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Introduction

The Waveform Analysis Pac has been designed to provide you with immediate solutions to a wide variety of
problems encountered in many diverse technological disciplines.

A knowledge of programming is not needed to use the programs in the Waveform Analysis Pac. However, you
should be familiar with sections 1 through 5 of the Owner’s Manual.

For each program in the Waveform Analysis Pac, there is a description, a set of user instructions and examples. Also
included is a remarks program which contains program listing comments and variable definitions, to enable you to
follow program flow if you so desire.

The Waveform Analysis Pac programs define the output peripherals in the standard manner: i.e., CRT is 1 and
printer is 2 and uses 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. All files on the Waveform Analysis Pac cartridge have been secured using a code of HP and a
security type of 2. To store a changed version of a program, you must first unsecure the file using HP as the

security code and 2 as the security type.

We hope that the Waveform Analysis Pac will assist you in the solution of numerous problems in your discipline.
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Format of User Instructions

The user instructions are your guide to operating the programs in this Pac.

Certain key words have been used to indicate specific types of operations. You should become familiar with the
meanings of these words so that the intent of the user instructions can then easily be followed.

Key Word Meaning/Use

INSERT Put the tape cartridge into the tape transport.

PRESS Push an immediate executable key, e.g., or .

TYPE Push a series of keys which form a command, e.g., Type: “S-WAVE".

ENTER Push a series of keys as a response to a machine prompt, e.g., Enter: The number of data

samples .

GO TO Step n | Change the flow in the user instructions.
REPEAT Designates a repeatable group of instructions.
NOTE: Extra comments concerning instructions for this step.

The user instructions are written in outline form so that you can easily follow the instructions and the flow of

operation.

Whenever a special function key is labeled ‘‘“HELP’’, the program includes a ‘*‘HELP”’ section which displays a
short description of the function of each special function key. After solving a few problems using the written
User Instructions, you should be able to solve problems rapidly, referring only to the ‘‘HELP’’ program to

refresh your memory.

The program flow will often ask fora ““YES’’ or *“NO’’ answer to a question. A ‘“YES’’ answer requires that you
enter ‘Y’ or ‘“YES”’ before pressing . A ““NO”’ answer requires that you enter ‘N’ or ‘““NO”’ before

pressing .
Program Operation Hints

These programs 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. All of 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 corrected input. The

programs will not proceed until the input is acceptable. There is a more complete discussion of iT in your
Owner’s Manual.
The second type of error which might occur is the math errors (1 through 13). With [ {1i, 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
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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, r%. The
computation of the F ratio results in a divide by zero, Warning 8.

The third type of error, tape errors (60 through 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.

Whenever a running program is interrupted from the keyboard by inadvertently pressing a key, the system beeps.

To continue program execution, press .

These are the more common problems v/hich may occur during program operation. Your Owner’s Manual should be

consulted if you need more assistance.

Theory of Fourier Transforms

The Fourier transform, as used for waveform analysis, is a powerful tool for solving problems and analyzing data

in many fields of engineering, physics and mathematics.

As originally developed, the transform was defined for continuous (or analog) functions. However, recent develop-
ments have made possible its use in digital form. The Fast Fourier Transform, developed by Cooley and Tukey,
made practical the calculations necessary for implementation of the Discrete Fourier Transform with modern
instrumentation and digital computers.

We are specifically concerned with use of the Discrete Fourier Transform, since we have only a finite number of
data points obtained by sampling an analog waveform. By means of these data points, we must obtain enough

information to mathematically recreatc the waveform, thereby allowing mathematical processing of the signal.

Data Domains

Prior to discussion of the Fourier transform, we must define the terms used to describe time domain and frequency
domain data.



Time Domain:

The parameters for time domain data are as follows:

At = the time interval, (i.e., the time between samples)
N = the data block size, (i.e., the number of samples taken)

T = the time window, (i.e., the total time of the data sample record)

From Figure 1, it can be seen that:

Time window = number of samples X time interval, or T = N At.

Figure 1: Time Domain
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Frequency Domain:

By performing a Fourier transform on the time domain data described in the previous section, we obtain a set of

data in the frequency domain defined by the following parameters:

Af = the frequency interval, (i.é., the number of Hz between frequency points). The origin is 0 Af (the DC
component of real {cosine) displays only). The next point is 1 Af (the fundamental frequency); next 2 Af

(first harmonic); next 3 Af (2°d harmonic), etc.

Since frequencies between the harmonics are not visible, they can only be shown by choosing a smaller
frequency interval, Af (i.e., increasing the frequency resolution). (Limits to this procedure are described
on page xii.)

N/2 = The number of frequency points, (i.e., % the data block size). Each frequency component is broken
into two parts: the real and the imaginary.

Fiax = The maximum frequency.
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From Figure 2:  Fp.x = N/2 XAf

Figure 2: Frequency Domain
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The relationships between the time anc frequency domains are shown in Figure 3.

These relationships are:

the time interval, At =
2 max

the frequency interval, Af = %

illustrating the dependence of a parameter in one domain to that in another.
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Figure 3: The Relationship Between Time and Frequency Domains.
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It is often desirable to make trade-offs in sampling the data to obtain the information in the most efficient manner.
Table 1 summarizes the above equations for this purpose.

Table 1: Selecting Values for Data Sampling Parameters

Choose convenient round number | Chosen parameter automatically Then make either of the remaining
for parameter shown. fixes the value of parameter below, | two parameters (cannot be both) as
because of relationship in paren- close as possible to the desired
theses. value by choosing N* in the rela-
ships shown.

] T (T = NAt)

1 At Fmax (Fmax N At ) 1
2 At Af (Af =—)

N At

) T (T = NAt)
2. Frax At (At = oF ) ]

max Af (Af =———)

N At

1 AtAt= l)
3. Af TT=—) N
Af N

Fmax (Fmax = Af)

2

1 At(At= I )
4. T Af (Af =) N

Frax (Frax = - Af)

2

*N, the data block size, is always a power of 2.




For instance:

If a user needs a 4 Hz frequency resolution (Af) and a 2 kHz maximum frequency (Fp.y) the required
number of samples may be calculated:

Af =4

2 Py
Frax = (N/2) Af or N= —oex

2(2% 10%)
4

N=

N = 1,000

When the data is in the frequency domain, i.e., is associated with a spectrum or some other function of frequency,
the data points are stored differently from time domain data. A time series of N independent points results in a

frequency spectrum containing N/2 independent frequencies.

In the Waveform Analysis Pac, N/2 positive frequencies (including DC and Fy,,, terms) are computed, stored, and
displayed from an N-point real time series. Each frequency has two independent values—a ‘‘real”’ (cosine) value,
and an ‘‘imaginary’’ (sine) value. For DC and F,,, only the real values terms are stored. The imaginary values are
zero and are not stored. The actual arithmetic is as follows: There are N/2 + 1 real points and there are (N/2) — 1
imaginary frequency values (since there are no imaginary values for DC or F,,,). Adding the number of real and

imaginary points together,we get:

(N2y+1+ (N2)—-1=N
points in the frequency domain from N points in the time domain.
Fourier Series

The French mathematician Jean Baptiste Fourier discovered that periodic time functions can be expressed as an
infinite sum of weighted sine and cosine functions of the proper frequencies. This discovery allows convenient

interpretation of time functions by analysis of their frequency content.
Mathematically, this may be expressed as:

x(t)=%+ Z a, cos( ) + b, sin( 27;nt)) (H
n=1

where T is the period of the periodic time function x(t), i.e., x(t) = x(t + T).

2mnt
T

By calculating the coefficients a, and b, using equations derived by Fourier, the amplitudes of the sine and cosine
waves in the series can be found. Knowledge of the coefficients allows calculations of the magnitude and phase at
each frequency in the function x(t). The amplitude at frequency f, = (n/T) is Va,>+ b,? and the corresponding
phase is tan~!(b,/a,).




The Fourier Transform

A restriction in the use of the Fourier series to find the frequency content of a time signal is that the signal must be
periodic. One may ease this restriction by allowing the period to approach infinity. The resultant evaluation of the

Fourier series is known as the Fourier transform, which is defined by the following pair of equations:

Sx(H = f x(t)e” 2™ dt  (Forward Fourier Transform) (2)

x(t) = I ~ S«(f)e*™® df (Inverse Fourier Transform) 3)

*2rft

(The expression € =cos (2rrft)* i sin (2srft) is called the kernel of the Fourier transform.)

S,(f) is known as the Fourier transform of x(t). It contains the amplitude and phase information for all the

frequencies which make up x(t) even though x(t) is not periodic.

One may view the techniques of using the Fourier series and the Fourier transform as mathematical filtering

operations.

