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FOREWORD 

Classified material has been removed in order to make the information 
available on an unclassified, open publication basis, to any interested 
parties. The effort to declassify this report has been accomplished 
specifically to support the Department of Defense Nuclear Test Personnel 
Review (NTPR) Program. The objective is to facilitate studies of the low 
levels of radiation received by some individuals during the atmospheric 
nuclear test program by making as much information as possible available to 
all interested parties. 

The material which has been deleted is either currently classified as 
Restricted Data or Formerly Restricted Data under the provisions of the Atomic 
Energy Act of 1954 (as amended), or is National Security Information, or has 
been determined to be critical military information which could reveal system 
or equipment vulnerabilities and is, therefore, not appropriate for open 
publication. t 

The Defense Nuclear Agency (DNA) believes that though all classified 
material has been deleted, the report accurately portrays the contents of the 
original. DNA also believes that the deleted material is of little or no 
significance to studies into the amounts, or types, of radiation received by 
any individuals during the atmospheric nuclear test program. 
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ABSTRACT 

Experiments were conducted to determine the feasibility of a technique,employing scintil- 
lators near the device in conjunction with remote photosensitive detectors for measurements of 
reaction history to be conducted on Mike shot of Operation Ivy and to determine the maximum 
gamma-ray intensity and total dosage at which scintillotors could be employed. 

Insufficient data were obtained to predict accurately the behavior of scintilIators at high 
gamma intensities; however, it was unequivocally determined that the technique would not be 
suitable for Ivy measurement& For the technique to be acceptable a sufficient signal was re- 
quired from the detectors to cover a wide dynamic range (four orders) of measurements. Since 
the Teller light wae down in magnitude from the scintillatot light by not more than about two 
orders, it would have been necessvy to shield the optical path to have sufficient dynamic range. 
This shielding would have been prohibitively expensive. The signal obtainable at the recording 
station would have required the use of high-gain photomultipliers and amplifiers throughout the 
system. In addition, the signal, ,was unpredictable, with unknown 
spuriour background signals. It was highly improbable that the minimum required data could 
have been obtained for the Ivy Mike shot. 
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PREFACE 

This report contains the scintillator optical-path experiment8 report, in uihich a proposed 
technique for use on the Mike phase of forthcoming Operation Ivy was tested and found un- 
satisfactory. These experimenta were performed’during the Tumbler-Snapper series of tests 
in the spring of 1952 by the Radiation Division of the Naval Research Laboratory (NRL). 

In addition to the people haying general supervisory responsibilltier, l the following in- 
dividuala were primarily rerponrible for the accomplishment of these experiments. 

T. A. Bergstralh Sclntillator test project leader 
L. A. Beach Experimental analysis 
S. E. Goiian 
D. V. Miller 1 
B. R. Moskowitz 
A. E. McCoy 

Optical path and components 

K. w. M&w 
H. I. Robison 
F. 8. Trogdon 
N. M. Campbell 

Recording system and scintillator report 
Recording system 

J. M. Frame 
G. L. McCroskey > 

Mechanical phases 

Strong support was given by other members and groups of NRL and by the Los Alamos 
Scientific Laboratory group.* The NRL group headed by D. C. Cook, who carried out the 
Tumbler-Snapper alpha meaaurementa, was especially helpful during these hurried tests. 

l E. H. Krause and Staff, Ivy Report, Measurement of Reaction History, Vol. I, WT-620, 
1953. 

5-6 



CONTENTS 

ABSTRACT . . .‘ . . , . . . 

PREFACE . . . . . . . . . 

CHAPTER 1 INTRODUCTION . . . . . 

1.1 
1.2 
1.3 

1.4 

Historical Background . . . . . 
Aims of the Experiment . . . . . 
Nature of the Experiment . . . . . 
1.3.1 Scintillators . . . . . . 
1.3.2 General . . . . . . . 
Theory . . . . . . . . 
1.4.1 Gamma intensity and Intensity Relations 
1.4.2 Predicted Background and Related Effects 

cIiAPTER 2 - * * * * 

2.1 Description of Experiments . . . . 
2.1.1 Scintillator Measurements . . . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

2.1.2 Measurement of Gamma Rays as a Function of Time 
2.2 Experimental Arrangement . . . . 

2.2.1 General . . . . . . . 
2.2.2 Components . . . . . . 

2.3 Optical Alignment . . . . . . 
2.4 Recording System . . . . . . 

2.4.1 Over-all System . . . . . 
* 2.4.2 Detectors and Log-network Phototube . 

2.4.3 Trsnsmisrion Liner . . . . 
2.4.4 hdlcators and Associated Equipment . 
2.4.5 Calibration . . . . . . 
2.4.6 Dry-run Procedure. . . . . 

