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1. INTRODUCTION 

Spectral measurements are frequently required in fluid mechanics 

applications. Traditionally they have been made using analog techniques. 

With the development of the Fast Fourier Transform algorithms in the 

mid 1960's, digital techniques have evolved which enable power spectral 

densities and correlation functions to be calculated with costs much 

less than were previously possible. This report is intended to describe 

the Fast Fourier Transform algorithms available at Colorado State 

University, outline some of the difficulties encountered in using these 

algorithms, and provide a brief description of actual computer programs 

being used for spectral analysis on the CDC 6400 computer. 

2. EXISTING FFT ROUTINES AT CSU 

There are presently a number of computer programs used at CSU 

which use available FFT routines. Two FFT programs are being used 

extensively by the Fluid Mechanics and Wind Engineering group. These 

are FOR2D and FOURT, both a part of the IBM Contributed Program Library. 

FOURT (IBM Contributed Program No. 360D-13.400l) is presently on the 

system Fortran library (FTNLIB). FOR2D (IBM Contributed Program 

No. 360D-13.4006) is usually stored on a permanent file. For CSU users, 

a deck or access to this permanent file may be obtained by contacting 

Robert Akins or Dr. J. Peterka. The major difference between these two 

programs is that FOURT is written to use data located in the core of the 

computer and FOR2D is written to use data located on an external storage 

device. More detailed comments on these two specific subroutines appear 

in later sections. 
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3. SINGLE CHANNEL FORWARD/INVERSE TRANSFORM 

Two separate uses of the FFT will be described; (1) calculation 

of a power spectral density from a time series and (2) transformation 

of a power spectral density to obtain an autocorrelation function. An 

explanation of the details of these types of calculations can be found 

in Bendat and Piersol (1). It will be assumed in the following dis-

cussions that the reader is familiar with this reference or an 

equivalent text. 

The single-channel forward/inverse transform is perhaps the most 

straightforward application of the FFT, and is a good starting point 

for someone beginning to work with the FFT. A useful exercise is to 

select a known fourier transform pair and to perform the same transform 

using the FFT. An example utilizing this type approach will be dis-

cussed in order to illustrate usage of subroutine FOURT. Appendix Al 

contains a program listing of subroutine FOURT. A short section of 

comments appears at the beginning of the listing and explains the calling 

parameters and some basic aspects of usage. Use of the program can be 

understood without a detailed understanding of the details of the 

program itself. 

The example transform pair to be used consists of R(t) = e 
-t 

t ~ 0 
2 and its inverse fourier transform G(oo) = 4/1+00 , 00 ~ O. Such 

an R function is often used to represent the autocorrelation function 

of a fluctuating velocity signal and is not only an easy function to 

deal with, but also is of some physical significance. A sample 

program (Program CHECK) which was written to take a forward and inverse 

fourier transform is listed in Appendix Bl. The following discussion 
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will be based upon output from that program. References to the 

program will be by line number of the listing in the appendix. 

The program was written to calculate a selected number of values 

of the function R(t) at a time step specified by an input parameter. 

This array of values of R(t), called 0 in the program, is reflected 

prior to performing the forward transform. This reflection is an 

important operation which is not adequately discussed in most texts. 

It is needed to satisfy continuous, even-function characteristics of 

the transform. In using a digital transform technique, one assumes 

that the data record is of infinite length. In order to create a 

record which resembles an infinite record, the function to be trans­

formed is reflected about its endpoint, creating a symmetric, even, 

continuous function. A schematic of this reflection and the resulting 

periodic function is shown in Figure 1. Note that the function is one 

8T increment short of returning to the zero-time value of one at the 

time position 2N 8T. This occurs because the reflection point is 

really at the N8T+l point rather than precisely on the N8T point 

as might be expected. The effect of not reflecting R prior to the 

transform is shown in Figure 2. In other words, the reflection should 

be done about a zero lag time, such that R(T) = R(-T) so that the 

reflected correlation function is even. If there are 2N total 

points, N prior to reflection, then R(N+I) = R(N+2-I) for 2 ~ I ~ N. 

This scheme of reflection will result in the point R(N+l) not being 

defined. Since a correlation is normally small at the maximum lag 

time, it is easiest to let R(N+l) equal R(N). The reflection in 

program check is performed in lines 35-40. 
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After the data has been reflected and the 0(2,I)'s set to zero, 

subroutine FOURT is called in line 43. It is necessary to create D 

as a two-dimensional array because the input to FOURT is complex. In 

many applications of these techniques only real signals are dealt with 

and the complex arithmetic capabilities of the program are not used. 

In these cases the fifth calling parameter of FOURT is set equal to 

zero indicating a real input only. It is important to understand the 

difference between NUMBER and NUMBE2. NUMBER as used in the program 

is the number of points in the unreflected R function. NUMBE2 is 

twice NUMBER or the length of the reflected R function. 

After FOURT has been called, the output must be multiplied by a 

scaling factor in order to obtain the correct G. This factor for 

FOURT is 2 *DELTAT where DELTAT is the timestep of R. This multiplica­

tion is carried out in line 52 of Program Check. The G function 

returned from FOURT has data uniformly spaced in frequency with the 

data points at f = n/(NUMBER * DELTAT), n = 0, NUMBER-I. 

Prior to performing the inverse transform, G is also reflected. 

In addition to reflecting G, the imaginary part of the 0 array is 

set to zero. Normally small values will appear in this position of 

the array during a transform and the inverse transform will be more 

accurate if the imaginary (D(2,I)) part of the D array is forced to 

zero. These operations are carried out in lines 57 to 65. 

An inverse transform is performed to obtain the original R(t). 

Again the output of FOURT must be multiplied by a constant. For the 

inverse transform, this factor is 1/(4*NUMBER*DELTAT). The product 

of the factors for the forward and inverse transforms is 1/(2*NUMBER) 
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or I/NUMBER2. This agrees with the factor given in the write-up of 

FOURT in Appendix AI. 

Several examples using the test functions Rand G will now be 

discussed. A number of different experiments were conducted to determine 

the effect of the total time and the time increment on the accuracy of 

the results. In the tables and plots that follow, R* will denote the 

recovered R function after a forward and an inverse transform. 

Figure 3 is a comparison of G for various values of NUMBER, the 

total number of points, and DELTAT, the time step between points. 

These variables were selected to result in all of the R's being 

defined for the same total time. This plot is only for the higher 

frequencies; below w = 3, all of the cases tested agree. The N's 

on the plot are for the unreflected data. It can be seen that as 

NUMBER increases and DELTAT decreases the region over which the 

transform is accurate increases. For NUMBER equal to 2048, the results 

are very close to the actual function G for the entire range plotted. 

At higher frequencies, even the case for NUMBER equal to 2048 will 

deviate from the actual values. 

A comparison of R* for the same cases is shown in Figure 4. 

R* is the initial function R after having been subjected to both 

a forward and inverse transform. In this case virtually all values 

of NUMBER yield an acceptable value for R*. 

The central processor (Cp) times required for the various 

values of NUMBER2 are shown in Figure 5. It can be seen that there is 

an almost linear increase in Cp time with increasing NllMBER2. These 

times are for the actual transform only; any multiplication or other 
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manipulations with the data would increase them. These test cases 

were run under the Scope 3.3.14 on the CSU CDC 6400 computer. 

In summary, the FFT can be used rapidly and economically to 

perform a digital fourier transform of known data. Care must be taken 

to insure the data are reflected properly prior to the transform and 

that the appropriate factors are used after the transform. A user with 

no experience with FFT is strongly urged to experiment with this type 

of application prior to attempting to obtain a spectrum directly from 

digital data. 

4. CALCULATION OF A POWER SPECTRAL DENSITY FROM A TIME SERIES 

Another valuable application of the FFT is the calculation of a 

power spectral density function from a time series. A detailed 

explanation of this process is given in Chapter 9 of Bendat and 

Piersol (l) or in Chapter 6 of Enochson and Ontes (2). The basic 

equations used are straightforward and apply to any FFT routine. 

There is one significant difference between the procedures outlined 

in these references and the procedure recommended in this report. 

This difference has to do with the addition of zeros to the 

initial time series to avoid having a distorted autocorrelation 

function as discussed on pages 312-314 of Bendat and Piersol (1). If 

one uses the reflection techniques described in Section 3 in obtaining 

an autocorrelation function from a power spectral density, the 

addition of zeros to the initial time series is unnecessary. This 

results in a significant advantage in that the same time series can 

be placed in a data array half the size required if the technique 

described in Bendat and Piersol (I) is used. In other words if a time 
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series of data consisting of 2000 points was to be examined using 

standard procedures, an array of length 4000 would be required. If 

the reflection technique was used, the required array length would 

only be 2000 and there would be a savings in core of 50 percent. In 

most cases the size of the data array is limited by the available core 

of the computer, and therefore the ability to use a smaller array can 

be a significant advantage. 

At this point nomenclature comparable to that in Bendat and 

Piersol will be introduced to make the following discussions easier 

to follow. Denote the time series by x (t), n = 1, N, the fourier 
n 

transform of this time series by X(f , N) n = 1, N, and the spectral 
n 

density function of the time series x by G (f ), n = 1, N. 
n x n f = n 

(n-l)/T where T = N ~t. ~t is the time increment of the initial time 

series. 

In terms of these variables, a technique for computation of 

power spectral densities is: 

1. Truncate the data sequence or add zeros such that N is a 
power of 2. In most cases, the data should be taken to 
provide N data values without adding any zeros. 

2. Taper this sequence using a cosine taper window. This process 
is discussed in Bendat and Piersol (1), pp. 322-324. 

3. Compute 

4. compute 

XCf , N) using a FFT routine. 
n 

G (f) using the equation G (f ) 2· ~t Ix 12 
x n x n = .875 ~ k 

5. Smooth G (f) using either frequency or segment averaging. x n 

-Frequency averaging averages together several values of G 
x 

from one transform about some value f and replaces all values 
n 

averaged with one average value. Segment averaging is an ensemble aver-

age at each value of f of a number of separate transforms. 
n 



8 

These steps are the basis for two programs which will be used as 

examples. It should be noted that a real data sequence x will have 
n 

a complex fourier transform XCf, N). In a sense the real part is the 
n 

coefficient of the cosine term and the imaginary part is the coefficient 

of the sine term. Therefore in step (4) when the power spectral density 

estimate is computed, the sum of the square of these two terms is used. 

In all examples and figures, the power spectral density has been 

normalized with the variance of the time series. This normalized 

power spectral density will be called F(fn) or F(n). 

The smoothing in step (5) is one of the more subjective aspects 

of the procedure and the technique used will depend upon the type of 

signal being analyzed, the amount of computer time available, and the 

final use of the power spectral density. The smoothing and the choice 

of N and AT will determine the frequency range of the smoothed 

power spectral density. There is some choice available in the deter-

mination of these parameters, and this choice should be made prior to 

taking the data. 

The largest value of N which can be used in core with the 

CDC 6400 is 8192 (213). This is the largest power of two which can 

be used for a data array and not exceed the available core. Frequencies 

N 1 will then run from 0 to (2 - 1) * T. But T = NAT, and therefore the 

N 1 frequencies will run from 0 to (2 - 1)* NAT. For large N this is 

approximately 1/2AT, the Nyquist frequency. The zero frequency value 

is generally not reliable because the record lengths are of a finite 

length. If the value were to be nearly exact, the total time of the 

input data record, T, should approach infinity. The increment between 

1 points is equal to T where T is the length in time of the input 
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data record. Recall T is equal to N6T. Therefore the high 

frequency end of the power spectral density is determined by 6T, the 

time interval of the data record, and the low frequency end is deter-

mined by the length of the data record. 

Normally the type signal to be examined will dictate the sample 

rate, 1/6T. Once this is determined, and if the maximum range possible 

is desired, N is 8192, the low frequency end of the power spectral 

density is also set. The following table gives these limits for 

sample rates available on the Systems-Development A-D system currently 

in use. 

TABLE 1 - LIMITS FOR POWER SPECTRAL DENSITY COMPUTATION - SYSTEMS -
DEVELOPMENT A-D SYSTEM. RECORD LENGTH = 8192. 

SAMPLE LOWER UPPER 
RATE LIMIT LIMIT 

6T(SEC) (l/SEC) (HZ) (HZ) 

.004 250 .031 125.0 

.002 500 .061 250.0 

.001 1000 .122 500.0 

.0005 2000 .244 1000.0 

.00025 4000 .488 2000.0 

If a smaller range is desired, N may be reduced and there will be 

a savings in computer costs. If a larger range is desired, a program 

is available which allows larger N's to be used by employing an 

external storage device such as a disc. This program will be discussed 

later in this section. 
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Smoothing of the power spectral density is required. Two 

techniques are available: segment averaging and frequency averaging. 

These may be used independently or in a combined manner. In segment 

averaging, a number of power spectral densities are computed from 

separate records from the same signal. These estimates of the power 

spectral densities are treated as an ensemble, and an ensemble average 

computed. The number of segments used is determined by the quality of 

the smoothed power spectral density desired and the amount of computer 

time to be expended. Segment averaging will not alter the frequency 

range of the power spectral density, the upper limit will be l/26T 

and the lower limit lIT. 

Frequency averaging involves averaging adjacent points of the power 

spectral density estimate from one data record. For example every m 

points could be averaged and replaced by one point at the midpoint of 

the frequency range of the original m points. This type of averaging 

will have a negligible effect on the high frequency limit of the power 

spectral density, but will normally raise the lower limit substantially, 

depending, of course, on the choice of m and the original 6T. 

Factors which enter into the choice of frequency smoothing 

techniques are determined by the ultimate use of the power spectral 

density. If a well-smoothed plot is the desired output, a combination 

of frequency and segment averaging may be employed. If a correlation 

function is to be computed from the power spectral density function, 

then equal frequency spacing must be preserved. Also, the time spacing 

of the correlation obtained is determined by the frequency interval of 

the power spectral density and this relationship should be considered 

in any frequency smoothing. 
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4.1 Calculation of Power Spectral Densities Using Segment Averaging 
Techniques 

In order to provide some examples of the use of both the FFT and 

the averaging techniques, output from a specific program will be 

presented. This program, SEGEMNT, is listed in Appendix B2, and 

references will again be made to line numbers in the program. 

This program follows the suggested routine for computation of 

a power spectral density. Lines 107-133 read one block of data 8192 

elements long off of the data tape, tape 1, and compute the mean and 

the rms of that data record. Lines 138-151 remove the mean from the 

data and divide by the rms to obtain a rms of 1.0. This section of 

the program also tapers the data. Lines 156-167 perform a forward 

fourier transform of the array D, and segment average into array 

SEGMEN. Lines 171-194 reflect the segment averaged spectra and perform 

an inverse transform to obtain a correlation function. The remainder 

of the program is concerned with output and plots of both the correla-

tion and the power spectral density. Frequency averaging is performed 

in lines 246-260. 

Some sample results from this program will now be used to illustrate 

the effect of segment and frequency averaging. Segment averaging can 

be evaluated using both qualitative and quantitative methods. The 

appearance of both the smoothed spectra and the autocorrelation can 

be compared for different numbers of segments. Figure 6 shows four 

different segment averaged spectra computed from the same data record. 

All four of these spectra were also smoothed using frequency averaging 

over the high frequency portion. The portion of the title which is of 

the form xx-8l92 indicates how many segments of length 8192 were used 

in the calculation of the spectra. It can be easily seen that as the 

total number of records increases, the spectra become smoother. If 
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the spectra are compared by laying one on another, there is no change 

in the best line that could be drawn through the data. In other words, 

if the 64-8192 case is compared with the 4-8192 case, the mean curves 

are identical. Additional qualitative comparisons can be made using 

a number of different criteria. The effective bandwidth, number of 

degrees of freedom and normalized standard error for the different cases 

can be computed using equations (9.140) to (9.149) of Bendat and 

Piersol (1). These values for the cases plotted in Figure 6 are shown 

in Table 2. As the number of segments averaged increases, the 

normalized standard error decreases. The effect of frequency averaging 

in reducing the normalized standard error can also be seen. Another 

means of comparison is available in terms of more physically relevant 

parameters. The area under the spectrum is compared in Table 3 for the 

four cases shown in Figure 6. There is very little difference in these 

integrated quantities as the number of segments increases. These values 

were all computed for the segment averaged spectra before frequency 

averaging. Close attention should be paid to the integral of F(n). A 

value which is not very close to 1.00 is an indication that, for some 

reason, an incorrect spectrum has been obtained. 

Figure 7 shows the qualitative effect of frequency averaging. All 

three cases were averaged over the same number of segments, and the 

differences are a result of frequency averaging alone. The last line 

of the titles indicate the type of frequency averaging used. The 

different averaging schemes are: (1) no frequency averaging (2) HF 

AVG 10 - no frequency averaging from 0-5.98 HZ, 10 points averaged 



CASE 

4-8192 

8-8192 

16-8192 

64-8192 

13 

TABLE 2 - EFFECT OF SEGMENT AVERAGING ON POWER SPECTRAL 
DENSITY ESTIMATES 

NUMBER RANGE 
OF POINTS OF EFFECTIVE NUMBER NORMALIZED 
FREQUENCY SMOOTHING BANDWIDTH OF DEGREES STANDARD 
AVERAGED (HZ) (HZ) OF FREEDOM 

1 0-5.98 .122 8 

10 5.93-500.0 1.220 80 

1 0-5.98 .122 16 

10 5.98-500.0 1.220 160 

1 0-5.98 .122 32 

10 5.98-500.0 1.220 320 

1 0-1.09 .122 128 

3 1.09-5.98 .366 384 

10 5.98-500.0 1.220 1280 

TABLE 3 - COMPARISON OF INTEGRATED PROPERTIES OF POWER 
SPECTRAL DENSITY ESTIMATES 

CASE 

4-8192 

8-8192 

16-8192 

64-8192 

500 I F(n)dn 

o 

1.014 

1.004 

1.002 

1.007 

ERROR 

.500 

.158 

.353 

.112 

.250 

.079 

.125 

.072 

.039 
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from 5.98-500 HZ (3) HF AVG 10 LF AVG 3 - no frequency averaging from 

0-1.098 HZ, 3 points averaged from 1.098-5.98 HZ and 10 points averaged 

from 5.98-500 HZ. Table 4 is comparable to Table 2 and shows the 

effective bandwidths, number of degrees of freedom and normalized 

standard error for the cases shown in Figure 7. These criteria are 

the only ways to evaluate frequency averaging. In most cases frequency 

averaging will be used to provide a smooth plot of the spectra, and 

the means of frequency smoothing selected will be dependent upon the 

type of data being considered, the frequency range of interest, and the 

ultimate use of the plot. 

CASE 

4-8192 

4-8192 

4-8192 

TABLE 4 - EFFECT OF FREQUENCY AVERAGING ON POWER SPECTRAL 
DENSITY ESTIMATES 

NUMBER 
OF POINTS RANGE OF EFFECTIVE NUMBER NORMALIZED 
FREQUENCY SMOOTHING BANDWIDTH OF DEGREES STANDARD 
AVERAGED (HZ) (HZ) OF FREEDOM ERROR 

1 0-500.0 .122 8 .500 

1 0-5.98 .122 8 .500 

10 5.98-500.0 1.220 80 .158 

1 0-1.09 .122 8 .500 

3 1.09-5.98 .366 24 .289 

10 5.98-500.0 1.220 80 .158 

Some additional guidelines which may be used in the selection of 

how many segments to average may be obtained from considerations of 

the autocorrelation function obtained from the segment averaged spectra. 

In order to compute an inverse fourier transform, the smoothed spectra 

must consist of equally spaced frequency increments. Generally the 

spectra to be used will only be segment averaged and not frequency 
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averaged in order to preserve equal frequency spacing. In all of the 

cases which will be discussed, the segment averaged spectra was trans-

formed using the techniques outlined in section 3. Figure 8 is a 

plot of the autocorrelation functions obtained from the spectra shown 

in Figure 6. In all cases the plots are quite similar up to a lag time 

of .2 seconds. For longer lag times there is more difference evident. 

As the number of segments used in the frequency averaging increases, 

the value of the autocorrelation stays closer to zero for lag times 

from .2 to 1.0 seconds. Table 5 shows the areas of the autocorrelation 

function up to the first zero crossing and also from 0 to 4.096 seconds. 

There is up to a 25 percent difference in the area to the first zero 

crossing between the different cases although the spectra of Figure 6 

appear to be virtually identical. The areas computed over the full 

range of the autocorrelation are at least one order of magnitude less 

than the areas to the first zero crossing. A more detailed discussion 

of the reason for the difference in the areas is presented in the fol-

lowing paragraphs. These two problems represent a significant difficulty 

if one is interested in computing an integral scale. 

TABLE 5 - EFFECT OF SEGMENT AVERAGING ON THE AREA UNDER 
THE AUTOCORRELATION FUNCTION 

AREA AREA 
TO FIRST 0-4.096 

CASE ZERO CROSSING SECONDS 

4-8192 .0405 .00142 

8-8192 .0363 .00157 

16-8192 .0336 .00195 

64-8192 .0280 .00187 
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In order to try to get a more accurate calculation of the 

autocorrelation function, a program was written to calculate the auto­

correlation directly from the data record. This is a much more 

expensive method than the FFT technique and not as many cases were 

run. A comparison of the autocorrelations obtained using a direct 

calculation and using an inverse fourier transform of a spectra is 

shown in Figure 9. The plots with the title PROGRAM ACR were computed 

directly using a data record of the indicated length in 8 second seg­

ments. For a 32 second record, 4 separate autocorrelations were com­

puted and averaged in a manner analogous to segment averaging of the 

spectra. The cost of calculation was such that in the direct case) the 

computation was only carried out to a lag time of .9 seconds. Therefore, 

the only direct comparison which can be made between the plots is the 

area up to the first zero crossing. For the 32 second record) the 

area to the first zero crossing is .0333 for the direct calculation 

and .0405 for the FFT calculation. For the 64 second record, the area 

is .0362 for the direct calculation and .0363 for the FFT calculation. 

