

9 'I I \ t! ,,-'-": 
STOP ,'4'~r' .... --. n

Hm

•• S rr ENT~A~OU·NFoF; THE:---' 
,,~ ... ----;-~~ d-('j' - . . .. - . ' 'lLOA"N~ (S 7jTN~ERESrr ,-(T);-

--R~--tf::;l-l ---;. 2.3IFi -- ----------~~-------.. --... - ······· .. ····-·····················-· .... l,'·AffiY-ffRtOOSf(nt:t----. -:.~--. 
d
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C ~ 
. _._ ..... ___ . ______ , __ ~_ ... ;,.,. .. ...... :,_". ____ l--__ . __ : ... ,. 

2 

y-H I 

c 
ENTER EX P 

! 
I - " 

CALCULATE MONTHLY 
-1- -
i 

--- .. -------'--,.,-'-,---_." .. ,." "i- ···--··'··--1----:--------,...-··----

... --... ,- .. -- .... --.--------.~ . -j' --~··+----"",- .. -··t· 
I 

. INTEREST AS . PERCENT" 

! 
········1 

2 
.. • "'-'''_.,,--!. - ._. - -- . ~. - -------~ ...... 

i ·CAtCtJLATE·-MONTHlY-.. --·-·--·-·····~ 

--rN'f-ERE-S-~"""'F'f(~,.I-oN"'·~-----!---;--l-----+--"-'------':...-----1 

y-+( I 

-b-'-'­

X 

'" 1 
=t-

2.5 
·40tL. ~. - , -- ----.. ~-
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- - y- -~-, 

! '. ··<··n 

C t\ L~ClJ.L/?Jg, JL"'=-I2~o :1_ 
~ _____ t __________ _ 

......... c .... _ -C/- -.-~ c i -7 -1--- -----~----- --,- ~ 

: .. B : I 
--~----- --.-,-----.--.~- - ... _ .... - . - .. _. _ ... _ .. 

X ... y ~ 30 i 9 
1 n x "'-6eq-' -... 

