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UNCLASSIFAED

ABSTRACT

Project 6.7 consists of two parts, one concerned with the detec-
tion and measurement of electromagnetic signals from a nuclear deto-
nation at line-of sight ranges, and the other with the detection of
electromagnetic siguals emitted prior to the nuclear detonation itself,

Instrumentation for the first part was kept extremely simple in
order that interpretation of results would not require camplex reduc-
tion of data. Unfortunately the limjted range of linearity of the
equipment resulted in considerable distortion of the signals, and
precluded satisfactory interpretation of the results.

In the second part, no pre~nuclear signals were detected from
full-scale devices. Subsequently, experiments were carried out on
chemical explosives and on nuclear devices complete except for the
nuclear insertion. These experiments indicated that the pre-nuclear
signale emitted were so weak that under the conditions of the UPSHOT-
KNOTHOLE experiment, the pre-nuclear signals were below the threshold
of detection.




FOREWORD

This report is one of the reports presenting the results of the
78 projects participating in the Military Effects Tests Program of
Operation UPSHOT-KNOTHOLE, which included 11 test detonations. For
readers interested in other pertinent test information, reference is
made to WI-782, Summary Report of the Technical Director, Military
Effects Program. This summary report includes the following informa-
tion of possible general interest.

(a) An over-all description of each detopation, including yield,
beight of burst, ground zero location, time of detopation, ambient
atmospheric conditions at detopation, etc., for the 11 shots.

(v) Compilation and correlation of all project resulte on the
basic measurenments of blast and shock, thermal radiation, and nuclear
radiation.

(c) Compilation and correlation of the varicus project results
on veapons effects.

d) A summary of each project, including objectives and results.
e) A complete listing of all reports covering the Military
Effects Tests Progran,
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PREFACE

This project was divided into two parts. Part I, the measure-
ment of the amplitude, duration, and polarization of the pulse of the
electromagnetic radiation, was the original proposal of the Signal
Corps Engine:ring Laboratories. Part II, the detection and recording
of electromagnetic signals emitted by nuclear devices prior to the
nuclear detonation, was added to the original proposal at the request
of the Armed Forces Special Weapons Project and the Office of Naval
Research. Party II is a continuation of & research project of the
ONR, Oxcart I, to determine the feasidility under £ull scale conditions
of the objective of this research project.
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4 Captain Kerttula's sarlier drafts ang his data recordings.

5-6

R I L o T 18 Y by o b SR ML W et AR L T e i 3 a

N S e NER Tt )



ABSTRACT: o « ¢ ¢ o o o o
FOREWORDe o ¢ ¢ o o o o «
PREFACE & ¢ ¢ ¢ ¢ o ¢ o o
ACKNOWLEDGMERTS « o o « &

CHAPTER 1 INTRODUCTION .

l.1 Objectiveso ¢ o ®
1.2 Background. . . .
1.3

1.5

[ ]

L

-

Operation TUMBLER-SNAPFER

-

L ]

Experiments
1.4 Recommendations for Dats Improvement.

Radiation from Chemical Explosives. .

CHBAPTER 2 INSTRUMENTATION ARD PROCEDURES . .

2.l Inbroduction, o o o o+ o ¢ o o o o
2.2 Part I (6.7 Inttial)e o o o o « &
2.2 A0tenndB o 4 ¢ 0 v s o a0 .

2.2.2 Oscilloscopes and Cameras

2.2.3 Auxiliary Equipment.

202.

General Procedure, .

2.3 Part I (Oxcart 1). o o & &
2.301 Gopexale + o 4 s o o
2.3.2 Delay Circuits . . .
2.3.3 Experimental Procedure

CHAPTER 3 RESUIXS ARD DISCUSSION . .

3.1 %art I (6.7 Initial). . . .
3.1.1 Summary of Results .
3.1.2 Instrumentation. . .
3.1.3 Discussion of Results,

3.2 Part IX (Oxcart 1). + . ¢ 4 &

CHAPTER 4 CONCIUSIONS AND RECCMMENDATIONS.

Bl Conclusiond « o o o o o v c 0 o o
k..l Part T (6.7 Xoitial) . . .

4.1.2 Part IT (Oxcart 1) .
’t.2 Recmtim o v 4 o b »
k2.1 Part I (6.7 Initial)
4.,2.2 Part IT (Cxeart 1) .

?

. ® L] - .

-«

[ ] [ ] L 3 .

e e e e e e

[ 4
L]
-
.
L]

L 3 [ 4 [ .

