PHOTOGRAPH THIS SHEET
E
sz -:
¢ B
| & j
F“‘f P 5 f"fi
- O %ﬂ LEVEL H E INVENTORY é
i, :
= :
TG |
S |2 RetNe. WT-356 |
Q 4
e 1o DOCUMENT IDENTIFICATION 4
@p) = JU“B (25 :
a ¥
3 DISTRIBUTION STATEMENT A
> Approved for public releasej :
Distribution Unlimited g
DISTRIBUTION STATEMENT ;
ACCESSION FOR
NTIS GRA&I K
DTIC TAB [:]
UNANNOUNCED D &
JUSTIFICATION %
- |
‘——éd—trhe—tq{;@— = |
II;TSTRIBUTTON / g 2
@
AVAILABILITY CODES e &
DIST AVAIL AND/OR SPECIAL & DATE ACCESSIONED
DISTRIBUTION STAMP UNAN NOUNCED
DATE RECEIVED IN DTIC
PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

DTIC gsfr;ng 70A DOCUMENT PROCESSING SHEET

e R i L | et e T

b i VPR KA VA i L L B b



-ty V 356
: Copy No. 287 A

TER - JANGLE

NEVADA PROVING GROUNDS
OCTOBER - NOVEMBER 19'5i

Project 10.6

. SR
w 3064/

THE MEASUREMENT OF GAMMA-RAY &
INTENSITY VS TIME =

4

ADA9 95063

By

53 ~ ;'_'_‘~.. : i . %

safO v/

?}:l 10S ALAMOS SCIENTIFIC LABORATORY
: UNIVERSITY OF CALIFORNIA

Statement A ™~ .
hrproved for public releasey "
 Distributlon untimited.._______—,




s el B PR ity ) Ay

"’;gEC REF wT356
RE[Y m#quﬂoN

).ua. fur LT
%E‘Q “?Q’iz

e T
Sy dh & e

Tt is document consists of 37 pages

an
No.? p» ! of 300 copies, Series A

THE MEASUREMENT OF GAMMA-RAY
INTENSITY VS TIME

Operation Buster-Jangle

by

JOHN S. MALIK

RESTRICTED: DATA

o ‘1 Eo sy g P
18 qfoc mbnt ‘cfomng‘ resbm ctéd data~asl
ﬁeﬁﬂehfﬁn;he’&pnﬂlc *Engrég#\gq of 1946::
44 transmittald or - th& dlSC}O‘;ﬁl‘_ﬁ ‘of fts-=2
’c‘gmﬂ‘f 1@ymaﬁner t6 an.) firauthorize
GorGon 1o PG~ s

Los Alamos Scientific Laboratory
Los Alamos, New Mexico

June 1952 ﬁ
S
LS P L3 1 i

R T e R GOk S Sy



ABSTRACT

Gamma-ray intensity vs time data in the range from a few milliseconds to about 20 sec
were obtained on tests C and E of Operation Buster and the underground test (Shot F) of Oper-
ation Jangle. The equipment consisted of a detector consisting of a solution of terphenyl in
toluene surrounding a coaxial phototube, the output of which was fed into a 5.5-decade pseudo-
log circuit which in turn was direct-coupled to the plates of a 3-in. battery-operated scope
tube. The face of the scope was photographed with a 16-mm strip-film camera.

The.data seem to indicate that the source of the gamma radiation for these times is due to
neutron capture in the nitrogen of the air, followed in about 0.2 sec by gamma rays from the
decay of fission fragments, the latter modified by shock hydrodynamics and rise of the fire-
ball,
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THE MEASUREMENT OF GAMMA-RAY
INTENSITY VS TIME

1. INTRODUCTION

In order to understand properly the gamma radiation from a nuclear explosion and how the
total dose is affected by changing design and firing conditions, it is necessary to know some-
thing about the source, its strength and location as a function of time, and also the behavior of
the shocked air between the source and the point in question. As a start on the problem, knowl-
edge of the intensity vs time of the gamma rays at one or two points is desired in order to
make some guesses as to the source and how it is modified by the shock wave. The experi-
ments conducted at this time were intended to obtain data which would be suitable for this pur-
pose.

