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)~ A laboratory time-domain measurement technique is being

developed that will provide research , development , testing , and
evaluation laboratories with the capability to determine quickly
and economically the transient response of vhf and uhf antennas.
The procedure uses a transverse electromagnetic STEM) horn
radiator to illuminate the test antenna with a short pulse of
electromagnetic energy . The transient voltage generated at the
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output of the antenna by this incident field is approximately the
impulse response of the antenna and can be used to obtain the
approximate response of the antenna to an arbitrary incident field.
In some cases , especially where the response to a nuclear EMP is
desired , it may be necessary to process the data in order to
compensate for the nonideal waveform that illuminates the test
antenna . Analysis of the test equipment indicates that the Sam-
pling oscilloscope and x-y recorder used in the experiment provide
an accurate means of obtaining data . The wide-bandwidth radiation
properties and small physical size of the TEM horn antenna are
well suited to laboratory measurements, and a wire model antenna
could be designed for field tests .
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1. INTRODUCTION

In recent years , considerable interest has developed in the effect
of transient electromagnetic signals on communication systems . Of
particular concern is the disruption or damage caused to sensitive
electronic components by a t ransient  voltage or current .  Since the
character of the disruption depends on the shape of the transient
waveform , an important part of any failure analysis is an estimate of S

the voltages or currents coupled into the system from the electro-
magnetic signal. In uhf and vhf communication systems , the antenna
provides a major coupling path into the system for a nuclear EMP . It
is, therefore, important to develop methods for predicting an antenna ’s
response to EMP transient signals. -

Analytical techniques have been shown to be useful  for  many s imple
antennas, but complicated antenna structures often have anomalies that I
are overlooked in the analytical model. Experimental techniques
utilizing simulators have been developed and used to test systems at low
levels and at threat levels. These techniques provide much useful
information , but the simulator facilities are usually large and
expensive to build , operate and maintain. It is , therefore ,
advantageous to develop techniques that permit economical evaluation of
an antenna ’s coupling to an EM?. Since communication antennas are
generally linear devices , low-level testing is appropriate .

The Harry Diamond Laboratories (MDL) has recently been engaged in
the development of a simple , low—cost , easily implemented technique to
obtain the time-domain impulse response of uhf and vhf antennas. The
objective is to provide research , development, testing and evaluation
(RDT&E) laboratories with a reliable means to evaluate EM? coupling to
the antennas. Throughout the program emphasis has been placed on the
use of equipment normally found in or available to an RDT&E antenna
facility. The results presented in section 4 demonstrate that a
sampling oscilloscope and x-y recorder provide an accurate means of
obtaining wide-bandwidth data on antenna transient response. Also , the
transverse electromagnetic (TEM) horn is shown to be an excellent
transient radiator for the laboratory tests. The TEM horn is much
smaller than a biconic or dipole antenna capable of radiating a
comparable bandwidth pulse.

This report describes the equipment and procedures used to test
antennas. Some sources of error are identified and discussed , and an
error analysis is performed on the test equipment . Experimental results
demonstrating the usefulness of the technique are presented . The
necessity of data processing to obtain accurate low—frequency
information also is illustrated. The response of an antenna to a hypo-
thetical EMP is computed from the measured data .

5
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2. BASIC CONCEPTS FOR THE METHOD

It is well known that the response of a linear , time—invariant
network to an arbitrary excitation can be easily calculated if the
response of the network to a unit impulse is known. This concept
provides the basis for the experimental method that has been developed .
The quantity to be measured is the time-domain receive transfer
function, h (t), of the antenna being tested. Ideally hR

(t )  is the
transient v~ ltage generated at the terminated output  of the antenna by
the reception of a unit electric-field impulse , Eó (t) , where E0 is 1
V/rn. Although any  experimentally determined hR (t) will be only an
approximate impulse response , it can be used to predict  the response of
the antenna to an EMP if it correctl y descr ibes the antenna ’s response
over the bandwidth where significant coupling between the antenna and
the pulse occurs . The most difficult problem to be overcome in
developing a laboratory measurement technique is that of obtaining
accurate data for the lower frequencies (below 50 MHz) of the EMP
spectrum. However , coupling of low-frequency signals to many of the
communications antennas decreases significantly with decreasing
frequency so that an asymptotic approximation to the low-frequency
response can be employed. Then the response to an arbi t rary  incident
pulse can be computed , and useful estimates of peak power levels and
total energy can be obtained.

The response of the antenna to an i l luminating f ie ld  is computed by
using the convolution integral

v ( t )  f e ( t ’)  hR (t - t’) dt ’

where v ( t )  is the voltage response and e ( t )  is the i l luminating wave- S

form . The transfer function, hR
(t), is characteristic of the antenna

and is , in general , dependent upon the angle of incidence.

An important , fundamental property of antennas , the time-domain
reciprocity relationship, should be mentioned here since it is not well
known , but is very useful in simplify ing the measurement techniques
being developed. The well-known and widely used reciprocity relationship
for antennas states that the radiation pattern shape measured in the
transmit mode is the same as that measured when the antenna is used to
receive . What this relationship does not give is any information on how
the magnitudes of the receive and transmit radiation patterns change as
function of frequency . Through the Fourier transform , this change
yes information on the time-domain relationship.

6
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The time-domain interpretation of the Carson-Rayleigh reciprocity
theorem was given by Schmitt 1 and demonstrated qualitatively by
Mayo.2 Susman and Lamen sdor f3 demonstrated its application in their
experiments on picosecond pulse antenna techniques.

It turns out that the relative magnitudes of the receive and
t ransmit  radiat ion patterns are related by a mult ipl icat ive factor  of ~~~,

the angular  frequency of the s ignal .  Fourier t rans forming  to the time
domain leads to a reciprocity relationshi p between the receive transfer
function , h

R
(t), and the transmit transfer function , hT

(t), given here
in the form of a proportionality ,

h
T
(t) 

~~~~~ 
h~~(t)

or
r t

h
R
(t) J h

T
(t’)dt ’

0

By proper use of this characteris t ic, time—domain measurements and
analysis can be made with the antenna operating in e i ther  the receive or
transmit mode , and the t r ans fe r  function in the other mode can be easily
derived .

The measurement schemes presented here were developed specifically
for assessing the EMP vulnerability of uhf communication antennas .
However, the techniques are general and can be used for other types of
antennas.

3. THE MEASUREMENT TECHNIQ UE

3.1 Procedure and Equipment

The method selected for measuring h R ( t )  is depicted in f igure  1
and is referred to as the TEN horn method . This method was chosen
because ( 1) it does not require a large expensive waveguide structure
( e . g . ,  parallel  plates) in which the test antenna must be placed , ( 2)
the TEN horn radiator provides the required wide-bandwidth illumination
from a relatively small antenna , and (3) the necessary equipment is
readily available to an RDT&E laboratory.

‘H. J. Schmitt , Transients in Cylindrical .4nterina, lEE Monograph
377E (April 1960), 292.

2B. R. Mayo , Generalized Linear Radar Analysis , Microwave Journal , 4
(1961), 79.

3L. Susman and D. Lamensdorf , Picosecond Pulse Antenna Techniques ,
Rome Air Development Center Technical Report RADC-TR-71-64 (May 1971). 
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Figure 1. The TEM horn measurement method using equipment readily
available to research , development , testing , and evalu-
ation laboratories.

The measurements can be performed inside an anechoic chamber ,
on an outdoor antenna range or any place that is f ree  of ref 1ectinc~
obstacles. (The objective here is to obtain the response of the antenna
in a free-space environment. The effect of the ground or other ob-
stacles is included in the calculations as a modification of the inci-
dent field.) The TEM horn (fig. 1) is excited by a fast rise—time pulse
of duration 2L/v generated by discharging a low—loss , low-dispersion
coaxial line of length L and velocity of propagation v. The discharge
occurs through a mercury switch , which provides very good pulse-to-pulse
reproducibility . The TEN horn radiates an electric field that is
approximately the derivative of the exciting current (see sect. 3.2) so
that the test antenna is illuminated by a short pulse followed by 2L/v
seconds of very little incident field and then by a negative pulse . By

— using a sufficiently long charge line , a time window long enough to
observe the antenna ’s complete transient response is obtained . The
voltage delivered to the test antenna’s load is ietected by using a
sampling oscilloscope arid is recorded on an x-y recorder.

3.2 Characteristics of the TEM Horn

Since the TEM horn is a key element of the measurement , its
characteristics will be discussed . Susman and Lamensdorf3 have re ported
their results on transient antenna measurements using an unbalanced TEM

Susman and D. Lamensdorf, Picosecond Pulse Antenna Techniques ,
Rome Air Development Center Technical Repor t RADC-TR-71--64 (May 1971) .

8
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horn over a ground screen. P~ balanced TEM horn fed from a single
coaxial line has been designed and constructed (fig. 2) at MDL. This
antenna has a constant 50-ohm characteristic impedance and supports only
a TEN mode for the frequencies of interest in this experiment. An
improved version of the balanced TEM horn employing two coaxial feed
lines was designed and constructed .

The two methods of feeding the antenna are shown in figure 3. 5

The two-coaxial-line feed provides a better balanced transition , which
results in much less current flowing on the exterior of the feed lines
and , therefore , less unwanted radiation and conduction coupling from
them. Both methods can be readily implemented by using commerèially
available pulse switches , but the two—feed-line approach requires the
pulse created by closing the switch to travel through transmission lines
before reaching the radiator. The dispersion of these lines causes a
slight broadening of the radiated pulse , which is not significant for
EMP frequencies but may be for other applications. In the receive mode ,
the two-feed—line antenna requires a means of providing the algebraic
difference of the inputs.

The radiation characteristics of the TEN horn can be
qualitatively studied by considering the rad iation from accelerating
charges~ at the leading edge of the exciting current step. Figure 4
depicts the situation at several instances in time . The current
traveling on the antenna is depicted on the left side , and the radiated
field is depicted on the right. Since the horn has a small f lare  angle,
radiation from the bend at the feed point is small and is ignored in
this analysis. The current wave traveling out the antenna radiates
strongly in the forward direction . The energy radiated during the L/v
seconds that the current wave is traveling toward the observer arrives
in the far field during only (1 — cos e)L/v seconds , where 0 is the
angle between the conth~ctor carrying the current and the direction of
observation. After being reflected from the aperture , the current is
traveling away from the observer and does not radiate as strongly in the
observer ’s direction. Furthermore , the energy radiated during L/v
seconds arrives in the far field during (1 + cos 0)L/v  seconds . Since
the antenna is matched to the feed line, the returning current wave
reenters the transmission line and radiation ceases. The resulting
radiated waveform is a short , high-amplitude pulse followed by a long ,
low-level undershoot.

‘
~M , Handlesman, Time Domain Impulse Antenna Study , Rome Air

Development Center Technical Report RADC-TR-7~ -l05 (May 1972) .

9  
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Figure 2. Two-meter-long TEM horn antenna .

The Fourier transform of the ideal waveform corresponding to a
1-rn-long TEN horn is shown in figure 5 along with the spectrum of the
three—impulse signal radiated by a bicone of 1-rn half-length . These
spectra assume that zero rise—time signals excite the antennas . The
finite rise—time of the actual signals modify the high—frequency portion
of the radiated waveform , as can be seen in the data of f igure 6. The

S 
0-deg waveform has the basic shape depicted in figure 4. The positive
pulse is broadened and rounded because of the finite rise-time of the
current step. The ripples in the undershoot are the result of ripples
on the current step. of f boresight the radiation changes in a manner
that can be predicted by an analysis similar to that of figure 4. The
increase in amplitude of the positive pulse at 30-deg is due to improved
radiation at angles further off the axis of current flow . The waveform
radiated to the rear--l80 deg-—is approximately the mirror image of the
forward waveform . However , the waveform is lower in amplitude and more
spread out due to the radiation of much of the high-frequency energy in
the forward direction and to some recapture of backward—traveling
energy .

The TEN horn used in the tests has two drawbacks . First , the
antenna feed must be well matched and balanced to prevent unwanted
reflections and radiation . The two-feed—line method described above
minimizes this problem . Second , the TEM horn differentiates the
exciting current waveform , which means that the source must supply a
step function that is high in energy content in order to radiate a short
pulse that is low in energy .

1~0 
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Figure 3. Two techniques for feeding the TEN horn radiator :

(a) single-feed-line antenna and (b) two—feed-line

antenna .
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Figure 5. Normalized ampli tude spectra of ideal pulses radiated by
a l-m-long , 50 — r hm TEM horn and a biconic antenna of 1—rn
ha l f—leng th .
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Figure 6. Actual signal radiated by TEM horn at several angles in
E-plane.

3.3 Sources of Error in the Data

Data obtained by using the TEM horn method are expected to be
useful for estimating peak voltages and total energy delivered to the
antenna’s load, but are expected also to be subject to certain errors.
Some of the errors are due to the accuracy of the test equipment, and
some of them are due to the constraints placed on the method by the
laboratory environment. Field testing would not , however, be a panacea,
because new sources of error (e.g., signal—to-noise ratio) would be
introduced.

The errors introduced by the test equipment have been estimated
by assuming a simple model for the system. In this model , the field
illuminating the antenna under test is assumed to be identical from
pulse to pulse. The oscilloscope is modeled as having two voltage
outputs, V and V , given by

13
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V G(l + ~o) t + ci (1)

V G v(t) + c~ , 
(2)

where

t=time ,

v(t) = load voltage at t ime t,

G = gain factor (volts/second) ,

= gain factor (volts/volt) ,

= random variable describing accuracy and linearity of time

base

ci = random variable describing time jitter of sampling circuit,

= random variable describing accuracy of vertical amplifiers .

The x-y recorder is modeled as displacements D and D related to V and
- x x

V byy

D = gV  + C2, (3)

= g V  + c~~, 
(4)

where

= gain factor (inches/volt),

= gain factor (inches/volt) ,

= random variables describing accuracy of pen displacements.

Linearity errors of the recorder are not siginificant here. Using

equations (1) to (4), we can express D as

14
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F D €2 Cl
D = g G  V 

[~~
G~ (1 + ~o) 

- 

g~G~(1 + ~o) 
- G(l + co)

+ g c 3  + c~ .

The random variables are assumed to be normally distributed, so the
variance of Dy is easily obtained5 from equation (5) .

2 = 

