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I, SUIT{ARY

Ao Authorization for the purchase of an I'P sinmulator was received,
and project personnel were prepared for operating and maintaining che
simulator. The manufacturcer made a nunber of simnificant imnrovements in

the design of the simulator, The unit was accepted without difficulety and
dolivered to the Cherry Creel Field Site. A fallure occurred shortly after
delivery, but the problem was corrected and the simulator has operated
rcliably since then.

3. The pulsc from the sinulator has becon recorded using ground based
and airbornc instrumentation., TFourier analyses of the pulse waveforms have
been computed, The waveiorms Ior each coaiiguration of the simulator have
been repeatable in everv casc,

C. A systen of horizontal radials was develencd Zor a late time antenna,
~owever, tie desinn roal for tiie anteana was subscquencly modified, and an
extendaed cone was developed, Tuis desipn was built and linsccalled at the
Cherry Creck Field Site. A sccondary late time antenna was wailt in an at-
tenmpt to generate a double pulsea,

D. A cradle was fabricated to aid in the horizontal posicioning of the
sulser, and peles were set up to hoist the pulser while in the horizonta
wosition,

G A building has been planned which will provide siielcer Jor the

pulser during maintenance opervations at tie Cherry Croek Field Sicte,



o

II, DESCRIPTION OF WORK

A, Purchase of EMP Sinmulator

Approval for purchase of a Piuysics International 2,0 megavolt
Pulser was received during the first quarter, Thae uait and accessories
were to be delivercd during tie week of 4 Januazy 1971,

Prior to delivery of the pulser two trins were nmade to beneiit
from the exnerience of other orjanizations in working with pulser systems,
A one day visit was made to Rirtland Air Force Dase during Aumust., Contacts
there wer: Captain H.b. Robbins and Sgt. Goodwyn, They both apreed with the
decision to nrocure the pulser and a minimum of accessory equipment from P.I.
Thaey felt that DRI could follow the lead of the Air Force and Army in making
any modifications as required in house. Thon duriag the month of October, a
visit to HERDC was made to gain expericence in maintenance of the pulser unit,
“ae of the MERDC units was undergoing complcte overhaul while tie otuer aad
trouble in the Marx unit whiceh caused unconcrollable prefires. This was an
excellent visit, and we were fortunate to be able to ielp with the overhaul
as well as to help troubleshoot tiie operating unit,

The pulser acceptance tests werc delaycd one week duc to desipgn ine
provements by Physics International, Tiese improvements are iisted below:

1, Simplified capacitor mounting to allow single canacitor
removal without complete larx disassenbly.

Ba Inproved llarx renerator spark gap desien.

3. Enclosed Marx penerator smavk grans which allow better conw
trol of the Marx unit firinp coaditions.

be Increased capacitor spacine to minimize capacitor to ccnacitor
breakdown,

5. Improved secals on the copper sulphate resistors to nreveat
solution lecakage.

6. Two view ports in the llarx unitr housinn for visual
inspection,



7. Powver supply in the sulfur hexafluoride atncusnhere
and nounted on the hinged lfarx generator access 1lid
for casy maiatenance,

8. Demogae control console for varzious pressure monitor
raures as well as charging aad firing controls,

9. Set noint meters for charme level and l!llarx charpe
unbalancae.

10, Remote charpging and unbalance ifadicators,

11, Low voltane gaps of the Marx unit crigeered by midplane
electrodes,

These improvements have provided a significant iacrease in the
reliability of the pulser unit and were well worth tie short additional
walt for delivery., The pulscr coustruction was of hipgh quality throughourt,

The unit was accented witiiour difficulty at the Thysics Iaternational plant

during the week of TJanuary 4. 1971,
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The pulser was delivered to the Chierry Croelk Ficld
assembly it was installed on a temporary ground plane inside tihe Zence peri-
meter, Shortly after initial testing had bepgun the pulser malfunctionad and
it was determined that the lucite top of the water canacitor had been dananed
by high voltape tracking, The problem was traced to tie deionizer asserbly
for purification of the water in the water capacitor. Tiae problem requived
major disassembly of the pulser. The damaned lucite part was taken to tae DRI
machine shop and the surface remachined to remove the hish voltage trackiag,.
All new materials (water, oil and deionizing compound) were usced in the we=

assenbly of the unit, After rcassembly the unit fuactioned well and tae pre-

lininarv tests were continued., One otiier prooicn was eacountered with the unit.