Computer
Museum

The Discrete Finite Transform

In order to calculate Fourier transforms of time signals on a digital computer, the continuous time input signal
must be converted to a set of discrete data signals. This is usually accomplished by sampling the waveform, defined
as x(t), at a given time interval. Usually, these will be evenly spaced at an interval, At. However, to perform the

integration which defines the Fourier transform:

S(f) = f X e~ iamht gy (4)

the interval, At, must be infinitesimal (i.e., At—dt). Thus, the samples would be separated by an infinitesimal amount
of time. This type of sampling is obviously not possible. Therefore, we use instead:

n=+w

S (f) =At 2 x(nAt)e ~i2minAt (5)

n=-

where x(nAt) are the measured values of the signal, and At is a practical time interval.

According to equation (5), we may still calculate a valid Fourier transform, even though we are dealing with a
discrete sample with sampling intervals, At, large compared to the infinitesimal dt. However, the magnitude and
phase information for all of the frequencies contained in S, (f) are not accurate for a Fourier transform calculated
in this manner. Instead, the function S,” (f) accurately describes the spectrum of x(t) only up to some maximum
frequency (Fpnax). This maximum frequency is dependent upon the sampling interval, At, and can be determined
in a manner to be shown later.

Examination of (5) shows that to accurately calculate S,” (f), one must take an infinite number of samples of the

input signal. This is clearly impossiblz since each sample is separated by a finite time interval.
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We must choose a finite number of samples accumulated over a finite time. If the time is T seconds, N is the

number of samples and At is the time interval, then N = T/At.

Restricting the sampling time to T is thus equivalent to truncating equation (5) and we cannot expect to calculate
magnitude and phase values for an unlimited number of frequencies between zero and F,,,,. The truncated version
of equation (5) will not produce a continuous spectrum.

We may write this discrete finite transform as:

N-1

S, (mAf) = At Y, x(nAt)e™ 2 AMAL for m= 0, ... N—1 ©6)
n=0

Equation (6) requires that our input function be periodic since only periodic functions have such a discrete
frequency spectrum. Thus, equation (6) assumes that the observed function repeats itself with a period T forever.

(This assumption is made even though x(t) may not actually be periodic.)

It can be seen that equation (6) is actually a sampled Fourier series with N real-valued time domain points. To
describe this data in the frequency domain, two values (i.e., magnitude and phase, or real and imaginary parts)
must be obtained. Therefore, N points in the time domain allow us to define only N/2 complex quantities in the

frequency domain.

Shannon’s Sampling Theorem

Shannon’s sampling theorem states that it requires slightly more than two samples per period to uniquely define a
sinusoid. Therefore, we must sample slightly more than twice per period of the highest frequency we wish to

resolve.
The theorem may be stated by the following equation:

1
Fmax < At

(N

. 1
or for convenience: Fpa, = A (3

From our definitions of frequency domain data, we recall that F,,/(N/2) = Af, where Af is the frequency resolu-
tion. (The maximum frequency that can be resolved accurately is obviously F,,—Af.)

Substituting the definition in equation 8:

1 _1
NAt T

1

Af = Fpal/(N/2) = % At/(N/f2) = or Af = T 9)

This equation, obtained as a direct result of Shannon’s Sampling Theorem, is a physical law.
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Convolution Theorem

A useful relationship between time domain and frequency domain data is given by the convolution function:

If S () = f_ x(He 27t gt
and S,(f) = f _yme P

then we define x(t)*y(t) =f_ x(t) -y @p—t) dt

where the convolution operation is denoted by *. The convolution theorem states that

f_ x® * y©]e ™ de= S,(f) - S,()

and conversely:f [Sx(f)*Sy(f)] e 7 dt = x(t) - y(©)

In other words: convolution in one demain is equivalent to multiplication in the other domain.

The convolution performed in the HP-85 Waveform Analysis Pac is the time domain convolution. Time domain
data is converted to the frequency dornain, a multiplication is performed and then the data is reconverted to the
time domain (via the IFT).

Conjugate Multiplication

A point in the frequency domain, consisting of both real and imaginary components, may be described as a + ib.
The complex conjugate of this pointisa— ib, (where a and b have the same values as in a + ib). In the following
discussions, we will denote the complex conjugate by use of a superscript *, (i.e., the complex conjugate of

S(f) is S*(f)).

Conjugate multiplication consists of multiplying a complex point by its complex conjugate and results in a2 + b?.
The conjugate multiplication operation causes loss of all phase information since the result is composed entirely of
real values (there is noiina? + b%). The expression S (f) - S*(f) denotes the conjugate multiplication operation. The

usefulness of the operation will be seen in the following paragraphs.
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Figure 4: A Point in the Power Spectrum

Imaginary
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Hanning Function

As previously discussed, the Discrete Fourier Transform is always used in conjunction with truncated data.
Truncation of a periodic function at a point other than a multiple of the period causes a discontinuity in the time
domain and this results in *‘leakage’’ (i.e., the addition of side lobes in the frequency domain).

By properly choosing a truncation function, it is possible to minimize the ‘‘leakage’’ or additional added frequency

components. One of the simplest and most effective of these truncation functions is the Hanning Function given by:

( 2t )
1—cos
T,
x(t) = O0<st< T,

2

where T, is the truncation interval.

X)) =

From Reference (1), the magnitude of the Fourier Transform of the Hanning Function is given by
1 1 1 1
— + = f+ + f—
> QM 4[Q( Tc) Q( Tc)]l
sin (7 T,f)
af

The side lobes of this frequency function are very small, as shown in figure 5.

where Q (f) =

The Hanning Function may be used to minimize leakage which occurs in the various spectrum and correlation

functions calculated in the HP-85 Waveform Analysis Pac.
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Figure 5: Hanning Function

Tc TIC
2 20
r
X(f)
0

Auto-Power Spectrum
The auto-power spectrum of a function x(t) is given by:
Gxx = Sx(f) - S, *(D

Thus, the auto-power spectrum is just the result of conjugate multiplication of the frequency domain points. All the
frequency components of G,, are therefore real and positive.

Voltage Spectrum

The voltage spectrum is the positive square root of the auto-power spectrum and is defined as | Sx(f)| .

Auto-Correlation (Auto-Covariance) Functions

The auto-correlation, R,,, is defined as the inverse Fourier transform of the auto-power spectrum, Gyy.

R = [ [s.0]%5 ar=[_[5.0- 5o o
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Since only real input functions are being considered:

Ra® =] _x@) - xt—0d

R, (1) is sometimes referred to as the auto-covariance function and the auto-correlation function is then defined

as:
Pxx = Rxx(t)/Rxx(O)

The correlation integral is similar to the convolution integral except that the operation does not include *‘flipping”’
the function x({r) as is the case in a convolution. Therefore the auto-correlation of a pulse appears as:

Figure 6: Auto Correlation of a Pulse

x (1) R (1)

Cross-Power Spectrum

The cross-power spectrum of two signals is defined as G,(f) = S,(f) - S,*(f) (where S, *(f} is the complex conjugate

of Sx(f).

G, may have either positive or negative values and the relative phase between the signals is preserved when

calculating the cross-power spectrum.

Since the Discrete Fourier Transform assumes periodicity of the function, leakage effects may arise such as those
encountered in auto-spectral analysis. Use of the Hanning function will diminish leakage and enhance the amplitude

information as it does in the auto-spectral case.

If a cross-spectrum value is zero, then either one or both of the individual spectra are zero at that frequency.
Likewise, a large value of the cross-spectrum indicates that both of the individual spectra have large values at

that frequency. Thus, the cross-spectrum indicates the relationship between two signals.

The transfer function of the system can be determined from cross spectral analysis by the following relationships:
If Sy(f) = Sx(f) - H(f) then Gyx(H) = [Sx(H) - H(D] S*()

or  H() = Gyx()/Gx(D)

where x(t) and y(t) are input and output functions of the system.

Thus, both the magnitude and phase of the transfer function can be described by using cross-spectral analysis.
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Cross-Correlation (Cross-Covariance) Function

The relationship between input and output is not sufficient to determine accurate transfer functions in cross-
spectrum analysis. In addition we need to know whether or not the output was caused solely by the input. For this

purpose, cross-correlation is used. It is defined as the inverse Fourier transform of the cross-power spectrum:

Ryx(t) =J:wx(¢) © y@p—t)dg

Although the power spectrum and the correlation function theoretically have equal information content, it may
require more samples per period to properly interpret the time domain (correlation) function.