2.5 Results of the Scintillator Measurements . 

CHAPTER 3 , . . . . . 
8 

3.1 Introduction , . . . . . 
3.2 Description of Experiment. . . . . 

3.2.1 Nature of Experiment . . . . 
3.2.2 Site Layout . . . . . . 

3.3 Recording System . . . . . . 
3.3.1 Over-all System . . . . . 
3.3.2 Detectors and Detector Supplies . . 

. 

7 

. 

Page 

. 3 

. 5 

. 11 

. 11 

. 11 

. 11 

.ll ,’ 

. 12 

. 13 

. 13 . 

. 16 

. 20 

. 20 

. 20 

. 22 

. 23 

. 23 

. 23 

. 23 

. 34 

. 34 

. 34 

. 39 

. 39 

. 39 

. 45 

. 45 

. 46 

. 48 

. 40 

. 48 

. 48 

. 48 

. 48 

. 58 



CONTEN_TS (Continued) 

3.3.3 Tran8mUion Liner . . . . l 

3.3.4 Indicator8 and lueociated Equipment . 

3.3.5 Calibration . . . . . . 
3.3.6 Dry-rug Pro+ure. . . . . 

3.4 ReeulU of the _ ,ScinUllator Meaeuremonte 
3.4.1 General?. ...... 
3.4.2 Rerult8 ...... 

4.1 Introduction . . . . . l . 
4.2 Description of Experimenta . . . 

4.2.1 Nature of Experiment8 . . . 
_ 4.2.2 Site Layout . . . . . 

4.3 Recording Syetem . . . . . 
4.3.1 Over-all System . . . . 
4.3.2 Detector8 and Detector Supplier . 

4.3.3 Tranemiseion Lines . ‘. . 
4.3.4 Indicator8 and tirociated Equipment 
4.3.5 Calibration . . . . . 
4.3.6 Dry-runProcedure . . . . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
a 

. 

4.4 Rerulb of the Scintillatot Msaeuremente . 

CHAPTER 5 OVER-ALL EXPERIMENTAL ANALYSIS . 

5.1 
5.2 
5.3 

. 

. 

. 

. . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
General . . . . . . . . 
Scintillator Characterlaticr . . . . 
Scintillatot - Remote Photoeenaitive Detector Technique 

ILLUSTRATIONS 

CRAPTER 1 INTRODUCTION 

1.1 PredictedGammaRadiatioa . . . 
1.2 Nomenclature for Sclntillator Calculatione . . 

1.3 Effect of Scintillator Thkknere . . . . . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

1.4 Fluorercence Spectrum of 0.5 Per Cent Terphenyl in Toluene . 

2.1 
2.2 
2.3 
2.4 
2.s 
2.6 
2.7 
2.8 
2.9 

Over-all Schematic, _ . . 
View of Propagation Path from Tower 
Bottom View of Sclntillatorr . . 
3-meter Sclntillator . . . . 
Center Baffle . 
Optical Receiving-e&on Ikllkion’ 
Plane Tutnine Mirror8 at Tower Base 
Receiving-pit Installation . . . 
Receiving Mirror8 and Electronics . 

. . . . . 

. . . . . 

. . . . . 

. . . . . 

. . . . . 
. . . . 

. . . . . 

. . . . . 

. . . . . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

* 58 
- 58 
- 58 
* 61 
* 61 
. 61 
. 61 

* 70 

* 70 
. 70 
* 70 
* 72 
- 72 
- 72 
* 72 
. 72 
. 72 
.72 *’ 
* 72 
’ 81 

. 92 

* 92 
* 92 
. 94 

. 14 

. 15 

. 17 

. 18 

. 24 

. 25 

. 26 

. 27 

. 28 

. 29 

. 30 

. 31 

. 32 

8 



ILLUSTRATIONS (Continued) 

2.10 Direct-current Light Source at Center Baffle . . . . 
2.11 Recording-system Schematic, . . . 
2.12 Front View of Recording Station Electronic Bays 

. 
. . . 

2.13 935 Phototube Spectral Sensitivity . . . . . . 
2.14 935 Detector and Laarithmic Attenuator Schematic . . . 
2.15 Monitor Oscillogram . , . . . . . 
2.16 Oscillogram, 
2.17 Oscillogram, 

Scintfflator . . 
2.18 Oscfflogram, 
2.19 Oscillogram, 

CBAPTER 3 

Chsnnel 1, J-meter Scintillator . . 
Channel 2, lo-meter (Lead-shielded) 

. . . . . . . . 
Channel 3, lo-meter Scintillator . . 
Channel 4, Gamma Monitor . . . 

