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1. INTRODUCTION

The Tactical Environment Multiple Systems Evaluation Program
(TEMSEP) is jointly funded by the Army and the Defense Nuclear Agency
and is directed toward vulnerabili ty assessments and hardening of
tactical military equipment for tactical nuclear threats. TEMSEP
complements the Multiple Systems Evaluation Program (MSEP), which is
also directed toward vulnerability assessments and hardening of
equipment for nuclear threats. Unlike TEMSEP , however , MSEP is directed
towards stategic , rather than tactical , nuclear threats.

In the absence of threat—relatable simulation of source—region EMP
environments, meaningful assessments of source-region EM?
vulnerabilities of tactical equipment are feasible only through
theoretical and controlled experimental evaluations of dominant
source-region coupling mechanisms. The experimental evaluations are
being performed at flash x-ray facilities , such as AURORA and HIFX (the
High-Intensity Flash X-Ray) , both at Harry Diamond Laboratories (MDL).
These facilities are being used as partial simulation tools and as tools
for validating theory.

During the experiments at AURORA and HIFX , parameters such as
coupled currents , magnetic fields , and Compton currents are measured
with sensors such as current probes , Noebius loops , and Rogowski coils.
Typically , the sensors are part of a sensor-cable-balun system such as
the one shown in the block diagram of figure 1.

Because it is less noisy in a radiation environment than most other
cables , twinax cable is normally used to transmit the sensor output from
the test cell into the data room. Unfortunately , twinax cable is
relatively lossy, and the signal loss is frequency dependent. When
twinax cable is used , a balun is needed to match the 78-~

’2 impedance of
this cable to the 5O—~ impedance of the cable used in the data room.

TEST C ELL DATA ROOM

EN CV

Figure 1. Block diagram of measuring system used at AURORA.
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Each sensor exhibits a particular response to a given signal, and
this response is degraded by the cables and balun through which the
signal passes. Thus , the vol tages measured by the oscilloscopes in the
data room represent the response of the sensor-cable-balun system to a
particular phenomenon occurring in the test cell, and these voltages
must be somehow “transformed ” into the parameter being measured .

The response of the sensor-cable-balun system to input signals can
be measured with a network analyzer . This response , represented by the
transfer function measured by the network analyzer , provides the ampli-
tude of the output voltage and the phase difference between this voltage
and the input signal for an input signal of unit amplitude over a wide
range of frequencies. If a current probe is used to measure it , the
transfer function is actually the admittance of the measuring sys tem,
and the input signal can be found from the relationship

1(u) =

where I is the input current, Y is the admittance (transfer function) of
the measur ing system , V is the measured voltage , and w is the angular
frequency.

The computer program TRANS2 uses this transfer function information
to transform oscilloscope voltage measurements into the parameters being
measured , even if they are not simply currents.

2. DATA—PROCESSING PROCEDURE

The data-processing procedure which is used to accomplish this
transformation is this: The oscilloscope pictures are digitized to
provide information which can be manipulated by a digital computer. The
digitized information is stored on a computer disk file and then
plotted. The plot is compared with the oscilloscope picture , and any
needed corrections are made to the digitized data. The digitized
information is then read off the disk file by TRANS2 , which

(a) multiplies the data by the appropriate sensor response and
conversion factors ,

(b) numer ically transforms the result into the frequency domain,

(c) multiplies the frequency—domain representation by the appro-
priate transfer function ,

(d) transforms this information back into the time domain,



-- - - ~---~~~~~~~~~~~~~ .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

Ce) integrates the result, if necessary , and

(f) plots the resultant information.

The plotted information represents the time histories of the actual
fields , currents , etc., occurring at the sensor locations during the
AURORA or HIFX tests, and not merely the measured voltages. These plots
can then be compared with theoretical predictions of test results.

3. PROGRAM DFILE

A listing of the program DFILE , which is used to put the digitized
data onto a computer disk file, is presented in appendix A . Figure 2
shows a sample deck needed to run the program.

//JFD1ADF1 JOB (HK3020) ,’J FWD I ETZ ’ ,CLASS=A ,MSGLEVEL= (2,1)
//STEP~ EXEC TRANS ,NAME= ’&&DATA ’
//SYSIN DD
tOUTPUT &END

data set ~1
0

0

0

data set #n
(7/8/9) CARD

//STEM EXEC ANAF ORT ,OtJT=x
//SYSPN DO

source deck

1*
I/ GO. F T J 2 F O O I  DO DSN = * .STEP I.STP .FTJ 2FOOI I DISP= (OLD DELETE) ,
II DCB=(RECFM=VS)
//GO.FTi’~FoQ~ DO DISP=(NEW ,CATLG),VOL= SER=USERO2
/1 UNIT=SYSDA ,SPACE=(TRK ,(2,2))
1/ DSN=HK3020.CR362022
/1

Figure 2. Sample deck for DFILE

.7
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3.1 Description of DFILE

The procedure TRAN S ,* which transforms the digitizer output
into usable data , is executed and the data are written to logical unit
No. 12. DFILE calls the subroutine READIT , which reads the data from
logical unit No. 12. The subroutine CSTOUT , contained in the
M~APAC 1 library and attached by the ANAFORT* procedure , is then called .
CSTOUT checks the time ordering of the independent array and casts out
those points not in an ascending time order.

DFILE converts the data to double precision to increase the
accuracy of the data-processing effort and calls WRITED , which writes
the double-precision data to logical unit No. 14 so that it can be
cat3loged during the GO step. Finally , DFILE prints the
double-precision data.

3.2 DFILE Sample Deck

A few comments concerning the sample deck shown in figure 2 are
now appropriate. The naxnelist entitled “OUTPUT” contains two logical
variables, LIST and PLOT, which are input to TRANS.* A value of TRUE
for either LIST or PLOT turns on either the printing or the plotting of
the data sets , respectively . This printing or plotting is performed Ly
TRANS and occurs before CSTOUT corrects the time ordering . Second , the
last card in each data set must be a (7/8/9) card , and there must be an
extra (7/8/9) card after the last data set. Finally, the name of the
data file cataloged by DFILE is given by the DSN parameter on the last
executable card.

4. PROGRAM TRANS2

After the digitized data are placed on file and verified to be
correct, TRANS2 must be run to transform the data into the measured
fields, currents , etc. TRANS2 is currently maintained as an UPDTE2 f i le
so that temporary changes in the program can be readily made. A sample
deck needed to create an UPDTE2 f ile containing TRANS2 is shown in
figure 3. A listing of TRANS2 is presented th appendix B. Definitions
of the input parameters for TRANS2 are presented in section 4.1,
followed by a description of how the program works and , f ina l ly, by a
discussion of the sample deck needed to run TRANS2 (sec t. 4.3).

1 Thornas V. Noon , User ’s Manual for the Modular Analysis-Package
Libraries ANA PAC and TRANL , Harry Diamond Laboratories TR 1782 (November
1976).

