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second channel of each of the four oscillogeapes, to be used for timing identification of the data
signal.

At scme time before H-hour, the Dymec pulse shifter, which generated one pulse per second,
was synchronized with WWV. At a known instant of time before H-hour, the output of the pulse
Shifter was fad into a Hewlett-Packard counter. This counter was used as a totalizer, to refer
time to Station WWV. At H-3 seconds, the counter was stopped by removing the cne-pulse-~
per-secend input, The next pulse, at H -2 seconds, was switched into the input of the first of
two Hewlett-Packard 218A digital-delay generators, each eguipped with dual-pulse unit 219B.
The two delay generators were connected in a loop mo that, onca they were energized by an ex-
ternal pulse, they would maintain oscillation and produce four sequential pulsea delayed in time
with respect to each other. The delays were adjusted so that a pulse was repeated at each 100~
usec interval, and these pulses then triggersd the sweep for each of the four c¢athode-ray tubes
{A, B, C, and D). The sweep seiting for each was adjusted to produce a sweep period of 100
to 110 usec; this provided a small amount 07 overlap irom tukbe to tube. The combined horizontgi
display of the four cathode-ray tubes created a calibrated 400-pusec bageline. A Warrick cainera
runiing at 20 feet per second was used io record the oscilioscope traces, Thus, a consecutive
series of 400-psec~duraiion tracee, the beginning of each separated vertically 0.096 inch from
the previous trace, was recorded on the {ilm.

Cperations. A prediction of pealk negaiive field strength was made before each 2vent so as to
zid in getling ar appropriate verticzl sensitivity. The setting of the triggering ievel was also
based on this predicticn. It was hoped ihai the setiings wouid be such that the reczgtion of sierics
would be held o a micimum and that the signal would bave a zero-to-peak vertical deflection of
about 2 em. Ficld sirengths were predicted by use of the formula (Referznce 3):

Ly
E bl }
Where: E = field strength (v/m) at distance I
D = distance {rom scurce, km
Y = expected vield, Lt
K = constant

For this test, the value for K was derived erspirically from analysis of the fisid-strength
measursments of electromagnetic puises generated by devices with a yield less than 1€ kt and
picyagaied over land at a distance less than 180 km from the source (References 2and 4). K
was found to be cgual to 1,600, The estimaies were expected to agree with observations within
a factor of 2.

RESU™.TS

Table 1 presents the basic resuits obitained by the project.

Including the tuanel detonation, there were seven underground shots. The equipment was
operative for {ive of them. From results in previous tests (References 2 and 3), a recording of
an electromagnetic pulse from these shots was not expected; an examination ~f the records
showed that no signal was received.

Of the nine above-ground shots, six had a yield of 0.1 kt or less. The film records for these
shots showed either no deflection or no signal discernible in the oscillograms at the expected
time of arrival.

Instances where there was no signal deflection were caused by inappropriate sensitivity set-
tings owing to either of the following: (1) the sensiiivity was set lower than the setting determined
by use of the prediction formula, because the sferics, immediately before the time of detonation,
occurred so frequently and had such high amplitudes that it would have been impossible to recog-
nize the signal, and (2) the sensitivity was set too low because of inaccurate pretest information
on the yield of some of the devices.
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The signals were clussed as undiscernible when the level of ambicnt noize recarded was so
great that signai recognition was impossible. The noise was generally ir the form of sferics
pulses but in some cases was generated by the equipment. Spuricus oscilloacope triggerings
{see Figures 15 and 18) were tracaed to a unit used to supply 2 regulated dc voitage for the
Cameraflex motor drive in System 3. The drive for the Cameraflex employsed 2 thyratron-type
speed control that emitted pulses which were not detected until iate in the operation. This delay

TABLE I SUMMARY OF SHOTS AMND RESULTS

X, system not in operation; ("D, no deflection; T, ‘ime coun.er unrelizble or illegible, so that
signal could not be identified: 8, signal identified; and U, signal undiscernible.