~~~~~ 
(
~~~)20l

2 
, (6)

where ~? is the variance of c..
3. 1

The derivatives can be evaluated from equation (5) to obtain

ID2 02 02
02 = g2G2 (d~~

2 
(_

~
_

~~
_

~ a2 + —i- +y Y Y dt/ t~g
2G2 0 G2 g2G2

(7)

As an example of the use of equation (7), consider the case of
a 100-MHz sine wave of amplitude 0.5 V detected and recorded on
equipment having the following typical characteristics:

G =10 V/V
y

G = 0.32 x 10~ V/s

g = 0.5 in./V

g = 0.62 in./V

5H. D. Young, Statistical Treatment of Experimental Data,
McGraw-Hill Book Co., New York (1962), S~8.
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ao = 0.01

0.016 V

02 = 0.014 in.

03 = 0.16 V

= 0.02 in.

These standard deviations were obtained by using the manufac-
turer’s specifications as the 3a values (99—percent confidence). By
using the maximum value of dv/dt, equation (7) yields

a < 0.8 in.
y —

This maximum standard deviation should be observed only at points of
maximum slope. The peak values of the recorded waveform are dominated
by the accuracy of the vertical amplifiers and should be about 10 times
better, i.e., c~y 0.08 in. That is, peak values should be accurate to
within 2 or 3 percent.

The errors introduced by the laboratory environment and the
experimental setup are of two types: (1) loss of low-frequency
information due to limited physical size and (2) coupling by means of
cables in the setup. The latter problem can be overcome by proper
placement and connection of the test equipment. The ac power supply for
the receive equipment is isolated from that for the transmit equipment
by use of the filtered supply that is part of the shielded anechoic
chamber. Whenever possible, horizontal polarization is used so that
vertically hanging cables are orthogonal to the electric field. In
general, it has been found that minimizing the scattering cross section
of the test equipment results in test data that is insensitive to
changes in the position of the equipment.

The low-frequency limitations of the TEM horn method are
directly related to size limitations of the anechoic chamber. The
anechoic chamber is used as a test environment because it is shielded to
provide a very good signal-to—noise ratio and because the absorbing
walls simulate a free-space environment. The shielding effectiveness of
the absorbing walls is, however, dependent upon the thickness in
wavelengths of the absorber, and low frequencies tend to be reflected.

16
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The data in section 4 were obtained inside an anechoic chamber
whose walls attenuate the reflected signal by more than 30 dB at 200 MHz
and above. The chamber provides at least 10 dB of attenuation at
50 MHz .

A less severe limitation on the low-frequency data is imposed
by the size of the TEM horn. As shown in figure 5, a 1-rn-long horn can
radiate a pulse with significant frequency content down to about 35 MHz .
A 2-rn horn extends this range down to about 17 MHz. Improving the
accuracy of low-frequency information through data processing is an area
that needs further investigation.

4.  EXPERIMENTAL RESULTS

4.1 General

The data presented were all taken in HDL’s anechoic chamber by
using the TEM horn method shown in figure 1. The charge line was

S semirigid 50—ohm coaxial cable, and the mercury switch had a rise time
of 400 ps and a pulse repetition rate of approximately 300 Hz. The
sampling oscilloscope had a 350—ps rise time and was modified to provide
nearly 100,000 samples of the waveform during a single sweep of the
oscilloscope (1000 samples is standard for this unit). With this
modification, the scan rate is slow enough to permit high—resolution
recording of the data directly on an x-y recorder. The x signal comes
from the sweep output of the time base, and the y signal comes from the
output of the vertical amplifier . In order to minimize the length of
cables carrying rf signals, the mercury switch, dc supply, charge lines
and oscilloscope were all inside the anechoic chamber. The x—y recorder
was placed in a shielded control room adjacent to the chamber.

4.2 A 480-MHz Antenna

The TEM horn method was used to obtain hR(t) for a 480-MHz
antenna consisting of two crossed dipoles, a reflector and a phasing
network (the antenna is designed for circular polarization). The
time-domain transfer function of this antenna is shown in figure 7.
This transfer function was obtained by dividing the load voltage
measured using the TEM horn method by the area (expressed in -;
volt-seconds/meter) of the positive pulse exciting the antenna (see fig.
8). The transfer function, h

R
(t)P may be thought of as the effective

height of the antenna per tnit time , which is consistent with the
dimensions of meters/second in figure 7. Since this antenna has no
significant response to frequencies below 50 MHz, no correction is j -
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Figure 7. Measured time-domain transfer function of 480-MHz antenna

obtained by using TEM horn method.
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Figure 8. Waveform incident on 480-MHz test antenna.
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needed to compensate for the low—frequency roll-off of the TEM horn.
For some antennas, it may be necessary to process the measured data to
obtain a better estimate of low—frequency coupling. Although no data
are available for comparison, the transfer function of figure 7 is
believed to provide estimates of induced voltage within a factor of two ,

~zhich is at least as good as other techniques.

4.3 A Wire Model TEM Horn

If the TEN horn method were to be used for testing antennas
that respond significantly to signals below 5 MHz, the TEN horn radiator
would have to be several meters long. In that case, the tests would
probably be performed out of doors and could be part of a transportable
testing facility. A model of the TEM horn consisting of wires or cables
stretched between dielectric supports would be much easier to transport
and would encounter much less wind loading than the structure of figure
2. To test the radiation properties of a wire antenna, the model shown
in figure 9 was constructed. This antenna has the same overall
dimensions as the one in figure 2, and the radiated waveform (fig. 9) is
basically the same as for the original antenna (fig. 8). There are two
differences , both attributable to the impedance of the wire horn shown
in figure 10. Because the wire horn is not matched to the feed line,
appr~-sicimately one-half of the incident current wave is reflected at the
feed point so that the radiated signal is lower in amplitude. Also, a
portion of the current wave returning from the aperture reflects from
the feed point and radiates a negative pulse about 13 ns after the
original pulse. Proper design of the wire model, perhaps including
solid conductors near the feed, could minimize the impedance
discontinuities and lead to a radiated waveform very similar to that of
figure 8.
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Figure 9. Electric field radiated by four-wire model of 2-rn ,
50-ohm TEM horn.
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Figure 10. Impedance of 2-rn wire model TEM horn measured by using
