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I_. SUTtARY 

Ai      Authorization for the purchase of an DM? sinulator was received, 

and project personnel were prepared for operatinp, and naintaining ehe 

simulator. The manufacturer aadc a nuaber of significant innrovcr.ents in 

the design of the sinulator. The unit was accepted without difficulty and 

delivered to the Cherry Creek Field Site.  A failure occurred shortly after 

delivery, but the problem was corrected and the simulator has operated 

reliably since then. 

3,      The pulse from the simulator has been recorded using ground based 

and airborne instrumentation.  Fourier analyses of the pulse waveforms have 

been computed. The waveforms for each configuration of the simulator have 

been reneatable in every case, 

C. A system of horizontal radials v;as dcvelG-^d for a late time antenna. 

.lowover, the design goal for the antenna was subsequently modified, and an 

extended cone was developed. This design './as built and installed at the 

Cacrry Creek Field Site. A secondary late time antenna was built in an at- 

tempt Co generate a double pulse. 

D. A cradle was fabricated to aid in the horizontal positioning of the 

pulscr, and poles were set up to hoist the pulscr while in the horizontal 

tiosicion. 

E. A building has been planned which will provide shelter .."or the 

pulscr during maintenance operations at the Cherry Creek Field Site. 



ii. DESCRIPTION; OF VKTRK 

A. Purchase  of EMP Simulator 

Approval for purchase of a Physics International 2.0 rv.^avolt 

Pulser was received during the first quarter. The unit and accessories 

were to be delivered during  the week of A January 1971. 

Prior   to  delivery  of  the pulser  two   trips were uade  to benefit 

from the experience of other organisations  in working with pulser systems. 

A one day visit was made to Kirtiand Air Force Base during August,     Contacts 

there werj  Captain II,li.   Robbins and Sf;t.   Goodwyn.     They both  agreed v/ith  the 

decision  to procure  the pulser and a nininuu of accessory equipment  fron P.I, 

They felt that DRI could follow the lead of the Air Force and Amy in nakinj» 

any modifications as required in house.    Then during the rr.onth of October,  a 

visit to MERDC was nade to gain experience in taalntenanca of  the pulser unit. 

'ne of the MERDC units was  undergoinR conplcte overhaul while  the other had 

trouble in the Marx unit which caused uncontrollable prcfires.    This was  an 

excellent visit,  and we were fortunate  to be able  to help with  the overhaul 

as well as Co help croublcshoot the operating unit. 

The pulser acceptance tests were delayed one week due to design in- 

provemencs by Physics  International,    Those ir.iprover;cnts are listed below: 

1. Simplified capacitor mountuin to allow single caoacitor 
removal without complete Marx disassembly. 

2. Improved Marx generator spark .^ap design. 

3. Enclosed Marx generator snark p.ans which allow    better con- 
trol of the Marx unit firing conditions, 

A,       Increased capacitor spacing to minimize caDacitor to canacitor 
breakdown, 

5. Improved seals on Che copper sulphate resistors  to nrevent 
solution leakage. 

6, Two view ports in Che Marx unit housing  for visual 
Inspccdon, 



7, Power supply in the sulfur hexafluoridc atr.ojnhcrc 
and mounted on the hinged liars generator access lid 
for easy maintenance, 

8, RcnotJ control console for various pressure monitor 
raurjes as well as charging, and firing controls. 

9, Set yioint meters for charge level and Marx charge 
unbalance, 

10. Uenoca charging and usibalanco indicutora. 

11. Low voltage gaps of the 'larx unit triggered by midplane 
electrodes. 

These improvements have provided a significant increase in the 

reliability of the pulser unit and were well worth  the short additional 

wait for delivery.  The pulser construction was of high quality throughout. 

The unit was accepted without difficulty at the I'hyr.ics International plant 

durint; the week, of Tanuary 4. 1971. 

The pulser was delivered to the Cherry Creek Field Site.  After its 

assembly it was installed on a temporary ground plane inside the fence peri- 

octer.  Shortly after initial testing had begun the pulser malfunctioned and 

it was determined that the lucite top of the water canacitor had been damaged 

by high voltage tracking. The problem was traced to the deionizer assembly 

for purification of the water in the water capacitor. The problem required 

major disassembly of the pulser. The damaged lucite part was taken to the DR1 

machine shop and the surface rcmachined to remove the high voltage tracking. 

All now materials (water, oil and deioaizing compound) were used in the re- 

assembly of the unit. After reassembly the unit functioned well and tne pre- 

liminary tests were continued.  One other problem was encountered with the unit. 