(4]

(3]

A small buss wire browe in the high voltage power sunnly. Thue wire coanccois
AC and DC pround. .o reason was found to cause tie wire to break and no oduer
damage was noted. The unit has onerated without any octucy problems and haos

ao7 been Jired more than 700 tirmes.



It is well worthy of note that all of the assembly repair and
movenent required have been accomplished by DRI persoancl and Al/DRI
assets, DRI purchased a motor driven cranc for use at the Cherry Cicek
Ficld Site in this cffort and it lhias proved to be invaluable and extremely
cost effective.

B, Instrumentation and lrelininary Testis

One of the arcas of prime importance is tiie tranuient recoruing
svstem, Considerable effort has been expended in develoning teciniques for
recording the pulse output at various azimucis, eclevations, and distances

e -

ox, Figurc 1, has been made

o

with as much flexibility as possible., A screcn
available for close in recordings, and a DRI screen room with adequate equip=-
ment space has been trailer mounted, as sihown in Figure 2, Ior use at lonpger
ranges. This trailer has a pover gencrator and ventilation system ior the
screen room., DRI has not yet purchased sensors but has used tiosce on loan
from AFWL, Transient recordinpgs of the pulse output were made at distances
from 13 meters to 1 kilometer late in arch,

In April, a temporary pad was sci un to provide pulsces for tes<s
of the VHF and CALYPSO instruments using the pulser in a vertical position
with only one early-time cone in place. Uy eliminating the lower cone, it
was hoped that a monopole radiation pattemrn would result, The PI pulser was
lccated on the concrete pad approximately 200 feet north of the perimeter
{eace a3t the Cherry Creck Field Site and was controlled fror che north building,
T.a transmicted pulse was monitored using the trailer rounted screen room for
RFI shielding. Tha sensor used was an EGSG model MCL-2A, B=DOT loop. The
sipgnal was integrated with 1 microsecond integrators and recorded with a
Tektronix 454 oscilloscope, The B-DOT loop was mounted at an clevation aunpnle
of approximately 1.5°, 2,06 meters above ground lewl at a point 100 meters

fronm the pulse gmenerator, This provided a reasonable record of the radiated
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pulse at lov clevation anples. One of the monitored pulses and ics
amnlitude spectrunm are shown in VFlpures 3 and 4 rospectively., Tue

npulse amnlitude extranolated to 1 ka is 235 v/a and is ia cood agrooment

with the averace extrapolated field streoagtih of 203 v/a obiained from tic
scope #6 VIF recordinns,
The recording cquipnent installed oa nlatiown 703 coasisted of

two full sets of ViiF grear, each driven from a senarate antenna, aad one

comnlete set of the CALYPSO II pear. The secoadary normalizinm caanncl

tringer circults ol tiuce two VIF systems werce intemally by-passed so that

.

these channels could be tripghered simultancousiy vith the primary normalizing

.

-~

channels, After the first Lour of operation ti.e CALYYSO svsten was onperated
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obtaining a reliable trigper pulse at the hinh tuseshol
because of local noise,

The nulser was fired approximately 70 times at 3 minucge iatervals
durinng the operating neriod from 18202 to 20307, Iearly all of tiie pulscs
were recorded with the VIF gear, Results were not as good with the CALYPSO II
svsten which has a low frequency responsc that exctends down to 300 kllz, The
hish level of local background noise in the vroadecast band requived higher
trigner threshold settings than are normally uscd and at tiese scttings the
CALYPSO system did not tripper reliably oa the PI pulse. ilowever, six usable
CALYPSO recordingms were obtained durinpg tihe run.

The nulse shape recorded throughiout the experiment was remarsably
stable and apnroximately independent of the platiorm clevation, hcaaing, and
azimuth, o obvious effects of platforn distortion due to resonances or
scattercd fields are apmarca: ia thie recorded data., This observation is borne
out by the amplitude spectra ol six recordinns from a ViF scope waich are

superinposed in Ficure 5, Tae amnlitudes shown have been citrapolated to a
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distance of 1 meter by multiplying the pulse amplitude by the source-
receiver distance. Two of the six spectra were calculated fron wavelorm
radiated with the antenna in tl.e double pulse confipuration (See Sectien

IT C.), thus, they differ from the others at frequencies below approximately
25 Glz,