2 

~ ENTER EX P 26 
rJ 
'7 2 
I 

8 ')( 36 

~~~ 
,.. 

_ .. _.-

f 2 7 
----_._- .. _-- .--.-.... -

int X 64 
{--' 

" X:y 30 

IF x>y "53 

-.. t­
! 
; ..... 1' 
1·'­
i 
j 
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.... -.~~-•..• " ..•...........• -.-" 
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24 
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'j 
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_. - .--.~ 
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t 
-.~-.-.-.--~.- -. ~- j~---l 

: I ! . -_.":' __ ._.-. __ .... ---' 
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~ 
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• f-
w 
...J 

~ 
lLJ 
J: 

~ 

Given the angle of the incline and the coefficient of friction this program will determine if a block will slide 
and, if so, the acceleration of the block. 

BLOCK ON INCLINE (FRICTION PRESET) 

FREE - BODY DIAGRAM 

Mg cos e 

Mg Mg cos8=N 

g angle of incline 

M mass of body 

g force of gravity 

f.J. coefficient of friction 

A acceleration of block 

Summing forces along the incline: 

F '" MA = - fL Mg cos 9 + Mg sin Q 

or A '" g (sin Q - f.J. cos 9 ) 

Due top., a critical angle (Qe) exists. such that at an incline angle less than 9c ' the block will not slide. 

Qc is determined by equating the opposing forces along the incline; 

Mg sin 9 = f.J. Mg cos Q 

or f.J. = tan 9 
-1 So Qc = tan p. 

For g < gc the block will not slide, and A is therefore zero. 

Reference: University Physics. 3rd edition 
Sears & Zemanship 
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USER INSTRUCTIONS 

SET: I DEGREES I 
ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o z 

o y 

1 --x 

ENTER DATA: jJ--Y, e-x 
DISPLAY 

o --z 

I-'---Y 

e --x 

PRESS: CONTINUE 

DISPLAY 

e --z 
c 

A --Y 

e --x 

Note: If e ::.. Bc' a zero will appear in y, 
denoting that the block is not slipping. 

Dimension~: f1- is dimensionless; if g is given 
in ft. /sec. , 8in degrees, then A is given in 
ft. /sec. 2 and Be and 8 are in degrees. 

(A) 

B= 300 

I-'- = .4 

EXAMPLES 

Results: e c = 21. SO 

A = 4.95 ft/sec. 2 

(B) 

e= 15° 

1-'-= .3 

Results: Be 

A o 

(ec > 8 The block will not slide) 

• 

• 

• 
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fil t::::l This program solves for the Flux density along axis of a circular loop . 

CI 
c:: 
« 
:x:: 
U 
« a.. 
l­
I­
LLI 
...J 
;: 
LLI 
J: 

~ 
I-C-----d----------'~ 

-7 
In free space P. =JLO = 4 "'IT x 10 

-7 2 
B = 2 (47T X 10 ) 7Tr I 

4 7T (r2 + d2) 3/2 

2 -7 
2 7T r I x 10 

Cl 
c:: 
« If d and r are given in meters, I in amps, then B is given in webers/meter2 
:x:: 
U 
« a.. 

r = radius of circular loop 

I = current flawing around loop 

d = distance from center of loop 
2 

A = area of loop ("'IT r ) 

~ This formula for nux density is good for thin-wire, circular loops; as d becomes larger and larger the equa-
LLI tion may be approximated by B _ 2 "'IT r2 I x 10- 7 which becomes increasingly accurate as the ratio ~ increases. 
~ - d3 r 

LLI 
J: 

~ 

o 
c:: 
<C 
:x:: 
U 

• I-
LLI 
...J 

s: 
w 
J: 

~ 

Reference: University Physics. 3rd edition 
Sears & Zemanship 

Addison - Vesley 
1964 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

~PRESS: CONTINUE 

DISPLAY 

0 --Z 

0 --Y 

1 --X 

ENTER DATA: r-Z, I-Y 

PRESS: CONTINUE 

DISPLAY 

B--Z 

0 --Y 

0 --X 

EXAMPLES 

(A) 

r ~ .2m • d ~ 0 m B -6 / 2 6.283 x 10 w m 

1=2 amps 

(B) 

r = .2m 

d =. 05m B " 5.737 x 10- 6 w/m2 

1= 2 amps 

• 

• 
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t 27 

X 36 

y...,( ) 40 

b 14 
( d2 +r2 j7'Z_ CALCULATE 

ROLL t 22 

TO POLAR 62 

t 27 

X 36 

1 X 36 

2 02 

t 27 

7T 56 

• X 36 
. --- ... 

b 14 

X 36 

a 13 CALCULATE 2 "lTr2 I X 10-7 

X 36 

ENTER EXP 26 

7 07 

CHG SIGN 32 

X 36 

-} 25 
---.-.--, -

2 x:y 
3D> - CALCULATE B . 35 
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CLEAR X 37 

1- 27 

END 46 I 0 0 B I DISPLAY 
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e::: 
« 
~ 
u 
<C 
Q.. 

l­
I-­
LU 
-l 

3: 
LU 
:c 

~ 

CI 
e::: 
« 
~ 

u 
« 
Q.. 

l­
I­
LU 
-l 

3: 
LU 
:c 
F.il 
E:I 

This program measures the rate of flow in a uniform flow tube by use of a Venturi meter. 

A venturi meter is simply a constriction in a pipe which causes a pressure variation directly related to 
flow rate. 

The following diagram applies: 

PRESSURE GAUGES 
-..... ,-----;;; 2 

Q (rate of f1o~) is d~fined by Q = ~ VI = a2 V2 where al' a2 are measured areas and VI' V2 are fluid velocities 
at the respechve pomts. 

Bernoulli's equation relates the flow characteristics at points one (1) and (2). 

2 2 
PI/Y +Vl /2g +Zl = P2/Y +V2 /2g+Z2 

Assuming the heights Zl -= Z2 

then. 
2 

+ V2 /2g 

Solving for VI using the substitution V 2
2 

we obtain VI = 

Dimensions: 

ai' a
2 

given in inches 2 

Pi' P2 given in Ibs/in. 2 

where PI' P2 = pressure 

Y = density 

g = force of gravity 



09100-73203 

Y given in lbs/in. 3 
2 

g given in inches/sec. 

Then the dimensions of Q are in3/sec. 

Reference; Elementary Fluid Mechanics 
by John K. Vennard 

John Wiley & Sons 
New York 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS; END 

PRESS: CONTINUE 

DISPLAY 

0-- z 

o --Y 

o --x 

ENTER DATA: a
1 

_Yo ~_X 

PRESS: CONTINUE 

DISPLAY 

o z 

o Y 

o x 

ENTER DATA; y - Z, PI -Y, P2 -X 

PRESS; CONTINUE 

DISPLAY 

Q-- Z 

o y 

o X 

To enter new density or pressurej Press 
CONTINUE 

To reset problem and/or calculate flow for dif­
ferent areas (a1 & ~)j Press END, Press 
CONTINUE after display of Q. 

EXAMPLE 

a 1 and a2 have respective areas of O. 5 ft. 2 & 

0.25 ft. 2 with pressure drop of 10 psi when water 

flows in the pipe ( y = 62.4 Ib /ft. 3 or 

62.4/1728 Ibs/in. 3) 

72 in. 
2 

36 ft. 2 

• 03611 lb. lin. 3 

PI = 12 psi 

P2 = 2 psi 

Answer: 19.221. 589 in. 3/ sec. 

• 

• 

• 
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c:: 
<C 
::.::: 
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s: 
LLI 
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~ 

o 
e::: 
c:( 
::.::: 
U 

If 
I­
lLJ 
...J 

s: 
LLI 
:::c 
~ 
is< 

This program computes the velocity Of a satellite at apogee, the velocity at perigee, and the orbital period 

in seconds of a satellite orbiting a body in space. 

Given; 

Find: 

r * a 

r * p 

r 
o 

radius at apogee measured above ro 

radius at perigee measured above r 0 

radius of orbited body 

acceleration of gravity at r 0 

2 
2 go( r 0) r p velocity at apogee 
r (r +r ) a a p 

ta 
V • - velocity at perigee 

a rp 

(ra + rp)3 orbital period 

2gJr i 

e 

(r = r * + r ) a a 0 

(r '" r * + r ) p p 0 



09100-73204 

USER INSTRUCTIONS 

SET: I Radians I 
ENTER PROGRAM: (Starting Address is 0-0) 

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

PRESS: CONTrnDE 

DISPLAY 

o 

° o 

z 
Y 
X 

ENTER DATA: go-Y' ro-X 

PRESS: CONTrnDE 

DISPLAY 

1 
1 
1 

ENTER DATA: 

z 
y 
X 

r *_Y r *_X p 'a 

PRESS: CONTINUE 

DISPLAY 

z 
Y 

X 

To reset problem for same r 0 and go' 

EXAMPLE 

- (32.2) (3600)2 = 7.904 x 104 
go - 5280 

for units of miles and hours 
r 0 1,080 miles (moon) 

r * a 8,000 miles 

r * 2,000 miles 
p 

9.810 sec. 

6685.948 roi. /hr. 

2267.921 mi. /hr. 

• 

• 

• 
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0 CLEAR 20 • STO P 41 I rO go IENTER go AND. r 0 
X-+(I 23} a 

~: STORE go AND ro Y--+( I 

b 
1 01 

t 27 

t 27 

I r* X" 
ENTER * AND *" "_.- STOP 41 rp r ra .- a p x .... () 2'} F 15 

* * STORE rp AND fa y .... (1 40 . 

e 12 -

1 a 13 

t 27 

Ace + 60 

b 14 

t 27 • + 33 

a 13 

x 36 

X 36 

e 12 

x 36 

t 27 

F 15 

+ 33 

2 y .... () 40 

d 17 

X 36 

{- 25 CALCULATE Va /2 :: 2g o ro rp . 
35 ra ( r a + r p ) . 

>It 25 

rx 76 

X .... (I ~:} STORE V 
c a • t 27 

F 15 
ra 

X 36 CALCULATE Vp :: V' rp Q 
e 12 

35 
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d 17 

X 36, 

b 14; 

• - --35-' CALCULATE P=-n-
-3 

(r + r ) ___ a ____ p _________ _ 
2 02--

35' 

a 13 

35 

35 

7T 56, 

x~y 

IX 
x 
a 

1-
ACC -

30 

76 ! 
36 

13 : 

27 -

63: 

24: 

d 17 

c 16 

2 9 (r )2 o 0 .. ~. ----------_ ...... _._----_ .. 

STOP 41 '-1 ___ v...;;a;..,...".~~~-V----"--p'_,_-_~----P-------'I~~~fL~Y 
CLEAR X 

GO TO ( )( ) 

o 
---6----

END 

37-44}: ------- ----
.. _-------- --

00. BRANCH 
-

06 : 

46 

TO ENTER NEW ra* AI'-JD_ r* p--

.. ~ 

. .... _ .. _. ___ .. _.,e-<j 

-.-.--~:--

--- --.--~ 

• 

• 

• 
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0::: 
« 
::,.:: 
u « 
0-

l­
I-­
I.LI 
...J 

~ 
I.LI 
::c 
~ 
E::l 

This program converts and displays the two temperature equivalents of a temperature in any of the three tem­
perature scales --- Fahrenheit, Centigrade, and Kelvin (absolute). 

The following equations are used in the conversion process. 

Dimensions: 

°c = 5/9 (40 + OF) - 40 

or of = 9/5 (40 + DC) - 40 

0C = OJ( - 273.16 

or OK = 273. 16 + 0C 

OK = 5/9 (OF + 459. 688) 

or of = 9/5 (Ox)- 459. 688 

Inputs and results are in decimal degrees. 

Reference: 
College Chemistry -- 3rd Edition 

Paul R. Frey 



09100-73701 

USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is 0 - 0) 

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

~ PRESS: CONTINUE 

DISPLAY 

o---z 
o Y 
o X 

ENTER DATA; 0F_Z,OC_Y, OK-X 

Note: Enter the two unknowns as zero. 

PRESS: CONTINUE 

DISPLAY 

01(-- Z 

°C ---Y 

of ---X 

Two of the values given will be calculated 
values; the known value will be displayed as 
entered above in data entry. 

Note: (1) To obtain the temperature equivalents 
for OOF; 

PRESS: CONTINUE 

DISPLAY 

o--z 
O--Y 

O--X 

PRESS: GO TO (0) (d) 

PRESS: CONTINUE 

(2) To obtain the temperature equivalents 
for OOC; 

PRESS: CONTINUE 

DISPLAY 

O--z 

O--Y 

o--x 

PRESS: GO TO (3) (c) 

PRESS: CONTINUE 

EXAMPLES 

(A) Find the Centigrade and Fahrenheit equi­
valent temperature of 0° Kelvin. 

ENTER DATA: 

o 
o 
o 

---~~Z 

---~~Y 

---~X 

(OC and OF are the unknowns) 

Results: Centigrade temp. = -273. 16°c 
Fahrenheit temp. = -459. 6880F 

(B) Find the Fahrenheit and Kelvin equivalent 
temperature of 200 Centjgrade. 

ENTER DATA: 

o ----l~.Z 
20---".Y 

o .. X 

Results: Kelvin temperature = 293.16DK 
Fahrenheit temp. = 6SoF 

• 

• 

• 
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o 
0:: 
« 
::.::: 
U 

l 
w 
...J 

3: 
w 
::c 

~ This program traverses by bearing and distance and calculates coordinates and the following curve data: 

o 
0:: 
« 
::.::: 
U 
« 
0-

f­
f­
W 
...J 

3: 
w 
::c 
~ 
E1 

o 
0:: 
« 
::.::: 
U 

If 
f­
LU 
...J 

3: 
w 
::c 
~ 
~ 

1. Radius 

2. Length 

3. Chord 

4. Central angle in degrees, minutes and seconds. 
Note: Central angle over 1800 must be divided 
into smaller increments. 

5. Coordinates of tangent pOints 

This program is designed to traverse from point to point on a survey map indicating coordinates of successive 
points on the survey and also indicating the descriptive features of tangent curved portions. The four quadrants 
are represented as follows: NE ~ 1, SE ~ 2, SW = 3, NW = 4. The operator must enter the distance in both 
X and Y registers on the course if leaving a radius point on a curve. If the central angle is over 1800 the 
operator must divide the circle into smaller segments. 

QUADRANT CODE 

4=NW l=NE 

3 = SW 2 = SE 



09100-74001 

USER INSTRUCTIONS 

SET: I DEGREES I 
ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 
1 

z 
Y 

X 

ENTER COORDINATES: Northing in - Y 
Easting in -X 

PRESS: ACC+ 

ENTER BEARING ANGLE DATA: 

Degrees _Z 

Minutes -Y 

Seconds -X 

Note: De,cimal Degrees, Decimal Minutes or 
Decimal Seconds may be entered pro­
vided they are entered in the proper 
register. 

PRESS: CONTINUE 

DISPLAY 

0-- z 
o --Y 

2 --X 

ENTER DATA: Quadrant Code (1 = NE, 
2 = SE, 3 = SW, 4 = NW) 
in X register. 

PRESS: CONTINUE 

DISPLAY 

o 
o 
3 

z 
Y 

X 

ENTER DATA: Distance - X (for normal 
traverse line) 

Distance - X and - Y 
(for line from radius point) 

PRESS: CONTINUE 

DISPLAY 

USER INSTRUCTIONS (Cont'd) 

NO 
Exit from 

Curve? 

YES 

o--z 
~ North Coord. -- Y 

South Coord. -- X 

DISPLAY 

Chord - Z 

Arc Length - Y 

Radius - X 

PRESS: CONTINUE 

DISPLAY 
CENTRAL ANGLE 

Degrees - Z 

Minutes -Y 

Seconds --X 

PRESS: CONTINUE 

DISPLAY 

0- Z 

L-___ ---j North Coord. - Y 

East Coord. - X 

When all the lines of the figure have been traversed 
to the point of beginning the error of closure may be 
seen by making the following manual steps. 

ENTER BEGINNING COORDINATES: 

North - Y, East _ X 

PRESS: ACC­

PRESS: RCL 

DISPLAY 

0-- Z 

toN -- Y 

toE -- X 

• 

• 

• 



09100-74001 

STARTING COORDINATES: 

Coordinates 10109.075 Northing * of A 8343.505 Easting * 
NE 880 25' 40" 
Distance 121.84 

Coordinates 10112.418 Northing * of B 8465.299 Easting * 
NW 15° 56' 32" 
Distance 18.69 

EXAMPLES 

1-
..". 

~ l?o 
~cs> 0 
.~ 0'; 

<5' 0" 
~ 

6 =93 0 30'46"(-) ~ 
R=50, L=BI.605(-) 

~ CH=72.B45 (-) 

(CLOSURE ERROR 

6N= -.005, 6E=.00J) 

Coordinates 10130.389 
of C 8460.166 

NW 34° 
Distance 

Coordinates 10319.727 
of D 8331. 800 

SW 79° 
Distance 

Northing * 
Easting * 

08' 10" 
228.75 

Northing * 
Easting * 

25' 09" 
131. 88 



09100-74001 

EXAMPLES (Cont'd) 

Coordinates 
of E 

Coordinates 
of F 

10295.511 
8202.162 

Northing * 
Easting * 

SE 370 08' DO" 
Distance 35. DO' 

10267.608 
8223.291 

Northing * 
Easting * 

START OF CURVE: 

Coordinates 
of G 

SW 520 52' AD" 
Distance 225. ~O' 

10131. 782 
8043.914 

Northing * 
Easting * 

NE 65° 52' ~O'' 
Distance 225. ~O' 

NOTE 

User must enter radial distance of225.00' 
in X and Y registers when traversing 
from the radius point G. 

50. 941 (-) - Chord Length * 
51. 051 (-) - Arc Length * 

225.00 - Radius * 

Note sign convention: 

Negative sign implies concave to 
south or west. 

Positive sign implies concave to 
north or east. 

Central Angle 13° DO' 00" (-) 

Coordinates 
of H 

Coordinates 
of I 

10223.775 
8249.248 

Northing * 
Easting * 

SW 650 52' DO" 
Distance 50. DO' 

10203.332 
8203.618 

Northing * 
Easting * 

SE 200 37' 14" 
Distance 50. 00' 

NOTE 

User must enter radial distance of 50.00' 
in X and Y registers when traverSing 
from the radius point I. 

72. 845{-} - Chord Length 

81.605(-} - Arc Length 

50. 00 - Radius 

Note sign convention: 

Negative sign implies concave to 
south or west. 

Positive implies concave to north 
or east. 

Central angle 93° 30' 46" (-) 

Coordinates 
of J 

Coordinates 
of K 

Coordinates 
of A 

10156.536 
8221. 227 

Northing * 
Easting * 

SE 38° 35' 02" 
Distance 114.88' 

10066.734 
8292.873 

Northing * 
Easting * 

NE 50° 06' 00" 
Distance 66. 00' 

10109.070 * 
8343.506 * 

STARTING COORDINATES: 

10109.075 
8343.505 

CLOSURE ERROR 

.6.N = -.005 

.6.E = +.001 

* Coordinate Answers 

• 

• 

• 
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This program accumulates angles given in degrees, minutes, and seconds. Angles can be entered in any com­
bination of decimal parts and added or subtracted as desired. 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting address is 0 - 0) 

PRESS: GO TO (0) (0) [or END J 
PRESS: CONTINUE 

DISPLAY 

o z 
o Y 
i X 

(i indicates angle to be entered) 

ENTER DATA: degrees --. Z, minutes --. Y, 

seconds --. X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

accumulated 
angleinde- -- Y 
cimal degrees 

last angle in 
decimal de - -- X 
grees 

PRESS: (+) or (-) 

NO 

+ if adding to previous accumulated 
angle 
- if subtracting from previous ac­
cumulated angle 

desire 
accumulated angle 
indegrees, minutes, 
seconds? 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 
accumulated angle 

degrees - Z 

minutes Y 

seconds - X 

EXAMPLES 

Example: 

+ 52° 07' 30" 

+ 29° 44' 41. 6" 

+ 8.13° 00' 00" 

- 36° 52.56' 00" 

Result: 53.12389 or 53° 07' 26" 
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This program will calculate bearings and distances between given coordinates. If it is desired to continue on to 
a new point from the last point entered the operator has only to press CONTINUE and enter coordinates for the 
new forward point. 

The quadrants are denoted by NE = 1, SE = 2, SW = 3 and NW = 4. 

QUADRANT CODE 

4 =NW 1 = NE 

3 = SW 2 = SE 
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USER INSTRUCTIONS 

SET: 

PRESS: or END ] 

ENTER PROGRAM (Starting address is 0-0) 

PRESS: END 

PRESS: CONTINUE 

DISPLAY 

a 
a 

z 
Y 

1 X 

ENTER DATA: Point A Northing_Y 

Point A Easting - X 

PRESS: CONTINUE 

DISPLAY 

a z 
a 
2 

Y 

x 

ENTER DATA: Point B Nothing _Y 

Point B Easting - X 

PRESS: CONTINUE 

DISPLAY 

Degrees - Z 

Minutes -y 

Seconds -x 

PRESS: CONTINUE 

DISPLAY 

0- Z 

Distance - Y 

Quadrant - X 
Code 

PRESS: CONTINUE to enter a new course 

Answer: 

Answer: 

Answer: 

EXAMPLES 

1100 North 
800 East 

1300 North 
900 East 

26° 33' 54. 184" 

223.607' 

1 (Quadrant Code) 

1300 North 
1200 East 

90° 00' 00" 

300.000' 

2 (Quadrant Code) 

1000 North 
1000 East 

330 41' 24.243" 

360. 555' 

3 (Quadrant Code) 
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p' TO POLAR 
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o 
2 IF X>y 
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i 30 
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00 
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The three point problem, sometimes known as Italian Resection, involves the determination of coordinates of an 
observers pOSition (POint P) by measuring only angles a & b. The coordinates of points A, B & C must be known. 

To make the solution possible it is necessary: 

1. To construct a circle through points A, C, & P. 

2. Project line P - B to intersect the circle at point I 
(Note: No solution possible if "B" On circle) 

See figure below: 

I 



09100-74004 

USER INSTRUCTIONS 

SET: I DEGREES I 
ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o z 

o Y 

1 --X 

ENTER DATA: AN -Y, ~_X 

PRESS: CONTINUE 

DISPLAY 

o z 

o y 

2 --x 

ENTER DATA: CN -Y, CE -x 

PRESS: CONTINUE 

DISPLAY 

o z 

o Y 

3 -- X 

ENTER DATA: ANGLE a 

aO _Z, a' -Y, a"-X 

PRESS: CONTINUE 

DISPLAY 

o--z 

o--y 

4 --x 

USER INSTRUCTIONS (con't) 

ENTER DATA: ANGLE b 

PRESS: CONTINUE 

DISPLAY 

0---

0---

5---

z 

Y 

X 

ENTER DATA: BN -Y, BE - X 

PRESS: CONTINUE 

DISPLAY 

0---- Z 

Pn --- Y 

Pe --- X 

TO ENTER ANOTHER PROBLEM; PRESS: CONTINUE 

EXAMPLE 

DATA 

Coordinates, Point A 
nOON, BOOE 

Coordinates, Point C 
1300N, 1200E 

Angle a 
450 00' 00" 

Angle b 
52° 07' 30" 

Coordinates, Point B 
1300N, 900E 

o 
N 
U 

p 

ANSWERS 

Observers Point (P) 
Coordinates 
1000. DON, 1000. ODE 

(1 = 450 00'OOu 