time-domain reflectoineter.
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4.4 The AS—l852 Antenna

The Army’s AS-1852/GRC, a dipole antenna with a corner
reflector (fig. 11), is used with the Army ’s AN/TRC-145 cosmnunication
van and is designed to operate from 220 to 404.5 MHz. An AS—1852
antenna has been tested without its conducting mast, and the results
have been compared with measurements taken by using an EMP simulator.
The transfer function of this antenna was obtained by lising the TEN horn
method and is shown in figure 11. This transfer function was convolved
with an EMP of the form

E(t) = E [e 
at _e_bt _A (e

_Ct _e~~t)] (8)

where

E = amplitude factor (V/rn),

= 0.15 x i07 s~~ ,

b = 0.26 x IO9 s~~ ,

c = 0.20 x 106 s 1 ,

d = 0.50 x 106 s-i ,

A = 0.22.

The result in figure 12 was obtained. The response attains a peak of
3 v, but it has a very strong response at about 90 MHz. This
low-f requency response showed up again when h

R
(t) was convolved with an

analytical estimate of the pulse radiated from an EMP simulator
(fig. 13). This result is shown in figure 14.

The spectrum of hR(t) shown in figure 15 has a significant peak
in the vicinity of 90 MHz . This peak is caused by a secondary
excitation of the AS-l852 antenna by the pulse reflected from the
anechoic chamber walls. The reflection greatly enhances the 90—MHz
portion of the incident spectrum (fig. 16). Therefore, the 90-MHz
response of the AS—l852 antenna is the result of the incident field and
not characteristic of the antenna.
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Figure 11. Measured boresight impulse response of AS-l852 antenna.

>:

TIME (ni)

Figure 12. Normalized response of AS—1 852 antenna to EMP incident from
boresight direction computed by using h

R
(t )  in f igure  11.
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Figure 13. Idealized waveform of pulse incident from EMP simulator.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TIME Ins)

Figure 14. Computed response of AS-l852 antenna to pulse of figure 13.
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Figure 15. Amplitude spectrum of hR(t) in figure 11; dimensions
(meters) of HR (f) indicate that this is effective height
of antenna .
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Figure 16. Magnitude spectrum of electric field that illuminated
AS—1852 antenna to produce response of figure 11.
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A simple correction was applied to the spectrum of hR(t) to
compensate for the spectrum of the incident field. The spectrum HR ( f )
was divided by a spectrum (fig. 16) that approximated the incident
spectrum and accounted for the major peak at 100 MHz. The resulting
spectrum corresponds to the transfer function shown in figure 17, which
is not significantly different in appearance from the original h

R
(t).

However, when convolved with the simulator pulse waveform (fig. 18), the
modified transfer function gives a waveform very similar to that
measured by Werner .1. Stark (HDL, unpublished) and shown in figure 19.
The amplitude discrepancy is probably due in part to uncertainties in
the pulse shape and amplitude during Stark ’s experiment.

The response of the AS-1852 antenna to the EMP was computed by
using the modified transfer function and is shown in figure 20.

This experiment indicates a need to process the measured data
in order to compensate for the nonideal pulse that illuminates the
antenna.

S 

_ _ _

TIM E Ins)

Figure 17. Impulse response of AS—1852 antenna obtained after
modifying measured data to account for large low—
frequency content in incident field.
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Figure 18. Response of AS-l852 antenna to EMP simulator pulse
computed by using corrected hR(t) of figure 17.
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Figure 19. Measured data of the AS-l852 antenna response to actual
simulator pulse (Werner J. Stark , HDL , unpublished).
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Figure 20. Normalized lesponse of AS-l852 antenna to EMP computed by
using corrected h

R
(t) of figure 17.

5. CONCLUSIONS

The objective of this project was to develop a t ime—domain
laboratory measurement technique that can be readily implemented by
RDT&E laboratories to obtain EMP susceptibility information on
communication antennas. Several techniques were considered. However,
the TEN horn method was selected as the most promising based on ease of
implementation, compactness of equipment and ability to provide the
necessary information. Considerable effort has gone into developing the
test procedure in a way that makes it easy for laboratory personnel not
thoroughly familar with time-domain measurements to perform the tests
and obtain meaningful data.

Two important results related to the TEN horn antenna were obtained .
First, a four-wire model of the 2—rn horn was constructed and shown to
radiate a pulse very similar to that radiated by the horn constructed S

from solid sheets. This means that good TEN horn radiators can be built
that are easily disassembled for transporting and that have little wind
loading in a field-test environment. Second, a TEM horn with a
balanced, two-coaxial-line feed has been developed. This antenna has
the advantage that the antenna currents flow only onto the inner
conductors of the feed lines so that unwanted coupling from these cables
is minimized.
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An important step toward evaluating the data obtained by using the
TEN horn measurement technique was the analysis of a model for  the
experimental setup. This model is simple , but it provides ~stimates of
the accuracy of the data and demonstrates the effects of each piece of

— equipment on the overall results. The error estimates will be useful
when the data are compared to other test results.

The AS—1852/GRC is one of the antennas that has been tested by using
the TEN horn method. The measured transfer function of this antenna
contained a strong response at 90 MHz, which corresponds to a peak in

= the spectrum of the illuminating field. This result indicates that the
measured data sometimes have to be processed to obtain an accurate
representation of hR

(t).

The similarity of the data obtained by using the TEM horn method and
Stark’s data indicates that the procedure that has been developed
provides the required information about the coupling of transient
electromagnetic energy to communication antennas. Furthermore, the
accuracy of the data (after proper processing) should be at least as
good as that obtained from large-simulator experiments.

S The method is not intended to supplant simulator test facilities
that can illuminate very large areas with threat-level or low-level
fields. The method will, however, provide any RDT&E laboratory with the
capability to assess the out-of—band and transient behavior of a large
class of antennas.
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AR EPSDESIS PI43VINO (,ROUM) • MD 21005 ATTN TECHNICAL LIBRARY NAVAL SURFACE WEAPONS CENTER

ATTN D~~TF-}IL , B . 1. YOLC3I TN AT TN CODE 7024 , JAMES L. RAMSEY (BITE OAK • SILVER SPRING , MD 2 u91 C