- L 3 [ ] . o L I -

e & ¢ o

® & ¢ & & v & 8 e @

s @& o s @

»
1 ]
L]
L]

* & & & © 5 e ¢ ¢

.

. 0 o @

¢« ® & & @

L 2 . L ] L ] [ ] - [ ] - . L L ] L * [ . L ]

a & & o

¢ & ¢ &

* L d * L] L J ¢ » L] - * *® [ ] [ ] *® * »> L] [ ]

L ] . - - &

* L] & ¥

5 & % &

® & ¢ B 9 & » ¢ 2 @ [ ]

*s & & & @

L]

L J * [ * L .

® & & & & & 6 o o o L ]

L ] * [ ] * - L]

¢® & & & @& S = ¢ o L]

L

*

¢ & o o

& & » & @

® & & & o

* ¢ & ® & & © e » .

s & & & ¢ @

[ ]

® & o o

e o & €& @ & 5 o * v @

L

L ] [ ] L ] E

L] - * [ ] *®

¢ ® & o ° ® o » 0 [

¢ ¢ ¢ ¢ ¢ @

[ ] [ 4 - L

e & 5 * e

- * L 3 L] L ] . L4 ] L L [ ]

.

PEEY B8 8 EBLEE 5 FREEEFEEEE B EBBvo v v v w

¢ 8 ¢ & s




TABLES

2.1 Summary of UPSHOT-KNOTHOLE Pertinent Detonation Data .

3.1 Participation and Results of Project "6.7 Initial"
MeBEUYEREN:S o« o« o o ¢ ¢ o ¢ ¢ 6 6 8 ¢ 0 & o ¢ s ¢ o o

3.2 Participation and Results of Project 6.7 "Oxcart 1"
MeBSUTEIENES « o ¢ ¢ o o ¢ o ¢ ¢ 6 ¢ ¢ o ¢ o 0 o o o o

Pl e

2 ReadBevt & N

ILIUSTRATIONS

2.1 Iocation of Detonation Sites and Detection Point. . . .
2.2 Block Diagram of Project "6.7 Initial"
Instrument8tion « « ¢« o ¢ o ¢ ¢ o & « 6 ¢ s 0 s o ¢ o
2.3 Vertical Antenna Equiment Circult « ¢ o« ¢ ¢ o ¢ ¢ o »
2,4 “Oxcart 1" Instrumentation,
Oscilloscopes L and 2 4 ¢ s s o s ¢ o ¢« ¢ 0 o 8 0 0 s
2.5 "“Oxcart 1" Instrumentation,
03011.1.0800“83,6’“&7.0oooo-oo‘oooao
2,6 "Oxcart 1" Instrumentcation,
OECillOBCOmBhQndso R R S A N
3.1 Shot 2, Beverage Antemns; Sweep Speed 100 usec/cm,
&nﬁitivit}' 21 V/m . = e & B » L ) a9 ¢ 3 . L] L J L [ S
3.2 Shot 2, Beverage Antenns; Sweep Spoed 10 usec/em
Bensitivity 7 ¥/CBs o ¢ 4 o v o s e b s b e s w s a s
3.3 Shot 27 § £t Loop; Sweep Speed 10 usec/em, Sensitivity
O‘OlVQnQOIOD..DO.I.&...Q‘GO.“Q
3.4 Shot 3, Beverage Antenns; Sweep Speed 10 usec/cm,
' Senaiti\"ltyeo'{,v/m;..-...;'.....-..;..
3.5 &hot 3, 9 £t Loop; Sweep Speed 10 psec/om, Sensitivity
Ol W/CBy 4 ¢ v o o a8 o 5 5 60 ¢ ¢ 06 8 0 88 s 5%
3.6 &hot h, Beverage Antenna; Sweep Speed 10 usec/em,
SKSMj.t-iVityale/w‘t NN EEREEREE R
3.7 Shob 5, Beverage Antenna; Sweep Speed 10 usec/ca,
A Sensitlﬂty'f\?/ca.., ¢ o 4 s 8 s s e s B s e v
3.8 ghot 7, $2 in. Whip, Swveép Speed 10 psec/cm,
semitiﬂty’1VI'wotﬁoooit e & » ¢ 9 v + ¢ g
3.9 Shot 7, 52 in. Whip; Sweep Speed 100 usec/cm,
&m&tiﬂtyloOV/wo'oo. S 8 ¢ & s 0 0 v 4 s 0w b
3.10 Shot 8, Beverage Anterina; Sweep Speed 0.1 psec/cm,
&Mitiﬂtyo-'?V/Moo-oo-'-oooqo-otn.
3.11 Shot 10, 52 in. Whip; Sweep Speed 10 psec/ca,
Sensiti\r‘ityl.OV/m........a.-.......'
S.RMancyAmsofFime3.5. ® 3 % 6 8 o & ¢ 0 B3
3.13F:~aqmnnymmaesormgm3.n. s 6 0 0 0050 a0

e

w

o s 00 6 s T
B N I Wiy,

&

5

pEn PR PR E SR RRBEEREEESS




e

Aoty

L

£
5,
s:;