b = 52° 07'30
11 
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• 
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This program will complete the missing length of a line intersecting a curve. with the added feature of calcu­
lating the bearing of the radial line through the point of intersection. The information necessary to enter in the 
calculator is as follows: 

1 - The bearing of the intersecting line 

2 - Coordinates of the end of the intersecting line 

3 - Coordinates of the radius point 

4 - Length of radius 

5 - The choice of the near or far point of intersection 

This solution is ambignOllS as there are two possible answers. The program has been written so that the opera­
tor always knows which solution he has made. If the deflected angle between the intersecting line and the radius 
is less than 90°, the bearing of the radial line will be indicated in the direction of the intersection to the radius. 
If the deflected angle is more than 900. the bearing of the radial line will be indicated in the direction of the ra­
dius to the intersection. The operator will know by inspection which point is desired. 

BEARING CODE: 

NW,. 4 

SW,. 3 SE '" 2 



09100-74005 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

SET; I DEGREES I 
SET; I TIXED POINT 

PRESS; CONTINUE 

DISPLAY 

o 
o 
1 

Z 

Y 

X 

SET DECIMAL 
WHEEL TO 3 

ENTER DATA: BEARING ANGLE 
DEGREES-Z, MINUTES ..... Y. 
SECONDS-X 

PRESS: CONTINUE 

DISPLAY 

DECIMAL 
ANGLE 

2 

z 

Y 

2 X 

ENTER DATA: BEARING CODE NE ~ 1. 
SE = 2, SW = 3. NW = 4 
1. 2, 3, or 4-X 

PRESS: CONTINUE 

DISPLAY ,---------... 
0-- Z 

o Y 

3 --X 

ENTER DATA: CORDINATES OF END OF 
LINE (K) NORTH-Y, EAST-X 

PRESS; CONTINUE 

DISPLAY ,---------
0-- Z 

0-- Y 

4 --x 

ENTER DATA: COORDINATES OF RADIUS 
POINT (I) NORTH-Y, EAST-X 

PRESS: CONTINUE 

USER INSTRUCTIONS 

DISPLAY 

o 
o 
5 

z 
Y 

X 

ENTER DATA: RADIUS LENGTH 
RADIUS -X 

(Note: If far point of intersection is desired 
PRESS; SET FLAG) 

PRESS: CONTINUE 

DISPLAY 

0-- z 
o --y 

DISTANCE -- X 

PRESS: CONTINUE 

DISPLAY ,---------
0-- z 
o --Y 

CODE -- X 

(Note: See discussion for meaning of bearing 
code) 

PRESS: CONTINUE 

DISPLAY 

DEGREES -- Z 

MINUTES -- Y 

SECONDS -- X 

PRESS: CONTINUE FOR NEW PROBLEM 

• 

• 

• 
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DATA: 

Bearing Angle: N38035' 02" W 

Coordinates Point K: 10066. 734N, 8292. 873E 

Coordinates Point I: 10203. 332N, 8203.618E 

Radius", 50 

~ 
N 
U 

EXAMPLE 

ANSWERS: 

Near Point (J) 
Distance = 114. 88 
Quadrant Code'" 4 (NW) 
Bearing N 20°37' 13.99" W 

Far Point (L) 
Distance = 210.01 
Quadrant Code = 4 (NW) 
Bearing N 56° 32 t 50. 01" W 

K 10066 .'04 N 
82.92.873 E 

09100-74005 
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The bearing of a line can be determined to within + 2' by a single observation of the sun. The average 
of several such observations will give a higher accuracy by a minimization of measurement error. 
The following equation is used: 

where: 

cos Z 

Z 

d 

h 

sin d - sin h sin I 
cos h cos 1 

Sun's bearing 

declination of the sun (from Solar Ephemeris) 

measured altitude (V) - refraction (R ) + parallax (P ) 

latitude scale from map (estimated) 

R, P and d are taken from tables corrected for the time of day and the month, week and day of the year. 

NOTE: For observations in the northern hemisphere, latitude and declination are taken as positive. 
For observations in the southern hemisphere, latitude and declination must be taken as minus; 
Z will then be measured from the north, as before. 

Reference: 

K&E 
19GB Solar Ephemeris and Surveying Instrument Manual 



09100-74006 

USER INSTRUCTIONS 

SET: I DEGREES I 
ENTER PROGRAM (Starting address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

0 

0 

1 

ENTER DATA: (p) 

Degrees --.. Z 

Minutes - Y 

Seconds - X 

PRESS: CONTINUE 

DISPLAY 

Z 

Y 

X 

---------....... 

o 
o 
2 

Z 

Y 

X 

ENTER DATA: (R) Enter as above. 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 

3 X 

ENTER DATA: (V) Enter as above. 

PRESS: CONTINUE 

DISPLAY 

o 
o 
4 

z 
Y 

X 

ENTER DATA: (1) Enter as above. 

PRESS: CONTINUE 

DISPLAY 

o 
o 
5 

z 
Y 

X 

USER INSTRUCTIONS (CoXlt'd) 

ENTER DATA: (d) Enter as above. 

PRE SS: CONTINUE 

DISPLAY 

Cos z 
a 

z 
Y 

(Z in degrees, 
minutes and NO 
seconds. ) 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

o 
Z -- Z 

Z'-- Y 

Z"-- X 

To Reset Problem 

DATA: 

o X 

Display 
Z in decimal 

degrees? 

YES 

PRESS: CONTINUE 

DISPLAY 

o ~~Z 
o --y 

zO --X 

EXAMPLE 

P '" 00° DO' 07.8" 

R ~ 00° 01' 24.42" 

V ~ 32° 59' 24.0" 

1 38° 10' 06.0" 

d 16° 44' 54.0" 

SOLUTION: Cos Z ~ -.073 
or 

Z (decimal degrees) = 94.184° 

Z (deg, min, sec) '" 94° 11' 1. 596" 

• 

• 

• 
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This program will traverse from point to point given initial starting coordinate and successive bearings and dis­
tances displaying the coordinates of each point in the traverse. The program will also make a law of sines solu­
tion given the starting coordinates, ending coordinates and the bearings of the lines over which the two distances 
are desired. 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - O) 

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

SET: I DEGREES I 
SET: I FIXED POINT I 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 

o ---x 

ENTER DATA: NORTHING--Y, EASTING--X 
(STARTING COORDINATES) 

PRESS: CONTINUE 

DISPLAY 

o ---z 
---Y 

1 ---X 

Law of Sines? YES 

NO ENTER DATA: 
99-X 

PRESS: CONTINUE 

DISPLAY 

2 ---Z 

2 Y 

2 ---X 

ENTER DATA: BEARING ANGLE 

DEGREES-- Z, MINUTES-- Y 

SECONDS .... X 

PRESS: CONTINUE 

1 , 

USER INSTRUCTIONS (conrt) 

DISPLAY 

BEARING~ __ Z (In decimal 
ANGLE degrees) 

2---Y 

2 X 

ENTER DATA: QUADRANT CQDE--X 

Note: NE = 1, SE = 2, SW = 3, NW = 4 

PRESS: CONTINUE 

DISPLAY 

MACHINE --- Z (In decimal 
ANGLE degrees) 

1 Y 

3 X 

ENTER DATA: DISTANCE--X 

PRESS: CONTINUE 

DISPLAY 

2 ~---Z 

NORTH 
COORDINATE-- Y 

NO 

EAST 
COORDINATE~-X 

Law of Sines? 

YES 
PRESS: GO TO (0) (a) 

ENTER DATA: 99--X 

PRESS: CONTINUE .... -------' 

DISPLAY 

(O)or(2) -Z 
° 2 --Y 

1 ~---X 

ENTER DATA: (ENDING COORDINATES) 
NORTH- y, EAST--- X 

PRESS: CONTINUE 

DISPLAY 

9----Z 

9 Y 

9 X 

• 

• 

• 



I 

USER INSTRUCTIONS (con't) 

ENTER DATA: (FmST BEARING ANGLE) 

DEGREES- Z, MlNUTES- Y 

SECONDS- X 

mESS: CONTINUE 

DISPLAY 

BEARING __ Z 
ANGLE 

2 Y 

2 X 

(In decimal 
degrees) 

ENTER DATA: QUADRANT CODE __ X 

Note: NE=1,SE=2,SW=3,NW=4 

PRESS: CONTINUE 

DISPLAY 

97 Z 

97 Y 

97---X 

ENTER DATA: (SECOND BEARING ANGLE) 

DEGREES- Z, MINUTES - Y, 
SECOODS---- X 

PRESS: CONTINUE 

DISPLAY 

BEARING~~Z 

ANGLE 

2 Y 

2 X 

(In decimal 
degrees) 

ENTER DATA: QUADRANT CODE -- X 

Note: NE = 1, SE = 2, SW =3, NW = 4 

PRESS: CONTINUE 

DISPLAY 

FIRST 
mST ANCE -- Z 

SECOND 
DISTANCE--Y 

o X 

09100-74007 

USER INSTRUCTIONS (con't) 

In cases where the figure is small and the location of 
the points of intersection cannot be determined by 
inspection, enter the bearing as you think it is and 
the calculator will display the distance as a plus 
number if you have made the right choice, and as a 
minus if the point falls on the other side. In case 
the operator is traversing from point to point and 
wishes to make a law of sines solution using the 
coordinates retained in the calculator at the time, 
he may PRESS: GO TO (0) (a), enter 99 in X, 
PRESS: CONTINUE and complete the solution by 
entering the ending coordinates, pressing 
CONTINUE and proceding with the two known 
bearings. 

PRESS: CONTINUE FOR NEW STARTING DATA 

EXAMPLE 

o 
N 

U 
DATA: 

STARTING COORDINATES (POINT J) 
10156. 536N, 8221. 227E 

BEARING: S38035'02''E 
DISTANCE: 114.88 

ENDING COORDINATES (POINT B) 
10112. 418N, 8465. 299E 

FIRST BEARING: N 500 06'OO"E 
SECOND BEARING: N 88025'40''E 

ANSWERS: 

COORDINATES POINT K 
l0066.735N,8292.873E 

FIRST DISTANCE (K TO A) 
66.007 

SECOND DISTANCE (A TO B) 
121. 833 

B 
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Storage 

'. 2 SET FLAG 54 

1 

1 
ROLL t 

X 

9 
0 

IF FLAG 

C 

t 

9 
6 

IF x<y 

5 
9 
3 

STOP 
-

X-:,y 

TO RECT 

ACC + 
C 

t 

1 
--') + 

t 
RCL 

GO TO ( )( 

1 

5 
9 
9 

If x=y 

9 
-3 

) 

01 

01 

22 

36 

331 

34 

16 

27 

II 

06 

-GONVER-=!" 

-·---1--E5::r:-~GOlJNT·TO DETERMINE 
TRAVERSE- DR LAW OF, SINES 

•• : •• _________ ... __ H" 

________ ~ •• _L _ ._". " __ " ._: •• _ ____ _ .~. ____ o. __ ,,_.~~-.,-

, 
--.-!.- _. ~-'-- ----- --.---- --'-'. ,------ .. _,-" , f , 

--r,;:-----------;---~.~. -... .........,. L·DISPLAY - : . 
...--l~~.,.,.__::_3-___ .",..",,..,,,.,,.~ ___ ~ ___ ::_ccMCC""ACC""CH.....,.IN-E.....,..CC""A~NG.....,.L.....,..~=_J C~li.r.~RnO!$I4NCf .\.,_, .. ,.~. __ ._,~.-------

30 ! 
25 1 

66 

60 

16 

61 i 

·COMr:'bE:rE TRAVERSE-

Olr.~RANCH 4}' TO NEW COURSE 
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03; 

IF !TRAVERSE) 
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RCL 
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b 
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ROLL '" 

5inx 

• ROll -t 
x:y 

X 
--, ROLL -.It 

X:y 

sinx 

8, 
r~- 1 

t 

<- F 
.) X 

j b 
CHG SIGN 

ROLL 

'" 

• CHG SIGN 
.l. .. _._. ____ ,, __ ..... __ 

x:y 
CLEAR X 
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31 
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35 

PAGE 3 PART NO_ 09100-74007 
Djsui~" 

---'''-,._------

,.I 

-,--,--~-~~ ,~--~- ~~ ~ --~.~-,.-..... --,,-, -._._. , 

--G0MP-l::E-=r-$---l:-AW--GF---8tN~S--- --- _ .. _--.. 

... ---.. ~-.-.---, 

-cr -- -----2nCi--5istANCE--;--isi--oiSTANcr--l-OISPCAY-' . . : 
~------~-~~-----'-. .,.."",.--,~="."","=--"~ 



09100-74007 
Display 

d t 

TO NEW PROBLEM 

- ~-. - .. -'----------,-_ .... __ ._-_ .. __ ._--- ----.--

. _ .. ----- --------,---- . -~,,- -~-- ... --~ .,------,--, 

FOR: FIRST OR SECOND 
..... -.- .. --.-.----~-.-------.-.- ._. 

CQURSE---OFLAW OF SINES 

~::!;, • L- GO TO ( )( ) • 44 , 
~t C!~~ :;-il.j---",-,,-,"--~--~--~-~-~ 
::l 
'" 
:{ 

£: 
j 

~ 

2 
:! 
'"' 
::I-

y-71 1 I 

c I 6 1 
~ 

t 
t 25 I 

1 

1 OJ l 
I _ i ~ 

- --- - - --- ---;r=-----------~---_____,' ENTER- ENDING _ COORDINAtES-
4 __ 1 ..l::-_E_ND_I_N_G_E __ E_N_D_IN-G_N ____ O_~J:.FOELLO,WnOEnSJNES' ' ____ ; STOP 

Ace -

9 

+ 
-t 27 

CALL FOR. FIRST BEARING ENTRY 
..... _ ....... "--"" 

OF LAW OF SINES 

.... " ... " ...... -,--_ .. _-_. _ ... _--- ... ,..... . " ........ " .. . 

GOTOIIiI 4}i 
1 ____ ~'l __ ~_.~~~~~~6~R SI~~RSS~ BEARING ENTRY 
5 05 : 

• END 46 ; 

I 
____ nun' 
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This program traverses by bearing and distance and calculates coordinates. enclosed area, and the following 
curve data: 

1. Length 
2. Chord 
3. Central angle in decimal degrees 
4. Coordinates of tangent points 

This program is designed to traverse from point to point on a survey map indicating coordinates of successive 
points on the survey and also indicating the descriptive features of tangent curved portions. If direction of 
traverse is given in degrees and lengths in feet, then the area is given in square feet. The four quadrants are 
represented as follows: NE = 1, SE = 2, SW = 3, NW = 4. 

4 
N 
U 

3 =SW 

I0203.332N 
8203.618E 

QUADRANT CODE 

1 = NE 

2 = BE 

!::.: 93.513 0 

R=50,L:81.605 Ij CH = 72.845 

CLOSURE ERROR 

!::.N=-.005, l!.E=.OOI 

AREA: 35615.182 sa.FT. (.8176 ACRE) 



09100-74008 

USER INSTRUCTIONS 

SET: I DEGREES I 
ENTER PROGRAM (starting Address is 0 - 0) 

PRESS: GO TO (0) (0) 

ENTER COORDINATES: 
Northing _ Y 
Easting _ X 

PRESS: X -
PRESS: d 
PRESS: Y -
PRESS: c 

PRESS: CONTINUE 

DISPLAY: 

l_Z 

Northing_ Y 

Easting_ X 

ENTER BEARING ANGLE DATA: 

Degrees _ Z 
Minutes _ Y 
Seconds _ X 

Note: Decimal Degrees, Decimal Minutes or Decimal 
Seconds may be entered provided they are entered in the 
proper register. 

PRESS: CONTINUE 

DISPLAY 

Decimal 
Bearing - Z 

2--Y 

2-~X 

ENTER DATA: Quadrant Code (1 = NE, 2 = SE, 3 = SW, 4 = NW) 
in X register. 

PRESS: CONTINUE 

DISPLAY: Intermediate results 

• 

• 

NO 

• 



• 

• 

• 

09100-74008 

USER INSTRUCTIONS (con't) 

ENTER DATA: Distance -X (for normal traverse line) , 
YES 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

--z 

360 --X 

NO YES 

PRESS: X:,y 

PRESS: -

PRESS: CONTINUE .... f------------l 

DISPLAY 

arc length -- Z 
chord length -- Y 

radius of arc-- X 

Note: 1. If progressing counterclockwise 
and arc is bowed inward with respect 
to the area then -- PRESS: CRG 
SIGN. Otherwise proceed. 

Leaving a 
Center 
Point? 

2. If progressing clockwise and arc is 
bowed outward with respect to the area 
then -- PRESS: CHG SIGN. otherwise 
proceed. 

NO 

PRESS: CONTINUE 

DISPLAY 

1 Z 

North Coord. -- Y 

East Coord. -- X 

PRESS: RCL 

DISPLAY 

1 

D.N 

D.E 

YES 

z 
Y 

X 

NO 

Note: This display enables a closure error to 
be obtained between the initial coordinate point 
and that point as seen by the calculator after 
the path has been traversed. 

PRESS: a (dcontains enclosed area) 

DISPLAY 

1 

.6.N ---

z 
Y 

Area--- X 

To restart new problem, PRESS: END 



09100-74008 

EXAMPLES 

STARTING COORDINATES ~ Coordi.nates of A 

Coordinates of A: 

10109.075 
8343.505 

Northing 
Easting 

NE 88" 25' 40" 
Distance 121. 84' 

Coordinates of B: 
10112.418 
8465.299 

Northing * 
Easting * 

NW 15° 56' 32" 
Distance 18.69' 

Coordinates of C: 

10130.389 
8460.166 

Northing * 
Easting * 

NW 34° 08' 10" 
Distance 228.75' 

Coordinates of D: 

10319.727 
8331. 800 

Northing * 
Easting * 

SW 79 25' 09" 
Distance 131.88' 

Coordinates of E: 

10295.511 
8202.162 

Northing * 
Easting * 

SE 37 0 08' 00" 
Distance 35.00' 

Coordinates of F: 

10267.608 
8223.291 

START OF CURVE: 

Northing * 
Easting * 

SW 52" 52' 00" 
Distance 225.00' 

Coordinates of G : 

10131.782 
8043.914 

Northing * 
Easting * 

NE 65 0 52' 00" 
Distance 225.00' 

51.051 --- Arc Length * 
50.941 --- Chord Length* 

225.000 --- Radius * 
Central Angle 13.000 

EXAMPLES (con't) 

Coordinates of H: 

10223.'175 
8249.248 

Northing * 
Easting * 

SW 65 0 52' 00" 
Distance 50.00' 

Coordinates of I: 

10203.332 
8203.618 

SE 20° 37' 14" 
Distance 50.00' 

Northing * 
Easting * 

81.605 --- Arc Length 
72.845 --- Chord Length 
50.00 --- Radius 

Central Angle 93.513 

Coordinates of J: 

10156.536 
8221.22'1 

Northing * 
Easting * 

SE 38" 35' 02" 
Distance 114.88' 

Coordinates of K: 

10066.734 
8292.873 

Northing * 
Easting * 

NE 50° 06' 00" 
Distance 66.00' 

Coordinates of A: 
10109.070 

8343.506 

CLOSURE ERROR 

N = -.005 

E = +.001 

Northing* 
Easting .. 

ENCLOSED AREA: 

35,615.182 sq. feet 
.8176 acre 

*Coordinate Answers 

• 

• 

• 
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This program uses the law of cosines to solve for the three included angles and area of any triangle where 

the side lengths are given. 

The equation (law of cosines) used is: 

2 2 2 
Li = Lj + ~ ~ 2Lj Lk cos 9i 

where: 

correspond to the variables shown in the diagram below: 

Cl The area is calculated by: 
0:: 

~ A '" ~ LiLj sin 13k 
U 
« 
0.. 

f-
f-
W 
..J 

~ 
W 
I 

~ 
8 

Cl 
e::: 
<C 
:::.:: 
U 

f 
f­
w 
..J 

~ 
W 
I 

~ 

Reference: The Calculus 
Barnes & Noble College Outline Series 
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USER INSTRUCTIONS 

SET: I DEGREES I 
ENTER PROGRAM: (starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 
1 

----z 
----Y 

----x 

(i is set to 1 internally) 

ENTER DATA: 

L1--~.~ Z 

L2 ------, .... Y 

L3 ------., ..... X 

PRESS: CONTINUE 

DISPLAY 

a 
o 

____ z 

----Y 

---X 

(decimal degrees) 

PRESS: CONTINUE 

DISPLAY 

0i (degrees) --- Z 

0i (minutes) --- Y 

0i (seconds) ---X 

Note: The first DISPLAY will be 1:1
1
: To display 

02 press CONTINUE. Q3 will be displayed after 

pressing CONTINUE again. 

(1) 

USER INSTRUCTIONS (con't) 

NO 

PRESS: CONTINUE 

DISPLAY 

o 
a 
---z 
---y 

area--- X 

:To reset problem: 

EXAMPLES 

(A) 

Data: Ll = 16, L2 = 8. L3 = 10 

Solution: 

Dec. Degrees Degrees, Min., & Sec. 

Q
1 125.10° 125" 05' 58.68" 

0 0 Q
2 24.15 24 08' 48.65" 

Q
3 30.75

0 30° 45' 12.67" 

A = 32.73 

(B) 

Data: Ll = 3, L2 = 4, L3 = 5 

Solution: 

Dec. Degrees Degrees, Min., & Sec. 

Q
1 

36.87 ° 36
0 

52' 11.63" 

53.13
0 " 07' 48.37" Q

2 53 

90. 00 0 0 

DO' 00" Q
3 90 

A = 6.00 

• 

• 

• 
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This program calculates the arc length, chord length, and segment and sector areas of a circular sector given 
the radius and central angle (a) of the sector. 

The following equations are used: 
7Tr2 Q 

Sector Area = ----:i6O 

11' r2 Q 
Segment Area = 360 

Chord length = 2r sin (Q/2) 

7TrQ 
Arc length = ----reo-

where r is the radius of the sector (any dimension of length). and Q is the angle (in degrees) subtended by 
the arc of the sector. 

A chord~ are, segment, etc. are illustrated below. 

Sector diagram: 

The segment is the area enclosed by the arc and the chord. 

Reference: Handbook of Chemistry & Physics 
40th Edition (1958-1959) 

Chemical Rubber Publishing Co. 
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USER INSTRUCTIONS 

SET: I DEGREESI I 
ENTER PROGRAM (Starting Address is 0 - 0) 

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

,.PRESS: CONTINUE 

DISPLAY 
r------~ 

o 
o 
1 

z 
----Y 

---X 

ENTERDATA:au_Z, a' _yo a"_ x. 

PRESS: CONTINUE 

DISPLAY 
r--------.,. 

o 
o 
2 

z 
----Y 

----X 

ENTER DATA: r_X 

PRESS: CONTINUE 

DISPLAY 

1 z 
Sector area . -- Y 

Segment area -- X 

PRESS: CONTINUE 

DISPLAY 

2 z 
Chord length -- Y 

Arc length -- X 

~o reset problem: 

EXAMPLES 

(A) Data: a = 1800 

r = 2 

Solution: Sector area =6.2832 

Segment area = 6.2832 

Chord length = 4 

Arc length = 6. 2832 

(B) Data: a", 200 15' 30" 

r '" 6 

Solution: Sector area '" 6. 3643 

Segment area = .1318 

Chord length = 2. 1104 

Arc length '" 2.1214 

• 

• 

• 
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This program traverses by bearing and distance, calculates coordinates. closure error. total traverse 
distance and the precision ratio. The precision ratio is the ratio of the total distance traversed to the 
closure error distance from a fixed point. 

The program may then be used to distribute the closure error by the Compass Rule. The Compass Rule 
Assumes: 

1. Course corrections are proportional to course lengths. 
2. Angular measurement errors are equal to linear measurement errors. 

The Compass Adjustment formulas used are: 

. . [ course distance ] 