2IBM OS/VS Utilities Manual , GC35 0005 4 (September 1976).
*From recommendations by Egon Marx and Thomas V. Noon , Harry Diamond

Laboratories (1976).
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//JFD1CTR2 JOB (HK3020) ,’ JFWD I ETZ ’ ,CLASS=C
II EXEC PGM=IEBUP DTE ,PARM NEW
//SYSPRINT DO SYSOUT=A
//SYSUT2 DO UNIT=SYSDA ,DISP= (NEW ,CATLG) ,VOL=SER=USERO 2,
1/ DSNAME=HK3020.TRANS2 ,SPACE=(TRK , (25,2)),
1/ DCB=(RECFM=FB ,LRECL=8 0,BLKS I ZE=14080)
//SYSIN DO
.1 ADD LIST=ALL
./ NUMBER NEW1= 1000 ,INCR=1000

source deck
.1 ENDUP
/~/1

Figure 3. Sample deck to create UPDTE f i le  for TRANS2.

4.1 Input Parameters for TRANS2

Card No. 1: FORMAT (2110)

NDSETS Number of data sets to be processed .

ISAME If equal to one , the input parameters for the f i rs t
data set are used for all the data sets; otherwise ,
input parameters must be provided for each data set.

Card No. 2: FORMAT (7110)

NOFF Number of data points removed from the front of the
pulse.

NOFFR Number of data points removed from the rear of the
pulse.

INVERT If equal to one , the pulse is inverted ; otherwise ,
not.

IZERO If equal to one , the amplitudes of the first  and last
data points are set equal to zero; otherwise, not.

IPLOT If equal to one , the input digitized data are plotted
after any necessary time shift is made; otherwise,
not.

IFILE If equal to one , the processed data are written to
logical unit No. 9 so that they can be cataloged as a
disk file; otherwise , not.
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ISENSR Denotes the type of sensor used to produce the data :

1 = Current probe used to measure current on
truncated cylinder banjo. 3

2 = Current probe used to measure current on single
wire.

3 = Current probe (Rogowski coil) used to measure
Compton current.

4 = Moebius loop .

5 = Current probe on pie pan . 3

= One-turn Rogowski coil.

Card No. 3: FORMAT (2110)

IPLTC If equal to one , coupled-current output from
SAPSC~ is plotted on the sane graph as the processed
data; otherwise , not . Set equal to one only if
ISENSR=1.

NCUR If equal to one , SAPSC output is plotted for the
f irst measurement position ; otherwise , for the second
measurement position . Set equal to one only if
ISENSR=l.

Card No. 4: FORMAT (110, El0.3, 110)

NSTAR Number of frequency and time points used by the fast
Fourier transform (FFT) (must be a multiple of two).

FMAX Maximum frequency used by the FFT.

KPLOT If equal to one , frequency-domain results are
plotted ; otherwise , not.

Card No. 5: FORMAT (3110)

NTRAN S Number of transfer function amplitude points (25 or
less)

3John F. W. Dietz , Daniel J. Spohn , and George Merkel , Status of the
Tacti cal Envi ronment Mu l t ip le  Systems Evaluation Program (TEMSEP), Harry
Diamond Laboratories TM-77-23 (September 1977) .

~E. R. Parkinson , SAPSC: A Two— Dimensional Close-in EMP Coupling
Ana lysis Code , Science Appl ications Inc. SA1 75 506 AQ (October 1975).
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JPLOT If equal to one, the transfer function amplitude and
phase (if used) are plotted ; otherwise , not.

IPHASE If equal to one , phase is included in the transfer
function ; if not, amplitude only.

Card No. 6: FORMAT (4(2ElO.3)); (one to seven cards)

FTRA N S(I)  Frequency (Hz) at which transfer function amplitude
value is given .

ATRANS(I) Amplitude value (amps/volt) of measured transfer
function .

Card No. 7: FORMAT (110, ElO.3) (used only if IPHASE=

NPHASE Number of transfer function frequency points (25 or
fewer).

TRETRD Amount of time (seconds) by which the input pulse
must be retarded if the transfer function includes
phase.

Card No. 8: FORMAT (4(2E10.3)) (one to seven cards) (used only
if IPI-IASE=l)

FPHASE(I) Frequency (Hz) at which transfer function phase value
is given.

PHASE(I) Phase value (degrees) of measured transfer function.

4. 2 Description of TRANS2

TRAN S2 was originally written to operate on a ~DC 6600 computer
and then converted to run on an IBM 370—series computer. Because of the
short word length of the IBM computer , it was fel t  that the prec ision of
the variables and functions within the program should be increased . To
avoid the necessity of making a substantial number of changes to the
program, the AUTODBL(DBL) option , which automatically doubles the pre-
cision of all real and complex variables and li brary func tions , is used .
So that the precision of the plot label variables is not doubled , these
variables are declared to be integers.

Af te r  the plot labels are defined , a number of arrays are
equivalenced to reduce storage. If the dimensions of any of these
arrays are changed , or the positions of the arrays within the program
are changed , the EQUIVALENCE statements must be altered to reflect
these changes.

Ii



The f i rst data card , containing NDSETS and ISAME , is then read.
NDSETS is the number of data sets on file which are to be processed , and
the remainder of TRANS2 consists of a DO loop that is executed NDSETS
times, once for each data set.

The f irst  statement inside the loop calls subroutine READTP ,
which reads the time CT) and ampli tude (FT) data pairs from logical unit
No. 8. If the number of data pairs (NPTS) exceeds 300 , the program is
terminated because the dimensions of T and FT would be exceeded . Next ,
the input parameters are read and printed , unless ISAME=l and other than
the first data set is being processed.

NOFFR data points are then removed from the rear of the pulse.
This feature is useful if the oscilloscope picture is accidentally
digitized beyond the region of interest. The pulse is inverted , if
desired , and NOFF extraneous points are removed from the front of the
pulse .

If phase is included in the transfer function, the digitized
pulse is now retarded by TRETRD seconds. Since it takes a f ini te amount
of time for the sensor to respond to the input signal and for the sensor
output to pass through the cables and the balun before it reaches the
oscilloscope , the time frame at the oscilloscope is retarded from the
time frame at the sensor. Because use of the phase relationship between
the sensor input and the cable output would advance the output forward
into the sensor time frame , the digitized pulse must be retarded so that
it is not advanced into negative time.

The amount of retardation needed for a sensor—cable-balun
system can be measured approximately by sending a pulse through the
system. Unfortunately , the amount of retardation depends to some extent
upon the frequency content of the pulse. Because of this dependence , it
m a y be necessary to make a preliminary run of TRAN S2 , with TRETRD
slightly larger than the expected value . After  the processed pulse is
examined to determine at what time it actually starts , TRETRD can be
adjusted accordingly , and TRANS2 can be run again with the correct value
of TRETRD.

Next, the amplitudes of the first and last digitized points are
set equal to zero , if desired , and the retarded data are plotted with
the DRAW4 plotting routine,1 if desired .

1Thomas V. Noon, User ’s Manual for the Modular Analysis-Package
Libraries ANAPAC and TRANL, Harry Diamond Laboratories TR-l782 (November
1976).
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The digitized data are then multiplied by sensor response
functions which are not included in the transfer  function . The
following list describes the response functions presently being used .

(1) The current probe output is multiplied by the number of
resistors (20 )  in the banjo to provide the total coupled current .

(2) The current probe output is simply multiplied by 1, since
the total current is measured by the probe.

(3) The current probe output is divided by the effective area
of the coil to provide the Compton current density. At present , an
effec t ive  coil diameter of 1.875 in. ( 4 . 7 6  cm) has been assumed for the
current probe with a center opening of 1.625 in . (4.13 cm).

