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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. "

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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FOREWORD

This report presents the preliminary results of one of the projects participating in the
military-effect programs of Operation Hardtack. Overall information about this and the
other military-effect projects can be obtained from ITR-1660, the ‘“‘Summary Report of
the Commander, Task Unit 3.” This techmical summary includes: (1) tables listing each
detonation with its yield, type, environment, meteorological conditions, etc.; (2) maps
showing shot locations; (3) discussions of results by programs; (4) summaries of cbjec~
tives, procedures, resuits, etc., for all projects; and (5) a listing of project reports for
the military-effect programs.



ABSTRACT

The objective was to measure the neutron spectrum and total prompt gamma ray flux pro-
duced by the detnnation of a nuclear device of low yteld at an altitude
of about 90,000 feet. This information was to be obtaindd by suitahle detectors in the vi-
cinity of the nuclear device and telemstered to the ground to be recorded and subsequently
analyzed.

The theory and instrumentation for measurement of neutron spectrum and total prompt-
gamma-ray flux from a nuclear device detonated at an altitude of 85,000 {eet is described.

Measurement of neutron time of flight with a Li% sointillator-photodiode detector, with
a similar Lil detector for gamma-ray correction of the Li'1 detactor, was planned. The
meagurement was to have extended to plus 120 msec. A Cal scintillation detector, whose
output was integrated for the first 10 usec after the zero time, and a KBr orystal, whose
darkening was measured as a function of time for 120 msec after zero time, were to be
used to detect gamma flux.

The detector outputs were to have heen electronically encoded and recorded on a
magnetic~tape recorder programmed to record for 120 msec after zero time, reduce
its speed to ‘/u of the recording speed, and continuously play back the data. The record-
er output modulated a 70-kc voltage-controlled oscillator used in a standard frequency-
modulated telemetering system. A ground station received and recorded the signal.

The Bendix command system shared by thias project and Projects 1.10 and 8.2 failed,
and no data was obtained.



PREFACE

Although the major portion of the experimental plan, design and fabrication of instrument:
was done by the Nucleonics Division personnel who participated in the field, the timely
completion of the printed circuitry and the solution of circuit problems could not have oc-
curred without the aid of the Instrumentation Branch of the Radiation Division of Naval
Research Laboratory (NRL). In particular major contributions were made by G. Wall,
P. Shifflett, W. Weedman, G. Brotzman, and L. Bowles.
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; Chapter /
INTROOUCT!ON

11 OBJECTIVES‘

The objective was to measure the neutron spectrum and total prompt gamma ray flux
produced by the detonation of a nuclear device of low yleld _ At an al-
titude of about 90,000 feet. This {nformation was to be obtaified by suitahle detectors {n
the vicinity of the nuclear device and telemsetered to the ground to be recorded and sub-
sequently analyzed.

1.2 BACKGROUND

During Operation Teapot, neutron flux from a device detonated at 36,600 feet above
mean sea level (Shot 10) was measured by means of threshold fission and activation de-
tectors in canisters dropped from the delivery aircraft. Gamma rays were measured
with dosimeter films, DT/60/PD service dosimeters, silver phosphate giass and chem~
ical dosimeters. Seversal fission-threshold detectors with thresholds at 200 ev, 1,000 ev,
700 kev, and 1,500 kev were used. The differences in flux given by these detectors were
plotted as a histogram (Reference 1). A rough picture of the spectrum was given. Thresh-
old detectors do not permit a detailed analysis of the spectrums for reasons diacussed in
Reference 1. Time-of-flight methods can give good energy-spectrum measurements if
the geometry is good (neutrons scattered into the detector are excluded or negligible) and
if the ime duration of neutron production is short, compared to the mean time of flight.

At the altitude planned for the very-high~altitude burst (Shot Yucca), the air density is
approximately 1 percent of the air density at sea level. For this amall density and for
small ranges, the time-of-flight method for measurements of neutron-energy spectra be-
comes feasible. The neutron-threshold data from Shot 10 of Operation Teapot was used
to calculate the conditions for the measurement.

Originally, it was planned to use a “‘real time” telemeter link, i.e., the telemeter
would transmit the signal instantaneously. It was noted, however, that the blast data
telemeters in the near canisters during Shot 10 of Operation Teapot were inopersative
for a period in the order of seconds, caused by absorption of the telemetering aignal by
the intense gamma-ray ionization produced by the nuclear device. The theory of this
attenuation was inadequate for the calculation of the attenuation in the very-high-altitude
case. It was not possible to choose either operating frequency or transmitter power with-
out detailed knowledge of the attenuation.