It is interesting to note the comparison in cost to obtain an auto­

correlation via the direct method with that for the FFT technique. For 

the lower two plots of Figure 10, both of which represent a data record 

of approximately 64 seconds of real time) the direct calculation for 

100 values of time lag cost $28.00 while the FFT calculation costs 

$5.40 for 4096 values of time lag. This is a factor of 5 differences 

in cost for 40 times fewer correlation points. The FFT technique also 

provides a spectrum for the cost indicated. 

In the course of the direct calculation of the autocorrelation 

function, an interesting effect of the length of the record used in the 
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calculation was observed. The direct calculation was initially carried 

out using a record length of 2000 (2 seconds) and the maximum lag com­

puted corresponded to 1000 data values (1 second). Two examples of this 

calculation are shown in Figure 10. In both cases where records of 

2 seconds each were used, the autocorrelation is negative from a time 

lag of 0.3 seconds to a time lag of 1.0 seconds. This was not the case 

in any of the computations which used the FFT. In order to see what 

effect record length had on this negative region, the direct calcula­

tion program was modified to use a record length of 8000 (8 seconds). 

The results of these computations for the same total length of data are 

also shown in Figure 10. The negative region from .3 to 1.0 is no 

longer predominant, and these results agree well with the autocorrela­

tions obtained from the FFT routines as shown in Figure 9. 

An explanation for this difference can be made based on physical 

arguments. A time lag of .S seconds corresponds to a frequency of 

2HZ. In a 2 second record there would only be 4 cycles at this fre­

quencyand fewer cycles at any lower frequency (longer time lags). It 

seems that 4 cycles are not enough to adequately average in the calcula­

tion of an autocorrelation. By using a record length of 8 seconds, 

there will be 16 cycles of a 2HZ signal in one record, and the resolu­

tion at lag times of .S seconds will be better. Based on a limited 

amount of experience with this particular record, it is felt that at 

least 8 cycles of a particular frequency should be present to obtain 

adequate resolution in an autocorrelation function at a lag time 

corresponding to the reciprocal of the frequency. 

An additional effect- of interest also arose in one case. A 

digital data tape was used which had more than one channel of data. 
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For a small portion of one record, the channels were reversed and the 

effect on the power spectral density is shown in Figure 11. The noise 

in the high frequency portion of the spectra is due to the channel 

switch. The second plot is of the same data but avoiding the record with 

the channel switch. 

The cost of the various cases run with program SEGEMNT are listed 

in Table 6. These include the computation of a power spectral density, 

an autocorrelation and plots of both using the U200 plotting routines 

available at the Engineering Research Center, Colorado State University. 

TABLE 6 - COST FOR TEST CASES - PROGRAM SEGEMNT 
CENTRAL PROCESSOR COST = $290/hr 

TIME OF 
NUMBER OF TOTAL AMOUNT 
SEGMENTS OF DATA COST 

OF LENGTH 8192 (SECONDS) $ 

4 32.77 4.00 

8 65.54 5.40 

16 131.07 8.92 

64 524.29 27.82 

It is important to bear in mind that all of the examples in this 

section have been calculated using a record of pressure data obtained 

using a linear transducer. Non-linear transducers or signals of a 

different type which require different frequency range or which were 

taken at a different sample rate would alter the cost figures. As such, 

these examples should only be considered as guidelines in selecting 

a scheme for digital analysis. 
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4.2 Calculation of Power Spectral Densities Using an External Core 
FFT Algorithm 

In some applications, it is desirable to have a greater frequency 

range of the power spectral density, or resolution of the autocorrelation 

at relatively large lag times. In order to obtain either of these 

results, a long record of data must be used for each segment. In 

order to stay within the present available core of the CDC 6400, 

(1400008), the longest data record which is a power of two which may 

be used is 8192. A technique is available which allows longer data 

records to be considered by making use of disc storage and performing 

the FFT in pieces. The details of the algorithm are described by 

Brenner (3). A program titled FOR2D is available from the IBM 

Contributed Program Library (#360D-13.4006). This program was written 

by Norman Brenner and uses the algorithm of reference 3. The program 

allows record lengths limited only by the disc storage available on the 

computer system in use (presently between 2,000,000 and 3,000,000 for 

the CSU CDC 6400 system). This capability allows very long record 

lengths to be used if necessary. The cost of the calculations becomes 

large as longer records are used and in many cases becomes a limiting 

factor. A comparison of external core techniques and segment averaging 

techniques is discussed in section 4.3. 

In order to use an external core type of program, the input data 

record is broken into a series of equal length records. It is necessary 

to be able to store 3 of these records in the core of the computer at 

any given time. This requirement will set the length of this array. 

The input data record is then stored on the disc and the FFT routine 

only calls a portion of the record at a time. It is important to 
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understand that this is not a segment averaged technique, but that 

the resulting sequence of points is the same that would be obtained if 

the entire data record were transformed using a computer with a very 

large core. 

A listing of a program written to utilize the external core 

technique, EXTCORE is in Appendix 83. A listing of subroutine FOR2D 

is in Appendix A2. 

The steps necessary to calculate a power spectral density are 

basically the same as were listed in section 4.1. The only differences 

between program EXTCORE and SEGEMNT are in the input and averaging. 

These differences will be pointed out with reference to line numbers 

in Appendix B3. 

In lines 145-170, the data is read from the data tape (tape 1) in 

units compatible with the length of the records to be stored in mass 

storage. These records are available to the program by calling sub­

routine DREAD. Lines 187-205 remove the mean from the data and taper 

the data. FOR2D is called in line 209. The remainder of the program 

involves frequency averaging, output, and plotting. 

The frequency averaging is similar to that described in the 

previous section except that even the low frequency portion of the 

spectrum is frequency averaged. Since only one segment is run, some 

frequency averaging is necessary even in the low frequency portions 

in order to obtain acceptable levels of statistical reliability. 

The power spectral densities obtained from four different cases 

using program EXTCORE are shown in Figure 12. The notation in the 

figures indicates how many portions were used to make up the entire 

record. The figure in the bottom right utilized a record made up of 
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512 parts, each consisting of 1024 data elements. The averaging in 

the three shorter cases was such that the bandwidths for all three 

were the same. The fourth case (512-1024) used a different scheme of 

frequency averaging. The details of the frequency averaging along with 

the number of degrees of freedom, and the normalized standard error are 

shown in Table 7. This table can be compared with Tables 2 and 4 of 

section 4.1. It can be easily seen that as the normalized standard 

error decreases, the power spectral density function becomes smoother. 

TABLE 7 - EFFECT OF RECORD LENGTH ON POWER SPECTRAL DENSITY 
ESTIMATES, EXTERNAL CORE FFT 

NUMBER 
OF POINTS RANGE OF EFFECTIVE NUMBER OF NORMALIZED 
FREQUENCY SMOOTHING BANDWIDTH DEGREES OF STANDARD 

CASE AVERAGED (HZ) (HZ) FREEDOM ERROR 

32-1024 8 0-31.25 .244 16 .353 

(32.77 SEC) 16 31.25-62.50 .488 32 .250 

128 62.50-500.0 3.906 256 .088 

64-1024 16 0-15.63 .244 32 .250 

(65.54 SEC) 32 15.63-31.25 .488 64 .177 

256 31.25-500.0 3.906 512 .063 

128-1024 32 0-7.81 .244 64 .177 

(131.07 SEC) 64 7.81-15.63 .488 128 .125 

512 15.63-500.0 3.906 1024 .044 

512-1024 16 0-1.95 .030 32 .250 

64 1.95-21.48 .122 128 .125 
(524.29 SEC) 

256 21.48-41.02 .488 512 .063 

512 41.02-500.0 .977 1024 .044 
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Table 8 shows the values of the areas under the spectra of 

Figure 12. This table is comparable to Table 3 of section 4.1. The 

first case (32-l024) shows more variation than any of the other cases 

in Table 3 or Table 8, but for many applications this error would be 

acceptable. 

TABLE 8 - COMPARISON OF INTEGRATED PROPERTIES OF POWER SPECTRAL DENSITY 
ESTIMATES, EXTERNAL CORE FFT 

00 

CASE J F(n)dn 

0 

32-1024 .978 

64-1024 1.016 

128-124 1.009 

512-1024 .997 

Correlation functions were computed for three of the example cases 

and are shown in Figure 13 along with one case calculated with program 

SEGEMNT. A trend can be seen in these figures which is similar to that 

of Figure 8. As the length of record increases, the correlation at 

larger lag times is more nearly zero. The correlations computed using 

program EXTCORE all have very much larger record lengths than those 

computed using program SEGEMNT. It would be expected that the EXTCORE 

correlations would be valid for longer lag times. A listing of the 

areas for the three correlations computed is shown in Table 9. In all 

of the cases, the area to the first zero crossing is comparable to that 

for the entire autocorrelation (0-4.096 sec). This agreement is in 

contrast with the cases shown in Table 5 for the shorter records of 
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program SEGEMNT. This is another example of the effect of record 

length on the calculation of autocorrelation functions. There is 

fair agreement between the areas out to the first zero crossing in 

both cases, and this may be an appropriate choice of area when only a 

limited record length is available. Care must be used in using the 

area to the first zero crossing, since not all correlations remain 

as close to zero as this demonstration case for regions beyond the first 

zero crossing. 

TABLE 9 - EFFECT OF RECORD LENGTH ON THE AREA UNDER THE 
AUTOCORRELATION FUNCTION, EXTERNAL CORE FFT 

RECORD AREA TO 
LENGTH FIRST ZERO AREA 

CASE SECONDS CROSSING 0-4.096 SEC 

32-1024 32.77 .0362 .0339 

64-1024 65.54 .0378 .0376 

128-1024 131.07 .0333 .0350 

The costs for the EXTCORE examples are listed in Table 10. These 

include the cost of all calculations and plotting. 

TABLE 10 - COST FOR TEST CASES PROGRAM EXTCORE. 
CENTRAL PROCESSOR COST = $290/hr 

DATA LENGTH COST 
CASE SECONDS $ 

32-1024 32.77 12.10 

64-1024 65.54 22.59 

128-1024 131.07 46.37 

512-1024 524.29 210.30 
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4.3 Comparison of Program SEGEMNT and Program EXTCORE 

Many of the differences between and advantages of segment averaging 

and external core approaches are apparent after reading the previous 

section. These differences and advantages will be briefly summarized 

in order to point out the most significant. 

The major advantages of the external core technique are that it 

allows a greater frequency range in the spectrum and provides an 

autocorrelation function which is valid at relatively long lag times. 

The advantage of being able to obtain more points at low frequency in 

the spectrum is offset somewhat by the need to perform some type of 

smoothing in order to obtain a statistically reliable value. For the 

external core case, the smoothing will be accomplished using frequency 

averaging which will reduce the number of data points available at the 

low frequency end of the spectrum. 

The autocorrelation which may be obtained using the external 

core technique is of higher quality at higher lag times than the 

autocorrelation which may be obtained using segment averaging. This 

increase in quality is obtained at a corresponding increase in cost 

of computer time. This extra cost may be necessary if an accurate 

measure of integral scale is desired. The integral time scale and the 

low frequency end of the power spectral density are directly related, 

(F(O) = 4 J R(t)dt), and if the low frequency end of the spectra has 
o 

a standard error of .5, there can be up to 50 percent error in the 

integral scale. 

The major advantage of segment averaging is cost. In all cases, 

comparable quality power spectral densities can be obtained (based on 
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normalized standard error) for from 1/3 to 1/8 the cost using segment 

averaging instead of external core techniques. 

The core requirements for each case are comparable based on the 

array sizes used in the example programs. Changing array sizes in 

either of the programs would have an effect on the core required, but a 

comparable change would have to be made to both programs and the core 

requirements would still be comparable. 

A general guideline in selecting a technique would be to use 

segment averaging unless a special requirement exists which requires 

the external core technique. 

S. TWO CHANNEL CALCULATIONS--CROSS-SPECTRAL DENSITIES AND CROSS­
CORRELATIONS 

Some applications require information concerning the relationship 

between two time series in either the frequency or time domains. Once 

the techniques described in the previous sections are understood, the 

computation of functions describing these relationships can be readily 

accomplished. Most computations of multichannel functions begin with 

a cross-spectral density function, a complex quantity. Once the cross-

spectral density function is obtained, a number of additional quantities 

can be computed. A brief discussion of some of these functions can be 

found in Bendat and Piersol (1), pp. 25-34. 

x(t) 

(X* 

The equation for the cross-spectral density of two time series 

and yet) is given by the equation G (f) = -T2 X*(f ) Y (f ). xy n n n 

is the complex conjugate of the transform of the x(t) time series.) 

Thus, once the transforms of two simultaneous time series are available, 

the cross spectral density, and any other related quantities may be 

computed. As brief examples of both computation and averaging 
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techniques, programs which compute a coherence function and a 

cross-correlation coefficient will be discussed. 

The two most important aspects of these programs are the 

techniques of data storage and averaging. The data storage is common 

to both programs and will be explained with reference to PROGRAM 

CSPECT2 (Appendix B4). The single channel transforms have been com-

puted and are stored on a master data tape (tape 2) as separate files, 

with each segment a separate record (logical record) of the file. The 

input portion of the program (lines 90-105) reads each file from 

tape 2 and stores them on tape 3 and tape 4 for X(f ) 
n 

and Y(f ) 
n 

respectively. All reads and writes are done using unformatted binary 

reads and writes. The use of this type statement instead of a format-

ted read or write results in savings of from 50 percent to 90 percent 

in the required computer central processor costs. 

As shown in previous sections, some method of averaging will be 

required to obtain statistically reliable estimates. In the examples 

segment averaging is used as the primary method. It is necessary to 

segment average the cross-spectral density function and not the single 

channel transforms. Therefore, in lines 110 and 111 the single channel 

transform for each segment is read and the segment averaged cross-

spectral density function is computed. In the calculation of the 

coherence function (lines 113-130) the cross-spectral density is also 

frequency averaged prior to the final calculation of the coherence 

function (lines 138-156). 

A second example program which calculates a cross-correlation 

function (PROGRAM CSPECT3) is listed in Appendix B5. The input and 

smoothing sections of this program are the same as those in CSPECT2. 
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The cross-correlation is obtained from an inverse fourier transform of 

the cross-spectral density function. A segment averaged cross-spectral 

density is computed in lines 106-113 and reflected in lines 117-122. 

The cross-spectral density is reflected such that the real part is 

an even function and the imaginary part an odd function. The reflected 

cross-spectral density is transformed in line 126 to obtain a cross­

correlation coefficient. The cross-correlation coefficient can be 

calculated directly from the time series, and a comparison of a direct 

computation and a FFT computation is shown in Figure 14. The two 

results are virtually identical. 

This brief section shows just two of the many cross-channel 

computations possible. Costs of the different calculations will vary 

with the application and no definite guidelines can be stated. The 

two most important aspects of cross-channel calculations are 

(1) use of binary write and read statements (2) averaging the cross­

spectrum and not the single channel transforms. 
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FIGURE 12. POWER SPECTRAL DENSITIES--PROGRAM EXTCORE. 
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SUAROUTIN( FOURT(OATA,NN,NnIM.ISI6N.IfORM,~ORK) 

THE COOLFY-TtJKfY FAST FOURIER TRANS~OPM IN USA')I BASIC FORTRAN 

FFTTOOOO 
FFTTOOI0 
FFTTOU?O 
FFTT0030 

TRAN~FOP~(~1.K2 •••• ) = SU~(DATA(Jl.J2 •••• )*EXP(ISIGN*2*PI*SQQT(-1)FFTT0040 
*«JI-1)*(Kl-l)/NN(I)+(J?-I)*(K2-1)/NN(2)+ ••• »). SUMMEn FOP ALL FFTTOO~O 

Jl. Kl RFTWFFN 1 A~D N~I(I). J? K2 HETwEfN 1 AND NN(2). FTC. FFTT0060 
THERE IS NO Llf'AIT TO TtlE NIIMRER OF SUASCRIPTS. OATA IS A FfTT0070 
MULTTOI~FNStONAL COMPLEX ARRAY ~HOSf RFAl AND IMAGINARY FFTTOORO 
PARTS APE ADJACENT IN STO~.AGF. SUCH AS FORTRAN IV PLACFS THEM. FFTTn090 
IF ALL IMAGINARY PARTS APf ZERO (DATA ARE DISbUISEn ~~AL). SfT FFTTOIOO 
IFORM TO ZfRO TO CUT THE ~UNNING TIME PY UP TO FORTY PERCFNT. FFTTOIIO 
OTHERWISE. IFORM = +1. THf LENGTHS OF ALL OIM(NSIO~S A~€ FFTTOl?O 
STORED TN ARRAY NN. OF LFNGTH NDIM. THEY MAY AE ANY POSITJVF FFTTOl30 
I~TEGERS. THO THF PROG~AM RUNS FASTER ON COMPOSITE I~TEGE~S, A~ID FFTT0140 
ESPECIALLY FAST ON NUMREPS RICH I~ FACTORS OF TWO. lSIGN IS +1 FFTT0150 
OR -I. IF A -I TRANSFORM JS FOLLOWED RY A +1 ONf (OR A +1 fFTT0160 
By A -I) THE ORIGINAL DATA HEAPPEAR. MULTIPLIEO RY NTOT (=NN(l)* fFTTOl70 
NN(?)* ••• ). TRANSFORM VALUES ARE ALWAYS COMPLEX. ANO ARE RETUANFOFFTTOIRO 
I~ ARRAY DATA, REPLACING THE INPUT. IN ADDITION, IF ALL FfTT0190 
DIMENSIONS ARE NOT POwER~ Of TwO. ARRAY WORK MUST ~E SUPPLIEO. FFTTO?OO 
COMPLEX OF LfNGT~ EQUAL TO THE LARGEST NON 2**K DIMENSION. FFTT0210 
OTHERWISE. REPLACE wORK ~Y ZE~O IN THE CALLING SEQUENCE. FFTT02?O 
NORMAL FORTRAN DATA ORnEPI~G IS EXPECTED, FIwST SURSCHIPT VARYIN6 FFTT0230 
FASTFST. ALL SU~SCHJPTS AFGIN AT ONE. FFTT0240 

RUNNING TIME IS MUCtI SHOPTF~ THAN THE NAIVf NTOT**2. 8EING 
GIVEN PY THF FOLLOWING FORMULA. DfCOMPOSE NTOT INTO 

FfTT0250 
FFTT0260 
FFTT0270 

?**K2 * 3**K3 * 5**K~ * •••• LET SUM2 = 2*K2, SUMF = 3*K3 + 5*K5 FFTT0280 
FFTTO?QO + ••• ANn NF = K3 + K~ + •••• THE TI~F TAKEN ~Y A ~ULTI­

OI~ENSIONAL T~.ANSFORM ON THESE NTOT DATA IS T = TO + NTOT*(T}+ 
T2*SUM?+T3*St'MF+T4*~F). ON THE CDC 3300 (FLOATING POINT Ano TIMF 
OF SIX MICROSECONDS), T = 1000 + NTOT*(500+43*SUM2+~A*SUMF+ 
320*NF) MICROSECONDS ON CO~PLEX DATA. I~ AuDITION, THf 
ACCURACY IS GREATLY IMPRO~EU, AS THE PMS RELATIVE EqROR IS 
ROUNOED RY 3*2**(-A)*SlIM(FACTOw(J)**1.5). WHE~E R IS THF. NU~~ER 
OF AITS IN THE FLOATING POINT FRACTION AND FACTOR(J) APE THE 
PRIME FACTOP') OF NTOT~ 

FFTT0300 
FFTT01l0 
FFTT0320 
FFTT0330 
fFTT0340 
fFTT0350 
FFTT03f,O 
FFTT0370 
FFTT03~O 

PROGRAM RV NOR~AN ~R£NNEP F~OM TH~ HASIC PROGR~M HY CHARLES FFTTO)90 
RAOFR. RALPH ALTER SUGGFSTED THE IDEA FOR THE DIGIT REVERSAL. FFTT0400 
~IT LINCOLN LA~ORATORY. AUr,UST 19~7. THIS IS THE FASTfST ANn ~O~TFFTT0410 
VERSATILF VERSION OF THE FFT KNOWN TO TH~ AUTrlOP. SHORTER PRO- FFTT04?O 
GRAMS FOURl ANn FOUR2 RESTRICT DI~ENSION LENGTHS TO POW~RS OF TWO.FFTT0430 
SEE-- IEEE AUDIO TRAN~ACTIONS (JUNE }Q67), SPECIAL ISSUf ON FFT. FFTT0440 

THE nlSCRETF FOURIER TRAN~FOR~ PL~CES THREE RE~T~ICTIONS UPO~ T~F 
DATA. 
1. THE NU~RE~ OF INPUT nATA AND THE NUM~ER OF TRANSFORM VALUfS 

fFTT0450 
fFTT0460 
FFTT0470 
FFTT04RO 

~ 
~ 



C ~UST RF THE ~AMF.. FFTT04g0 
C 2. ROTH THr !f\!PUT nlHA A!IID THE T;.(A.'-ISF(\RM VALUf='S MUST REPHESF."iT FFTT0500 
C EQUI~P~CFO POINTS I~ THErR ~FSPECTIVF OO~AINS OF TI~E ANO FFTT0510 
C FREQUENCY. CALLING THESE ~~ACTNGS OELTAT AND "ELTAF, IT ~UST RE FFTT05?O 
C TRUF. THAT OELTAF=2°PI/(Nf\!(T)*OELTAT). OF COURSE, nELT~T NEED NOT FFTT0530 
C qE THE SA~E FOP EVERY DI~E~SION. FFTT0540 
C J. CONCFPTUALLY AT LEAST. THE INPllT DATA AND THE TRANSFORM OUTPUTFFTT05~O 
C REPRFSFNT SINGLE CYCLES OF PERIODIC FUNCTIONS. FFTT0560 
C FFTT0570 
C EXAMPLE 1. THREF-~I~€NSIONAL FOR~AHn FOU~IER TRANSFORM OF A FFTTOSHO 
C COMPLEX AR~AY OIMFN~tONEn 32 ~Y 2S HY 13 IN FORTRAN IV. FFTT0590 
C OIMENSION DATA(32.25.13).wnRK(50).N~(3) FFTT0600 
C COMPLEX nATA FFTT0610 
C DATA NN/12.2~.131 FFTT0620 
C 00 1 1=1.32 FFTTOA30 
C 00 1 J=).25 FFTT0640 
C 00 1 K=I.13 FFTT06~O 
C 1 DATA(I.J.K)=COMPLEX VALUF FFTTO~60 

C CALL FOURT(OAT~.NN.3.-1.1.~ORK) FFlTOb70 
C FfTT06AO 
C EXAMPLE 2. nNf-Ol~ENSIO~Al ~ORWARn TRANSFORM OF A REAL ARRAY nF FFTT06QO 
C LENGTH ~4 IN FORTwAN II. FFTT0700 
C DIMENSION OATA(2.64) FFTT0710 
C DC ? 1=1.64 fFTT0720 
C OATA(l.I)=PEAL PART FFTT0130 
C ? DATA(2.T)=O. FFTT0740 
C CALL FOIJRT(OATA.f;4,l.-1.O,O) FFTT07.,O 
C FFTT0760 

OIMFNSION OATA(1).h~(1).JFACT(32),~ORK(1) FFTT0770 
\IIIR = 0.0 
wI = 0.0 
WSTPP = 0.0 
WSTPI = 0.0 
T.OPT=6.?831~~307 FFTT0780 
IF(NOIM-l)920.1.1 FFTT07QO 
NTOT=2 FFTTO~OO 
DO 2 tOIM=l.NOIM FFTTO~lO 
IFCNN(TrTM»9?O.920.2 FfT T 0820 

2 NTOT=NTOTONN(IOIM) FFTTOa30 
C FFTTOR40 
C MAIN LOOP FOP EACH nI~FN~ION FFTTO~~O 

C FFTTO~bO 

NP 1 =? FFTT01370 
no QlO InIM=l.NnI~ FFTT0880 
h=NN (101 M) FFTT0890 
NP2=NPloN FFTTO~OO 

If(N-l)9?O,900.S FFTT0910 
C FFTT0920 
C FACTOR N FFTT0930 
C FFTTOQ40 
C; M=N FFTT0950 

-1:>0 
tTl 



10 

11 
12 

20 
30 

31 
3? 