3.1 
3.2 
3.3 
3.4 
3.5 
3.0 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
3.16 
3.17 

Over -all Layout, . . . . . . . 
View of Propagation Path from Tower _ . . . . 
Sending Mirrors and Tower Baffles , . . . . . 
Propagation Path, Baffle 2 . . . . . . . 
Receiving-pit Baffles . . . . . . . . 
Pit Turning Mirrors . . . . . . . . . 
Receiving-pit Parabolas and Phototube Units . . . . 
Recording-system Schematic, . . . s 
Front View of Electronic Bays-. . . . . . ‘. 
TW-9 Indicator Intensifier and Sweep-circuit Diagram . G 

Oscillogram, Channel lB, Receiving-pit Gamma Monitor . 
Oscillogram, Chsnnel 2B, Teller (Air) Monitor 
Oscfflogram, Channel 3B, lo-meter Scintillator 
Oscfllogram, Channel 4B, Scintillator Monitor 
Oscillogram, Channel 5, Log-load Gamma Monitor 

Linearized Composite, ._ . . . 
Composite Gamma-ratezurver. . . . 

c 

. . 

Over-sll Layout, 
-. 

. . . . . . 
Propsgation-path Baffles : . . . . . . 
lo-meter Scmtilktor and Sending Error, __ 
Sending Mirror and Baffles . . . . . . 
Ml-meter Scintillator and Sending Mirror, Channel 2 . 
Receiving-pit Turning Mirrors . . . . . . 
Receivfng Parabolas and Phototube Units . . . . 
Recording-system Schematic, . . . . 
Side View of Recording Electronic Bays . . . . 

4.10, 
4.1lI 

Oscillogram, Channel lB, lo-meter Scintillator 
, Oscillogram, Channel 2B, 163 -meter Scintillator 

4.12, Oscillogram, Channel 38, 86-meter Sclntillator 
4.13’ Oscillogram, Channel 4, Monitor . . . 

‘4.14 Linearize: Plot of lo-meter Scintillator, 
4.15 Linearlzed Plot of 163-meter Scintillated, 
4.16 Linearized Plot of 86-meter Scintillator, 
4.17 Linearized Composite. . . . . . 
4.18 Composite Gamma-rate Curves, _ * . . 

. 

CHAPTER 4 

4.1 
4.2 
4.3 
4.4 - 
4.5 
4.6 
4.7 
4.8 
4.9 

Pace 

. 33 

. 35 

. 36 

. 37 

. 38 

. 40 

. 41 

. 42 

. 43 

. 44 

. 47 
* 59 
. 51 
. 52 

. 
53 

. 54 *’ 

. 55 

. 58 

. 57 

. 59 

. 62 

. 63 

. 84 

. 85 

. 66 

. 87 

. 68 

. 71 

. 73 

. 74 

. 75 

. 70 

. 77 

. 78 

. 79 

. 80 

. 82 

. a3 

. a4 

. 85 

. 80 

. 87 

. 88 

. 89 

. 90 

9 



ILLUSTRATIONS (Continued) 

CRAPTER 3 OVER-ALL EXPERIMENTAL ANALYSIS , 

5.1 Composite! - _lO-meter Scintillotorr 

TABLES 

C?IAPTER 1 INTRODUCTION 

1.1 Charactepdics of Scintfflntor . . . . 

CHAPTER 2 1 
- 
-. 

2.1 Experimental Arrangement, . . 
2.2 Experimental Layout,. . . . 
2.3 Optical Efficiency, q . . . 
2.4 Intensity Calculatioi$’ . . . 

_ -_ 

CRAPTER 3 
--. 

3.1 Experimental Arrangement, *- * 
3.2 Experimental Layout, . . . 

. . * . . 

. . . . . 

. . . . . 

. . . . . 

. . . . . 

. . . . . 

--- *-* 
3.3 Intensity Calculations for Channel 3, lo-meter ScintWor, 

- 
- 

CI.IAPTER 4 

4.1 Experimental Arrangement, . . . . . . . 
4.2 Intensity Calculations, . . . . . . . . 
4.3 Results of the Near Sciator - Remote Detector Measurements . . 

* 93 

* 12 

* 20 
* 21 
. 21 
* 22 

.46 *’ 

. 49 

. 60 

. 70 

. 81 

. 91 

10 



CHAPTER 1 

INTRODUCTION 

1.1 HmORICAL BACKGROUND 

In planning some of the experiments for Mike shat of Operation Ivy, consideration was given 
to the use of a system with scintillators near the weapon. This system would replace the long 
runs of transmission lines by utilizing optical-path transmission of the scintillator light to a 
distant photosensitive detector. If such a system were feasible without extensive opttcal-path 
shielding, it would provide a simpler and cheaper approach to the problem. 

The system required that the scintillators be used at gamma-radiation levels about 10’ to 
lo’ times higher than that at which they had previously been used. There was no method to de- 
termine experimentally the characteristics of scintillators under such high radiation levels ex- 
cept by performing tests involving a nuclear weapon. This type of measurement was considered 
for the Greenhouse tests, but the stringent time requirements prevented it from being attempted. 
Arrangements were therefore made to perform feasibility tests during the Tumbler-Snapper 
Operation at Nevada Proving Grounds (NPG) during May 1953. 