At the end of Operation Greenhouse some such data did exist as the result of experiments
performed by the National Bureau of Standards group under L. Taylor and H. O. Wyckoff, and as
the result of independent experiments carried out on the Item test by B. Watt and J. Malik. The
data obtained by the Bureau were sparse and open to question. Those obtained by Watt and
Malik agreed quite well, but there were differences in intensities which were outside the ex-
pected error of the measurements. These could be blamed on the equipment which was assem-
bled in the field or possibly upon the differences in the location, since the detectors were at
different heights and cable shielding mounds could have made the difference. Both these ex-
periments had time resolutions on the order of 1 msec, and recording time was some 20 sec.

The picture which seemed to fit the data was that for times from a few milliseconds to
about ! sec the gamma rays were due to r2utron capture in the nitrogen of the air. For times
longer than this tihe activity seemed to be due entirely to fission fragments and was strongly
affected by the shock wave, which altered the amount of material between the fission-fragment
source and the detector.

The mean life of a neutron in air of standard density, assuming a 1/v cross section with a
value for thermal neutrons of 1,85 barns,! is 59 msec. For Nevada conditions the computed
mean life is about 73 msec and for Eniwetok about 66 msec. The a.r density in the neighbor-
hood of an explosion is not constant but can attain a maximum density of six times normal at
the shock front if a constant gamma is assumed. The average density prior to shock arrival is,
however, the original density. A rather rough calculation, based on an analytical expression
for the density variation behind the shock wave and assuming that the source of gamma radia-
tion is essentially at the shock front, indicates that the measured gamma-ray intensity should
still fall at a rate about equal to the capture rate of the neutrons, at least for small bombs,
For a gadget of 100 kilotons the effect is roughly to increase the apparent mean life about 10
per cent. (For a few-megaton gadget, however, the effect of the shock may be such as to lose
the exponential fall and to produce a rise in intensity in this region,) During this period the
source is probably a shell source essentially at the shock front, since both most of the air and
most of the neutrons are in that region.
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After the neutron-capture level has dropped to relatively low values, the decay of fission
fragments becomes the predominant gamma-ray source. The decay rate, as measured in the
laboratory, shows no short-lived periods, the shortest half life being about 0.43 sec followed
by one of 1.5 sec,? the intensity falling like t™*? in a few seconds. An expression® for the
gamma-ray source strength of fission fragments from a slug of U2 after activation by neu-
trons from the water boiler is

7.6 x 10712 -0.106 In* 10.5t curies per fission

(see Fig. 1), The calibration is in terms of a radium source using a brass-walled roentgen
chamber.

2. EQUIPMENT

The detector used in all these measurements was the same type as that used in the meas-
urement of alpha. It consists of an RCA C-7154 ccaxial phototube surrounded by a 5-cm-thick
solution of terphenyl in toluene. This assembly was shock-mounted inside a cast aluminum
dome for blast protection, the lower end of the active volume being at ground level (see Fig. 2).
The phototube had a cylindrical photocathode of nickel coated with S-4 phosphor surrounded by
the anode made of nickel mesh. The cathode had a diameter of 3.9 cm and an active length of
20 cm. The diameter of the anode was 8.13 cm and that of the glass envelope was 10 cm. This
tube was mounted 1n an aluminum can ot 20 ¢m diameter with a polyethylene seal between the
can and phototube. The reasons for selecting such a detector were that it had about the proper
scnsitivity [or wee with the eledtronie eguipusad souley plated; it sms sonstrarted of Lo wlorie -
number materials so that the output was approximately proportional to roentgens; calibration
facilities existed; and, above all, the assembly was readily available. Further, most short-
tinre data un gamima rays to date have been Cbtained by the use of such o detector, ard for rea-
sons of data comparison it was convenient to continue using it.