.' small buss wire broke in the high voltage pow-ar supply.  The wire connects 

AC and DC ground.  :.-o reason was found to cause the wire to break and no ouher 

damage was noted. The unit has operated without any other problems and haj 

now been fired more than 700 times. 



It is well worthy of noto that all of  the assembly repair and 

movement required have been accomplished by DRI personnel and AF/üRI 

assets.    DRI purchased a motor driven crane for use au the Cherry Creek 

Field Site in this effort and it has proved to be invaluable and extremely 

cost effective. 

Q. Instrumentation  and 1'rulirainary Teats 

One of the areas of prime importance is  the traniiicat recorüinR 

system.     Considerable effort has been expended in developinr;  techniques   for 

recording the pulse output at various assimuchs,  elevations,  and distances 

with as much  flexibility as possible.     A screen box,  Figure 1, has been made 

available  for close in recordings,  and a DRI screen room with adequate equip- 

ment space has been trailer mounted,  as  shown in Figure 2.,  for use at longer 

ranges.    This trailer has a power generator and ventilation system ior  the 

screen room.     DRI has not yet purchased sensors but has used those on loan 

from AFWL.    Transient recordings of  the pulse output were made at distances 

from 13 meters  to 1 kilometer late in March. 

In April, a temporary pad was sr.i; up to provide pulses for cesrs 

of the VllF and CALYPSO instruments usinf   the pulser in a vertical position 

with only one early-time cone in place,    liy eliminating the lower cone,  it 

was hoped that a monopole radiation pattern would result.     Tue PI pulser was 

located on the concrete pad approximately 200  feet north of the perimeter 

fence it the Cherry Creek Field Site and v/as controlled fro:   ehe north building. 

T'.e transmitted pulse was monitored using the  trailer mounted screen room for 

RFI shielding.    Tha sensor used was an FG&G model MCL-2A, B-DOT loop.     The 

signal was integrated with 1 microsecond integrators and recorded with a 

Tektronix 45A oscilloscope.     The B-DOT loop was mounted at an elevation angle 

of approximately 1.5°,  2,6 meters above ground level at a point 100 meters 

from the pulse generator.    This provided a reasonable record of the radiated 
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pulse at low elevation angles.    One of the Konicorcd pulses and iza 

annlicude anectrun arc shovm in Fl^uros  3 and A  roapoccivoly.    Ti.e 

nulso aTjnlitudc extranolated  co 1 Ua ia 235 v/n and ia in r',ood asreencne 

with the average extranolated field strengen of 263 v/n obcaint-.d fron the 

scone lib VllF recordinj»3. 

The  rucordin«; oquiprvant InataXlcd on nlatforr. 703  conaistcd of 

two  full aets of V.iF r.car, each driven fror; ü separate antenna,  and one 

complete set of  the  CALYPSO II (^ear.    The secondary noraaliain^ cliannei 

trif.r.er circuits of Che two V.ir systens v;ere internally by-passed so  that 

those channels could be  trin^ered aiiaultaneously with the prinar/ normalizing 

channels.     After  the   first hour of operation  ti.o CALYPSO system -./^s operated 

in  the internal   trij;r,er mode in an nttcr.nt  to alleviate the difficulty in 

obtaininß a reliable  triRRcr pulse at  the hi^h  threshold settings  required 

because of local noise. 

The nulser was  fired approximately  70  tines at 3 minute intervals 

during the opcratin«» period from li;20Z to 2030X.    Nearly all of  the pulses 

were recorded with  the VUF Roar,     llesults were not as pood with  the  CALYPSO II 

system which has a low frequency response that extends down to 300 kHz.    The 

hi!>h level of local background noise in the broadcast band required higher 

trigger threshold settings  than are normally used and at these settings  the 

CALYPSO system did not trigger reliably on the PI pulse,    however, six usable 

CALYPSO recordings were obtained during the run. 

Tae nulse shape recorded throughout the experiment was remarkably 

stable and approximately independent of the platform elevation, heading,  and 

azimuth,    llo obvious effects of platform distortion due to resonances or 

scattered  fields are apparent in the recorded data.    This observation is borne 

out by the amplitude spectra of six recordings  from a V.IF scope which are 

superimposed in Figure 5.     Tae amplitudes shown have been extrapolated to a 
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Figure 3.  Vertically Polarized Pulse at 100 Meters - No Late Tirae Ar.tcan 
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distance of 1 neter by Qulciplying ehe pulse an;plicuda by tho source- 

receiver distance«    Tu-o of the six spectra were calculated from wavefoms 

radiated with the antenna in tLe- double pulse configuration (Sec Section 

II C),  thus, they differ froa the others at frequencies below approxiaaccly 

25 mz, 

Tho  tests provided the operating crav» wich a dry  run under field 

operating conditions and also furnished information on the characteristics 

of the pulse radiated by the simulator that could only be obtained fron an 

airborne receiver.    Pulses were rccordeu at distances that varied fron 6 to 

ISO lea with corresponding elevation angles betuecn 3* and 56*.    A special 

technical note "So-;c Results Obtained üsinß the DUX Sinulator During 703 

Platfom Field Tests on 18 April 1971," DRI //72-031,  contains  full details 

of these tests. 