A”~i U  DRSTE-NB , II . P . GALASSO ATTN CODE 3083 • MR. JCHFPN M. SPLIDDLE ATTN CODE WX21 , TELlS LI H
A T T .  TEOSSII CAL L iB RARY ATTN CODE 423-4 , MR . ROBERT H .

COMMANDER JACKSON
i MMAND EM NAVAL ELECTRONIC SYSTEMS COMMAND ATTN CODE 431 , E DW IN B. DE Al)

US Al-MY T }-JsIFI I NG ART) D ( 4 t F - 1 N }  CS N.M)-lI! HEA DQ( ARTF RS ATTN CODE WA501, ).AVY HOC PROS-iS OFF
S-CR? W)NROE . VA ? Y~s , l WASHINGT ON , DC 20360 ATTN CODE 431, EDW IN N. RAIISA URH

A TT N TECH X IIlI-AS ~Y AT(S) TECH LID ATTN CODE WASO , JOHN B. MALLOY
ATTN ATORI -O(- SD ATTN EME - 117— T ATTN CODE 223 , L. LIBELLO

ATTN PS-SE 117-21 ATTN CODE (5843
COMMANDER ATTN ELEX—034
WHIT E SANDS MISSILE RANI;S - ATTN FRE - l07—2 COMMANDER
WH ITE SANDS MISSILE RANGE , MM 88002 ATT N LME 117-215A , GVNTER BUU(*IAPT NAVAL SURFACE WEAPONS CENTE R

ATTN TECHNICAL LI RRA FY ATTN ELEX 0518 DAH LGREN LABO RATORY
ATTN ST(35S—TE-N’r , DANLOREN , VA 22448

HF- . MAR VIN P . SQUIRES COMMANDER ATTN TECHNICAL LIBRARY
NAVAL ELECTRONICS LABORATORY CENTER ATTN CODE FUR, ROBERT A. AIQrj oRI

ASSISTANT SECR ETARY OF ThE NAVY SAN DIEGO, CA 92152 ATTN CODE FVN ,
RESEARCH & DEVELOPMENT ATTN CODE 2400 , S. N . LICISTNAJI SIR . JOSEPH HALRER STEIN
WASHING TON , DC 20350 ATTN CODE 2330 , MR . J. H. PRDVENOIEII ATTN DR. B. .2. WASNES KI

ATTN MR. H. SONNEMAVN ATTN CODE 2200 1, ATTN MILLARD F. ROSE
VERNE F.  NI LDEB RAND

C H I E F  OF NAVAL MATERIAl. ATTN CODE 3100 , E . E. SSCCCMN COMMANDER
NAVY DEPARTMENT ATTN TECHN I CAL LIBRARY NAVAL TELNGOMMUNICATICBS COMMAND
WASHING TON , DC 203 50 ATTN H. F. (KING NAV TEL CON HEADQUARTERS

ATTN MAT -022 4401 MASSACIGJSET(’S AyE , MS
ATTN MAT-0 321 COMMANDER WASHINGTON , [XI 20390

NAVAL INTELLIGENCE SUPPORT CENTER ATTN TELlS LIB
CHIEF OF NAVAL OPERATIONS 430 1 SUITLAND ROAD , BI~~ 5
NAVY DEPARTS-SENT WASHINGTON , DC 20390 COMMANDER
WASH INGTON • DC 20350 ATTN TEQIN I ~AL UPRARY NAVAL WEAPONS CENTER

ATTN CODE 604C3 . ROBERT PIACKSI CHINA LAKE , CA 93555
ATTN Op-O982E42 SUPERINTENDENT ATTN CODE 533. TECHN ICAL LIBRARY
ATTN OP-ODE NAVAL POSTGRADUATE SCHOOL ATTN (DDE 5013 , MR. GAlLON —

ATTN OP-954F 5&1HTERIY, CA 93940 ATTN CODE 5013, F. HYNO
ATTN CODE 2124 , TEO3 RPTS LIBRARIAN ATTN MR. T. COHOHAY

CHIEF OF NAVAL RF.SEAREB ATTN MR. P . NOISES
DEPARTMENT OF TEE NAVY COMMANDING OFFICER
ARI,INGTON , VA 222 17 US NAVAL MISSILE CENTER CC*941,NDER

ATTN TECHNICAL LIBRARY POINT (3000 , CA 93041 NAVAL UNDERSEA ~~3JTER
ATTN CODE 464 , P. GRACEN JOINER ATTN MR. CYRIL N. KALOI SAN DIEGO , CA 92152
ATTN CODE 427 ATT N 0. .7. ZELENY , CODE 5336 ?,Th3 CODE 608, CJPENCE F.  RANSTEOr
ATTN CODE 464 , ThOMAS P. QUINN

DI RECTOR CCHIMMSDING OFFICER
OFFICER- IN -CHARGE NAVAL RESEAPOS LABORATORY US NAVAL UPSDEPlQATEI’. SOUND LAB
CIVIL ENGINEERING LABORATORY WA SHINGTON , TX 20375 NEW lONDON , CT 06320 —

NAVAL CONSTRUCTION BATTALION CENTER ATTN CODE 6631 , JAMES C. BITTER ATTN (-Dl . K. L. BLAISDEL
FORT HUENEME , CA 93041 ATTN CODE 7706 , JAY P. BORI S

ATTN TEChNICAL LIBRARY ATTN CODE 5330, MR. ~ BERT .2 • ADAMS COMMANDING OFFICER
ATTN CODE L3 1 ATTN CODE 5252 • MR. RJSSELL N. BRONN NAVAl. WEAPONS EVALUATION FACILITY

ATTN CODE 5354 , MR. RICHARD EIL8ERT XIITTLAISD AIR FORCE BASE
COPWSANDER ATTN CODE 4004 , F)SAZSUAL L. BRANCATO ALBUQUERQUE • (14 87117
US FIAVAL AIR DEVELOPMENT CENTER ATTN CODE 2027 , TELlS LID ATTN LAWRENCE 8. OLIVER
WARM INSTER , PA 18974 ATTN CODE 2627 , DORI S R. FOLP2I ATTN CODE ATG, MR. STANLEY

ATTN CODE AER-3 , MR. JERRY F. G(JARINI ATTN CODE 7701, JACK 0. B~~~SN
CC*~IAZ4DING OFFICER

COMMANDER COMMANDER NAVY ASTRONAUTICE GROUP
NAVAL AIR SYSTEMS COMMAND NAVAL SEA SYSTEMS COMMAND POINT PUGU , CA 93042
HEADQUARTERS NAVY [IPARTNENT ATTN TEaS LID
WASH INGTON , DC 21360 WASHINGTON , DC 20 362

ATTN TECH LID ATTN SEA-9931 , RILEY 5. LANE CCISMANDING OFFICER —

ATTN AIR-350F , LCOR HUGO HART ATTN SEA-034 NUCLEAR WEAPONS TRAINING
ATTN CODE AIR-53356B , ATTN SEA-035 CENTER PACIFIC

MR. (3IILIO RIVERA ATTN SEA-0352 NAVAL AIR STATION , NORTh ISlAND
ATTN AIR-350F SAN DIEGO , CA 92135

ATTN CODE 50
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- DISTRIBUTION (Cont ’d)

DIRECTOR ATEAC 51,5450/MN
STRATEGIC SYSTEMS PROJECT OFFICE PATRICK APE , FL 32925 NORTON APE, CA 92409
NAVY DEPARTMENT ATTN TELl! LIE ATTN MNNG , CAPT DAVID .7. ST~~~ EL
WASHI NGTON, DC 20376 ATTN P11MM , CAPT B. STEWART

ATTN SF2701 , JOHN W. PITSWBERGE R AIR FOROE AVIONICS LABORATORY • APSC ATTN 14181N , CAPT MICHAEL V. BELL
ATTN )SEP-2342 , RICHARD L. COLEMAN WRIQST-PAT’DEPSOM APE , (II 45433
ATTN P58P-43, TECH LID ATTN TEal LID SAI4SO/SK
ATTN )BP-23O, DAVID GOLD ATTN AFAL/TDS, POST OFFICE BOX 92960
ATTN (BP-2733 1, PHIL SPECTOR MR. JOHN P. SHAMELIN , JR. IKIRLOMAY POSTAL CENTER

ION ANGELES , CA 90009
COMMANDER HEADQUARTERS ATTN SEE , PETER H. STADLER
US NAVAL COASTAL SYSTEMS LABORATORY AIR FORCE SYSTEMS COMMAND
PANAMA CITE • FL 32401 ANDP.EWS APE SAISSO/YD

ATTN TELlS LID WASHINGTON , DC 20331 POST OFFICE BOX 92960
ATTN TECHNICAL LIBRARY NORLDWAY POSTAL CENTER

COMMANDER-IN-CHIEF ATTN DLCAW , LTC OLIVER W. LARSON LOS ANGELES , CA 90009
US PACIFIC FLEET ATTN YDD, MM K. F. SCHNEIDER
FF0 SAKS FRANCISCO 96610 COMMANDER

ATTN DOCUMENT CONTROL AIR UNIVERSI’IT COMMANDER IN CHIEF
MAXWELL APE , AL 36112 STRATEGIC AIR COMMAND

(X)MPIAND1,NT ATTN AUL/ISE-7O~ 25O OFFUTT APE , NB 68113
MARINE CORPS ATTN NRI-STINFO LIBRARY
WASH INGTON , DC 20030 HEADQUARTERS ATTN DEF , FRANK N. BOUSHA

ATTN CODE 5.54W ELECTRONIC SYSTEMS DIVISION , (AFSC) ATTN XPFS , 541,3 BRIAN STE PN AN
L. 0. NANSCOM FIELD

MARINE CORPS DEVELOPMENT CENTER BEDFORD , SIR 01730 544 IES
GROUND OPERATIONS DIVISION ATTN YWEI OFFUDT APR , NB 68113
QUANTICO, VA 223.34 ATTN YSEV , LTC DAVID C. SPARES ATTN RDPO , LT ALAN B. MERRI LL

ATTN LTC ANDERSON ATTN TECHNICAL LIBRARY
ATTN KR? , LTC 3014W M. JASINSKI DIVISION OF MILITARY APPLICATION

AIR FORCE DR TI CHIEF OF STATE , R&D US ENE RGY RICH & DEV ADMIN
WASHINGTON , DC 20330 COMMANDER WASH INGTON, DC 20545

ATTN AF/RDPE , MM F. N . WERTLAND FOREIGN TECHNOLOGY DIVISION, AFSC ATTN TECHNICAL LIBRARY
WRIGHT- PATTERSON APR , CII 45433

COMMAND ER ATTN TD-BTA , LIBRARY EG&G , INC.
ADO/TIE A’Cn ETET , CAP’~ RICHARD C. HUSEMANN ws AWI~ S DIVISION
ENT AFE , CO 80912 ATTN BARRY BALLARD P0 BOX 809

ATTN DEEDS , JOSEPH C. DRINITAN ION ALAMOS , (154 85544
ATTN DDEEN HQ USAP/RD ATTN TELl! LID

WASHING TON, DC 20330 ATTN L. DETCH
COMMANDER ATTN RDQPN
ADC/XP ION ALASSOS SCIENTIFIC LABORATORY
(2PT APR , CV 80912 COMMANDE R P .O. BOX 1663

ATTN XPQD , MM G. ROLlS CODER AIR lOGISTICS CENTER I.OS ALAMOS, (II 87544
ATTN XPDQ HILL ?,FB , UT 84401 ATTN REPORTS LIBRARY

ATTN TELlS LID ATTN ARThUR FREED
COMMANDER ATTN MMEWM , IEIBER? -b EES ATTN RICHARD L. WAKEFIELD
AERONAUTIC AL SYSTEMS DIVISION , AFSC
WRIGHT-PATTERSON RED , 054 45433 COMMANDER SANDIA LABORA TORIES

ATTN TECHNICAL LIBRARY RO*SE AIR DEVELOPMENT CENTER • AFSC LIVERMORE LABORATORY
ATTN 4950 TEST W/TZP8I , PETER T. MARTN GPIFTISS AFE , NY 13440 PC BOX 969
ATTN ASD-YH-EX ATTN RBRP , JACK S. 5)11Th LIVERMORE , CA 94550

ATTN E2ITLD , DDC LIBRARY ATTN TECHNICAL LIBRARY
SF CAMRRI DGE RESEARCh! LAD ATTN MR. C. L. PANK IEWICZ (OCT5 3