Initial tests were conducted iwhich was detonated on a 300-n tower. It 
was believed that the results would be sufficient for experimental planning on Operation Ivy; 
however, the results were inconclusive. Greatly accelerated planning and buildup of experimen- 
tal parts were then undertaken to perform a modified experiment and still 
further experiments The results of these tests indicated that the proposed method 
of measurements would be extremely costly and the results would be dubious. Hence the tech- 
nique was abandoned ae far a8 the forthcoming Ivy tests were concerned. 

1.2 AIMS OF THE EXPERIMENT 

The pkincipal objectivea of the Snapper-Ivy tests were to: 
1. Determine the maximum gamma-ray intensity and total dosage at which scintillators 

could be employed. 
2. Determine the feasibility of and obtain field experience in the employment of a scintil- 

later-remote photosensitive detector technique with the optical-path problems involved. This 
included the tests of new types of equipment proposed for use on ivy. 

1.3 NATURE OF THE EXPERIMENT 

1.3.1 Scintillators 

Organic scintillators had been tested at low radiation levels over a fairly large temperature 
range.’ These tests indicated that the scintillator would continue to function properly up to a 
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temprature of WC or higher. The measurements were stopped at 8O’c because of difficulties 
v&h vaporisation cf toluene. As shown in Table 1.1 the number of 2-Mev gammas required to 
raise the temperature of toluene at the surface 1°C is approximately 1.45 x lO”/cm’. From 
this value and the expected gamms output of the weapon, a location was chosen for the scintil- 
lators where the hesting effect of the radiation was expected to exceed the known safe figure in 
order to test scintfflator behavior under intensity conditions that would result in a large tem- 
perature chsnge. At more distsnt locations and by gsmma shielding, the behavior of the acintil- 
lators under conditions of high radiation rates but site temperatures were studied. 

Table l.l-CCHARACTERISTICS OF SCINTILLATGR 

Composition: 0.5 per cent by weight of terphenpl in toluene 
Chemical composition of toluene: C,H, 
Density of toluene: 0.862 g/ml at 25/4 
Boiling point of toluene: 110.8”C 
Specific heat of toluene: 0.388 Cal/g ‘C = 1.01 X 10” Mev/g “C 
Terphenyl emission spectrum: 3300 to 4000 A with pesk at 3450 A (3.6 ev) 
Absorption of terphenyl emission spectrum in toluene: a’= 0.03 cm-r, where dI/dx = -& 
Fraction of energy loss in scintillator converted to light: 2.4 x 10-** 
Number of 2-Mev gammss required to raise temperature of toluene 1°C: -1.45 x 10” 

gammss/cm* 

Gamma-ray Absorption Coefficients for Toluene (cm?) 

Fraction of energy 

Gamma-ray energy 
Pair pro- given to electron 

TV 

9 Compton, duction, in Compton process, 
Me0 mc* Pt PC BP EC/IN 

0.51 1.0 0.0806 0.0806 
1.02 2.0 0.0587 0.0587 
1.53 3.0 0.0477 0.0477 
2.04 4.0 0.0406 0.0406 
3.06 6.0 0.0327 0.032 0.0007 

4.06 8.0 0.0288 0.0266 0.0012 
5.10 10.0 0.0247 0.023 0.0017 
6.12 12.0 0.0225 0.0203 0.0020 
7.14 14.0 0.0206 0.0186 0.0024 
8.16 16.0 0.0193 0.0166 0.0027 

*This value is in question. It may be as low as 1.4 x lr’. 

0.344 
0.443 
0.498 
0.534 
0.560 

0.609 
0.630 
0.650 
0.660 
0.670 

1.3.2 General 

The .first objective was attempted by placing scintillatots at different distances from the 
bomb and by using gamma-ray attenuators in combination with scintillators, comparing the 
light output vs time. Differences in the form’of curves lrom any two of the scintillators would 
indicate that the light output of one of the scintillators was not proportional to the incident 
gsmma radiation, that the approximate inverse-square relation of the gamma radiations changes 
with time, or that a time-varying differential optical attenuation was present in the light paths 
between scintillators and detectors. Except for a position very close to the weapon, it is be- 
lieved that the inverse-square law can be trusted. By using two scintillators at the same dis- 
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tame from the bomb and a gamma-ray attenuator between the bomb and one of the scintflhtors, 
the effect of a light-path abeorption can be eliminated. In this case, however, the effect of the 
lead filter on the gamma spectrum introduces qome uncertainty. For this reaeon the thickness 
of the attenuator wae limited by the need to ensure that the spectrum effects did nd overshadow 
any possible saturation effect. In an ideal experiment the optical attenuation in the varfous light’ 
patha would be measured aa a function of time 80 that information could b obtained on the scin- 
tfflator efficiency as a function of the incident gvnma intensity, separated out completely from 
other effects. On the aemamption that the optical transmission could not be determined, it was 
believed that the experiment would still answer the second objective of how the new scintfllator- 
distant detector technique would work. This would improve the experimental design for Ivy ae 
a result of these Snapper measurements, even if it were not possible to fully distinguish between 
scintillator failure and attenuation in the optical path. 