. R Signal Detection
Skot Date Time Yield Type System 1 System §  System 3
1968 Fid
valencia 26 Sep 1300 9.002 Underground b4 X X
Mars 27 Sep 1700 0.013 Underground ND T )
Mora 29 Sep 0605 2.0 fAalloon, 1,500 ft s T s
Hidalgo 5 Oct 0610 £.077 Balison, 1,500 f{ U T U
Colfax 5 Oct 0815 0.0055 Underground X X X
Tamalpais 8 0ct . 1400 0.077 Underzround ND T i
Quay 10 Get 0639 ©.08% Tower, 100 ft U T U
Lea 13 Oct 0520 1.5 Balloon, 1,500 it ND ¥D 8
Neptune 14 Qct 1590 £.0%0 Tuornsi ND T u
Hamilton 15 Oct 0800 0.801 Tower, 50 1t ND ND U
Logan 13 Oct 2200 5.0 Underground ND T u
Dona Ana 16 Ot 0€20 0.036 Balloon, 500 f ND ND T
Vesta 17 Oct i500 ¢.01s Undergiound NP XD u
Ric Arriba i8 Oct 2625  £.092 Tower, 70 fi U ki S
Socorro 22 Oct 4536 6.3 Balioon, 1,500 f& 8 s k)
Wrangell 22 Oct 0850 0.1% Ballcon, 1,500 ft ¥D N o

* Non-nuclear.

in detectioa occurred because the cathode-ray fube sereens were hooded during the time the
eamerg was running. This interference was subseguently eliminated.

Three above~ground shots had a yield greater than 1.0 ki. The recorded wave formis are
shown in Figures 10 threough 18,

The piznals from two of these shots were identified on System 1. The failure during Shot
Lea was attributed to a trigger sensitivity seiting that was too low. The pretest information
iisted the shot as having a vield many times greater than the actual amount,

On System 2, the signal was identified for only one of {he thiee shots. The reason for the
faiture to detect Shot Lea was the same as for System 1. The tailure during Shot Mora was
attributed {o both the unraliability and the illegibility of the time-reference counter. The in-
accuracy of the time-reference mechanism probably resulted from fluctuations in the ambient
temperature in the operating van. (It ic believed the inaccuraly can be eliminatsd by adequate
temperature-coanirol equipment.) The recordings of the time counter were iliegible because of
errors in focusing the Cameraflex camera.

- All three shots were identified on the System 3 recordings. In spite of the inaccurate pretest
infprmation on the yield, the system detected Shot Lea. This is explained by the fact that the
reception of signals was not dependent on trigger settings; a continuous-sweep display was used.

Field-Strength Calculations. The fieid strengths {last two columns in Table 2) were calculated
with the formula {(Reference 3):
sSD
E'Hgm

17

SECREY



Variation in Field Strength. The field strengths of wave torms recorded in System 3 were
higher by a factor of 4 than field strengths recorded in Systems 1 and 2. Though thls may be
related to the differences in cathode-follower bandpaas, the relation is not clear.

It was noted that the measurements of Systems 1 and 2 agree more closely with tesuits of
previous nuciear tests than do those of Sysiem 3, No conclusion can be made as to the cause of
the differences, and the possibility of an error in operation or in calibration of a factor used in
computing field strength ia not discounted.

Variation with Yield. Since only three shots were detected, it is difficuit to derive meaning-
ful relations between wave-form parameters and their yields from this test alcne. However,
crogsover-time messurenients do show an increasing trend with inczreasing yield, which is con-