;

CHAPTER 1

DFTRODUCTION

1.1  OBJECTIVES

The objectives of the experiients to be reported here were:

(1) To measure at short ranges the pulse shape, polarization,
anplitude, and duration of the redio frequency signals emancting from
nuclear detonations.

(2) To obtain a measure of the correlation of eny of these
parexeters or of the amplitude spectrum with the ylelds of tie
WeADODS .

The preceding were the objectives of Project 6.7, Operation
UPSHOT-KNOTHOLE., On about 25 February 1953 an additional task, to

- be referred to by the code name of Oxcart I, wvas added at the request
: of the Office of Naval Research and of Headquarters, AFSWP, The
objectives of this task vere to detect and record any electmgustic
- signals emitted by nuclear devices prior to the nuclear detomtion
iteelf,

1.2  BACKGROUND

Prior to tests conducted during Operation TUMBLER-SHAPPER, only
qualitative information bad been cbtained from Sigaal Corps experiments
concerning the elect tic sigoal radiated during the detonation
of en atomic \seapon.lj Conclusions dravn from data cbtainsd during
Operation GREENHOUSE (1951) and BUSTER-JANGIE (1951) were limited to
the following:

(a) Elactromagnetic energy in the redio freguency range is
redisted from a nuslear detonation.

{b) The sigaml can be detected at great distance with standand
HF comunication receivers.

Thase tests had disclosed no unique characteristic 01‘ the
radiation.

— Operation TUNBLER-SHAPPER, Project 9.5, "Eleut tic
Radiation over the Radio Spectrus from Nuclear Detonation." (8)

9
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It was also known that other groups had obtained fragmentary
data during 1951 but that no concerted attempt had been made to
measure precisely the physical characteristics of the sigpal. Among
those groups which had noticed or recorded transients ascribed to the
detonation of nuclear explosives were:

ga) Sandia Corp.

b) NBS

(e¢) 1ASL

1.3 OPERATION TUMBLER-SNAPPER EXPERIMENTS

Experiments were conducted by several groups from the Si
Corps Engineering Laboratories during Operation TUMBLER-SNAPFER.L
The following data were obtained:

(a) Broad-band oscilloscope recordings of sigeals received by
mixing the outputs of a Beverage entenna and & vertical rhombic
antenna

(v) Msgnetic tape recordings of sigeals from the antenns system
of (&) after passage through a series of band-pass filters

(c) Broad-band oscilloscope recordings of signals received by
a short vertical antenna

(d) Chart recordings of rectified signals from the antemna used
in (c) after passage through band-pasc filters

(e) Nizh-speed film recordings of sigoals received on a low-
frequency receiver and two high-frequency receivers located 3,000 kn
from the weapons test site.

The conclusions cbtained from analysis of the experimental datas
vere:

(a) The rediated pulse has its time origin coincident with that

of "Peller" light. :

b) The duration of the radistion is at least 250 mtcrosccouds.,

¢) The pulse & readily distinguishadble from noise in a broad-
band system. (No comparison vas made with signals radiated from light-
ning discharges).

() The rediated cnergy is markedly concentrated in the low
frequency part of the spustrum with no neasurable signal above 15 me,

(e) The major camponent of the electric vector is iu the
veriical plane.

- (2) The initial polarity of tha pulce is negative.

A 1.b  RECOMMRIDATIONS FOR DATA IMPROVEMENT

: The refercnced report on Operetion TUNBLER-SRAPPER contained the
recofmendations for future investigations: _

' (a) That the peasurement system be improved with regard to:
dynsziic range, sensitivity, wmore appropriate freguency coverage,
fndependence of local electric power, and precision of field strength
measurement . ‘

—T Operation TUNBLER-SRAFZER, Project 9.5, “Elect tic
RadistTon over the Radio Spectrum from Huclear Detonation." (8)




('b) That future work be concentrated on obtaining additional
data on: frequency distribution of the energy, signal shape and
duration, correlation of above with weapon yield, measurement of
polarization and direction of arrival, determination of electrical
and magnetic disturbances in the earth, and investigation of the
Variations of signal characteristics due to propagation effects over
large distance.