The detector was connected via a short coaxial line to a pseudo-log circuit of a 5.5-decade
dyrmirie forge daiog o stepn ger doeade [Fig, 30 This eireufl eonsists of ® aerles 0 Dinked
diodes connected so that, as the current input to the circuit increases, the load resistor in
series with the phototube decreases in logarithmic steps. The resistors are so chosen that
another diode is automatically switched in when the current increases by 10%, This gives a
current input vs voltage output characteristic which is nearly linear between switching levels,
with the switching levels lying on a straight line when the characteristic is plotted as the
logarithm of current vs voltage. The deviation from true log response for the case of steps
of 10" is 8 per cent, but since this deviation is known this may be removed by an appropriate
correction. The computed characteristic is shown in Fig. 4.

The output of this pseudo-log circuit was direct-coupled to the plates of a battery-operated
3-in. cathode-ray tube, the face of which was photographed along with a neon timing light with
a 16-mm Cine Kodak E camera modified for continuous motion photography. The film speed
used was about 3 ft/sec, the record being taken on 100-ft rolls of Linagraph Pan film. The
timing neon light was driven by a Wien-bridge oscillator (Fig. 5), the output of which was
squared up and then differentiated before being fed to the neon bulb.

The equipment was entirely battery operated, requiring only timing signals ( —5 min for
turning on filaments and —5 sec for starting the camera motor). The control circuit used is
shown in Fig. 6.

The stations used for the experiment were designed to provide good shielding from gamma
rays and neutrons with moderate cost and to permit easy recovery of the records. They con-
sisted of a detector mount of concrete near an 18-in. culvert-lined hole 16 ft deep, the top 3-ft
portion of the hole being enlarged to 4 ft in diameter to permit placing of the control relays, the
log circuit, and batteries for filaments and camera under some sandbag shielding. The camera,
the scope and its battery supply, and the timing oscillator were all mounted inside an aluminum

12
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Fig. 2 — View of the detector and the method of mounting it in the aluminum protective dome.
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can 10 in. in diameter and about 3 ft long, which was then suspended from shock cord in the small
culvert so that the camera was about 15 ft below ground level. The enlarged portion of the hole
was filled with sandbags as part of the buttoning-up operation. (See Figs. 7, 8, 9, and 10.)

3. CALIBRATION

The detectors were calibrated with the help of LASL Group P-1, who were measuring
alpha ueing the same style detectors, The gource used was a 26.9-curie cebalt 60 cource, with
readings of the current output of the detectors at several distances ranging from 0.5 m to 2.5 m i
being made by use of a Leeds & Northrup micromicroammeter. A number of readings were
Fakter €0 med mCrie fden Of the departures Tronr Mimerse #2 and the dégree of sentier both of whie
were low.

The log circuits were checked in the laboratory for deviation from the calculated voltage
vs current characteristic with the result that the measured values scattered about the calcu-
lated curve. On this basis, calibration in the field was carried out by switching in currents
corresponding to the diode switching points and recording the corresponding voltage in terms
of spot deflection on the initial portion of the shot film. Components of the log circuits were
all selected to be within 2 per cent of the desired value. The film was read by use of a
Gaertner microcomparator with a reproducibility of about 0.1 per cent in terms of deflection.
With these precautions the accuracy of reading the current from the phototube was probably
something like 5 per cent.

4, RESULTS

Buster A: No nuclear reaction.

Buster B: —5-min timing signal failed.

Buster C: Good data at both stations, -

Buster D: Broken timing wire to far station; camera in near station jammed.

Buster E: Near-camera motor armature opened, causing arcing, which makes data some-

what suspect. Far station OK,

Jangle F: Broken timing wires to far station. Near station OK.

Table 1 summarizes the results obtained. The data are plotted in Figs. 11 through 15.
Figures 12 and 14 were obtained by integrating the curves of Figs. 11 and 13, respectively.

For the calculation of source intensities, the following assumptions have been used.