BEDFORD , MA 91730 ATTN MR. FRANK WELKER SANDIA LABORATORIES

ATTN CODE LI , MR. CARLYLE .7. SLPTI’EH ATTN PAUL VAN EITEN DO BOX 5800
ALBUQUERQUE , (4W 87115

RE GEOPHYSICS LABORATORY , AFSC COMMAJIDER ATTN OPT) 9353, 8. L. PARKER
MANSCGM APR SACRAMENTO AIR LOGISTICS CENTER ATTN GERALD W. BARR , 1114
REDFORD, MA 01730 MCCLELLAN AFB, CA 95652 ATTN CHARLES N.  VI TTITO!

ATTN 3. EMERY CORN IER ATTN S*IEAE , STEPHEN C. APTD REWS ATTN 3141 SANDIA NP? COLL
ATTN TECHNICAL LIBRARY ATTN ELMER F . MA RTS-IAN

AK WEAPONS LABO RATORY , APSC
XIRT I.AN0 APE , (14 87117 SAt-iso/DY US ENERGY RICH & DEV ADMIN

ATTN EL, MR.  JOHN DARRAN POST OFFICE BOX 92960 ALBUQUE RQUE OPERATIONS OFFICE
ATTN DYX , DONALD C. WUNSCH WORLDWAY POSTAL CENTE R P0 BOX 54G0
ATTN SAT I~~ ANGELES , CA 90009 ALBUQUERQUE, MS 87115
ATTN ELA ATTN DYS , tIM LARRY A. DAJ8 )A ATTN WSBB
ATTN PLC ATTN TELlS LIBRARY
ATTN ELF , CARL K . BAUM SANSO/IN
A TTN EL POST OFFICE BOX 92960 UNION CARBIDE CORPORATION
ATTN SAS WORLTRSAY POSTAL CENTER NOLIFIELD NATIONAL LABORATORY
ATTN SliD LOS ANGELES , CA 90009 P .O. BOX X
ATTN PLA , .7. P. CARTILLO ATTN ISO. I. .7. JUDY OAK RIDGE , TN 37830
ATTN EL ( LIBRARY > ATTN PAUL R. BARNES

ATTN TELlS LIBRARY

32

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _



DI STRIBUTION ( C on t ’d )

UN IVE RSITY OF CALIFORNIA DIRECTOR BlIPS CORPORATION , ‘135K
LAWRENCE BERKELEY LABORATORY NASA PG BOX 9274
LIBRARY BLG 50 , ROOM 134 LEMIS RESEARCH CENTE R A3.BUQUERQW’. INTERNATIONAL
BERKELEY , CA 94720 21000 B ROORPARE PaR)) ALBUQUERQUE , (14 87119

ATTN LIBRARY BLDG 50 , PM 3.34 CLEVELAND . Cli 44135 ATTN B. GAGE
ATTN LIBRARY ATTN T. N. NEICBSBORS

UNIVERSITY OF CALIFORNI A ATTN WILLISIS DU PIEN
LAWRENCE LIVERMORE LABORATORY DIRECTOR ATTN TELlS LIE
P0 BOX 808 NAS A GODDARD SPACE FLIQST CENTER
LIVERMORE , CA 94550 GREENBELT , MC 20771 BEND IX CORPORATION, ThE

ATTN MANS KRUGER , L-96 ATTN MR. ABF KAISP INSEY CCBQ~)W ICA?IC*J DIVISION
ATTN WILLIAM .3. HOGAN , I,-531 ATTN CODE , MR. PAUL A. LAIFTI EAST JOPPA BOA)) - TIRASON
ATTN TERRY P. 10541(31 BALTIMORE . P5) 2 1204
ATTN LELAND C. LOQUIST AEROJET ELECTRO-SYSTD4S CO. DIV . ATTN DOCUMENT CONTROL
ATTN FREDERICK R. K~~ AR , L-94 AEROJET-GENERAL CORPORATION
ATTN E. K. MILLER , L-156 P.O. BOX 294 BENDIX CORPORATION , ThE
ATTN DONALD .3. MEFEER . L-153 AZUSA, CA 91702 MESEA~~~1 LABORATORIES DIV
ATTN L-156, ROBERT A. ANDERSON ATTN TELlS LIBRARY BENDIX CENTER
ATTN TECh! INTO SIEPT , L-3 ATTN ThOMAS 0. RANSCC*SE , 8j7 0/D6711 SOU’INFIELD , MI 48075
ATTN LOUIS F. WOLITERS , L-24 ATTN TELlS LID

AERONUTROIIIC FORD CORPORATION ATTN P538 PROOM DEV , DONALD .7. ?1I5)IAUS
CENTRAL INTELLIGENCE AGENCY AEROSPACE & COMMUNICATIONS OPS

ATTN PD/SI PM 5048, HQ BLDG AERONIJTRONIC DIVISION BENDIX CORPORATION , ThE
WASHING TON , DC 20505 FORD & JAMBORE E ROADS NAVIGATION AND CONTROL DIVISION

ATTN WI LLIAM A. DECKER NEWPORT BEACH , CA 92663 TETERBORO. NO 07 608
ATTN TECHNICAL LIBRARY ATTN K . P. PONCELE’T. JR. ATTN TELlS LIE
ATTN DR. CARL MILLER ATTN KEN C. ATTINGER ATIIS GEORGE GAR’INEN

ATTN TECH INFO SECTION
COMMANDER BOEING COMPANY , ThE
US INFORMATION AGENCY AEROHUTRONIC FORD CORPORATION PC BOX 3707
WASHINGTON , DC 20547 WESTERN DEVELOPMENT LABORATORI ES DIV SEATTLE , WA 98124

ATTN MR. JULIUS BOSS 3939 FABIAN NAY ATTN HOWARD W. WI CKLFIN , MR 17-11
PALO ALTO , CA 94303 ATTN TI.  K.  ISBELL

ADMINISTRATOR DEFENSE ELECTRIC ATTN N. T. MATTINGLEY , MS X22 ATTN PCEERT S. CALDWELL , .~R-0O
POWER ADMINISTRATION ATTN SAMUE L P. CRAWFORD , P45 531 ATTN DAVID DYE. MS 87-75

DEPT OF ‘SEE INTERIOR ATTN DONALD R. ((Ct-SORROW , MS 030 ATTN DONALD W. EGFLKRC*JT, MS 2R-OC
INTERIOR SOUTh BLDG 312 ATTN LIBRARY 7~TTN DAVID KS3ILE
WASH INGTON , DC 20240 ATTN AEROSPACE LI BRAR Y

ATTN DOCUMEFT CONTROL AEROSPACE CORPORATION
PC BOX 92957 BOOZ-AJ.LEN AND HAMILTCI- , INC.

DEPARTMENT OF COMMERCE LOS ANGELES , CA 90009 106 AP PLE STREET
NATIONAL BUREAU OF STANDARDS ATTN C. 8. PEARLSIOH ItEM SII REWSBTJRY , (53 07724
WASHINGTON , DC 20234 ATTN IRV ING 54. GANPUNKEL ATTN TELlS LID

ATTN JUDSON C. FRENCH ATTN JULIAN REIMM EIMER ATTN 8. .3. C1IRISNE R
ATTN TECHNICAL LIBRARY ATTN LIBRARY

ATTN MELVIN 3. BERNSTEIN BROWN ENGINEERING COMP ANY , INC.
DEPARTMENT OF COMMERCE ATTN S. P .  BONER CUMMINGS RESEARCH FARE
NATIONAL OCEANIC AND ATMOSPHERI C ATTN NORMAN TI. STO-CEWELL HUNTSVILLE , AL 35807

ADMINISTRATION ATTN 81,5. KAI SNAN ATIB .7CIIN N , MCZWA IN, MD lB
ENVIRONMENTAL RESEARCh! LABORATORIES ATTN TELlS LIE , MS 12 , P . SH ELTON
BOULDER, CO 80302 AVOD RESEARC H K SYSTEMS GROUP

ATTN DOCUMENT LIBRARY 201 AESELL STRE~ r BTJpJ OUGNS CORPORATION
ATTN DR. R . C. BAIRD WIUSINC.TON, MA 01887 FEDERAL AND SPECIAL SYS’TEI S GROUP

ATTN RESEA RCH LIBRARY , A230 , PM 7201 CENTRAL AVE AND ROUTE 252
DEPASTMENT OF TRANSPORTATION CO (-C X 517
FEDERAL AVIATION ADMINISTRATION BATFEI.LE ME MORI AL INSTTTUTE PAOLI , PA 29301
ASE-300, ROOM 7040 505 KING AVEN IE ATTN ANGELO .1. M ALRI EUO
800 INDEPENDENCE AVENUE , S.W. COUJ MBUS , CM 43201 ATTN TECH LID
WASHINGTON , DC 20591 ATTN TECH NICAL LIBRARY

ATTN FREDRICK S. SAXATE • SRI)- 150 ATT N DONALD J .  ((AMMAN CALCCAN CC EPOFATI 0):
ATTN ARD-350 ATTN DAVID A. DINGEE PC POX 235
ATTN MR . MARTIN NATCH IPOLS EY ATTN STOIAC BUFFALO, (1Y 14 221 - -

ATTN H. ?SJPRAY , JR. ATTN TE CT ! LIBRARY
COMMANDER ATTN F .  8. LEACh !
TRANSPORTATION SYSTEMS CENTE R ATTN p . N. BLAZER C}!ARLFS START PRAFEE LABO RATORY INC .
CAMB RI DGE, MA 02143 1.TTN TACTEC (-8 ILDAIIY STREET

ATTN DR. RUDY w.~FvS CAMBRI DGE , PTA 02 139
ED!) CORP ORATION . ThE ATTN TELlS LID

DIREC TOR 1920 AL I NF AVE ATTN KENNETh FERTIG
NASA VIENNA , VA 22580
600 INDET-PN DEN CE AVENUE , SW ATTN TECHNICAL L IBRA RY CINCI NNATI ELECT RO NICS CORPORA T ION
WAS HING TO N , DC 20546 2630 GLENDALE - MILFORL ROAD

ATTN TECHNICAL LIBRARY )NC INNA T T , CII 45241
ATTN CODE RES CO lD CEN & INFO FF5 ATTN TECH LI E

ATTN C. 1. . SlUMP
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D I S T R I B U T I O N  (Cont d)

~~ 4PVTER SCIENCAN CORPORATION FAIRCHILD INDUSTRIES , INC. (~~ !E RAI. ELEC’TNIC COISPANY

P .O. BOX 530 SHERMAN FAIRCHILD TELlOSOLOGY CENTE R AIRCRAST EN GINE GHOUl-

6565 ARLINC.TON BLVD 20301 CENTURY BOULEVARD EVENDALE P LANT

FALLS (BtJkLlS , VA 2204 6 GERMANTOWN , MD 207 67 CINCINNATI , CI! 45215

ATTN TELlS LID ATTN LEONARD .3. SCNREIDER ATTN TELlS DIR
ATTN TELlS LIB ATTN 3(*IN A. E LLEFISORST , E2

COMPUTE R SCIENCES CORPORATION
201 LA VITA DRIVE , NE FRANK LIN INST ITUTE , ThE GENERAL ELEC) RJC COMPANY
ALBUQUERQUE , NM 87108 20Th STREET AND PAREN AY AEROSPACE ELEC~ HOHICS SYSTEMS

ATTN RI CHARD N.  DICEHAUT PHILADELPH iA , PA 19103 FRENCH ROAD
ATTN ALVIN SC3SIFF ATTN RAMIE H.  ThOMPSON UTICA , ISV 13503

ATTN ITCH LID ATTN TECH LIE
CU’rLER-HAJ*(E R , INC. ATTN CHARLE S H . HENISOPI, DROP 624

AlL DIV ISION GARRETT CORPORATION ATTN W. .3. PATrERSON, DROP 233

COt-SAC IlIAD PC BOX 92248 ATTN GEORGE FRANCIS, DROP 233

DEER PARE , NY 11729 LOS ANGELES , CA 90009
ATTN CENTRAL TECH TILES , ATTN ROE ’S . HEIR , DEPT . 93-9 ~,ENERAL ELE CTRIC (Th(PMV

ANN ANTHONY ATTN TELlS LIE SO BOX 5000
BINGHAMTON , NY 13302

DENVE P , ) N I V E R S X TY OF GENERAL DYNAMICS CORP. ATTN TELlS LIE
COLO RADO SE M IN ARY PO MONA OPERATION ATTN DAVI D W . PERT H , IDROP 160