1.5 RADIATION FROM CHEMICAL EXPLOSIVES

Work recently reported by Boyd and Bm.%/é/ of the Los Alamos
Scientific Laboratory on radio signals produced by the detonation of
chemical explosives is of significance for the work reported here.
These investigators performed a series of experiments in which
different amounts and types of chemical explosives wvere detonated
in a region of controlled electrostatic field. The following results
vere cbtained:

(a) The signal intensity vas proportionsl to the electrostatic
£ield,

(b) The sigoal intensity was proportional to the weight of
explosive detonated,

() The initial polarity of the signal was determined by the
polarity of the electrostatic field.

(4) At short distances the signal intensity was inversely
proportional to the square of the distance.

No attempt vas made to give a guantitative theory of the
phenaenon, . :

F.J. Boyd and J. A. Hull, Memorandum dated 30 December 1952
entitled "Electrical Phenomens Associated with Detonation Processes."

(crp)
3/ 7. J. Boyd, Memorandum dated 3 September 1952, entitled
"Elecirical Phencmens Associsted with Detonation Processes.”

FB 1




CHAPTER 2

INSTRUMENTATION AND PROCEDURES

2.1  INTRODUCTION

Operation UPSHOT-KNOTROLE consisted of a test series of 1l
atumic detopations at the Nevads Proving Ground tetween 17 March 1953
and & June 1953. Yields of the atamic devices varied from a winimum
of 0.21 KT (Shot 3, 3 March) to a maximm of 6L KT (Shot 11, % June).
The series included tower shots, air drops, and ohe cannon shot. A
summaxy of the pertinent detonation data is incluied as Tedle 2.1.

The locations of the detonation points apd the "6.7 Initial" detection
site are shown in Pig. 2.1, For the 6.7 Oxcart 1 experiment, partici-
pation wvas in effect limited to Shot il. For this measurement the
detaction site was lovated 3,000 yd from the point of detonation.

Instrumentation for both types of experiments necessary for
realization of the objectives of Project 6,7 vas kapt simple vhere
possible, Hecovmsendations made in the TUMBLER.SHAPPER reynrt_ vere
folloved as a gereral guide for the primary objective, while available
equipmsnt vas adapted ur modified for the secound part.

2,2 PART I (6.7 INITIAL)
2.2.1 Aptennes

_ A block diagren of equipment used for Part I $s skown in
Fis. l-l20
Three types of antennas vere used during the experimests.
These were 8 Beverage or wave antenna, shielded single-turn loops,
and short vertical probes.

On Shots 1 through 8, a 138C £t lom Beverage antenna vas
used, It was suspended 1k n, above the ground oh & true azisuth of
30° 15, On Shots 9 and 10 a similar antenna of length 1250 f3
oriented on a truc azimith of 135 0', wvas used. The orientations wvere

1/ Operation TUNBLER-SHAPPER, Project 9.5, “Electrm.gneuc
Radiation over the Radio Spectrum fram Ruclear Detonation" Wr-sk8 (5)
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chosen partly because of terrain limitations and partly as a compro-
mise sultable for all shots.

Two sizes of loops were used; the smalier size was 1 ft in
diameter and the larger was 5 ft. Two procedures were employed in
feeding the loop outputs into the oscilloscopes. One method employed
a balanced feed through difference amplifiers, while in the other,
the balanced output of a single loop was attached to the inputs of two
oscilloscopes having & common ground.

The probes were 52 in. lengths of copper tubing, When experi-
mentation disclosed that the loops might have had insufficient gain,
they were supplemented by probes., The probes were connected to the
oscilloscopes by 8 £t lengths of RG-11/U coaxial cable. Calibration
of these vertical antennas were carried out at several frequencies by
means of & General Radio Model 1001A Signal Generator as & transmitter
(feeding a 16 £t vertical antenna) and a Model 32A Ferris Radio Noise
and Field Strength Meter. The effective height at very low frequen-
cies determined by smoothing a number of measurements over the
frequency range 160 kc/ sec to 1 me/sec was half the physical height.
Due to the lack of precision in this set of -measurements (day to day
variation in the measurements were as large as 10 db), it is thought
that any fileld strengths deduced using the above value for effective
height have an uncertainty of at least 3 db. The assumed equivalent
circuit for the input to the oscilloscope is given in Fig. 2.3, The
antenns was arranged so that the lower end was sbout 8 ft above the
ground. The lower end was connected to the oscilloscope input by