40 

r;o 
51 

60 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
70 

71 
72 

73 

74 

NTwO=NPl 
IF=1 
IOIV=? 
ICUOT=IIoi/TOlv 
TRE~=IIoi-IOIV*TQUOT 
IF(IQUOT-IOIV)~O.ll.ll 

If(IREM)20.12.20 
NTwO=NT\iIIO+NTWf) 
M=IQUOT 
60 TO 10 
IDlv=3 
lQUOT=M/IOIV 
IRE~=M-JOIV*IQUOT 

IF(IQUOT-IOIV)~0.31.31 
If (JREM)40.32.40 
IFACT(IF)=IOIV 
IF=IF+l 
M=IQUOT 
(:;0 TO ':\0 

IOIV=IOIV+2 
GO TO 30 
IF(IRE"')f)0,~1,60 

NTwO=NTWO+~ITwf') 
60 TO 70 
IF ACT (IF) =M 

SfPARATF FOUR CASES--
I. COMPLf~ TRANSFO~~ O~ REAL TR~NSFOR~ FO~ THF 4TH. 5TH.FTC. 

OI~ENSIONS. 
'2. QF AL TRANSFORM FOR T~E 2ND OP 31=<0 n 1 MEN~ I ON. ME T ... OI)-­

TRANSFn~M H~LF THE DATA. SUPPLYI~G THE OTHFP ~ALF RY rON­
Jll(HHf SYMMf.T~Y. 
TRANSFORM HALF T~E OATA AT EACH STAuF. SUPPLvI~b THE OTHFR 

3. RFAL TRANSFORM FOH THE 1ST UI~fNSION. N ODO. ~EThOO-­
HALF ~y CONJUG4TF ~YMMfTRY. 

4. REAL TRANSFOR~ FOR THE 1ST OI~ENSION. ~ FVEN. METHOO-­
TPANSFOQM A COMPLEX A~RAY OF LEN~TH NI2 ~HOSF REAL PA~TS 
ARf THE [VEN I'JU~AEPf.f) Io?EAL VALUf~ ANn WHOSF llviAGINAQY Pl\oTC, 
APf TI-iF ono NUMtiERFO REAL VALUI:.S. SFPAI-<ATf.. A,.,II) SUPPLY 
Tt-tF SfCO"'O HALF' RY CON.JUGA Tf:: SYMMf TRY. 

NON2=NP.1*(NP2/NTWO) 
ICASF=) 
IF(TOIM-4)71.~O.90 
IF(IFORIIoi)72.72.QO 
ICA~F=2 
IF(IOIM-)73.73.QO 
JCA<;F=3 
IF(NTWO-~Pl)Qu.qO.74 

leASE=4 
NTWO=NTwO/? 

FFTTO~F,O 

FFTT0970 
FFTTOq~o 

FFTTO'1QO 
FFTTIOOO 
FFTTIOI0 
FFTT1020 
FFTTI030 
FFTTI040 
FfTTI0S0 
FFTTl(J~O 
FFTTI070 
FFTTIOPO 
FOFTT 1090 
FFTTIIOO 
FFTTIII0 
FFTT11?0 
FFTTl130 
FFTTl140 
FFTT11"0 
FFTTllbl) 
FFTT1170 
FFTTlll.40 
FFTTl190 
FFTT1200 
FFTT1210 
FFTTlc20 
FFTT1?30 
FFTT1240 
FFTT1250 
FFTTl?hO 

FFTT1290 
FFTTl'-'AO 
FFTT1300 
FFTTl'HO 
FFTT13?O 
FFTT1330 
FFTT1340 
FFTT1350 
FFTT13f.O 
FFTT1370 
FFTTl::\HO 
FFT T1390 
FFTT1400 
FFTT1410 
FFTT14?O 
FFTT1430 
FFTT1440 
FFTT}4C,O 
FFTT14~U 

.jlo. 

0\ 



AO 
90 

9') 
C 
C 
C 
C 
100 
110 

120 

125 
130 
140 
145 

lr;o 
C 
C 
C 
C 
C 
C 

310 
320 

330 

N=NI? 
NP2=NP21? 
"ITOT=NTOT/2 
1=3 
no AO .J=?NTflT 
OATA(J)=OAT~(I) 

I=I+? 
IlRt.J6=NPl 
IF(ICASF-2)100.9;.100 
IIR~R=NPO~(l+NPREV/?) 

SHUFFLE ON T~F FACTORS OF TWO IN N. AS TH~ SHUFFLING 
CAN RE DONE Rt SIMPLF I~Tf~CHANGE. NO WORKING ARRAY IS NEEOEO 

tF(NT~O-NPl)600,600.110 
NP2'-4F=NP?12 
J=l 
OC 150 J2=I.NP2.NON2 
IF(J-I2)120.130.130 
IIMAX=I2+NON?-2 
00 1?5 11=1?II MAX.? 
00 125 13=11.NTOT.~P2 
J3=J+I3-I2 
TEMPR=OATACI3) 
TEMPT=04TA(I3+1) 
OAT4(13)=04T6(J3) 
OATA(I3+})=OAT6(J3+}) 
OATA(J3)=TEMPH 
OATA(J3+1)=Tf~PI 

M=NP?HF 
IFeJ-M)1;o.lSO.14') 
J=J-M 
~=M/? 

IF(~-NON?)1C;O.140.140 

J=J+M 

fFTT147U 
FFTT14"'0 
FFTT1490 
FFTTlr;OO 
FFTT1510 
FFTT1S20 
FFTT1530 
FFTT1540 
FFTT1550 
FFTTl~f.O 

FFTTl"70 
FFTTl'iAO 
FFTTlSQO 
FFTTlf,OO 
FFTTlblO 
FFTT1620 
FFTTlh30 
I=FTTlf,40 
J;'FTT}6r;O 
FFTTlbbO 
FFT T1670 
f'FTT 16AO 
FFTT1690 
I=FTT1700 
I=FT T1710 
f't=TT17?O 
FF"TT1730 
FFTT1140 
FFTT17';0 
t:aFTTI7f-O 
FFTT1770 
FFTT17~O 
fFTT)7~O 

FFTTIAOO 
FFTTIHIO 
FFTTl~?O 

MAIN LOOP FOR FACTOuS OF TwO. PEHFOHM FOURIFH TRANSFORMS OF FFTTl~30 
LENGTH FOUR. _ITH Ol'\iE' I')F LFNGTH TwO IF NfE()f~\). Tt1F TWI()[\Lt FA.C T ORFFTT1'140 
.=EXP(ISIGN~?~PI*SQ~T{-1)*M/(4*MMA~». CHECK FOR W=ISIGN*SORT(-l)FFTTl~~O 
AhD PEPFAT FOR ~=ISIRN~SgHT(-I)*CONJU6ATf(W). fFTT1~~O 

NON?T=flJOt-12+NOf\'2 
IPAP=NTwO/NPl 
IF(IPAR-2)350.330.370 
IPAR=IPAP/4 
GO TO 310 
DO 340 Il=1.IlPNG.2 
DC 140 J3=Il.NO",?NPl 
00 340 Kl=J3,NTOT,NON2T 
K2=t<I+NON2 
TEMPR=OATACK?) 

FFTTl>i70 
FFT"!"18~O 

J:fTTIH"JO 
FFTTl~OO 

FFTTl~lO 

FFTT1~?0 

FFTTl~30 

FFTTlt.)40 
fFTT1950 
FFTT1960 
FFTT1970 

.c:r. ..... 



TEMPI=O~TA(K2+1) FFTT}'IkO 
OATA(K2)=DATA(kl)-TFMPW FFTT1990 
OATA(K2+1)=OATA(Kl+1)-TE~PT FFTT?OOO 
OAT6(Kl)=OATA(~1)+TFMPR FFTT?OlO 

340 nATA(Kl+})=nATA(Kl+1)+TEMPT FFTT?020 
350 ~~AX=NON? FFTT?030 
360 IF(~MAX-NP2HF)370.bOO.~OO FFTT?040 
370 L~AX=MA~O(NnN2T.MMA~/~) FFTT20C;O 

IF(~MAX-NONc)405.40~.3~O F'FTT?OflO 
3RO Tl-tETA=-TwOPI*FlOAT(I\O"'?)/FLOAT(4*"'4MA)() FFTT?070 

IF(ISIGN)400.390.390 FFTT?OAO 
390 THETA=-THF.:TA FFTT?040 
400 WR=COS(THETA) FFTT?lOO 

WI=<;IN(THETA) F'FTT2110 
wSTPR=-?*WI*wI FFTT?l?O 
wSTPI=?*wR*WI FFTT2130 

405 00 570 l=NON?LMAX.NO~?T FFTT2140 
M=L FFTT21~O 
IF(~MAX-NON2)420.4?O.410 FFTT2H-O 

4}0 w2R=WR*WR-~I*wJ FFTT?170 
"21=?.*wP*~1 FFT T21AO 
w3I=W2~*wI+w~I*wP FFTT??OO 
W3R=w2R*WR-W2I*WI FFTT?190 

420 00 ~30 11=1.tlR~6.2 FFTT??lO 
DO ~30 J3=Il.NON2.NPl FFTT2~20 ~ 
K~ 1 t-.) =J::t + IPAP*~ FFTT?230 00 

IF(MMAX-NON?)430.430.440 FFTT??40 
430 I<tJIN=J3 FFTT22,O 
440 KOIF=IPAP*tJ!MAX FFTT?2~O 
450 KSTFP=4*~OIF F'FTT2270 

00 ~?O ~1=KMIN.~TOT.K<;Tf.P FFTT?2~O 

K2=1<1+KOIF FFTT?2 Q O 
K3=K?+KDJF FFTT?3no 
K4=K3+KOIF FFTT231() 
IF (MMAX-NON?)460.460.4AO FFTT23?O 

460 UIH=OATA(Kl)+OATA(K?) FFTT2330 
Ull=OATA(Kl+l)+OATA(1<2+1) FFTT2340 
U?R=OATA(K3)+DATA(K4) F'FTT2jC)O 
U21=OATA(K3+)+OATA(K4+1) FFTT?360 
U3R=OATA(Kl)-OATA(K2) FFTT?370 
U31=OATA(I(I+I)-OATA(K2+1) FFTT23PO 
IF(ISIGN)470.475.475 FFTT?3QO 

470 U4~=OAT~(K3+1)-OATA(K4+1) F"FTT2400 
U4I=nATA(K4)-DATA(K]) FFTT?410 
60 TO C)10 Ff TT2420 

475 U4R=OATA(~4+1)-OATA(K3+1) FFTT?430 
U4I=OATA(K3)-UATA(K4) FFTT?440 
r,0 TO ~10 FFTT?41:;O 

4AO T2R=W2R*OATA(K2)-~2I*OATA(~2+1) FFTT?'+60 
T2I=w2P*nATA(K2+1)+w2I*UATA(I(?) FFTT?470 
T3R=WR*OATA(K3)-WI*OATA(,3+1) FFTT?4AO 



490 

500 

510 

520 

530 

540 

550 

560 
565 

570 

C 
C 
C 
C 
C 
C 
600 

T3I=~R*D~TA(K3+1)+Wl*OATA(K3) 
T4R=~3R*OATA(K4)-w3J*OATA(K4+1) 
T4I=w3R*OATA(K4+1)+w3I*O~TA(K4) 

UIR=nATA(Kl)+T2R 
UII=nATA(Kl+l)+T2I 
U2R=T3R+T4P 
U2I=T3J+T41 
U3R=nATACK})-T2R 
U3I=OATA(K}+})-T2I 
IF(ISIGN)4QO.500.500 

U4R=T3I-T4I 
U4I=T4R-T3R 
GO TO 510 
U4R=T4I-T3I 
U4I=T3R-T4R 
O~TA(Kl)=UIR+U2R 
OATA(~1+1)=UII+U21 
OATA(K2)=U3N+U4R 
OATA(K2+1)=U~I+U41 
OATA(K3)=Ulw-U2R 
OATA(K3+})=UII-U2I 
OATA(K4)=U3P-U4~ 
OATA(K4+1)=u3I-U41 
K~IN=4*(~MIN-J3)+J3 

KOIF=KSYEP 
IF (KOIF-NP2)450.530.530 
CCPIITINUF 
~=~~AX-M 

IF(ISIAN}540.~50.550 
TEMPR=WR 
WR=-WI 
_I=-TEMPR 
GO TO 5"0 
TF.MPR=WR 
WR=wI 
WI=TFMPR 
IF(M-LM~X)565.565.410 

TEMPR=wR 
wR=WR*WSTPR-wt*WSTPI+~N 
WI=WI*w5TPR+TEMPR*wSTP!+wI 
IPAR=3-TPAR 
M~AX=MMAX+M~AX 

GO TO 360 

M~IN LOOP FOR FACTOPS NOT EYUAL TO TwO. APPLY THE TWIDOLE FACTOP 
W=EXP(ISt6N*2*Pt*SQRT(-1)*(J2-1)*(JI-J2)/(NP2*IFPl». THEN 
PERFORM A FOURIER TRANSFORM OF LENGTH IFACT(IF), MAKING USf OF 
COPIIJUGATF SYMMETRlfS. 

IFCNTwO-NP2)605.100.100 

fFTT7490 
FFTT2':)00 
FFTT2~10 

F'FTT2520 
FFTT2'530 
FFTT2540 
FFTT2550 
FFTT25,,0 
"'FTT2510 
FFTT25110 

fFT T2r,QO 
FFTT2600 
FFTT?610 
FFTT2620 
FFTT?b30 
FFTT2640 
FFTT2650 
FFTT2660 
FFTT2670 
FFTT2680 
FFTT2690 
FFTT2100 
FFTT2710 
FFTT2120 
FFTT2130 
FFTT2740 
FFTT21'50 
FFTT2160 
FFTT?170 
FFTT2780 
FFTT2190 
FFTT2dOO 
FFTT2ril0 
FFTT2~20 

FFTT2~30 

FFTT2R40 
foFTT?dSU 
FFTT?iiI)O 
FFTT?~70 

FFTT?~~O 

FfTT2M90 
FFTT?900 
FFTT?QIO 
FFTT?9?O 
FFTT?930 
FF1T2940 
FFTT?,Q"O 
FFTT29~O 

FFTT2~70 
FFTT?qeo 

~ 
~ 



6015 IFPl=NON2 ffiT?~ljO 

IF=l FFTT3000 
NP!HF=NPl/2 FFTT3010 

610 IFP?=IFPI/IFACT(IF) FFTT30?0 
JIRNG=NP? FFTT3030 
IF(ICASf-l}~12.611'hI2 FFTT3040 

611 JIRNG=(NP2+IFPl)/2 FFTT30~O 

J2STP=NP2/IFACTCIF) FFTT30AO 
JIRG2=(J2STP+IFP2)/2 F"FTT~010 

612 J2MIN=1+IFP2 FFTT30f'O 
IF(IFPI-NP2)61~.640.640 FFTT3040 

615 00 ~3r; J?=J?MIN.IFPl.IFP? FFTT.lI00 
T~fTA=-TWOPI*FlOAT(J2-1)/FLOAT(~P2) FFTT3110 
IF(I~16N)62~.620.620 FFTT31?O 

~20 T~ETA=-THETA FFTT3130 
6?5 SINTH=5JNJTHFTA/2.) FFTT3140 

WSTPR=-2.*SINTH*SINTH FfTT11S0 
WSTPI=SIN(THFTA) FFTT3160 
WR=wSTPR+l. FFTT3110 
wJ=wC;TPI FFTT31ftO 
J1MIN=J2+IFP} FFTT'H90 
00 615 J}=JIMIN.JIRN6.TFPl FFTT3200 
IIMAX=Jl+IlRN6-2 FFTT3210 
00 630 Il=Jl.IlMAX.? FFTT3220 
00 630 13=Il.NTOT.NP2 FFTT3t:?30 
J3MAX=T3+IFP2-NPl FFTT3?40 til 

0 
00 630 J3=I3.J3MAX.NPl fFTT12S0 
TE~PR=OATA(J3) FFTT3?60 
DA TA (J3) =06T A (J3) *\fIR-Ill T ~ (,J3 + 1) *\0; I FFTT3210 

630 OATA(J3+})=TEMPR*W!+DATAeJ3+1)*wR FfTT3?AO 
TEMPR=WR FFTT32QO 
W~=WR*WSTPR-wI*wSTPI+w~ FF"TT3::JOO 

635 WI=T~MPR*WSTPI+WI*WSTPP+wI FFTT3.:H 0 
640 T~ETA=-TwOPT/FLOAT(IFACT(IF» FFTT33?O 

IF(ISIGN)650.645.645 FFTTl330 
645 Tt-IETA=-THETA FFTT3140 
650 SINTH=SIN(THFTA/?) FFTT3350 

WSTPR=-?*SJNTH*SINIH FFTT1360 
WSTPI=SIN(THFTA) FFTT3310 
KSTFP=2*~/IFACT(IF) FFTT3~f40 

K~ANG=KSTEP*(IFACT(IF)/2)+1 FFTT33QU 
no 6Q~ J}=1.IIRNr,.2 FFTT3400 
00 6Q8 I1=Il.NTOT.NP2 FFTT3410 
no 690 ~~IN=l.KPANG.KST~P FFTT14?0 
JIM~X=I3+JIPN6-IFPl FFTT"1430 
no 6AO Jl=Il.JlMAX,IFPl FFTT3440 
J3MAX=Jl+IFP2-NPl F"FTT3450 
00 6AO J3=Jl.J3MAX.NPl F"FT T31+60 
J2MAX=J3+IFPI-TFP2 FFTT3410 
K=K~TN+(J3-Jl+(Jl-13)/IFACT(IF»/NPlHF FFTT~4AO 

IF(KMIN-l)6~~.6S5.6bS FFTT,4QU 



655 

660 

fl6S 

670 

675 

h80 

h~5 

fl8f1 

690 

691 
692 

fl93 

C 
C 

SUMR=O. 
SlJ~r=o. 
no 660 J2=J3.J2MAX.IFP? 
SU~R=SUMR+nATA(J2) 

SUMI=su~r+nATA(J2+1) 
WORK(K)=5UMR 
WORI«I(+l)=SUMI 
fiO TO 6AO 
I(CONJ=K+?~(N-KMrN+l) 

J2=J2MAX 
SU~R=OATA(J2) 

SUMI;OATA(J2+1) 
OlOSR=O. 
OlD5T=O. 
J2=J?-IFP2 
TEMPR=SlJMR 
TFMPI=SlJ~I 
SUMR=TWOWR~SUMR-OLD~~+nATA(J?) 

