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SLOWLY VARYING LIGHT FROM AN ATOMIC EXPLOSION
AS MEASURED WITH A PHOTOCELL

<

[ A4
.

I. INTRODUCTION

(LN

During the atomic bomb tests of 1948 it became of interest to measure

i)

the light intensity from a bomb in the time interval of O to 1 secomd. Such

[

measurements were already being made by Richardson and Butler of NRL; however,

Aunta ks €m

these measurements involved the use of a bolometer and Brush recorder, so that
the time constant of their apparatus was of the orde; of a hundredth of a

second. Thus, it was thought possible that there might be some fine structure
of the light curve that would pot Lie observed with this apparatus. Because of
this, shortly after Yoke, England and Ogle decided to try to measure the light

irom the Zebra shot using a photocell and oscilloscope to record the intensity.

II. APPARATUS
The measurement was made from the AV-5 which was at a distance of 8.9

miles from the bomb. Since no external signal to trigger the oscilloscope

sweep was available, it wes necessary to use the light itself for this purpose.
Two scopes were used: one with a linear sweep length of about 400 microseconds,
and the second with an exponential sweep which was about a second long. Because
of the long time scale concerned it was not necessary to use a delay .ine to
observe the signal. Tests using flash lamps indicated that the sweens started
within a microsecond of the production of light.

Three 935 photocells were used. One of these, with no absorber around it, )
e AR

was used to tr zer the oscilloscope sweeps. The second photocell, which had

five layers of white writing paper around it as an absorber, was to observe the

-3-
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light from O to 40O microseconds. This photccell fed a caticle follower which
vhich then put the signal on the vertical plates of a fast sweep scope. The
time constant of thia circuit was about a microsecond. Sufficient capacity
was used to supply current to the photocell and cathode follower so that there
would be no appr;ciable drop in supply voltage over the 400 microsecond in-
tervaL to be observed. Tune absorber used would allow full-scale deflection
for a light intensity of about 300 suns.

A third photocell was used to observe the light from O to 1 second. The
two layers of writing paper used as an absorber allowed full-scale deflection
at about 9 suns. The time constant of this circuit was about 100 microseconds.
A Dumont-type 208 oscilloscope was used to observe this signal; however, a
homemade sweep circuit involving the simple charging of a condenser through a
resistor was used instead of the built-in sweep circuit. The sweep circuit,
power supply, and photocell circuits are shown in Figure 1.

The slow sweep time calibration was obtained by putting a 60-cycle alter-
nating voltage on the plates and triggering the sweep. This calibration was
made about ten minutes before the shot and after the circuits had warmed up
for some time. The calibration sweep is shown in Figure 2. The intensity cal-
ibration was made by taking out the one megohm resistor in series with the 935
and observing the vertical deflection with the photocell pointed at the noon-
day sun. This value is defined as "l sun" for the purposes of this experiment.
The calibration is shown in Figure 3, where the bottom line is the sweep with
no voltage on the plates, and the top line the sweep with the voltage due to

1 sun on the scope plates.
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Figure 2

60 cps calibration sweep
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III. RESULTS ’

s YR

No satisfactory trace was obtained on the fast sweep oscilloscope. A

trace was obtained with & slight signal observable on it; however, the light

I.'" l? l’

intensity was apparently so small compared to what was expected that the sig-
nal wvas not large enough to be usable.
The trace shown in Figure 4 was obtained from the slow sweep oscilloscope.

The gap in the top 18 due to the beam going off the scope face. Figure 5

shows the same trace with the two calibration sweeps superimposed. Since

RORL L ...‘;3;.’
there was no intensity gate on the scope, the spot on the left indicates the ;:“Q:'\‘.* E:x- -;:;.‘;Z;f—
' 3

- ¢-

zero time popition of the beam while the spot on the right indicates the final

rest position of the beam. The camera shutter was opened about 5 seconds be-
fore the explosion and closed 1 or 2 seconds afterwards.

In order to obtain numbers from the traces all pictures were enlarged to

approximately the size of Figures 2, 3, 4, and 5, and the appropriate distances

were measured. On the sweep time calibration; lines were drawn through the

top, bottom, and middle of the sine wave, and distances measured from the center
of the zero spot, thus giving a calibration point every 1/24Oth of a second.

The calibration data are given in Table 1 and a plot of that data in Figure 6.
The calibration of Figure 3 gives & value of 10.5 millimeter deflection equal
to 1 sun.