Therefore, measurements of attenuation were made in the X band range durtng Opera-
tion Redwing (Reference 2). Although the measurements were succesaful, they were
made at only one frequency and one range. On the basis of the Redwing data, a real-time
link might be successful. To enlarge the data and to fieid test telemeter technique, fur-



ther measurements were made during Operation Plumbbob (Reference 3). The Plumbbob
results indicated that a resl-time link would not be feasihle for any reasonable frequency
or transmitter power.

The plans for Shot Yucca then necessarily included means for data storage so that
data transmission could take place after the ionization had cleared up.

1.3 THEORY

An attractive procedure for measuring the energy spectrum of a neutron source is the
time-of~flight method. It has been extensively applied in the past to cyclotron-produced,
pulsed neutron beams and mechanically chopped resctor beams. Since the neutrons re-
sulting from a nuclear detonation are all emitted {n & relatively short time, the method
is adaptable here also; but a relatively long path length is necessary, since many of the
fission neutrons are very energetic. In addition, the extremsly high particle flux avail-
able makes possible a detector system that need not count individual events, even at large
distances from the source.

Suppose the detector is a distance ! from the neutron source, and at first let us neg-
lect the influence of air surrounding the system. In this idealised case, since all the
observed neutrons travel directly from source to detector, there is a simple relation
between time of arrival of a neutron (¢) and its energy (E):

M\ .
t =] (EE—) 1)

Where: M = neutron mass

The detector records the number of neutrons reaching the detector per unit of time,
n@¢). Then, if N(E) is the number of neutrons per unit of energy emitted, the following
simple relationship holds, with E and ¢ connected by Equation 1:

n(t) = N(E) EV? < % ) ()
IM

In the present experiment, [ = 834 meters. Some typical neutron delay times are as
follows (initial y rays arrive at ¢ = 2.78 ysec):

"B t
10 Mev 18.0 usec
4 3.1
2 42.8
1 60.2
40 kev 300

The interpretation of the actual experiment i8, of course, complicated by two effects:
interaction of neutrons with the air and variation of detector efficiency with energy. In
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order to unfold the raw data and to present an energy spectrum for the emitted neutrons,
further analysis is necessary.

A conaiderable amount of work has appeared in the literature on the so—callsd buildup
tactor. This relates the observed total neutron flux to that expected in good geometry,
but does not suffice to caloulate time—of-flight corrections. In other words, one must -
account for those neutrons of a given energy that are lost from the direct beam and do not
reach the detector at the proper time, as well as those inscattered neutrons of higher
energy that arrive late due to their longer path and falsely simulate lower energy neutrons.

Suppose that the distribution in arrival ime of a group of neutrons of energy E, which
has been scattered and has finally reached the detector can be calculated (an approximate
method for doing this will be described below). The function K (E, ¢/) is defined as the
number of such neutrons reaching the detector at time ¢’ per emitted neutron of energy
E and, hence, falsely simulating neutrons of energy

The system efficiency factor, Q(E), which specifies the signal recorded per neutron
of energy E, is defined next. Since Q(E) varies slowly with E, the energy degradation
that the neutrons undergo during collision with the &ir can be neglected. This energy
degradation {s small for most of the neutrons, since the mean number of scatterings ex-
perienced by a neutron is amall. If A(E’) is the attenuation of the direct beam of energy
E', due to scattering, absorption, and inverse-square effects, and I(t' ) is the recorded
signal at ¢, then

N(E') = 17 1" ‘dE Q(E) K(E, t') N(E)
2Vt £'32 QE") AE)) B '

This is an inhomogeneous integral equation for the desired quantity N(E), the source {n-
tensity per unit of energy. The integral represents the total effect of all inscattered neu-
trons of energy higher than E’, hence capable of being confused with direct nsutrons of
energy E’.

The problem of data reduction from a high-altitude detonation then is reduced to:

(1) an evaluation of the kernel K(E, ¢t'), which represents geometrical and physical prop-
erties of the atmosphere and its interaction with neutrons of all energies; (2) a calculation
of the quantity Q(E); and (3) solution of the foregoing integral equation.

Problem 3 seems most susceptible to a stepwise numerical procedure, beginning with
the highest energy groups and working downward. Experimental values of I{¢/) are in=-
serted, and successively lower values of E’ are reached.

Problem 2 is essentially solved by the work on detector, recorder, and electronic
calibrations given elsewhere in this report.

A simple digital-computer program has been set up to calculate the kernel K(E, ¢'),
assuming single scattering of the neutrons and, again, assuming no energy degradation
due to scattering in the air. The vaildity of this assumption and its applicability in the
present case might well be questioned, but as a temporary expedient it seemed worth-
while pursuing.