SUMJ=TWOWR~~UMI-OLn~I+DATA(J2+1) 
OLOSR=TFMP,... 
OLOSI=TFMPI 
J2=J2-IFP? 
IF(J2-J3)67S.675.670 
TEMPR=WR*SUMq-OLOSR+OATA(J~) 
TEMPJ=WI~SUMI 
WORK(K)=TE~PQ-TEMPI 

WORK(KCONJ)=TfMPR+Tf.~PT 

TEMPR=WR~SU~I-OLDSI+O~TA(J?+l) 

TFMPI=WJ~SUMR 
~CRK(I(+l)=TEMPR+TFMPI 

WORK(KCONJ+)=TEMPR-TfMPJ 
CONTINUE 
IF(KMIN-l)bAS.685.686 
IIIIR=wC:TPP+l. 
wI=wSTPI 
GO TO I;CJO 
TF.MPR=WR 
WR=WP*WSTPP-~I~WSTPJ+~R 

wI=TF.MPR~WSTPJ+WI~WSTPR+wI 

TWOlliR=WR+WR 
IF(ICASF-3)I;CJ2.691.692 
IF(IFPI-NP2)69~.692.69? 

1<=1 
12MA)t=13+NP?-NPI 
DO 693 I?=I::t.I?MAX.~!Pl 
nATA(I2)=WOQK(K) 
DATA(I2+)=WORK(K+l) 
K=K+? 
GO TO h9A 

COMPLETF A RFAL TRANSFORM TN THE 1ST OIMF.NSION. Noon. RY CON-

FFTT3500 
FFTT1510 
FFTT3520 
FFTT3530 
FFTT3540 
FFTT3550 
FFTT3':l60 
FFTT3570 
FFTT35PO 
FFTT1C:;QO 
FFTT~~OO 

FFTT3610 
F·FTT3.,~O 

FFTT3f)30 
FFTT3640 
FFTT36'iO 
FFTT3t,60 
FFTTl670 
FFTT36110 
FFTT3~90 

FFTT3700 
FFTT3710 
FFTT31?O 
FFTT1730 
FFTT3140 
FFTT3750 
FFTT3760 
FFTT3770 
FFTT3180 
FFTT31QO 
FFTT3FtOO 
FF'TT3HIO 
FFTT31:i?O 
FFTT3~30 

FFTT3A40 
FFTT3H50 
FFTTV~~O 

FFTT3R70 
FFTT311AO 
~FTT3AQO 

FFTT3900 
FFTT3910 
FFTT39?O 
FFTT3""30 
FfTT3940 
FFTT3950 
FFTT3960 
F-FTT1Q70 
FFTT39AO 
FFTT39CJO 
FFTT4000 

c.n .... 



C JUGATE SYM~tTRIES ~T EAC~ STAGE. FFTT4010 
C FFTT4020 
6CJC; J3~AX=t3+IFP?-NPl FFTT4030 

00 ~CJ7 Jl=13.J3MAX.NPl FFTT4040 
J2~AX=J3+NP2-J2STP FFTT40r;o 
no 697 J?=J3.J2MAX.J2STP FFTT4060 
Jl~AX=J2+JlRG2-IFP2 fFTT4070 
JICNJ=J3+J2MAX+J2STP-J2 FFTT40AO 
00 ~Q7 Jl=J2.Jl~AX.TFP? FFTT4090 
K=1+JI-I3 FFTT4100 
O,'lT A (J 1) =WOPK (10 FFTT4110 
DATA(Jl+l)=wO~K(K+l) FFTT4120 
IF(JI-J?)697.~97.696 FFTT4130 

~96 OATA(JICNJ)=WOPK(K) FFTT4140 
OATA(JICNJ+l)=-WORK(K+l) FFTT4150 

697 JICNJ=JICNJ-IFP2 FFTT41~0 
1198 CONTINUF FFTT4170 

IF=lF+l FFTT4180 
IFPl=IFP2 FFTT41CJO 
IF(IFPI-NPl)700.700.~lO FFTT4200 

C FFTT4210 
C COMPLETE A RFAL TRANSFnR~ TN THE 1ST OTME~SION. N ~VFN. kY CON- FFTT4??0 
C JUGATE SYMMETRIES. FFTT4230 
C FFTT4240 
700 GO TO (CJOO.AOO.900.701).TCASF. FFTT4250 

(11 101 Nf-IALF=N FFTT4260 N 

N=N+N FFTT4270 
THETA=-TWOPI/FLOAT(N) FFTT42~O 
IF(ISIGN)703.702.702 FFT T 4?QO 

102 Tt-IETA=-THETA FFTT4300 
703 SINTH=SJN(THfTA/2.) FFTT4310 

~STPR=-?*SINrH*SINTH FFTT4320 
""STP I =S yr., (lHF.TA) FFTT4330 
WR=WSTPR+l. FFTT4l40 
wI=.-C;TPY FFTT4lC;O 
I~IN=3 FFTT43bO 
J~IN=2*NHALF-l FFTT4310 
GO Tn 72~ Ff"TT4380 

710 J=JMIN FFTT43QO 
00 1,.0 I=IMIN.NTOT.NP? FFTT4400 
SUMR=(OATA(I)+OATA(J»/2. FFTT44}O 
SUMt=(OATA(I+l)+OATA(J+l»/2. FFTT4420 
OtFR=(DATACI)-OATA(J»/2. FFTT4430 
DIFl=(O~TA(I+l)-OATA(J+l»/2. FFTT4440 
TEMPR=WR*SUMt+""t*OIFR FF'TT4450 
TEMPl=wt*SUMt-wR*DIF~ FFTT4460 
OATACI)=C;UMW+TEMPR FFTT4410 
OATA(I+l)=OIFI+TfMPT FFTT44P.O 
nATA(J)=SUMR-TF~P~ FFTT44QU 
DATA(J+l)=-OIFI+TE~PI FFTT4500 

120 J=J+NP2 FFTT4510 



l"'IN=I~IN+2 
J"'IN=J~IN-2 
TEMPR=WR 
WR=WR*wSTPR-wI*WSTPI+~R 

-I=TFMPR*WSTPI+wr*W5TPR+w! 
725 IF(IMIN-JMIN)110.730.140 
730 IF(I~IGN)73}.140.740 
731 00 735 r=rMIN.~TOT.NP2 
735 04TA(I+})=-OATA(I+}) 
740 NP2=NP2+NP2 

NTOT=NTOT+NTOT 
J=NTOT+} 
IMAX=NTOT/2+1 

745 Y"'YN=lMAX-?*NHALF 
I=IMIN 
60 TO 75r; 

750 OATA(J)=OATA(I) 
OATAeJ+})=-OATACI+}) 

755 1=1+2 
J=J-2 
IF(I-IMAX)7~O.lbO.7bO 

760 OATA(J)=OATACIMIN)-nATA(IMIN+}) 
OATA(J+l)=O. 
IF(I-J)770.780.780 

765 OATA(J)=OATACI) 
OATA(J+})=OATACY+}) 

770 1=1-2 
J=J-? 
IF(I-IMI~)77~.175.7~S 

775 OATA(J)=OATA(IMIN)+DATA(TMTN+l) 
DATA (J+U=O. 
I~AX=IMI~I 
GO TO 741:\ 

780 OATA(})=OATA(})+06TA(;) 
()ATA(2)=O. 
60 TO qOO 

c 
C COMPLETE A RFAL TRA~SFORM FOR THE 2ND OR 3MD DIMENSION MY 
C CONJUGATE SY~METRIfS. 
C 
800 IF(IIRNG-NPl)A05.900.900 
805 DO ~60 13=1.NTOT.NP2 

12MAX=I3+NP2-NPl 
00 A~O I?=I3.I2MAX.NPI 
IMIN=I2+IIRN~ 
I"'A)(=I2+~IPl-2 
J~AX=2*13+NPI-IMIN 
IF(I2-13)820.a20t~10 

810 J~AX=JMAX+NP2 
820 IF(tOIM-2)A~O.850.830 
830 J=JMAX+NPO 

FFTT4S20 
FFT T4530 
FFTT4'.)40 
FFTT4550 
FFTT4~~0 

FFTT4570 
FFTT4580 
FFTT4590 
FFTT4600 
FFTT4610 
FFTT4b20 
FFTT4630 
FFTT4b40 
FFTT4650 
FFTT4f)60 
FFTT4670 
FFTT4680 
FFTT4690 
FFTT4100 
FFTT4710 
FFTT4720 
FFTT4730 
FFTT4740 
FFTT4750 
FFTT47/,O 
FFTT4770 
FFTT47RO 
FFTT47QO 
FFTT4~00 

FFTT4'110 
FFTT4B20 
FFTT4~30 

FFTT4840 
FFTT4850 
FFTT4R60 
FFTT4~70 
FFTT41i80 
FFTT4A(}O 
FFT T4900 
FFTT4910 
FFT T4920 
FFTT4930 
FFTT4440 
FFTT4~50 
FFTT4Q60 
FFTT4970 
FFTT49AO 
FFTT4'J90 
FFTT5000 
FFTT':JO}O 
FFTTr.;020 

(J1 
YI 



A40 
A50 

A60 
r. 
c 
c 
qOO 

Ql0 
Q20 

., 

DO A40 1=IMIN.I~AX.2 
OATA(I)=OATA(J) 
OATA(I+l)=-DATA(J+l) 
J=J-2 
J=J~AX 
DO A~O I=I~IN,IMAx.Npn 

OATA(I)=OATA(J) 
OATA(I+1)=-OATA(J+}) 
J=J-NPO 

END OF LOOP ON EACH OI~ENSrON 

NPO=NPI 
NPl=NP2 
NPRFV=N 
RFTURN 
END 

FFTT5030 
FFTT5040 
FFTTSOSO 
FFTT5060 
f"FTT5070 
FI='TT50AO 
FFTTS090 
FFTT,)lOO 
Fr-'TT~ll 0 
FFTT&:;120 
FFTT&:;130 
FFTT5140 
FFTT51C;O 
FFTTC;l~O 
FFTTC;170 
FFTT51AO 

V1 
,flo. 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

10 

20 

SUBROUTINE FOR2D (IDATA.N.~UT~.ISIGN.IFOA~.WOWK.NELEM) F2n 1 
FOR20 COMPUTES A OISCWETF FuURIER TH~NSFO~~ HY THE COOLfY-TUKEY F20 2 
ALGOPIT~M. THE ARRAY IS COMPLE~. ~ULTT-OIMENSrONAL AND KfPT O~I F20 3 
OIRECT ACCESS STORAGE. THE NUMRE~ OF DATA IN fACH OI~fNSION MUST F2n 4 
BF. A POWFR OF T_O. RIJNNIN~ TIMf IS PROj.)O~TIONAL TO NTOT* F2D C) 

LOG2(NTOT), wHERE NTOT 15 THE TOTAL NUMHfR OF nATA. OROINARY F20 6 
FOURIER TRAN~FO~M PROGPAwS RUN IN TIME NTOT**2. THE TRANSFOPM F20 7 
IS nONE IN-PLACE ON THF DIRECT ACCESS STQRAbE. AND AS MUCH OF THE F20 A 
TRAN~FORM AS POSSIBLE IS nnNF. IN CO~E. ENTIRtLY IN-CORF F2D 9 
PROGRAMS APE ALSO AVAILAPL~ (FOURI. FOURG. FOUQ? A~n FOURT). F2D 10 
WRITTEN ~Y NOWMAN ARtNNER. MIT LINCOLN LAHORATO~Y. SEPTEMBER 196A.F2n 11 
SfE---IFEE AtlDIO TRANSACTIONS (JU~F 1967). A SPECIAL ISSUE ON THE F2D 12 
FAST FOURIER TRANSFORM. F2n 13 

F20 14 
DIMfNSION OATA(~(I).N(?) ••••• N(NOI~».TWANSFORM(N(I) •••• ,N(NDIM» F2n 15 
COMPLEX nATA,TRANSFO~M F2n l~ 

DIMENSION N(NOTM) F20 17 
TRANSFORM(Kl.K2 •••• ) = SUM(DATA(Ql.J2 •••• )*EXP(ISIG~*2*PI*1* F20 1" 
«JI-I)*(KI-1)/N(I)+(J2-1)*(K2-1)/N(2)+ ••• »), SUMMED FOP ALL F2D 19 
Jl FROM 1 TO Nel), J2 F~OM 1 TO N(2). FTC •• FOP ALL Kl FROM 1 F2n 20 
TO N(l), K2 FROM 1 TO N(?), ETC., UP TO N(NOIM). NOTM IS F20 21 
lJNLIMITFO. IF A SfT OF I)ATA ~RE tSI(;N = -1 T~A"'SFOR\4F.O AND THEN F21) 22 
THE TRANSFORM V4LUES +1 TWANSFnRMED (OP VICE VFQS.) THf RESULTS F2D 23 
WILL RE THE ORI~INAL DAT~. MULTIPLIED 8Y NTnT = N(l)* ••• *N(NnT~). F2n 24 
IFO~~ MUST fQUAL 1. FUTuH~ VE~SIONS OF FO~2n ~ILL MAKE USE OF {T.F2D 2~ 
DATA A~F STORED ON OIRfCT ACCESS STOPA&t IN fiLF. NUM~ER InATA_ F20 2h 
RROKF.N INTO RECOPDS OF LFNGTH NELE~ CO~PLE. ELF~E~TS (NELEM MUST F20 27 
~E A POWER OF TwO). TQANSFO~M VALUES ARE RETUPNEU Tn FILE IOATA. F?n 2R 
REPLACINA THF INPUT. F20 29 

F2f) 30 
Tl-lf USER MUST SUPPLY TwO SU8ROUTI"IES FOR I/O TO THF OIRECT F20 31 
ACCESS STORAGE, OREAO ANn nwRIT. THE C~LLT~G SEQUENCE IS f.~LL F2D 32 
OXXXX(InATA.IHfC,HUFfW,NREC,NELEM), MEANINr, NREC REC0RDS ef.ACH F20 33 
NFLE~ COMPLEX ELEMENTS LONG) ARE TO HE TPANSMITTED AETwEFN STOPAAfF2n 34 
~LJFFF.R FWFFR ANI) F JL E NUMRER Il)A TA, RECORD NUII4~ER I Rf.:C (f ~OM 1 fe'O 35 
TO NTOT/NELRC). T~E ~UFFfP SUPPLIFj) WILL 8E PART OF ARRAY WORK. F20 3h 
WHICH ~UST R~ SUPPLIFn ijY THE USfH. IT IS THREE HECOROS LON~. F20 37 
FOR FASTEST RUNNING T1ME. MAKE NfLEM AS LARGE AS POSSIRLE. F2n 3A 
DI~~NSJON N(l), ~OR~(l) F20 3q 
NTOT=} F2n 40 
00 10 InJM=I.NnI~ F20 41 
NTOT=NT~T*N(JOIM) F20 4? 
NPRFV=l F20 43 
DO 20 JOJM=l.NnI~ F20 44 
NRE~=NTnT/(N(IDIM)*NP~FV) F20 4~ 

CALL qTRVD (JDATA.NPREv.N(IUIM).N~F~.wnRK.NEL~M) F20 46 
CALL COl?O (TOATA.NPHEV.~t(TOIM),NREM.J~IGN.WORK,NELEM) F2~ 41 
NPREV=N(lDIM)*NPHFV F?P 4~ 
RETURN F2r> 4C1 

V1 
V1 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
10 

20 
C 

30 

C 
C 
C 
C 

40 

50 

60 
C 
C 

70 
C 

FNO F2f) 50-

SUAROlJTI!\'E RTRVf) (JOAT~.t-;P~EV.N.NPE~,t;UFFR.N£LFM) tHO 1 
SHUFFLF THE OATA BY PIT ~EVERSAL. RTO 2 
OIMENSION DATA(NPREV,N.NPE~) HTO 3 
COMPLEX OAT A 8TO 4 
EXCHANGE DATA(Jl.J2REV.J3) WITH DATA(Jl.J2.,J3). WHFRE J2REV-l RTO 5 
IS THE AIT ~FVERSAL OF J2-1. FOR FXAMPLE. LET N = 32. THEN FOR RTO 6 
J2-1 = 10011. J2REV-l = 11001. ETC. DATA ARE CO~PLEX AND STOREQ RTD 7 
ON DIRECT ACCESS STORAGE. 8UFFR IS A COMPLEX ~UFFER THREE RECORl)SHTD R 
LON~, EACH RECORD OF LENGTH NELEM COMPLEX ELEMENTS. NELEM MUST RTO 9 
BE LESS THAN HALF OF NPRfV*N*NREM. THE TOTAL ~UMAER OF ELE~ENTS. RTO 10 
ELSE THE WHOLE TRANSFORM COULD BE DONE IN CORE. NPAEV. N, NRf~ QTO 11 
AND NELFM MUST BE POWERS OF TWO. BTO I? 
INTEGER INDICES MAY 8ECO~E AS LARGF AS NP~E~*N*NREM*2. BTO 13 
DIMENSION RUFFR(I) BTO 14 
IF (NELFM-NPPEV) 10.10.20 BTO 15 
DIMENSION DATA(NELF.M.NP~F~/NELEM.N.NREM) 8TO 1~ 
CALL SHUFD (IDATA.NELfM,t-'PREV/NELEM.N.!,JREM.HlJ"'F~) 8TO 17 
RF TURN 8TO 18 
IF (2*NFLEM-N*NPREV) 50,30.30 eTn 19 
DIMENSION OATA(2*NELFM.(NPREV*N*NRfM)/(2*NELEM» RTD 20 
IPO=? f3TD 21 
IPl=IPO*(2*NELEM) BT~ l2 
IP2=IPO*(NPREV*N*NREM) 8TO 23 
00 40 I2=1.IP2.IP1 HTO 24 
IREC=1+(2*(I2-1»/IPl RTO 25 
CALL DREAD (IOATA.IPEC.AUFFR.2.Nf"LEM) BTO 26 
CALL qITRV (RUFFR.NPREV.N,(2*NELEM)/(NPREV*N» ~TO 21 
CALL nWRIT (IDATA.IREC.bUFFR.2,NELEM) ATO 2H 
RETURN eTf) 29 
NELRC=NFlEM/~PREV BTO 30 
NPEC=N/NF.LPC 8TO 31 
DIMENSION DATA(NPREV.NfLPC.IREM.2.IPROO,NREM) RTD 32 
DEFINE R = L062(NREC) ANn F. = LOG2(NELRC). THFN THE ENTIRE AIT AT~ 33 
REVERSAL TAKF.$ E STAGES. OF WHICH NO MORF. THAN Q+1 CAN TAKE FULL BTD 34 
PASSFS THRU THF DATA. ATO 35 
IPO=2 ATD 36 
IP1=IPO*NPRfV 8TO 31 
IP2=IP1*NELRC RTD 3M 
IP5=IP2*NREC ATD 39 
JP6=tP~*NRfM ATO 40 
IP4=IP5 eTn 41 
IF (JP4-IP1*MA~O(NELRC.NREr.» 170.110.10 ~TO 42 
IP4=IPS/2**CISTAG-IJ RTO 43 
IF ISTAG .GT. MIN(R.E) GO TO LAST TfST RTO 44 
IP3=IP4/2 PTO 45 
MERGF RFCOROS OATA(I1.I2.I3.1.15.Ih) AND OAT4(11.12.13.2.15.16) RTO 4~ 
00 160 I6=1.IPb.IP4 BTO 41 
I3M4X=I6+IP3-IPZ ATn 48 
00 1~0 I~=I6.13MAX.IP2 qTO 49 

(J'1 
0\ 



C 
80 

90 

100 
C 

C 

C 

C 
110 

C 
C 
C 
C 

120 
C 

C 

C 
130 
140 

150 

160 

170 
C 

lAO 
C 

190 

C 
C 
C 
C 
C 
C 

IRECO=I+CI3-1)/IP2 
IREC1=IRFCO+IP3/IP2 
IF CIRfCI-IRfCO-l) 80"HU.90 
SAVE SO~E ACCESS TIME IF THE RECOROS ~RE ADJACENT 
CALL DRFAD CTDATA.IRECO,PUFfRCIP2+1).2.NELEM) 
GO TO 100 
CALL DREAD CJDATA.IRFCO,RUFFRCIP2+1),I"NEL~~) 
CALL DRfAD CJOATA,IREC1,PUFFRC2*IP?+I).I.NELE~) 
CALL ~ERGE CRUFFRClP2+1) ,HIIFFRCl) ,NPREV,NfLRC) 
~ERGF THF EVEN NU~REREn FL~MfNTS 
IPUFF=IP2+IP1+1 
CALL ~FRGE C ~UFFR C I RUFF) "HlIFFR C I P2+ 1) ,fl.IPf.lE.V. NELRC) 
~ERGE THE ODO-NUMAE~EO ElEMENTS 
IFaUFF=l 
THE RECOROS ARE NOw IN PUFFfRS 0 A~O 1 
IF CIP~-NRFC*IP3) 130,,110.110 
IF ISTAA .LT. R. GOTO WRJTF 
IF C~JREC-NELRC) 120.130.130 
IF R .LT. E T~EN 00 S~UFr, EL~F wRITE OUT. 
SUBROUTINES SHUFC AND ~HUFn A~E MUTUALl.Y FXCLU~IVE--THE FIRST 
REQUIRES THAT NELRC HE GRfATfR THA~ N~tC. wHIL~ THF LATTER 
REQUIRES THE ~EVERSF. 