eashng correction" total traverse distance x [ easting closure error] 

" "[ course distance ] [" ] northrng correctlOn " ttl t d" t X northmg closure error o a raverse IS ance 

QUADRANT CODE 

4=NW l=NE 

3 = SW 2 = SE 

If the traverse includes a curve, the curve is traversed using Program 1 in the same manner as in Program 
09100-74001 by proceeding from the starting point of the curve to the center point of the curve, and then 
from the center point to the end point oLthe curve. When exiting the curve (i. e. when proceding from the 
center point to the end point of the curve) the distance traversed must be entered in both the X and Y display 
registers (see "User Instructions"). The radius, arc length, chord length, and central angle of the curve 
will be displayed prior to the coordinates of the end point of the curve. 
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USER INSTRUCTIONS 

ENTER PROGRAM # 1: (Starting Address is 0-0) 

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

PRESS: CONTINUE 

DISPLAY 

0----

o 
o 

ENTER COORDINATES: 
Northing _ Y 
Easting - X 

PRESS: ACC+ 

z 
Y 

X 

ENTER BEARING ANGLE: 
Degrees _Z 
Minutes _y 
Seconds -X 

PRESS: CONTINUE 

DISPLAY: Bearing Angle 

Decimal --Z 
Degrees 

2 ----

2 

Y 

X 

ENTER DATA: Quadrant Code - X 

(NE = 1, SE = 2, SW = 3, NW = 4) 

PRESS: CONTINUE 

DISPLAY 

NO 

0----

0----

3 

Exit 

z 
y 

X 

from curve? 

YES 

ENTER DATA: Distance-Y, Distance -X 

PRESS: CONTINUE 

DISPLAY 

Arc Length Z 

Chord -- Y 

Radius -- X 

USER INSTRUCTIONS con't 

PRESS: CONTINUE • 

DISPLAY: Central Angle 

Degrees Z 

Minutes Y 

Seconds X 

PRESS: CONTINUE --I-=-~-------. 

ENTER DATA: Distance_X 

PRESS: CONTINUE 

DISPLAYr-_______ , 

0---- Z 

Y --Northing 

Easting ---X 

NO 
Is 

ENTER FIXED COORDINATES: 
Northing _Y 
Easting -X 

PRESS: GO TO () () 

PRESS: 9 

PRESS: 7 

PRESS: CONTINUE 

DISPLAY 

Precision Ratio - Z 

Closure Error - Y 

Distance -- X 
Traversed 

ENTER PROGRAM #2: (Starting Address is 0-0) 

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

PRESS: CONTINUE 

DISPLAY 

0----

0----

1 

z 
Y 

X 

• 

• 



I 

I 

USER INSTRUCTIONS (can 't) 

ENTER STARTING COORDINATES: 
Northing _y 
Easting -x 

PRESS: CONTINUE 

DISPLAY 

0---­

o 
2 

ENTER Bearing Angles: 
Degrees - Z 
Minutes -Y 
Seconds -X 

PRESS: CONTINUE 

DISPLAY: Bearing Angle 

Decimal 
Degrees 

2 

2 

z 
y 

X 

z 

Y 

X 

ENTER DATA: Quadrant Code -X 

PRESS: CONTINUE 

DISPLAY 

0---­ z 
o 
3 

----Y 

----X 

ENTER DATA: Distance - X 

PRESS: CONTINUE 

DISPLAY 

0 Z 

Corrected 
Y Distance 

Quadrant 
X 

Code 

PRESS: CONTINUE 

DISPLAY: Corrected Bearing Angle 

Degrees 

Minutes 

Seconds 

z 
Y 

X 

09100 -74011 

USER INSTRUCTIONS (con It) 

PRESS: CONTINUE 

DISPLAY: CORRECTED COORDINATES 

o 
Northing 

Easting 

z 
Y 

X 

To continue with corrected traverse. 

To enter new traverse data return to beginning 
of USER INSTRUCTIONS, re-enter Program #1 
and continue as before. 
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EXAMPLE 

1535.766 
1197.B84 

( 
1535.624 ) 
1197 .950 >~' 

of" ~ 
"co· " 

a"~ .,<::-
1>-" ","" 

\.."",-':-­
.~ 4l c;p !\,. 

",-e ~ 

"" 

1069.076 G 
1 DENOTES ADJUSTED 

COORDII'IATES, BEARINGS AND DISTANCES 

(
'392.:>28 ) 
1069.J61 

ClOSURE ERROR: 0.292 

PRECISION RATIO: 4,384.856:' 

TRAVERSE DISTAI>ICE 
FROM POINT B TO POIIH A: 1279' 

QUADRANT CODE 

COORDII'IATES OF EACH POINT ON THE 
TRAVERSE ARE IDENTIFIED IN THE 

FOLlOWING MANNER: 

NORTHING COORDINATE C 
fASTING COORDINATE 

Cbi .... 
~Cb "~"" ,'''3 ,~,..<' 

00 " .,0, ~.,. 
,~O· ~.,\-!!.,O 

~~O B ~ 
10 200.00' OO.0000--~------------~~~------------~~I003.490 

N 69"00' E II 
~265 99,970 
99fi77" (THIS BEARING AND DISTANCE) ( 

CALCULATI:D ARE FIXED ~) 
FSrlAf4TI: 1199'~70 

POINT A IS FIXED 

POINT B IS CALCULATED FROM FIXED BEARING AND DISTANCE 

(
'509.599 ) 
1262.960 

~~o 
~O. 

/,p ... 

':"0 "1.-
1). ~ 

'/,p "'0. o <"~ 
',p", '!~ 

"';. ~. 
~ D 1~56.409 

1389.044 

1090.642 
1309.1535 

( 
1090.613 ) 
1309.1549 

1:r 
N 
U 

( 
1366.320) 
1389.085 

THIS POINT (B) IS THE STARTING POINT FOR TRAVERSE FROM B TO A IN A 
COUNTER - CLOCKWISE DIRECTION 

• 

• 

• 
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This program computes the shear coefficient for a thin-walled I-section as given by: 

where m=2btF/htW' n=b/h 

where: v is Poisson's ratio . 

The neutral axis is dotted line. 

Reference: The Shear Coefficient in Timoshenko's Beam Theory 

by G. R. Cowper 

Journal of Applied Mechanics June 1966 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 -0) 

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

_ PRESS: CONTINUE 

DISPLAY 

0-- z 
o Y 

1 X 

ENTER: b - Z, h - Y, tF - X 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 

2 X 

ENTER: tw - Y, 11- X 

PRESS: CONTINUE 

DISPLAY 

0-- z 
0-- Y 

K-- X 

EXAMPLE 

Let b ~ 6, h ~ 12, tF ~ 1 • tw ~ . 75, 11 ~ 3 

K ~ .4222 
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This program computes the shear coefficient for a spar-and-web section or a thin-walled box section as given by: 

10( 1 + v)(l + 3m)2 
K -

1 - (12 + 72m +150m2 +90m3 )+v(11+66m+135m2 +90m3 ) 

where m:; 2 As / h t , As = Area of one spar 

t ~ __ h 

~ 

where m:; btl / ht , n= b/h 

Where: V is Poisson's ratio. 
The neutral axis is dotted line. 

~ Reference: The Shear Coefficient in Timoshenko's Beam Theory 
E:J by G. R. Cowper 
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USER INSTRUCTIONS 

ENTER PROGRAM (starting Address is 0-0) 

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

PRESS: CONTINUE 

ENTER DATA: (Equation Number) = N _ X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

o --y 
N-- X 

(verifies equation number) 

N=2 Equation 
Number? 

ENTER DATA: 

t1~Z, h-.Y, b ..... X 
I 

PRESS: CONTINUE 
I 

ENTER DATA: 

N=1 

ENTER DATA: 

h ..... Y, t-.X 
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PRESS: CONTINUE 
I 

ENTER DATA: 

t ..... Y,v-X As .... Y,v ..... X 
~I-----------r----------~I 

• PRESS: CONTINUE 

DISPLAY 

0-- Z 

o --Y 

KN-- X 

EXAMPLES 

Equation 1 (N = 1) 

Let t = .5, h = 12, As = 2,v = 3 • K1 = 0.6225 

Equation 2 (N = 2) 

Letb=8, h=12,v =3, t1=.75, t=.5 

K2 = .5039 
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This program computes the shear, moment, and deflection reactions for a cantilever beam with a concentrated 
intermediate load as given by: 

CANTILEVER, INTERMEDIATE LOAD 

NOTATION: 

Reaction R2 Bending Moment M 
and and 

Vertical Shear V max bending moment 

R2 = +W (A to B) M = 0 

(A to B) V = 0 (B to C) M = -W(x -b) 

(B to C) V =-W Max M = - Wa at C 

W = Load (Ib) 

M = Positive when clockwise 

v = Positive when upward 

Y = Positive when upward 

e = Radians = Tan e 

Deflection y, maximum deflection. 
and end slope 8 

( lW 3 2 2 AtoB)y=-"6El(-a +3al-3ax) 

1 W [ 3 2 3J (B to C) y '" -"6 E 1 (x - b) - 3a (x - b) + 2a 

1 W 2 3 
Max y = - 6" El (3a 1 - a ) 

1 Wa
2 

8 = +"2 El (A to B) 

All fQrces are in pounds. all moments in inch-pounds, all deflections and dimensions in inches. 

Reference: Formula for Stress and Strain 
by R. J. Roark 

McGraw - Hill Book Company 1965 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 
1 

z 
Y 

X 

ENTER: 1 _ Z, a _ y, b - X 

PRESS: CONTINUE 

DISPLAY 

o 
o 
2 

Z 

Y 

X 

ENTER: E - Z, I - Y, W - X 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 

3 X 

ENTER: x _ X 

PRESS: CONTINUE 

DISPLAY 

R2 -- Z 

VAB -- Y 

VBe -- X 

PRESS: CONTINUE 

DISPLAY 

MAB- Z 

M BC - Y 

MMAX - X 

PRESS: CONTINUE 

LET 

DISPLAY 

0-- Z 

YAB -- Y 

Y
BC 
-- X 

PRESS: CONTINUE 

DISPLAY 

a 

b 

E 

I 

W 

x = 

0- Z 

YMAX- Y 

8- X 

EXAMPLES 

100 

60 

40 

106 

20 

1000 

24 

THEN R2 1000 

VAB 0 

VBC -1000 

MAE 0 

MBC 16000 

MMAX - 60000 

YAB 
- 5. 040 

Y
BC 

- 5. 006 

YMAX 
-7.200 

8 .090 
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This program computes the shear, moment, and deflection reactions for a cantilever beam with a triangular 
load as given by: 

CANTILEVER, TRIANGULAR LOAD 

yi 

Reaction R2 and Bending Moment M and Deflection y, maximum deflection 
Vertical Shear V Maximum Bending Moment and end slope e 

R2 = +W 
1 W 2 3 

y = - 6~ ~(_x5 -1514x+5lx4 + 1115) M = -- "2 (3Ix - x ) 
3 I En 

2 2 11 Wl3 
V = _ W (2 Ix - x ) Max M = -"3 WI at B Max y = - 60 ~ at A 

12 

1 W 2 
8 = +4 EI I at A 

NOTATION: w = Unit load (lb per linear in. ) 

W = Load (LB) 

M = Positive when clockwise 

V = Positive when upward 

Y = Positive when upward 

e = Radians = Tan e 

All forces are in pounds, all moments in inch-pounds, all deflections and dimensions in inches. 

Ref.erence: Formula for stress and Strain 
by R. J. Roark 

McGraw-Hill Book Company 1965 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

~PRESS: CONTINUE 

DISPLAY 

0 -- Z 

0 -- Y 

1 -- X 

ENTER DATA: W _Z, 1 _Y, x-X 

PRESS: CONTINUE 

DISPLAY 

0 --z 
0 -- Y 

2 -- X 

ENTER DATA: E -Y, I -X 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

R2 -- Y 

V-- X 

PRESS: CONTINUE 

DISPLAY 

0 -- Z 

M -- Y 

MMAX -- X 

PRESS: CONTINUE 

DISPLAY 

Y -- Z 

Y
MAX 

-- Y 

e- X 

EXAMPLES 

LET W 1000 

1 100 • x = 24 

E 106 

I 20 

THEN R2 1000 

V -422.4 

M -5299.2 

MMAX - 66666.6 

Y - 6.180 

Y
MAX 

-9.167 

8 .125 
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• 
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0 00 
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This program computes the coordinates (X., Y.) i '" 1, .. " n of equally spaced points on a circle of radius r. 
The user specifies the number of points n, land10ffset 8 , and coordinates of the center of the circle Xo and Yo' 
See the figure below. 

Y 

T 
Yo 

.. -~- Xo -----i~~1 x 

The equations used are: 

3600 
r cos ( (i-I) -- + 8 ) + X n 0 

i '" 1, .. n 
o 

Y. '" r sin ( (i-I) 360 + 8) + Y 
1 n 0 

8 - offset angle in degrees 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting address is 0 - 0) 

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

PRESS: CONTThTUE 
DISPLAY 

,-------------~ 

0-- Z 

o Y 

1 X 

ENTER DATA: Yo - Y, Xo - X 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 

2 X 

ENTER DATA: e - Z, n -Y, r _ X 

PRESS: CONTINUE 

DISPLAY 

i-- Z 

Y. --- Y 
1 

X.--X 
1 

PRESS CONTINUE AFTER i REACHES n TO 
RESTART ANOTHER SOLUTION 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

EXAMPLES 

X 2 in. 
a • Y 1 in. 
a 

r = 2 in. 

n 10 

8 ~ 00 

X. Y. 
1 1 

3.618033989 2. 175570505 

2.618033989 2.902113033 

1. 381966011 2.902113033 

0.381966011 2.175570505 

0.000000000 1.000000000 

0.381966011 - 0.175570505 

L 381966011 - .902113033 

2.618033989 - .902113033 

3.618033989 - .175570505 

4.000000000 1. 000000000 
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This program calculates the flow (Q) of an open channeL 

The basic equation for open channel flow with any designated flow depth in a container (pipe, etc.) with any cross­
sectional area is the Chezy-Manning equation given below: 

(1) 
Q = L 49 AR

2
/

3 s1/2 

n 
where Q = Flow in ft. 3/sec . 

A = Cross-sectional area of container in it. 2 

R = Hydraulic radius in ft. 

S = Slope of pipe in feet/ft. 

n = Roughness coefficient (dimensionless) 

This program is specialized for open-channel flow in a circular pipe with flow depth deSignated at full. 

Situation: 

GJ\T 
FLOW 

r DEPTH 

• 
Th R - h d 1" d' _ area of flow cross-section 

en - y ra IC ra lilS - wetted perimeter 

substituting in equation (1) gives: 

2 2/3 
Q = L 49 ( 7T ~ ) ( ~ ) 

(1. 49) ( 7T 14) 
(4)2/3 n 

Variables to be entered for flow calculation are D, S, n. 

~ = ~ (D = diameter of container) 

.46441 Da/3 S 1/2 
(equation to be used) 

n 

~ 
8 Reference: Elementary Fluid Mechanics, 3rd. edition, Feb., 1959. 

o 
r:c: 
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:::.::: 
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f­
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~ 
W 
:::c 
r§:! 
B 

by John K. Vennard 

John Wiley e. Sons, Inc. 



09100-75001 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address 0 - 0) 

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

~ PRESS: CONTINUE 

DISPLAY 

0--- z 
o y 

0-- X 

PRESS: CONTINUE 

DISPLAY 

Q-- Z 

o y 
o --X 

EXAMPLE 

Find QFULL in a circular pipe of diameter 18 in. , 

if the slope is .001 feet/ft. and n '" . 015 

Input; n = .015 

D '" 1. 5 

s = .001 

(~ ----- ~ 1. 5' ) 12" 

ft./ft. 

3 
Answer: Q = 2.8866 ft. /sec. 

• 

• 
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This method is based on the fact that the sum of the head losses in the pipes in a given circuit is equal to zero. 

The head loss in a pipe is proportional to some function of the flow in the pipe and is expressed as follows: 

h =k QX 
L 

According to the Hazen-Williams formula hL can be expressed as follows: 
h =k Q1.85 

L 

A flow, Q, is assumed to flow in a pipe. The actual flow in the pipe is then seen to be: 

Q Actual = QAssumed + Ll.Flow correction 

then since hL = kQx 

x [X (x -1) ] hL = k (Q + Ll.) = k Q + xQ Ll. + ... 

b d ct " th . "ct d I" "bl th f hL ~= kQx ~= lrQx ,kxQ(x -1)( A) Terms eyon the secon m e expanslOn are canSl ere neg 19l e; ere are, ,.,. u 

Since 2:: hL = 0 in a circuit, then 2:: kQX = 0 =2:: kQx + I kxQ(x -1) A 

LkQ x 
or A = - 2:: xkQ (x - 1) 

kQ x 
kQ(X -1) 

Q Q 

x (x -1) 
Then kQ = hL and kQ = hL 

Q 

Therefore: 
2:: hL 

is the equation to be used. 

The assumed flow is corrected by A and the process is repeated until A becomes negligible. In sanitary engi­
neering when A becomes 50 gpm or less the network is said to be determined. 

In practice hL is determined by a nomograph that relates Q, hL and D where Q is in gpm, hL = ft/lOOO ft. of 
pipe and D is the diameter of the pipe in inches. 

Dimensions: 
Head loss = h

L
, given in feet/lOOO it. of pipe) 

Flow = Q, given in gallons per minute (gpm) 
Length of pipe = L, given in thousands of feet. 
Flow correction = A, given in gpm. 

Diameter of pipe = D. given in inches, (D is 
used as data for the nomograph to deter­
mine h

L
). 



09100 -75002 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS: END 

PRESS: CONTINUE 

DISPLAY 

o z 
o Y 

o X 

ENTER DATA: Q-Z, hL-Y, L-X 

PRESS: CONTINUE 

DISPLA~Y~ ________ ~ 

0-- z 
(hL/Q) -- Y 

o --x 

NO 

YES 
PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

o 
o 

z 
Y 

6. -- X 

To reset problem: 

Note (1): The flows and the head losses in a 
circuit are considered positive in a clockwise 
direction and negative in a counter clockwise 
direction. These values when inserted in the 
calculator must have the correct algebraic 
sign. 

Note (2): After 2nd display the cumulative 
hL (Total) may be displayed in the X register 
by pressing f. 

• 

• 

• 



.. 
1"00 ,pm IMPUT 

A 4000' 

16"DIA. 

3000' 
12"DIA. 

3000' 

I 

~gpm 
12" DIA. 

EXAMPLE 

150gpm C 1000' D 

/oogpm 

a"DIA. 

B 1000' E 2000' 

14" DIA. 

~Ogpm 
14"DIA. 

3200' 
10" DIA. 

4000' 

12"DIA. 

From Nomo-

F 

G 

~ogpm 

3000' 
12" DIA. 

09100-75002 

~OOgpm 

Length Assumed graph x 
kQ = hL Total 

kQ (x - 1) = 

in Q hL in ft. 
hdQ Line Diameter 1000 in gpm per 1000 ft, in Feet 

AB 16" 4 4800 20 80 .017 

BE 14" 1 3200 17 17 .005 

EF 14" 2 2950 15 30 .010 

FG 12" 3 2350 20 60 .026 

AI 12" 3 -2100 -16.5 -49.5 .024 

IH 12" 3 -1500 -9.0 -27.0 .018 

HG 12" 4 -1650 -10.5 -42.0 .025 

l:kQ x = 68.5 l: kQ (x-I) = .12471 

Answer: A = -296.913 g. p. m. 
1. 85 (l:kQ (x -1\ 
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The following equations are used; 3/2 

Q 2/3 cb../2g [( H + ::) 

where: Q 
b 
H 
V 
c 

rate of fluid flow(ft. 3 Isec.) 
length of weir crest (ft.) 
head on weir (ft.) 
average velocity of fluid approach (ft. Isec.) 
correction factor 

The coefficient (c) includes the effects of various phenomena, such as viscosity, turbulence, surface 
tenSion, non-uniform velocity, etc. 

The program includes the ability to enter c as data, or to calculate c using Rehbock's equation, 
given below: 

1 
c .605 + .OB Hlp + 305H 

where: p the weir height 

Diagram of a standard rectangular weir: 

Stilling 
device 
~ 

Velocity 
distri ution 

Periodic 
vortex 

Reference: Elementary Fluid Mechanics - 3rd Edition 
John K. Vennard 

John Wiley &'Sons, Inc. 

Roller 

Nappe 

Atm('spheri c pressure 
beneath nappe 
maintained by 

Adequate venti I ati on 
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USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is ( 0 - 0 ) 

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

PRESS: CONTINUE 

DISPLAY 

0-- Z 
O--Y 
1-- X 

ENTER DATA: V_ Z, b --Y, H---X 

PRESS: CONTINUE 

DISPLAY 

o--Z 
O--Y 
2--X 

YES NO 

ENTER DATA: p--X ENTER DATA: c--X 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

0-- Z 
2-- Y 
Q--X 

(2 indicates that c 
was calculated) 

TO RESET PROBLEM: 

PRESS: CONTINUE 

DISPLAY 

o--z 
1--Y 
Q--X 

(1 indicates that c 
was entered as data) 

(A) 

Data: H 
V 
b 
c 

EXAMPLES 

1 ft. 
1 ft. /sec. 
3 ft. 
.6 

(c entered as data ) 
3 

Solution: Q = 9.8321 ft. /sec. 

(B) 
Data: H 

V 
b 
P 

2 ft. 
1ft. /sec. 
6 ft. 
6.85 ft. 

(c to be calculated) 

Solution: Q = 57.8007 ft. 3/sec. 

• 

• 

• 
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STOP 
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ROll t 
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CALCULATE Q = 
.. ..- - . p %' ......... _ .. _-;{ 
---Xb~ [(H+ig2)2~{2Vg2) 2] 
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S 
w :r:: Gi ven the roughness coefficient (E), the diameter (d) of a pipe in inches, the rate of flow (Q) of water in gal. Imino 
~ into the pipe, this program calculates the friction factor (f) and the head loss (hf) in feet. 
EI 

Cl 
0:: 
<C 
::.:::: 
U 

-= r-
I­
W 
....J 

~ 
LLI 
:r:: 

~ 

Cl 
0:: 
<C 
::.c:: 
U 
<C 
c.. 

l­
I-­
LLI 
....J 
:;: 
W 
::c 
F.i! 
t::1 

The equations used are the Colebrook equation 

_1_ ~ -2 log ( 2.51 + 
..If ReJf 

-,1~2=--,E:,--- ) 
3.7 d 

used to calculate f, and the Darcy-Weisback equation 

Re is Reynolds number where Re = Vd 
12v 

For water, 11 ~ 1.40 x 10 -5 ft. 2/sec. 

77x10 5 Q 
Therefore, Re = 10087T x d 

77 Q 

where L ~ length of pipe in feet 
and V ~ velocity in ft. /sec. 

7207TV d 

Reference: Marks Standard Handbook for Mechanical Engineers 
Seventh Edition 

McGraw-Hill Book Company 
1967 



09100-75004 

USER INSTRUCTIONS 

ENTER PROGRAM (starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY _-------.. 

o 
o 
1 

z 
Y 

X 

ENTER DATA: Roughness Coefficient -.Y, 
Diameter -X 

PRESS: CONTINUE 

DISPLAY 

o 
o 
2 

z 
Y 

X 

ENTER DATA: Length ___ Y, Rate of Flow _X 