Since there is little change of velocity during collision, use can be made of the focal
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pmrﬂuddkp.ddsdmﬂuﬁon. In Figure 1.1, hm-‘mfuoub
foci of & family of such ellipsoids such that

ry+ Iy =vt'

-

Where: v -J % = neutron velocity

In Formula 3 and the subsequent definitions the time of arrival, ¢', is measured in units

=

< |~

for conveniencs.

a 1 g (cos 8) n(Z) Ag () Ap (v
KE, t')==— f dx (3)
l - (t': _xz)
Where: b=1 orgﬁ
1t

X = a variable of integration

a = detector area
2-H1_ 4

cos § =
TP ]
1t'x
Z = Zp +
e+ 2

n(Z) = density of scatterers (oxygen and nitrogen nuclei) at altitude 2
A =H+;_- t'x~-1)= Z°+l~t-f

H = shot altitude, Zy =H ~ £

g (cos §) = differential scattering cross-section for neutrons.

Ty d.l'l
Ag(x) = exp [ - f 'ﬂz“)]' (attenuation factor)
0

T drz
Ap (x) = exp [ - iz | {attenuation factor)
0
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A(Z) = mesn free path for neutrons at altitude Z

= Ty ”(Z)
gy = total neutron cross-section in air.

Numerical evaluation of this kernel as a function of E and ¢'is underway, and the re-
qults Will appear in & supplement to this report to be published at a later dats.

Estimates bhave been made of the range of validity of the simple, one-scattering ap-
proximation proposed here. For an altitude of about 100,000 feet, the calculation should

(—l-é’-)x . Source .

Detector

T I

To Ground To Ground

Figure 1.1 Coordinate system for scattering calculation.

be reliable out to ¢/ = 3. This means, for example, that correction can be made for the
effect of 10~Mev scattered neutrons at times corresponding to 1-Mev direct neutrons.

In an attempt to overcome the {nherent limitations of the single scattering approxi~
mation, discussed above, constant liaison has been maintained with other agencies in-
terested in this problem. The hope is to develop a “workahle’” Monte-Carlo type of
machine program in evaluating K(E, #).

13



Chapter 2
OPERATIONS and INSTRUMENTATION

The instrumentation canisters and nuclear device were suspended from a large plastic
balloon, launched at 1128:08, 28 April 1968, from the flight deck of the USS Boxer
(CVB-21). Detonation occurred at 1440, 28 April 1988 at 85,000 feet at Latitude 12 de-
grees 37 minutes north and Longitude 163 degrees 01.5 minutes east, in the Eniwetok
Proving Grounds. Command signals for operation of the equipment when floating alti-
tude had been reached, as well as telemsetering receiving and recording facilities, were
provided by Project 1.10's “ground” station on the flight deck of the USS Boxer.

Project 2.7 instrumentation was contained in a pressurized aluminum vessel, 22 inches
high and 8% inches in diamster, comprising the upper half of the Canister 5. The detec—
tors were mounted in the top of the half canister, with the more massive components in
the bottom. The lower half of Canister § and the other four canisters contained instru~
mentation used by Projects 8.2 and 1.10. Control and telemetering for Project 2.7 were
accomplished by equipment mounted in the lower half of Canister S, serving both Projects
2.7 and 1.10. At the ime of detonation, Canister 5 waas 2,750 feet from the nuclear device,
or at an altitude of about 82,280 feet.

A tHme~of-flight neutron measurement was selectsd. Two scintillation detectors were
used, one with & Li*l crystal and one with a normal LilI crystal. The LiI and Li*l orystals
should respond to gamma rays in the same way. By comparison of their outputs, the neu-
tron component can be isolated.

Two gamma-ray detectors were employed. The first used a Cal orystal as a scintil-
lator, the second, a KBr crystal in which the darkening produced by gamma radiation was
measured. The Csl detector channel was deaigned to measure the integral of the gamma
radiation during the period from 0 to 10 usec after detonation. The KBr detector is in-
herently an integrating device and would provide, at any time after detonation, the inte-
gral of the gamma radiation from 0 to ¢.