CALL SHlIFC CRUFFRCIP2+1) ,HIIFFRC2*IP2+1) ."'Pt'H:V.I\;ELPC.NR~C) 
SHUFFLE RUFFFR 1 AND PLACF INTO ~UFFER 2 
CALL SHUFC CRUFFRCl),aUFFRCIP2+1),NPR~V.NELRC'NREC) 
SHUFFLE RUFFE4 0 AND PLACE INTO PUFFEH 1 
I~UFF=IP2+1 

D~TA ARF NOW IN AUFFE~S 1 ANn 2 
IF CIREC1-IRECO-l) 140.140,150 
CALL DWRIT CIOATA,IRECO,PUFFRCIPUFF),2,NfLF~) 
GO TO l~O 

CALL OWRIT CJDATA,IRfCO.RUFFR(IBUFF),l.NELE~) 
IAUFF=IPlIFF+TP2 
CALL DWRIT CJDATA,IRfCl,~UFFQ(18UFF),I,NfLE~) 

CONTINUE 
IP4=IP3 
GO TO f,0 

IF CNRfC-2*NFLRC) lqO,190.1~0 

IF R .LF. f+l RETUPN 
CALL SHUFD CrOATA,NFLE~.l.N~ECINELRC.NFL~C*NREM.RUFFR) 
BIT REVfRSF. THF RECORDS 01'. DISK. 
RETURN 
f:I\iO 

SURROUTINE RTTkV COATA"NPRFV.N,NREM) 
SHUFFLE THE nATA BY 8IT PEVERS~L. 
OIMFNSION OATACNPREV,N.NPEM) 
CO~PLEX nATA 

fiTO ';0 
RTn 51 
~Tn '52 
RTO 53 
PTO ')4 

RTO -;S 
BT£' 5f, 
RTD 57 
RTn ';8 
HTn ')~ 

ATf) 60 
~TD 61 
~Tf) 61' 
FlTO 63 
FlTF) 64 
PTn 65 
!-ITO 66 
PTa 67 
PTO 6~ 

RTn 69 
kTO 70 
8TO 71 
I1TO 72 
8TO 73 
flTO 74 
~Tn 7r:. 
BTD 76 
~TO 77 
~TO 7~ 

kTO 7Q 
RTf' 8t1 
RTf) ~1 

I1TD ~2 
RTf) ~3 

RTO H4 
HTn fo4S 
HTD Ah 
8Tf) .... 7 
PTf) qp 

ATf) B9 
8TO 90 
HTO 91 
~Tf) 91?-

~IT 

~IT 

~IT 

!"lIT 
EXCHANGF OATA(Jl,J4RfV,J~) WITH DATA(Jl,J4,JS) FOR ALL 
TO NPREV, ALL J4 FROM 1 TO N (WHIC~ ~UST dE A POwE~ OF 
ALL J5 F~OM 1 TO NRfM. J4~EV-l IS THE bTT RFVERSAL OF 

Jl F~()M 1 FlIT 
TWO), AI·m RIT 
J4-1" E.G.FIT 

1 
? 
3 
4 
'l 

f. 
7 

VI 
-....J 



C 

c 

C 

10 

C 

C 

C 

20 
C 

30 
40 
50 

C 
C 
C 
C 
C 
C 

60 

10 

SuppnSF N = 32. THF.N FO~ J~-1 = 10ull. J4~~V-l = 11001. ETC. 
nI~F~SION nATA(I) 
IPO=? 
I PI = IPO*~IPPFV 
IP4=IPl*N 
I ps= I P4*f"REM 
I4RFV=1 
I4RFV = 1+(J4~f.V-l)*IPl 
on 60 I4=1,IP4.IPI 
14 = 1+(J4-1)*tPI 
IF (I4-I4RFV) 10.30.30 
Il~A)(=I4+rpl-IPO 
DO 20 Il=I4.IIMAX.IPO 
11 = 1+(JI-I)*IPO+(J4-1)*IPI 
no ?Q t~=Il.tP5.IP4 

15 = 1+(JI-I)*I PO+(J4-1)*IP1+(J5-1)*IP4 
I5RFV=t4REV+t~-r4 
t5REV = 1+(Jl-l)*Ipn+(J4~EV-l)*IPl+(JS-l)*IP4 
TF.'MPR=OATA(IC:;) 
Tf~PI=OATA (lC:;+1) 
OATA(IS}=OATA(J5REV) 
0~TA(IC:;+1)=DATA(I5R€V+l) 
DATA(t~PEV)=TEMPR 
OATA(I~RFV~l)=TFMPI 

ADO ONE WITH DOWNWARD CARRY TO THE HIGH ORnF.~ qIT nF J4REV-l. 
IP2=lP4/? 
IF (I4REV-IP2) 60.~O.~0 
I4REV=I4REV-tP2 
IP2=IP21? 
IF (IP2-TPl) hO.40.40 
I4RF.'V=T4REV+I P 2 
RETURN 
END 

SURROUTTNF SHuFn ({OATA.NELEM.NPREV.N.NRF~.ijUFF~) 

S~UFFLF THE RECORDS ON UIRECT ACCESS STORAbt ~Y RIT REVFRSAL. 
OIMF.'NSI0N OATA(NElEM.~P~fV.N.~REM) 
COMPLEX DATA 
EXCHANGF nATA (Jl.J2.JI+PE\I.J~) ~ITH DATA (Jl.J?'.\J~.J5). WHERE 
J4RF.'V-l IS THE AIT REV~RS~l OF J4-1. THIS CAN ~E nONE BY AN 
EXCHANGE OF RFCORDS. 
nIMENSION BUFFR(I) 
IPO=~ 
IP1=IPO*NElF.'M 
IP2=IP] *"'PPEV 
IP4=IP2*N 
tF5=JP4*NREr.-
14REV=1 
DO ~o 14=1.IP4.1P? 
IF (I4-I4RFV) 10.30.30 
DO 20 IC:;=I4.tP5.IP4 

~IT A 
RIT 9 
RIT 10 
kIT II 
RtT 12 
~IT 13 
I::IIT 14 
8IT IS 
RtT 16 
fHT 17 
P-IT l~ 
AIT lq 
RIT 20 
RIT 21 
fUT 22 
~IT ?3 
~IT 24 
RtT 2S 
PIT 26 
~tT 27 
~IT 2~ 

RIT 29 
j::cIT 30 
~IT 31 
JolJT 32 
~IT 33 
kIT 34 
HIT 35 
.... IT 36 
AIT 37 
~IT 38 
HIT 39 
AIT 40-

~HO 1 
5Hf.l 2 
SHO 3 
SHO 4 
SHn ~ 

S~O 6 
5110 7 
S!-fO ~ 

SHO 9 
SI1f) 10 
5HO 11 
SrfO 12 
SHO 13 
SHO 14 
'5HD 1 'i 
SHO 16 
SHO 17 

CI1 
00 



20 
C 

30 
40 
50 

C 
C 
C 
C 

60 

10 

12MAX=I5+IP2-IPI 
00 20 I?=I5.I2MAX.JPl 
1?R~V=I4PEV+I2-I4 
IRECO=1+(I2-1)/IPl 
IRECl=l+(l?RfV-l)/TPl 
CALL OPFAO (IOATA,IRECO,aUFFR(}).l,NELfM) 
CALL OREAD (TOATA.IRF.Cl,~UFFR(IPl+l),l.NELEM) 

CALL DWPTT (IOATA,IRECl.PUFFR(l),I.NELE~) 

CALL DWPYT (IOATA,IRECO,PUFFP.(IPl+l).l,NFLEM) 
ADD ONE WITH OOWNWA~D CAPRY TO THE HIGH OROE~ RIT OF J4REV-l. 
IP3=IP4/? 
IF (I4P.FV-IP3) 60.60,50 
14REV=I4REV-TP3 
IP3=IP3/? 
IF (tP3-IP?) ~0.40.40 

I4REV=I4REV+TP3 
RETURN 
E'~D 

SUBROUTI~f ME~~E (F~OM.TO.NPREV.NFlRC) 

MERGF TwO RECORDS INTO ONE. 
DIMENSION FQOM(NPAEv.2.NfLPC).TO(NPREV.~ELP.C) 
COMPLEX FROM.TO 
TO(Jl.J3)=FROM(Jl.1.J3) 
DIMENSION FROM(l). TO(l) 
IPO=2 
IPl=IPO*NPRFV 
IP2=lPl*2 
IP3= IP2*NF:lYC 
ITO=1 
00 10 13=l.IP3,IP2 
IlMAlC=I3+IPl-IPO 
00 10 Il=I3.IlMAX.IPO 
TO (lTO) =Ft?OM (II) 
TO(ITO+l)=F~OM(Il+l) 
ITO=lTO+IPO 
RETURN 
END 

~ ... n }8 
SHD 19 
5HO 20 
StofO 21 
StofD 22 
5"'0 23 
SHO 24 
SHO 2r:; 
SHO 26 
SHD 27 
Stoff) I?B 
SHD 2'-1 
SHO 30 
S.,O 31 
SHf) 3? 
SliD 33 
S"'O 34 
SHn 35-

ME~ 1 
MER 2 
MER 3 
~f.R 4 
MER 5 
MER f:t 
MER 7 
MER 8 
~ER q 
MER 10 
~fR 11 
MER 12 
MER 13 
MER 14 
~f'R 15 
MEt? 16 
~F:R 17 
MER 18 
MER l~-

SU8RnUTINE S~UFC (FRO~.TO.NPREV.NELHC.NREC) SHC 1 
C 5~UFFLE THE OATA IN COPE BY RIT REVERSAL. SHC 2 
C OIMENSION FROM(NPP.Ev,NfLRC/NREC,N~~C),TO(NP~fv.NREe'NELkC/N~fC) SHC 3 
C eO~PLEx FROM,TO SHe 4 
e TO(Jl.J4.J3RF.V)=FRO~(Jl.Jj.J4) WHERE J3~fV-l IS THE qIT REVERSAL SHe 5 
C OF J~-l. SHC h 

DIMENSION FRO~(l), TO(I) SHe 7 
IPO:2 SHe R 

IPl=IPO*NPREV S~C 9 
IP3=IPl*(NELRC/NREC) SHC 10 
IP4=IP3*NREC SHC 11 
13REV=1 SHC I? 

(J1 
~ 



00 40 I3=I,IP3,IPl 
ITO=I+NPFC*(I3PEV-l) 
no 10 I4=I3.tP4.IP3 
1IMAX=I4+IPI-IPO 
00 10 Il=I4.tl~AX'IPO 
TO(lTO)=FROM(Il) 
TO(ITO+l)=FWOM(Il+l) 

10 TTO=ITO+IPO 

SHC 
SHC 
SHC 
SHC 
Sf;C 
St;C 
SHC 
SHC 

13 
14 
15 
16 
17 
Iii 
19 
20 

C ADD OhE WIT~ DOWNWARQ CAPRY TO T~E HIG~ ONDER ~IT ~F J3PEV-I. SHC 21 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

IP2=JP31? 
20 IF (I3RfV-IP~) 40.40.30 
30 I3PfV=I3PEV-IP2 

IP2=TP21? 
IF (IP2-IPl) 40.20,20 

40 13REV=I3PEV+IP2 
RETURN 
END 

SHe 2? 
SHC 23 
SHC 24 
SHC 25 
C;HC 2f, 
SI1C 27 
SHe 2A 
SHC 2Q-

SUBROUTINE COL20 (tOATA,NPREV,N,NREM.I~IGN.RUFFR.NELEM) C20 1 
DlSCRfTE FOURIER TRANSFORM OF LENGTH N. IN-PLACE COOLEY-TUKEY C20 2 
ALGORIThM. ~JT-REVfRSEO TO NOR~AL OkD~R, SANOE-TU~fY PHASE SHIFT~.C20 3 
DI~ENSION OATA(NP~F.V.N.NPEM) C20 4 
COMPLEX DATA C20 5 
DATA(Jl.K4,J5) = SUM(OATA(Jl.J4,J~)*E)P(ISIAN*2*PI*I*(J4-1)* C20 6 
(K4-1)/N», SUMMED OVER J4 = 1 TO N FOR ALL Jl FROM 1 TO ~PREV. C20 7 
K. FROM 1 TO NAND J5 FROM 1 TO NRE~. N MuST BE A POwfR OF TWO. C20 A 
METwOD--LET IPREV TAKE THE VALUES I. 2 OR 4. 4 OR 8 ••••• N/16. C20 Q 
NI •• N. THE CHOICf RET~E~N 2 OR 4, ETC •• OEPEND~ ON WHETHER N IS C20 10 
A POWER OF FOU~. D~FINf IFACT = 2 ON 4. THE NEXT FACTOR THAT C20 11 
IPREV MUST TAKE. ANO [RE~ = N/(IFACT*IPREV). THfN-- C20 12 
DIMENSION OATA(NPREV.IPREV.IFACT.IREM.MREM) C20 13 
COMPLEX DATA C20 14 
OATA(Jl.J2.K1.J4.JS) = SliMCOATA(JI.J2.J3.J4.JS)*EXP(ISI6N*2*PI*I* C20 15 
(~3-1)*{(J3-1)/tFACT+(J2-1)/(IFACT*IPREV»». SUMMEO OVFR J3 = 1 C2D 16 
TO IFACT FOP ALL Jl FROM 1 TO NPREV. J2 FwOM 1 TO IPRE~. ~3 FRO~ C?O 17 
1 TO IFACT. ,'4 FROM 1 TO [REM AND J5 FROM 1 Tf) NPft.1. THIS IS C2f'1 lR 
A PHASE-SHIFTED DISCRETE FOURIER TRANSFORM OF LENATH IFACT. C2D 19 
FACTORING N PY FOURS 5AVFS A~OUT TWENTY FIVE P~RCENT OVER FACTnQ- C20 20 
ING AY TWOS. DATA MUST PE ~IT-RfVfkSEO INITIALLY. C2D 21 
IT 15 NOT NFCESSARY TO wfWRITE THI5 SUPROUTINE INTO COMPL~X C20 c2 
NOTATION SO LONG AS THE FORTRAN CnMPIL~H USEO STORES REAL ANO C20 23 
IMAGINARY PAPTS IN ADJACENT STOWAGE LOCATIONS. IT MUST ALSO C20 24 
STORF APPAYS wITH T~E FIRST SUPSC~IPT tNCW~ASING FASTEST. C20 25 
DIMENSION ~UFFR(l) C20 26 
TWOPT=6.?A31A~3072*FLOAT(I5IGN) C20 27 
IF (2*NfLEM-NPPEV) 30.30.10 C20 7M 

C 
10 

DIMENSION OATA(2*NElFM.(~PREV*N*NPFM)/(2*~fL~~» C20 29 
IPO=2 C20 30 
IPl=tPO*(2*~FLEM) C20 31 
IP2=IPO*INPRFV*N*NREM) C20 J? 
NMIO=MINO(N.(2*NELEM)/NPPfV) C20 33 

0-
o 



20 
C 

30 

c 
C 

40 
SO 

60 

70 

NFIN=M~XO(1.(2*NELE~)/(NP~FV*N» 

00 20 12=I,IP2.IPI 
I~EC=1+(2*(r2-1»/IPI 

CALL D~EAD (IOATA.IREC.HlIFF~,2,NELfM) 
CALL COOL2 (~UFFH,NPREV,N~IO,NFIN.ISIGN) 

CALL OWPIT (IOATA.IREC.BUFFR.2.NEL~M) 
DIMENSION OATA(NPRfV.IPRnn,2.IREM.NREM) 
IPO=? 
IP1=IPO*NPRFV 
IP4=IP1*"1 
IPS=IP4*NREM 
NwORn=IPO*NfLfM 
IP2=YPO*~AXO(2*NELEM'NDRFV) 
IF ((P2-TP4) 50.100.100 
IP3=IP2*2 
T~ETA=TWOPI/FLO~T(IP3/IPl) 
SINTH=5JN(T~ETA/2.) 
WSTPR=-?*SINT~*SINTH 
WSTP I=SI'" (THETA) 
IRECO=1 
JRECI=IPFCO+IP?INWORO 
IRECO AND IRECl ARf. NEVEH ADJACENT HECORDS. SO MUST Rt READ AND 
WRITTEN SEPARATELY. 
CALL DREAD (IOATA,IkECO.RUFFR(I),I.NELFM) 
CALL DREAD (IOATA.IHECI,RUFFR(NWORO+l).I,NFLEM) 
IELE~=l 
13MIN=1 
DO QO 15=1.IP5.IP3 
wR=I. 
wl=O. 
12~AX=IC;+IP2-1Pl 
00 qO I?=I5.12MAX.JPI 
IIMAX=I2+IPI-IPO 
00 AO Il=I2.tlMAX,IPO 
IF (IELEM-NELEM) 10.10.~0 
CALL OWRIT (IDATA.IWECO,PUFFR(l),l.NfLEM) 
CALL DWRJT (JDATA,lkEC1.~UFFR(NWORO+I).1,NELEM) 

IRECO=l+(Il-l)/NWORO 
IRECl=JRFCO+IP2/NWowD 
CALL DREAD (JDATA,IHECO,~UFFP(l).l.NELFM) 
CALL DREAD (IOATA,IHECI,RUFFR(N~ORn+l).I,NELFMJ 

IELEM=l 
13~IN=11 
I3A=II-Y3MIN+1 
13B=I3A+t.JWORO 
Tf~PR=wR*8UFFH(13R)-wI*.::ttJFFH(13q+l) 

TEMPI=WR*AUFFR(I3R+l)+WI*HUFFR(13R) 
aUFFRCI3R)=HUFFR(I3A)-TEMPP 
RUFFR(13R+l)=AUFFR(13A+l)-TEMPI 
8UFFR(13A)=RlJFF~(13A)+TE.MPP 

AuFFR(J3A+l)=BUFFP(J3A+l)+TEMPI 

C2D 34 
C20 35 
C20 36 
C20 31 
C20 38 
C20 3q 
C20 40 
C20 41 
C20 42 
C20 43 
C20 44 
C20 4'5 
C20 46 
C20 47 
C20 48 
C20 4Q 
C?O 50 
C20 Sl 
C20 '52 
C20 ~~ 
C20 54 
C20 5~ 

C20 56 
C20 51 
C20 58 
C20 5'1 
C20 60 
C20 61 
C20 1,2 
C20 63 
C20 64 
C20 65 
CcO 66 
C?O 67 
C20 6H 
C20 64 
C2D 10 
C20 71 
C2D 12 
e2J) 13 
C?O 14 
C20 15 
C20 16 
(21) 11 
C2D 18 
C20 19 
C20 80 
e20 81 
C20 82 
C2J) ~3 

C20 84 

0\ ..... 



c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

80 IELEM=IELE~+I C20 Ji5 
C20 86 
e20 A7 
C2D 88 
C20 ~9 
r.2D 9() 

C20 ~l 

C2D q? 
r.20 93 
C20 ~4-

TEMPR=WP 
wR=WR*WSTPP-WI*WST~J+_~ 

90 WI=TFMPR*WSTPI+WI*wSTPP+~I 

CALL OwPtT (IOATA.IRECO.RUFFR(I).I_hfLFM) 
CALL DWPIT (IDATA.IHECI,~UFFR(NWORO+I).I,NELEM) 

IP2=tP3 
r,C TO 40 

100 RETURN 
END 

10 
20 

SURRnUTINE COOl2 (OAT~.NP~fV.N.NPEM.IStGN) CO? 1 
DISCPETF FOURIfR TkANSFO~M OF LENGTH N. IN-PLACF COOLF.Y-TUKfY cn2 2 
ALGORITHM, ~IT-REVERSEI) TO NOP~AL ORntR. SANnE-TU~~Y PHASE SHIFTS.C02 3 
DIMENSION OATA(NPREV.~.N~E~) C02 4 
COMPLEX DATA C02 5 
DATA(Jl.~4.JS) = SUM(OATA(JI.J4,J~)*EXP(ISIGN*2*PI*I*(J4-I)* C02 ~ 
(K4-1)/N». SUMMED OVE~ J4 = 1 TO N FOR ALL Jl FROM 1 TO NP~FV- CO~ 7 
K4 FROM 1 TO NAND J5 FRO~ 1 TO NRE~. N MUST qE A POWER OF TWO. C02 8 
METHOD--lET IPPEV TA~E T~E VALUES 1. 2 OR 4. 4 OR A, •••• N/16. C02 9 
N/4. N. THE CHOICE BETwFfN 2 OR 4. ETC •• nEPE~OS ON WHETHER N IS C02 10 
A POWER OF FnUH. DEFIN~ IFACT = 2 OR 4. THE NEXT FACTOR THAT C02 11 
IPREV MUST TAKE. ANn IQE~ = N/(IFACT*IPREV). THEN-- CO? 12 
DIMENSION OATACNPREV.IPRFV.IFACT,IREM,NRFM) C02 13 
COMPLEX DATA C02 14 
OATA(Jl.J2,K1,J4.J5) = SU~(OATA(Jl.J2.J3.J4.J5)*EXP(ISIAN*2*PI*I* C02 15 
(K3-1)*«J3-1)/IFACT+C.J2-1)/(IFACT*IPREV»». SUMMED OVER J3 = 1 C02 16 
TO IFACT FOR ALL Jl F~OM 1 TO NPREV. J2 F~OM 1 Tn IPREV. K3 FwnM C02 17 
1 TO IF~CT. J4 FROM 1 TO IREM ANO J~ FROM 1 TO NREM. T~IS IS C02 1~ 
A PHASF-5HIFTEn OISCRETE FOURIER TWANSFORM OF LEN6TH IfACT. C02 lQ 
FACTORtNA N RY FOUNS S4VFS AROUT TwEhTY FIvE PFWCENT OV~R FACTOP- C02 20 
ING py T~OS. DATA ~UST ~E ~IT-REVFRSEO INITIALLY. C02 21 
IT IS NOT NFCESSAHY TO RFWRITE THIS SURROUTINE INTO COMPLFX C02 22 
NOTATION SO l.ONG AS THF FORTRAN CO"4PILE~ USED <;TORF.S ~EAL ANn C02 23 
I~AGINARY PARTS IN AOJACfNT STORAGF LOCATIONS. IT MUST ALSO C02 24 
STORF ARRAYS ~ITH THf FIRST SUBSCRIPT INCWtASING fASTEST. C02 25 
OI~ENSION OATA(I) C02 26 
T_OPT=6.?R31H~3072*FL06T(I~IGN) C02 27 
IPO=2 CO? 2R 
IPl=IPO*NPRtV CO? 29 
IP4=IPl*N C02 30 
IP5=IP4*NRFM CO? 31 
IP2=IPI C02 32 
IP2=IPl*IPRon cn2 33 
NPART=N CO? 34 
IF (NPART-2) 60.30.20 C02 15 
NPART=NPART/4 cn2 36 
GO Tn 10 C02 37 

C 
30 
40 

00 A FOUPIEW TUANSFnRM OF LENGTH TwO C02 JA 
IF (IP2-IP4) 40,lbO.160 CO? 34 
IP3=T P2*2 C02 40 

0\ 
N 



C IP3=JP?~IFACT 
00 ~o 11=1.IPl,IPO 

C 11 = 1+(Jl-1)~JPO 
no 50 IS=Il.IP5.IP3 

C J~ = 1+(Jl-l)~TPO+(J4-1)~IP3+(J5-1)~IP4 
T3A=I5 
I3B=I3A+TP2 

C 13 = 1+(Jl-1)~IPO+(J2-1)*IPl+(J3-1)*IP2+(J4-1)*IP3+(J5-1)*IP4 
TEMPR=nATA(I~H) 

TEMPI=OATA(I3R+l) 
OATA(I3~)=DATA(I3A)-TEMP~ 

DATA(I3R+l)=OATA(I3A+l)-TEMPI 
DATA(13A)=OATA(I3A)+TEMPR 

50 DATA(13A+l)=OATA(I3A+l)+TE~PI 
IP2=IP3 

C 00 A FOURIER TPANSFORM OF LENGTH FOUR (FROM ~IT REVERSED ORDER) 
60 IF (IP2-IP4) 10.160.1bO 
10 IP3=tP2*4 

C IP3=IP?*JFACT 
T~ETA=T~OPJ/FLOAT(IP3/IPl) 

SINTH=SIN(THFTA/2.) 
WSTPP=-2.*SI~TH*SINTH 

C COS(THETA)-l. FOR ACCURACY. 
W5TPI=SIN(THETA) 
WR=I. 
WI=O. 
00 150 T?=I.IP2.IPl 

C 12 = 1+(J2-1)*IPI 
IF (12-1) QO.90.80 

80 W2R=WR*wR-WI*W! 
W2I=~.*wP~wJ 

W3R=w?R*WR-W?I*WI 
W31=W2R~Wl+w?I*WR 

90 11~AX=I2+IPI-IPO 
DC }40 tl=12.llMAX.TPO 

C 11 = 1+(Jl-l)*IPO+(J2-1)*lpl 
00 140 IS=11.IP5.IP3 

C 15 = 1+(Jl-l)*IPO+(J2-1)*IP1+(J4-1)*JP3+(J5-1)*IP4 
J3A=15 
13B=I3A+IP? 
13C=13R+tP? 
I3D=I3C+JP? 