~~~SV1:P RES EARCh! INSTITU TE ELEC’TRO-DYNAISIC DIVISION
PG BOX 1L127 PG BOX 2507 GENE RAL ELECTRIC COMPANY

t~~NVEF , CO 80210 POM ONA , CA 91766 fiNES
ATTN TECh! LI D ATTN 1501 5.15 COURT STREET PLANT NO. 5
ATTN FEED F .  V3:P’DITTI SYRACUSE, NY 13201

GENERAL DYNAMICS CORP. ATTN U. COCOA

DIFEN000 CORPORATION , ThE ELECTRONICS DIVISiON
1009 BRADBURY DRIVE , SE P . O .  BOX 81127 GENERAL ELECTRI C COMPANY-TEMPO
SJSIVERSITY RESEARCH PART SAN DIED!) , CA 92138 ATTN , DASIAC
ALBUQUERQUE • NM 87106 ATTN TECH LIE C/O DEFENSE NUCLEAR AGENCY

ATTN ITCH LIE 6801 TELEGRAPH ROAD
ATTN L. WAYNE DAVIS GENE RAL ELE CTRIC COMPANY ALEXANDR IA , VA 22310
ATTN K. LEE SPACE LI VIS ION ATTN WILLI AM ALPONTE

VALLEY FOROE SPACE CEN’TER
E-SYST }MD , INC . P . O .  BOX 8555 GENER AL RESEARCH CORPORATION
GHFENVIILE DIVISION PHI LADELPHI A , PA 19101 P . O .  BOX 3587
PC BOX 1056 ATTN JAMES P.  SPP .ATT SANTA BARBARA , CA 93105
GREENV ILLE , TX 75401 ATTN JOISIS L. ANDREWS ATTN TECH INFO OFFICE

ATTN LIB RARY 8—50100 ATTN DAN IEL EDELMAN ATTN JC*(N IDE , JR.
ATTN DANTE 54. TASCA

EFFECTS TECHNOLOGY , INC. ATTN LARRY I. CNASEN GEORGI A INSTITUTE CE TECHNO LOGY
5383 HOLIST ER AVENUE ATTN JOSEPH C. PED EN , C~~ 8301 OFFICE OF CONTRACT ADMINISTRATION
SANTA BARBARA , CA 93105 ATTN TECH INFO CENTER ATTN : RE CH SECU RI TY COORDINATOR

ATTN ETMAJ(D JOHN STEELE ATLANTA , GA 30332
ATTN ‘TECH LIE GENE RAL ELECTRIC COMPANY ATTN HUGH DENNY

PT-EN TRY K ENVIRONMENTAL SYSTEMS DIV
EG&G, INC. PC POX 7722 GPL’MMAN AEROSPACE CORPORATION

ALBUQUERQUE DIVISION 3198 CHESTNUT STREET SOUTH OYSTER BAY BOAT)
P0 BOX 10218 PHILADELPHIA , PA 19101 BF’IISPACE, SW 11714
ALBUQUERQUE , NIl 87114 ATTN TELl! LIE ATTN JER RY ROGERS , DEPT 533

ATTN TECHNICAL LI B RARY ATTN ,ICISN W. PALLl!EFSHY , JR. ATTN TECHNICAL LIBRARY

ATTN HILDA N. HOFFMAN
GENERAL ELECTRIC COMPANY GTE SYLVANIA , INC .

(SI., INC. ORDNANCE SYST EMS ELECTRONiCS SYSTEMS ORP EASTEAN DIV
495 J AVA DRIVE 100 PI,ASTICS AVENUE 77 A STREET
SUNNYVALE , CA 94086 P I T T SFIE lD , N). 01201 NE}I)NAII , MA 02194

ATTN TECHNICAL LIBRARY ATT(’ JOSEPH .3. REIDL ATTN Ll!ARLES A. TEORNH I LL , LIBRARIAN
ATTN WILLIAM METIER ATTN LEONARD L. BLAISDELL

GENERAL EL ECTRI C COMPANY ATTN JAMES A . WALDON
SlIP ANT) MAIlS PH YSICS CONSULTAN’Ib TEMPO-CENTER FOR ADVANCED STUDIES
P. 0. BOX 66331 816 STATE STREET (PC DRAWER QQ) GTE SYLVANIA, INC.

155 ANGELES, CA 90066 SANTA BARBARA , CA 93102 189 B STREET
ATTN ThOMAS M . JORDAN ATTN DASIAC NEEDIIAM HEIGHTS , MA 02194

ATTN POYDEN P. RUTHERFORD ATTN CHARLES N. RAISSBOTTOIS

FAIRCH ILD CAME?). AND INSTRUMENT ATTN A S N DEFT, S. F. PERI.14A54

CORPORATION GENERAL ELECTRIC COMPANY ATTN DAVID F. FLOOD

464 ELLIS STREET P0 BOX 1122 ATTN COMM SYST Dlv , (X II. P .  P5DTQ {OI(

MOUNTAIN VIEM, CA 9404 1 SYRACUS T , NY 13 201 ATTN SIEPSENE A. ULLMAN
ATTN 2-233 , M E . DAVID F.  MYERS ATTN TELl! LID ATTN H £ V GROUP , MARI O A. MI REFORA
ATTN TELl ! LIE ATTN (SF 6-7 • PEOSARD C. FRIRB
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D I S T R I B U T I O N  (Coot ‘d)

HARRIS CORPORATION lI T  RI~~}~A RCN INSTITUTE LOOnIES!) M iSSILE S AND SPACE CURl-AN’,
HARRIS SEMICONI)UCTOR DIVISiON iC WEST 35Th STRE ET 3251 HANOVER STREET
P . O .  BOX 883 CHICAGO, IL 60616 PAW ALTO , CA 94 304
MELBOURNE, FL 32901 ATTN TE.O1NICAL LIBRA RY A TTN TECH INFO COP D/CeS.!.
ATTN C. F. DAVIS , MS 17-220 ATTN IRVING N. MINDEL
ATTN WAYN E 5. ARARE, MS 16—111 WCJOIEED MISSILES AlIT) SPACE COMPANY , I N C  -
ATTN T. CLARE , MS 4040 INSTITUTE FOE DEFENSE ANALYSES E.G. BOX 504
ATTN TECH LIE 400 ARMY-NAVY DRIVE SUNNYVALE, CR 94088
ATTN CHARLES DFNION, JR. • MS 1-500 ARLINGTON , VA 22202 ATTN DEPT 85-81, SAIS.JEL I. TAIPV’TY

ATTN IDA , LIBRARIAN , RUTH S. SMI TH STIll 0. F . HEATH , 0/81—14
HAZELTINE CORPORATION ATTN C . H. TELLEP, EEl 81-01
PULASKI ECAL INTELCOM BAD TECH ATTN BENJAM IN T. KIMURA ,
GREEN LAWN , N? 11740 P .O . BOX 81087 DEPT 61-14 , BLDG 154

ATTN TECH INFO 018, Il. WAITE SAIl DIEGO, CA 92138 ATIN PHILIP I. MAR T, DEPT 81-14
ATTN TECHNICAL LIBRARY ATTN H. SQSNEEIQ.ISN ORG 81-64

HERCULES , INC. ATTN MDC ATTN KEVIN MCCARTHY 0—85-71
BACLIUS PLANT ATTN H. I.. MEATY ATTN 51.65TH A. SMI Th , DEPT 85 8(
P.C . BOX 98 A TTN ERIC P. WENAAS STTN TECHNICAL LIBRARY
MAGMA , UT 84044 A TTN RALPH N. STAH L (ITIN L—3 65 DEPT 61-20
ATTN 100K-26 , N . 8. W000RUP?
ATTN TECH LID INTERNATIONAL TE LEP HONE AlSO LIV AEROSPACE CORPORATION

TELEGRAPH CORPORATION VOUQIT SYSTEMS DIViSION
HONEYWELL INCORPORATID 500 WASHINGTON AVENUE P . O .  BOX 6267
GOVEI!NMS2ST AND AERONAUTICAL NUTLEY , NJ 07110 DALLAS , TX 7522 2
PNODUCTN DIVISION ATTN TECHNICAL LIBRARY ATTN TECHNICAL DATA CENTER
2600 RIDGEWAY PARKWAY ATTN DEE SR GROUT , .7. GOLACIC
MINNEAPOLIS, MN 55413 ATTN ALEXANDER I. RICNARDSON LIV AEROSPACE CORPORATION
ATTN TECh! LID MICHIGAN DIVISION
ATTN RONALD 14. JOHNSON , 1U622 IC-U PHYSICS CORPORATION P.O. BOX 909

SCUllS BEDFORD STREET WARREN, III 48090
HONEYWELL INCORPORATED BURLINGTON , MA 01803 ATTN JAMES F. SASSON , B-2
AEROSPACE DIVISION ATTN TELlS LIE ATTN ‘TECH LIE
13350 US HIGHWAY 19 ATTN ROBERT D. EVANS
ST. PETERSBURG , FL 33733 (‘.1 .T. UNCOIl! LABORATORY
ATTN TECHNICAL LIBRARY JOHNS HOPKINS UNIVE RSITY P.O. 505 73
ATTN HARRISON H. NOBLE, MS 725-IA APPLIED PHYSICS LABORATORY LEXINGTON , MA 02173
ATTN MS 72 5—J , STACEY (I. GRATE JOH NS HOPKINS ROAD ATTN LIONA LOUGNLIN, LIBRARIAN

