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Introduction

The programs in the Math Pac have been drawn from the fields of calculus, numerical analysis, linear systems,
geometry, and special functions.

Each program in this Pac is described by a section in this manual. The manual provides a description of the
program with relevant equations, a set of user instructions for using the program, and one or more example
problems. Program listings can be obtained by loading the desired program and then listing it. The appendix at
the back of this manual provides instructions for obtaining the explanatory comments to a particular program
which are stored in the comment programs.

If you have already worked through a few programs in the Standard Pac, you will understand how to load a
program and how to interpret the User Instructions. If these procedures are not clear to you, take a few minutes to

review the sections ‘‘Running a Program’’ and ‘‘Format of User Instructions’’, in your Standard Pac.

As stated in the Standard Pac, you should define the output peripherals to your needs. Most of the programs
assume that the printer is 2 and the CRT is 1 and use PRINT and DISP statements accordingly. If you want to
ensure that the peripherals are defined as the programs assume, press before running a program. The currently
defined key labels are obtainable at any time while a program is running by pressing . Remember to press
before pressing if the key labels are in the input line.

We hope that the Math Pac will assist you in the solution of numerous problems in your discipline.
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Program Operation Hints

These prdgrams have been designed to execute with a minimum amount of difficulty, but problems may occur
which you can easily solve during program operation. There are four different types of errors or warnings that

can occur while executing a program; input errors, math errors, tape errors and image format string errors.

The input errors include errors 43, 44, and 45. These errors will cause a message to be output followed by a new
question mark as a prompt for the input. You should verify your mistake and then enter the correct input. The
program will not proceed until the input is acceptable. There is a complete discussion of INPUT in your Owner’s
Manual if you need more detail.

The second type of error which might occur is a math error (1 thru 13). With DEFAULT ON, the first eight
errors listed in Appendix E of your Owner’s Manual cause a warning message to be output, but program execution
will not be halted. The cause of these errors can usually be attributed to specific characteristics of your data and the
type of calculations being performed. In most cases, there is no cause for alarm, but you should direct your attention
to a possible problem. An example of such a case is found in the Standard Pac when the curve fitting program
computes a curve fit to your data which has a value of 1 for the coefficient of determination, r2. The computation
of the F ratio results in a divide by zero, Warning 8. C '

The third type of error, tape errors (60 thru 75) may be due to several different problems. Some of the most likely
causes are the tape being write-protected, the wrong cartridge (or no cartridge) being inserted, a bad tape cartridge,
or wrong data file name specification during program execution. Appendix E of your Owner’s Manual should be
_ consulted for a complete listing. ‘ '

The fourth type of error is due to generalizing the output to anticipated data ranges. In many cases, the output
has assumed ranges which may or may not be appropriate with your data. Adjusting the image format string for
your data will solve this type of problem. You may also want to change the image string if you require more digits
to the right of the decimal point.

b

These are the more common problems which may occur during program operation. Your Owner’s Manual should

be consulted if you need more assistance.
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Simultaneous Equations

This program solves the system of equations AX = B using Gaussian elimination. It is assumed that the matrix A is
square. The triangular matrices overwrite A and the solution matrix X overwrites B. This saves a significant amount

of memory, but in the process, the values contained in matrices A and B are destroyed.

The program is designed to handle up to (and including) 25 equations. Once the coefficients have been entered an
editing option is available before the equations are solved. '

Upon entry into the program, there is a bad data check. If the program detects ‘‘nonsense’’ data, the following
error message is printed and the program pauses:

EREORE TH SUBROUTIHE
= (#rows) 1= (#columns)

execution at the next line.

If the program detects a row of zeros, the message MFTF I WITH EERLD
will pause. In the Gaussian elimination section, there are two tests performed to check that A is not a machine

singular matrix, If either test fails, the message MFTE I+ s MACHIME S THGLUL AR is printed.

User Instructions

1. Insert the Math Pac cartridge into the tape 4. When [IIMEMS IOME OF B
transport. RO 0L LM 27 s displayed:

2. To load the program: a. Enter: The dimensions of matrix B, e.g., if
a. Press: i THEGY B has dimensions 3 by 4, then enter 3,4.
b. Press: b. Press: {ENe

3. To start the program: 5. When MHTHI= Fi: is printed and
a. Press: . Al is displayed:

REFERENCES: '

1. Forsythe, G. and Moler, C., Computer Solution of Linear Algebraic Systems, (Englewood Cliffs, N.J.: Prentice-Hall, Inc.), Ch. 9, 11.
6



a. Enter: The I'h, J™ element of matrix A.
Press: .

c. Repeat step 5 until all elements of A are
entered. ‘

When CHFAMGE S

a. Enter: ', if changes are desired in matrix
A.

b. Press:

c. Gotostep 7.

OR:

a. Enter: M, if no changes are desired.

b. Press:

c. Gotostep 9.

When COGRDIHATES OF H

wRECH S IO LI 27 is displayed:

a. Enter: The row and column numbers of the

%Y is displayed:

element to be changed, e.g., if element
AQ3, 4) is to be changed, enter 3,4.
b. Press: (fNe
When 1 1. .10 % is displayed:
a. Enter: The new value of the element.
b. Press:
¢. Go to step 6.
When FFTETH k-
ol 027 is displayed:
a. Enter: The I'",Jth element of matrix B.

is printed and

10.

11.

12.

13.

Simuitaneous Equations

b. Press:

c. Repeat step 9 until all elements of B are
entered.
When UHFHT
a. Enter: %, if changes are desired in matrix

B.

b. Press:

c. Gotostep 11.

OR:

a. Enter: M, if no changes are desired.
b. Press:

c. Go to step 13.

When COOEDIHATES OF B
DR DL UMM P is displayed:

b is displayed:

[

a. Enter: The row and column numbers of the
element to be changed, e.g., if element
B(3,4) is to be changed, enter 3,4.

b. Press:

When B 7 I . .0 (where I and J represent the

row and column of the element to be changed) is

displayed:

a. Enter: The new value of the element.

b. Press:

c. Go to step 10.

The program will then print the solution matrix

X. For a new cése; press and go to step 4.

7



8 Sirﬁultaheous Equations
Example 1:

Dimensions of B = 4 X 2

1 -2 3 1
. -2 1 -2 -1
Matrix A = 3 -2 | 5
1 -1 5 3
3 1
MatixB= | & ©
7 0
8 0

Find Matrix X such that AX = B.




Simultaneous Equations

Example 2:

By applying the technique of loop currents to the circuit below, find the currents I, I, I, and I,.

The equations to be solved are:

2, -L =34

-1, +3L -l =0

-, 43, -1, =0
-1, 43I, =0 .