PRESS; CONTINUE 

DISPLAY _------..... 

d 

Q 
f 

PRESS; CONTINUE 

z 
Y 

X 

DISPLAY _------...... 
d 

Q 

hf ---

To enter new data 

z 
Y 

X 

Data: 

EXAMPLE 

d = 10 in. 
E= .00085 
Q = 2000 gpm. 
L = 500 ft. 

Results: 

f=.02035 
h

f 
= 12.65377 ft. 

• 

• 

• 
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Step 
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r'''-''~~-----, -------,--- -" .. -._._-.. " .. -._-.--" .... - --- - .. ~ .. _.- ....... _. 
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t-'~-~~'-------------~'---'--- -

----~.- -----" -------- ------ -------- ----------, ---- -_. _.------- ---

! 35 I 
. -i-

1 01 ! ,". --,,_.-.-_.-t-- ---.-.-- -- -. -. -- .. ---- ---.-.-. 
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Given a number of activity readings at various times from a Geiger-Mueller counter or similar radioactivity­
measuring device, this program calculates the decay constant (X), the half-life (T ), and, if desired, a set 
of M/M values versus time. M is the original mass of the sample and M is the mass remaining after a time t. 

o 0 

The equation for activity is: 

-dN 
1) A = ----at 

Taking the natural logarithm of both sides of equation (1), the following equation results. 

2) InA=lnAN - At 
o 

Since equation (2) is a linear function of t, a linear regression (method of least squares) is performed on the 
set of In A and t to obtain the slope (- >-..) of the In A versus t line. 

The following equation is used to solve for A (see Program 09100-70811). 

- n'L L L [ 
n n n ] 

i=l (In Ai)(ti ) - ( i=l \)( i=l In Ai) 

n 2 2 
n . L (t.) - ( Lt.) 

i=1 1 1 

Given A , the half -life T is calculated from the equation: 

T = In ~A 

The fraction of mass remaining at time tis: 

M 
Mo 

= e -At 

The fraction of mass at any time t is easily obtained by entering the desired t in the Y register at the correct 
display during program execution (see "User Instructions"). M/M is calculated for the value of time appearing 
in the Y register before incrementing that time by the amount ente<?-ed in the X register for the next calculation. 
A decay curve (M/M versus t) may also be obtained for any initial time and any increment (/:). t) . o 



09100-75201 

USER INSTRUCTIONS 

ENTER PROGRAM (starting Address is 0 - 0) 

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

PRESS: CONTIl\T(JE 

DffiPLAYr-____________ , 

o 
o 

z 
Y 

X 

ENTER DATA: ti -Y, Ai- X 

PRESS: CONTINUE 

NO Has all 
data been 
entered? 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

o 
T 

YES 

A------

NO 

PRESS: CONTINUE 

DISPLAY 

o 
o 
o 

z 
Y 

X 

z 
Y 

X 

~ENTER DATA: t(initial)-Y,L::.t-X 

I YES 

USER INSTRUCTIONS (con It) 

PRESS: CONTINUE .. --------, 

DISPLAY: 

A----­
M/M ----o 

PRESS: CONTINUE 

DISPLAY 

o 

z 
Y 

X 

z 

YES ---Y t + /:::, t 

/:::'t--- X 

To reset problem: 

• 

• 

• 



• 

• 

EXAMPLES 

A) Calculate A ,T and the value of MIMo at t = T 
for following set of data. (M/Mo should be 
equal to . 5 at t = T) 

Data: 

i ti (minutes) 

1 .1 

2 .3 

3 .5 

4 1 

5 10 

Solution: T = 1.15491 

A = .60018 

A.(counts/minute) 
1 

5.6 x 10 7 

5.01 x 10 7 

4.44x107 

3.29x10 7 

1.48x105 

M/M (for t = 1. 15491) = .50000 o 

B) Calculate A, T and a set of M/M values for 
o 

t (initial) = 0 ,Ll t = . 2, uSing the following 

data • 

Data: 

ti (minutes) 

1 1 

2 1.5 

3 4 

4 4.5 

Solution: T =.75422 
A = .91903 

.6.t 

.2 0 

.2 .2 

.2 .4 

.2 .6 

.2 .8 

.2 1.0 

Ai (counts/min.) 

4.01x10 5 

3.80 x 10 5 

2.61 x 104 

2.11 x 10 
4 

MIMo 

1. 00000 

.83210 

.69239 

.57613 

.47940 

.39891 

09100-75201 
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USER INSTRUCTIONS 

NOTE 

N], N2, N:;J and N 4 indicate the number 
of" atoms to be usea i. e.. if carbon is 
the first element and 10 atoms are to 
be used then Nl = 10. 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS: GO TO (0) (4) 

SET: ! PROGRAM I 
ENTER PROGRAM STErn TO ENTER 

ATOMIC WEIGHT OF Nl. A MAXI­
MUM OF 6 STEPS IS ALLOWED. 

SET: I RUN I 

PRESS: GO TO (1) (4) 

SET: I PROGRAM I 
ENTER ATOMIC WEIGHT OF N2 AS 

BEFORE. 

SET: r--'I-R-U-N-'I 

PRESS: GO TO (2) (4) 

SET: I PROGRAM I 

ENTER ATOMIC WEIGHT OF N3 AS 
BEFORE 

SET: I RUN I 

PRESS: GO TO (3) (4) 

SET: ! PROGRAM I 

ENTER ATOMIC WEIGHT OF N4 AS 
BEFORE 

SET: r--'I-R-UN-c-ll 

(Note the atomic weights could have been 
manually entered with the program steps 
and stored on a magnetic card for subse­
quent use. When using the card in this 
case skip all above instructions except 
ENTER PROGRAM. ) 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 

z 
Y 

X 

NO 

N. 
1 

i = 41 

YES 

PRESS: CONTINUE 

DISPLAY 

0-- Z 

X N. = the no. of 
atoms of each 
element of the 
compound 

D'N Y 70 i 

i -- X 

NO 
i = 41 

YES 

PRESS: CONTINUE 

DISPLAY 

o--z 
o --Y 

M.W. -- X 

To reuse with same atomic weights 

PRESS: CONTINUE 

EXAMPLES 

Atomic Weights: 

C - 12.010 atomic units (N!) 

H - 1. 008 atomic unit s (N2) 

N - 14.010 atomic units (N3) 

o - 16.000 atomic units (N4) 

ClO H21 N1 O2 

• 

• 

• 
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09100-75501 

EXAMPLES (Cont'd) 

%C 64.129 

%H 11.303 

%N 7.481 

%0 17.087 

M.W. = 187.278 

Atomic Weights: 

C - 12.010 atomic units (N1) 

H - 1. 008 atomic units (N 2) 

S - 32.07 atomic units (N
3

) 

%C 68.886 

%H 12~ 720 

%S 18.394 

M.W. = 174.346 

NOTE: The number of atoms of N4 
must be entered as O • 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS; GO TO (0) (4) 

SET; I PROGRAM I 
Enter program steps for atomic weight of N1 ; 
maximum of 6 steps is allowed. 

SET; I I RUN I 

PRESS; GO TO (1) (4) 

SET; I PROGRAM 1 
N2 Enter program steps for atomic weight of N2 

as before. 

SET: I I RUN I 

{

PRESS; GO TO (2) (4) 

SET: I PROGRAM I I 
N3 Enter atomic weight of NS as before. 

SET: I I RUN I 

{

PRESS: GO TO (3) (4) 

SET; I PROGRAM I I 
N4 Enter atomic weight of N4 as before. 

SET: I I RUN! 

{

PRESS: GO TO (4) (4) 

SET: I PROGRAM I I 
N5 Enter atomic weight of N5 as before. 

SET: I I RUN I 

[

PRESS: GO TO (5) (4) 

N SET: I PROGRAM I I 
6 Enter atomic weight of N6 as before. 

SET:! I RUN I 

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

PRESS: CONTINUE 

DISPLAY 

o---z 
o Y 
---x 

(i indicates number of element to 
be entered) 

ENTER DATA: Ni -x (Ni = the number of 

atoms of each element. ) 

USER INSTRUCTIONS con't 

NO 
i '" 6? 

YES 
PRESS: CONTINUE 

DISPLAY 

M.W. Z 

o y 
o x 

PRESS; CONTINUE 

DISPLAY 

o 

PRESS: CONTINUE 

NO 

YES 

z 

Note: To reset problem with different ele­
ments, repeat user instructions; otherwise. 
enter new number of atoms of each element 
when initial display appears after completion 
of last problem. 

• 

• 

• 
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Elements: N
1

(C) 

At. Wt.: 12.01 

'if of Atoms 6 

Solution: 

% C = 15.63% 

%H = .44% 

% s '" 55.66% 

% N = 3.04% 

% 0 = 6.94% 

%Si '" lS.2S% 

EXAMPLE 

N
2

(H) N
3

(S) 

1. OOB 32.07 

2 B 

Molecular Weight 460.92 

09100-75502 

N
4

(N) N
5

(O) N
6

(Si) 

14.01 16.00 2B.09 

1 2 3 
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This program calculates the K values (K
C

' KH,and K
N
), for compounds containing carbon (C), hydrogen (H) , 

and nitrogen (N), from blank values (B
C

' BH , and BN), percentages of C, H, and N from a known standard 

(%C , %H , and %N ), and measured quantities of C, H, and N of the known standard (C ,H ,and N ). s s s s. s. s. 
1 1 1 

Two sets of measurements of C-H-N quantities of the standard are normally taken, although one set of measure-

ments is sufficient for operation of the program. 

The following equations are used: 

K = C 

K = H 

K = 
N 

%c s 

C -B s C 

H - B s H 

where Ms [M = C, H, or N ] is the average of M and M 
sl s2 . 

If only one set of C-H-N quantities of the standard are used, then: 

MS [M = C, H, or N] = M 
8 1 

%C 

KC 
s , etc. 

C 1 - BC 
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USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS: GO TO (3) (1) 

SET: I PROGRAM! 

ENTER: Program steps for the constant - %N 
(five spaces available). s 

SET: I IRUN I 
PRESS: GO TO (4) (3) 

SET: I PROGRAM I 
ENTER: Program steps for the constant - %C 

(five spaces available). s 

SET: I I RUN I 
PRESS: GO TO (5) (3) 

SET: I PROGRAM I 
ENTER: Program steps for the constant - %H 

(five spaces available). s 

SET: I IRUN I 
PRESS: GO TO (0) (0) [or END] 

PRESS: CONTINUE 

DISPLAY 

o 
o 

° 

---z 
---Y 

__ -X 

ENTER DATA: B~Z, BH- Y, BC- X 

PRESS: CONTINUE 

DISPLAY 

0--- Z 

Y 

---X 

0---

1 

ENTER DATA: N- Z, H-Y, C-X 
s1 s1 s1 

PRESS: CONTINUE 

DISPLAY 

° Z 
o Y 
2---X 

ENTER DATA: N--- Z, H -Y, C --- X 
82 52 s2 

USER mSTRUCTIONS (can't) 

PRESS: CONTINUE 

DISPLAY 

KN ---­

KH ----

Z 

Y 

X 

Note: If only one set of standard values is to be 
used, N ,H , and C must be set to 

52 8 2 s2 

zero. Do not press "clear" at any time 
during program operation. 

To reset program for a different standard, 
repeat user instructions. 

EXAMPLES 

(A) Only 1 set of standard values is available 

Given: %c = 51. 79, %H =0 5.07 %N = 20.14 s 8' S 

Be = 1. 6, EH = 30 I BN = 1. 0 

C = 125.0, H = 119.5,N = 88.0 
51 51 s1 

Note: Since only 1 set of standards is avail­
able, the 2nd set of standards must 
be set to zero at the appropriate data 
input of the program. Do not press 
"CLEAR" to zero the 2nd set of 
standards. 

Solution: KC = .420, ~ = .057 , KN = .231 

(E) Given: %C = 51. 79, %H = 5.07 %Ns = 20.14 
8 S' 

BC = 1. 6, BH = 30, EN = 1. 0 

Cs = 121.0,H = 121.5,N =79.5 
1 8 1 8 1 

C
8 

=120.5,Hs =115.5,N =79.5 
2 2 s2 

Solution: KC = .435, KH = .057, ~ = .257 
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Percentages of carbon (e), hydrogen (H), and nitrogen (N) in an unknown substance are calculated from mea­
sured quantities of e, H, and N, blank values (Be' B

H
, and B

N
) , and K values (KC ' ~, ~) which may be 

calculated with the K value program (09100-75503). K and B values must be stored prior to program operation 
either manually by the operator, or automatically by the use of the K value program. 

The following equations are used; 

% c 1 '" Ke (e 1 - B C) 

% e 2 '" Ke (e2 - Bel 

or, in general: 

% M1[M '" e, H, or N] '" KM (M1 - B M) 

% M2[M '" C, H, or N] '" KM (M2 - BM) 

The percentage evaluation is considered successful if Ml and M2 differ by .3% or less. 

If only one set of eRN measurements are available, then C2, H
2

, and N2 may be made any value at the 

corresponding data input. In this case only % C l' % R l' and % N 1 are useful information; disregard answers for 

% C2 ' % H2 , and % N2. 
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YES 

USER INSTRUCTIONS 

ENTER PR<XiRAM[(Starting Address is 0 - 0)] 

Have K and B 
values been stored by 

use of the K-Values program? 

NO 

ENTER DATA: KN -Z, ~-Y, KC- X 

PRESS: x_ 
f 
y-
e R, 
y-
d 

ENTER DATA: BN - Z, BH - Y, BC- X 

PRESS: x_ 
a 
y-
b 
Rt 
y-
c 

PRESS: GO TO (0) (0) 

PRESS: CONTINUE 

DISPLAY 

o 
o 
1 

[or END] 

Z 

Y 

X 

ENTER DATA; Ni - Z, Hi - Y, C 1 -X 

PRESS: CONTINUE 

DISPLAY 

o 
o 
2 

z 
Y 

X 

USER INSTRUCTIONS (con 't) 

Note: If only one C-H-N set is available, N
2

, 
H

2
, and C

2 
may be set to zero or any other 

value--Simply disregard the solutions for % C
2

' 
% H2, and % N2" 

PRESS: CONTINUE 

DISPLAY 

%C2 -- Z 

% C
1
-- Y 

1 -- X 

PRESS: CONTINUE 

DISPLAY 

%H
2 
~- Z 

%H 1 -- Y 

2 X 

PRESS: CONTINUE 

DISPLAY 

%N2 -- z 
% N1 -- Y 

3 X 

o reset problem for different C, H, and N 
samples. 

To reset program for different sets of K and B, 
repeat user instructions. 

• 

• 

• 
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It (A) 

(B) 

• 

EXAMPLES 

Example (A) of the K-value program (09100-
75503) has previously been run, and the K 
and B values have already been stored. 

Data: C1 = 118.3, HI = 75.0, Nl = 49.1 

C2 = 128.6, H2 = 69.7, N2 = 53.4 

Solution: %C 1 =48.98, %C 2 = 53.30 

%H 1 = 2.55, %H2 = 2.25 

%N 1 = 11.13, % N2 = 12.13 

The K-value program (09100-75503) has not 
been run; K and B values must therefore be 
stored manually. (see "user instructions"). 

Data: BC = 2.1, BH = 

KC = .520, KH = 

C1 = 132.1, HI 

Solution: %C
1 

=67.6 

%H
1 

= 6.53 

%N
1 

= 12.90 

28, EN = 3 

.102, KN = .235 

92.0, Nt = 57.9 

Note: Disregard answers for % C2' %H2, 

and %N
2 

since a second set of C-H-N was not 

available . 
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Data obtained from the vapor pressure osmometer (VPO) is used to calculate either the depression constant (K~ 
for a substance with standard molecular weight, or the molecular weight (MW) of an unknown substance. In 
normal application, VPO readings (V) for various concentrations (e) of a substance with known molecular weight 
are taken, and Kd is determined. The molecular weight of an unknown substance may then be determined from 
VPO readings obtained from various concentrations of the unknown, and from the previously determined K

d
. 

The same procedure is used to calculate either Kd or MW. In both cases, a linear regression is performed with 
V Ie and e as the dependent and independent variables respectively. The regression is similar to that of the 
regression program (09100-70803) for equations of the form Y = mx + b; in this case the defining equation is 
vic = me + b, where m is the slope of the vic versus C curve. The vie versus e curve is then extrapolated 
to infinite dilution (e = 0) to obtain the Y = V Ie intercept (b); i. e. lim vie = b. 

c ... O 

Kd is then calculated using the equation: 

Kd = b(MW) where MW, in this case, is the molecular weight 
of a known substance. 

Likewise, MW may be calculated by the equation: 

Kd 
MW= b where now MW is the molecular weight (of an unknown substance) 

which is to be determined. 

A correlation coefficient (r) is also calculated. r is a measure of reproducibility and also how ideal the system 
is. 



09100-75505 

USER INSTRUCTIONS 

ENTER PROGRAM (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o----z 
o Y 

----x 

ENTER DATA; Vi-Y, Ci----"X 

PRESS: CONTlliUE 

NO 

YES 

PRESS; SET FLAG 

PRESS: CONTlliUE 

DISPLAY 

o----z 
1 Y 

o X 

[
Wish to ] 
Calculate Kd 

YES 

ENTER DATA: 
MW-X 

PRESS: SET FLAG 
PRESS: CONTlliUE 
DISPLAY 

ENTER DATA: Kd--.X 

PRESS: CONTINUE 
DISPLAY 

I ~ ~ I Kd - X 

To reset problem 

[£]z 
r - Y 

MW - X 

EXAMPLES 

(A) Calculate Kd for the following standard 

molecular weight, and set of VPO and C 
readings. 

Data: MW ~ 1500 

1 500 
2. 330 
3 205 
4 125 

34 
24 
16 

8 

Solution: III = -.017 
r ~ -.156 
Kd'" 21858.377 

(B) Calculate MW for the following data: 

Data: Kd ~ 337.576 

v. C. 
1 1 

1 56.10 121. 95 
2 23.85 57.32 
3 11.45 27.85 
4 5.68 13.72 

Solution: m ~ .0005 
r = .9419 

MW= 843.5813 

• 

• 

• 
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The membrane osmometer is used to obtain data for calculation of either the constant RT (R = gas constant, 

T = absolute temperature), or the number average molecular weight (Mn). In normal application, osmotic 

pressure (P) measurements are taken for various concentrations (C) of a substance with known M , and RT 
n 

is subsequently calculated. The number average molecular weight of an unknown substance may then be deter-

mined from membrane osmometer measurements of P obtained from various concentrations of the unknown, 

and from the previously determined RT. 

The same procedure is used to calculate either RT or M . In both cases, a linear regression is performed 

with (piC) 1/2 and C as the dependent and independent v~riables respectively. The regression is similar to 

that of the regression program (09100-70803) for equations of the form y = mx + b; in this case the defining 

equation is pie = mc + ~T ) where m is the slope of the (pie) versus C curve. The (piC) 1/2 versus C 
M 

n 
curve is then extrapolated to infinite dilution (c=O) to obtain the Y = piC intercept (b), i. e. lim Pic = b. 

(P Ie) 1/2 rather than piC is used in the regression to avoid extrapolation error when the P I~"";.~d C data results 

in a pic versus C plot with pronounced curvature. In many cases where the first power plot has pronounced 

curvature) the square-root plot will produce a straight line suitable for extrapolation. The desired intercept 

(b) of the pic versus C curve is then the square of the (pie) 1/2 versus C intercept. 

RT is calculated using the equations: 

RT = Mn (b) where M is a known number average molecular 
n 

weight. 

Likewise, Mn may be calculated by the equation: 

M = RT 
n b where now M is the number average molecular weight 

n 
(of an unknown substance) which is to be determine. 

A correlation coefficient (r) is also calculated. r is a measure of reproducibility and also how ideal the 

system is. 
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USER INSTRUCTION 

ENTER PROGRAM (Starting Address is 0 - 0) 

PRESS: END 

PRESS; CONTINUE 

DISPLAY 

o 
o 

Z 

Y 

X 

ENTER DATA: p. --Y, C-X 
I i 

PRESS: CONTINUE 

NO 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

YES 

,.-------, 
o --~ Z 

1 --~ Y 

o --~ X 

[WiSh to calculate RT] 

ENTER DATA: 
RT_X 

PRESS: SET FLAG PRESS: CONTJNUE 

PRESS: CONTINUE 

DISPLAY 

m --Z 

r --Y 

M --X n 

To reset problem: 

DISPLAY 

m-Z 

r-Y 

RT-X 

EXAMPLES 

(A) Determine RT for a substance with known 
number average molecular weight (MJ using 
the following data: 

(B) 

Data: M ~ 1.2 x 105 
n 

p. C. 

1 .58 2 
2 1. 75 5 
3 4.45 10 
4 12.64 20 

Solution: m = .014 
r ~. 998 

RT = 32,185.017 

Calculate M for an unknown substance using 
n 

the following data: 

Data: RT=3.65x104 

P. C. 

1 .67 2.2 
2 1. 50 4.3 
3 3.72 8.4 
4 10.41 18.6 

Solution: m = • 012 
r ~ .977 

M = 124,403.599 
n 

• 

• 

• 
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X-.I) 23 

d 17' 
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C 16' 
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--
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a 
4 I'" 1-1 __ C.;:..-.-, ____ -'-p _____ ...:;;O_---" 

...... __ ... 

ENTER DATA STOP 
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3 
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30 
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17 ; 
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Y:I) 24' 

d 17 

.~ t 25 
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x 36. 
" .......... --- .. 

b 14 CALCULA TEl:: X Y 

+ 33 : 

Y-.II 40 

b 14 : 

ROLL t 22 

t 27' 

X 36 

C 16 
CALCULATEl:: y2 

+ 33 

y-.() 40 ' 

C 16 ' 
---