LAUREL, MD 20810
HONEYWELL INCORPORATED ATTN PETER E. PARTRIDGE MARTIN MAFIETTA AEROSPACE
RADIATION CENTER ATTN TECH LID CI3LANDC DIVISION
2 FO RBES ((CAl) P . O .  BOX 5837
LEXINGTON , MA 02173 SARAN SCIEN CES CORPORATION ORLANDO, FL 32805
ATTN TECHNICAL LIBRARY E . G .  BOX 7463 ATTN MONA C. GRIFFI TH ,  1.1$ (15-30

COLORADO SP R INGS , CO 8093 3 ATTN WILLIAM N. (48745, MP-4 13
HUGHES AIRCRAFT COMPANY ATTN LIBRARY ATTN ,)ACE H. ASHEORD, 515-537
CEN’TINELLA AVENUE K TElLS STREETS ATTN .3. R. CURRY
CUlVER CITY , CA 90230 ATTN DONA LD H .  BRYCE MARTIN MARIETTA CORPORATION
ATTN M .S. 0157, KEN WALKER ATTN JOHN S. HOFFMAN DENVER DIVISION
ATTN TELINIC?.L LIE ATTN AlBERT P. BRIDGES P0 BOX 179 - -

ATTN B. N. CAMPBELL, M .S . 6—5110 ATTN W. FOST ER RI Ch DENVER , GO E020 1
ATTN JOHN B. SINGLFTARY , MS 6-0133 ATTN WALTE R F. HAP.? ATTN RESEARCH LID, 6617 , 1. 1 . MCKEE

ATTN TAU t G. EASE, MAIL 8203
HUGHES AIRC EAP T COMPANY LITTON SYSTEMS , INC. ATTN PEN I. GRANAM , MS 50—454
SPACE SYSTEMS DIVISION DATA SYSTEMS DIVISION 7,T’IlC .7. 5. GOOL*ITN , MAIL 0452
P.O. BOX 92919 6000 NOODLE? AVERSE
LOS ANGELES , CA 90009 VAN NUVI, CA 91406 MAXWELL LABORATORIES, INC.
ATTN TECHNICAL 5,15 ATTN TECh! LIE 9244 BAlBOA AVENUS
ATTN WILLIAM W . SCOTT, MS 51080 SAN DISC-C , CA 92123
ATTN HAROI.1) A. BOYlE , 145 Al 080 LITTON SYSTEMS, INC. 1 i’I3; TECH LID
ATTN ED WARD C. SMITH , MS 74620 GUIDANCE & CONTROL SYSTEMS DIVISION A CCE VICTOR FARGO

5500 CANOGA AVENUE
IBM CORPORATION WOODLAND HILLS, CA 91364 MCDONNELL DOUGLAS CORPORATION
ROUTE 170 ATTN El. N. MAUG}INER POST OFFICE BOX 516
d IEGO , NY 13827 ATTN (1741. .1. .6555EV , (15 67 ST. LO(I S,  (6) 63166

ATTN TECHNICAL LIBRARY ATTN TECHNICAL LIBRARY ATTN TON ISDES
ATTN FRISK FRANKCVSEY ATTN JOt-IN P. RETZLER )4’ITN TEChNICAL LIBRARY

III RESEARCh! INSTITUTE I ITI’ON SYSTEMS , INC. MC DONNELL DOUGSAS CORPORATION
ELECTROMAGNETIC COPIPATABILIT’( ANALYSIS AMYCOM DIVISION 5301 ROLSA AVIIJt F

CENTER 5115 CALVERT ROAD NUNTINGTCN BEA Ch) , CA 92641
NORTH SEVERN COl LEGE S’ASlZ , MD 20740 ATTN H. 14 . SpAr-F , MS 13— 3
ANNAPOLIS , MD 21402 ATTN TECH LIII ATTN PAUL H .  DURCAN , ?

ATTN TECH LIE ATTN STAHIfl CCHN ?IDTE
ATTN ACOAT ATTN A. F.  VF (OITT, I’) 1 1-I

ATTN ‘TECH till (ANY IS P.: ICES
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DISTR IBUTION ( C o n t’d )

MCDONNELL DOUGLAS CORPORATION PERJCIN-ELJIER CORPORATION RCA CORP ORA T ION
34 55 LAREWOOD BOULEVARD MAIN AVENUE CAMDEN COMPLEX
WHO BEACH , CA 90846 NORWALK , CI 06852 FRONT £ COOPER STREETS

ATTN TECHNICAL LIBRARY , Cl-290/36-84 ATTN TELlS LID CAMDEN , El 08012
ATTN TECh! LID

MISSION RESEARCh! CORPORATION PHYSICS INTERNATI ONAL OOMRP.KY A’I’IN 5. VAN KL’UREN, 13-5-2
735 STATE STREET 2700 MERCED STREET
PAN TA BARBARA , CA 93101, SAN LEANDRO, CA 94577 RESEARCH TRIANGLE INSTI TUTE

ATTN TELl! LIE ATTN TECH LIII SO BOX 12194
ATTN CONRAD 5,~ LONGMIRE ATTN JOHN IS. HUNTINGT ON RESEARCh! TRIANGLE PARK , NC 27709
ATTN WILLIAM C. HART ATTN ENG Dlv , MAYRANT SI t-IONS, JR.
ATTN DANIEL F. HIGGINS PROCEDYNE CORPORATION

221 SOMERSET STREET ROCKWELL INTERNATIONAL CORPORATION
MISSION RESEA RCh) CORPORATION NEW BRUNSWIC K , RI 06903 3370 MIROI,CESA AVENUE
E . G .  POX 8693 , STATiON C A’I’IR lEON LIP ANANEIM, CA 9280 3
ALBIJcIUEI!QUE , NM 87108 ATTN PETER HOROWITZ ATTN 14 . 2. FIJDIE , (‘API

ATTN LARRY 0. SCOTT ATTN .1. C. MONROE,
ATTN 1501 LID P ULSAR ASSOCIATES, INC . DEPT 243-027 , DIV 031
ATTN DAVID K . MERENE’Il!ER 7911 HERSCHEL AVENU E ATTN GEORGE C. MESS ENGER , (‘861

LA JOLLA , CA 92037 ATTN L. APOLIACA , F553
MISSION RESEARCh) CORPORATTON-SAN DIEGO ATTN CARLETON N . JONES ATTN K.  F .  NULL
7650 CONVOS COURT ATTN TECHNICAL LIBRARY
SAN DIEGO , CA 92111 R & 0 ASSOCIATES ATTN JAMES 5. SELL , BA)0

ATTN V. A. .5. VAN LINT 50 BOX 969$ A TTN DONALD 2. STEVENS, 57470
MARINA DEL PRY , CA 90291

MITRE CORPORATION , VHF ATTN TECHNIC AL LIBRARY ROCKWELL INTERNATIONAL CORPORATION
P.O. POX 208 5711) F. CLAY ROGERS SPACE DIVISION
BEDFORD , MA 01730 ATTN WILLIAM El. GRANAI-’, JR. 12214 SOt-fill LAXEWOOD BOULEVARD

ATTN LO UIS BRICEMORE ATTN LEONARD SCNL FS SINGER DOWN S? , CA 90241
ATTN LIBRARY ATTN CHARLES NO ATTN TIC 0141-092 5.301
ATTN THEODORE 274(4(115 ATTN RICHARD R . SCHAEFER
57114 H . F.  FITZGERALD ATTN W ILLIAM J. KARZAS ROC KWELL INTERNATIONAL CORPORATION

ATTN OS RARD K. SLl!LEGEL 5701 WEST IMPERIAL EIG 1SWAY
NAT IONAL ACADENY OF SCIENCES LOS ANGELES , CA 90009
AT’TN I NAT IONAL MATERIALS RAND CORPORATION , THE ATTN T. B. YATES

ADVISORY BOARD 1700 MAIN STREET
2101 CONSTITUTION AVE. 11W SAN TA MONICA, CA 90406 SANDERS ASSOCIATES , INC.
WAS HINGTON , DC 204 18 ATTN TECHNICAL LIBRARY 95 CANAL STREET

ATTN OR . B . S. SHAM E , ATTN DR. CULLEN CHAIN NASHUA , NM 03060
NAT MATERIAlS ADVSY ATTN TELlS LIB

RAYTHEON COMPANY AT’IN 1-6270 , 14. G. DESPATHY , SR P F
NORTHROP CORPORATION HAR11CELL ROAD 57TH I.). 1.. 741151. ((Cl 1-3236
ELECTRONIC DIVISION BEDFORD , MA 01730
I RES EARCH PARK AII M LIBRARY SCIENCE APPLICATIONS, INC
P1-LOS VERGES PENINSULA , CA 90274 AIIM GAJ ANAN H.  JO SHI,  P .O .  BOX 277
ATTN BOYCE T. ANLPOPI RADAR SYS LAB ((F-REELS?, CA 94701
ATTN ~EORGE H. TC*)14EP ATTN FREDERI CK H. lESLIE
A I1N TECH LID RAYTHEON COMPANY
741 11) JOHN M. REYNOLDS 528 BOSTON P051 ROAD SCIENCE APPLICATIONS , INC.
ATTN VINCENT R. DEII ART INO SUDBURY , MA 01776 1651 OLD MEADOW ROAD

ATTN HAROLD 1.. FLESENER MCI.EAN , VA 22 1,01
NORTHROP CORPORATION AT TN JAMES R. WECKBAC1I ATTN WILLIAM L. o!ArisS’Y
NORTHROP RESEARCH AND ATTN 15014. LIE
TECHNOLOGY CENTER SCIENCE SPP LI CA TIO NS • INC.
3401, WEST BROADWAY RCA CCTIPORATION PG PC)X 2351
HAWTNGENE, CA 92050 GOVERNMENT S COMME RCIAL SYSTEMS IA JOLLA , 0.74 92038

ATTN JAMES P.  RAYMOND ASTRO ELECTRONICS DIVISION ATTN TECHNICAL LIBRARY
ATTN I’IRPARY PC BOX 800 , LOCUST CORNER ATTN LEWIS P. LINSON
ATTN DAViD N. P000CI,! PRINCETON, 151 08540