Results:




Solution to F(X) = 0 on an Interval
Given a first guess, this program will search for a real root of the equation F(X) = 0, where the user defines the
continuous real-valued function F(X) starting at line 5000.

Roots are found by marching along at a given step size until a change of sign is encountered. A modified secant
method is then used to determine the zero of the function.

The user is required to specify the error tolerances for the root and for the function evaluation, as well as the
step size and the maximum number of steps and iterations allowed.

User Instructions

o

Insert the Math Pac cartridge into the tape 7. When BTEF %1ZE" is displayed:

transport. a. Enter: The step size for marching when

To load the program: looking for an interval in which the function

a.. Type: MR changes sign; this must be positive.

b. Press: b. Press:

Type the function, I IMF, to be analyzed starting 8. When MR IMUM HUMBER DOF

at line 5000. Make sure that any lines after line ZTEFLE? is displayed:

5000 which are not in your function are deleted a. Enter: The maximum number of allowed

before running the program. steps. in marching to find an interval in

To run the program: which the function changes sign.

a. Press: b. Press: '

When 1% FUMCTION STORED 9. When FIFHITHUM HUMEBER OF

CTEH T s displayed: ITERATIOME? is, displayed:

a. Enter: ', if the function is stored at line a. Enter: The maximum flumber of iterations
5000. allowed after an interval has been found in

b. Press: which the function changes sign.

¢. . Go to step 6. b. Press:

OR: 10. When TOLERFAHIE FOR BOOTTis

a. Enter: I, if the function is not stored. displayed:

b. Press:

c. Go to step 3. !
When F-IREET LGLIE
“a. Enter: A first guess.

b. Press:

" is displayed:

10

a. Enter: The tolerance for the root, i.e., if
X, and X, are two consecutive approxima-
tions for the root, the dverage'of X, and X,
is accepted as a root if |X1 - X2| <
MAX(1, X1|,|X2|)) % (Tolerance for




Solution to F(X) = 0 on an Interval
root) |F(X)| < (Tolerance for the function).
b. Press: b. Press:
11. When 7 HOE FOR
# is displayed: 12.  The root X as well as the functional value F(X)
a. Enter: The tolerance for the function, i.e., will be printed. For a new case, press and
an approximation X is accepted as a root if return to step 5.
Example 1: ¢

Find the root of In x + 3x — 10.8074 = 0. The function should be stored at line 5000 as shown:

DEF FHFCRD = LOGOH + 36 6~ 10, 5074

"

Use 1 as a first guess, .2 as the step size, 20 for the maximum number of steps and iterations and 1E-6 as the

tolerance for the root and the function.




12 Solution to F(X) = 0 on an Interval

Example 2:

Find an angle « between 100 and 101 radians such that sina =0.01, using a maximum of 20 steps and iterations,
a step size of .1, and an error tolerance for the root and the function of 1E-6.

FE DEF FHF O =S TN - 8]

ROOT= |.@
FLIMET IOM 5'{."‘!
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Integration With Equally Spaced Data Points
This program approximates f:f(x)dx where f(x) is represented by discrete function values f(x;) at equally spaced
points X, .

The user is required to supply the increment between intervals, the number of data points, which must be an odd
integer less than or equal to 999, and the function’s value at each of the data points.

Simpson’s one-third rule is used to approximate the integral.
b
f fx)dx =~ —’3’- {f(a)+4f(a+h)+2f(a+2n)+4f(a+3h)+ ...+ 4(a+ (n— Dh)+f(a+nh)}

where: n = number of intervals (number of data points minus one)

b—a
n

h =

Note: When integrating a function f(x) use Calculus and Roots of f(x) in the Standard Pac.

User Instructions

1. Insert the Math Pac cartridge into the tape 5. When IMOEEMERMTY is displayed:
transport. a. Enter: The increment between data points.
2. To load the program: b. Press:
a. Type: PTHTEG 6. When F . I % (forI = 1toN)is displayed:
b. Press: a. Enter: The appropriate function value of
3. To start the program: the data point. '
a. Press: b. Press:’
4. When # OF [HTH FOITHTE c. Repeat step 6 until all points are entered.
CEIDIHE 37 s displayed: 7. When DHAMGES oYM 37 is displayed:
a. Enter: The number of data points. (Since a. Enter: ", if changes are desired.
Simpson’s rule is employed, there must be b. Press:
an odd number of points.) OR:
b. Press: a. Enter: M, if no changes are necessary.

REFERENCES:
1. Beckett, Royce and Hunt, James, Numerical Calculations and Algorithms (New York; McGraw-Hill, 1967), pp. 166-169.
14



b. Press:
¢. Go to step 10.

8. When DFTH FOIMT MUME
displayed:

a. Enter: The data point number of the point
to be changed.
b. Press:

Example 1:

# OF DRTER POTHT:
THOREMEMT= 1

FLHCTIOM WALUES ‘

Integration With Equally Spaced Data Points 15

When F i 1 7 is displayed:
a. Enter: The function value of the data point.
b. Press:

c. Gotostep7.

The program will print the value of the integral.
For a new case, press and return to step 4.




16 Integration With Equally Spaced Data Points :

Example 2:

o
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Integration With Unequally Spaced Data Points

b
This program approximates f f(x)d (x) where f(x) is represented by discrete function values for unequally spaced
a

domain values x within the interval [a, b] . The user is required to input the data points and the tolerance desired.

The number of data points must be less than or equal to 300.

The method implemented in this program involves fitting a curve through the data points and integrating that curve.
The curve used is the cubic natural spline function which derives its name from a draftsman’s mechanical spline.
If the spline is considered as a function represented by s (x), the second derivative s”(x) approximates the curvature.

For the curve through data points (x1,y1), (X2,y2), ..+, (Xn,yn) We want f ™ (s"(x))? dx to be minimized in order to

achieve the ‘‘smoothest’’ curve.

The spline function with minimum curvature has cubic polynomials between adjacent data points. Adjacent

polynomials are joined continuously with continuous first and second derivatives as well as s"(x;) = s"(xn) = 0.

The procedure to determine s (x) involves the iterative solution of a set of simultaneous linear equations by the
method of successive overrelaxation. The accuracy to which these equations are solved is specified by the user. For
a detailed discussion of the algorithm, see reference 2.

n—1

f . s O)dx~ D, Y5 (1 = XD+ Ve = Vg Cores = 10 [ () + 5" (1i5)]

i=1

Note: When integrating a function f(x) use Calculus and Roots of f(x) in the Standard Pac.

User Instructions

1. Insert the Math Pac cartridge into the tape a. Press:
transport. 4. When # 0OF [DRTH FOIMTETis

2. To load the program: displayed:
a. Type: CTRTLIY a. Enter: The number of data points (<300)
b. Press: to be used in the computation.