In the low-denaity air at 90,000 feet, it was believed that the five canisters might hang
in a straight line, since there would probably be little wind ahear in the 3,000 feet between
the nuclear device and Canister 5. This would interpose the mass of the upper four can-
isters between the device and the detectors used by Project 2.7, introducing an unknown
attenuation. To avoid this, Canister 5 was equipped with a small rocket (PET, manufac-
tured by Atlantic Research Corporation, Alexandria, Virginia) producing 40 pounds of
thrust for 1 second. This was to have been detonated at minus 2 seconds to produce a
0.5-g acceleration of the 80-pounidoehiuier.: The resulting deflection of the canister would
have been approximately 30 feet at zero time and continued to about 90 feet at plus 7
geconds.

The outputs of the four detectors were encoded electronically and recorded simulta~-
neously on four parallel tracks of a magnetic-tape recorder having a recording time of
about 120 msec. On completion of the recording operation, the tape speed was reduced
to Y, of the recording speed and the data played out, one channel at a time, Into a stand-
ard Bendix 70-kc voltage—controlled oscillator and frequency-modulated transmitter lo-

14



oatedintholmrhmotcmmr5 Thi-dgu.lmrooelnd demodulsted, and
recorded by the ground station.

21 DB'I'ECTOBS

The d.teotora used in this experlm.nt were designed to give a qmtltu:lve measure-
ment of the shsolute neutron spectrum and the gamma-ray dosage produced by the nuclear
devioe. '

Since the shot was to take place at a very-high altitude (about 90,000 feet), it was known
that the neutron spectrum could straight forwardly be obtained by a time-of-flight meas-
urement. This involved the assumption that, for the purposes of instrument design, the
effect of the atmosphere for nsutron energies in excess of 0.1 Mev, is small at these al-
titudes. The gamma-ray flux was measured in two ways-——the dosage in the initial pulse,
integrated for 10 usec, and the total dosage, integratad for 120 mseo.

2.1.1 Description. The detector used to measure the neutron flux employed a scintil~
lation crystal of enriched (85 percent) Li’l and a 926 photodiode to measure the light out-
put of the crystal. The Li’ rendered the crystal sensitive to neutrons mainly through the
Li%n, a)H® reaction. In order to provide a suitable control for this crystal and, in par-
ticular, to observe its gamma response, 2 orystal of identical geometry composed of
ordinary Lil was used 28 & second detector. Since 7.5 percent of normal lithium is Li%,
the output of this detector due to neutrons should be only 7.9 percent of that of the Li*1.
The difference in output of these two crystals, after a suitable correction for the presence
of Li%, can therefore be taken to be due solely to neutron activity.

The initial burst of gamma radiation was monitored by a cesium {odide crystai. In
this case, the crystal was small (about 0.1 cc) and was taped directly to the face of & 9268
phototube. The integral of the gamma dosage over the first 10 usec was read from the
output of this detector. In addition, the detector furnished a pulse to the associated elec-
tronic circuitry to initiate the time sequences necessary for the proper collection of data
from all the detectors.

The fourth detector was used to determine the total gamma dosage measured over a
period of 120 msec. This detector conaisted of a crystal of potagsium bromide treated
80 as to color under the action of gamma rays. The resulting change in light transmis-
sion was measured by means of a lamp and a small (1P42) photodiode. The sensitivity
of the crystal was such that dosages ranging from 50 to 2,000 r were easily detectable.

2.1.2 Calibration. The calibration of the neutron detectors was for the purpose of
establishing the relationship between the neutron flux passing through the detectors and
the corresponding output currents of the photodiodes. Since it was necessary to calibrate
the detectors over a considerable range of energies, the NRL 2 Mev Van de Graaff gener-
ator was used to produce monocergic neutrons from the following reactions:

T(p, n)He? (0.15, 0.25 and 0.36 Mev neutrons)
D(d, n)He? (4.25 Mev neutrons)
and T(d, n)Het (15.0 Mev neutrons)

A photomultiplier was used to observe individual events in the crystals, since the neutron
fluxes available were too small to permit direct observation by a photodiode of the light
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from the LiI. The photomultiplier produced a series of pulses, which were recorded
with & 286-channel pulse-height analyzer.

Since the channel number of each event was proportional to the light output of the crys-
tal for that event, a quantity P(Ey), representing the total light output at & given neutron
energy En, could be defined as:

14
P(En)’z ] my
.o i=1

Whers: | = channel number
my = number of counts in that channel .

At higher neutron energies, reactions other than those listed above began to take place,
namely Li*m, dn)He® and Li'(n, d)He', as well as gamma activity arising from the in-
elastic scattering of neutrons on iodine. All of these processes contributed to the light
output of the crystal and formed a continuous background, which increased with increas-
{ng energy.

The total neutron flux, N, was determined with the aid of a calibrated long counter,
which subtended the same solid angle at the neutron source as the detector. The quantity
P(Ep)/N was then proportional to the average light output perunit of neutron flux.