REFERENCES:
1. Brigham, E. O., The Fast Fourier Transform, Prentice-Hall, Inc., (1974), pp. 141-144,
2. Richardson, Mark H., *‘Fundamentals of the Discrete Fourier Transform’’, Sound and Vibration, March 1978.

3. Hewlett-Packard Model 9845 Waveform Analysis Pac, Part No. 09845-12501.
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Single Data Block Analysis

This program allows analysis of single blocks of either time or frequency domain data. The data block may consist

of up to 512 data points. (The total number of data points must be an integer power of 2.)

The data may be entered either from the keyboard or from a tape file. After entry it may be edited as desired.

Storage of keyboard entered or edited data is readily accomplished.

Routines allow modulation of time domain data or calculation of the Hanning function for frequency domain data.

After the appropriate fast Fourier transform is calculated, the transform may be plotted. In the case of the forward

transform, plots of both magnitude and phase can be obtained.
The auto-power spectrum and auto-correlation function may also be calculated and plotted.

The use of specially defined and labelled keys provides convenience and flexibility in performing any of the calcula-

tions or printing, plotting or storing the data.

Special Function Key Information:

The following special function keys are used to perform desired operations during single data block analysis:
HELP (KEY #5): This key prints a summary of the key functions available to the user.

ENTER (KEY # 1): This key loads a data entry program and redefines the special function keys. The data entry

routine allows any of four modes of data entry:

1. Enter time domain data from the keyboard.
2. Enter frequency domain data from the keyboard.
3. Enter time domain data from a tape file.

4. Enter frequency domain data from a tape file.

PRINT (KEY #2): This key prints the data on the internal thermal printer. The data is printed according to its

current type (i.e., time or frequency domain, power, or correlation).

FFT or IFT (KEY #3): This key performs a Fast Fourier Transform to convert time domain data to frequency
domain data (FFT) or frequency domain data to time domain data (IFT) depending upon which data type is

currently resident in the computer.

PLOT (KEY #4): This key plots the data on the CRT. The data is plotted according to its current type (i.e., time or
frequency domain, power, or correlation). When plotting frequency domain data, both phase and magnitude plots
may be made. LOG plots are available for magnitude or power data. Any of three types of plots may be chosen:

line, dot, or bar. In addition, the plots may be copied on the internal thermal printer.
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Single Data Block Analysis 19

EDT/STO (KEY #5): This key loads a data editing and storage routine and redefines two of the special function
keys. (KEY # 1) now becomes an EDIT key used to edit the time or frequency domain data as desired. (KEY #5) is
now a STORE key used to store the current data on a tape file.

MODULATE (KEY #6): Ifthe dataisinthe time domain, (KEY #6) allows the user to modulate the data by inputting

amplitude and frequency.

HANNING (KEY #6): If the data is in the frequency domain, (KEY #86) calculates the Hanning function.*
POWER (KEY #7): This key calculates the power function.*

CORRLTN (KEY #8): This key calculates the auto-correlation.*

Computer
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User Instructions

1. To load the program: 5. When MUMEER OF SFMPLESY s

a. Insert the Waveform Analysis Pac cartridge displayed:
a. Enter: The number of data samples .
(Caution: if using data file, be sure number of

into the tape transport.

b. Type: nE-LAVE" (BN).

When the program has been loaded:

a. Press: .

When the keys are labelled:

EMTER
a. Press: KEY #5 (HE L. F) to print a descrip-
tion of the key functions.

b. Go to step 3.

OR:

a. Press: KEY #1 (EMHTER) to begin data
entry.

When ERTFRY MODEY is displayed:

a. Enter: 1,2, For+ for the entry mode
you wish to use.

Note: The entry modes are listed on the CRT.

b. If you entered 1 or -3, go to step 5.

c. If you entered : or #, go to step 8.

points corresponds with the number stored

on the file.)

Note: The value must be an integer power of 2,

min. = 8, max. = 512.

When TIME IHMHTERWVAL <IH

EC. 7 is displayed:

a. Enter: The time interval (in seconds).

b. If you entered 1 as the entry mode in step
4a, go to step 7.

c. If you entered ¥ as the entry mode in step
4a, go to step 13.

When [HHTH FOTHT % is displayed:

a. Enter: The value of the i data point .

b. Repeat step 7a as often as necessary.

c. When all the data has been entered go to
step 14.

* Caution: Performing this calculation destroys the original data. Care should be taken to save any critical data before using this key.
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10.

11.

12.

13.

14.

Single Data Block Analysis

played:
a. Enter: The number of values in the fre-
quency domain data .

(Caution: if using data file, be sure number of

points corresponds with the number stored

on the file.)

Note: The value must be an integer power of 2,
min.=8, max.=512. This value is the
same as the number of data points which
result from performing an IFT (conver-

sion to time domain).

“ is displayed:

a. Enter: The frequency interval (in Hz).

b. If you entered = as the entry mode in step
4a, go to step 10.

c. If you entered # as the entry mode in step
4a, go to step 13.

When i1 TERMY is displayed:
a. Enter: The DC term .
When I : * is displayed:

a. Enter: The maximum frequency term (real
part only) .

When i <. (Coeff.#) &

i * is displayed:

a. Enter:The real and imaginary components
of the indicated data element separated by a
comma (i.e., 4, 6).

b. Repeat step 12a until all the data has been
entered.

c. Go to step 14.

When [ FILE MAMET is displayed:

a. Enter: The name of the data file you
wish to use.

When * itHH is dis-

played and the keys are labelled: (for time

domain data)

OR:

(for frequency domain data)

EMTER 1

You may select any of the following functions by

pressing the appropriate key:

a. Press: KEY #1 (EMHTER
enter data.

b. Go to step 4.

OR:

a. Press: KEY #2 (F
data.

b. Go to step 14.

OR:

a. Press: KEY #3 (FF T or 1+ T) to perform

the Fast Fourier Transform (time domain

data) or Inverse Fourier Transform (fre-

quency domain data).

1 FFT(or IFT) I
is displayed.

2) When transform is completed program
stops with above display.
b. Go to step 14.

OR:
a. Press KEY #4 (i

i) and go to step 15.

OR:

a. Press KEY #5 (ET &
step 20.

"7y and go to

OR:
a. Press KEY #6 (
1)

1) If frequency domain data, Hanning

function is calculated and program
stops with above display. (CAUTION:
Destroys original data.)

2) If time domain data (IM{i[1L

then go to step 31.

OR:
a. Press KEY #7 (
Power function. When function has been

*) to calculate




15.

16.

17.

18.

19.

calculated, program stops with above dis- 20.

play. (CAUTION: Destroys original data.)
b. Go to step 14.
OR:
a. Press KEY #8 (&

the correlation. When correlation is calcu-

i) to calculate

lated, program stops with above display.
(CAUTION: Destroys original data.)
b. Go to step 14.

21.
* is displayed
(after FFT):
a. Enter: i or & , depending upon
whether you want a magnitude or -

a phase plot.
When 1 - i

7 is displayed:

a. Enter: 1, &, or 3
which type of plot you want.

*# is displayed:
a. Enter: ¥ if you want a LOG plot.

OR: 24.

a. Enter: 4 if youdo not want a LOG plot.

When the plot is completed,
7MY is displayed:

a. Enter: ¥ if you want a copy of
the plot.

OR:

a. Enter: i if you do nct want a copy of
the plot.

When [ © YoM s displayed:

a. Enter: ¥ if you want another type of
plot. 25.

b. Go to step 15.

OR:

a. Enter: H if you do not want other
plots.

b. Go to step 14.

, depending upon 23.
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When the keys are labelled

MODULETE FOWER
FRINT FET

E:: onIT l
OR:

l' TR RRER :
ELTT R IHT IFT
a. To edit the data, press: KEY #1 (E [ll T

and go to step 21.
b. To store the data, press: KEY #5( %
and go to step 29.

TOREE)

a. If the data is in the time domain, go to
step 22.

b. Ifthe data is in the frequency domain, go to
step 24.

FOIHT TO

When i L d

£ " is displayed:

a. Enter: The subscript of the data point
you wish to change.

SRR

FE L " is dis-

played:
a. Enter: The new data value .

b. Go to step 28.

When i
displayed:

a. Enter;: The subscript of the coefficient
you wish to change.

b. If the value entered in step 24a is greater
than O and less than the maximum frequency
coefficient, go to step 25.

c. If the value entered in step 24a is 0 (DC
term), go to step 26.

d. If the value entered in step 24a is the maxi-
mum frequency coefficient, go to step 27.

TCTEMT
¢ is displayed:

il
o o R

a. Enter: The real and imaginary components
of the new coefficient, separated by a
comma (i.e., 4, 6).

b. Go to step 28.
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26. BEOTHE M 30. When &
. 1% is displayed: displayed:
a. Enter: The new DC term . a. If a new file is being created, enter:
b. Go to step 28. The new file name .
"7 (Max: 6 characters)

b. Go to step 14.