3. To start the program: b. Press:

REFERENCES:

1. Ralston and Wilf, Mathematical Methods for Digital Computers, Vol. Il (New York: John Wiley and Sons, 1967) pp. 156-158.

2. Greville, T.N.E., Editor, ‘‘Proceedings of an Advanced Seminar Conducted by the Mathematical Research Center”’, U.S. Army, University
of Wisconsin, Madison. October 7-9, 1968. Theory and Application of Spline Function (New York, London: Academic Press, 1969),
pp. 156-167. )

18



When EFREORE TOLERAMIES is

displayed: .

a. Enter: The error tolerance desired for use
in solving the system of equations. A gen-
erally acceptable value would be 1E-6.

b. Press:

When 0 [ 2% (For I = 1 to # of data points)

is displayed:

a. Enter: The X-coordinate of the I data
point. These values must be entered in in-
creasing order.

b. Press:

When 0 % (For I = 1to # of data points)

is displayed:

a. Enter: The Y-coordinate of the I'* data
point.

b. Press:

If more data points are to be entered, go to

step 6.

ST is displayed:
a. Enter: 'Y,if changes inthe data are desired.

b. Press:

Example 1:

M BoEB T
-+ |

10.

11.

12.

e W

Integration With Unequally Spaced Data Points 19

c. Goto step 9.

OR:

a. Enter: M, if no changes in the data are
necessary.

b. Press:

¢. Go to step 12.

When DHTH FOTIHT

a. Enter: The data point number of the point

# is displayed:

to be changed.

b. Press:

When =& | #7 is displayed:

a. Enter: The X-coordinate of the I'" data
point.

b. Press:

When %' 0 ] % is displayed:

a. Enter: The Y-coordinate of the I'" data
point. ’

b. Press:

c. Go to step 8.

The program will then print the endpoints of the
interval of integration and the value of the
integral.



20 Integration With Unequally Spaced Data Points

Example 2:

ER

LFTH
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Ordinary Differential Equations

This program is a fourth-order Runge-Kutta procedure for solving systems of first-order ordinary differential
equations. The user must supply the dimension of the system of differential equations, (<3), the beginning and
end points of integration, the initial value vector, the maximum number of integration steps, and the user-defined
system of equations to be solved.

Runge-Kutta methods attempt to obtain greater accuracy, and at the same time avoid the need for higher
derivatives, by evaluating the function F at selected points on each subinterval. For the equation y’ = f(x,y),
¥ (x¢) = yo and step size h, approximations y, to Yo+ niy forn =0,1,2, ... are generated using the recursion
formula

1
Yn+1=Ynt+ 3 ey + 2%ky + 2ks + ky)

where
ky = hf(xn, yn) 4
ky=hf{ x, + 2y + Lk, d
n 2 2 n 2

h 1
ks =hf(xn + > »¥n + —2—k2)

ky =hf(xn + h, yo + k)

This is a single step method. It requires only the value of y at a pointx = x, to findy and y’ atx = x,4.

The step size, h, must be chosen with some care. On the one hand, a small keeps‘the error due to the Runge-Kutta
formula small. On the other hand, the smaller the A, the more integration steps we shall have to perform, and the
greater the round off error is likely to be. In addition, the limitation of N in the formula:

N =INT(B-A)Yh + ) +1 N < 450

imposes a restraint on the minimum step size A.

Since there may be some cumulative round off error in stepping from end points, 4 toB, i.e.,X =4 + (N — Dh,
B may not be reached exactly. So, the program stops if X > B — 107%, If X does not satisfy this condition, the
program will stop when the maximum number of steps have been performed. The program prints every tenth value
of the computed vectors. If a different number of values is requirgd, line 770 may be-changed.

REFERENCES:
1. Ralston and Wilf, Mathematical Methods for Digital Computers, Vol. 1, New York: John Wiley and Sons, Inc., 1960, pp. 115.
2. Carnahan, Luther, Wilkes, Applied Numerical Methods, New York: John Wiley and Sons, Inc., 1969, pp. 363-366.

i’ . 22



Ordinary Differential Equations 23

A higher order differential equation may be replaced by a system of 1% order equations. Assume the equation is

of the form:
Y _p(xy L 4y A
dx™ dx  dx* dx™1
e
with the given initial conditionsy (x,), —Zl— (Xo)y «ves d—dx%fi . We may write the system as follows:
. dx
Y, = Fi(x, Y Yoo ooos Ym)
YZI = F2(x’ }’1, }’2, “rey }’m)
Ym’ = Fm(x» }’1, er ey ym)
User Instructions
1. Insert the Math Pac cartridge into the tape a. Enter: The lower bound of the interval.

transport.

b. Press:

To load the program: 8. When LIFFER BOUMDY is displayed:

a. Type: PLOTREGY a. Enter: The upper bound of the interval.

b. Press: b. Press:

Define the system of equations to be solved be- 9. When STEF & - is displayed:

ginning at line 5000. Be sure toadd a FE T LIk H a. Enter: The step size for integrating.

statement. b. Press:

To start the program: 10. When MF¥ # 0OF IMTEGRATIOH

a. Press: STEFST is displayed:

When 'l' oOFUHCTION a. " Enter: The maximum number of integra-

327 is displayed: tion steps permitted. This enables the user

a. Enter: ¥, if the function is stored at line to put an additional constraint on the num-
5000. ber of integrations performed.

b. Press: b. Press:

c. Gotostep6. e e e :

OR: 11, When ITHITIML WALLUESD : isprintedand

a. Enter: M, if the function is not stored. i L (forl = 1_t0 the number of dimgnsions

b, Press: of the 'system) is dl.sp.la?yed:

c. Go to step 3. a. | Enter: The I™" initial value.

When [ITMEHSETON OF SYETEM OF b Press: o

[ E. 7 is displayed: c. Repe'at step 11 if additional values are

a. Enter: The dimension of the system of required. i
differential equations (<3). 12. The program will print the domain values X, as

well as the values of the integrated function at X.

For a new case, press and return to step 5.

b. Press: .

7. When L[k




24 Ordinary Differential Equations
Example 1:

Solvey’ — xy'/® = 0 for 1 < x < 3, step size = 0.01, maximum number of integration steps = 201, subject to the
initial condition y (1) = 1. Print every tenth value. Define the system of equations as follows:

s v g
o B
"

!:;1 B O




o Ordinary Differential Equations 25

Example 2:

Solve y” + 2yy’ = 0 for 0 < x < 2, step size = .01, 201 integration steps, subject to the initial conditions

y(0) = 0, y'(0) = 1. Print every tenth value. The solution may be obtained by first reducing the equation by
substitution to a set of simultaneous equations:

2=y
ZI — _2yyl

Using the notation Y (1) =y and Y(2) = y’, the subroutine is set up as follows:




26 Ordinary Differential Equations

Solveyy” + 3(y")? = 0 for 0 < x < 2, with step size = .01 and 201 integration steps, subject to the initial conditions
y(©) = 1, y'(0) = %. The following substitutions reduce the equation to a set of simultaneous equations:

z=y
z = =30k

Using the notation Y (1) = y and Y (2) = y', the subroutine is set up as follows:

SEBE FOlr o= NORh

i
1.
1.
1.
o
i
1]
1.
1
1
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Chebyshev Polynomial

This program fits a tabular function y (x) (given m points (x, y)) to a polynomial

P= i AX
i=0

This polynomial is the best polynomial approximation of y (x ) in the Chebyshev sense. See the two references for a
complete description of the method and formula employed.