The tests provided the operating crew with a dry ruan under £icld
operating conditions and also furnished information on tie characteristics
of the pulse radiatad by the simulator that could only be obtained from an
airbome raceivcer, Pulses were recordea at distances that varied from 6 to
150 km with corresnonding elevation ancles bemwreea 3° and 56°. A special
technical note "Some Results Obtained Using tiie DRI Simulator During 703
Platform Ficld Tests on 18 April 1971," DRI #72=00l, contains full details
of these tests,

Ce Vertical Late Time Antenna

The development of a lace time antenna bepan belowre tuc delivery
of the pulser. A quarter scale model of a vertical conical antenna was con=
structed but was found to be of little use in the study due to the high fre-
quency reflections encountered., Therefore, a full scale antenna was built in-
corvorating an carly time cone (10 foot maximum diamccer) and a 59 foot high
vertical late time antenna. Using a simple caracitive discharge into the cone,
a reliably repeatable pulse wias produced. llowever, there was a reflection from
the open circuit of the vertical late time antenna and it was decided to try
a diffarent late time confipuration.

Usins a set of 12 symmetrical 200' horizontal radials from the top
of the cone and terminating cach to pround with 12 Z, (Z° = the impedance of
zhe conical antenna) pulse reilections were almost all eliminated. Tae pulse
had a rise tinme of about 20 as and a base width of about 45 ns. The snectrunm

of the pulse peaked between 6 to 10 Milz and was <own 20 «u at 40 Niz. It was
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clear that the »ulse source did not have an adequate rise tixe,

Accordinply a 6 stape llarx generator, inductor and maccaing
transnission linc were developed with existing DRI assets. The new source
generated a pulse with a rise time of less than 2,4 ns (limit of the Texk=
tronix 454 oscillorcope) and a width of about 10 ns. Apnain the use of
horizontal radials provaed to bo most satisfactory for climination of reilcc-
tions, With the faster pulse it was possible to sce the small reflections
coused by the transition from the cone to the radials as well as reflections
from the cone itself,

After the delivery of the pulsar, the design goal of the late time
antenna was nodiiied by agreement of AFTAC and DRI, TFurther developnent of
the horizontal radial antenna was delayed in order to develop a conical exten-
sion of the pulser cone that would provide maxinunm clear time for the radiatec
pulse. The desipgn of the antenna was aprced upon after consultation with AFJL
and is gshown in Figure 6. The entire structure is rather larpge and considere
able effort was expended to eract it as quickly as possible,

A 20 foot square concrete pad with a ground screen imbedded in it
was built in the center of the arca circled by six poles, These 100=foot poles
ware planted to support the wire structure of the late time antenna. Figure 7
is a photograph of the installation,

The pulser has been fired several hundred times in this cenfisuration,
including tests on MY 195, 196=197, and 231 which were intended for recention
by SRI in llawaii and DRI at station 433, The pulse has always been repeatavle
as surpested by the typical pulse waveforms shown in TFicure 38, 7The Fourier
analysis of these pulses has been conputed, and the resulting spectrum is shown
in Figure 9.

A sccondary late time antenna was built in an attenpt to gencrate a

couble pulsc. Tais was done by connecting a sinpgle feed wire to the top of a
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Figure 10, Pole Configuration for Horizontal Signal
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useful for the construction of a fence around the pulser.
A building has been planned which will provide a shelter for

the pulser during maintenance operations,

22
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III, CONCLUSIONS

The pulser appears to be a well built improved RES unit, The
problenms encountered were easily solved, and the unit has operated re-
liably since then, The repeatability of the radiated pulse has been
found excellent,

A pulse recording capabilicty now axists and can be used to pro-
vide pulse output information as required, Present data are based on the
assunption that the electrical characteristics of the B=-DOT loop are deter-
mined entirely by its physical dimensions and therefore the loop is assured
to be intrinsically calibrated, llowever, further effort is neceded in the
study of the loop antenna monitoring scheme to determine the accuracy with
which the radiated free space field can be recorded and to determine what
nodifications in pulse ghape, if any, arise from propagation effects and
cae sensor, In addition there should be a greater effort to define the pulse
at higher elevation angles. Once these problems have been resolved it will
be feasible to -.se the EMP simulator experimentally to determine system res—

ponse functions with assured accuracy und reliability.



IV, FUTURE PLANS

The propress reported herein completes all the effort anti-
cipated on the present contract. It is expected that more detailed
calibration techniques will be applied, that the pulse waveforn at
higher elevations will be measured, that propagation studies will be

undertaken and that a double-pulse concept will be tried when further

funding is made available.

24