OR:
a. If an old file is being used, enter:
The old file name (§h2).

28.

Y mY is displayed: b. Go to step 14.
a. Enter: ¥ if you wish to edit more 31, When -

points.

is displayed:
b. Go to step 21. P

a. Enter: The value of H in the displayed
OR: equation (H is the amplitude of the carrier
a. Enter: ¥ if you do not wish to edit wave).

more points.
b. Go to step 14.

32. When |

+ is displayed:

......

29. When MEW FILE: ‘M7 is displayed: a. Enter: The value of F (52 in the displayed
a. ¥ if a new file is to be created. equation. (F is the frequency of the carrier
OR: wave).
a. Enter: M if an old file is to be used. b. Go to step 14.

Example 1:

The file named ‘*‘DEMOD’’ contains a single block of 64 time domain data points taken at a time interval of 1
millisecond. Obtain a printout and a plot of the data, then convert it to the frequency domain and obtain a copy of
the data. Make plots of both the magnitude and phase of the frequency domain data. Perform the auto correlation
calculation, and plot its results.

Press KEY #1, (EMTIER).

QUESTION RESPONSE
ENTRY MODE? 3
NUMBER OF SAMPLES? 64
TIMEINTERVAL (INSEC.)? .001

DATA FILE NAME? DEMOD



Press KEY #2,

TIME DOOMATH

TIWE=H8 T -

TIME IHTERWA
DRTH FT.
1B

S B
—[HE1
TE -G8
C- G
-0

Press KEY #4, (&

1), for a plot of the data.

QUESTION RESPONSE

1-—-LINE 2---POINT 3---BAR
* SELECT NUMBER ?

COPY PLOT: Y/N?

1), to obtain the following printout of the data.

Single Data Block Analysis

23
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i

I“"'

MOREPLOTS: Y/N?

Press KEY #3, (F F T), to convert to frequency domain. Then press KEY #2, (i-F

of the data.

3 F
F=-
M= 5

=

3.1258BE+881
FOAE+REe I= 8. 000E+593
AABE+@BE T= A.aa
4 . BETVSBE+GA1
HIE-B12 I=-5. 132E-GH2
IZE-aB2 T= -30.848

' 4T), to obtain a printout of the
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lgpr ¢ ° o

22 F= 4. 533125E+83
R=-7.213E-81 I= 1.129E-8A3
M= 1.129E-B4 T= 98 . @A
Ig F= 4. 58758E+BRZ
F= 8. 888E+98R = & 8AGBE+60846
M= & B3aE+BBE T= “. 8
31 F= 4 24375E+BA2
R= 4 6S88E-8132 I= 1.182E-883
M= 1.182E-883 T:= 0. a8
Press KEY #4, (f
QUESTION RESPONSE
1--—-MAG 2---PHASE
*** SELECT NUMBER ? 1
1-—-LINE 2---POINT 3---BAR
*** SELECT NUMBER ? 1
LOG PLOT (YES/NO)? Y
COPY PLOT: Y/N? Y

[ -
I Sk
e - oy 4 —
[y + i r "-—____

Lo-Ef
1 T
T
= -g5aT
1.3
] o
- LB - -+ + + } } + +
pid & : 16 z4 3z
[x]
‘. FRED. IHTERUAL= 15 825

MA: YWARLUE = 4TI TILIIE
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MORE PLOTS: Y/N? Y
1---MAG 2---PHASE

*** SELECT NUMBER ? 2
1-—-LINE 2---POINT 3---BAR

* SELECT NUMBER ? 3
COPY PLOT: Y/N? Y

MORE PLOTS: Y/N? N
Press KEY #8, (i " 14), then press KEY #4, (FLOT

QUESTION RESPONSE

1-—-LINE 2---POINT 3---BAR
*** SELECT NUMBER ? 1
COPY PLOT: Y/N? Y
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U TO CORREELATION

£ [

0o
N

1

]
n

MORE PLOTS: Y/N? N

Example 2:

Loran-C pulses are broadcast on a center frequency of 100 kHz with a pulse shape such that 99% of the radiated
energy is contained between the frequencies of 90 and 110 kHz. The data file ‘‘LORAN’’ contains 256 data points

of time domain data, taken at intervals of 2.5 microseconds, of the function:

_ 2% 10% It
fi) = 1022 65 sin | —H
) e sin 0%

Perform a waveform analysis (single data block) to obtain information on the nature of the pulse in both time and
frequency domains. Calculate the power spectrum to obtain an estimate of the validity of the statement regarding

the radiated energy.

QUESTION RESPONSE
ENTRY MODE? 3
NUMBER OF SAMPLES? 256

TIME INTERVAL (INSEC.)? .0000025
DATA FILE NAME? LORAN

Press KEY #4, (F T), for a plot of the data.
1---LINE 2---POINT 3---BAR

*** SELECT NUMBER ?

COPY PLOT: Y/N? Y

—
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MORE PLOTS: Y/N? N

Press KEY #3, (1), then KEY #4, (

1---MAG 2---PHASE

=+ SELECT NUMBER ? 1
1---LINE 2---POINT 3---BAR
=+ SELECT NUMBER ? 1

LOG PLOT (YES/NO)?
COPY PLOT: Y/N? Y

z
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FREGUENCY COMAIN DATH
|
I

[uxi

i
T

= JL- .’ l

[

-'I i"
5 ¥ £ 4 =
FRED . ITHTERVHAL= 1528z . 5
MAw WALUE = S3 €27 772

The bandwidth of interest, 90 to 110 kHz, lies between data points 57.6 and 70.4 on the horizontal axis of the
frequency domain (magnitude) plot. It appears likely from the plot that 99% of the radiated power does lie

within this bandwidth.

Several other plots of possible interest for this data are shown below.

MORE PLOTS: Y/N? Y
1---MAG 2---PHASE
*** SELECT NUMBER ? 2

1-——LINE 2---POINT 3---BAR
*** SELECT NUMBER ?
COPY PLOT: Y/N?

<
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MORE PLOTS: Y/N? N

Press KEY #7, (FiER), then KEY #4, (FLIT).

1-—-LINE 2---POINT 3---BAR

** SELECT NUMBER ? 3
LOG PLOT (YES/NO)?

COPY PLOT: Y/N? Y
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FOWER

FRED . IHTERWVAL
MAX WALLE = Z&77

MORE PLOTS: Y/N? N

Press KEY #8, (I TH), and KEY #4 (F

1-—-LINE 2---POINT 3---BAR
** SELECT NUMBER ? 3
COPY PLOT: Y/N?

COERELATION

il
MWH“

IR
T

)

31



Double Data Block Analysis

This program allows analysis of double blocks of time or frequency domain data. Each data block may consist of
up to 256 data points. (The total number of data points in each block must be an integer power of 2.)

The data may be entered either from the keyboard or from tape files. After entry, it may be edited as desired or the
data domain may be changed. Storage of keyboard entered or edited data on a tape file is easily accomplished.
Routines allow for modulation of the data and for various data manipulations (performing arithmetic operations

between the data blocks, etc.).

By pressing the appropriate key, the user may calculate the cross-power or cross-correlation of the two data blocks.

The time convolution between the two blocks may also be performed.

Plots of the data or the results of the various calculations can be obtained, including either magnitude or phase

plots, where appropriate.

Use of the specially defined and labelled keys provides convenience and flexibility in performing any of the calcu-

lations and in printing, plotting and storing the data.

Special Function Key Information:

The following special function keys are used to perform desired functions during double data block analysis:
HELP (KEY #5): This key prints a summary of the key functions available to the user.

ENTER (KEY #1): This key loads entry program and redefines the special function keys. The data entry
routine allows any of four modes of data entry for each data block:

1. Enter time domain data from the keyboard.

2. Enter frequency domain data from the keyboard.
3. Enter time domain data from a tape file.

4, Enter frequency domain data from a tape file.

PRINT (KEY #2): This key prints the data on the internal thermal printer. If the data is in the frequency or the
time domain the user may choose which block to print. If the data is cross-power, cross-correlation, convolu-
tion, or power data, data block 1 is printed. (To move data from one block to another, use the Data Handling
key described later.)

CONVOL (KEY #3): This key calculates the time convolution between data blocks 1 and 2. After this

operation the convolution data is stored in data block 1 and data block 2 is cleared.