The polynomial must have degree less than or equal to 10, and the program can handle 450 data points.

User Instructions .

1. Insert the Math Pac cartridge into the tape of polynomial) < (number of data points —

transport.

To load the program:

a. Type: MBS
b. Press:

To start the program:

a. Press:

When # OF DATH POIMTSY s

displayed:

a. Enter: The number of data points to be used
in the calculation (# points < 450).

b. Press:

When [ GREE

is displayed:

a. Enter: The degree of the polynomial de-
sired for the approximation (degree < 10).
For reasonable results, the degree of the
polynomial should be less than the number
of data points used minus one, i.e., (degree

D).
b. Press:
When [iFHTH FOIHTE: is printed and
sl (for I = 1 to # of data points) is
displayed:
a. Enter: The I** X-value.
b. “Press: )
When %7 1 1% (for1 = 1 to # of data points)
is displayed: : ‘
a. Enter: The I'" Y-value.
b. Press:
c. Ifmore points are to be entered, go to step 6.
When UHFHGES 0% oM 37 is displayed:
a. Enter: ', ifchangesin the data are desired.
b. Press: k
c. Gotostep9.
OR:
a. Enter: I, if no changes are desired in the \

(

REFERENCES:
1. Newhouse, Albert, *‘Chebyshev Curve Fit”’, Comm. ACM 5 (May 1?62), p. 281.
2. Stiefel, E., Numerical Methods of Tchebysheff Appr‘*o'ximation, U. of Wisconsin Press (1959), p. 217-232.

28



data.
b. Press:
c. Go to step 12.
9. When DFTH FOIMT #%is displayed:
a. Enter: The subscript of the element to be

changed.
b. Press:
10. When % I »% (where I is the subscript of the

element to be changed) is displayed:
a. Enter: The new value of the element.

Example 1:

11.

12.

Chebyshev Polynomial 29

b. Press: (Gne §
When ' ¢ I 17 (where L is the subscript of the .
element to be changed) is displayed:

a. Enter: The new value of the element.

b. Press:

c. Go to step 8.

The coefficients of the Chebyshev Polynomial

will then be printed where P(X) = A@0) + A1)

*X +AQ*XA2+ ...+ AN)*XAN

For a new case, press and return to step 4.
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Example 2:




Notes



Fourier Series Coefficients for Equally Spaced Data Points

This program calculates the Fourier series coefficients A(I) and B(I) of the Fourier series corresponding to a function
F (X) which is specified by N discrete equally spaced data points (X(1), Y(I)),I = 1, ..., N =< 500.

2ix
T

and k (x) = f(x) sin ( 2’;’* ) then:

If: g(x)=f(x)cos

ay= 2R {g () + 4 (1) + 2 (3 + g (1) + oo + 4 (5 + 8 ()}

by = %‘TL {h(x)) + 4k (x3) + 20 (x5) + 4h (x) + ... + 4 (xy1) +h(xn)} ”

Sine and cosine functional values are computed recursively with the following formula:

. 27X o 27X 27Xy . 27x; . 27Xy
sm( A J + 1))— sm( Ay ) cos( A J) +cos( Ar ) Sm(_Ax J)

([ 2mx; _ 27X 2mx; o 2mx; . 27Xy
cos( A J + 1))—cos (——-——Ax ) cos( A J) sm( Ar ) sm( A J)

For valid results, the user should provide at least N data points to compute N coefficients.

User Instructions

1. Insert the Math Pac cartridge into the tape 4, When # OF DFATH FOIMTE
transport. CCEITHE DY is displayed:
2. To load the program:

,,,,,,,,,,,,,,,, a. Enter: The numb of dat ints to be used
a. Type: RO urmber of cafa potnts to be use

b. Press:

3. To start the program:

a. Press: b. Press:

in the calculation. There must be an odd
number of points.

REFERENCES:
1. Hamming, R. W., Numerical Methods for Scientists and Engineers, ‘McGraw-Hill, 1962, pp. 67-80.
2. Acton, Forman S., Numerical Methods that Work, Harper and Row, 1970, pp. 221-257.
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When HIGHEST COEFFICTEMT?Yis

displayed: .

a. Enter: The highest coefficient desired in the
Fourier series. This should be less than or
equal to the number of data points for valid
results.

b. Press:

When IHITIAL

is displayed:

DOFATH WAL

a. Enter: The initial domain value, i.e., the
first x-value.

b. Press:

When [HIREE

a. Enter; The increment between x-values.

b. Press:

When FAHGE MALUES:

¥ 1% (for I = 1 to N) is displayed:

a. Enter: The appropriate y-value.

b. Press:

c. Repeat step 8 until all data values are

BT is displayed:

is printed and

entered.

Fourier Series Coefficients For Equally Spaced Data Points 33

9. When DHFMGE S

10.

11.

12.

oy Y s displayed:

a. Enter: ', if changes are to be made in the
data.

b. Press:

¢. Go to step 10.

OR:

a. Enter: I, if the data is correct.

b. Press:

c. Goto step 12.

When [HTF FOTHT

a. Enter: The number of the data point to be

#7 is displayed:

changed.
b. Press:
When ‘-1 3% is displayed:
a. Enter: The correct y-value.
b. Press: .
c. Go to step 9.

The program will print the values of the
coefficients. For a new case, press and
return to step 4.
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Example 1:

v

# OF DATA F
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Fourier Series Coefficients for Unequally Spaced Data Points

This program calculates the Fourier series coefficients for a function defined by discrete data points (X (1),
Y(I)),I =1, ...,N. The data pairs must be entered such that the X (I) are discrete, but not necessarily equally-
spaced, and X(/) < X({I + ) forI =1, ...,N — 1.N = 300.

The finite Fourier series is given by the formula:

N
ao 2imx . 2imx
—+ a; cos + by sin )

2 121 T T

where the Fourier coefficients a; and b, are:

X+ T

-2 27rix . _
ai—T . f(x)cos—-——T dx fori=0,...,N

) xi+T o
b= = fx)sin =72 gy fori=1,...,N
T X1 T

T specifies the period equivalent to (x,, — x,) and N indicates the number of coefficients desired. The coefficients
are evaluated by numerically integrating a parabola passing through three successive points. Execution time depends
on the number of coefficients calculated.