1.4 THEORY 

1.4.1 Gamma Intensity and Intone&y Relations 

Figure 1.1 shows a predicted curve of the gamma radiation From 
the gamma intensity bssed on the assumed bomb chuacteristics and the following derived ex- 
presaions, the anticipated current expected from a photocell placed at the focus of a collecting 
mirror can beocalculated. For these calculations the following symbols ue used: 

I = source strength in gammas per second outside the bomb 

Fy = gamma transmission of material between the bomb case and scintfflator 
a, = fractional solid angle sutkended by the scintillatoP 

a0 = fractional solid angle subtended by the phuocathode at the focus of the collect- 
ing mirror 

B = joules of terphenyl light emitted in the direction of the detector per 4x ste- 
radians per incident gamma 

T = opticaI tranrmission, including the efficiency of the collecting mirror and 
photocell system 

6 and I$ = angles shown in Fig. 1.2 
pt = absorption coefficient for gamma rays 
pa = It times the fraction of gamma-ray energy transferred to Compton electrons 

or pairs (on the average) 
P = absorption coefficient for the emitted light 
1 = thiclcnees of scintfllator 
( =,efficiency of conversion of beta-particle energy to light 

Ey = gunma-ray energy 
1.6 x lr*’ = the conversion factor from million electron volts to joules 

The gammas per second incident on the scintillator are 

by% (1.1) 

and the current in amperes expected from a photocell placed at the focus of a collecting mir- 
ror is 

(; 
C = IF? SZ,BT&,K (1.2) 

Considering only the first gamma-ray processes, 

B = k set 13 eerr scc e’-p sec @I 
set Q-It set 0 

rEy 1 6 x lo-t~ 
(1.3) 

*OS = A,/4nr& in which AS is the projected area of the scintillator and rs is the distance 
from source to scintillator. 
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Scintlllator characteristic8 are shwn in Table_l.l, and curves of B for various sclntfllator 
de#hs are shovrn in Fig. 1.3. These VSheS of Bwere Cabhtedfrom Eq. 1.3 us the coI1- 

8tmb from Table 1.1 and S88uming that the incident gammas and the emergent terphenyl light 
were directed normallo the surface Of the scintfllator; i.e., 8 = $ = 0. These assumptions 
were correct for the) t but for the later tests a calculation of B wa,y necessary for each - 
scintillator. 

The $lUOreSCenCe spectrum Of the terphenyl in toluene scintillator is shown in Fig. 1.4. 

1.4.2 Predicted Background and Related Effects 

(4) Teller L&M The incidence of gamma rays OS the zir lea& to a fluoreecence referred 
to as “Teller light.” This is caused by simple excitations and decreases as gamma intensity 

, decresses. Harold S. Stewart, Naval Research Lshoratory (NRL) Optics Division, had verified 
thst Teller light exists in the air surrounding a nuclesr detonation.* The intensity was not known, 
but the eKect of the mirror Sydem was to baffle the optical path and minimize the re@on from 
which this light could enter the system. 

(b) Comma-ray Eeatf#g. Gamma rays falling oa solid mcrterial neSr the weapon, such as 
the cab walls and structural members of the tcnver, were expected to raiss them to incandescent 
temperatures. This ls borne out by photographs obined by Edgerton, Germeshausen Q Grier 
@G&G),’ during Operation Greenhouse, which show that the CS~ wslls glow prior to the time 
they are fractured by the shock wave. Preliminary analysis indicated thst such incandescence 
would not yield as much light as a scintillator at the same position, provided the scinti&&or 
efiiciency remained constant. Cab incandescence shatld also occur a little later than the period b ’ 
ai greatest interest. Hence it was believed that this source of background would not prevent the 
testing of a scintlllator placed a few meters from the bomb. It was also possible to use a filter 
in the optical system to discriminate agiainst’the longer wavelengths from such bsckground 
sources, and the photocell also acts as such a filter owing to its spectral sensitivity. To in- 
crease the reliability of data, a background monitor viewing an area adjacent to the lo-meter 
scintlllator was used. 