PLOT (KEY #4): This key plots the data on the CRT. If the data is in the time or frequency domain the user

may select which block is to be plotted. If the data is cross-power, cross-correlation or convolution it must be

32
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in data block | (normal location after calculation). Both phase and magnitude plots are available for frequency
domain data. LOG plots are available for magnitude and cross-power data. Any of three types of plots may be

chosen: line, dot, or bar. In addition, the plots may be copied on the internal thermal printer.

CHNG/STO (KEY #5): This key calls data editing, manipulation, and storage routines and redefines the
special function keys:
DONE (KEY #1) exits the data editing and handling routine and returns operation to the calculations
mode.
EDIT (KEY #2) may be used to edit the time or frequency domain data in either block 1 or 2.
STORE (KEY #3) may be used to store the data blocks on a tape file.
CHNG. DOM (KEY #4), This key may be used for changing from the time domain to the frequency
domain or vice versa, for both data blocks. Both blocks should be in the same domain.
DATA HAN (KEY #4) is used to perform various data handling operations between the two blocks. The
various manipulations available to the user are displayed after pressing the key.
MOD. (KEY #6): This key is used to modulate the time domain data by inputting amplitude and frequency.

The user may choose which data block to modulate.

X-POWER (KEY #7): This key calculates the cross-power of data blocks 1 and 2. The data in blocks 1 and 2
may be time or frequency domain or data block 1 may be cross-correlation data with data block 2 cleared. After

this operation the cross-power data will be in data block | and data block 2 will be cleared.

X-CORREL (KEY #8): This key calculates the cross-correlation of data blocks | and 2. The data in block 1
and 2 may be time or frequency domain or data block 1 may be cross-power data with data block 2 cleared.

After this operation the cross-correlation data will be in data block 1 and data block 2 will be cleared.

User Instructions

To load the program: a. Enter: The number of samples .
a. Insert the Waveform Analysis Pac cartridge (Caution: if using data file be sure number
into the tape transport. of points corresponds with the number

o stored on the file.)
LINE § .

Note: The value must be an integer power of 2,

b. Type: i

When the program has been loaded:
a. Press: min.=8, max.=256.

When the keys are labelled 3.
I IE.. | — F— - SO —— ST UG I OO — LGP ls dlsplayed
EHTER a. Enter: The time mterval @ (in seconds).
a. Press: KEY #5 (} i) to print a sum- 6. When ERMTHY F ‘s d1splayed

mary of the key functions. a. Enter: 1, &, For 4 for the entry
OR: mode you wish to use.
a. Press: KEY #1 (¢ Note: The entry modes are listed on the CRT.

entry. b. If you entered .'l., go to step 7.
When Hi. BOOF
played: d. If you entered % or ## , go to step 11.

c. If you entered =, go to step 8.
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10.

11.

12.

13.

Double Data Block Analysis

HOF 4 * is displayed:
a. Enter: The value of the ith data point -
Repeat step 7a as often as necessary.
c. When all the data has been entered go to

is displayed:

a. Enter: The maximum frequency term

&)
i F . (coeff.#) FE

¢ is displayed:

a. Enter: The real and imaginary components
of the indicated data element, separated by a
comma . G.e., 2,8

b. Repeat step 10a as often as necessary.

c.  When all the data has been entered, go to

step 12.
When DHTH FILE ? is displayed:
a. Enter: The name of the data file you

wish to use.

If only the data for the first data block has been

entered, go back to step 6 to enter the data for

the second block. Otherwise, when

g T
[ R
i g L

it4 is displayed, go to step 13.

When the keys are labelled

You may select any of the fol]owmg functions by

pressing the appropriate key:

a. Press: KEY #2 (} i
14.

OR:

a. Press: KEY #3 (L
convolution. When convolution has been
performed, go to step 13. (CAUTION: De-
stroys original data.)

..) to perform

OR:
a. Press: KEY #4 (¥

iT) and goto step 15.

14.

15.

16.

17.

18.

OR:

a. Press: KEY #5 (
step 25.

OR:

a. Press: KEY#6 (!

OR:

a. Press: KEY #7 (4

late cross power. When cross power calcu-

{1) and go to

. )and go to step 21.

) to calcu-

lation has been calculated go to step
13. (CAUTION: Destroys original data.)
OR:
a. Press: KEY #8 (i

late cross correlation. When cross correla-

{.) to calcu-

tion has been calculated go to step 13.
(CAUTION: Destroys original data.)

When
=% is displayed:

Enter: The number of the data block .
Go to step 13.

&% is displayed:
a. Enter: The number of the data block .

a. Enter: 1 or & depending upon
whether you want a magnitude or a phase

plot.

is displayed:
a. Enter: 1, or E(&2) depending upon the

If 2 is dis-
played:

a. Enter: ¥ if you want a LOG plot.
OR:

a. Enter: i if you do not want a LOG
plot.



19.

20.

21.

22.

23.

24,

When the plot is completed,
7MY is displayed:

a. Enter: ¥ if you want a copy of the
plot.

OR:

a. Enter: H if you do not want a copy of
the plot.

When MFE S

is displayed:

a. Enter: ¥ if you want another type of
plot.

b. Go to step 15.

OR:

a. Enter: M if you do not want other
plots.

b. Go to step 13.

<HE s dlsplayed

a. Enter: % if you wish to modulate data
block 1.

b. Go to step 23.

OR:

a. Enter; H if you do not wish to modu-
late data block 1.
When MODLH ATE DA

T is displayed:

a. Enter: ¥ if you wish to modulate data
block 2.

b. Go to step 23.

OR:

a. Enter: M if you do not wish to modu-
late data block 2.

b. Go to step 13.

When H#U{]

displayed:

a. Enter: The value of H @) in the displayed

equation. (H is the amplitude of the carrier

wave.)

[ H =7 is displayed:
a. Enter The value of F in the dis-

25.

26.

27.

Double Data Block Analysis 35

played equation. (F is the frequency of the
carrier wave.)

b. Go to step 13.

When the keys are labelled:

O0HE EOIT HTORE CHMG, DO
You may select any of the following functions by
pressing the appropriate key:

a. Press: KEY #1 (LLHE) and go to step 13.

OR:

a. Press: KEY#2(ELi1T)and goto step 26.

OR:

a. Press: KEY #3 (= TUHE) and go to step

36.

OR:

a. Press: KEY #4 (IZHHMG. D1i1) and go to
step 25.

When the keys are labelled

DOHE EOTT OATA HAM
Youmay select any of the following functions by
pressing the appropriate key:

a. Press: KEY #1 ([12HE) and goto step 13.
OR:

a. Press: KEY #2 (EI1TT) and go to step

27.

Note: Thiskey available for time and frequency
domain data only. Not available after
convolution, cross-power or cross-

correlation calculations.

OR:

a. Press: KEY #4 (IATH HFHM) and go to
step 35.

When [TATH ELOCE TO EOIT:

© 2% is displayed:

a. Enter: The number of the data block
you wish to edit.
1. If time domain data go to step 28.

OR:
2. If frequency domain data go to step 30.
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28.

29.

30.

31.

32.

33.

34.

Double Data Block Analysis

HoOF

- is displayed:

a. Enter the number of the data point you
want to change.

When EMTER

played:

a. Enter: The new data value .

b. Go to step 34.

When i HoOTH

played:

a. Enter: The subscript of the coefficient

you wish to change.

LUET is dis-

HE

I s dis-

b. If the value entered in step 30a is greater
than 0 and less than the maximum frequency
coefficient, go to step 31.

¢. If the value entered in step 30a is 0, (DC
term), go to step 32.

d. If the value entered in step 30a is the maxi-

mum frequency coefficient, go to step 33.

a. Enter: The real and the imaginary compon-
ents of the new coefficient, separated
by a comma (i.e., 2,—5).

b. Go to step 34.

bl DT ¢ is displayed:
a. Enter: The new DC term .
b. Go to step 34.

S| H
£ is displayed:
a. Enter: The new max. frequency term .

When E i

is displayed:

a. Enter: % if you wish to edit more
points.

1) If time domain data go to step 28.
2) If frequency domain data go to step 30.

35.

36.

37.

38.

OR:
a. Enter: H if you do not wish to edit
more points.
b. Go to step 26.
When | ;

descriptions and

has

shown here:

are displayed:

a. Enter: The operation code for the
manipulation you want to perform.

Note: Codes consist of numbers 1 through 12 as

defined by their descriptions.

b. If the operation code was 10, 11 or 12, go to
step 39.

c. Go to step 26.

When i

G 277 is displayed:
a. Enter: 1 or & depending on which
data block is to be stored.