N, capture region:

Mean free path in air = 40 g/cm?
Seven per cent of neutrons captured in N, give rise to gammas.

o, = 1.86 barns

"‘1+E§,—1+...=3.3 for U

Neutrons available for capture = v +
1.45 x 10 fissions per kiloton
Fission-fragment region:

Mean free path = 35 g/cm?
1.45 x 10% fissions per kiloton

2
Fragment activity = 10 23 =0.106 I 10.5t o ¢t ¢ 90 gec
(P-2 data using radium calibration)

18
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For the determination of the total integral, 8 per cent of the integral of these data has been
added to include the dose for times less than 1 msec. This number is the result of integrating
the data obtained by Hall’s group (of the Naval Research Laboratory) on the Greenhouse Easy
test.

The measured source intensity for the N, capture region is higher than would be expected
on the above assumptions owing to an error in mean free paths, detector sensitivity interpre-
tation, insufficient allowance for shock wave, bad guess on number of neutrons present, and /or
error in cross section. The agreement is, however, good enough to justity the statement that
this is the source of the gamma rays at this time.

For the fission-fragment activity region the measured values are low, perhaps for some
of the reasons above and also misinterpretation of the laboratory data.
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Zrl APPENDIX A
PSEUDO-LOG CIiRCUIT
.

e

4 f Hi% H:é
I
E E £
E If switching porints or cusps are to lie on a straight line on a semilogarithmic plot of cur-
rent vs output voltage and if ratio of switching currents for two adjacent points is a, then for
any resistor Rj (i > 2),

Ré R ‘lﬁ. -Ln l R
. N-3 i a5 ey N
.

Ry = aN-i Ry

2
R, = aN-3 lo - 1) R

a-2 N

R; = aN-3 (a - 1)’ Ry

' o L} R Ry R ... B
Ry Ry Ry Ry RN
2 aN-3 0 aN-3 aN—% a
Y10 0.61g(N-1)/3 4.0o(N-2/3 1N-3/3  [(N=-4)/3 o
—92)/" =g —4)/2
Vio 0.467N-1/2 1,09 N-2)/2 1oN-I2 -4/ 6
10 0.81 x 1081 1.013 x 10N"? 1083 1oN—# a
Deviation from log response at middle of step: ﬁ
Actual current: ;
= + ‘,;rA
Iza_z_lxIs"'IS:a 115
. if
Iipg = VeI
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APPENDIX B

SHIELDING MEASUREMENTS

The results of film-badge measurements at the stations are tabulated below. Station 961
was about 600 yd from ground zero, and Station 962 was about 1100 yd. The results show a
shielding factor in dirt of about 6 in. per factor of e for the sandbag shielding and an inverse
r? shielding for the pipe, assuming a uniform ‘‘brightness’’ at the top of the culvert.

Table B.1 — SHIELDING MEASUREMENTS, BAKER TEST

Dose, r
Measurement Station 961 Station 962 o

Total dose 5500 400
In conduit (under some 1.5

ft of dirt) 170 16
Top of 18-in. culvert 27 <10
At middle of cable (about

4 ft below top of culvert) 2.8 0.16*
On top of recording can (about

8 ft below top of culvert) 0.8 0.16
At camera 0.11 0.16

* The dose received on the film at this point was probably
all due to exposure during recovery, since data from this
station were recovered first and the dose received by the re-
covery party was more than this,
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Table B.2— SHIELDING MEASUREMENTS, DOG TEET

DS

Measurement Dose, r

Total dose ~ 2 x10%
In conduit (under some 1.5 {t of

dirt) 1200
At electronics box (under some

2.5 ft of sandbags) >300
At top of 18-in. culvert 140
1.5 ft below top of culvert 58
3 ft below top of culvert 11
5.0 {t below top of culvert 5.2
T ft below top of culvert 2.0
At relay shelf in recording unit

(8.5 ft below top) 1.1
At camera 0.3 ‘
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