~~~', a 
t INCREMENT COUNTER 
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This program keeps time in the same manner as a watch or clock. Any initial time (in hours, minutes, 

and seconds) may be entered, and the time thereafter is presented in an intermittently flashing display. 

Hours run from 0 through 24, and thereafter revert to 1, corresponding to mUitary standards. Adjustments 

are available for calibration of a particular calculator. Speed of execution is varied by insertion of 

several non-functional program instructions (instructions which merely use time and do not affect the 

mathematical operation of the program). The user adjusts accuracy by inputting a number, b, (0 to 30 

should be sufficient) which represents the number of times per count the nonfunctional steps are executed. 

Varying b by ±.1 results in approximately a 17 millisecond variation per count (1. e., 1 second variation 

in a minute) . 



09100-75801 

USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is 0 - 0) 

PRESS; GO TO (0) (O) [or END] 

PRESS; CONTINUE 

DISPLAY 

o Z 
o Y 
o X 

ENTER DATA: b_x 

b is the calibration variable for 
adjustment of accuracy. 0 < b < 30 

PRESS: X ---.( ) 

PRESS: d 

ENTER DATA: Hours _Z, minutes _Y, seconds_X 

PRESS; CONTINUE 

DISPLAY 
~-------.., 

hours Z 
minutes -- Y 
seconds -- X 

To halt program execution, PRESS: STOP 

To reset problem: 

PRESS: STOP 

• 

• 

• 
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This program displays all prime numbers between specified upper and lower limits and the total number of 
prime numbers found between the limits. 

A prime number n is an integer, not a unit (::!:. 1), that is divisible by only::!:. nand::!:. 1. 

Reference: 
Elementary Theory of Numbers 

Harriet Griffin 
1954 
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USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY,__------...... 

o 
o 

z 
y 

o X 

ENTER DATA: Upper limit -X 

PRESS: CONTINUE 

DISPLAY 

o Z 

UL Y 
o X 

ENTER DATA: Lower Limit--X 

PRESS: CONTINUE 

DISPLAY 
,-------...... 

o 
o 

z 
Y 

Prime Number- X 

NO 

PRESS: CONTINUE 

DISPLAY 

Upper Limit -- Z 

Lower Limit-- Y 

Number of Primes- X 

L----To enter new limits: 

EXAMPLE 

Upper Limit = 100 

Lower Limit = 0 

Primes = 1,2,3, 5,7, 11, 13, 17, 19,23,29, 
31,37,41,43,47,53,59,61,67,71, 
73, 79, 83, 89,97 

Number of Primes = 26 

• 

• 

• 
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PRINT N 
ACC CTR 

NO 

N+B _N 
CHGB 

NO 

YES 

Enter UL 
Enter LL 

YES 

5_K 
SET FLAG 

09100 -75802 

YES 
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, 4 04 
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The Diagnostic Program exercises every subroutine in the Calculator by program step entry of instructions 
rather than keyboard entry. Proper operation of the Calculator and the Diagnostic Program is indicated by a 
flashing display: X = 3., Y = 2. 0000, Z = 1. 

No data entry is necessary for program operation. To run the program: 

SET: ON 

SET: RUN 

SET: IRADIANS I 

SET: I FIXED J 
PRESS: ~~ { )( ) 0 0 
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1 

ar(: .. 72 

hyper.. 67 

SH FLAG 54 

CLEAR 20 

3 03 

21 

1 01 

4 04 

1 01 

5 05 

9 

2 

II 

02 

6 06 

5 05 

3 
6 

03 

06 

o 00 

t 27 

7T 56 

IF x=y 50 

1 01 

9 II 

STOP 41 I 
76 

y~( I 40 

e 12 

ROLL -¥ 31 

(X 76 

2 RO~ t 22 

x 36 

e 12 

CIIG SIGN 32. 

+ 33 

ENTER EXP 26 

CIIG SIGN 32 

9 II 

55 

53 

2 02 

IYI 
If x>Y 

PAGE PART NO. 09100-76001 

8 CLEARS B,eB a @ 

TEST DIGIT AND 7r ENTRY 

STOP FOR ERROR OF DIGIT ENTRY, 0,0,U,or 0 

COMPARE 
2 

(.j"7T) TO 7r 

d 17 STOP 
-I"" --=S=-TO-P--4-I-'j 

c:\1 I r::;\ ~ r:\x· (1:\ . 
~.~.~.~.~. 

FOR ERROR OF 

- .. (IJ·@,B,@,0,orG] 
x-;'y 30 
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3 . 0: IF r < y : 5 2 i I 
'-~---3u 103 i 

1 . I 
-----: .... _---1---

2 4: 04 i 
~3 :1 STOP : 41 I -STOP--FOR ~RROR-OF--~-- -Or m 
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21 [ : 

._~ __ u. .. •• ------i -----------

: 5 7 07 1 

_M"_" ___ _ •• ----•• 1-------.------

I 6 8 I "'--I--6--r - --
' _________ , __ + ________ u. 

7 t : 271 
... ------_.,_ ..... ,-- ----

7 i 07; 
-- ----~------

8, 
--- COMPARE -.78 ·AND 

c 
~. 8 
:3 ENHR EXP 

b CHG SIGN 

c 

26 ; 

321 
oil 

,----------: .. _---+- _ .... 
3 4 1 

.. _------_... ------'--

,_ .. ~_ ....... __________ ....l 

-.. ~--- ------------i---------

··_·····_···1·····_···· 

, 
--- --

-4 [I..I _s_To_p ____ .,--4 ... 1 ~I STOP FOR ERROR OF DIGIT ENTRY, 

5 STOP 41 ! 
!---- .. ---_._. __ . 5'2'~ --- -- .---------.------- ... 

L...-___ 4-----l1 i _=STO!:.. FOR~RROFf-OF-~B----.. 
41 i 

~ ------- ---- --- -- --

Po IF x<y 
! 'J 

71 STOP 

8 STOP , 

i 9 -4- 25; 
, _____ .~._ . L 

[3 If:IC>Y 53; 

1--6"1 STOP u: 41 (-Sf6~---F6R·-;f-R-R(YFr ~ --8 n ___ 
STOP 41 i 

---_ .. _---_ .. _--------_._------_ .. 

4 int r 64 ! 
---------_._-

5 t 27; 

L __________ • ___ .~_,.u--t .. ", ___ ... ______ . __ 

,-- --_._---_ .. _---_. 
27 . 