When | E %M is displayed:

a. Enter: % if a new file is to be used.
OR:

a. Enter: i if an old file is to be used.
When F

displayed:

a. If a new file is being created enter:
The new file name . (Max: 6 charac-
ters.)

b. Go to step 13.
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OR: 39, When

o is displayed:
a. If an old file is being used, enter:

a. Enter: The constant value {&N2) you wish to
The old file name . y

use.
b. Go to step 13. b. Go to step 26.

Computer

Museum
P

Example 1:

A radar pulse with a duration of 8 microseconds is transmitted beginning at T = 4 microseconds. Some time later,
a signal containing the reflected pulse buried in random noise is received. Use waveform analysis (double data
block) to find the time delay and calculate the distance to the target. (The pulse and signal data each consist of 64
time domain data points taken at time intervals of 1 microsecond. They are stored in data files ‘“PULSE’’ and
““SIGNAL”’ respectively.)

QUESTION RESPONSE
NUMBER OF SAMPLES? 64
TIME INTERVAL (IN SEC.)? 10 A -6
ENTRY MODE? 3
DATA FILE NAME? PULSE
ENTRY MODE? 3
DATA FILE NAME? PULSE

Press KEY #4, (§

WHICH DATA BLOCK: 1 or 2? 1
1-—-LINE 2---POINT 3----BAR
** SELECT NUMBER ? : 1

COPY PLOT: Y/N? Y
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MORE PLOTS: Y/N?
Press KEY #3, (& i

L), then KEY #4, (¥
QUESTION

RESPONSE
1-—-LINE 2--—-POINT 3---BAR
*+ SELECT NUMBER ?

COPY PLOT: Y/N?

COMVOLUTION
1]
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MORE PLOTS: Y/N? N
(Now enter ‘‘PULSE’’ and ‘*SIGNAL’’ data.)

QUESTION RESPONSE
NUMBER OF SAMPLES? 64
TIME INTERVAL (IN SEC.)? 10A—-6
ENTRY MODE? 3
DATA FILE NAME? PULSE
ENTRY MODE? 3
DATA FILE NAME? SIGNAL

Press KEY #4, (FL.GT).

WHICH DATA BLOCK: 1 or 2? 2
1---LINE 2---POINT 3---BAR
*+ SELECT NUMBER ? 1

COPY PLOT: Y/N? Y




Double Data Block Analysis

40
MORE PLOTS: Y/N? N
Press KEY #3, (i ) then KEY #4_ (F]
1-—-LINE 2---POINT 3-—-BAR
*** SELECT NUMBER ? 1
Y

COPY PLOT: Y/N?

COHVDLLTION

! It
A \|
)
Y li= l'_‘.i \ -
Wha I N
L IR ‘ L |I(I |
l| ) i| -
|
- .
k1 o
Il|
- = 4 q
1 13 23 4=
SAPbERl SELC
cEdnE13Es

MORE PLOTS: Y/N? N

The peak of the pulse-pulse convolution occurs at approximately 15 microseconds. The peak of the pulse-signal
convolution occurs at about 36 microseconds; therefore, the pulse to signal delay is approximately 21 microseconds

giving a target distance of approximately 10,326 feet.

(Note: Similar applications are commonly found in acoustics, vibration testing, seismic studies, etc.)



Notes
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Fourier Series Coefficients For Equally Spaced Data

From a set of equally~spaced data points (x;, y;) (i=1,..,n), where Ax is the spacing between points, it is possible to

compute a set of coefficients a; and b; of the Fourier series which approximates the behavior of the data points.
For a finite Fourier series given by the formula:

N
ay 2aix . 2rix
— + a; cos + b; sin

where T is the period of the function, given by x, —x,

and N is the number of coefficients to be computed;

If: g(x;) = yjcos (27:1-1‘1x)

and
hex) = v, sin( Z’TTi")
2Ax
then a,~ = {g(x,) +4g(xs) + 2g(xs) + 4g(xs) + ... +48(xa_1) + g(xo)}
b, = 23A" {h(x;) +4h(xy) + 2h(x3) + 4h(x,) + ... +4h(x,_;) + h(x,) }.

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

sin ( _2mx; J+ l)) = sm( wxl) ( 2mX; ) + cos ( 27”‘) ( 27”'
( 2 X g+ 1)) _ cos( 27'rx1) ( 27'1'x1 ( 27'rx,) ( 2%, J)

This program allows calculation of Fourier series coefficients using up to 255 data points. The number of data

points must be odd and the number of Fourier series coefficients calculated may be no more than the number of
data points.

The data may be entered either from the keyboard or from a tape file. After entry it may be edited as desired.
Storage of the data on a tape file is easily accomplished.
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After calculation of the Fourier series coefficients the data or the coefficients may be printed or plotted as desired.
The use of specially defined and labelled keys provides convenience and flexibility in running the program.
Special Function Key Information:

The following special function keys are used to perform desired operationé during input of data and calculation of

the Fourier series coefficients:

ENTER (KEY #1): This key loads a data entry program. The data may be entered from the keyboard or from a
tape file.

PRINT (KEY #2): Either the data or the Fourier series coefficients may be printed on the internal thermal
printer by use of this key.

COMPUTE (KEY #3): This key calculates the Fourier series coefficients from the data.

PLOT (KEY #4): This key calls the plotting routines and redefines some of the special function keys as
follows:

DATA(KEY # 1) plots the data on the CRT

MAG. (KEY #2) plots the magnitude on the CRT

PHASE (KEY #3) plots the phase on the CRT

COPY (KEY #4) makes a copy of the plot on the internal thermal printer

DONE (KEY #5) exits the plotting routine and returns the keys to their earlier definition.
Any of three types of plots: line, dot or bar, may be obtained.

EDIT (KEY #5): This key allows you to edit the data as desired.
STORE (KEY #86): This key allows storage of the data on a tape file.

User Instructions

1.  To load the program: pressing the appropriate key:
a. Insert the Waveform Analysis Pac cartridge a. Press; KEY #1 (EMTER) to enter the
into the tape transport. data. Go to step 4.

b. Type: WG (EN). OR:

2. To start the program: a. Press; KEY #2 (FE

47T) to print data or

a. Press: ‘ coefficients. Go to step 11.

3. When the keys are labelled:
EH "|.‘E|':;§ o1 COMPUTE PLOT a. Press: KEY #3 (L:LiFFLITE) to compute
You may select any of the following functions by the Fourier coefficients. Go to step 3.

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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OR:
a. Press: KEY #4(
coefficients. Go to step 12,
OR:
a.

17T) to plot the data or

I') to edit the data.

OR:

a. ) to store the
data. Go to step 18.

When Hit.  OF I

displayed:

a. Enter: The number of data points you have
-
{Caution: If using data file, be sure number
of points corresponds with the number
stored on the file.)

Note; Itis necessary to enter an odd number of

data points, min.=3, max.=255.

. B . 7 is displayed:

a. Enter: The number of coefficients you
want the program to compute.

Note: The number of coefficients may be no

greater than the number of data points.

When < PR is displayed:

a. Enter: i or depending upon
whether you wish to enter the data manually

or from a tape file.
When IH1
is displayed:
a. Enter: The initial time (in sec.) .
When T '

ST L
[ ot
PR A

mE 27 is displayed:

a. Enter: The time increment (in sec.)
(i.e., the spacing in the X direction between
data points).

b. If you entered a ! in step 6, go to step 9.

¢. If youentered a i in step 6, go to step 10.
When ¥ ©i1 ¥ is displayed:
a. Enter: The Y value of the ith data

point.

10.

11.

12.

13.

14.

b. Repeat step 9a until all data points have been

entered, then go to step 3.

When FILE

.............

| "* is displayed:

a. Enter: The name of the data file you
wish to use.

b. Go to step 3.

If coefficients have not yet been computed, the

data is printed automatically. Return to step 3.

If coefficients have been computed, when

Cior i depending on whether
data or coefficients are to be printed.
b. Go to step 3.

If coefficients have been computed go to step 14.
If coefficients have not yet been computed,

is displayed:

a. Enter: 1, Zor 3 depending on the
type of data plot you want,

When the keys are labelled:

CIHT ey

a. Press: KEY #1
of plot and go to step 15.

) for another type

OR:
a. Press: KEY #4 (-
plot and go to step 16.

') for a copy of the

OR:
a. Press: KEY #5 ([}
The keys are labelled:

=) and go to step 3.

= COEYy

You may select any of the following functions by

pressing the appropriate key.

a. Press: KEY #1 (I1HTH) to plot the data,
go to step 15.