(c) Optical Attenuation Lhe to Gamma Rays. The gamma rays incident on the air in the 
ogcical path between a near scintillator and a distant detector cause dense ionization and leave 
the air highly excite however, Stewart hss made tests that show the light attenuation to be less 
than 10 per cent in the region of interest. Photographs of the cabs taken by EG&G on previous 
tests showed two comers of the cab approximately along the line of sight glowing with appar- 
entIy the same intensity. Since the optical path for the two points differed by several feet in 
the region close to the bomb, this indicated th& no profound attenuation takes place, at least in 
the visible spectrum, within the time of the proposed scintillator tests. 

If two scintilIators are placed at the same distance from the bomb in a manner such that 
their associated olptical psths ye similar and if the gamma radiation incident upon one of the 
scintfflators is attenusted by means of a lead absorber, it should be possible, in this case, to 
eliminate the efiects of a diKetextUal optical ahsorption. A more direct measurement of OptiCti 
transmissioa effects would be of interest, but the outlined measurements were considered ade- 
quate to o&pin the lnformatioo concerning the behavior of a near scintillator. 

(d) Other Optical-path Problema. Problems not introduced by the bomb include twinkle 
eKect and the presace of dust in the atmosphere. Measurements reported by Stewart indicated 
that, if optical paths 3 ft in diameter were used, the transmission would remain constant to 
withis 10 per cent. From his measurements the twinkle eKect, which is caused by localized _ 
density variations in the air, acts to increase or decrease the light received in patches apprax- 
imately 6 tn. in size. Hence using optical paths that are 2 to 3 ft in diameter should make the 
average transmission remain reasonably constant. 

The presence of dust in the air at NPG was expected to prove a source of difficulty during 
the installation and testing phases by causing attenuation during tests and by making it difficult 
to keep ogtical surfaces clean. However, no such difficulties were expected at shot time be- 
cause the wind ccmditions necessary for firing include low surface wind velocity and no vehicles 
would be in the area to stir up the dust. It was proposed to run the optical paths from the tower 
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to the recording Station about 15 ft above the ground to decrease both 
(e) CamMa Rays on Detectors and Cables. The gamma.rays per 

second at a distance r are given by 

i e-r/X 
j=- 

4nr2 

. 

dust and twinkle effects. 
square centimeter per 

(1.4) 

in which X is the effective mean free path for gammas in air. The expected peak gamma-flux 
density at the photocell position near the recording station (r = 1000 yd) ‘WaS 
roughly 10” gammas/cm*/ sec. 

Preliminary analysis indicated that shielding of photocell 
detector circuits and cables would be required. In order to facilitate this shielding, a second 
bend in the optical paths by the use of plane mirrors at the recording station was included. This 
made it possible to place the photocells and cables at ground level behind an earth shield. 
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CRAPTER 2 

2.1 DESCRIPTION OF EXPERIMENTS 

2.1.1 Scintillator Measurements 

The main scintillator test was aimed at determining the amplitude range over which the 
combination of a near scintillator and a distant photosensitive detector would operate success- 
fully. This was to be accomplished by operating three scintillators under different gamma- 
intensity conditions in ‘observing logarithmically vs 
time the current from a distant photocell, viewing each scintillator. In addition, the output of a 
photocell viewing a monitoring path adjacent to the scintfllator nearest the bomb was recorded. 
One of the scintillators was placed approximately 3 meters from the bomb and was partially 
shielded from fission-neutron radiation by means of paraffin placed between the bomb and the 
sclntfflator. The second and third scintillators were both placed 10 meters from the bomb and 
also had paraffin shielding. In addition, one of them had sufficient lead to introduce approxi- 
mately a fivefold attenuation of the gamma radiation from the bomb. This arrangement of the 
second and third scintillators wa8 proposed to eliminate the effects of a differential optical 
absorption and make possible a direct comparison of the two scintillators with regard to 
saturation. A linear time sweep of 1.6 @ duration was used for these displays (see Table 2.1). 
The expected time resolution ranged from about 0.12 @ at the lowest level recorded to about 
0.01 p for the region of the peak of the gamma-ray curve limited mainly by the time constants 
of the log circuit. 

Table 2.1- EXPERIMENTAL ARRANGEMENT; 

Distance 
from weapon, 

meters 
Neutron Gamma-ray 

attenuationt attenuationt 

Monitor 3 
Scintfflator 1 3 100 2.7 
Scintfllator 2a 10 20 2 
Scintillator 2b 10 20 10 
Gamma detector 915 

(Recording sta.) 

*Sweep time for all oscilloscopes was 1.6 I.& 
t Attenuation for fission neutrons in paraffin between source and 

scintfllator. 
$ Attenuation in lead and in neutron shield. 
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The experimental layout, optical efficiencies, and intensity calculations are shown ~JI 
Tables 2.2 to -2.4. 