For valid results, the user should provide at least N' data points to compute N coefficients.

User Instructions

1. Insert the Math Pac cartridge into the tape a. Press:
transport. 4. When # OF DRTH POIHTS? s

2. To load the program: ‘ displayed:
a. Type: ORI a. Enter: The number of data points to be used
b. Press: ' in the calculation.

3. To start the program: b. Press:

REFERENCES:

Hewlett-Packard 9820A Math Pac, pp. 43-50. -
Hamming, R. W., Numerical Methods for Scientists and Engineers, McGraw-Hill, 1962, pp. 67-80.
Acton, Forman S., Numerical Methods that Work, Harper and Row, 1970, pp. 221-257.
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When H I GHEST
displayed:

COEFFICTEHTY is

a. Enter: The highest Fourier series coeffi-
cient desired. For valid results, this should
be less than or equal to the number of data
points provided.

b. Press:

When [HTH WHLLEES ¢ is printed and

sulx? (for T =1 to N) is displayed:

a. Enter: The appropriate x-value. The data
points should be entered so that the X(I) are
discrete and X(D) < X(I + 1) forI = 1toN.
The points need not be equally spaced.

b. Press:

When "¢ 1 2% (ForI = 1 to N) is displayed:

a. Enter: The appropriate y-value.

b. Press:

¢. Goto step 6 if there are more data values to

be entered. ,
When DHFMGES 0% M3 is displayed:
a. Enter: ', if changes are to be made in the

data.

Fourier Series Coefficients For Unequally Spaced Data Points

10.

11.

12.

37

b. Press:

c. Gotostep 9.

OR:

a. Enter: [, if the data is correct.
b. Press:

¢. Go to step 12.
When DIFHTH FOIMT
a. Enter: The number of the data point to be

#7 is displayed:

changed.
b. Press:
When ] 37 (where I is the subscript of the

data point to be changed) is displayed:
a. Enter: The correct x-value.

b. Press:

When '« T »7 (where I is the subscript of the
data point to be changed) is displayed:

a. Enter: The correct §-value.

b. Press:

¢. Qo to step 8.

The program will print the resulting Ay and By

Fourier series coefficients. For a new case, press

and return to step 4.
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Fast Fourier Transform

This program calculates a fast Fourier transform from a set of time domain points to a set of frequency domain
points.

At the user’s option, the inverse fast Fourier transform, calculating the set of time domain points from a set of
frequency domain points, may also be calculated. '

The method used is a modification of the basic FFT algorithm. The modified algorithm takes advantage of the
fact that series data will be real and the space normally reserved for the imaginary part of the complex sequence
can be used to calculate a double-length real transform. This is represented for two ‘‘N’’ length transforms as:

Z(n) = X(n) + i¥(n) 0 = n < N data points
The transform is:

Z(m) =X(m) + i¥ (m)

where
X (m) = Z(m) + ZZ(N — m)*
Y(m) = Z(m) — Z('N — m)*

2i
Z* is the complex conjugate of Z.
The time series F (n) is given by:
Fn)=X@n)+Y2n+ 1)
The transformation of this is:

N-1

N-1 :
F(my= D, XQuw™ + D, ¥(2n + wmn

n=0 n=0

Z

N-1

= 2 X(pw™ + 2, Y (pwimwn
p=0 p=0

40



Fast Fourier Transform
and:
F(m)=X(m) +w"Y(m) (D)
F(N — m) =X*m) — [wmY(m)]* (2

Similarly, the inverse transform may be obtained from (1) and (2):

=F(»m)+F(N—m)* +l.w_mF(m)—F(N—m)*

Z(m) 2 2

ZI(N-m)= [F("') * Fz(N — m)*]* —-iw—m[F(m) - F2(N — m)*]*

This is simply an interchange of Z(m) and F (m) in (1) and (2), and substitution of (—w™™) for w™.

Note:
1. Since F(0) and F (N) are real only, F (N) can be stored in the imaginary location of F (0), i.e., F(1).
2. wm=c2mmN Thigs is half the minimum value of rotation normally used in an N-point transform.

3. * = complex conjugate.

The advantages gained from this adaptation of the general FFT algorithm for time series data are:

(a) A transform of twice the length can be handled with no increase in storage for input data.

41

(b)  Since the calculation of the transform is treated as an interactive process, intermediate and final results are

stored in the same locations used for input.

REFERENCES:
1. Brigham, E. O., The Fast Fourier Transform, Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 1974. Chapter 10.

2. Cooley, J. W., and Tukey, J. W., “‘An Algorithm for Machine Calculation of Complex Fourier Series’’, Math Computation, Vol. 19,

pp. 297-301, April 1965.
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Fast Fourier Transform

User Instructions

Insert the Math Pac cartridge into the tape
transport.

To load the program:

a. Type: T

b. Press:

To start the program:
a. Press:
When T IME (F

4% is displayed:

a. Enter: T, if time data is to be entered.
b. Press:

c. Go to step 5.

OR:

a. Enter: F,iffrequency datais tobe entered.
b. Press:

¢. Go to step 12.
When # 0F DETH
CFOMER OF

FOTHTS

is displayed:

a. Enter: The number of points (in the time
domain) to be used in the calculations. This
number must be a power of 2 between 4 and
512, (i.e., 4, 8, 16, 32, etc.)

b. Press:

At this point, a check is made on the number of

data points. If an error is detected, the following

message will be printed:

#OOF POIHTE OUT OF EANGE
Bl

When EHTER HUMEER OF FOTHTS
FEA TH is displayed:

a. Enter: The number of time domain points.
b. Press:

When T IHE DOMATIH IETH : is printed
and DIATH FOTHT Cd(forJ = 1to #
of time domain points) is displayed:

a. Enter: The appropriate time domain point.
b. Press:

¢. Go to step 7 if there are more points to be

10.

11.

12.

13.

entered.
When CHFHHIGE S
a. Enter: %, if changes are to be made in the
data.
b. Press:
c. Go to step 9.
OR:
a. Enter: H, if no changes are desired in the
data.
b. Press:
¢. Gotostep 11.
When DHTH FOIHT
a. Enter: The number of the data point to be

oM s displayed:

#7 is displayed:

changed.
b. Press: (£Ne
When [FHTH FOIHT
the coordinate of the point to be changed) is

i 127 (where Iis

displayed:

a. Enter: The correct data point value.

b. Press:

c. Go to step 8.

MAs FRESLEMCY and the real and imag-
inary componehts of the resulting frequency
data. For a new case, press and return to
step 4.