OR:

a. Press: KEY #2 (¥
nitude, go to step 15.

i1.) to plot the mag-




a. Press: KEY #5 (i =) and go to step 3. 18.
7 is displayed: 19.
a. Enter: 1, Zor 3 depending on the
type of plot you want.
b. After the plot is displayed, press and
return to step 13 or step 14.
16. When the copy is completed press and
return to step 13 or step 14.
17. When [}
Example:

OR:
a. Press: KEY #3 (¥

=) to plot the

phase, go to step 15.
OR:
a. Press: KEY #4 (i
of the plot, go to step 16.
OR:

) to make a copy
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is displayed:

a. Enter: The subscript of the data point
you wish to change.

When % i3 is displayed:

END

a. Enter: The new data value (Gng).

b. Go to step 3.

"? is displayed:

a. Enter: The name of the file in which you

wish to store the data.

When Hi
a. If a new file is being created:
1) Enter: % .
2) Go to step 3.
OR:
a. If you are using an old file:

1) Enter: I .

2) Go to step 3.

E oMY is displayed:

Calculate 10 Fourier series coefficients for the following 33 data points obtained, starting at time zero, at 0.1

second intervals. Plot the data and the magnitude and phase of the coefficients.

Press KEY #1, (i

QUESTION

NO. OF DATA POINTS?
ENTER NUMBER OF FOURIER
COEF.?

ENTRY MODE?

INITIAL TIME (IN SEC.)?

TIME INCREMENT (IN SEC.)?

COF ORATH POIMTZ= 23
HUMEBER OF FOURIER SERIEZD
COEFFICTEMTS:= 10
THITIAL TIME <SEC. 1= B

THOREMEMT CSEC, »= 0]

RESPONSE

33

10
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After all data has been entered, press KEY #4, (
1---LINE 2---POINT 3---BAR
*** SELECT NUMBER ? 1

Press KEY #4, (i "), to obtain a copy, if desired.
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Press , then KEY #5, ( .
Then press KEY #3, (i =),
When calculation is complete, press KEY #2, (
QUESTION

PRINT DATA/COEFFICIENTS: D/C?

R TERM = o GOEOEE--B01

RESPONSE
C

47



48 Fourier Coefficients for Equally Spaced Data

g= 18E. B0

L FE

Press KEY #4, (Fi.0
1---LINE 2---POINT 3---BAR
*** SELECT NUMBER ?
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Press , (if a copy is desired, press KEY #4, (i
Press KEY #3, ( 2).
1-—-LINE 2---POINT 3---BAR

*** SELECT NUMBER ? 3

-




Fourier Series Coefficients For Unequally Spaced Data

This program calculates the Fourier series coefficients a; and b; of the Fourier series corresponding to a function

F(x) which is approximated by n discrete data points (x(j), y(j)) for j = 1,
For a finite Fourier series given by:
T +Z I:a1 cos(

2771)() + bisin( 2771)()]
T
where the Fourier coefficients a; and b, are:

x+T

a; = %J‘ F(x) cos( 2mix
Xy
x+T

by = %f F(x) sin ( 2mix
X1

T specifies the period, given by (x,—X,); and N indicates the number of coefficients desired. The coefficients are

dx fori= 0O, N.

dx fori= 1,N.

evaluated by numerically integrating a parabola passing through three successive points. Execution time depends on
the number of coefficients calculated.

This program allows calculation of Fourier series coefficients using up to 175 data points. The number of data
points must be odd and the number of Fourier series coefficients calculated may be no more than the number of

data points.

The data may be entered either from the keyboard or from a tape file. After entry it may be edited as desired.
Storage of the data on a tape file is easily accomplished.

After calculation of the Fourier series coefficients, the data on the coefficients may be printed or plotted as desired.
The use of specially defined and labelled keys provides convenience and flexibility in running the program.
Special Function Key Information:

The following special function keys are used to perform desired operations during input of data and calculation of

the Fourier series coefficients.

ENTER (KEY #1): This key loads a data entry program. The data may be entered from the keyboard or from
a tape file.

PRINT (KEY #2): Either the data or the Fourier series coefficients may be printed on the internal thermal
printer by use of this key.
50
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COMPUTE (KEY #3): This key calculates the Fourier series coefficient from the data.

PLOT (KEY #4): This key calls the plotting routines and redefines some of the special function keys as
follows:

DATA (KEY #1) plots the data on the CRT.

MAG. (KEY #2) plots the magnitude on the CRT.

PHASE (KEY #3) plots the phase on the CRT.

COPY (KEY #4) makes a copy of the plot on the internal thermal printer.

DONE (KEY #5) exits the plotting routine and returns the keys to their earlier definition.

Any of three types of plots: line, dot or bar, may be obtained.

EDIT (KEY #5): This key allows you to edit the data as desired.
STORE (KEY #6): This key allows storage of the data on a tape file.

User Instructions

To load the program:
a. Insert the Waveform Analysis Pac cartridge
into the tape transport.

b. Type nE

To start the program:

a. Press: .

When the keys are labelled:

e d Jhi 1l [END
=L lLINE .

THT COMFUTE FLOT
You may select any of the following functions
by pressing the appropriate key:

a. Press: KEY #1 (FHTER) to enter the

data. Go to step 4.

OR:

a. Press: KEY #5 (ELNIT) to edit the data.
Go to step 16.

OR:

a. Press: KEY #6 (=7
data. Go to step 17.

E) to store the

When M. OF [DETH FOTHTE? s

displayed:

a. Enter: The number of data points .
(Caution: If using data file, be sure number
of points corresponds with the number
stored on the file.)

Note: It is necessary to enter an odd number of

OR:

a. Press: KEY #2 (FR IHT) to print data or data point, min.=3, max.=175.
coefficients. Go to step 10. When EMT . s

OR: FOURTER COEF. 7 is displayed:

a. HLUTE) to compute a. Enter: The number of coefficients you
the Fourier coefficients. Go to step 3. want the program to compute.

OR: Note: The number of coefficients may be no

a. 4T to plot the data or greater than the number of data
coefficients. Go to step 11. points.

REFERENCES:

1. Hewlett-Packard 9820A Math Pac, pp. 43-50.
2. Hamming, R.W. Numerical Methods for Scientists and Engineers (McGraw-Hill, 1962), pp. 67-80.
3. Acton, Forman S., Numerical Methods that Work (Harper and Row, 1970), pp. 221-257.
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10.

I1.

12.

Fourier Coefficients for Unequally Spaced Data

a. Enter: 1 or :
whether you wish to enter the data manually
or from a tape file.

b. If youentered a 1 in step 6a, go to step 7.

c. Ifyouentered a : in step 6a, go to step 9.

When i is displayed:

a. Enter: The X value of the ith data
point.

When % 137 is displayed:

a. Enter: The Y value of the i*" data

point.

b. Repeat steps 7 and 8 until all data points
have been entered. Go to step 3.

When F [1L.E " is displayed:

a. Enter: The name of the data file you
wish to use.

b. Go to step 3.

If coefficients have not yet been computed, the

LE R
[ i

data is printed automatically, go to step 3. If

a. Enter: [lor i depending on whether
data or coefficients are to be printed.

b. Go to step 3.

If coefficients have been computed go to step 13.

If coefficients have not been computed

i i ’ [RE N ............... I. f

LS i ¢ isdisplayed.

a. Enter: i, :Zor.: depending upon the

type of plot you want.

When the plot is completed the keys are
labelled:

CORY

a. Press: KEY #1 (1.
type of plot, go to step 14.

OR:

a. Press: KEY #4 (LZ0F") for a copy of
the plot, go to step 15.

) for another

13.

14.

15.

16.

17.

OR:

a. Press: KEY #5 (LITIHE) and go to step 3.
The keys are labelled:
RS

OATH FIFG FHASE
You may select any of the following functions by

pressing the appropriate key.
a. Press: KEY #1 ([1+TH) to plot the data,
go to step 14.

OR:

a. Press: KEY #2 (I1Fii:.) to plot the mag-
nitude, go to step 14.

OR:

a. Press: KEY #3 (FH
phase, go to step 14.

OR:

a. Press: KEY #4(200F"%") to make a copy of

-) to plot the

the plot, go to step 15.
OR:

type of plot you want.
b. After the plot is displayed, press and
return to step 12 or step 13.

When the copy is completed, press and
return to step 12 or step 13.

SOTHT T CHAMGEEY s
displayed:
a. Enter: The subscript of the data point
you wish to change.
b. When #7127 is displayed:
1) Enter: The new data value .
c. When % ¢i:7 is displayed:
1) Enter: The new data value .
d. Go to step 3.

When F 3
a. Enter: The name of the file in which you

FFE ™ s displayed:



wish to store the data. (Max: 6
characters).
18. When ¥

a. If a new file is being created:

1) Enter: ¥ .

7 is displayed:

Example:

Fourier Coefficients for Unequally Spaced Data

2) Go to step 3.
OR:

a. If you are using an old file:

1) Enter; ¥ .