CLEAR X 37 ; 

e 12 

;f .. 'iF-i ;;'Y50 ; 
~----------.-_\_-~---~-.-,,~-<~---- --- --,,----"'--- ---'-'-'--'--~-'--- .,-~. --~.---.-.-.--I--.-.-- ... 
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~ 
6 7T 56 

x~y 30 

35 

..j, 25 

,.. 27 

sinx 70 

X-l>I) 23 

e 12 

arc • 72 

sinx 70 

cos x 73 

X-l>I) 23 

8·8·8'08·88· F 
THESE STEPS CHECK 

15 

arc .. 72 68 AND FOR X;;; 7T/3 RADIANS. 
7 cos x 73 

tanx 71 

arc ... 72 

tan x 71 

•• 34 

IYI 55 

x;y 30 

t 27 

ENTER UP 26 

CHG SIGN 32 

9 II 

52 @886 88 IF x<y FLAG , Int x , y~I), .. , , , 
STOP 41 I STOP FOR ERROR OF 
STOP 41 8,GJ·or 0 

8 3 03 

x;y 30 

3 03 

eX 74 

In x 65 0 8 THESE STEPS CHECK AND 
34 

ENTER EXP 26 

CHG SIGN 32 

9 II .' IYI 55 
... 

IF x<y 52 

J STOP 41 I STOP FOR ERROR OF 0 or 8 
STOP 41 

3 031 
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'9 hyper y 67 

-:-:-.• sinx 70 

arc .. 72 

hyper y 67 

B8,8 8·B 8· sin x 70 

hyper y 67 

0£)(:aa·G:j B 8· THESE STEPS CHECK cos x 73 

arc .. 72 AND0£) 8 8 FOR X = 3. hyper .. 67 

cosx 73 

hyper .. 67 

tanx 71 

ilrc y 72 

hyper y 67 

a Iilnx 71 

log 1: 
"" 

x~Y 

1 

0 00 

"~ 
Inx 65 

X 36 

'" 
25 

er 74 

8 THESE STEPS CHECK t 27 

3 03 " 

34 " 

IYI 55 

niTER EXP 26 

b" CHG SIGN 32 . 

"9 II 

"X-:,y 30 

IF x>y 53 

I STOP 41 STOP FOR ERROR OF 8 or 8 STOP 41 

RCL 61 

TO POLAR 62 

ROLL '" 31 

34 • L11 55 

ENTER EXP 26 

CHG SIGN 32 

9 II 
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• C IF x<y 52 

8 41 I STOP FOR ERROR OF @ STOP POLAR or 
STOP 41 

7T 56 

x;y 30 

3 03 

35 

~ 25 

x;y 30 

TO REel 66 

Ace - 63 

+ 33 

~ 25 

int x 64 

d t 27 

2 02 

Ace + 60 

x;y 30 

RCL 61 

.~ t 27 

3 03 

PAUSE 5} G:J PAUSE 57 . DOES NOT DISPLAY 2.0000 ERROR OF@] G + • - , 
PAUSE 57 3. 

j 
44 Bor @ GO TO I l( ) 

RECl 

0 00 

0 00 

END 46 
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00 

o 
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w 
:::c 
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e::J 
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a:::: 
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fiil 
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This pr-ogram converts British pounds and subdivisions thereof to American dollars and vice-versa. 

The British monetary system has primarily three divisions - pounds, shillings, and pence. 
The relationships among these three are: 

Reference: None 

1 pound ( L) 
1 shilling 

20 shillings (8) 
12 pence (P) 
240 pence 80: 1 pound 

Let x = a conversion factor such that x dollars 

To convert pounds to dollars 

x· pounds A 
x/20· shillings B 

x/240 . pence C 

Therefore: A + B + C Dollars 

To convert dollars to pounds: 

Dollars 
x 

(decimal pounds) 

Integer (L) = L pounds 

Dollars - L· x = Rl 

20 Rl 
-- -x S (decimal shillings) 

Interger ( S) = 8 shillings 

Rl -~= R2 
20 

240 R2 

x 

Integer ( P) 

P (decimal pence) 

P pence 

1 pound 



09100-76002 

USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is (0) (0) 

ENTER:: Conversion factor (x) - X register 

PRESS: X-

PRESS: d 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 

z 
Y 

[
COnVersionJ___ X 

factor 

pounds to 
[

( converting) 

dollar s,-'-) ----'~---'" 

NO 

ENTER DATA: Pounds 
Shillings 

Pence 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

-z 
-y 
-x 

dollars 
o 
o 

----z 
Y 
X 

YES 

ENTER DATA: Dollars (decimal quantity) _X 

PRESS: CONTINUE 

DISPLAY 

pounds 
shillings 

pence 

--- z 
y 
X 

: TO RESET PROBLEM 

NOTE: The current conversion factor (x) is 
2.4 (2.4 dollars = 1 pound) 

EXAMPLES 

Conversion factor (x) = 2.4 

(A) Convert 4 lbs., 10 shillings, 2 pence 
to dollars. 

Solution: dollars = 10.82 (or 10 dollars 
and 82 cents) 

(B) Convert 1000 dollars to pounds. 

Solution: pounds = 416 pounds, 13 shillings 
and 4 pence 

-. 

• 

• 



t ~ 
CLEAR 

d O"l 
I 

l!) STOP 
d:i 

X-+( I 
CO 
I F 1'0 

:::2: 
IF FLAG 

. -
0 3 a::: 
LL 9 

..,.. 

d 

· 
x:,y 

int x 

X-+I) 

e 
X 

F ..... - ....... 

x:,y 

Y-+I) 

F 
d 

· 
2 
0 
X 

x:,y 
int x 

t 

d 
----

x:y 

X 

ROLL'" 

xZy 

· 
F 

• X;:;y 

d 

2 
4 

PAGE 1 PART NO 09100-76002 

41 1---------------....--; ENTER DATA: (DOLLARS OR 

~:~ S::~E DOL~:~~N:: PO::~;DS POUNDS) 

~~}BRANCH IF CONVERTING POUNDS TO DOLLARS 

27 

17 

35 

30 

64 

23 

12. 

. 36 

15 

30 

36 

30 

64 

27 

17 

30 

36 

CALCULATE AND STORE L 

CALCULATE AND STORE R, 

CALCULATE S 

31 CALCULATE R2 

30 

35 

15 

30 

34 

~n 



3 0 
X 

l"- e 
0 ROLL{-
I 

~ int x 
0::: 
IJ... STOP 

--- ... 

GO TO ( II l 

0 
0 

-- -----

Y.,.II 

e 
{-

d 
x 

4 y,ar l 

e 
x 
2 

.... 

0 
'.' . 

yorl 

F 
d 
x 
2 
4 
0 
-...... . 

5 CLEAR X 

ACC + 
RCL 

+ 
CLEAR X 

t 

STOP 

GO TO I 1( I 

0 
0 

END 

00 

36 

12 

31 

64 

PAGE 2 PART NO 09100- 76002 

CALCULATE P 

41·~··-:;:[;"'···-_.-P-E-N-CE----SH-I-LL-I-N-G---P-OU-N,...OS,...----,..,I gISP~~X._IN POUNDS FOR 

.::} .. BRANCH TO MAKE A -~7~~ARS- POU~~_S __ .~?~y~_~~ 
. NEW CONVERSION-· ._-

00 

~~f"STORE S 

..... ~~~ CALCULATE A 
365 

24 

12 

... 

.02 

00 

35 . 

24 

15 

17 

02 

04 

00 

35 
.- ..... 

CALCULATE B 

CALCULATE C 

:~} •. - CALCULATE DOLLARS = A+B+C ._-

33 ; : 

37 

27 , 

41 o o DOLLARS r 01 SPLAY IN DOLLARS FOR 44}. L-_____________ ---I POUNDS"""'- DOLLARS c~-~~~_ 

~~, ... ~~~0~~sJ6N MAK.E A N~W ERSION 

46 

--. 

• 
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This program is designed for the navigator concerned with courses consisting of several adjoining legs, each 
leg being relatively short (500 miles or less). Although there is no theoretical limit to the leg length, only 
one heading from sour ce to destination is given. Long legs should therefore be subdivided to improve calculated 
results. 

All headings lie between 00 and 360 0 with either 00 or 3600 being a true north course; true west is 900 • Leg 
lengths are given in nautical miles (one nautical mile equals 6,080 feet). All legs are portions of great 
circles and all calculations are performed in spherical coordinates. 

Referring to the diagram below, the angles A, B, and C are found from the coordinates of the source (tP , e ) 
and destination (tP

D
' Bd. The great circle route a is found from the equation; s 8 

a = cos -1 [cos b cos c + sin b sin c cos A J 
The heading (c) is then: 

-1 
c = cos [

cos ~ - cos. a cos b] 
sm a 8m b 

b 

SOURCE 

<Ps ,8s 

Notes: 

NORTH POLE 

~a 
GREAT CIRCLE 

ROUTE 

c 

DESTINATION 

<PD' eD 

(1) Coordinates are entered in degrees, minutes and decimal fractions of minutes. The deCimal point is used 
to separate degrees and minutes. Example: 30.173 means 30 degrees, 17.3 minutes. 45 degrees, 5 minutes, 
30 seconds would be written ~.~ 

degiees' minhtes (i. €. 5.5 min.) 

(2) Headings and magnetic variations are enter ed in decimal degr ees (i. e. 17. 50 = 17 degrees, 30 minutes) 

(3) Northern hemisphere latitudes and western hemisphere longitude are indicated as positive number, southern 
and eastern coordinates are indicated as negative numbers. 

(4) The program is operable over all coordinates except for legs starting or stopping at either the north or south 
pole, routes going directly over a pole, or a single leg which includes paints which are diametrically opposite 
each other. 



09100-76003 

NO 

USER INSTRUCTIONS 

The following notation is used: 

T. H. 
M. H. 

L 
LD 

cP 
e 

¢s,8 s 

CPD,8D 

M.V. 
N.M. 

True heading 
Magnetic heading 
Distance of each leg 
Total distance traversed over 
more than one leg 
Latitude coordinate 
Longitude coordinate 
Coordinates of the source of 
each leg 
Coordinates of the endpoint of 
each leg 
Magnetic Variation 
Nautical miles 

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: CPs (1) _Y,8(1)_X 
s 

PRESS: CONTINUE 

DISPLAY 

0 Z 

0 Y 
1 X 

ENTER DATA: <Pn (n) - Y, eD (n) -X 

(n indicates the number of the leg 
under consideration) 

PRESS: CONTINUE 

DISPLAY 

T. H.--Z 

L --Y 
2 _-X 

ENTER DATA: M. V. -X (do not alter the Y 
and Z register contents) 

PRESS: CONTINUE 

DISPLAY 

M. H.--Z 

LD--Y 
l--X 

NO 

USER INSTRUCTIONS (con't) 

NO 

To reset problem: 

Note: The beginning (source) coordinates and end 
coordinates are both entered for the first leg only; 
for additional legs the end coordinates of the 
previous leg are retained as the source coordin­
ates of the next leg. Therefore, after the first 
leg only endpoint coordinates are entered as data. 

EXAMPLE 

A flight from San Francisco, California, to 
Monterey, to Paso Robles, to Fresno is to be 
charted. 

SFO 
( 1) 

Data: 

MRY 
(2) 

Points 

(1) 
(2) 
(3) 
(4) 

Magnetic 
Variation 

¢ 
N37.37° 
N36.35° 
N35.400 
N36.44° 

FRS 
(4) 

e 
W122.23° 
W121. 51 ° 
W120.38° 
W119.49° 

M.V. 

170 E 
16.50 E 
16.30E 

Magnetic variation will be input as a negative 
number due to the easterly coordinate. 

Solution: 

LEG T. H. M. H. L(N.M.) LD(N.M.) 

First leg 157.46° 140.46 0 67.05 67.05 
Second leg 132.650 116.15° 80.63 147.68 
Third leg 31.470 15.17° 75.23 222.91 

• 

• 

• 
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9-0 
Exchange 
M.H.-¢ 

D-9 

0-0 

Clear, Set Distance 
(D) to 0 

STOP 
Z '" 0 
Y =0 
X'" 1 

, 

J -

c = T. H. 

-~ -0-5 
CONVERT to 

decimal 
degrees 

, 

STOP 
Z = M.H. 
Y = LD 
X = 1 

2-d 

ENTER 
4> = Y 
G = X 

., 3-3 

\ 
Save cP _e 1 

e _f 

2-5 NO _ 
FLAG 

YES 

,Ir 3-A 

A = 9 
c = 90 -¢ - c s d 

A = sin -1 [Sin (9 S - 9 J ] 

" 4-2 NO 
A < 0 

YES 

., 4-3 

SET FLAG 

4-7 

I a = cos-
1 

[cos b cos c + sin b sin c cos AJI 
6-0 

c = cos 

I 
-1 

[
cos c. - cos ~ cos b ] I 

sm a sm b 

NO YES 
FLAG 

, 

09100 -76003 

2-C 

l SET FLAG I 
2-8 

b =(90 -</J)- b s 
9 s - c 

r 360 - c T. H. I 

STOP 
Z = T.H. 
Y=L 
X=2 

ENTER 

M.B. _X 

CON~INUE 8-4 

I Compute: M. H. & ID I 
I 
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(..l 

I 
0') 

cC 
.t-

I 
r0 

:::2: 
o 
0:: 
u.. 

o 

1 

PAGE I PART NO. 09100- 76003 

CLEAR 20 

X~( J 23 

13 a 
1 01 ENTER LATITUDE AND 

4 I 0-1 --e------:------o---.I LONGITUDE OF THE ORIGIN STOP 

y~() ~ OF EACH LEG 
~iJ- STORE ¢ 

d 
1-

int x 

27 

64 

34 

30 

27 

21 

6 06 

35 

ROLL ~ :3 I 

+ 33 

d 
t 

1- 27 

int x 64 

34 

X;:y 30 

ROLL 1- 22 

9 
o 

35· 

II 

00 

CONVERT e TO DECIMAL DEGREES AND STORE 

CONVERT ¢ TO DECIMAL DEGREES 
AND CALCULATE 90° - <P 

2 ROLL t :3( 

+ 33 

~ 25 

d 
IF FLAG 

3 

8 

34 

17 

4}BRANCH IF FLAG IS SET TO CALCULATE DISTANCE AND 
03· TRUE HEADING OF EACH LEG. FLAG IS SET AUTOMATICA. LLY 
10 . AFTER BOTH END POINTS OF EACH LEG HAVE BEEN ENTERED 

.... . 

X-+(J 23 

C 16 

y-+() 40 STORE es AND (90° - ¢) = b 

b 
SET FLAG 

RCl 

14 

54 
STL.RECALL ACCUMULATED DISTANCE AND MAGNETIC HEADING·· 
JI .:> FOR DISPLAY. CLEAR e AND f REGISTERS 



l"­
I 

C\I 

3 

4 

'_c" 

5 

PAGE 2 PART NO. 09100- 76003 
~.~.:~:- ,:~.::-:"., 

. '~." 

Ace -

27 

01 
--- ENTER--LATITUDE • AND 

LONGITUDE 'OF ENDPOINT 
STOP 41 I 8 cP 0 r --OF-- EACtfT-EG . 

ACC + 6~--STORE- COORDINATES OF ENDPOINTS OF EACH LEG 

"" ~ "':::.F ~~~ig~NAWSC~~v~~t M~~D~~.~--~~~_-------
5 05. • 

c 

o 00' 
--
x;y :30 

'" 27' 

sin r 70 

ROLL '" 

IF r<y 52 

SET FLAG 

ROLL'" 22 -

CalX 

'" b 
sin r 

x 
C 

sin X 
---

X 

C 

cos X 

'" b 
cos x 

X 

'" + 
t 

arc • 
cosx 

36. 

16 -

73 

27, 

14 

73 

36 

25, 

33 

25 

72. 

73 

SET THE FLAG IF 
sin (85 :-80 ) > 0_ 

CALCULATE DISTANCE (a) OF EACH LEG -

• 

• 

• 
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7 
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• 

PAGE 3 PART NO. 09100- 76003 

t 

b 
COS x 

X 36 

C 16 

cos x 73 

34 

d 17. 

sinx 70 

35 

b 14 

sinx 70 

35 

3 03' 

6 
o 

06 

00 

x:,y 30 

CHG SIGN 32. 

arc ... 

cosx 

72 

73 

CALCULATE TRUE HEADING (c) OF EACH LEG 

IF FLAG 

t 
·0 

:~}:. . CALCULATE TRUE HEADING::. (360- e) IF 
·00. sin(8s-8o)<O; OTHERWISE (e) IS 
.-. THE TRUE HEADING. 

34 . 

if 17 

t 2.7 

6 06 

o 00 

36 x 
2 DISPLAY DISTANCE AND 

02.r--______________ ---. TRUE HEADING OF EACH 
41·:1 2 0 T.H. I LEG; ENTER MAGNETIC STOP 

ROLL t 

+ 
3 
6 

.. _. CALCULATE MAGNETIC VARIATION MV 22]> ( )VARIATION. 

33· PLUS TRUE HEADING n.H.) 

03 

06 

o 00 

IF x<y 

CONTINUE 

+ 
52}·ADD-3600 IF (MV,+T.H.)<360° 
33' RESuLT: MAGNETIC HEADING (M.H.l= 
47' .... ·(M.v. + TrU +360° 

IF x<y 

CONTINUE 

52}. ... SUBTRACT 360 0 W (MV + T.-H.) > 360 0
., 

34. RESULT; M.H.= (MV + T H.l - 3600 

. - -- ---

47: 
~ •.. , .. .,...... - '.~ . 
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+ 
.. _---_ ... - ._---_ ..... -_ .. __ .. 

y~(l 40 

a 13 

PAGE 4 

SUM THE DISTANCES : TRAVERSED 
. BY -EAdr--CEG-----n:n )T- --- ..... ----

PART NO_ 09100-76003 

y;( I 24 ~ STORE L:D· FOR- RECALL AND FUTURE DISPLAY; . -
. --7------ 1-5~ RECALL e

D
• . 