When # COEFFICTEMT

F AT RS is displayed:

a. Enter: The number of coefficient pairs.
This number must be 1, 3, 7, 15, 31, 63,
127, or 255.

b. Press:

At this point, a check is made on the number of

data points. If an error is detected, the following

message will be printed:

#o0F

When EMTER ML




14.

15.

16.

17.

18.

Fitafi 11 is displayed:
a. Enter: The number of coefficient pairs.

b. Press:

B Y is displayed:
a. Enter: The DC term.

b. Press:
When [l FF
displayed:

LB TERMT is

a. Enter: The maximum frequency term.

b. Press:

RO DOMATH DRTH:
1. ©.ld(forJ = 1to # of

points) is d1sp1ayed

a. Enter: The appropriate real coefficient.

b. Press:
When IR
is displayed:

o2 (for J = 1 to # of points)

a. Enter: The appropriate imaginary coeffi-
cient.

b. Press:
c

Go to step 16 if there are more points to be

entered.
When CHAMGES %M 7 is displayed:
a. Enter: %, if changes are to be made in the

data.

19.

21.

22,
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b. Press:

¢. Goto step 19.

OR:

a. Enter: I, if no changes are desired in the
data. k

b. Press:

c. Go to step 22.

When DFHTH FOTHT #%

a. Enter: The number of the data point to be

is displayed:

changed.
b. Press:
When EEHL. ©.13%7 (where T is the coordi-

nate of the real point to be changed) is displayed:
a. Enter: The coefficient.

b. Press:
When THRAG
nate of the imaginary point to be changed) is
displayed:

0.0 3% (where J is the coordi-

a. Enter: The coefficient.

b. Press:

The program will print the time domain data
points obtained from the inverse fast Fourier

transform. For a new case, press and return
to step 4.
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Example 1:

e
B
2

FR
o
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Example 2:

#0F [
TINE DOMA

FOIMTC
FOIH
R
I"';' [
FOTHT ¢
FOIMTL
iTe
Hidre
wwlnrn,

F* nid
FOIMT
B I:l"-l . f‘

e
[

FE IZ. m i |:."‘

o
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Example 3:

H

MR FREGUEHCY TER

o, ol

e

FREGUEMCY DI0MELH

TIME DOMPTH

DATH
CUAT A
LA T
DT i
CUFIT Fi
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Hyperbolics

This program computes hyperbolic functions and their inverses.
Equations:

Hyperbolic Functions

. (eX — e™)

hx =

sinhx 3
eX + e7%
coshx =
* 2
tanhx = 1 — 2
1 + e*

Inverse Hyperbolic Functions
sinh~lx = In [x + (x2+ 1)/?]

cosh™x = In [x + (x*— 1)'/2]

tanh- = % In [i + "] <1
- X

x=1

User Instructions

a. Press: KEY #2 (2{1%H) to compute cosh x.
b. Go to step 5.

1. Insert the Math Pac cartridge into the tape
transport.
2. To load the program:

a. Type: "HYFERY OR:
' ’ o a. Press: KEY#3(T#iMHH)tocompute tanh x.

b. Press:

To run the program:

a. Press:

When SELECT OFTI0M is displayed:

a. Press: KEY #1 (% I M) tocompute sinhx.
b. Go to step 5.

OR:

" 48

b. Go to step 5.

OR:

a. Press: KEY #5 (F% | M) to compute
sinh™! x, '

b. Go to step 5.

OR:



a. Press: KEY #6 (F H) to compute

cosh™ x.

b. Go to step 5.

OR:

a. Press: KEY #7 (FTHMHM) to compute
tanh™! x.

Examples:

5.
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b. Go to step 5.
When =" is displayed:
a. Enter: The value of x.

b. Press:

After the value of the hyperbolic function is

printed, go to step 4.



Complex Operations

This program is used for calculations involving complex numbers. Three operations of complex arithmetic

(+, X, +) are provided, as well as common functions of a complex variable z (z", !N e? and LOGz) and the

evaluation of a complex polynomial at a complex point.
Equations:
Let

Zxk=ag +iby = rkeio"

L1+ zet+ o tzzn=(ar+ax+ ... tay) +i(by + b,

2iZz = (@102 — biby) + i(abs + buay,)

272 = I [cos(Ol - 6,) + isin(6, — 02)]
rs

N = rN(cos N + isin N@)

ZI/N = rllN cos 0_+2£71 + isini 0_+_2.k_ﬂ- k= 0’
N N

4+ o+ by

,.,N—-1

e? = ¢?(cosb + isinb), where z = a + ib and b is in radians

LOG(z) = LOGr +i0, wherez = rel®#0and —w <0< 7

Complex polynomial:

(any + ib)ZN + ... + (a1 + ib)z" + (ag + ibg)Z°

User Instructions

1. Insert the Math Pac cartridge into the tape 4,
transport.

2. To load the program:
a. Type: NCOPMPLE
b. Press:

3. To start the program:

a. Press:

50

When the keys are labelled and =& LECT

OFT D0 is displayed:

a. Press: KEY #1 (i) for complex addition.

b. Go to step 5.

OR:

a. Press: KEY #2 () for complex multi-
plication. '



b. Go to step 7.

OR: )

a. Press: KEY #3 (i) for complex division.

b. Go to step 7.

OR:

a. Press: KEY #4 (-
power.

b. Go to step 8.

OR:

a. Press: KEY #5 (M) to raise a complex

") to raise e to a complex

number to an integer power.

b. Go to step 9.

OR:

a. Press: KEY #6 (21 .°1) to find the Nt
root of a complex number. All N roots will
be found.

b. Goto step 9.

OR:

a. Press: KEY #7 (F[1L.% ) to evaluate a
complex polynomial at a complex point.

b. Go to step 11.

OR:

a. Press: KEY #8 (L.11:5) to find the
natural logarithm of a complex number.

" b. Go to step 8.

When # O0F CORMPLES MURM

is displayed:

a. Enter: The number of complex numbers to
be added.

b. Press:

When THFLIT oo MO

cREERL . THAGY is displayed:

a. Enter: The real and imaginary parts of the

complex number, separated by a comma.
b. Press:
Repeat step 6 until all numbers have been
input.
d. Go to step 15.
When [HFLUT COFPL
CREAL . THAG

is displayed:

10.

11.

12.

13.

14.
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a. Enter: The real and imaginary parts of the
complex number, separated by a comma.

b. Press:

c. Repeat step 7 to input second complex
number.

d. Go to step 15.

When IMFLT COMPLER MO

cREHL . THRAG Y is displayed:

a. Enter: The real and imaginary parts of the
complex number, separated by a comma.

b. Press:

¢. Go to step 15.