(4 )  Because the t ransfer  function of the Moebius
loop-cable—balun system cannot be measured directly , the Moebius loop is
replaced by a current probe to make the t ransfer  function measurement.
If this transfer function is multiplied by the impedance of the current
probe , the result is the transfer function of the cable-balun system .
Multiplyin~ this result by the sensor response of the Moebius loo~p
(1 weber/m L s)/ ( l . 14  x l0~~ V) then provides the value of B—dot . At
present , the impedance of the current probe is assumed to be simply
2.4 0, although it is actually a function of frequency.

(5) The current probe output is simply multiplied by 1, since
the total current is measured by the probe .

(6) If the transfer function is measured with a current probe ,
the output of the one-turn Rogowski coil must be multiplied by the
impedance (2 . 4  ~1) of the current probe . The output of the one-turn
Rogowski coil must then be multiplied by the sensor response of
1. x lO 7/volume to provide the Compton current density . The volume
presently being used is 5 x 10~~ m

3 .

Next , the frequency spacing , DF , and the time spacing , DT , are
calculated. The frequency spacing is the interval between data points
after the data are transformed into the frequency domain, and the time
spacing is the interval between the data points af ter  the data are
transformed back into the time domain .

The data are then linearly interpolated with CLINTD ,1 which
also extends the data array to f u l f i l l  the requirement that the maximum
time value , TMAX , equals l/DF. The number of equispaced time points

‘Thomas V. Noon , User ’s Manual for the Modular Analysis-Package
Libraries ANAPAC an d TRANL , Harry Diamond Laboratories TR—1782 (November
1976).
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extending across the range of the original data, NTP , is then found so
that the proper time interval of the processed data can be plotted
later . The equispaced data are then transformed into the frequency
domain by FFTD , which is a double-precision version of FFT.1

The transfer function amplitude and phase information is avail-
able at only a limited number of frequencies. To provide transfer func-
tion information at all the frequency values used by FFT , a cubic spline
fit to the data is performed . Initially , the spline coefficients are
calculated by the subroutine SPLICO , which uses the techn ique discussed
by Pennington .5 The coef ficients for the amplitude and the phase va lues
of the transfer function are stored in the arrays COEF and COEFP ,
respectively .

Various ini t ia l izat ions are performed , and DO loop 30 is then
executed to multiply the frequency-domain representation of the data by
the transfer function . Since half aliasing’ is used by the Fourier
transform, only the first half of the data array plus one point (NS21
points) is multiplied by the transfer function.

If the frequency value is outside the range of the spline fit
to the transfer function amplitude or phase information , the subroutine
ENDFIT is called . During the firFt execution of ENDFIT for any particu-
lar f i t  (KFIT=l), f i t  coefficients are calculated , and a calculation of
the appropriate t ransfer  function value is made. During subsequent
executions, these coefficients are not calculated again , but a calcula-
tion of the transfer function is made. The following four fits are
presently being used :

( 1) The t ransfer  function amplitude value is set equal to 1000
if the frequency is below that of the spline fit information. It has
been assumed that the user will supply transfer function amplitude
information for at least one frequency point below the second frequency
value (equal to the frequency spacing 1 x DF) used by FFT, so that the
only low—frequency value for which an amplitude value is needed is 0 Hz.
It was felt that some large value , such as 1000, was appropriate for the
0-Hz frequency point , since the balun should not transmit tic signals.

L (2) A decreasing exponential is fit to the high—frequency end
of the t ransfer  function amplitude information. Since the Tektronix 556
oscilloscopes used at AURORA have a high-frequency 3-dB cutoff at
SO MHz , it was felt that any energy present in the digitized data at

1momas V. Noon , User ’s Manual for the Modular Analysis-Package
Libraries ANAPAC and TRANL , Harry Diamond Laboratories TR-1782 (November
1976).

5Ralph H. Pennington , Introductory Computer Me t~ ~ds and Numerical
Analysis (2nd ed.), MacMillan , Inc. (2970).
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frequencies much beyond 50 MHz is probably due to the process of
digitizing the data and should be filtered out. Therefore, it is
suggested that the last value of the measured transfer function which
the user provides to TRANS2 be at a frequency of 50 MHz. ENDFIT will
then exponentially decrease the value of the transfer function amplitude
until it reaches 0 at 100 MHz. Due to sampling theorem
considerations ,6 the value of FMAX should always be at least twice the
value of the frequency at which the transfer function amplitude drops to
0.

(3) The transfer function phase is set equal to 180 deg if the
frequency is below that of the spline fit information. Again , it has
been assumed that the user will supply at least one transfer function
value below a frequency equal to 1 x DF. Examination of the output of
the network analyzer indicates that a value of 180 deg at 0 Hz is
reasonable.

(4) The transfer function phase is fit to a straight line
passing through the last two points if the frequency is above that of
the spline fit information. Examination of the output of the network
analyzer indicates that this fit is reasonable.

If the frequency value is within the range of the transfer
function information provided by the user , the subroutine SPLINE is
called to calculate the proper value of the transfer function using the
coefficients calculated by SPLICO. The equations used are presented in
Pennington’ s book ,5 but the search technique is not the same as that
presented by Pennington. The frequency at which the transfer function
is needed is compared with increasing values of the frequency intervals
of the cubic splines until the proper frequency interval is found. The
transfer function is calculated using the spline coefficients for the
proper interval, and a pointer (KSTART) is used to “remember” this
interval. During the following call of SPLINE, the search begins with
the interval designated by KSTART, rather than with the first interval.
KSTART is updated and, during each subsequent call of SPLINE, the first
interval used during the search is the interval used for the SPLINE fit
during the last call. This process works because the values of the
frequency increase with each call of SPLINE.

After the correct values of the transfer function amplitude and
phase values are calculated , the frequency-domain representation is
multiplied by the transfer function , given by

5Ralph H. Pennington , Introductory Computer Methods and Numerical
Analysis (2nd ed.), MacMillan, Inc. (1970).

6Ceorge R. Cooper, and Clare D. McGillem , Methods of Signal and
System Analysis , Holt , Rinehar t , and Wins ton, Inc. (1967).
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TF = Ae~~
0

where A is the amplitude (in amps/volt) and 6 is the phase (in radians)
of the transfer function.

Before the end of DO loop 30, various arrays are filled for
plotting. FPLT contains the frequency points, AMPPLT contains values of
the transfer function amplitude, PHIPLT contains values of the transfer
function phase (in degrees) , and FAMP contains the frequency—domain
representation of the processed data.

If the user wishes , the transfer function amplitude and phase
values and the frequency—domain results are then plotted as a function
of frequency. If ISAME=l , the transfer function is plotted only once.

Next, FFTAD , a double-precision version of FFTA ,1 is called to
transform the frequency—domain results into the time domain. Because an
inverse FFT can cause an overall amplitude shift, the amplitude at the
first time point (FTT1) is subtracted from all the other values of the
processed data.