ATTN TECh) LIP SCI ENCE APPLICATIONS , INC .
NORTHROP CORPORATION ATTN GEORGE J .  ((RUCKER HUNTSVILLE DIVISION —

ELECrPONI C DIVISION 2109 N. CLINTON AVENUE
2301 WEST 120TH STREET BOA CORPORATION SUITE 700
HAW TH OR N E , CA 90250 GOVERNMENT & COMMERCIAL SYSTEMS HUNTSVILLE , AL 35805

ATTN TECH LID MISSILE & SURFACE RADAR DIVISION ATTN NOEL P. BY FE
STIll JOSEPH D . RUSSO MA RNE III LIWAY I BORTON LANDING RD ATTN TECH LID

1IOORFSTOWN, NJ 08057
PAL ISADFJ 11151 FOR RSCN SERVICES INC. ATTN TECHNICAL LIBRARY SCIENCE ?.PFLICATIOHS , INC.
201 VAR 1CK STREET ATTN ANDREW L. WARREN PG BOX 3507
HEW YORK , NY 10014 ALBUQUERQUE, NP) 87110

ATTN RECORDS SUPERVISOR ATIN RI CH ARD L. ENI QI T
ATTN JAMES P. HILL
ATTN S. PARKiNSON
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DISTRIBUTION (Cont ’d )

SIDNEY FRASIKEL I ASSOCIATE)) SYSTEMS. SCIENCE AND SOFTWARE UNITED TECHN0Lh~GIES CORP(-NATION
1165 SAXON WAY P.O. BOX 4803 HAMILTON STANDARD DIVISiON
MEN LO PARE , CA 94025 HAYWARD , CA 94540 BRAGLEY I3!T}~~lP,TIONAL AIRPORT

ATTN SIDNEY FRANKEL ATTN TECH LID WINDS( I- 1.00(5 , CI 06069
ATTN TECH 1DB

SIMULATION PHY SICH, INC . SYSTEMS , SCIENCE AND SOFTWARE , INC . ATTN RAYMOND 0. GIQIERE
41 ‘E~ STREET PG BOX 1620
BURLINGTON , MA 01803 LA JOLLA , CA 92038 VAFIAS ASSOCIATES

7411W .2041W R. UGLUM ATTN TECHNICAL CLARA-NY €11 HANSEN WAY
BAlk ALTO , CR. 94303

SINGER COMPANY , THE SYSTRON-OONNER CORPORATION ATTN I~-Q4 LID
1150 MCHRIOE AVENUF 1090 SAN MiGUEL ROAD ATTN A-109, HOWARD 14. JOK E
LITTLE FALLS , NJ 07424 CONCORD, GR 94528 ATTN 0. C. LAWRENCE, PAL SAFETY

ATTN IRWIN GOLLDIAN, 5140 MANAGEMENT ATTN GORDON B. DEAN
741174 TECh! LID ATTN HAROLD t. . MORRIS VECTOR PS SEARL! ASSOCIATES

ATTN TECH LIE 735 STATE STREET. 594 314
SINGER COMPANY (DATA SYSTEMS) ,  THE SANTA BARB ARA , CA 93101
150 TO’TCWA (412740 TEXAS INSTEIJPIFMTS, INC. ATTN W. A. NADASKY
WAYNE , NJ 07470 9.0 . BOX 5474

ATTN TECH INFO CENTER DALLAS , IX 75222 WESTINQICRJSE ELECTRIC COPX’ONATIOSi
ATTN SANDERS B. COX • JR., MS 909 ASTROHUCLEAR LABORATORY

SPERRY RAN!) CORPORATION ATTN GARY F . HANSON PG BOX 10864
UNIVAC DIVISION ATTN TELlS LIP PITTSBURG H , PA 15231
DEFENSE SYSTEMS DIVISION ATTN DONALD 3. ((ANUS , (55 72 ATTN TEL! LIE
P.O. BOX 3525 MAIL STATION 1931
ST. PAUL , Pt-N 55101 TEXAS TECh! UNIVERSITY WESTINC.DCUSE ELECTRIC CORPORA-TI 54

- : ATTN .2743-SEN A. I7JDA , MS 41125 P0 BOX 5404 DEFENSE AND ELECTRONIC SYSTEMS CENTER
ATTN TECH LIE 1SORTSS COLLEGE STATION P .O. POx 1693

LUBBOCK , TX 79417 FICIEINDSIIIP INTERNATIONAL AIRP(- Pl
SPERRY MiCROWAVE ELECX’RONICS DXV ATTN TRAVIS L. SIMPSON BAVrIMORE • Pt-n 2 120 3
SPERRY RAND CORPORATION ATTN HENRY P. KALAPACA , Mi 3525
DO BOX 4648 ‘TRW SEIIICONDOCTCRS ATTN TECH LID
CI.EAS94ATER, FL 33518 DIVISION OF 179! , INC.

ATTN TECH 1DB 14520 AVIATION DLVI) . WESTINGHO USE ELECTRIC CORPORATION
LAWNOALE , CA 90260 RESEARCH AND DEVELOPMENT CENTER

SPERRY RAND CORPORATION ATTN TECH LIE 1310 B14LLAB ROAD , CHURCHILL BORO UGH
SPERRY DIVISION ATTN RONALD N. CLARKE PITTSBURGH , PA 15235
SPERRY GYROSCOPE DIVISION ATTN TELlS LID
SPERRY MANAGEMENT DIVISION TRW SYSTEMS GROUP
MARCUS AVENUE ONE SPACE P3-SIC HARRY DIAMOND LABORATORIES
GREAT NECK, NY 11020 REIX)NbO BEACH , CA 90278 ATTN MCGREGOR , THOMAS , CDL, COMM AND ING

ATTN PAUL (4RRRAFPINO A PSIS TECH INFO CENTER/s-].930 OFFICEPIFLEER, I . N./ LAND IS , 5 .1.1
ATTN CHARLES L. CRAIG IV ATTN A. M . LIEBSOWTZ (41-1162 BOWME N , 14. /CONRAD, E.E.
ATTN TECH LID AJ’TN ROBERT H. WEBB , MS 5.1-1150 ATTN CARTER , W.W ., D R . ,  ACTING TECHNICAL

ATTN AARON N. NAFEVSKY, 141-2144 DIRECTORJMA31CU’S, S .M .
SPERRY RAND CORPORATION ATTN FRED 14. HOL3-~~UIST , 1455 (41-2028 ATTN KIMMEL , S., IC)
SPERRY FLION’T SYSTEMS DIVISION ATTN WILLIAM N. ROBINETTE, JR. ATTN 01151, 0021
P.O. BOY. 21111 ATTN BENJAM IN SUSSNOLTZ ATTN CHIEF , 0022
PHOENIX . AZ 85036 ATTN RICHARD N. KINGSLI4ND, 51-2154 ATTN CHIEF , SAD 100

ATTN TECH LIB ATTN JERRY I. lUBELl, ATTN CHIEF , LAB 200
ATTN D. A. SOt-OW , ROOM 104C ATTN LILLIAN D. SINGLETARY , 141/1070 ATTN CHIEF , lAD 300
ATTN 0. J. 1(EATING ATTN CHIEF, LAD 400

TRW SYSTEMS GROUP ATTN CHIEF , LAD 500
STANFORD RESEARCH INSTITUTE SAN BERNARDINO OPERATIONS ATTN CHIEF , lAD 600
333 RAV51SSW000 AVENUE PC BOX 1310 ATTN OIIEF , DIV 700
PSS2ILO PARK , CA 94025 SAN BERNARD INO , C?, 92402 ATTN CH IEF , DIV 800

A’S’TN MR. PHILIP 001.7414 ATTN JOt-SN 5. DI%NNI(E ATTN 01151, lAB 900
ATTN GRORGE CARPENTER ATTN N.  S. (lESSEN ATTN CHIEF, LAB 100(1
ATTN ARTHUR LEE WNIT SON ATTN RECO RD COPY , BR 041

TRW SYSTEMS GROUP ATTN HOC LIBRARY (3 COPIES)
STANFORD RESEARCh! INSTITUTE TO BOX 368 A TTN CHAIRMAN , EDI TORIAL COMMiTTEE
306 WYNN DRIVE , N. W . CLEARFIELD , 111 840 15 ATTN ChI lE!’, 047
HUNTSVILLE , AL 35805 ATTN TECH 1DB ATTN TECH REPORTS , 013

ATTN 1505 LIE ATTN DONALD N. PUOSLEY ATTN PATENT LAW BRANCH , 011
ATTN MACPH ERSON ROBC.145 ATTN MCLADGHLTN • r. k . ,  742

UNITED TECIRSOLOGXFS CORP ATTN LP,M!AM • C ., PPOGRAE & PLAN S
SUV1~~TRAND CORPORATION IJOPDEN DIVISION ATTN CHIEF , BR 110
4751 HARRISON AVENUE HELEN STREET ATTN 0111.5, BR 120
ROCKFO}1D, IL 61101 NORWALK , CT 06851 ATTN CHIE F , RB 13C

ATTN CURTI S P . 595115 ATTN TECH LID ATTN CHIEF . B?. 140
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D ISTRILIUT ION ( C o n t ’d )

-HARRY DIAMOND LABORATORIES (Cont ’d)

ATTN CHIEF , BR 150
ATTN CHIEF , BR 160
ATTN CHIEF , BR 1010
ATTN CHIEF , SR 1020
ATTN CHIEF, DR 1030
ATTN 0515!’, BR 1040
ATTN CHIEF , BR 1050
ATTN ROSADO, .1. A., 200
ATTN MILETIA , .2. R. • 200
ATE?! WOW) , 8., 1000
ATTN TOMPKINS , 3. F. ,  230

d 
ATTN WYATT , W. I. • 1000
ATTN WII(ENITZ . F .  H . ,  0024
ATTN SWETON , .3. F., 1000
ATTN BOMRAR0’T , 3., 1000
ATTN BEILFUSS , J. N . • 1000
ATTN KLESIERS , .2., 1000
ATTN GRAY , B. F . ,  1000
ATTN DROPEIN , N ., 110
ATTN STARE , W. • 1030
ATTN ChJNEO , A . ,  1000
ATTN PFEEFE R , R . ,  1030
ATTN ISKIHARD , 0 . ,  150
ATTN SOIAUB ERT , D. (2 5 COPIES)
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