C. Vertical Late Tine Antenna 

The devclopisent of a late tine antenna beftan before  the delivery 

of the pulset.    A quarter scale aodel of a vertical conical antenna was con- 

structed but was  found to be of little use in the study due  to the hir.h fre- 

quency reflections encountered.    Therefore, a full scale antenna was built in- 

corooratinß an early tine cone  (10 foot naxinun dianccer)  and a 50 foot hif»h 

vertical late  tine antenna.    Usinft a sinple canacitive discharge into the cone, 

a reliably repcatablc pulse was produced.    However,   there was a reflection  fron 

the open circuit of the vertical late tine antenna and it was decided to try 

a different late tine configuration. 

Usinjt a set of 12 synnetrical 200' horizontal radials fron the top 

of  the  cone  and tcrninatinf» each  to  f.round with 12 Z0  (Z    ■  the inpedance of 

the conical antenna) pulse reflections were alnost all elininated.    The pulse 

had a rise  tine of about 20 ns  and a base width of about 45 ns.     Tno spoctrun 

of the pulse peaked between 6 to 10 Mllz and was dawn 26 da  at 40 Mlz.     It was 



clear Chat  the 'rnlsc source did not have  an adequate rise  ti:r.c. 

Accordingly a 6 star.c Marx generator, inductor and nacching 

cransalsslon lino were developed with existing DRI assets.    Tlie new source 

generated a pulse with a rise time of less than 2.A ns  (Unit of the Tek- 

tronix 454 osdllorcope)  and a width of about 10 ns.    Again the use of 

horlsontal radial« proved to bo noat satisfactory for cliralnation of roficc- 

tions.    With the faster pulse it was possible to sec the snail reflections 

caused by the transition fron the cone to the radials as well as reflections 

fron the cone Itself. 

After the delivery of the pulsc.r,  the design goal of the late tine 

antenna was nodi fled by agreenänt of AF7AC and DRI.    Further developnent of 

the horizontal radial antenna was delayed in order to develop a conical exten- 

sion of the pulser cone Chat would provide naxinun clear tine  for the radiated 

pulse.    The design of Che antenna was agreed upon after consultation with AF.JL 

and is shown in Figure 6.    The entire structure is rather large and consider- 

able effort was expended to erect it as quicUly as possible. 

A 20  foot square concrete pad with a ground screen imbedded in it 

was built in the center of the area circled by six poles.    Those IGO-foot poles 

were planted to support the wire structure of the late tine antenna.    Figure 7 

is a photograph of the installation. 

The pulser has been fired several hundred tines in this  configurationt 

including tests on HOY 195, 196-197, and 231 which were intended for reception 

by SRI In Hawaii and DRI at station 433.    The pulse has always been ropcatable 

as suggested by the typical pulse wavefoms shown in Figure 3.    The Fourier 

analysis of these pulses has been conputcd, and the resulting spectrur. is shown 

in Figure 9. 

A secondary late tiao antenna was built in an attempt to generate a 

double pulse.    Tals was done by connecting a single feed wire to the top of a 
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FiRure 10,   Pole Configuration for Horizontal Signal 
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Figure 13.  Spectrum of Horizontally Polarized Pulse at 100 Meters 
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useful for the construction of a fence around the pulscr. 

A bulldlnj» has been planned which will provide a shol cer for 

the pulser during maintenance operations. 
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III. CO^CLUSIOMS 

The nulser appears  to be a well built Improved RES unit.    The 

problens 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   capability now axists  and  can bo  used  Co  pro- 

vide pulse output information as required.    Present data are based on the 

assumption 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.    However,  further effort is needed 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 

modifications in pulse shape,  if any, arise from propagation effects and 

iae 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 EH? simulator experimentally to determine system res- 

ponse functions with assured accuracy und reliability. 
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IV. FUTURE FLANS 

The pronrcas reported herein coraplctcE. all the effort anti- 

cipated on the present contract.    It is expected that norc detailed 

calibration techniques will be applied,  that the pulse waveforra at 

hif.hor elevations will be racaaured, that propagation studies will be 

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

funding is made available. 