8 £t of RG-11/U coaxial cable. In Fig., 2.3, the symbols denote the
following:

Cg = computed antenna capacitance (4.8 uuf)

Cp = antenna base capacitance (<<Tg + C¢)

C. = capacitance of coaxial ceble (164 puf)

Cg = input capacitence of oscilloscope (LO ppf)
Rg = input resistance of oscilloscope (1.0 megohm)

For frequencies above 8 kc/sec Rg has a magnitude lese than one-tenth
the parallel capacitive impedance, For these frequencies the input
circult becomes essentially a capacitive impedance divider, and the
voltage availsble at the terminals is

Vo = 0.068V4

Vy is the open circuit antenna voltage and V, is the out-
put voltage to the amplifier,

Use of an effective height, h, 2qual to one~haif the physical length
of the antenna gives

v, = 1l/2 1B,

where E = field strength at the antenna. In terms of the output
voltage, the field strength is

E = 22,3 V, volts/meter. (2.1)

ey > nermum mma kT N ok RN Reis o wkEes scm s e
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2,2.2 Oscilloscopes and Cameras

Tektronix Model 513 D oscilloscopes were chosen for these
experiments because of their excellen. broad-,and frequency response.
A number of these oscilloscopes had veen used successfully in previous
weapons tests and were available. This oscilloscope has a flat
response from & few cycles per second to 16 mc/sec and has a maximum
vertical deflection sensitivity of 30 mv/cm.

The oscilloscopes were carefully calibrated prior toc the tests
with regard to sweep speed and sensitivity. However, 1t was found
that calibrations had to be repeated Just before each shot since the
sweep circuits were not entirely stable. A standard signal generator,
tuned to an appropriate frequency, was first comnnected to the
oscilloscope input. Then the signal generator output amplitude was
measured with a vacuum-tube voltmeter and a sipgle-sweep photograph
of the signal was recorded. This photograph was used for calibration
of sweep-speed and deflection sensitivity.

The signels were photographed on Kodak Super XX f£ilm with

Du Mont-Bolsey 35 mm oscilloscope cameras.

2.2.3 Awxiliary Equipment

The oscilloscopes have a single-ended input. This fact pre-
sents no provlem for use with the probe and Beverage antennss. The
Beverage antenns was connected to the oscilloscope through an
amplifier of nearly uwnit-amplification factor. The prcbes werea
connected directly %¢ the c=acilloscopes without auxilisxy amplifiers.
Difference amplifiers were constructed for converting the double-ended
outputs of the loop antennas to single-ended outputs. Each
difference amplifier was connected to an oscilloscope through two
stages of RC-coupled ampiification. The overall system response was
flat from 30 ke/sec to 17 mc/sec.

An EG&G fiducial marker was used to trigger the oscilloscopes.
The impedance of several oscilloscopes in parallel was 50 low that the
fiducial marker reset itself too quickly. This was overcome by
connecting the fiducial marker into a cathode follower, the output
of which was used to trigger the vscilloscope.

Initially, power for the auxiliary amplifier was obtained from
two regulated power supplies. lLater, the pover supplies wera found
to be the source of certain spurious oscillations and a change vas
made to dry-cell batteries for plate power,

2,2.4  General Procedure

On a typical test, the equipment was turned on 2 or 3 hours
before thot-time to allow ample time for wvarm-up. Sensitivities were
set over a range of values with the most sensitive setting such that
normal-atmospheric noise caused only a sligh® broadening of the base-
line., Under these conditions, any signal observed could reasonsbly
be assvized to be due to the detonation. There remained the possibility
that, by coincidence, a spurious signal dus to a lightning flash or

VA
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gome ¢<-ai. 0 disturbance could occur and be photographed at the time
tre scopes were triggered by the light from the detonation.

in order to ¢bisin information on the noise near shot time,
the fiducial marker was triggered and exposures of the oscilloscope
traces taken several times prior to the shot. The last such exposure
was usually taken at H-hour minus 5 min. Generally the oscillograms
showed no noise, and a record consisted only of the feed-through of
the trigger pulse,

For the shot itself, the shutters of the camera were opened at

* about H-hour minus 60 sec and left open until the shock wave passed.

2.3 PART II (OXCAR?T 1)

2.3.1 Genersl

This task was added after instrumentation for participation in

Project 6.7 had been completed. Because of extreme time limitations,
readily available equipment was used which could be adapted for the
purpose. The experiments required that signals emitted prior to the
Teller light be recorded. In operation the Teller light triggered
the fiducial marker, which after suitable delay triggered the
oscilloscope sweep. This method was chosen in preference to that of
triggering on the incoming signal since, at the time of the asxperiments,
nothing was known concerning the amplitude or expected time of
arrival of the signal. Also premature triggering by noise pulses is
avoided snd the Teller light gives & known time reference for the
record.