C 13 = 1+(Jl-1)*JPO+(J2-1)~IP1+(J3-1)*IP2+(J4-1)*IP3+(J5-1)*IP4 
IF (12-1) 110.110.100 

C APPLY THF. PHASE SHIFT FACTORS 
100 TfMPR=OATA(J3~) 

DATA(13~)=W2R*OATA(T3~)-wtI~OATA(I38+1) 
OATACI3R+l)=W2P*OATA(I3A+l)+w2I*TEMPR 
TEMPR=OATA(I~C) 
OATA(13C)=WR~OATA(13C)-wl*nATA(13C+l) 

OATA(I3C+})=WR*OATA(I3C+l)+wl*TEMPR 

C02 41 
C02 42 
CO? 43 
CO~ 44 
C02 4'5 
C02 46 
C02 47 
CO? 411 
C02 49 
en2 '50 
C02 51 
C02 52 
C02 ':;3 
C02 54 
C02 55 
C02 56 
C02 51 
C02 58 
C02 59 
C02 60 
C02 61 
C02 62 
C02 63 
C02 64 
C02 65 
C02 66 
C02 61 
CO? 6R 
C02 69 
C02 10 
C02 11 
C02 72 
CO?' 73 
CO? 74 
C02 75 
C02 16 
C02 71 
Cor. 78 
C02 79 
C02 80 
C02 8} 
C02 ~2 
C02 83 
C02 $14 
C02 ~5 
C02 86 
CO~ ~7 

C02 tsA 
CO? 89 
CO? 90 
C02 ~l 

Q\ 
~ 



TFMPR=DAT.(I30) CO2 '12 
DAT~(I30)=w3P*OATA(I3n)-w3I*DATA(I30+1) CO2 ~3 
DATA(I3n+l)=w3P*DATA(I30+1)+~3I*T~MPR CO2 94 

110 TOR=OATA(I3A)+OATA(T3~) CO2 ~5 
TOI=DATA(I3A+l)+OATA(I3~+I) CO2 ~6 

TIR=nATA(I3A)-OATA(J3H) CO2 '17 
TII=OATA(I3A+l)-OATA(I1H+}) CO2 ~A 

T2R=OATA(I3C)+OATA(I3~) CO2 qQ 
T2I=OATA(I3C+1)+OATA(I3D+l) C02 100 
T3R=OATA(I3C)-OATA(I30) C02 101 
T3I=OATA(I3C+1)-OATA(I30+1) C02 10? 
DATA(I3A)=TOR+T?R CO? 103 
DATA(I3A+l)=TOI+T21 CO? 104 
OATA(I3C)=TOR-T2~ CO? 10'" 
OATA(J3C+l)=TOI-T21 C02 lOb 0\ 

~ 
IF (ISI(';N) 120.120.130 C02 107 

120 T3R=-T3P CO? 10~ 
T31=-T3I CO? 109 

130 DATA(13~)=T1R-T3I CO? 110 
OATA(I3~+1)=TII+T3~ CO? III 
DATA(J30)=TIR+T31 C02 112-

140 OATA(I3~+1)=TII-T3P CO? 113 
TEMPR=WR C02 114 
WR=~~TPp*TFMP~-~STPJ*WI+TE~PR C:O? 115 

150 wl=wSTPR*WI+WSTPI*TFMPR+wI C02 lIb 
IP2=IP3 CO? 117 
GO TO 60 C02 118 

160 RETURN C02 119 
ENO C02 120-
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

PROGR~M CHECK(INPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT) 

THIS PROGRAM WAS WRITTEN BY R. AKINS COLORADO STATE UNIVERSITY TO 
ILLUSTRATE THE USE OF SUBROUTINE FOURT. A FORWARD AND INVERSE 
TRANSFORM OF A KNOWN FUNCTION ARE PERFORMED AND THE RESULTS ARE 
COMPARED WITH THE EXACT VALUES. 

PROGRAM VARIAHLES IN ALPHABETICAL ORDER ARE--
o - ARRAY USED AS INPUT AND OUTPUT FROM SUBROUTINE FOURT 
DELTAT - TIME STEP OF INPUT FUNCTION 
DEL TAW - FREQUENCY STEP CORRESPONDING TO DELTAT 
FREQ - ACTUAL FREQUENCY AT A GIVEN ELEMENT OF 0 
NUMBER - NUMBER OF DATA POINTS USED IN TRANSFORMS 
NUMBE2 - NUMBER OF DATA POINTS AFTER REFLECTION USED IN TRANSFORMS 
TI~E - ACTUAL TIME AT A GIVEN ELEMTNT OF 0 

DIMENSION 0(2,4096) 

READ INPUT VARIABLES 
3 READ(5,111)NUMBfR,DELTAT 

IF(£Of(5»300,5 
5 NUMRE2=NUMB£R*2 

DELTAW=6.2832/(OELTAT*FLOAT(NUM8E2» 
COMPUTE INPUT EXPONENTIAL FUNCTION - STORE IT IT 0(1.1) CORRESPONDING 
TO THE REAL PART OF THE FOURT INPUT. PLACE A ZERO IN De2.I) 
CORRESPONDING TO THE IMAGINARY PART Of FOURT INPUT. 

00 10 I=I.NUMBER 
O(l.I)=EXP(-FLOAT(I-l)*DELTAT) 

10 0(2.1)=0.0 
C 
C REFLECT THE INPUT FUNCTION 
C 

C 
C 
C 

C 
C 
C 
C 

OCl.NUMBER+l)=D(1.NUM8ER) 
00 20 I=2.NUMBER 
K=NUMBER-I+2 
L=NUMRER+I 
0(2.L)=0.0 

20 O(I.L)=O(l.K) 

PERFORM A FORWARO(-l) TRANSFORM ON THE DATA 
CALL FOURT(o.NUM8E2.1.-1.0.0) 

COMPUTE ACTUAL TRANSFORM AND PRINT OUT A COMPARISON WITH THEOUTPUT 
OF SUBROUTINE FOURT 

CPTIME=SECOND(A) 
WRITE(6.201)NUMBER.OELTAT.CPTIME 
LrlRITE(6.11S) 
00 30 I=l.NUMBER 

30 0 ( 1 , I ) =0 ( 1 • IJ *DEL T A T*2. 0 
00 35 I=l.NUMBER.lO 
ACTUAL=4.0/(1.0+(FLOAT(I-l)*OELTAW)**2) 
FREQ=FLOAT(I-l)*DELTAW 

35 WRITE(6.l20)FREQ.D(1.I),ACTUAL 
0(2.1)=0 
o ( 2 • NU M8 E R + 1 .) = ° 

()\ 
V1 
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C 
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O(l.NUMAER+l)=OCl.NUMBER) 
00 40 I=2.NUMBER 
K=NUMRER-I+2 
L=NUMBER+I 
OC2.L)=0.0 
0(2.1)=0.0 

40 OCl.L)=O(l.K) 
PERFORM AN INVERSE C+1) TRANSFORM OF THE DATA 

CALL FOURT(0.NUMBE2.1.1.0.0) 

COMPARE THE RESULTS OF A FORWARD AND INVERSE TRANSFORM WITH 
THE ORIGINAL DATA 

CPTIME=SECONOCA) 
WRITE(6.201)NUMBER.DELTAT.CPTIME 
WRITE(6.110) 
VALUE=O(l.l) 
DO 60 I=1.NUMBER.I0 
TIME=FLOAT(I-l)*OELTAT 
OC2.I)=EXPC-TIME) 
OCl.I)=O(1.I)/CFlOATCNUMBER)*DElTAT*4) 

60 WRITEC6.120)TIME.DC1.I).OC2,I) 
110 FORMAT(11X.*T(SEC) COMPUTED RCT) ACTUAL ReT).) 
111 FORMATCIIO.FIO.3) 
115 FORMATCIIX.*WCRPS) COMPUTEO FCW) ACTUAL FeW).) 
120 FORMAT(10X.F7.3.SX.2E14.S) 
201 FORMAT(lOX.*N = *.14.SX.*DELTAT = *.F6.3.5X.*CPTIME = *.F8.5) 

GO TO 3 
300 CONTINUE 

END a-.. 
a-.. 
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c 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PHOGRAM SFGEMNT(IN~~T,OuTPUT.TAPE5=INPUT.TAPE6=OUTPUT,TAPE1) 

THIS PPOGWAM ~_S wRITTEN b11~ 8Y R. AKINS CSU TO COMPUTE POwER 
~PFCTRAl OENSITIES (PSO) FROM A TIME SERIES USING SUBROUTINE FOURT, 
AN~ SEGMENT AVE~AtiING. AN OPTION IS TO PERFORM AN INVERSE TRANSFORM OF 
OF T~E PSO ANJ OHTAIN AN AUTOCORRELATION (ACR) FUNCTION. PLOTS OF BOTH 
THF PSt) AND THt ACR wILL ~E MAO~ USING THE U200 HARD COpy PLOTTER 

SU8POUTINES CALL~n ARE 
ALL PLOT SU8AOUTINfS ARf DESCRIBED IN THE CSU USERS MANUAL 1975 EDITIO 

AXI~ - PLOT ROUTINE 
CURVE - PLOT kOUTINE 
FPAME - PLOT ROUTINE 
FTR~TPT - PLOT ROUTINE 
FnUPT - FFT SUH~OUTINE CALLED FROM FTNLIA 
IPS - ~lJ~J,:(OUTINE. TO INTEGRATE THE SPECTRA 
LOC.aT - PLOT j.<ouTINE 
~ACQOT - CALGULATES INTEGRAL TIME SCALES fOR THE ACR 
MICPOl - C~LCULATES MJCROSCALf FROM (N**2)*F(N) 
MTCP02 - C.lCULATES MICROSCALE FROM ACR 
PFN? - PLOT ~OUTINE 
~FAOATA - kEAUS DATA RE.CORO FOR~ TAPEl (12 BIT WORDS) 
SFT - PLOT ~OUTINE 
5YMROL - PLOT ROUTINE 
Uf,'PlU<? - CONVERTS DATA RECORD FROM 12 TO 60 BIT WORDS 
VFCnTq - PLOT wOuTIN~ 

INPUT V.cRIAt-Lt.:, IN ALPHABETICAL ORDE.R APE 

GAIN - GAIN OF LINtAR TRANSDUCER 
Iro~ - CODE FO~ COHRELATION CALCULATION 
IPATF - SAMPLE kATE OF OAT A 
{PEe - PEr~RU LEN&TM OF TAPEI (DATA TAPE) 
KFY1-~ - PLOT LA~ELS FOR BOTH PSO AND ACR PLOT 
LARX - x AX1~ lA~EL FOR PSD 
LABY - Y AXI~ LABEL fOR PSD 
NSEAM - NUM~~R OF SEG~ENTS TO AVERAGE 
TITLE - ALP~ANU~~HIC AR~AY USED TO LAREL PRINTED OUTPUT 
XTIT - X AAIS LABEL FOR CORRELATION PLOT 
YTIT - Y AXIS LAbEL FaN CORRELATION PLOT 

P~OGRAM VAHIAbLES 

A - ARRAY OF 12 ~IT wORDS READ FROM TAPE INPUT TO UNPACK 
~ - AQPAY OF 60 bIT wORDS OUTPUT FRO~ UNPACK 
C0N5T - ~ORMALIZING FACTOR FOQ ACR 
o - 2 OIMENSIONAL ARRAY USED TO SIMULATE COMPLEX NUMBERS 
OFlTAN - FREQUENCY INTERVAL OF SPECTRA 
OFLTAT - TIME STEP OF INPUT DATA 
FACTOR - CONSTANT USED I~ SPECTRA CALCULATIONS 
INO - INDEX US€D IN SETTI~G ~P PLOT ARRAYS 
KTAPER. - UPPEw LIMIT TAPER START 
lTAPER - LOwtk LIMIT TAPER CUTOFF 
N - NUMBEkl2 
NF w - t\IUlI4rH·. ~ /2 
NPLOT - ~L0T ~A"A~ATEA 
NP~C - NU~~£~ 0; PECOHDS TO 8~ READ FROM THE TAPE PER SEGMENT 

0-
'"'-J 
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c 
c 
C 
r. 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

I\JIIMPFQ - U"_NGTt1 OF 0 AtJQAV 
RMS - CO~PUTEO VALUF OF HMS 
~F6V.E~ - A~kAY uSED TO STORE THE SEGMENT AVERAGED SPECTRA 
TnTAL - FLJATI~G PUINT VERSION Of NUMeER 
UTAPER - TA~~~ FACTOR 
X - INPUT ARkAY FO~ PLOTS 
X~fA'\J - RUNI\!l~lh TOT~L UC;ED IN MEAN CALCULATIONS 
X? - qUN~INb TOTAL uSED IN RMS CALCULATIONS 
y - I~PuT AkKAY fOH PLOTS 

COMMO~I n (? H 192') • N, St:GMf .. N (40C:i6) 
nJMF~~InN X(500),Y(SOO).TITLE(b) 
Dr~~NCln~ XTIT(4),VTIT(4),LA8X(4),LASV(4) 
DIMF~~J0~ ~EYl(3).~fY?'(3),KEY3(3),~EY4(3).KEY5(3).KEY6(3) 
CO .... M 0'" / tt t-.! P K / A ( 2 0 4 ) • f4 ( 1 0 2 0 ) 
rOM~ON/l/IREC.IPATE,Kl 
OATA Y/"OO*O.O/ 
00 1 J=1.40f16 

1 SEG~>1EM(T)=O.O 
NUMAEP=~192 

IN o~nE~ TO CHANGE T~~ SIZE OF ARRAY 0. TWO CARDS NEED TO BE 
CHAN~fn, THE UI~ENSION CARO ANU THE VALUE Of NUMBER 

PFeo THE INPUT VARIAHLES 

R~AO(5.~Ol)TITLE 
"01 FORMAT(AAIO) 

RfAn(~.500)NSEG~.IRFC.l~ATE.ICOR,GAIN 
500 fORMAT(4IIO.FIO.3) 

RFAf)(5.510)XTIT 
REAn(~.C;lO)YTIT 
RfAO(~,C;lO)LABX 
REAf')(S.510)LAPY 
RFAn(~.&:\11)!<EYl 
RfAD(S.C;ll)KEYt:' 
REAn(s.&;ll)KEYj 
PfAnct;.':>11}KEY4 
~F4ncc::.,r;11)t<Eyr:; 
PEAn('3.r;11)kEY6 

510 FOR:vtAT(4AIO) 
511 FOPMAT(3AIO) 

CALL lOfAT(2~AT) 
CALL PENZ(5H8LACK.4~~ELT) 

qE Ar) r f\,DU T DA T A OFF OF TAPE 1. COMPUTE THE MEAN AND THE R~S 

WRtT~(6.600)TrTL~.NS~b-'NU~~ER'IREC,I~ATt 
NPFf=~U~~f~/IR~C+l 
nn Ion ~=l.NSfGM 
T rour--JT= 1 
X'1FAN=O.O 
x2=o.n 

~oo FOR~AT(lHl,~AlO.//.~~.~A SEGMENT AVERAGED SPECTRA WILL 
1 USINh ~.I4.~ SE~MtNTS*./.5X.*OF LENGT~ *.16.*. THE 
2REcn~rs *.I~.* VALuES LO~6 AT A SAMPLE*./.5X.*RATE Of 
3*.///.11X.*SEGM~NT*.11X'*XM~AN*.lbX,*RMS*) 

00 10 1(1=1'~J~fC 

BE COMPUTED 
DATA IS IN 
*.16.* SPS. 

0" 
00 



120 
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135 

140 

145 

150 

155 

160 

165 

170 

175 

C 
C 
r: 

c 
c 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

CALL PfAOATA 
CALL IINDA~?(A.M.Hd"C) 
o 0 ~ .. J = 1 • T R E C 
~(J}=Q(..,)*r,AIN 
O(l.ICOUNT)=R(J) 
()(i!.IfOUNT)=O.O 
XMfA"'=X\1EAf\J+ri (J) 
X2=Xc+!j (J) *il-2 
IF ( I C (i U ".1 T • f fJ • r ~ tJ k,' ~ t ~ ) ,,0 T U 1 ? 

A ICOIJNT=rCf)u~lT+l 
10 COI\ITT",ur:-
12 TOTAl=FIJ)AT P~U'''iit_k) 

XMFAN=X~E4N/TOTAL 
RMS=S0WT(4HS«X2-X~FAN*X~f~N*TOTAL)/TOTAL» 
wPITft6.601)K.X~~AN.kMS 

~Ol FO~MAT(13X.I4.1~~.FIU.7.10x.FIO.7) 

T~Pr:-q ANQ ND~M'Lllt THE UATA ( REMOVE MEAN. DIVIDE BY R~S) 

l TAPEP= .... IUt."Rf~/l (I 
KTAPE~=NUMHEk-LTAPtP 
00 15 I=l.NU~H~~ 
D(l.I)=(n(l.I)-~MtAN}/~~S 
IF(I.GT.LTAPER)bU TO 13 
FRAr:=FLOAT(I-l)/~LOAT(LTA~t~-l) 
UTAPtF=COS(1.5707~f')*(1-~I'(AC»**2 
O(l.I)=n(l.!)*UTAPtR 
r,O TO le:; 

13 If(T.l.T.I(TAPER)('O TO 1" 
KK=(LTAPf~-I)-(!-KTAPf~) 
FRAC=FL(,)AT(KI()/t="lOAT(lTAIJf::R-l) 
UTAPE~=r0~(1.57n19b*(1.O-FHAC»·*2 
n(l.I)=~(l.I)·uTAPfQ 

15 CONTI~'UF 

PfRFOW~ A FOR~ARU TRANS~OA~ OF THE DATA ARRAY 0 

CALL FlHIPT(O.~IUN'li-3f:r(.l.-l.O.O) 
Nf :o;=f\JUIIo1F4E ~ I i::' 
n~LTAT=1.O/~lOAT(I~61t) 
FACTO~=~.O*1.143*D~LTAT/TOTAL 
DEL TA~I=l./(TOTAL{:·Dt:LTAT) 

Ano TH~ INC~~ME~T INTO ARRAY SE6MEN. THE SEGMENT AVERAGED SPECTRA 
DO 20 I=l,t..jFw 

20 SfGME"i(T)=(FLO~T(K-])*S£bMEN(1)+FACTOR*(O(1.I)**2+D(2.I)**2»/FLOA 
IT(K) 

100 C Of\J T I ~>lJ~ 

COMPtJ1E THf CU~~FlATIuN FUNCTION FROM THE N SEGM AVERAGED SPECTRA 
N=NIJMREP/? 