The processed data are then plotted. If ISENSR= l and IPLTC=l ,
coupled current predictions made by the computer program SAPSC~ are
plotted on the same graph as the processed data. This SAPSC information
is read from logical unit No. 10. Since the plot array (CURRNT) is
equivalenced to the first SAPSC coupled-current array (CURNT1) , the
current predicted for measurement position 1 is used unless NCUR is not
equal to 1. If NCUR is not equal to 1, the plot array (CIJRRNT) is set
equal to the SAPSC coupled—current array (CURNT2) for position 2.

When Moebius loop (ISENSR 4 )  data are processed, not only B-dot
is plotted , but also the tangential H-field is plotted . H is calculated
by dividing B by the permeability of free space (1.26 x 10 henry/rn),
and integrating the result by using the trapezoidal rule.7

When one—turn Rogowski (ISENSR=6) coil data are processed , both
.3 and .3-dot are plotted . .3 is calculated by using the trapezoidal rule
to integrate the .3—dot results.

‘Thomas V. Noon , User ’s Manual for the Modular Analysis—Package
Libraries ANA PAC and TRANL , Harry Diamond Laboratories TR-1782 (November
1976).

kE. R. Parkinson , SAPSC: A Two-Dimensional Close-in EMP Coupling
Analysi s Code , Science Applications , Inc. SAI-75—506-AQ (October 1975).

7Francis Scheid, Schaum ’s Outline of Theory and Problems of Numerical
Analysis, McGraw—Hill (1968).
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Finally , if desired, the processed data are written to logical
unit No. 9 so that they can be cataloged as a disk file and used at some
future time.

4.3 TRANS2 Sample Deck

A sample deck needed to run TRANS2 from an UPDTE file is shown
in figure 4. Information concerning the IEBUPDTE utility has been given
by IBM.2 If TRANS2 is to be run as shown in figure 4 , at least one
CHANGE card must be present in the deck, even if the change is merely to
i nsert a comment card somewhere.

The data set name (DSN) associated with logical unit No. 8
should correspond to the file containing the data to be processed . The
DSN associated with logical unit No. 10 should correspond to the file
created by the computer program SAPSC . If SAPSC output is not to be
plotted on the same graph as the processed data, the DD cards associated
with logical unit No. 10 should be removed from the deck. The DSN
associated with logical unit No. 9 should be the user ’s choice of the

//JFD5CTR2 JOB (HK3o2o ,,5),’JFwDIETz ’ ,cLAss=c ,MsGLEvEL=(2 ,1)
II EXEC PGM=IEBUPDTE
//SYSPR I NT DD SVSOUT=A
//SYSUTI DD DSNAME=HK3020.TRANS2 ,DISP=(OLD ,PASS ,CATLG )
//SVSUT2 DD DSNAME=&&NEWPL ,DISP=(NEW ,PASS) ,uNIT=vIO ,DCB=* .SYSUT 1
1/ SPACE=(TRK ,(1O , I O ) )
//SYSIN DD *
.1 CHANGE

changes

.1 ENDUP
II EX EC ANAFORT ,PARM .FORT= ’AUTODBL(DBL) ’ ,F~~ ,OUT X
//FORT .SYSIN DD DSN=&&NEWPL ,DISP=(OLD ,PASS)
//GO.FTO8FOOJ DD DSN=HK3020.CR35,DISP=S HR
//GO.FTO9FOO1 DD DSN=HK3020.TRANSOUT ,DISP=( NEW ,CATLG ) ,UNIT SYSDA ,
1/ SPACE=(TRK ,(~ ,~ )),voL=sER=usERo2
//GO.FT1OFOOI DD DSN=HK3020.SAPSCOUT ,DI SP=SHR
//GO.SYS I N DD *

data cards

1*
‘-

Figure 4. Sample deck for TRANS2.

2IBM OS/VS Utilities Manual , GC35— 0005— 4 (September 1976).
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name of a file on which the processed data are to be stored. If the
user does not wish to retain the processed data on a disk file , the DD
card associated with logical unit No. 9 should be removed from the deck.

4.4 TRANS2 Sample Plots

Figures 5 through 9 contain examples of some of the plots which
can be produced by TRANS2.

120 r

80 

F

•120

• t60  L -~~--_ -__i_~~~. ..~~
_i - - _________

0 12 24 36 48 60 72 84 96 108 120

TIME Is) (x l0~’)

Figure 5. Typical plot of digitized data after they have been shifted .
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Figure 6. Typical plot of transfer function amplitude.
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Figure 7. Typical plot of transfer function phase .
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Figure 8. Typical p ie-pa n response.
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5. PROGRAM PUNCH

If a permanent record of the processed data is needed, the program
PUNCH can be executed . A listing of PUNCH is presented in appendix C ,
arid figure 10 shows a sample deck needed to run PUNCH.

//JFD1APUN JOB (HK3020), ’JF WDIE TZ ’ ,CLASS=A ,MSGLEVEL=(2 ,0)
//STEPJ EXEC FORTPCLG ,PARM .FORT ’NOSOURCE ,NOMAP ’
//FORT .SYSIN DD

source deck

/
/ /G0 . FT 1OFOO 1 DD DISP=S HR ,DSN=HK3020 .TRANSOUT

‘-
Figure 10. Sample deck for PUNCH .

5.1 Description of PUNCH

PUNCH transforms the processed data file created by TRANS2 into

punched cards. The f i r s t  punched card contains the title punch~d in
2OA4 format . The second card contains the number of data pairs punched
in 110 format . All subsequent cards contain the time and amplitude data
pairs punched in 3 (2 E 12 .4 )  format . At present , PUNCH converts the
processed data from double to single precision before punching them .

5.2 PUNCH Sample Deck

The DSN associated with logical unit No. 10 should be the name

of the f i l e  containing the information to be punched .

6 . PROCEDURE PURGE

It is suggested that, to save storage charges , all data files be
deleted after the data have been processed . This deletion can be accom—

plished easily with the PURGE* procedure.

*From recommendations by Egon Marx and Thomas V. Noon, Harry Diamond
Laboratories (1976).
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7. CONCLUSIONS -

The program TRP.NS2 has been used successfully to transform digitized
data taken at AURORA into the parameters being measured , such as coupled
currents , Compton currents, etc. When phase is included in the transfer
function , the user may initially have some difficulty choosing th~e
proper time shift  to use , but as the user becomes more famil iar  with the
program and the data being processed , this choice should become less
d i f f i c u l t .  I would suggest that any potential user of TRANS2 have some
kno~ledge of Fourier transforms and the sampling theorem before
attempting to use this program. A poor choice of some input parameters ,
such as NSTAR and FMAX , could result in the data being improperly
processed.
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ATTN TI Cl IN IC AL LIBRAR Y FORT ~t GN -~) a-:-CTN , DC 07703
CHIEF ATTN SCCM-AD ’SV ( L I B R A R Y )

GIRE CT CCR LIVERM ORE DIV I SI ON ,
LE F E N SU  ADVANCED RICH I RAN Aa - , F NCY F I E L D  C(’M.’-IANC D N A
AR C h ITECT B U I L C I N  ‘I LAWRENCE LIVEB3t”-P3’ LABORI,T1’FY CS SPY? CTMI’LT TER SYSTEMS CON -V U’