Pointe taken from Figure 4 give the data of Table 2. Measurements v:rere
made out to the point where the trace gtarts to come straight down., The time
calibration is obviously of no value beyond that point. The times of the last
five points could not be determined from the direct calibration curve but were
calculated on the basis of the sweep voltage being that due to the charging of

a condenser through a resistor. That calculation is given in Appendix A. A
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graph of the observed data is given in Figure 7. Xrom that graph it can be

seen that the light intensity at 8.9 miles from the bomb drops from a peak of
some undetermined height somewhere between O and 2.5 milliseconds to a minimum
of 0.066 suns at 15 milliseconds. It then rises to a second maximum of about .

8.8 suns at 125 milliseconds, from which peak it drops slowly aown to a neg-

ligible value at several seconds.

-

SRR
sy

An attempt was made to fit this second rise to an equation of some sort. .
A plot on log-log paper is shown in Figure 8, from which it appears that from
20 to 40 milliseconds the light follows the equation
S « 3.9 x 2070034 :
where S is the intensity in suns and T the time after zero in millieeconds.
However, this fit is probably of little significance, since it is well known

that practically any curve can be made to fit an exponsntial of some sort over

a small portion of its leagth.
We would like to express our appreciastion to Prof. H. Edgerton of Edger- .
ton, Germeshausen & Grier, Inc. for his most valuable advice in setting up

this experiment.
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AFPENDIX A AR Al

The object of this calculation 18 to determine the time after. zéro at:

vhich the osciiloscope beam reached five points, Dy,clode to the end of the
oweep. The deflsction of the biwau corrssponds to the voltage across the
sweep platee, which is determined by the voltage across a condenser being

charged through a resistence. The equation for the voltage across such a

capacity as a function of time ise

V = Vo(i - 0F)
vhere Vo is the supply potential, assuned to-be constant, t is the time ‘after
the voltage is applied, anda 18 the time constant of the circuit.
Thus the deflection of the oscilloscope beam as a function of tims is
given by
D =Do(1 - &%)

vhere D is the deflection from zero as a function of time and Do is the de-

flection for % =oe.

Unfortunately the sweep used had a slight overswing, so that the distance
between the begiuning and final spots cannot be taken as D,. Therefore, it is
necessary to determine the effective D, from the data of Table 1. We can re-
write the equatien of deflection as a function of time as

Do e-m’

=Do - D

Thus if we plot Do ~ D as a function of time on semi-log paper We should
get a straignt line. Conversely, we can determine D, by assuming verious
values for it and plotting the kmown data. The value of D, giving a straight
line will then be the correct value. Doing this with the last ten points of

Table 1 we obtain the data given in Tcble 3 in which time is measured in quarter

cycles.
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Taeble 1

SWEEP CALIBRATION

1 9.!‘;:‘1‘:‘&':‘5’.:‘1«,—‘)::.” 1‘.!{3‘5! ){E‘ .x'.‘.,\ .RE-SMR:&L?JA j. l\.i...b.i.lu\“&:=~t;muq._.:‘..m. .-.(LE:QC-.mm e :
¢ .

Crossing Center Line Top Line Bottom Lime
Number Time Abscissae Time Abscissae Time |- Abscissae
. o e
) 1 0+d 3.0 mm 3+4 5.2 mm 1+4 7.1 mm
2 2+d 10.8 T+ 4 30.0 5+4 22.6
3 b + 4 18.8 11 + 4 43.0 9 +4d 36.6
L 6 +d 25.9 15 + 4 55.0 13 + 4 49.0
5 8 +4 33.0 19 4+ d €5.4 17 + 4 60.2
‘ 6 10 + 4d 39.% 23 + d 4.7 21 + 4 70.1
1 12 +4 46.0 27 + d 82.8 25 +4d 78.9
8 14 + 4 51.3 31 +d 89.8 29 +d 86.
9 16 +d 57.5 35 +4d 95.9 33 +4d 92
10 17 +d 62.2 39 + 4 101.1 37 +4d 98
11 18 + 4 67.8 43 +4 | 105.9 41 +d | 103
12 20 + 4 71.8 k7 + 4 | 109.9 k5 +d | 107.
13 22 +d 76.7 5L +d | 213.3 49 +d | 111.7
1h 2k + 4 80.2 55 +d | 116.5 53 +d | 115.0
- 15 26 +d 8h.7 59 +d 119.1 57 +4d 117.8
" 16 28 + 4 87.5 63 +d | 121.5 6L +d | 120.2
" 17 30 +4 91.2 67 +d | 123.5 65 +d | 122.4
. 18 32 +4 93.9 71 +d | 125.2 69 +d | 124.3
t;: 19 34 +d 97.1 75 +d4 | 126.9 73 +d | 126.0
5‘ 20 36 +d 99.4 79 +4d | 128.1 77 +4 | 127.3
- 21 38 +d | 102.2 83 +d | 129.3 8L +d | 128.5
: 22 Lo +d | 104.1 87 +d | 130.3 85 +d | 129.5
23 b2 +4q 106.9 91 +d 131.2
2k Wy +q | 108.% 95 +d4 | 132.0
25 k6 +4 110.8
26 48 +a 112.1
27 50 +d | 11ik.1
28 52 +d 115.2
29 54 +d4 | 117.0
30 56 +d 118.0
31 58 +d 119.6
32 60 +d 120.5
33 62 +4 122.0
3k €4 +4 122.6