Using the delayed fiducial marker as a trigger made it nec-
eseary to delay the incoming signal long enough to permit recordlig
it on the oscilloscope after the arrival of the Teller light, A
relative delay of the sigusl of 150 to 200 usec with respect to the
fiducial marker delay vas adaquate to allow all signals of interest
to be recorded.

Block diagrams of the instrumentation for this phass of the

project are shown in Figs. 2.4 through 2.6.

2. 3 2 i)él&}' Circuits

The only suitable delay lines available were 1200 usec quarte
delay lines having a 4 mc/sec pass band centered at 9 mc/sec. In
order to pauss the exipected low frequency signal through the delay linpe,
1+ vas necessary to have the cutput of the antenns modulate & 9 mo/sec
carrier vhich wvas geperated by a local oscillator. The signal fron
the delay line vas amplifiad, detected by a crystal diode, end pre-
sented on the recording oscilloscope.

With & 1200 usec signal delay, it vas nacessary to delay the
triggering pulse in order to provids s differential delsy of 150 to
200 usec. Thie vas accomplished by means of a multivibrator having a
variable delay. With the multivibrator delasy set at 1050 usec and an
oscilloscope sweep of 200 usec, it vas possible to record any signal

15




ccurring from 150 usec prior to the Teller light wp to 50 usec after

the light.
The antennas used in these experiments were a horizontal wire,

a one-meter vertical probe, and, for shot 1ll, the Beverage antenna
used for "6.7 Initial."”

2.3.3 Experimental Procedure

The stations used for these experiments were too close to
ground zerc to be manmned. The equipment was turned on manually scme
2 to 3 hr prior to shot time, and was left on until some time after
the shot. Only the camers shutters were operated remotely. They were
opened by the minus 5 sec, EG&G timing signal and closed when the
timing circults were turncd off a few seconds after the shot.

System sensitivities were set according to background noise.
Under the best conditions obtained, the background noise was about
5 mv peak to pesk at the output of the vertical antenna.

TABLE 2.1 - Summary of UPSHOT-KNOTHOLE Pertinent Detonation Data

Shot__ Date | Yield
Number  Name (1953) (xT) Shot, Type

1 Anrie 17 March 16 300 £t Tower

2 Nancy 2k March 24 300 £t Tower

3 Ruoh 31 March 0.21 300 £t Tower

b | pixte ' Gapriz !l Atr drop, 6022 £t above

ground level

5 Ray 11 April 0.22 100 £t Tower

6 Brdger | 18 April ak 300 £ Tower

1 Sinun 25 April b3 300 £t Tower

B Encore 8 May 26 Alr drop, 2423 £t sbove

: ground level ‘

o Haxry 19 Nay 27 300 £t Tower

10 Grable 25 May 15 Cannnr Jhot, 300 £t above
;, - ground level
1 | cltmax | boue ; 61 Atr drop,1350 £t «lve
? J ground level
&3
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 PART I (6.7 INITIAL)

3.1.1  Summary of Results

A summary of participation in Part I and results of the
measurements is given in Table 3.1. It can be seen from the table
that a wide range of oscilloscope deflection sensitivities and sweep
gpeeds was employed. This was done because very little information
vas available on the magnitude, duration sand the wave shape of the
electromagnetic pulse. Consequently it was not anticipated that
positive results would be obtained in all cases or even a majority of
cases.

Abalysis of the test data indicated that eleven usable
oscillograms were obtained, These oscillograms are ipncluded in this
report as Figs. 3.1 through 3.11, Amplitude spectra of Figs. 3.5 and
3.1l have been calculated and are included as Figs. 3.12 and 3,13
respectively. In these calculstions, Fourier coefficients were
computed over & fundamental time period equal to the duration of the
aignal plus a quiescent period after the signal equal to three times
the duration of the signal. The envelopes of these Fourier amplitudes
normalized wvith respect to their maximum values constitute the plote
of Figs. 3.12 and 3.13. Examination of the eleven oscillograms reveals
a lack of consistency in vave shape from shot to shot and no clear
correlation with yleld is epparent. Thus the date obtained fall far
short of expectations. Further discussion of the oscillograms is
included in Section 3.1.3

3.1.2 Instrumentation

The experience of this project indicates the need for further
study and improvement of instrumentation. In particular, the antennas
used in this type of experiment require careful study.