Table 2.2- EXPERIMENTAL LAYOUT, 
-~ 

Distance from weapon 
to scintfflator, meters 

Projected area of scin- 
tillator in per cent of 
physical area 

For gammas 
For light path 

Diameters of optical path 
in per cent of scintillator 
diameter 

For gammas 
For light path 

Mirror diameters in 
per cent of scintillator 
diameter 

Tower, for gammas 
Tower, for light path 
Receiver, for gammas 
Receiver, for light path 

Total optical-path length, 

meters 

Scintillators 2 
Scintillator 1 and 3 &Monitor 

3 10 3 

100 100 100 
94 100 100 

100 100 100 
94 100 100 

100 100 100 
150 162 160 
150 150 150 
165 174 174 
902.34 982.58 962.34 

Table 2.3- OPTICAL EFFICIENCY, - 

Scintillators 2 
Scintillator 1 and 3 Monitor 

Transmission of. 
scintillator wtndow 

Reflectivity of 1st 

plane mirror 
Reflectivity of 2d 

plane mirror 
Transmission of 

optical path 
Reflectivity of 

collecting mirror 
Fraction of light from 

collecting mirror 
focused into photocell 

Total optical efficiency 

0.36. 

0.80 

o.ao 

0.88 

0.55 

0.75 

0.083 

0.36” 

0.80 0.80 

. 0.80 0.80 

0.88 0.88 

0.55 0.55 

0.75 0.75 

0.083 0.232 

l These values are based on data given by Ptttsburgh Plate Glass CO. The 
validity of these data for terphenyl radiation is uncertain. 

t 
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2.1.2 Measurement of Gamma Rays as a Function of Time 

An attempt was made to measure the gamma rays tndependently by use of a 
gamma-ray detector placed near the recording station. In order to obtain a reasonably com- 
plete record on one oscilloscope, a photocell was immersed in Its own sclntitlator, wtth a 
logarithmic circuit identical to those used in the scintillator test. Due to the differential ab- 
sorption of the gamma rxiiation gver the spectrum resulting from the long air path, dlificul- 
ties were anticipated in conparkg t!-.e ~ccx e fxrn the far scintillator and the one near the 
weapon. 
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2.2 EXl?EFUMENTAL ARRANGEMENT 

2.2.1 Generi 

The fout-pati layout ahoy in Fig. 2.1 wu chgren after consideration of ths necessity to 
shield against OPtiCal and gamma-ray disturbances in the photocell detectors and ths various 
problems OUtliIlad ObOVO. ‘I’hS WrWSmSnt Of the optical piths rUMil¶g down the tower to the 

plae mirrors, then horizontally through a slit to the turning mirrors, and thence to the col- 
lectfng system seemed adequate. The collecting system, with its earth bunker between it and 
be tower clb, and the lead shielding for the photocells seemed adequate for gamma-ray 
shielding. A photograph of the over-all experimental layout taken from the weapon tower is 
shown in Fig. 2.2. 

2.2.2 Components 

(a) Scintillators. The optimum choice of the scintillotor appeared to,be a toluene-tcrphenyl 
mixture previously used in photocell-scintillator detectors. It has a short decay time of 2.5 ns 
(1 nanosecond = 10” sac), can be obtained in quantity, a& being a liquid, can be formed into 
any shspe. Its characteristics are shown in Table 1.1. To use the liquid sclntillator conveniently, 
it was necessary to have a window which would transmit the terphenyl radiation snd would not 
darken under 10’ r of gamma radiation. An investigation of glasses showed that the types that 
will not darken under intense fluxes of radiation will not transmit well in the ultraviolet (the 
reglon d interest). In the time avvlilable best results were mticipatsd by the use of L/JI-in. 
plate alass (see Table 2.3). The installed scintillators are shown ln Figs. 2.3 and 2.4. 

0) Euffzes. The purpose of the baffling system was to reduce crosstalk between the 
individual optical paths and to prevent extraneous light (from the bomb-cab area) from entering 
the turning mirrors. Originally it was planned to use only a center pinhole baffle (see Fig. 2.5) 
through which the light paths would be transposed for cancellation of crosstalk; however, in 
the field additional b&fles were placed near the scintillators and in front of the collecting- 
system mound to help prevent crosstalk (see Figs. 2.2 and 2.6). 

(c) Plane Mirrors. Plane mirrors were used to allow changes ln direction of the optical - 
paths so that better collimation of the light and shielding components could bs obtained. Plate 
glass of adequate quality was obtained. At Fort Belvoir Research Center the glass was coated 
with sluminum, and this surface was protected by a thin layer of silicon monoxide. This com- 
bination resulted in a fairly durable surface with high reflectivity (about 80 per cent) for the 
terphenyl light. The 24- by 30-in. mirrors at the base of the tower are shown in Fig. 2.7, and 
the stand for the 48-in.-diameter turning mirrors at the receiving end is shown in Fig. 2.6. 