140). WILE -N BLVD . P O .  BOX 808 FORT BELVOIR , VA 22060
ARLINITOD , VA 2 2 2 0 9  LIVF PYO,P E, CA 94550 ATTN TECHNICAL LIBRARY
SIT), TE C HN I C A L  LIBRARY ATTN FCPRI,
ATTN ;c- F-a- TI GECI C ;E H. HALO-TEIER COMMANDER

N A T I ON A L  CC’-IYI ’NICAT I Ta-s SYSTEM US ARMY ELECTRONICS COMMAND
DIRECTOR OFFICE OF THE MRMA’CER FORT MONMOUTH , NJ 07703
TFFFNT i- CIVIL TREI’AREDNESS AGENCY WASHIN’2TON , DC 20305 ATTN )RSEL ’CT ’NDK , ABP.A}IAM F. COHEN

ASSISDANT ‘CIRECTC5? FOR RESEARCH ATTN NCS-TS CHARLES 0, BOISON ATTN DRSEL—CE, T, PREIFFER

WASHIN- ,TcN . DC 20301 ATTN DRSEL’TL’MD , CF.RHART K , GAULE
ATTN TX (RED) DIRECTOR ATTN ORSEL’GO’TO, N, 5. WERE

ATTN RE(EO) NATIONAL SECURITY AGENCY STA N DRSEL’TL’EN’i’, HANS A. ROMKE
ATTN SGa-M N OFFICER FT. _IEOR- E 0. MEADE , MD 20755 ATTN DRSEL-TL’ME , H, W . POMERANTZ

ATTN 0 , 0 , VAN GUNTEN,R’425 ATTN DRSEL’TL’IR , ROBERT A, FREIBERG

DEFSNSF C’~NF’CNICATIC? ATTN TECHNICAL LIb RARY ATTN ORSEL-WL-D
ENGInEER CENTER ATTN DRSEL’NL’D
1860 WIF,HL) AVENU E 2,005CC-H
REST-- - -): , VA 22130 THE PENTAGON DIRECTOR
ATTN CODE 5720, C, STANSBERRY WASHIN’;TON , DC 20301 US ARt-tX MATERIAL SYS ANALYSIS ACTIVITY

ATTN LODE R400 ATTN 2-6 , ESD—2 ABERDEEN )‘RCVINC’) GROUND, MD 21005
ATTN CODE R124C , TECH LOB ATTN ORXSY-’CC , 0. R, BARTHEL

DIRECTOR ATTN TECHNICAL LIBRARY

DIRECTOR BMD ADVANCED TECH CAR
DEFENSE ‘C ’ N MJ N I CA T I ON S  AGENCY HUN TSVILLE OFFICE COMMANDER
WASH INC TON , DC 20305 P0 BOX 1500 US APt-nY MISSILE COMMAND

ATTN CODE 540.5 HUNTSVILLE , AL 35807 REDSTONE ARSENAL
ATTN CCTC/C672 FRANKLIN 0. MOORE ATTN TECH LIB HUNTSVILLE , AL 35809
ATTN CODE 930 . MONTE I, RURGETT, FR ATTN DR SM I-RG F , HUGH GREEN

ATTN DRCFM -LCE X, HOWARD H - HENRIKSEN
ATTN DRCPM—DE’EA . WALLACE 0. WAGNER

ATTN DRSMT-RGD , VICTOR N . RU NE

(
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D I S T R I B U T I O N  )C o n t~~d(

COMMANDER COMMAN ’CER Ca-)M !’IADOUR
US ARMY MOBILITY EQUIPMENT R & 0 CENTER NAVAL INTELLIGENCE SUPPORT CENTER ADCOM/IPD
FORT BELVOIR, VA 22060 4301 IUITLANO ROAD , BLDG 5 EDT A IR , CO 80912

A’l’FN STSFB’MW , JOHN W . BOND , JR . WAICIIID TON , DC 20390 AVON xPUD~~, MAJ 0. KUCH
ATTN TECHNICAL LIBRAIIY ATTN TECHNICAL LIBRARY ATTN EEL-c

COMMANDER C”a-M.MANDER AF -‘)F-)h’HYSICS LAH”P,AT’YFY, RISC
US ARMY NUCLEAR AGENCY NAVAL OCEAN SYSTEMS CENTER HANSCOM RIB, MA 01731
7500 BACKLICK ROAD SAN DIEGO , CA 92102 ATTN 7 . EMERY CORNIER
BUILDING 2073 ATTN CODE 2200 1,
SPRINGFIELD , VA 22150 VERNE E , HILDERRAND ‘R,F OFFICE OF SCIENTIFIC RESEARCH
A’FI’N TECH LOB ATTN CODE 3100 , E . F, MCCOWN ROLLING RIB, DC 203 3 2
ATTN ATCN’W , LTC LEONARD A. SLUGA ATTN CODE 2400, 5, W , LICHTNAN ATTN HF
ATTN CDL DEVERILL ATTN TECHNICAL LIBRARY

AU WEAPONS LABORATORY , RISC
COMMANDER SUPERINTE NDENT KIRTLMJI) RIB , MS 87117
US ARMY SECURITY AGENCY NAVAL FC CS T ,,RAI)I’ ATE SCHOOL SOT): N’) , JOHN DAP_aRAJI

ARLINGTON HALL STATION MONTEREY , CA 93940 ATTN DYE . TO1ISLI, C. WUN SCH
4000 ARLINGTON BLVD ATTN CODE 2124 , TECH F,FTS LIBRARIAN ATTN SAT
ARLINGTON, VA 22212 ATTN P1,5

ATTN TECHNICAL LIBRARY DIRECTOR ATTN ELC
NAV AL RESEARCH LABORATORY ATTN NT , CARL E. BAUM

COMMANDER WASHINGT ON , DC 2 , 7 3 7 5  ATTN EL
US ARMY TEST AND EVALUATION COMMAND ATTN CODE 6631 , JAMES C. RITTER ATTN SAS
ABERDEEN PROVING GROUND , MD 21005 ATTN CODE 7706 , JAY P. BORIS ATTN SUL

ATTN DRSTE’EL, R. I, IC CT I’ IhIN ATTN CODE 4104 , EMA3IU AL L , BRANCATO SOT’) ELA , I. P . CASTILL-’

ATTN DRSTE-NB . R. 5. - , .ALASSO ATTN CODE 2600 , TECH LIB ADD): EL (LIBRARY)
ATTN TECHNICAL LIBRARY ATTN COlE 2627 , DORIS S - POLE ;

ATTN CODE 7701 , .IACK 0,  BROWN AFTAC
COMMANDER P A T R I C K  RIB , FL 3 2 9 2 )
US ARMY TRAINING AND DOCTRINE CORRA l, COMMANDER ATTN TECH LIB
FORT MONROE , VA 23651 NJO,’AL SEA SYSTEMS COMMAND
ATTN TECH LIBRARY NAVY DEPARTMENT READY ‘1a-P ’4~~J

WASHINGTON , DC 20362 51? HTRCE SYSTF)- S OMMANC
COMMANDER ATTN SEA-9931 . RILEY B. LANE SIC SEWS At-B
WHITE SANDS MISSILE RANGE W A S I I ) N C 7 a - CN , DC 2 0 3 3 1
WHITE SANDS MISSILE RAN G - NM 88002 C ‘INMANICEF ATTN T E C H N I C A l .  LIBRARY