2) Go to step 3.

53

Calculate 10 Fourier series coefficients from the 37 unequally spaced data points given below. Obtain plots of the

data and the magnitude and phase of the coefficients.

Press KEY #1, (i

QUESTION

NO. OF DATA POINTS?
ENTERNUMBER OF FOURIER COEF.?
ENTRY MODE?

SE Fe £t P e
£ fa el Pl
r
H

L e el
RS N S |
£

P

ke fracls ot o
i

"
3]
P T T S r Y]

e e

RESPONSE

37
10
1
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Press KEY #3, (i

). When calculation

is completed, press KEY #2, (
QUESTION RESPONSE
PRINT DATA/COEFFICIENTS: D/C? C
i TERM = 5

IETE
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Press KEY #4, (F I'). Then press KEY #1, (i

1---LINE 2---POINT 3---BAR
** SELECT NUMBER ? i
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Press (if a copy is desired, press KEY #4,

(COFY), (8
).

Press KEY #2, (i
1---LINE 2---POINT 3---BAR

*** SELECT NUMBER ?
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& KEY
t)s \LaBEL) -

Press (if you wish a copy, press KEY #4, (
Press KEY #3, ( ).
1-—-LINE 2---POINT 3---BAR

*** SELECT NUMBER ? 3

S
T




Appendix A
Use of the HP-85 Waveform Analysis Pac
With the Model 82903A Memory Module

When the Model 82903A Memory Module is present on the HP-85, the system memory is significantly increased.
This allows you to greatly increase the number of data points you may process with the HP-85 Waveform Analysis
Pac.

The increased data capacities are summarized below:

HP-85 Configuration

. With Model 82903A
Type of Calculation Standard Memory Module
Single Data Block Analysis 512 2048
Double Data Block Analysis 256 1024
Fourier Series Coeft., (Equally Spaced) 255 921
Fourier Series Coeff., (Unequally Spaced) 175 675

The following modifications must be made in the programs:

Program Title Line: Change To:
“S-WAVE” 2R 00M IHMTEGER C1.
1 E Iie1azdn
Single “WAVE”
Data Block 9 j
Analysis
“WAVPLT” SECnM w1
\ . Thoase
“D-WAVE” S8 COH
“WAVED”
Double
Data Block
Analysis
“WAVDED"” &R DOM IMTEGER 1.
o RARELEN. T10E1E0
fraeSiay, ITac51an
"WVDPLT" THTE @ com THTEGER C1.
N A I PR A AR . [ PR = B
» LIFE e Faciign, TZ05120
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Program Title

Fourier Series
Coefficients:
Equally
Spaced

Fourier Series
Coefficients
Unequally
Spaced

“FSC-EQ”

“FSC-UN"

Appendix A 59

Line: Change To:

AMHD M

1

IF MZ:2 AMD
178

CREATE A%, 30

B

l4a IF = 148 HEsa7s
THEH ... THEM . .

298 CREMTE A, 12 298 CREATE A%, 44




Appendix B

Obtaining Program Listings

To obtain a list of program names and data files stored on the tape:
a. Insert the Waveform Analysis Pac cartridge into the tape transport.
b. Type: CHT (B).
To obtain a listing of one of the Waveform Analysis programs:
a. Insert the Waveform Analysis Pac cartridge into the tape transport.
b. Type: *(program name) * .
Note: If program name is ““WAVE’’ or “WAVED’’, go to step c, otherwise go to step d.
c. Type: i.t BOOTEET ¥
d. To display the listing, press: or, to print the listing, press: .
To purge a data file from tape:
a. Insert the Waveform Analysis Pac cartridge into the tape transport.

b. Type: | #(file name) " .
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Appendix C

Program Remarks

To help you understand the flow of the programs in the Waveform Analysis Pac, abbreviated remarks for each of the

programs in the pac, as well as definitions of variables used, are contained in a program named “WAVDOC”’.

User Instructions

To load the program:
a. Insert the Waveform Analysis Pac cartridge

" [@

into the tape transport.

b. Type: "

When the program has been loaded:

a. Press: .

'# is displayed:

a. Enter: to print the output.

OR:

a. Enter: [} to display the output.
Note: Contents of the display may be

printed at any time by pressing .

61

4.

When the keys are labelled:

a. Press: The special function key corre-
sponding to the program name in which you
are interested.

b. If you pressed KEY#8, (=l
keys are labelled:

-); when the

[ 2R L
1) Press KEY #1, (F &
OR:

2) Press KEY #2, (F i1k
OR:

&), and

g0 to step 4.




Appendix D
Using the 7225A Plotter

By following the instructions below, the graphics programs of the HP-85 Waveform Analysis Pac may be
converted to run on the HP-7225A plotter, resulting in improved graphics capability.

Because of the size of some of the programs, it may be necessary to deallocate memory by typing 9999

END LINE] before making the alterations.

After revising each program, be sure to execute the TRANSLATE command.

To preserve the original pac cartridge, prepare a new cartridge containing these revised programs plus the
other programs from the original cartridge.

Program: WAVPLT

Specify plotter and character size

Delete “Copy” command

Center captions for Time Data and
Auto Correlation

Position Y-axis labels

Position X-axis labels

Position info labels

Move pen to upper right
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Center captions for Frequency Data
and Power

Position Y-axis labels

Center “LOG” label

Position Y-axis labels

Center “LOG” label

Position X-axis labels

Position info labels

Move pen to upper right

Center caption for Freq. Data

Position Y-axis labels

Position X-axis labels
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Appendix D

1E4

Position info labels

Move pen upper right corner

Specify plotter and character size

Delete “Copy” command

Center captions for Time Data, Cross
Corre. & Convol.

Position Y-axis labels

Position X-axis labels

Position info labels

Move pen upper right corner

Center captions for Freq. Data, Cross
Power & Power

Position Y-axis labels
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Position “LOG” label

Position Y-axis labels

Position “LOG” label

Position X-axis labels

Position info label

Move pen upper right corner

Position info label

Center caption for Freq. Data (Phase)

Position Y-axis labels

Position X-axis labels

Position info labels

Move pen upper right corner

#TE [END LINE

Program: FSC-EQ

Because of the length of this program, it is necessary to redimension the data arrays and restrict input to 235
data points, or fewer. (See lines 10, 30 and 140.)

d FELR Reduce data array size to fit memory
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Specify plotter and character size

} Eliminate copy commands

Center caption for data

Position Y-axis labels

Position X-axis labels

. Position info labels

Center caption for Mag.

¥ Position Y-axis labels

SRl P

Position X-axis labels
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Position info labels

Move pen upper right corner

Center caption for phase

Position Y-axis labels

Position X-axis labels

Position info labels

Move pen upper right corner

Program: FSC-UN

Because of the length of this program, it is necessary to redimension the data arrays and restrict input to 155
points, or fewer. (See lines 10, 30, and 140.)

Reduce data array size to fit memory

Specify plotter & character size

Eliminate “copy” commands
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END LINE

PRSI,

Center caption for data

Position Y-axis labels

Position X-axis labels

Position info labels

Move pen upper right corner

Center caption for mag.

Position Y-axis labels

Position info labels

Move pen upper right corner

Position X-axis labels



END LINE

Appendix D
Center caption for phase

Position Y-axis labels

Position info labels

Move pen upper right corner
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Appendix E

Using the Waveform Analysis Pac
With an Eighty-Column Display

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

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

The eighty-column display Waveform Analysis Pac consists of programs with the same names as those in
the HP-85 Waveform Analysis Pac. However, they are not the same programs and cannot be
interchanged. The program flow of both pacs is the same, though, and data files created using the HP-85
Waveform Analysis Pac can be accessed by the eighty-column display Waveform Analysis Pac.

Problem Dimensions

The maximum number of data points that you may process is dependent on the currently available
read-write memory (random-access memory or RAM). The programs in the Waveform Analysis Pac
automatically calculate the maximum number of data points based on the amount of RAM available
according to the table below.

32K | 64K | 96K | 160K

Single data block 1024 ( 4096 | 8192 |16384
Double data block 512 | 2048 | 4096 8192
Fourier series (equally spaced) 395 | 1705| 3005 5505

Fourier series (unequally spaced) 265 | 1205 2205 4005

Using a Pen Plotter

Four programs in the Waveform Analysis Pac, HAVFLT, WWOFLT, FEO-ER FSC-LH use CRT
graphics. With the addition of a 00087-15002 Plotter ROM and an external plotter, these programs will
automatically request if the plots are to be drawn on the CRT or the external plotter. No modifications to

these programs are necessary.
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