RfFLtCT THf SfJfCTRA INTo THE f) ARRAY 

DO ]10 J=l.~" o ( 1 • I ) =, ~~ (; tv! E i\j ( I ) 
110 n(2.I)=O.O 

0\ 
1.0 
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C 

O(l.N+l)=f)(l.N) 
1!(2.N+l)=O.O 
no ll~ T=2.N 
t<.=I\J-J+2 
l =N+ I 
O(2.L)=0.0 

115 O(l.L)=n(l.~) 

C PFRFOP~ AN INVERSE T~AN~FORM TO OBTAIN A CORRELATION FUNCTION 
C 

c 
C 
C 

c 
c 
C 
C 

C 
C 
C 

C 
C 

CALL FOURT(O.NUM~Ek.l.l.O.O} 

NORMALIZE T~~ cnk~ELATION fUNCTION 

CONST=O(l.l) 
00 120 T=I.N 

120 O(I.I)=O(}.I)/CONST 

130 

135 
137 

~lACE T~E NO~MALIZtD COP~fLATION FUNCTION INTO ARRAY Y AND 
bf.NF.~ATE ARRAY x - TIME STEPS 

DO 130 1=1.50 
Xct)=fL0AT(I-l)*UELTAT 
y(t)=!"(l.I) 
INO="}} 
DO 135 T=nO.N.IO 
y ( T ~IO ) =0 ( 1 • I ) 
X(IND)=FLOAT(I-l)·OELTAT 
IF(X(tNO).GT.l.0)GO TO 131 
INO=INO+l 
NPLOT=I"'O 

OUTPUT ANO PLOT T~E CO~RELATION FUNCTION 

wRITE(6.602)TITlE 
no 140 J=I.NPLOT.S 

140 wRTTE(b.603)X(I).Y(I).X(I+l).Y(I+l).X(I+2).V(I+2).X(I+3).Y(I+3).X( 
lI+it).V(I+4) 

602 FORMAT(IHl.~AlO.I.10~.*AUTOCORPELATION FUNCTION*.II.S(* TIME 
1 R(T) *).11) 

~03 FOkMAT(lOFIO.b) 
CALL SETCl.0.5.0.1.0.n.O.O.0.1.O.-.2.1.0.1.}.}) 
CALL AXIS(O.O.O.O.VTIT.40.b.0.90.0.-.2 •• 2.1) 
CALL A~TS(U.O.O.O.XTITt-40t5.0tO.O.O.O.0.2.1) 
CALL ~Y~BOL(2.0.4.b •• 2t~lYl.O.O.30) 
CALL SY~HQL(2.0.~.3t.2.~tY2.0.0.JO) 
CALL SY~HOL{2.0.4.~t.2.KEVj.U.0.30) 
CALL SYM~OL(2.0.3.1t.2.~EV4.0.0t30) 
CALL ~YMHOL(2.0.3.4 •• 2.KEV~.0.0.30) 
CALL ':;YI\I1Hf)L(2.0.J.l •• 2.t(EV6.0.0.30) 
CALL Fw~TpT(O.O.O.O) 
CALL VECTpq(l.O.O.O) 
NPLOT="'PLf)T-l 
CALL (U~VE( •• Y.~~lOT.O.2) 
CALL FRA~f 
no 1..,3 T=I.500 

153 Y(Y)=O.O 

PI Aff T~E fI~ST 10 POINTS OF THE SPECTRA INTO ARRAY Y AND ASSOCIATED 

....... 
o 



C F P F () U E "I C Y 1 ,.. T n X 
C 

PO l:>(l 1=1.10 
24 0 '1 ( I ) = F L n i\ T ( I ) * i iF L T t\ t..; 

245 

250 

255 

260 

265 

270 

275 

280 

285 

290 

ISO Y(I)=SE~M~N(I+l) 
I "JoJ = 1 1 

(' 
C FRf-J"UE:-JCY AVt:.i--Af,t.. 3 POINTS 
C 

C 

no }~4 r=11.50.3 
00 1..,7 .1=}.3 

1 57 Y ( I "It) ) = Y ( T NO) + S E b M f "I ( I + J - 1 ) 
Y ( HIO) ='1 ( I ~D) 1::S. 0 
X(I~O)=FLOAT(I+I)*nfLTAN 

154 t ",f)= 1"1')+ 1 
"'2=M-] 0 

C F~E~UfNCY AVE~AGE 10 PUINTS 
C 

no IS~ T=hO,N2.10 
no lSf- T}=1.10 

1 56 Y ( I '" I) ) = y ( I N D) + S E (, ~1 E 1'1 ( I + I 1 - 1 ) 
X(I~O)=FlOAT(I+S-l)*DELTAN 
Y(I~O)=Y(INO)/IO.O 

155 1,.,0= I ,,:[)+ 1 
~ p lOT = I I\iI) - I 
\tiRtTE(~.6l)7)SF\.:iMt::.N(I} 

607 FOWMAT(lHO.l0x.*ThE ~Ik~r ELEMENT Of SEGMEN IS o,E15.4) 
wRTTE(o.604)TITLt 
DO Ihn T=1.~PLuT,4 

160 wR I Tf. (6.605) X ( 1) ,y ( I ) • x ( 1 + 1) ,y ( 1+1 ) ,x (I +2) ,y ( 1+2) • x (I +3) • Y ( 1+3) 
fl04 FOQV.AT(]t·otl.bAIO.I,lflx.*:\jI)~MALI1Fu POWER SPECTRAL DENSITY FUNCTIONo 

1.1/.4(* F~FLJ-C"'~ F(N)O),II) 
605 FO~~AT(AEl~.7) 

CALL IPS(~EG~~N,OtLTAN,SUM,N.l) 
IAtRlTf(6.60~)5Uv1 

608 FOQ~AT(lHO.IOx,*Ak~A OF SEGM~N = *.FIO.S) 
CAll SfT(1.~O.q.~~,1.7~.12.~~.O.Ol.lOOO.O •• OOOOOOl.1.0.2,7,4) 
CAll ~fQl~(~.O.7,O) 
CALI. ~YMHOL(3.:,.-.~ •• ?~.LAbX.O.O,40) 
CALL SY~HOL(-.b.3.0 •• 2~.LA~V.qO.O.40) 
C~Ll SY~~OL(I.O,3.~,.2.~tYl,O.O.30) 
CALL ~Y~~OL(1.O.J.?.2.~fY2,O.O.30) 
CALL SYMHOLCl.O,2.9 •• 2.Kf.Y3.0.0.30) 
CPll ~Y~HQLCl.O,~.h,.2.~EY4,O.O,jO) 
CALL SY~ROL(1.u.2.3 •• 2.KtY~.O.O.30) 
CALL SY~KOL(I.u,~.O,.2.~tY6.0.0,30) 
CALL fUPVE(x.Y,NPLOT,Q.?) 
CAll FtJ4Mf 
CPll ~ACRnT(DELTAT) 
CALL wlr~02(DF.LTAT) 
CALL ~IC~Ol(DELTAN,WMIC~Ol) 
wRtTE(6.606)RMICROl 

~06 FOWMAT(IHO.IOX'~MICwOSCALf. COMPUTf-O AY INTEGRATING N2FCN)O,FIO.6) 
F'NI) 

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

PROGRAM EXTCOqECINPUT.OuTpUT.TAPE5=INPUT,TAPE6=OUTPUT.TAPEI,TAPE2. 
1 TAPE .:0 

T~IS PROGRAM wAS WHITTEN BY K. AKINS TO COMPUTE A POWER SPECTRAL 
Usr~A SU8ROUTJN~ FOR2U. AN EKTERNAL CORE FFT ROUTINE 

SU~~OUTINfS CALLEn IN ALPHA8ETICAL ORDER ARE -
ALL ~LOT ROUTINE~ APE DISCUSSED IN THE CSU USERS MANUAL 

CU~VE - PLOT ~OuTINE 
0~E~O - REAO~ RECOROS FQOM MASS STORAGt 
O~HIT - ~RIT~S ON MASS STONAGf. REWRITING OVER OLD DATA USED AFTER THE 
DATA ~AS AEEN WRITTEN ONCE 
O~RITI - ~RITES ON ~ASS STORAGE - FIRST TIME 
F0~20 - EXTFRNAL CO~E fFT 
FPA~f - PLOT HOUTINf 
IpS - INTEGRATION suaROUTINf 
LOCAT - PLOT NOUTINE 
P~NZ - PLOT ~UUTINE 
PF~r~ - PLOT ROUTINE 
OPENMS - SET~ UP MASS STORA~E - SYSTE~ SUBROUTINE 
RFADATA - RcAU~ 1 DATA RECORD IREC VALUES LONG FROM TAPEI USING ARRAY 
SYM~OL -PLOT ~OUTINt 
U~PAK2 - CAHNGfS F~OM 12 HIT TO 60 AIT WORDS 

TAPF Uf'HTS llSED -

TAPF 1 - DATA TAPf 
T~PF 2 - MASS STORAB£ 
TAPE 3 - OUTPUT FOH tUUALLY AVEWAGED SPECGRA 
TAPF 5 - CARD I~~UT 
TAPf ~ - PRI~TEO OUTPUT 
A - ARRAY OF 12 ~IT wOROS I~PUT TO UNPACK. READ FROM TAPEI 
~ - ARRAY OF bO ~IT WO~OS ouT PUT FROM UNPACK 
Of LA TN - F~EQUENCY 5TEP FOR GIVF-N AVE~AGING INTERVAL 
OFLTAT - TI~E STEP OF DATA. l/IRATE 
FACTOR - FACTOR T0 MULTIPLY OUTPUT OF fOR20 
FPEQ - REAL A~~AY USEr) TO STORE THE FREQUENCY VALUES FOR SPECT 
GbIN - CALIARATIO~ FACTO~ 
ICHAN - CHANNEL TO BE u5EO 
ICOII",T - COlJf\/TfH uSEO I~ TA':>f~ING. AND IN INITIALLY PLACING THE OATA 
It-'Tn MASS STOHA(.;f. 
I~IDt~ - INTFGE:'"< ARI.lAY uSEU IN MASS STO~A6E CONTROL 
I~OFXl - COu~T~P USfD TO KffP T~ACK OF MASS STORAGE LOCATIONS ON INPUT 
IUATE - SA~PLE RATE ~E~ C~A~N~L TAPEI 
IAEC - NUM~f~ O~ OATA VQLU~S PER DATA RECORD. TAPEI 
ISP - COUNTEH U5[0 IN FREQUENCY SMOOTHING 
KEY 1 - TITLE CA~n FUw PLOT OF SPECTRUM 
KFY2 - TITLE CAkll F-t1~ PLOT lJr SPECTRUM 
KfY3 - TITLf CAwu FO~ PLOT OF SPECTRUM 
KEY. - TITLE CARD fOR PLOT OF SPfCTRUM 
~f Y5 - TITLE CAkLJ FO"" PLOT Of SPfCT'RUM 
KFYA - TITLE CARL FOk ~LOT OF SPECTHUM 
KTAPER - US~u IN TA~EAIN6 THE OATA 
LABX - PLOT AXI~ LA8EL 
LtBY - PLOT AXIS LA~EL 
LIMIT(I.I) - NU~HER OF POINTS TO AVERA6E ITH INTERVAL 
LIMIT(2.I) - NU~H~H OF RAW POINTS I-TH INTERVAL 
LI~ITC3.I) - NU~~ER OF AVERAGED POINTS I-TH INTERVAL 

'-l 
N 
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c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

LTAPE~ - USEU IN TAPfHI~G THE D~TA 
N - APQAY GIVING nlMENSION OF ENTIRE O~TA ARRAY INPUT TO FOR2D 
NAVG - NUMBER OF AVfRAbING I~rEkVALS 
N~VGl - UNIFORM AVE~A6ING TO HE USED IN OUTPUT TO TAPE3 
N(HAI\I - NlH-1Ht:.k Of CHANNfLS OF DATA ON TAPE 1 
NkEC - COUNTEW USEO IN INT[ARATION 
NPECURO - TOTAL NUMHE~ OF DATA RECOHOS ON TAPE 
NT~FC - NUM~Ek Of ~FCOHOS NEEDED TO REAO N(l) VALUES FROM TAPE 1 
NlIM~E~ - LEN(;TH OF DATA RECOROS IN MASS STORAGE 
Nl - NUM~fR Of ~ECOQDS TO BE US~O IN MASS STORAGE +1 
PFUNC(X) - 6AIN*X - CALI~RATION fOR A LINEAR TRANSDUCER 
P~HJ - HIGHfST VALUE OF RECOHO 
PKLO - SMALLEST V~LUE OF RECORD 
k~S - ROOT-MEAN-SQUA~E OF THE INPUT DATA 
R~S? - R~S**2 
SPECT - REAL A~RAY uSED TO STO~E THE SMOOTHED SPECTRUM 
S~ - SUM OF ~QUAHE5 OF nATA VALUES 
STOPE - RF.Al A~RAY USED IN U~IFOR~ SMOOTHING OF THE SPECTRUM 
TF~P - COM~LEX AkRAY NUMBER ELEMENTS LONG. USED wITH FOR2D 
TOT~L - TOTAL NUMRE~ OF POINTS USED IN THE FFT 
UTAoER - UStu IN TA~t~I~G T~E nATA 
wORK - COMPLEX ARRAY 3*NUM8fR ELEMENTS LONG USED WITH FOR20 AND MASS S 
STOPAGE READ ~NU t-I~ITf.. RouTINES 
XTNf - A~RAY USfU IN t~TE6HATION TO STORE FREQUENCY INCREMENTS 
XINT - ~UNNINb VALUF Of INTFGHAL OS SPECTRA 
XL I MIT(l.I) - kftNOwillTH FOR THE I-TH AVERAGING INTERVAL 
Xl IMIT (2,1) - u~PE~ LIMIT fOR THE I-TH AVERAGING INTERVAL 
X~EAN - RUNNING ~~AN 

COMPLFX TE~P 
CovPLFX wnRt< 
COMMON TEMP(10c4) 
COM~O~/1.I~Pt<:/A(204).H.(1(}?O) 
COM M 0 ~I I 1 I IRE C , '" C'" t. N, I PAT E 
COMMO"'Ii'1 I RUN, (J I AfA. LEN6 T. t w I NO •. J2 
nIMFNSlnN WORt«3012).~(3).INOEX(513),SPECT(1200).FREQ(2000) 
OIMfN~InN STO~f(~) 
OI~fNSI(lN LAHX(4).L4~Y(4).K~Yl(3).~EY2(3).KEY3(3).KEY4(3),KEY5(3), 

lKEYf,(3) 
nI~FN~ION XLI~IT(~.b).LIMIT(].6) 
DIMfNSlnN XINCCh) 
DATA 5P fCT/1200*O.O/ 
nATA STORE/S*O.OI 
PFUNCeX)=GAIN*X 

C RfAO IN PA~AMETfHS ~OQ PHOb~AM EXECUTION 
C 

XINT=O.O 
CALL PENZ(5HBlACK.4HfFLT) 
GAIN = .04114 
REAn(~.lOOO)IREC.NCM_N.IHATf.N(l).~AVA.NRECORO.NUMBER.Nl 

1000 FO~MAT(~IIO) 
REAO(~.lOOO)IC"'AN.NAVGl 
REAO(S.lOOl)LAHX 
REAO(~.1001)LAHY 
flEAnCS.1002)KEY} 
REAO(5.1002)KEY? 
RFAn(~.1002)t<:EY3 
RfAn(~.l002)KEY4 

""'-l 
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C 
C 

C 
C 
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c 
c 
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C 
C 
C 
C 

1001 
1002 

1003 

REAn(~,1002)KEY~ 
REAO(5.1002)KEYh 
FORMAT(4AIO) 
FORMAT(3AI0) 
READ (5.1003) (LIMIT (l.J) ,J=l.NAVG) 
READ(S.1003) (LI~IT(2.J) .J=l.NAVG) 
FO~M.AT(nIIO) 

OPEN ~ASS STORAGE 

CALL OPFNMS(2.INOEx.Nl.0) 
Nl=NI-1 
NTRFC=N(l)*NCHAN/IRFC+l 
IF(NTPEC.GT.NRECORO)STOPII 

INITIALIZE PHO~HAM PA~A~ETEP~ 

XMfAN=O.O 
P!(~I=-IOO.O 
PKLO=)OO.O 
SQ=O.O 
ICOUNT=O 
INOEX}=l 
ICHAN=ICHAN-l 
00 10 I=l.NTRfC 

kEAO THE DATA OFF Of TAPEI. UNPACK IT FORM 12 TO 60 BIT WORDS 

CALL PEAOATA 
CALL lINPAK2(A.H.IRFC) 
00 5 JJ=l.IREC.NCHAN 
J=JJ+JCHAN 
R(J)=PFUNC(A(J» 
X~Fl\N=X~F.AN+A(J) 
S Q = S (J + H ( J ) * B ( J ) 
JF(G(J).LT.PKHI)GO TO 3 
PKHI=P(J) 

3 IF(ReJ).GT.PKLO)bO TO ~ 
PKLO=R eJ} 

5 CO~T If\iUf 

PLACE T~E OAT~ INTO MASS STORAG~ 1 RECORD NUMBER DATA VALUES LONG 
AT A TIME 

DO 10 JJ=I.IREC.NCHAN 
J=JJ+IC~AN 

165 ICOUNT=tCOU~T+l 
WORK(TCOUNT)=BeJ) 
IF(ICOtJ~/T.NE.NUMiiER) GO TO 10 
ICOUNT=f) 
CALL OWRITl(2.INUEXl.wO~K.1.NUMqER) 

170 INDExl=TNnExl+l 
10 CONTINUr:" 

C 
C COMPUTE THE: ~E:: 'HI ANO THE Rf-AS 
C 

175 TOTAL=FLOAT(NT~EC)*FLOAT(I~tC)/FLOAT(NCHAN) 
XMfAN=XMEAN/TOTAL 
RM5=SQRT(ARS«S~-XMEAN*XMEA~*TOTAL)/TOTAL» 

-....J 
.s;::. 
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C 
C 
C 

c 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

WRrT£(6.2000)IREC.I~ATf-.~1,~UM&F~,XMEAN,R~S.PKHI.PKLO 
?OOO FORMAT(lrll.lOX.*T~IAL RUN OF FOk20 fOR PRESSURE SPECTRA*.II,lOX.*R 

lECORO LENGTH = *.17.* SAMPLE RATi = *.I7.*SA~PLES/SECOND*.II.I0X.* 
2FOR20 WAS CALLED USING*.I~.* RECOROS OF LENGTH*.I7,11,10X.* 
4MEAN = *.FI0.6.20X.*(ALL UNITS PSI)*,I.I0X.*RMS = *.FIO.6.II.IOX.* 
5PEAK ~lGH = *.FIO.611,lOX.*PEAK LOW = *.FIO.6) 

RFCALL THE UATA.kEMOVE THE M~AN.TAPER IF APPROPIATE .RETURN TO 
LTAPlP=~(l)/IO 
~TAPtP=~(l)-LTAPt~ 
ICOUNT=l no 20 J=l.Nl 
CAll DWfAn(2.J.~OP~.1,NUMHEP) 
DO l~ K=l.NUMR£R 
WO~K(~}=wORK(K)-AMEAN 
IF(ICOUNT.GT.lTAPER1GO TO 17 
FRAC=FLOAT(ICOUNT-I)/fLUAT(LTAPE~-I) 
UTAPEP=COS(I.570796*(1.O-FRAC»**2 
WORK(K)=wORK(K)*UTAPER 

12 IF(IC0UNT.LT.KTAPEk)60 TO 14 
KK=(LTAPER-l)-(ICOUNT-KTAPER) 
FRAC=FLOATCKK)/fLOAT(LTAPfR-l) 
UTAPEP=COS(I.57079b*(1.0-FHAC»*·2 
wOR!«t()=INORK(K)*UTAPEP 

14 ICOUNT=TCOUNT+l 
15 CONTINUF 
20 CAll OWPIT(2.J.wO~K.1.NU~~lP) 

PFRFOR~ A FO~wAHO TR~NSFORM ON THE DATA 

CALL FOQ2n(2.,..".I.-1.1.wO~K..NU~MER) 

HFA') OUT THE TPA~SFOHMEO VALUfS. CONVfRT TO A PO~ER SPECTRAL 
OFNSITY. FREWUE~CY AVERAGE 

15°=1 
TOTAL=FLOAT(NCl» 
DElTAT=l.O/FLOAT(l~ATE) 
FACTO~=?,.O*1.14~*OElTAT/TOTAL 
RMS2=PMSo.*2 
DO '35 J=l.NAVf, 
DELTAN=FLOAT(LIMIT(l.J»/(TOTAL*OELTAT) 
XLIMI1(1.J)=OELTAN 
lIMJ T (3.J) =LIMIT (2.\J) ILIMIT (1 .J) 

35 XlIMIT(?J)=LIMITC3.J)*OEL1AN 
no 36 J=2. NAV(, 

36 XLIMIT(2'J)=XlIMIT(2.J).XLIMIT(2,J-1) 
wRITE(6.2004) (XlI~IT(2,J).LI~IT(I,J),XLIMIT(I.J).J=1.NAVG) 

2003 FORMAT(IIII,10x.*SC~EME OF VAkIASl.E BANDWIDTH SPECTRUM SMOOTHING*) 
2004 FORMATC}OX.*UPPFR LIMIT CPS *.FIO.2,SX.*NUMBER OF POINTS AvERAGEDI 

lOUTPUT POINT*.IQ.5X.*HANDwIDTH *,~10.4) 
NREC=l 
Kl=O 
00 40 J=l.NAVG 

CUMPUTE THE NUM~Ek OF Rt~O~OS NECESSARY TO COMPUTE THIS PORTION 
OF' THE SPECT~UM 

STORAGE 

-.....J 
en 
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300 
37 

38 

J3=NU~rlF~/LI~IT(1.J) 
J2=l.I~IT(1.J) 
Jl=LIMITC2'J)/NUM8fR 
nELT~ =FLOATCJ~)/(TOTAL*DELTAT) 
J 1 = ",.t.< Fe + J 1 - 1 
00 4:' I=N~Ec.Jl 
CALL nRfAO(2.I.~OkK.l.NUM8EQ) 
DO 31 K=l.NUMBER 
W~ITE(3.300)wOR~(K) 
FORMAT(2E12.4) 
WO~~(~)=FACTOR*(HfAL(WORK(K»**2+AIMAG(WORK(K»**2) 
IADD=O 

S~OOTH THE SPECTRUM USING VARIABLE BANDWIOTH TECHNIQUES 

00 39 Kt<=1.J3 
00 38 L=1.J2 
SPfCTCISP)=SPfCT(ISP)+REAL(WORK(IAOO+L» 
SPECT(ISP)=SPECT(ISP)/(FLOAT(J2)*R~S2) 
IF(ISP.fQ.l)FREQ(IS~)=+OELTN/2.0 
IF(J5P.FQ.l)GO TO 10 
IF(I.FQ.NREC.AN~.KK.EQ.l)FREQ(IS~)=FHEQ(ISP-l)+DELTN/2.0+00ELTN/2. 