In this experiment, single turn shielded loops were chosen as
the primary antennas. This choice vas made for the following reascns:
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the loop antenna has simple characteristlics and hence should yield
easily interpreted results, and its response is to a large degree
independent of ground constants and surrounding obJjects. It was
believed that these characteristics would outweigh the strong fre-
quency dependence and relative insensitivity of this antemna. Un-
fortunately, the undamped loops used on this experiment had & tendency
to ring upon receiving the signal associated with a nuclear detonation.
Consequently, analysis of the recorded data proved to be impossible.

The Beverage antenna was used only because it had been used
in previous experiments and comparison with these results was desired.
Although this type of antenna has a relatively large effective height,
its performance is sirongly dependent upon ground canstants,
Theoretical determination of its response is therefore difficult.

The vertical whip antenna was used because its response 1is
frequency independent for those frequencies where it is physically
small compared with the wavelength. However, it is dependent upon
ground constants and surrounding objects and must be properly celi-
brated to yield reliable fleld strength measurements,

An unfortunate source of error was the limited dynamic range
of the preamplifier and cathode follower circuit, Post-operational
tests indicated that the maxjimum output of this circuit was approxi-
mately +2 volts and -] volt. This fact was not known to the ex-
perimenters in the field and resulted in severe distortion and
limiting of the signal into the oscilloscope whepnever the preamplifier
vas used, In addition, the preamplifier response dropped off below
30 kc/sec,and as was later determined, the maximum energy of the
sigpal vas in the 10 to 15 kc/sec region.

3.1.3 Discussion of Results

The recorded wave forms are shown in Figs. 3.1 through 3,11
and with the accompanying captions are self-explanatory. A cm is
defined for these figures as the distance between grid lines, In
Figs. 3.3, 3.6 and 3.7, vhere no grid lines are shown, the scale is
the same as in the remsining photographs.

Spectvum analyses were made of the two oscillograms which are
believed to be most reprecentative of the true wave shape of the
radio frequency radiation associated with a nuclear detonation.
Figure 3,12 gives the spectrum of the oscillogram, Fig. 3.5, cbtained
using the large loop antenna on Shot 3. The energy has a mejor peak
at 10.8 ke and a minor peak at 35 k¢ with the major portion of radiated
rf energy being below 60 kc, Figure 3.13 gives the spectrum of the
oscillogram, Fig. 3.1ll, obtained using the 52-in. vertical whip
antenna on Shot 10, The energy peaks rather sharply at 1l kc and
has small platesu at 32 kc,with the major portion of the energy being
below 42 ke, In general, it was found that the erergy of the radio
frequency signal was predominately in the low frequency region,with
the peak occuring at approximately 1l kec.

Both horizontal and vertical loops were used during Shots 7 and
8 in an effort to obtain data on the polarization of the pulse., For
Shot 7, the, vertical loop gave a much stronger signal., For Shot 8,
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a strong signal was received on both. Because of these specific
results and the general unreliable results obtained with the verti-
cal loop on other shots, no conclusions can be drawn with respect
to polarization.

It is worth noting that Figs. 3.1, 3.2, 3.4, 3.6, 3.7 and
3.10 were all obtained using a Beverage antenna. With the exception
of Fig. 3.10,all those oscillograms show many fluctuations which are
essentially of one polarity. It is not known whether this appearance
is caused by the natural phenomenon itself, spuriocus radiations, or
the method of equipment assetblage. '

For two of the 1l oscillograms it was possible to campute
peak field strengths for signals recorded with the probe antenna.
These were computed by measuring the voltage deflections on the
ogscillograms and inserting these voltage values in Equation 2.1.

For Shot T, Fig. 3.9 gives a peak field strength in excess of 132
volts/meter., For Shot 10, Fig. 3.1l gives a field strength greater
than 32 volts/meter.

3,2 PART II (OXCART 1)

The principal perticipation in this part of the project was
for Shot 11, (see Table 3.21;avith limited participation for Shots 4
through 10. The results were negative. With a threshold sensitivity
of 6 mv/meter, no signals were detected.

Subsequent experiments were conducted at Sandia Base with
chemical explosives and Mark III weapons complete except for the
nuclear insertion. The maximum field strength at 50 yd due to the
detonation of a Mark III weapon (chemical portion only) was approxi-
mately 20 mv/meter. Based upon these tests at Sandis Base, the
field strengths at the UPSHOT-KNOTHOLE receiver sites of signals
associated with the chemical explosive portioms of the nuclear
veapons detonated were below both the threshold of detection,as
determined by the voltage sensitivity settings and the ambient noise

level.