ATtN TECHNICAL LIBRARY ‘DI AL SURFACE WEAPONS CENTER
ATTN STEWS’TE’AN /A DE LA FAT WHITE “755 , SILVER Si-SIN-C , MD 20910 CCTCY.AICER
ATTN STEWS-TE -NT, ATTN CODE -1 11 , F CC/AN B . DEAN AIR I ’N I ’ .T,RSITY

MR. MARVIN F. SQUIRES A rID CODE wAsh , NA ’.’? DCC PR-I) ? OFF yA ’I:Rl’L: ASS , AL 36112
ATE ; COD E 4 3 1 , 1 C ’ W I N  F . R A T I C P O F I  SOT : A C L / L S E — 7 0 — 2 5 0

CHIEF OF NAVAL OPERATIONS ATTN CTAa-r MAYO , CON) : H . MALLOY
NAVY DEPARTMENT 7l7’I’N CONE .21 , L. I,IPELLC
WASHING TON , DC 20350 ATTN COl E WI/A C 550

ATTN CODE €-a - 4 ( ’ i- , ROBERT PIA CESI WPAER , OH 4 5 4 1 1
U ~N’JI)O ER ATTN ENF’I’aI

CHIEF OF NAVAL RESEARCH Ia -A NA L SUR1’li-CE WEAPONS CENTER ATTN ASO-Y ’N-EX
DEPARTMENT OF THE NAVY OAH LC 3- I N LABORATORY
ARL IN , ;T C ’ CN , VA 2221’ DAJ-I La- Ri:N , S’S 2244~’ MEAI,,LCUARTERR

ATTN TECHNICAL L I B R A R Y  AT)’? ‘TACIINIC A: . LIBRAR Y ELECTRON I C S Y S T E R I -  DY VISIO N a- Xl )
H 01’N - ‘- ‘DE 4b4 , 5 .  ,RACEN ‘C I T I E S  ATTN CODE FUR . ROta- I- ST A .  P.MADC’RI SAN SCOM 7h,FB , NA 11731
ArrN C l OY 427 5 0 , ’? X S T , LTC JOHN N , ,‘AFINPYI
ATTN CODE 4 14 , THOMAS I - -,iCINTI C a’RT ADI , I N C OFFICE ?

)IA’,’tG, WI AF , CN C , i -A’SaA’ A ’)  ION FACI LITY IIF.A, ,“ SP O t  SR
Ct - -i- i -A DD ER VI I”)l,ADLa- AIR F,CPCi- BASE ELI OT R O N I C  S Y S T E M S  I IVIFTON ‘YS
NAVAL AIR SYSTEM S ‘ “KUG ;’ ALBCC’UE RI~jF, N” 8 117 RANSCOM RIB, MA 01731
i-It- AT ’ ,~ ‘ASTERS ATTN LAWRENCE R - OLIVER ATTN YSEV
WAS H I N ITt ? , DC 2136 0 ATTN COD E ATO , NI ’ . STANLEY

ATTN .‘ECH LOB HE,AD~1a-’APTRR?
ATTN A I R — 3 5I,F , LCDP HUGO HART C,’CNR’.ANDING OFt IL ’I :R FLI CT S’ONI C SYSTEMS I ’I V I a -  ION - SW

NAV AL WEAPONS SUPPORT CENTER HANSCOM APR . MA “1 i i
COMMANDER CRANE , IN 47522 ATTN YWE I
NAVAL ELECTRI NIC - I .  O h ) ’ . ’ CIIMMANE) ATTN CODE 70 24 , JAME S RAM SEY
MEAl - ,) APTI’?a- ATTN TECHNICAL LIBRARY IIEADçS APTERT-
WASH IN OT ’ S i-a-  - ,C 2 160 ELECTS/All_ a S’iSTEMS 1-IVI) I”N , (RE St)

ATTN TECH 118 DIRECTOR HANSCOM SF8 , “21 Ol’31
lI VID I’ ) ’i - }’j jC- T IC TIGITE IC Y Y S T I ’ C ,’ PROJECT OFFICE ATTN TECHN ICAl LIBFASY
AT’rN PMR 117-2 1 NAVY a- F l  AIaTMi-NT
ATTN PMELS7—215A . ‘3,J tl’Oi-’R BRI NHART WASh-I-I N-N , DC 20376 -_ -C”,MANOI P

ATTN SP2701 , JOHN N , PIT RF,NI F , R G E R  FOREIGN TECMNOLC”I Y I T , ’)?) N , P,? ?
711-rN Npr-2 342 , RICHARD 1. COLEMAN WRI .57 -PATTERSON ASP , (43 4 ’ 4 1~
ATTN ‘ 1 1 - 4 3 , TI l l! LO B ATTN N I a - ’O L I b R A R Y
ATTN N SP -2 30 , DA V I D  GOLD 710171 p’17Ci-
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D I S T R I B U T I O N  (Cont ’d(

HQ USAF/ RI) SANDIA LABORATORIES CALSPAN CORPORATION
WASHINGTON , DC 20330 PC BOX 5800 PG BOX 23 71

ATTN RDQSM ALBUQU E RQU E , NM 87115 BUFFALO , NY 14221
ATTN 051) 93 53 , P. L. PARKE R ATTN TECH LIBRARY

COMMANDER AlT? 3141 SANDIA SET COLt
OGDEN AIR LOGISTICS CENTER ATTN ELMER F. HAJITMAN CHARLES STARE DRAPES LABORATORY INC . C

HILL AFB , UT 84400 ATTN GERALD W . BARR . 1114 555 TECHNOLOG Y SQUARE
ATTN TECH LID ATTN DIV 5231 , JAME S H. REN REN CAMBRIDGE , MA 02139
ATTN MMEWM , ROBERT JOFFS ATTN TECH LIB

UNION CARBIDE CORPORATION ATTN KENNETH FERT I G
SANYO/DY HOLIFIEL D NATIONAL LABORATORY
POST OFFICE BOX 92960 P .O.  BOX X COMPUTER SCIENCES CORP ORATI ON
WORLDWAY POSTAL CENTER OAK RIDGE . TN 37830 P.O. BOX 530
LOS ANGELES, CA 90009 ATTN PAUL 5. BARNES 6565 ARLINGTON BLVD

(TECHNOLOGY) ATTN TECH LIBRARY FALLS CHURCH , VA 22,46

ATTN DYS , MAJ LARRY A.  DARDA ATTN TECH LIB
AEROSPACE CORPORATION

SAMSO/MN FCC BOX ‘2957 COMFOTEF SCIENCES CCFPORATION
NORTON SF8 , CA 92409 LOS ANGELEIC CA 90009 201 LA VETA CHIVE , NE

MIN N’ TF.MAN ) ATTN C. B .  PEARLITON ALBUQUER QUE , NM 87 108
ATTN MNNH , MAJ M . BARAN ATTN I R V I N G  N . GARFUNXE L ATTN RICHARD H , D IC}OIAUT C

ATTN MR , CAPT H . STEWART ATTN ,N’L IAN REINNEIME R ATTN ALV II: SCH 1FF C

ATTN LIBRARY
SAMSO/SK ATTN “ . I - BOWE l) CONT ROL WITS CORPORATION
POST OFFICE BOX 92960 ATT N N a- I- MAlI N , STOCKWELL P.O - BOX 0
WORLDWAY POSTAL CENTER ATTN SAL KRISHAH MINNEAPOLIS , MN 55440
LOS ANGELES , CA 90009 ATTN JACK 1-IEEHAN

(SPACE COMM SYSTEMS) BATTELLE MEMORiAL INSTITUTE
ATTN SKE , PETER H, STADLER 505 KIN ‘ AVENU E CUTLER-HAMMER , INC.