}O 
IFCKK.EQ.l.ANO.I.EQ.NREC) RO TO 30 
FHEQ(TSP)=FREQ(TSP-l)+U~LTN 

30 IAOO=JAflO+J2 
39 ISP=ISP+l 
45 CONTIt.iUF 

INTFGRATE THE SPtCTkU~ LEAVING OUT THE END PORTIONS 

X INC ( • .1) =DfL TI\I 
60 Kl=KI+LJMIT(3.J) 
63 CALL tP~(SPfCT.XINC(J).SUM.Kl.LIMIT(3.J» 

X I N T = )( I"" T + 5 U M 
OOELTN=nElTN 

40 NREC=Jl+l 

AOD FNOPOINT~ A~O OT~E~ noD ~EAI0NS 

INO=1 
KL=NAVG+l 
00 80 I4=1.r<L 
IFCI4.Nf.l)GO TO 11 
XINT=XI~T+XINC(I4)*~PECT(I~n)/2.0 
f;O TO 7A 

71 IF(I4.NF.KL)GO TO 12 
XINT=XI~T+AINC(I4-1)*SPfCT(INO-1)/2.0 
r,o TO ~o 

72 XINT=xINT+SPECT(INU)*(XINC(]4)+X}NC(I4-1»/2.0 
78 INn=I~D+Lr~IT(3,I4) 
80 CONTlt-..iUF: 

~RITE(b.200~)XI~1 
2008 

C 
FOP.~AT (lHO, 10X.*lht A~t:A UNI)E.R THE SPECTRUM IS *.F8.4) 

C 
C 

OUTPUT THE SMOOTHEU SPECTRU,.. 

t.RITE(6.2001) 
t-4=ISP-} 

-.....J 
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C 
C 
C 

00 50 J=1.~.4 
~o wRITE(6.2002)FRfW(J),SPfCT(J),FREQ(J+l).SPECT(J+l).FREQ(J+2),SPECT 

}(J+~).FREQ(J+3).SPECT(J+3) 
200} FO~~AT(lH}.lOX.*S~OOTHEO SPECTRUMo,I,10X,OFREQ CPS*,lOX.*G(N)*) 
2002 FORMAT(~~15.4) 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
END 

PLOT THE SMOOTHf~ SPECTRU~ 

LOCAT(2RAT) 
SET(1.50,9.2~.1.1~.1?95,O.Ol,1000.0 •• 0000001.1.0,2,7,4) 
PfPIM(S.0.7.0) 
SYM80L(3.3.-.~ •• 2~'LAMX,O.O,40) 
SYM80L(-.6.3.0 •• 2~.LAHv,90.0.40) 
~YM80L(1.O.3.5,.2'K~Yl.0.O,30) 
5YMROL(1.O.3.2,.2.KEY2.0.0,30) 
SYMROL(1.0.2.4 •• 2.~EY3.0.0.30) 
SY M80L(1.O.2.6 •• 2,KEY4.0.0,30) 
SYMHOL(1.O,2.3,.2,~EYS.O.O,30) 
SYM~OL(1.u.2.0 •• 2,KEY6.0.0.30) 
CUPVf(FRFQ,SPECT.M.4.~) 
F~AMF 

-...] 
-...] 
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C 

PROGRAM CSPECT2(INPUT=lOlB,OUTPUT=202B,TAPE5=INPUT,TAPE6=OUTPUT. 
ITAPE2=513.TAPE3=S13B,TAPE4=SI3B) 

THIS PROGRAM WAS WRITTEN 11/75 BY R. AKINS TO COMPUTE AND PLOT 
A COHERENCE FUNCTION USING SEGMENT AVERAGING AND READING THE 
SINGLE CHANNEL TRANSFORMS FROM A DISC DEVICE, TAPE2 AND TAPE3. 

SUBROUTINES CALLED (ALL PLOT SUBROUTINES ARE DESCRIBED IN THE 
CSU USERS MANUAL, 1975 EDITION) 

AXIS - PLOT ROUTINE 
CURVE - PLOT ROUTINE 
LOCAT - PLOT ROUTINE 
PENl - PLOT ROUTINE 
RSTR - PLOT ROUTINE 
SET - PLOT ROUTINE 
SKIPF - TAPE CONTROL 
SYMBOL - PLOT ROUTINE 
INPUT VARIABLES ARE 

IRATE - SAMPLE RATE OF ORIGINAL TIME SERIES 
NRUN - NUM8ER OF RUNS 
NSEG - NUMBER OF SEGMENTS 
NSKIPl - TAPE CONTROL PARAMETER 
NSKIP2 - TAPE CONTROL PARAMETER 
NUMBER - LENGTH OF EACH SEGMENT 
TITLE1 - LABEL FOR CHANNEL 1 
TITLE2 LABEL FOR CHANNEL 2 
X - COMPLEX ARRAY STORING TPANSFORM OF CHANNEL 1 
XTIT - PLOT AXIS LABEL 
Y - COMPLEX ARRAY STORING TRANSFORM OF CHANNEL 2 
YTIT - PLOT AXIS LABEL 
PROGRAM VARIABLES 

A - FACTOR USED IN FREQUENCY AVERAGING 
COH - A~RAY STORING FREQUENCY AVERAGED COHERENCE 
DEL TAN - FREQUENCY INCREMENT OF SPECTRA 
FREQ - ARRAY STORING FREQUENCY STEPS FOR COHERENCE 
IND - INDEX USED IN FREQUENCY AVERAGING 
NPLOT - TOTAL NUMBER OF POINTS TO PLOT 
NZ - NUMBER/2 
GXY - SEGMENT AVERAGED CROSS SPECTRAL DENSITY 
SPECTl - SINGLE CHANNEL SEGMENT AVERAGED SPECTRA CHANNEL 1 
SPECT2 - SINGLE CHANNEL SEGMENT AVERAGED SPECTRA C~ANNEL 2 
TAPE UNITS USED 
TAPE2 - MASTER INPUT TAPE 
TAPE3 - DISC USED AS INPUT FOR CHANNEL 1 
TAPE4 - DISC USED AS INPUT FOR CHANNEL 2 
TAPES - INPUT FILE 
TAPE6 - OUTPUT FILE 

COMMON FREQ(SOO),TITLE1(S),TITLE2(S),COH(SOO),XTIT(4),YTIT(4), 
ISPECTI CSOO) ,SPECT2(SOO) ,GXY(SOO) 

COMMON X(4096),Y(4096) 
COMPLEX GXY 

"-J 
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C 
C 
C 

C 
C 
C 

C 
C 
C 

c 
C 
C 

c 
C 
C 
C 

COMPLE'X X.Y 

READ INPUT VARIABLES FOR ALL RUNS 
REAO(5.500)NRUN 
RfAO(S.500)IRATE.NUMBER,NSEG 
REAO(S,502)XTIT.YTIT 
CALL PENZ(5HBLACK,4HFELT) 
CALL LOCAT(2RAT) 
leODE=l 
DO 100 KTOT=l,NRUN 

ZERO NECESSARY ARRAYS 

DO 1 1=1,500 
SPECT2(I)=0.0 
SPECTl(I)=O.O 

2 COH(I)=O.O 
1 GXY(I)=(O.O,O.O) 

READ INPUT VARIABLES FOR EACH RUN 

REAO(5.501)TITLEl.TITLE2 
READ(5.500)NSKIP1.NSKIP2 

500 FORMAT(3IIO) 
501 FORMAT(SAIO) 
50Z FORMAT(4AIO) 

DELTAN=FLOAT(IRATE)/FLOAT(NUMBER) 
COpy INPUT ARRAYS FROM TAPE TO DISCS 

REWIND 3 
REWIND 4 
00 3 I=l,NSEG 
READ(2)X 

3 WRITE(3)X 
BACKSPACE2 
CALL SKIPF(2,NSKIPl.118,1) 
DO 4 l=l,NSEG 
REAO(Z)Y 

4 WRITE(4)Y 
BACKSPACE2 
CALL SKIPF(2,NSKIP2.11B.l) 
REWIND 3 
REWIND 4 

COMPUTE AND SEGMENT AVERAGE SINGLE CHANNEL SPECTRA AND 
CROSS SPECTRAL DENSITY 

00 30 JT=I.NSEG 
READ(3)X 
READ(4)Y 
00 20 1=1.10 
SPECTl(I)=SPECTl(I)+CABS(X(I+l»**Z 
SPECTZ(I)=SPECTZ(I)+CABS(Y(I+l»·*Z 

ZO GXY(I)=GXY(I)+CONJG(X(I+l»)*Y(I+l) 
IND=11 
00 2Z K=11.49,J 
DO ZI J=l.J 

""-l 
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C 

SPECT1(INO)=SPECTl(INO)+CABS(X(K+J»**2 
SPECT2(INO)=SPECT2CINO)+CABS(YCK+J»**2 

21 GXYCINO)=GXY(INO)+CONJGCX(K+J»*Y(K+J) 
22 IND=INO+l 

N2=NUM8ER/2-2S 
00 25 1=50,N2,20 
00 24 J=1,20 
SPECTl(INO)=SPECTlCINO)+CABS(XCI+J»**2 
SPECT2(INO)=SPECT2(INO)+CABS(YCI+J»**2 

24 GXYCIND)=GXY(INO)+CONJG(X(I+J»*Y(I+J) 
25 IND=IND+l 
30 CONTINUE 

C SET UP THE FREQUENCY ARRAY 
C 

C 
C 
C 

C 
C 
C 

A=FLOAT(NSEG) 

COMPUTE AND FREQUENCY AVERAGE THE COHERENCE FUNCTION 

00 35 1=1,10 
GXY(I)=GXY(I)/A 
COhCI)=(CABSCGXY(I»**2)*(A**2)/(SPECTl(I)*SPECT2CI» 

35 FREQCI)=FLOAT(I)*OELTAN 
INO=ll 
A=3.0*A 
00 36 1=11,49,3 
GXYCINO)=GXY(INO)/A 
COH(IND)=CCABS(GXY(INO»**2)*CA**2)/CSPECTICIND)*SPECT2(INO» 
FREI~ (IND) =FLOAT (1+2) *DELTAN 

36 IND=IND+l 
A=20.0*A/3.0 
DO 37 I=50,N2,20 
GXY(INO)=GXY(INO)/A 
COHCINO)=(CABS(GXYCINO»*)*2)*CA**2)/CSPECTl(INO)*SPECT2(IND» 
FREQ C INO) = (FLOAT (I)-t- 10,5 DELTAN 
IF(FREQ(INO).GT.250.0)GO TO 60 

31 IND=INO+l 
60 NPLOT=INO-l 

OUTPUT COHERENCE 

wRITEC6,610)TITLE1,TITLE2 
DO SO I=1,NPLOT.3 

50 WRITE(6,611)FREQ(I),COHCI),FREQCI+l),COHCI+l),FREQCI+2).COHCI+2) 
611 fOR~AT(6X.3(F9.2,8X.F7.4,7X» 
610 FORtoIIAT(lHl,lOX.*COHERENCE*,I,lOX,*CHANNEL 1 *,8AIO,I.IOX,*CHANNEL 

12 *.8AlO,II,6X,3(*FREQUENCY (HZ) COHERENCE *» 
C PLOT COHERENCE 
C 

CALL 5ET(I.0,6.0,1.0,6.0,0.O,300.0,-.2,1.0.-1,I,I) 
CALL AXIS(0.O,O.0,XTIT,-40.6.0,0.0.0.O,SO.O.-1) 
CALL AXIS(0.0,O.0.YTIT.40.6.0.90.0,-.2 •• 2.1) 
CALL SYMBOL(3.0,6.0 •• l,TITLEl.0.0.80) 
CALL SYMBOL(3.0.5.8 •• 1,TITLE2.0.0.80) 
CALL CURVE(FREQ.COH.NPLOT,O.O) 
CALL RSTR(ICODE) 
ICODE=ICOOE+l 
GO TOCIOO,90)ICODf 

90 ICOOE=O 
100 CONTINUE 

END 

00 
c 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

c 
c c 
c 
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C 
C 
C 
C 
C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PROGRAM CSPECT3(INPUT.OUTPUT.TAPE5=INPUT.TAPE6=OUTPUT.TAPE2.TAPE3. 
ITAPE4) 

THIS PROGRAM WAS WRITTEN 11/75 BY R. AKINS TO COMPUTE AND PLOT 
CROSS-CORRELATION FUNCTIONS USING SEGMENT AVERAGING AND READING 
THE SINGLE CHANNEL TRANSFORMS FROM A DISC DEVICE. TAPE 2 AND TAPE 3. 

SUBROUTINES CALLED (ALL PLOT SUBROUTINES ARE DESCRIBED IN THE 
CSU USERS MANUAL. 1975 EDITION) 

AXIS - PLOT ROUTINE 
CURVE - PLOT ROUTINE 
FOURT - FFT ROUTINE 
FRSTPT - PLOT ROUTINE 
LOCAT - PLOT ROUTINE 
PfNZ - PLOT ROUTINE 
ROTATE - PLOT ROUTINE 
RSTR - PLOT ROUTINE 
SET - PLOT ROUTINE 
SKIPF - TAPE CONTROL SUBROUTINE - CSU USERS MANUAL 
SYMBOL - PLOT ROUTINE 
VECOTR - PLOT ROUTINE 

INPUT VARIABLES ARE 

IRATE - SAMPLE RATE OF INITIAL TIME SERIES 
NPUN - NUMBER OF RUNS 
NSEG - NUMBER OF SEGMENTS 
NSKIPI - TAPE CONTROL PARAMETER 
NSKIP2 - TAPE CONTROL PARAMETER 
NUMBER - LENGTH OF SINGLE CHANNEL TRANSFORMS 
TITLEI - CHANNEL I TITLE 
TITLE2 - CHANNEL 2 TITLE 
XlIT - PLOT TITLE X-AXIS 
YTIT - PLOT TITLE Y-AXIS 
PROGRAM VARIABLES 

DEL TAN - FREQUENCY STEP OF X.Y,GXY 
DELTAT - TIME STEP OF CROSS-CORRELATION 
FACTOR - USED TwICE - FACTOR IN CROSS-SPECTRUM CALCULATION AND LATER 
CROSS CORRELATION CALCULATIONS 
GXY - COMPLEX ARRAY WITH SEGMENT AVERAGED CROSS SPECTRU~ 
INDEX - USEO IN OUTPUT AND PLOTTING 
N2 - NUMBER/2 
Rl2 - REAL ARRAY STORING CROSS-CORRELATION FUNCTION 
TIME - REAL ARRAY WITH TIEM LAGS USED IN OUTPUT 
X - COMPLEX ARRAY STORING TRANSFORM OF CHANNEL 1 TIME SERIES 
Y - COMPLEX ARRAY STORING TRANSFORM OF CHANNEL 2 TIME SERIES 

TAPE UNITS USED 

TAPE2 - MASTER INPUT TAPE 
TAPE3 - DISC USED AS INPUT FOR CHANNEL I 
TAPE4 - OISC USED AS INPUT FOR CHANNEL 2 
TAPES - INPUT FILE 
TAPE6 - OUTPUT FILE 

00 ...... 



60 

65 

10 

15 

so 

85 

90 

9S 

100 

105 

110 

115 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

DIMENSION TIME(131).R12(131),TITLE1C4),TITLE2(4).XTIT(4),VTITC4) 
COMMON GXY(S192),X(4096),Y(4096) 
COMPLEX GXY 
COMPLEX X,y 

READ INPUT VARIABLES FOR ALL RUNS 

READ(5,500)NRUN 
READCS,500)IRATE,NUMBER.NSEG 
REAoCS.S02)XTIT.YTIT 
CALL LOCAT(2RAT) 
CALL PENZ(SHBLACK,4HFELT) 
ICOoE=l 
DO 100 KLIM=l,NRUN 
DO 1 1=1,4096 

1 GXY(I)=CO.Q,O.O) 

500 
501 
502 

READ INPUT VARIABLES WHICH CHANGE EACH RUN 
REAo(S,SOl)TITLE1.TITLE2 
REAO(S,500)NSKIPl.NSKIP2 
FORMAT(3IIO) 
FORMAT(4AIO) 
FORMAT(4A10) 
OELTAN=FLOAT(IRATE)/FLOAT(NUMBER) 
OELTAT=l.O/FLOATCIRATE) 

COpy INPUT ARRAYS X AND Y FROM DATA TAPE TO SEPARATE DISC FILES 

REWIND3 
REWIN04 
DO 3 l=l,NSEG 
REAO(2)X 

3 WRITE(3)X 
RACKSPACE2 
CALL SKIPF(Z.NSKIPl.178,l) 
DO 4 I=l.NSEG 
REAo(Z)Y 

4 WRITE(4)Y 
BACKSPACE2 
CALL SKIPF(2.NSKIP2.17B.l) 
REWIND3 
REWIND4 

CALCULATE SEGEMNT AVERAGED CROSS SPECTRAL DENSITY FUNCTION 

DO 30 JT=l,NSEG 
REAO(3)X 
REAO(4)Y 
00 30 J=I,4096 

30 GXYCJ)=GXY(J)+CONJGCX(J»*Y(J) 
FACTOR=2.0*1.143/FLOAT(IRATE)/FLOATCNUM9ER)/FLOAT(NSEG) 
DO 32 1=1,4096 

32 GXYCI)=FACTOR*GXY(I) 
C 
C REFLECT THE CROSS SPECTRAL DENSITY FUNCTION 
C 

NoOUB=NUMBER 
N2=NUtABER/2 

00 
N 
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GXY(N2+l)=CONJG(GXYCN2» 
00 33 1=1.4095 
K=NUMAER-I+l 

33 GXYCK)=CONJG(GXYCI+l» 
C ""l\~ C PERFORM AN~~~~ TRANSfORM TO OBTAIN THE CROSS-CORRELATION FUNCTION 
C 

CALL FOURT(GXy.NDOUB.l.1.1.0) 
FACTOR=FLOATCIRATE)/2.0/FLOAT(NUMBER) 

C 
C PLACE SELECTED VALUES OF THE CROSS-CORRELATION FUNCTION INTO ARRAY 
C Rl2 AND ASSOCIATED TIME LAGS INTO ARRAY TIME FOR OUTPUT AND 
C PLOTTING 
C 

RI2(69)=GXY(I)*FACTOR 
TIME(69)=0.0 
INDEX=l 
00 34 1=1.20 
K=69+JNOEX 
L=69-INOEX 
R12(K)=GXYCI+l)*FACTOR 
RI2(L)=GXYCNUM8ER-I+l)*FACTOR 
TIME(K)=OELTAT*FLOATCI) 
TIME(L)=-TIME(K) 

34 INDEX=INOEX+l 
00 35 1=22.60.2 
K=69+INDEX 
L=69-INOEX 
R12(K)=GXY(I+l)*FACTOR 
R12(L)=GXY(NUMBER-I+l)*FACTOR 
TIME(K)=OELTAT*FLOAT(I) 
TIME(L)=-TIMECK) 

35 INOEX=INOEX+l 
00 37 1=65.200.5 
K=69+INOEX 
L=69-INOEX 
R12(K)=GXY(I+l)*FACTOR 
RI2(L)=GXYCNUMBER-I+ll*FACTOR 
TIME(K)=OELTAT*FLOAT(I) 
TI~E(L)=-TIME(K) 

37 INOEX=INOEX+l 
WRITEC6.610)TITL£I.TITLE2 

C 
C PRINT CROSS CORRELATION FUNCTION 
C 

C 
C 
C 

00 39 1=1,137.2 
39 WRITE(6.611)TIMECI).RI2(I).TIME(I+l).RI2(I+l) 

610 FORMAT(lHl.9X.*CROSS CORRELATION COEffICIENT*.I,lOX.*CHANNEL 1 -
1*.4AI0./.10X.*CHANNEL 2 - *.4AI0) 

611 FORMAT(11X.F6.3.5X.F7.4.12X,f6.3,5X,f7.4) 

PLOT CROS~ CORRELATION FUNCTION 
CALL ROTATE(90.0) 
CALL 5ET(I,,8 •• -7,,6.,-,4 •• 4,-.2.1 •• 1.1,0) 
CALL AXISCu •• O.,X IT.-4u.8.0.0.0.-.4 •• 1.1) 
CALL AX1S(0.,0 •• YTIT.40.6 •• 90 •• -.2 •• 2.1) 
CALL FRSTPT(0 •• -.2) 
CALL VECTOR(O •• I.) 

00 
~ 



180 

185 

CAll FHSTPT(-.4.0.) 
CAll VECTORC.4.0.) 
CAll CURVE(TIME.R12.137.0,O) 
CAll SYMBOlCO.5.5.0,.1.TITlEl,O •• 40) 
CAll SY~BOl(0.5.4.8 •• 1.TITlE2,0.0,40) 
CAll RSTR(ICOOE) 
ICODE=ICODE+l 
GO TOClOO.90)ICOOE 

90 ICOOE=O 
100 CONTINUE 

END 

00 
~ 
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