When IHFUT COMPLER MO,

CREEAL . THAGY is displayed:

a. Enter: The real and imaginary parts of the
cdmplex number, separated by a comma.

b. Press: ’

When =7 is displayed:

a. Enter: The value of N,

b. Press:

¢. Goto step 15.

When DEGREEE OF

is displayed:

a. Enter: The degree of the polynomial.
b. Press:
CREERL . THAG

(for J = N to 0) is displayed:
a. Enter: The real and imaginary parts of the

coefficient, separated by a comma.

b. .Press:

¢. Repeat step 12 until all coefficients are
entered.

When FOTHT CREFAL. THAG?T is

displayed:

a. Enter: The real and imaginary parts of the
point to be evaluated, separated by a
comma.

b. Press: '

The result will be printed, and when the display

shows FHMHEITHER FIOIMT oY H2%
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a. Enter: %, (yes) to evaluate the polynomial b. Press:

at another point.
b. Press: and go to step 13. 15. The result of the calculation will be printed using

the format (Real, Imaginary) and you are

OR:
returned to step 4 for a new problem.

a. Enter: M, (no) to display key labels.

Example 1:

Find the 3 cube roots of 8.

p-1 BEEEEN

Example 2:

Evaluate the following polynomial at the complex points (1 — i) and (3 — 5i).

fz)=C+i)2—(6+4)z+ B+ 7)
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Triangle Solutions

This program finds the dimensions of the sides and angles of a triangle, and also determines the area.

A,

Equations:
S1,S:,S; (allsides known)

i PP — S,

Az =2cos”
3 cos 5.

!

where P = (S, + S, + 53)/2

PP -8y

Ay, =2cos™!
? S5

!

A, =cos™I(— cos(A; + Ay)
A1,S,,A;  (two angles and included side known)
Ay = cos™H(— cos(d; + A1)

sin A

=$
S2 ! sinA,

S3 =8,c0843+ S,C084,
S1,ALA, (side and following two angles known)
A3 = COS_I(_ COS(A 1+ Ag))

Problem has been reduced to the A;3,S;,A; configuration.
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S1,ALS; (twosides and included angle known)

S3=VS.2+8,2—25,S,c0s4,

Problem has been reduced to the S,,5,,55 configuration.

S1,55,A; (twosides and adjacent angle known)

*
Az = sin‘l[—S—z— sin A2]
Sy

A, = cos“[— cos(A, + A3)]

Problem has been reduced to the A3, S,,4, configuration.

Area = 1/2 S, S, sin A,

Triangle Solutions
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* Note that two possible solutibns exist if S, is greater than §; and A3 does not equal 90°. Both possible answer

sets are calculated.

Remarks:

° Note that the triangle described by the program does not conform to the standard triangle notation, i.e.,

A is not opposite S;.

. When in DEG mode, angles must be entered in decimals.

' Accuracy of solutions may degenerate for triangles containing extremely small angles.
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6.

Triangle Solutions

User Instructions

Insert the Math Pac cartridge into the tape
transport.

To load the program:

a. Type: TTREAMGLY
b. Press:

To start the program:

a. Press:

When & Z0T O DEG OR
o [Tk 27 is displayed:

a. Enter: [, if degrees mode is desired.
b. Press:

OR:

a. Enter: ¥, if radians mode is desired.
b. Press:

When the keys are labelled and =ELECT

T T is displayed:

a. Press: KEY #1 (%
triangle are known.

b. Go to step 6.

OR:

a. Press: KEY #2 (H#), if two angles and
the included side are known.

b. Go to step 9.

OR:

a. Press: KEY #3 (%:FHF), if one side and the
following two angles are known,

b. Go to step 12.

OR: -~

a. Press: KEY #4(%H%), if two sides and the
included angle are known.

b. Go to step 15.

OR:

a. Press: KEY #5( %), if two sides and the
adjacent angle are known.

b. Go to step 18.

When % I[3E 1% is displayed:
a. Enter: Side 1.
b. Press:

=), if all sides of the

7.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

When & IDHE &7 is displayed:
a. Enter: Side 2.

b. Press:

When & 1D 37 is displayed:
a. Enter: Side 3.

b. Press:

c. Go to step 21.

When FHGLE
a. Enter: Angle 1.

b. Press:

When & TDE 17 is displayed:
a. Enter: Side 1.

b. Press:

When FHiGLE 57 is displayed:
a. Enter: Angle 3. ,,

b. Press:

c. Go to step 21.

When & TIIE 1% is displayed:
a. Enter: Side 1.

b. Press:

When FMiLE 1% is displayed:
a. Enter: Angle 1.

b. Press:

When FIHGLE &7 is displayed:
a. Enter: Angle 2.

b. Press:

c. Go to step 21.

When = ILE 1% is displayed:
a. Enter: Side 1.

b. Press:

When FHGLE 1% is displayed:
a. Enter: Angle 1.

b. Press:

When = T0E 2% is displayed:
a. Enter: Side 2.

b. Press:

c. Go to step 21.

When & IDE

1% is displayed:

1% is displayed: |



a. Enter: Side 1.

b. Press:

19. When & ITIE

a. Enter: Side 2. 21.

b. Press:
20. When FMI

Example 1:

Find the angles (in degrees) and the area for the following triangle.

2.0
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a. Enter: Angle 2.
b. Press:

The values of the sides are printed, along with
the area of the triangle, and you are returned
to step 5 for a new problem.

2.75

AHGL
FIR
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Example 2:

A surveyor is to find the area and dimensions of a triangular land parcel. From point A, the distances to B and C
are measured with an electronic distance meter. The angle between AB and AC is also measured. Find the area

and other dimensions of the triangle.

297.35
metres

171.63
metres

This is a side-angle-side problem where:

S = 171.63, A, = 98.2° and S, = 297.35.
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Example 3: .
A pilot wishes to fly due north. The wind is repofted as 25 knots at 77°. Because winds are reported opposite to the

direction they blow, this is interpreted as 77 + 180 or 257°. The true airspeed of the aircraft is 140 knots. What
heading (HDG) should be flown? What is the ground speed (GS)?

N

A

<770 25K
h! -
X

1\ 103°

- 140K

GS? | ,,.*"HDG?

By subtracting the wind direction from 180 (yielding an angle of 103°), the problem reduces to a.§,,5,4, triangle.

F L
HE




Appendix A

The documentation for the programs contained in the Math Pac is available by executing the comments program,
" MTCOM. By executing this program, you can obtain the comments for any or all of the programs in the Pac.
The definitions of the major variables used in each program are also given.

User Instructions

Insert the Math Pac cartridge into_the tape

transport.