COLI’MIIUS, OH 41201 AlL DIVISION

COMMANDER IN CHIEF ATTN TECHNICAL LIBRARY COMAC Ha - CAl ,
STRATEGIC AIR COMMAND DEER FP,P3c , NY 11729
OFFUT1 APR , NB 68113 521”, CORPORATiON , TIlE AT”7? CE71I’PRAL TECH PILES, ANN ANTH ONY
ATTN HRI-STINFO LIBRARY 7915 .3-CM? S BRANCH DRIVE
ATTN DEF , FRAN K N, BOUt-hA MCLEAN , S’S 22101 DIREWOOD INDUSTRIES , THE
ATTN XPFS . MAJ BRIAN STEPHAN ATTN T. H . Ni - IOIIBORS 1009 B RADB URY DRIVE , SE

ATTN TECHNIC/a-: LIBRARY UNIVERS ITY RESEARCH PAP?
DIVISION OF MILITARY APPLICATION ALBUQUERQUE, NM 87106

US ENERGY ARCH & DEV AIOMIN BDM CORPORATION , THE ATTN TECH LIP
WASHIN-a-TC’N - DC 20545 P0 BOX 924 ATTN L. WAYNE D ,S’lS

AT)’? TECHNICAL LIBRARY ALBUQU E RQU E I N T E R I C A T I ’  CNAL ATTN K . LEE
ALB C/UFRQU F , NI-h 57119

E -:& , ; , INC . ACT? TECH LII) EO II , I1IC -
LOS ALAPhOS D I V I S I O N  A1,BI’ .’C)’P RQU F DIVISION
PG DCX 809 BOE IN G CC.”M PANY , THE PC BOX 1) 218
LOS ALA,”OS , NM 85544 P0 BOX 3707 AI I1’C ’ C/UERQIJF , N’? 8 114

ATTN TECH LID SEATTLE, WA 98124 ATTN TECHNI CAL L I B R A R Y
ATTN HOWARD’ W , WIC KLEIN , N? 17-11

UNIVE RSITY OF CALIFORNIA ATTN Ti- . F, ISBELL ESL , INC .
LAWRENCE LIVE RMORE LABORATO RY ATTN )IAS’ID DYE , MS 87-75 495 JAVA DRIVE

P.O. BOX 808 ATTN [CAVIr , KEMLI, S UT.’N YVAL i- , • CA 94086
LI’,’EISM’IRE, CA 94550 ATTN AEROSPACE l I l a - RAP? ATTN TECHNICAL LIBRARY

ATTN E. K. MILLER, L-156
ATTN FREDERICK 8. KOVAR , L-31 BOOZ-ALLEN AND HAMILTON . II I:, ElF AND MAO’S PHYSICS CONSULTANTS
ATTN HANS KIlN-iSP , L-96 1 - i-- St-C UE STREET P. C . boX 66331
ATTN 1,’-153 , ROBERT A. ANDERSON TINTON FAI,I.S, N.’ 077.4 LOS AN- .FLES , a - A 90066

ATTN LELAND C. LC’QUIST, L- 1S4 ATTN TECH LIII ATTN THOMAS N . JO RD AN
ATTSI TESJi-’t 5 D(C14)CH , L-Sf, ATTN 8. 2 . CHRISNER
AT1’I: TECH INFO I t - P T , L—3 FOR;’) AEROSPACE & COMMUNICATI’7NE OPERATIa-’HS

ATTN WILLIAM C. HOGAN , L-531 BROWN ENGINEERIN - COMPANY , INC . F,~ RI B ,‘534B,,’REF ROADS
ATTN DI’INAL S) J.  MEEKE R . L-545 C)’i-*IIN- -P RESEARCh! PARE NEWS”?T BEACH , CA 92663

ATTN LOCII ;  F. SR’HJTERS, L-48 HE’NTSVIL,LE, AL 35807 ATTN TECH INFO SECTION

ATTN .1 )5? I-I , MCSWA IN , MR 15 ATTN KEN C, ATTINC,ER

LOS ALANOS SCIENTIFIC LABORATORY ATTN TECH lID . MSICI , I’ . SHI’,LT,~N ATTN E ,  5. P’ONCELET, JR.
P.O . BCX 1663

LOS SlA t-la- ’); , 10” 87545  DU RRCL- ;H S C OR P O RA T I O N  CARRETT CORrC’RATIC’N
51-I’M RE PO RTS LIbRARY FEDERAL AND SI’FCIAL SYSTEMS 08011’ PC DOS 9224 8 , SEPU LVEDA BLVD
A TTN ARTHU R FREEI) CENTRAL II)’) AND P/A TE 2 52 LOS ANGELE S , CA 90009
ATTN RICRSJO- U. WSR3’FIKLD P0 BOX 517 ATTN SORT . WElD , OIPT. 93-9

rA- ’LI , i-P. 19301 A TTN TECH LID
ATTN AN C ,t, I,C 3 , M A U R I E LL O
A TTN TECH LID
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OISTRIBUTI ’’N (Cont ’d)

GENERAL ELECTRIC Ca- ClI DAN? 1ST a - a - I S ! ’, ha-’,’) I a - ’? i - l I s a - I C,’): RE SE ARCH ‘a-’))’! (“ ISA ’) ION
‘C, ?) ! ’  ‘-‘ a- ’ I -N TEI ,  FOR ADVAN ED 5 0 7 1 - I l  S P . O . pa-~~ 91G97 735 STATE STREET
816 STATE STREET (PG DRAWER a-.5. ) SAN DI E GO , CA 1)2 138 SANTA BARBARA , CA 93101
SANTA BARBARA , CA 93 12 2  ATTN P . L . MER TZ ATTN TECH LIB

ATTN DAII IAC ATTN TE CHNICAL LIBRARY ATTN CONRAD L . LON GM I P I
SOT? ECCYDE N R .  RUTHERFORD ATTN NYC ATTN WII .LI A I’  C. HART

ATTI; C A N I E L  F . H I ’  DONS
a- ’PN FC’ - A i ,  ELECTHIC a-’a- ’Ml A’, ;?_ T i - ? ) F C~ 255C C ’?
AT)’?, DASIAC 14 -1 75,” !)?, DEL ‘151- )II SS)C’li  RESEARCI) C O R P O R A T I O N
C/O DEFt-CD)? NU C1-I,AI, A GE NC Y - F L  IV, )’ , CA )2 0 1 4  F , O . BOX 8693 . STATION C
W A N - I a -’,’); ‘CON , DC 20305  50”) II ERIC I , MEN/lAS ALBU’/UCIl~