#g. 3.1 Shot 2, Beverage Antenna; Sweep Speed
100 usec/cm, Sensitivity 21 v/em
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Fig. 3.2

Shot 2, Beverage Antenna; Sweep Speed
10 psec/cm, Sensitivity 7 v/cm

“Fig. 3.3 Shot 2, 5 £t Loop; Sweep Speed 10

Fig. 3.4

nsec/cm, Sensitivity 0.0l v/cm

Shot 3, Beverage Antenna; Sweep Speed
10 usec/cm, Sensitivity 2.7 v/cm




Fig. 3.5 Shot 3, 5 ft loop; Sweep Speed 10
usec/cm, Sensitivity 0.1 v/em

Fig. 3.6 Shot U, Bevermge Antenna; Sweep Speed
10 usec/cm, Sensitivity 2.1 v/cm

Fig. 3.7 Shot &, Beverage Antenns; Sweep Speed
10 usec/em, Sensitivity 7 v/cem
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Fig. 3.8 Shot 7, 52 in. Whip, Sweep Speed
10 psec/cm, Sensitivity, 1 v/cm

Fig. 3.9 Shot 7, 52 in. Whip; Sveep Speed
100 usee/em, Sensitivity 1.0 v/em

Fig. 3.10 Shot 8, Beverage Antenna; Sweep Speed
O« psec/om, Sensitivity 0.7 v/em
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Fig. 3.11 Shot 10, 52 in. Whip; Sweep Speed
10 psec/cm, Sensitivity 1.0 v/cm

A i A i " A " A
° ] 1] 4 N 40 4 s 64 N
" PREQUENCY (XC)

Fig. 3.12 Freguency Analyses of Filgure 3.5

RELATIVE POWEAR

T4 3 40 48 5% 64
FREQUENCY (KC)

(=]
3

18

Pig. 3.13 Frequency Analyses of Figure 3.11
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

4,1,1 Part I (6.7 Initial)

a. Electromagnetic radiations are emitted in the low rf
range during a nuclear explosion. This is a confirmation of what
was known.

b. The data do not indicate any correlation between pulse
characteristics and bomb yleld.

Cc. Results obtained from crossed loops were insufficient to
permit a definite conclusion concerning the polarization of the
signal.

d., In general, the phenomenon appears to be quite complex
and experimental techniques must be improved before conclusive data
can be obtained.

e. Shielded-loop antennas are not suitable for this type of
measurement. whey are unsuitable in two respects: (1) a single
turn loop affords insufficient gain and (2) an under-damped loop
antenna ringe upon receiving a sharp pulse,

The results here are not in complete agreement with earlier
vork., Ir most cases there is only a failure to corroborate earlier
results rather than a positive disagreement. The apparatus employed
in these experiments was extremely simple; it consisted of an antenna
connected directly to the oscilloscope input for most of the results
shown, The amplifiers of the oscilloscope bad a flat response fram
a fov cycles per second up to 16 mc/eec. Unfortunately, as later
tests showed, the range of linear response of the cathode follower
vas extremely limited., This fact was not known to the experimenters,

and it resulted in considerably distorted signals for most shots on
vhich results were obtained.

4.1.2 Part IT (Oxcart 1) .

No definite conclusions could be drawn from the experiments




performed at the Nevada Proving Grounds for this part of the project.
The data were inconclusive because of high background noise and

£ equipment difficulties.

3 later experiments on high explosives showed that no signals
Y could have been expected under the test conditions.

! 4.2  RECOMMENDATIONS

4.2,1 Part I (6.7 Initial)

The importance of arriving at a quantitatively precise under-
standing of the mechanism by which electromagnetic waves are gener-
ated during nuclear explosions cannot be over-stated. These experi-
ments have contributed very little toward the understanding of the
basic phenomena, which was the primary aim. They have added to the
information which can lead to the designing of better experiments
for investigating basic questions and should be pursued in that
respect., Although a considerable amount of information has become
available since these experiments were performed, precise information
relating spectral content and shape or peak field strength with type
or energy yleld of the weapon is still wanting. Moreover, an
explanation of the fundamental mechanisms involved is also lacking.

It is therefore recommended that these experiments be
continued at a subsequent test.

L.2.2 Part IT (Oxcart 1)

These experiments and the subsequent experiments on high
explosives demonstrate thut no signals of interest for the purpcse
. of Oxcart 1 exist prior to the main nuclear signal. No further
experiments are recommended.
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