To load the program:

a. Type: TR

b. Press:

To start the program:

a. Press:

When the keys are labelled and SELECT

R AR P s displayed:

a. Press: KEY #1 (% ITMEDR) to obtain the
comments for the program = I I

OR

a. Press: KEY #2 (ETIZ) to obtain the
comments for the program [ 10T &,

OR

a. Press: KEY #3 (IMTE:) to obtain the
comments for the program T M 7TE .

OR

a. Press: KEY #4 (IHTLIH) to obtain the
comments for the program I HTLIM.

OR

a. Press: KEY #5 (I3 1FEG) to obtain the
comments for the program [1 [ FE,

OR

a. Press: KEY #6 (-HEEY) to obtain the
comments for the program - HEE.

OR :

a. Press: KEY #7 (LI1HID).

b. The program will stop.

OR
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a. Press: KEY #8 (T{:11.E) to label the
keys with the names of other programs in the

Pac.
b. Go to step 5.
When the keys are labelled and SELECT
PR

il is displayed:

a.

OR

a. Press: KEY #2 (F{ILIELIM) to obtain the

OR

a. Press: KEY #3 (FFT) to obtain the com-
ments for the program F 1.

OR

a. Press: KEY #4 (-1, ¥) to obtain the

OR

a. Press: KEY #5 (MY FER) to obtain the
comments for the program H''FE R,

OR

a. Press: KEY #6 (THMMIGL) to obtain the
comments for the program T F FiMl..

OR

a. Press: KEY #7 ({I0HE).

b. The program will stop.

OR

a. Press: KEY #8 (T0H:0:1.E) to label the
keys with the names of other programs in the
Pac. :



Appendix B

Using Your Math Pac
With an Eighty-Column Display

Data Storage and Retrieval

On the eighty-column display Math Pac data storage and retrieval are available for %:|

steps below.

listed in this manual due to the larger display on your computer.

Note: The actual error messages, prompt messages, and report formats may be different than those

B, THTEG,

User Instructions

1. Load the selected program and press .

2. When the keys are labeled and SELEDT
P T I0M is displayed:

a.

OR:

b.

Press: KEY #1 (EMTEFR) to enter data
from the keyboard or a disc file, and edit
the data.

Go to step 3.

copy of the data on the display or
external printer and/or output the data
to a disc file.
Go to step 9.

Note: If the data has not been entered from

the keyboard or disc file, the program
B R

will beep, display [LIET E
DFTR FIRST! and go to step 2.
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Note: If the program displays IHFLIT

OR:

DETH HOT FAVATLABLE, the orig-
inal data values were destroyed while
computing the selected program’s
solution. To continue, a new set of
data must be entered from the
keyboard or a disc file.

Press: KEY #3 (%01L.VE) to execute the
program’s solution as described by the
appropriate section in the front of this
manual.

After the solution has been computed,
go to step 2.

Note: If the data has not been entered from

the keyboard or disc file, the program
will beep, display MLIEZT EMTER
ATH FIRST!, and goto step 2.




Note: If the program displays IHFLUT
CETH MOT AVATLABLE, the orig-
inal data values were destroyed while
computing the program’s solution
and cannot be used again. The user
must enter a new set of data values
from the keyboard or a disc file to
continue.

OR:

a. Press: KEY #4 (HEL ) for an explana-

tion of the key functions.

OR:

a. Press: KEY #5 ([i1MHE) to stop program

execution.

When FEIHT DATH O

oM is displayed:

THFLIT

a. Enter: ©tohave the data entered from
the keyboard or disc file without receiv-
ing a listing of it.

b. Press:

. Gotostep5.

OR:

a. Enter: % to have the data displayed on
the screen or printed on the external

printer as it is entered from the

keyboard or disc file.
b. Press: (ENDLINE).
When FLERSE SPECIFY THE
FEINTER. . . is displayed:
a. Enter: ! to have the data displayed on
thescreen.
b. Press: (ENDLINE).

OR:
a. Enter: the HP-IB address code of the

external printer to have the data list
printed on the printer.

b. Press: (ENDLINE).

Note: If the address entered is illegal, the
program will beep, display
THTE PR T MTE R
SPECTFICATION and go to step 4.
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. The program will then ask P:h

. When FRINT

a. Enter: I if the data is to be typed in

from the keyboard.

b. Press: (END LINE).

Note: The method of entering data from the
keyboard will vary depending upon
which program is being run. The user
should follow the steps for entering
data as listed in the appropriate
section in the front of this manual.

c. Gotostep8.

OR:

a. Enter: [!ifthedataisin adiscfile.

b. Press: (ENDLINE).
When i i

a. Enter: the name of the disc file con-

“TLE HAME? is displayed:

taining the data array.

b. Press: (ENDLINE).
After EMTER THE wolumeg  Lab

1,

OFE cmsus OF O THE DISC
a. Enter: the .volume label of the disc
with the data file on it.

b. Press: END LINE ).
OR:

a. Enter: the :msus of the disc drive that
holds the disc with the data file.

b. DPress: (ENDLINE).

Note: All volume labels must be preceded

appears:

by a period, and all msus designators
must begin with a colon. If they do
not or if the file does not exist, the
program will go to step 6.

After the data is entered, the program will

go to step 2.

DATHD Oy sH2? dis

displayed:

a. Enter: IMif you do not want a listing of

the data.



10.

11.

b. Press: {ENDLINE).

¢. Gotostepll.

OR:

a. Enter: ¥ if you want a listing of the
data.

b. Press: (ENDLINE).

Select the printer when F1L.

SRECTFY S THE

FREIMTER, . . is
displayed:
a. Enter: 1 tohave the data displayed on
the screen.
b. Press: (ENDLINE).

OR:

a. Enter: the HP-IB address code of the
external printer to have the data list
printed on the printer.

b. Press: (ENDLINE).

Note: If the address entered is illegal, the
program will beep, display
THCTIRR CORREIMNTER
Wk
10.

¢. The data will then be listed on the
specified device.

When STORE [ATF: 0%

displayed:

SCIFTORTION, and go to step

b is

a. Enter: M if you do not want the data

stored.
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12.

13.

14.

b. Press: (END LINE ).
c. Gotostep2.

OR:
a. Enter: Y if you want the data stored in
disc file.

b. Press: (ENDLINE).

1

When FHTER FILE HAMETis displayed:
a. Enter: the name of the file that will
contain the data. V

b. Press: (ENDLINE).

After EHTER

w1 appears:

THE wolums la
OF THE [

a. Enter: the .volume label of the disc to

receive the data file.

b. Press: (ENDLINE).

OR:

a. Enter: the :msus of the disc drive that

holds the disc to receive the data file.

b. Press: (ENDLINE).

Note: All volume labels must be preceded
by a period and all msus designators
must begin with a colon. If the
volume label or msus is illegal, the
program will go to step 12.

After the data file has been stored, the
program will go to step 2.



Notes
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