.. _-- .,----- ----_ .... _-----_._ ... _- . 

t 25 ' 

END 46 : 
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This program solves for the radius and center point of a circle which is determined by three given points in 
reclangular coordinates; 1. e. (X., Y.), (i ~ 1, 2, or 3) 

1 1 

Consider the following representative diagram; 

y 

------~--r-----~~----+--------x 

The following equations are used to solve for X
r

, Y
r 

and r. 

2) (X
2 

- X)2 2 2 
+ (Y

2
- Y

r
) ~ r 

3) (X
3 

- Xr)2 
2 2 

+ (Y 3 - Yr ) ~ r 

Combining Equations I and 2 : 
2 22 22 22 2 

4) X2 -2X2Xr +Xr +Y2 -2Y2Yr +Y
r 

~XI -2X
1

X
r

+X
r 

+Y
I 

-2Y
I
Y

r
+Y

r 

Rearranging: 

5) (X2 - Xl) (X2 + Xl) + (y 2 - Y 1) (Y 2 + Y 1) ~ 2 X (X2 - Xl) + 2 Y (Y 2 - Y 1) 
~~~~ r r 
ABC D 

Substituting the variables indicated in equation (5) we have; 

6) AB + CD ~ 2AX
r 

+ 2CY
r 

Rearranging: 

7) X 
AB + CD C 

r 2A -A 
'-----v-------- '---.---' 

K1 N 
1 

From equation (7) we then have: 

8) Xl' ~ K 1 - N 1 Y r 

Yr 



09100-76004 

• 
OR 

9) X 
ab + cd c 

Y '" 2a r a r 
'-v-"' '-v' 

K2 N2 

Therefore: 

10) Xr '" K2 - N2 Yr 

Combining equations (8) and (10): 
K -K 

11) Y '" 2 1 
r N2 - N1 

Equations (10) and (11) are used to solve for Xr and Yr' 

The radius (r) is found from equation (1): 

• 

• 
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USER JNSTRUCTIONS 

ENTER PROGRAM: (starting Address is 0 -0) 

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

PRESS: C00fTINUE 

DISPLAY 

o 
o 
1 

ENTER DATA: Y 
1 

PRESS: CONTI0fUE 

DISPLAY 

0 

0 

2 

z 
Y 

X 

_Y, Xl 

z 
Y 

X 

_x 

ENTER DATA: Y2 - Y, X2 - X 

PRESS: CONTINUE 

DISPLAY .,._--------,. 

o 
o 
3 

z 
y 

X 

ENTER DATA: Y3 _Y, X3-X 

PRESS: CONTINUE 

DISPLAY 

R---­

yR---­

X
R 

To enter new data points: 

z 

Y 

X 

R = 2.092 

Y
R 

= -1.086 

~ = 1. 843 

EXAMPLE 

09100 -76004 
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• 

2 

• 

CLEAR 

1 
STOP 

X~I ) 

a 
y~1 J 

b 

20 

01 

PAGE 1 

41 I Xl \ 

~~} STORE X, AND Y, 

CLEAR 20 

2 02 

PART NO 09100- 76004 

o ENTER DATA 
----_.,-, 

STOP 41 __ '---X-2--------_y_1? ~ _____ O_...,-,-~J. ENTER DATA 
t 27 
a 

y-+IJ 

13 

34 

40 -

16 

CALCULATE A ora 

c 

+ 
+ 
C 

33 ~ CALCULATE B-or b 
33~ 

X 

y-+l) 

d 
b 

~:}··CALCULATE AS ocob 
40 

".. -
17 

14 

ROLL t 22 

+ 33 

t 
b 

27 
14 

34 

..v 25 

x 36 

CALCULATEC D ore d 

::~CALCULATE A B + CD or ab + cd 

d 

+ 
Y;l) 24 

d 
-¥ 
c 

t 

+ 
d 
x~y 

16 

35 

CALCULATE ~ or 
c 
a 

27} 
~3. CALCULATE AB+CD or ab +c~ __ 
17 . 2A 20 

'----.. " .. 

30 
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'(~u~~z ~ --- ---.------.--~ 
:j 

3 
," 

'" 25 
--------- ------------ --:. 

- .---" ----------_._-- ._-.---_._--------.. __ ._----_. __ .... - , 
x;y 30 i ' 

"'~li~-~y~~~A~!ER~~;L OF~~=:-<:- _~~~~- __ 
,..cc - 63: CALCULATE -N AND - K " 

'-- -------,- --- ------- -----1- -----------------1--------------'----------------- ------- --------------

CLEAR X 3 r ' 

1- . 27 -
_________________________________________________ --i. ______ ~ ________ -' __ _ 

l' 27 
. --_._--_._. __ ._--_ .. -----. 

3 03 

STOP ~~_I=,~_ L-r-__ X....::-~'------,. ___ y.:::...3 _____ O_----ll;-EN!~~_ D~TA =_ 
. ~!.._ SE~F_L~G __ 54 • _______________________________________ ---1_________________ __ __ ~ ___ _ 

-4~·~-'1~~-~=BRAN~--?~rsUAr~~1~6~~,-~:ANDt~f3~\-~ 

5 

Ace + 60 ! CALCULATE N - N: AND K -K : 

, y;" _-~;_ F~;OR-;-;:-2--'C- 2 " .... = ~ .• 
_' ______ RCl!;---~--GA~~U~~;~~;-----~---------- ----------.---

.,~ • ---------- ----------!------------------i----------. 

; ,-

..v 25 : 

x 

c 

ROLL t 
X~( ) 

-i 

36 i 

16 ; 

34 ' 

22 
, 
. 

23 

CALCULA TE Xr 
... _- .. _--_. __ ._. __ .-: ... _._--- -... --.-.----.--.-.- .. ~- ._--_._--- ----------1-

, , 

.......... _ .. - --_._.- ------------------_._-- --_ .. __ . __ .. _-,._---

; 
•.• ---- .•.. -. -'. _._.c .... ,,,. '-'~""-~'~"~~~'- '.~y.T<~'. 

, 
.. _ ... _. -_._ .. _-_.- ._--_._ .. _- . " .... ~ .. _._ ... 

.... _ ... .: .- --_._ .. - - -"._-- ._ .. ' 

---

~ 

'-' 

d I 7 
._.- _ .... 

34 

a I 3 

ROLL 1- 22 

34 
--- -----

ROLL ~ 31 
.. - _._._._._--_ .. __ ._-------_. __ .. _---- -- _._._- _ .. _. __ . ----------- ._----_.- -_._- .... _._._-- _._--- .. _----- - ._. - ---'_ .. _ .. _--_:.-

TO POLAR 62 : 

",;.j3Ic
u 

~-. 
d 17l ___ RECALL 

x;y 30, 

AND POSITION DISPLAY 

END 46' _LI __ X.!..r ______ Y.!..r __ ---; ____ r __ ....J DISPLAY 

, 
.~ .... "._ .~.~£_-. "~L""" 

--' 
> 

• 

• 



This program calculates the area of a polygon of n sides, where n > 3. The endpoint coordinates of each side 
F.} of the polygon must be in rectangular form. -
i:::l 

Cl 
Il:: 
« 
::.::: 
u 
« 
c.. 
I-­
I-­
w 
...J 

~ 
W 
::c 
F.} 
i:::l 

Cl 
a:: 
« 
::.::: 
u 

I 
w 
...J 

3: 
w 
::c 
f;:J 
i:::l 

Cl 
Il:: 
« 
::.::: 
U 
« 
c.. 
l­
I-­
l.LJ 
...J 

3: 
w 
::c 
f;:J 
t:::l 

Cl 
a:: 
« 
::.::: 
U 

If-
f­
W 
...J 

:s: 
w 
I 

~ 
fS1 

The equation used to calculate the area sums the area of trapezoids and is given below: 

Reference: Analytic Geometry 
C. E. Love and E. D. Rainville 

MacMillan Co.. 5th Edition 

2 
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USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is 0 - 0) 

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

PRESS: CONTINUE 

DISPLAY 

o 
o 

z 
y 

X 

Has area been 
closed? (Area is closed 
after first point has been 

entered the. second time.) 

PRESS: SET FLAG 

PRESS: CONTINUE 

DISPLAY 

0--- z 
area --- Y 

n+ 1-- X 

Note: If there are n distinct data sets, there will 
be n+l entries (the first point entered 
twice) • 

EXAMPLES 

Note: When traversing counterclockwise, the 
area will be displayed as a negative 
number. 

DATA: 

Point (i) 

1 
2 
3 
4 
5 
6 
7 
8 
1 

SOLUTION: 

6 

Area = 2.5 
n+l=9 

y 
7 I 

I 

Coordinates (x, y) 

1, 0 
1, -1 
0, -1 
0, -. 5 

-1,-.5 
-1, .5 
0, .5 
0, 1 
1, 0 

----+----

5 

:3 
2 

.'-. 

• 



"' 

~ 
0 CLfAR - X-+I) 

C 

1 
X"'"l) 

d 
STOP 

Ace + 
d 
x~y 

1 

C\J + 
I Y-+I) 1'0 

:::2: d 0 a:: t lL.. 1 
STOP 

1-
e 

• ROLL 1-

'"', 
ROLL 1-

Y:( 1 

e 
X~Y 

t 
1-

Y:( I 

F 
2 + 

2 

CLEAR X 

ROLL t 

X 

C 

+ 
Y"'"( 1 • c 

d 
IF flAG 

3 
3 

20 

23 16 
01 

23 

17 

PAGE 1 PART NO 09100- 76005 

CLEAR AND INITIALIZE REGISTERS AND 

DISPLAY TO 1 NDICATE FIRST ENTRY 

41 ======X=i==========Y=i ===========0=====1 'ENTER Y i AN 0 Xi 
60 

17 

30 

01 

33 INCREMENT COUNTER 

40 

17 

25=:::>- POSITION TO INDICATE ENTRY 
4\ rl---XI----------Y-i----------o----~I ENTER Y

j 
AND Xi 

::} 
34 

::~ 
\2£ 
30 

25 

27 

24 

15 

CALCULATE (Yi-t - Yi ) 

LET Y
i 

. REPLACE Y
i 

_ 1 I N STORAGE 

LET Xi REPLACE X j - 1 IN STORAGE 

33~ CALCULATE (Xi + Xi -
1

) 

02 

35 

37 

31 

36 

CALCULAI'E-__ ~Yl- ~-1) ( Xi +Xi-~I)-
2 

33 RECALL I AR[~A AN D ADD AREA. 16}. 
40 . 1 

16 
I 7 =:::>- RECALL COUNTER 

::~ BRANCH WHEN FLAcJ IS SET 03S' AFTER ALL DATA tl,t<S BEEN ENTEf.~ED 



PAGE 2 PART 

• 

. { ---

--------; . 

• 



SEPTEMBER 1968 

PROGRAM 

Mathematics 
09100-70008 
(Ul* 2nd line) 

Mathematics 
09100-700010 
(1st equation) 

Mathematics 
09100-70014 
(Ul 2nd line) 

Surveying 
"09100-74004 
(Prog. Steps 

Page 3) 

Structures 
09100-74205 
(UI 1st line) 

Statistics 
09100-70808 
(Title) 

Surveying 
09100-74003 
(UI 10th line) 

OCTOBER 1968 

.rill Mathematics I" 09100-70008 
0-&' (1st page, 4th 

line from bottom) 

Mathematics 
09100-70008 

(Step page 1) 

9100A PROGRAM LffiRARY 
" ERRATA SHEET 

PRESENT CHANGE TO 

PRESS: GO TO (5) (a) PRESS: GO TO (5) (0) 

Y=Yo ' . ", (u+l) (u (u-l) Y=Yo '" (u+l) (u) (u-l) 

PRESS: GO TO (0) (0) PRESS: GO TO (6) CO) 

Step Key Step Key 
7a - c (Code 16) 7a - e (Code 12) 

Omission 

ENTER DATA: 
Point B Nothing Y 
Point B Easting X 

Yo II is obtained , • . 

PAGE 1 Part No. 
09100-70008 

SET: DEGREES 

ENTER DATA: 
Point B Northing Y 
Point B Easting X 

Y ,,,. bta' d o IS 0 Ine .•• 

EXAMPLE Part No. 
09100-70008 

*Ul stands for USER rnSTRUCTIONS 



NOVEMBER 1968 

PROGRAM 

Electronics 
09100-71009 
(Prog. Steps 

Page 3) 

Electronics 
09100-71009 
(Prog. Steps 

Page 4) 

Business 
09100-73004 
(UI* 5th 

display) 

Chemical 
09100-75501 
(UI 1st line 

2nd column) 

Statistics 
09100-70801 
(Prog. Step 

Page 1) 

Business 
09100-73002 
(UI 3rd line) 

9100A PROGRAM LIBRARY 
ERRATA SHEET 

PRESENT 

Step 
8d 

Key 
b (Code 14) 

Key Step 
9-1 a (Code 13) 

[EJP 
Y--R 
X--S 

X N == 

25 - X Code 30 

ENTER DATA: 
N--Z 
K--Y 
S--X 

CHANGE TO 

Step 
8d 

Key 
a (Code 13) 

Key Step 
9-1 b (Code 14) 

[EJP 
Y-R 
X-5 

Ni-.X N = 
(Arrow indicates that Ni 
is entered into X) 

25 - X Code 36 

ENTER DATA: 
N --Z 
IC--Y 
S X 

2 



FEBRUARY 1969 

PROGRAM 

Statistics 
09100-70811 
(Prog. Steps 

Page 2) 

Statistics 
09100-70811 
(Prog. Steps 

Page 2) 

Statistics 
09100-70811 
(Prog. Steps 

Page 3) 

Mechanics 
09100-72004 
(UI between 10th 

and 11th line) 

Physics 
09100-73204 
(Exam pIe 6th 

line) 

Miscellaneous 
09100-76002 
(UI 2nd display) 

*UI stands for 
USER rnSTRUCTIONS 

9100A PROGRAM LIBRARY 
ERRATA SHEET 

PRESENT CHANGE TO 

Step Expression· 
4-7 1n~ _ lnXi 

N 

Step Expression 
4-7 (In x)2 -. ( In x)2 

N 

Step Expression 2· Step 
5-3 InYi - lnYi 5-3 

Expression 
(In y)2 _ ( In y)2 

Step 
8-1 

N 

Expression lnX 
(lnX. - i 

1 N 
(InYi - lnYi 

N 

Step 
6-1 

Expression 
(In x lny) -

N 

(In x) ( In y) 
N 

3 

Omission PRESS: GO TO (0) (0) or END 

p = 9.810 sec. 

PRESS: CONTrnUE 

~ollars--Z 
O---y 
0-·-·· X 

p = 9.810 hrs. 

~ PRESS: CONTINUE 

-
dollars --Z 

O-Y 
o--x 



APRIL 1969 
PROGRAM 

Mathematics 
09100-70009 
Cover Page 

Statistics 
09100-70815 
Cov~r Page 

Electronics 
09100-71002 
Example Drawing 

Surveying 
09100-74001 
Example Page 

Statistics 
09100-70817 
Cover Page 

09100-70817 

JUNE 1969 

Statistics 
09100-70802 
(UI first entry 

point) 

Mathematics 
09100-70019 
(UI for 4th degree, 
first equation) 

09100-70019 
CUI, Exam. 1, Solution) 

09100-70024 
(Prog. 1, Pg. 3~ 
Register 7, Step 6) 

Statistics 
09100-70815 

Mathematics 
09100-70018 

9100A PROGRAM LIDRARY 
ERRATA SHEET 

PRESENT 

1st Formula 
ax2 +bx+c =: 0 

Bottom line of formulas, 
second equation, reads: 

pex == .6745 -x 

After last entry, 
SET FLAG before pressing 
CONTINUE 

Step 
6 

(-.5±.866 

Key 
. (code 21) 

ENTER: Yr-.... X 
PRESS: logx 
PRESS: 
ENTER: Xi .... Y 
PRESS: logx 

- - for 9 < t < 

CHANGE TO 

aX2 + bX + C = 0 

After 2nd set of formula, add 
following note: X must not 
be O. 

Eliminate C7 and connecting 
wires. 

Starting coordinates - the 
asterisks (*) after Northing and 
Easting on Point A should be 
eliminated. 

Should read: pex == • 6745 x 
Summation sign in 

i =1 

f·--Y X·-X 
1 '1 

( -. 5 j- j. 866) 

Step Key 
6 Roll (Code 22) 

ENTER: yi .... X 
PRESS::r..n- X 
PRESS: 
ENTER: Xi --X 
PRESS: Lu X 

for 0 < t < 
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