N’r’, CC’ 8712) ’
ATTI : WILLI AM AI.l a-’a-N TI -, A’I’TI; RALPH H.  STAh L AT’)) : LARRY 0. SCOTT

ATTN TECH L I P
GENERAL RESEARCH CORPORATION JAYCOIa- ATTN C—/- ’: I )  E ,  MEREWETHER
P .O . BOX 3587 .105 5 M I I I ” ,”) II; - 1-TI-JO T , S U I T E  500
SANTA BARBARA , CA 93125 AL) C.: A N I ? I A , “1, 2 2 3 4  ,-M SSIa-”I; RFSEAR CH CORP O Ra - ’) ’) ION _ SA II  0)1)20

AT’) ? TECH INFO OFFICE SO T ? CATHER 1?I ’) l ’ i , I ’SK C P . O . BOX 12 7 ” )
ATTI ; JOHN IRE , JR . ATTN ROBERT SL ’I , I , I V A N  LA 201-LA , CA 92 0 3 4

ATTN V . A .  .1 , VII? L I N T

- S O ’ S- - I A  INSTITU TE a- ’? TI ‘ I I I , ) ’ ’ ,? .2 H?) ’ II , ’! K I N ,’ ( N I ’ .’E P S I T V
C E O R G I A  TECH St- SEAR CH I N” )  107 ’UC A1-FLII :D 11155105 LABOI ’AT”RY N1’) i’i C ’ - a-RPORATION , TI!!’

A’C’ LAN ’) A , ‘-A 3 0 3 32  - , ‘II?,’ H , I , :  RC a-R I 1 .0 , 130? 208
57 0, P . CU RRY LAd -CE’:, , I-I: - 2 a - :  B E DF O R D , MA 01730

57’)? TECH LIB ATTN LIBRARY
-‘:1- ( ‘YLL’AlIIA , IN , ’ . ATTN TI1FC’DOSL , IAFV IS

E L E C T R O N I C S  SYSTEMS GRS’ — E A l ’-Tt- I-OS DIV 1)10211; SCIENCE , ’  a- ’ , ’)- I - CCS,/ . ’)’ Ia- ’I’ I TT? 5 . 1 . FITO ‘FRAU D
“7 A STREET F , a-” . 1”’? “ 4) -

I0l0 ’H A ,M , MA 21 ’4 COLOIJU ” ’ SP) ’I1 ,’- ;5 , CO C~ , 9 1 3  N C H T I I K O E  CORPORATION
ATTN CHARLE S A . TIIG1 *HILL, LIE1 F OARIA II  ATTN L I B R A F a -? ELECT) ’ “NIC D I V I R I  ‘C’
ATTN ,t-’ , ’NA!II U ,  SLA ISD ECLL ATTI ; 2 . P~. a- I l ’ !’,? 1 F,F S ? A R a - H  O A F ) ’
S O T? ‘A N t - , ; A ,  WA IL ” ATTI : DC ;5) _ , II . HI ;? ; ’! )‘RLa-D S VI ‘ i - I ) ’ ?  I F I O I N F U L A , CI ,

ATTN A Lt- Il l- ’) I’ . l a - I - I l  a-.E S ATTN ‘TI CII I l l )
GTE SYL’.’A,NIA , lil a- . 2777; W , I C’STF? RICh
149 B a- ;TEFFT A7”)D, WA’., ’I’ER E ,  WA!’) NO1 ’T IIR , ”a- CORPORAT ION
1:1 FOIlS? ’ HI) ) HTS , MA . 04  507’); Ct- I-i-? I . LUBELL I1OF TIIR CI RESEARCH AN ) TI a- ’I INa -C’ L C’-? ULYTI, !’

AC T ? - ‘1(5?),! )’ H , l’J,15”I)- ”I’T0M 340j 1’ I F O ’  RI! ‘1010)?
AT’)? A S ‘I DEFT , S .  E . PERLS),Yl.’ 1,1’t’iC-N  055Th,,’)?, INC . I(AW’)’H0’I’~’C1 . ,S- 32050
ATTN I A’ :)) P . FLOOD ‘OIl - “-1 l a - I S ’) ) ’)  I. S I T ) .’ L I la - i a -A SS
STTN CI’?)”, SYST Dlv , E M I L  F . I’C ’ Ta- ’I ( , ’K 5115 CA : ‘:EI)T RI’S) AT)’? DAVID N . P0CC’?’?

ATTN HERB ER T A , ‘ 1 ,12/C;  a- ” C ”LIJ ’ -IE 1 51- K , 10 -

AT”. H ‘.‘ ‘iIa- ”CU I • M/,HIa - ’ A .  III’ RIEC’ la - A AT’)”; TECH L IB  Na-” Ia- ’ )’!IF, ’I ,‘, ‘FOl - “F AT), ’) :
ELEC ’I, ’ONI C ) ‘I V I SI ” ’.

HA RRI ) -  ‘C’ ‘FI ’C’R AT I- ’N LOCIOIEF,1’ )- ’ l I o ’’.LER A) ;) Ti)  /a - a - I  231 1 WEST 2 ’ TII 505E1 ’T
HARRIS SF1 10- ,,~ ‘( ‘ ,‘ - )~ 1-, D IY ’ISI a- ’Y .0”! AC:? , 1);, ’ , l ( I , IT1’ I? ’) ’lO , ‘ ‘5, 9 0 2 ? , ’
P . - ’ . BC”? 883 1 .0,  13, ’? 51-4 ATTN V I N C E N T  I- . L’lG”AR’I 1)10
i-’J’LRa - ’) ’RNF , l’I 3 2 - I l ’ )  SUN N YLAL!  - ‘5 - 1- 8 5  ATTN ,! RI , REYN OLDS

AT’)’). a- . . D A V I S . MS 1 7 — 2 2 0  7,01-’.’ ‘I I T  85 ’-,a-S , ‘-RI - I’, 1,1, 1 , ‘0511)1 T’,
ACT , : WAYN I ; E .  ANS I-F , -I S 16— 111 ?‘)‘0L 0 , F .  h EATH , 1’, 111-14  PHYSICS INTl - N A T )  “ N A )  CDM I’AN’(
STIll T.  CLARK . 1-15 4 “4 AT’)” , Br : ) ) : ) ;  T , 311-1 -ISA , TEI’T 81—14 , 2”)’ i-U’ F o i l ’  STREET
ACT? TECH LIII 57’)? P H I L I P  ,‘. HAP ’) , DEFT P1’-14 05? , I , ’,Ia -ORO , CA “45 ’)
AT)’? CHARLES 1- lI-a-”) 01. , J R . ,  MT 1—5 00 ‘ ‘ C O G  Ia -I ’Ll) ; MC CARTHY 0— 85 -71  ATTN T i - l I )  l i t -

AT’) ’); I ’)  W I N  A , “M I T I ! , DEFT 85—8 5 5 0’)’). .‘CHN H . 112?’) I N , ,O’ ; C i ;

HONEYWELL INCORPORATED A TTN TECHNICAL ‘. , IDR AR Y
AV IONICS 015101* AT’)’? 1- 1 55  DEPT 81-2) ’  rU L SA R  I 0 I C ’C , ’IAT E S , IN C.
13 35’) US HIGHWAY 19 IS”F TII ATTN R O S S) , I’FI ’T 81-l i 7911 HERSCHE l , I\Vl”O’F
lIT. I’ F,T i - I a - 5 ll0 ’ I a - - , , F L 3 3 7 1 3  L’- ,‘a-’),LA , CA 9 . 0 !’
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