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Thernuvpile measurements zive s value of 1,22 x 107 ergs/'cm2 as the value
for the radiant energy per unit area at the 10,000-yard Statioms,

It is believed
that this value is acourate to % 15 percent.

Integration without correction for ground
reflection or for attenustion gives 3060 metric tons of TNT equivalent as the value
for the total radiant energy emitted.
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. JULY 16th NUCLEAR EXPLOSIOMN: TOTAL RADIATION

L}

APPARATUS

The detectors used in the measurement o, total radiation from the test shot
were rediation thermopiles constructed by Pettit of the isount Wilson Observatory. The
thermal elements were Taylor-process wires of bismvth end bismuth-tin alloy. The
radiation receivers were copper strips 5.5-mm x 0,48-mm x 0,002-mm sand were coated with
r-atinum black, Each thermopile was mounted in a massive brass housing equipped wit
8. orystalline-quartsz window of l-wm thickness,

In order to be prepared for the measurement of & considerable range of radiant
cuergics it was decided to use four galvancmeters of different sensitivities with each
thekrmopile., The galvanemeters were conneoted in parallell) and, as used, provided for
the measvrement of total radistiorn from 0.001 sun-second to 15 sun-seoondsz)m The
actual measurements were made on the least sensitive galvanometer.

Two complete setups were employed. One was located at North 10,000 yardsy

the other at West 10,000 yards.

CALIBRATION

In calibrating the measuring equipment a standard lemp supplied by Mount
wilson was used as a primary stendard. Projection bulbs of 500-watt and 1000-watt
ratings after comparison with the primary stendard were used as secondary standards.
As a result of tho smell size of the received the inverse-square law was applicable even
with the multi-filament projection bulbs, A typlcal inverse-square-law plot is shown

in Figure I,

i) Interaction between the galvanometers did not seriously interfere with the meesure-
ments., This fact was established during the preliminary calibration,
2) DNote: 1 Sun = 1,94 oal/em2-min., (i.e, Mean Solar Constant outside the earth's

atmosphere )
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Two methods were used in measuring the radiation: (1) observation of the
ballistic throw of the galvanometer, and (2) determination of the integral of galva-
nometer deflection with respect to time as determined from the photograppio reoord
obtained with a moving-pioture camera. The chief seeming disadventage of the ballistic
method lay in the relatively short period of the galvenometers, A disadvantage of the
second method was in ths vossibility of variations from the desired number of photo-
graphic exposurss made per second.

In determining the ballistic response of the galvanometer a oalibrated camera
shutter was used. The shutter wees placed in front of the thermopile window so that the
receiver could be exposed to radiation from the standard lamps for known time intervals,
Figures 2 and 3 show plots of zalvanometer defleotion as a function of total onergy per
unit area, Exposure times are indicated on the graph., The results shown in Figures
2 and 3 indicate that the cirocuit "integrate” fairly well for exposurs times as long
as 2 and 3 seconds,

The determination of total energy from the time-integrsl of defleotion as
obtained from the photographic record depends upon the following amalysis. In the
enalysis the following symbols are used,

x = Galvanometer deflection

"
it

Period of Galvanometer

X
f

= (ooling constant for thermopile

o
u

Temperature rise of thermopils
© ¥ Damping constant of galvanometer

k = Proportionality constant depending upon characteristiocs of
thermopile and galvanoneters.

£f(t) = A functlion proportional to the incident radimtion per unit
area per unit time,

A St ireh 5 S # TRl 2 VAR s0vdes nas RO
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The differential equation describing the galvanometer deflection can be written as

follows:

oo 2 °
=3 x bx KO e mem-e === (1)

78
and the temperature 8 of the thermopile can be expressed in terms of £{t) by the
following equation:
6 =@/ +£(k) e-mem-mm e (2)
Eliminating © between equations (1) and (2) and integrating with respeot to time,
one obtalns;

¢ 4n2
&f(t)dt = XAt - m - e - = - e = o= (3)
72Tk

0 0

From equations (1) snd (2) it cen be s«en that

where x, is the static deflection produced by steady radiation f, .

RESULTS

The galvanometer dsflections as determined from the photographic record are
shown in rigures 4 and 5, The cemeras used in obtaining the records were both set for
16 frames per second.

The results are given in Table I. The results for enaergy per unit area
obtained at the two stations by the ballistic method are in excellent agreement. The
values obtained from the time integral differ from the mean value by approximately 20
per cent, A large part of this differenoce is probably due to the fact that the camera
speed was not actually 16 frames per second. Considerstion of the errors involved in

the measurements and in the ocalibration of the instruments indicates that the averapge

values shown in the table are probably good to * lmnt; = UNCLASSlFlED
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The values given in Table I for the tlotal radiant energy from the shot are
obtained by integratinz the measured energy per unit solid angle over 4u, The values
listed have not been corrected for reflscticn from the ground or for attenuation during
transmission. Two experiments were performed in order to determine the magnitude of
the contribution of sround reflections to the measured radiation, One of these experi-
ments performed by the writers was carried out on a concrete floor on a scale of
approximately 1:700 § the results indicsted that zround reflections were responsible
for not more than 4 percent or the measured radiation. A second mock-up experiment on
a2 soale of 131150 was performed near the ¥est 10,000 yard station by members of J.f.
#ack's group and gave approximately 1.7 percent as the correction due to ground
reflection, Since the atmospheric conditions existing immedistely after the shot could

- not be reproduced, no attempts were made to determine losses dur.ng trensmission,
Reproduction of the spectral distribution of radiation from the shot would also make
such a determination extremely difficult,

The writers wish to express their appreclation to J. E. Mack for assistance
in obtaining photographic records and in determining corrections attributable to ground

reflection and to E. Fermi for suggestions ooncernling anelysis of the data.
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TABLE I
TOTAL RADIATION MEASUREMENTS
Station

Energy Per Unit Area at

10,000 Yards

Total Radiant Energy
West 10,000 yards

from Shot™
" R
ERGS/;mZ Sun=Seconds TNT Equivalent in Metric Tons
pallistic Analysis 120 x 10° 8.6 3000
Integral Analysis 148 10. & 3700
North 10,000 yards
Ballistic Analysis 122 8.7 3080
Integral Analysis 100 7.2 2500
Average 122 x 10° 8,75 30860
'

1 Sun 1is 1.94 oal/smzaming

« ' .
¥*%The values given have not been corrected for ground reflsction or for losses
during transmission.

AERpe hent of detonation of 1 Metrlc ton of TNT is 4.2 x 1016 ergs,
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