TABLE 2 WAVE-FORM DATA

Vertica! Time to Time to Time io Négative Positive

;““"I . :’""l“; Oscilloscope Sweep Rate Deflocticn  First Second :p' d:m Sky Wave Peak Fisld DPeak Fiaid
7‘ ) Sensitivity Crossover Croasover Arrival  Strength  Streegih
usnc/em ¥- 'm peec usec psec P v/m /
Shot Lea, (1.5 k*):
10 3 Console 1¢ 8.0 18.1 2%.5 87.1 261.1 42.0 41.2
Shot Mera, (2.0 kt):
1 1 z ] e.5 1L 22.4 47.1 - FER 20.4
1z 14 3 20 1.¢ 1i.4 22.4 58.% * 14.3 23.5
13 3 Console 10 5.0 18.2 28.2 84.8 I54.0 £9.5 2.5
8hat Beziiro, (6.3 ki):
14 1 1 5 0.2 2.8 25.7 e . 9.9 2.8
15 1 2 1¢ 0.2 12.2 25.3 68.3 - 10.7 8.7
i& 1 3 52 0.2 14.1 22.2 7.8 281.8 19.2 8.0
7 3 4 20 0.5 * 247 b s ilp 1.1
i? ] 20 0.8 14.1 25.4 73.8 s il1.1 80
i3 3 Console 16 2.0 8.8 1.0 80.6 268.7 8.1 37.0
* No vales.

sistent 'vith previocus test results, Further, the crossovers were relatively ciowe to the predic-
ted measurements, where the prediction was tased ca 2ata collacted from previous tesis.

Qr the other hand, field-strength measuremenis do not show the expected trend with increases
in yield. However, mesgurements in L4 7 *mots Sad analiderable seatter; hence, the discrep-
zneies were not outside the probable range of values, particularly since 1. w.aiFeis concerns
only three shots, of the same magnitude of yield., 1he measured fieid strengths of Systems 1
and 2 agreée reaacaably well with the atrengths determined by use of the prediction formula,
being off, at mosi, by a factor of 1.5. This falls within the limits attributed to the prediction
formula.

CONCL.USIONS

The components of the detonation locator central AN/GSS-5(XE-1) used in the test proved to
be adequate for the detection and display of electremagnetic puises of nuclear detonations.

The wave-form results of System 3, using the display component of the AN/GSS-5, demon-~
strate the feasibility of spreading the signal display on more than one oscilloascope, to increase
the resolution of the wave form. This technique applied to detection of friendly fire can provide
an accurate time-difference measurement and thereby provide for a more accurate fix on the
location of the detonation.

At the range of 100 miler *' dutection component of the AN/GSS-5 used in this teat proved
to be rellable for all shots with a yield greater than 1.0 kt. It did not detect or present a discern-
ible signal for shots with a yield of 0.1 kt or less, for the reasons reiated to the increase in re-
ceived sferics.



_ The tests showed the need for an instantaneous film processor, to enable appropriate equip-

ment adjustments to be made. Msany recordings were poor because of the delay in feedback of
information on the quality of the previous records. Such a processor is in development for the
AN/GSS-5.

The implementation of a sferics-signal discri-ninator that would reject a large percentage of
sferics should improve the ability of the AN/GSS-5 to detect signals of low-yield devices. Cri-
teria upon which to base such a device appeas to exist and can be capitalized upon.

The elactromagnetic puise of underground shote was undetected.

Infcrmation obtained from wave forms, particuiarly time to first crossover, support the ob-
gervation made irom previous tests that some wave-furm parameters are a function of device
yield. The low-irequency cutoff of the cathodv-follower bandpass probably has an eifect on
duration measurements, ¢.g., time to first crossover.

EECOMMENDATIONS

An automatic sferics-signal dizcriminator, which would caable the pulse-detection system
o reject &s many sferics signals as possible, should be developed and incorporated into the de-
tection system. This improrement would simplify locating and identifying the pulse signal.

The present system requires readjestment of the gensitivity setting and aantenna compensation
for each shot t5 be detected. In order to make the detzction system more nearly automatic, cir-
cuitry which would allow for display of signals of different strengths within a fixed range of am-
plitudes should be devzloped and incorporated into the systemm.

Continued deveiopment of an instantaceous film: processwr is o1 prime importance for this
system.

Participation in nuclear tests should continue, to test solutions {o the above deveiopment
problems, and to obtain additiosal information on the electromagretic pulse, especizlly the pulse
from low- yield devices. h

Efforts chouid be made to maintain some conslstenc: in th~ >quipment (partirsarly the anteana
and the ¢zthode follower) used {rom test to test, in order that .- relationship between wave-form
characteristics and device parameters shown in each test can be more reliably combined over
2ll tests.
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