(d) Light-collecting System. Three-foot-diameter Navy searchlight mirrors (Fig. 2.8) 
made of stellite were ussd as collecting mirrors. The polished stellite surface was extremely 
durable and had a reflectivity of approximately 55 per cent for terphenyl radiation. An RCA 
935 vacuum phototube was mounted on an adjustable arm out from the center of the stellite 
mirror. Between the mirror and the photocell was mounted a fisheye lens to collect the light 
and focus it into the 935 photocathode for homogeneous illumination (see Fig. 2.9). Aluminum- 
coated filters were used between the lens and the phototube, providing a means to cover a wide 
dynamic range in recording the signal. These filters were nonselective to wavelength and 
were made for transmissions ranging from 5 to 90 per cent of the incident light. 

2.3 OPTICAL ALIGNMENT 

The optical alignment was accomplished by using a d-c light source mounted on an ad- 
justable arm in a 2-ft stellite searchlight mirror (Fig. 2.10) similar to the collecting mirrors. 
The assembly was mounted in the scintillatar yokes and during the hours of darkness was 
directed onto the respective plane mirrors at the base of the tower. The mirrors were ad- 
justed to direct the beam through the baffle slit and onto the plane turning mirrors on the stand 
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shown ln Fig. 2.6. The turnlng and collecting mirrors were then adjusted to give a msximum 
of light flux on-the collecting lens and hence onto the photocathode. 

2.4 RECORDING SYSTEM 

2.4.1 Over-all System 

The over-all recording system was similar in many ways to that used by D. C. Cook for 
the alpha measurement on GPeration Snapper. ’ The signal from the scintlllator, scintillator 
monitor, etc., was transmitted via the optical path to the 935 phototube. In the phototube the 
photon signal was converted to an electrical signal and transmitted through the log network 
vla coaxial transmission lines to the recording system. The slgnsl was amplified and dls- 
played (utilizing a linear sweep) on cathode-ray tubes. The trace on the cathode-ray tube was 
photographed by special oscilloscope cameras which were actuated by EGQG timing signals. 
Time correlation of the signals was accomplished by having the two Indicators associated with 
the 3- and lo-meter sclntlllators trigger the other indicators In the system. These two master 
indicators were time correlated by taking the trigger output from each (the initiating triggers 
for the other Indicators ln the system) and displaying them on a separate timing indicator. 

Figure 2.11 Is a schematic diagram of the over-all recording system. A photograph of the 
equipment ln the recording station Is shown in Fig. 2.12. 

2.4.2 Detectors and Log-network Phototube 

The conversion of tcrphenyl radiation into an electrical signal was accomplished by the 
phototube mounted near the focal point of the collecting mirror and adjusted so that the image 
of the llght beam covered the photocathode. The spectral sensitivity of this tube (S-5) brackets 
the tcrphenyi radlatlon spectrum (see Fig. 2.13). The phototube was tested under overvoltage 
conditions, Let., anode voltages from 500 to 6000 volts. At 3500 volts this tube delivered up to 
1.5 amp linear with incident light. Therefore the use of this phototube with anode voltages of 
1 to 6 kv ensured operation well above the knee of the saturation curve (beyond the region of 
space-charge limitation) but below the approximate 8-h breakdown voltage. The rise time of 
the output current (as a function of input) is no greater than 1 ns (ns = 10” set). Since the 
decay time of the sclntlllator Is greater than this (2.5 ns), no rise-time distortion of the 
scintfflator signal would occur in the phototube.* 

(a) Gamma Detector. A gamma detector utilizing an RCA 935 vacuum phototube sur- 
rounded by sclntfflator solution was placed in a llghttlght box on the mound in front of the 
receiving pit indirect view of the bomb. This detector, except for the added scintillator, was 
Identical to the other detectors. 

(b) Log Network. The current from the photocathode of each of the phototirbes was fed 
into a log-network circuit (see Fig. 2.14). The log character of this network was obtained by 
decreasing the load on the phototube by approximately a factor of 10 whenever the current in- 
creased by the same factor. The load was decreased by parallel resistance, being switched 
In by the lN58 diodes. 

Rise-time response was an important consideration in the design of the log network. The 
final design was such that the following rise-time constants were realize& for photocell cur- 
rents of 0.01 to 0.1 ma, RC = 125 ns; 0.1 to 1.0 ma, RC = 12.5 ns; 1.0 to 10.0 ma, RC = 1.25 ns, 
etc. Obviously for an exponential signal there Is considerable time smear for low-current 
inputs; however, the smear becomes negligible in the region of interest. 

*These results are essentially in agreement with other tests as reported by E. H. Krause 
and Staff, Diagnostic Neutron Experiments, Greenhouse Report Annex 1.5, Part I, WT-96 and 
WT-97, April 1952. 
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