-16-

Note: Time is measured in quarter cycles of s 60-cycle per second wave.
d is the time from zero to the first crossing on the center line
and is equel to 0.7 quarter cycles.
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Tadble 2
N
v Signal Time Signal Time
" Amplitude | Buns |Abscissae |(mil sec)| Amplitude | Suns |Abascisese | (mil sec)
v — <
N 37.0 mm | 3.53 2.6mm| 2.58 72.9 | 6.94 | 66.8 85.0
29.1 2.76 2.8 2.745 76.4 7.26 68.8 88.1
& 22.0 2,085 3.0 2.91 80.8 7.7 71.1 93.0
15.5 1.47 3.7 3.75 84.8 8.08 73.9 98.0
;. 9.5 0.9 4.3 4.335 88.2 8.4 76.2 102.0
5.7 0.54 5.1 5.16 91.1 8.69 79.1 107.9
3.7 0.353 5.95 6.045 92.1 8.77 82.0 114.0
2.2 0.2085 7.0 7.08 87.5 8.34 | 100.8 164. 4
1.7 0.161 8.0 8.0k 83.7 7.98 105.2 181.1
1.0 0.0948 9.9 10.16 79.5 7.57 109.2 197.0
0.8 0.0759| 11..9 12.09 Th.1 7.06 | 11k.1 219.5
0.7 0.0664| 1h4.1 14.58 68.9 6.55 | 118.7 2h6.5
0.85 0.0805 16.2 16.66 63.4 6.04 | 122.3 2713.5
1.1 0.10k2{ 19.8 19.36 58.0 5.52 | 126.0 306.5
1.95 0.185 21.1 22.15 51.8 k.93 128.9 3k2.0
2.95 0.28 24.0 25.4 45.5 4.34 | 131.1 382.0
4.3 0.408 27.0 23.85 .o 3.81 | 132.9 425.0
6.3 0.597 29.4 31.6 33.7 3.21 | 134.% h1k.0
8.4 c.796 31.2 33.9 28.0 2.665| 135.9 556.0
10.5 0.995 33.2 36.3 22.2 2.115! 136.9 678.0
13.1 1.2k 35.6 39.3 17.2 1.64 137. 902.0
17.3 1.6k 38.9 43.35
2.2 2.115 k2.1 47.9
28.0 2.655 45,1 51.6
36.6 301}7 5000 58°75
.1 4.19 53.9 6k.2 20 5
54.3 5.15 58.2 70.5 - REREN
61.8 5.86 62.0 76.6 lesierale be e
68.8 6.52 65.2 82.1 E o
h:-' el .:,.
Note: 10.5 mm signal amplitude = 1 sun. i - ?
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The values given in Table 3 are plotted in Figure 9, from which it can

PR
£ e

be seen that 137.5 millimeters is the correct value for Do. The value of
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alpha from the ourve is 1/29.833. Thus we have the equation

T = 29.833Lng (I"T_—ﬁsng.?

o 5Py

"f x".;“
* a1
- O
Therefors, for the last five points of our curve we find the values given in ':.'.:.i{;g,ggg:z_,:}g
S TanNSe Iy
e

%

Table 4 where T is the time measured in quarter oycles, d the additional time

Tk
£y
'« 42 0%

because zero cyoles is 0.7 oyoles from actual rero tims, and 4,16 is the factor

necessary to give milliseconds.
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Tablo 3
Time Abscissae 140 -D 13j - D 138 - D 127.5 - D
59 119.1 mm 20.9 17.9 18.9 18.1;5%=r
63 52L.5 18.5 15.5 16.5 16.0
67 123.5 16.5 13.5 4.5 k.0
71 125.2 14.8 1.8 12.8 12.3
75 1.26.9 13.1 10.1. 1.1 10.6
79 128.1 11.9 e.9 9.9 9.k
83 129.3 10.7 7.7 8.7 8.2
87 130.3 9.7 6.7 7.7 7.2
91 131.2 8.8 5.8 6.8 6.3
95 132.0 8.0 5.0 6.0 5.5
Table 4
T +din
D T T+d M:l:l.lisez:ondxa‘=i
132.9 101.3 102.0 ko5
4.4 113.1 213.8 y74
135.9 133.0 133.7 556

136,9
137.%

162.1

215.5

162.8

216.2
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