It was then necessary to establish a relationship between the crystal’s light output and
the sensitivities of the photomultiplier and the photodiocde. This determination was com-~
plicated by the fact that the spectral response of the two tubes was different. Therefore,
8 single crystal wag used as a lght source for both, and X rays from the NRL 21 Mev
betatron were sufficiently intense to be used for excitation.

By measurement of the charge released by the photodiode when a high intensity beta-
tron pulse was incident upon the crystal and comparison of it with that produced by the
photomultiplier from a low=-intensity pulse, it was possible to establish the deaired re-
lationship between the tube sensitivities.

The calibration formula could then be expressed:

&P (Ep

_YPM [P(En)/N] &P
YPD Pg

The value QE D (Epn) = average charge reieased by the photodiode per unit of neutron

flux of energy E, striking the crystal;

ypM and ypp = radiation dosages per burst at the low and high levels, respectively;

height of the pulse produced by the photomultiplier for a low-
intensity betatron burst;

Pg

Qg D . charge released by the photodiode for a high-intensity burst
The value P(Ep)/N was defined above.

The curve shown in Figure 2.1 represents QED (Ep) as a function of energy for both
Li%l and the normal crystal, LiNI. By use of the measured current outputs of the photo-
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diodes in conjunction with these curves and conversion of the time-of-flight information
to energy, it was thus possible to determine the neutron-energy spectrum. '

The calibration of the gamma-ray detectors consisted of determining, in one case,
the charge liberated by a photodiode dus to the scintillations of a small crystal of cesium
fodide (Cal) and, in the other case, the change in light transmission of a orystal of potag-
sium bromide (KBr).

The Cal detector was calibrated by its exposure to a calibrated gamma-radiation field
produced by a Co® source. The output currents of the photodiode were measured with a
vibrating-reed electrometer.

The Cal detectors were also exposed to !/-usec bursts of X rays from the NRL beta-
tron. The charge produced by the photodiode as a result of an X ray burst striking the
crystal was measured. From the known radiation dose in each burst, it was possihle to
obtain a value of the photodiode current for a given radiation rate. It was found that the
calibration figure in coulombs per roentgen for the Co® source was about 32 percent
higher than that for the betatron. This can be understood when it is realized that a larger
percentage of incident gamma energy is deposited in a small crystal when the energy ia
low. The X rays from the betatron were much more energetic than those from the Co®.
Since the energy spectrum of the Co® more nearly approximated that expected from the
device, the Co™ results were weighted more heavily.

The calibration figure for the tube and crystal used here was 0.7 x 10™'* coulombs/r.

The potassium bhromide detector was also calibrated by exposure of the crystal to the
Co" source. The output current of the photodiode was measured as a function of time.
From the known radiation rate and the photodiode current, the light transmission (defined
as the ratio of photodiode currents before and after exposure) of the crystals could be ex-
pressed as a function of total gamma dose. The curve of transmisaion (I/I,) as a func-
tion of dosage is given in Figure 2.2.

2.2 DATA ENCODER

A block diagram of this section of the equipment is shown in Figure 2.3. Each detec-
tor output controlled a coding circuit consisting of a converter, or variable-frequency
pulse generator, followed by a single-stage binary scaler. Each such converter had a
repetition rate range of about 1,000 to 100,000 pulses/sec, and could be adjusted to free
run at any repetition rate in this range. A poaitive signal increased the frequency. Both
LiI detector signals had logarithmic load resistors.

The so—called Log-R circuit is a nonlinear device for compressing a wide range of
signal currents into a relatively narrow range of voitages, in a roughly logarithmic man-
ner. It increases the probability that detector signals will not dirve the succeeding cir-
cuitry beyond {ts dynamic range. They are used in the Li*1 and Lil detector channels.

A simplified circuit of a Log-R is shown in Figure 2.4. As detector current I rises
from zero, the only conducting path is through R,, the other branches being opened by
the reverse-biased diodes. The slope of the V-] relation is thus R until V = V{, when
VT1 becomes conducting. Further increase in I occurs with the function slope of R,
and R, in parallel, V rising more slowly with 1 than before. Eventually, all diode paths
are conducting and the function slope is that of Ry, R;, Ry, and Ry in parallel.

The design objectives were an approximate log characteristic for 0.001 s I = 100 ma,
circuit resistances large compared with diode resistances, bias voltages large compared
to 1 volt, a rise time of lesa than 10 usec, and a simple circuit. These objectives can
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Figure 3.4 Schematic diagram of
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pe substantially achieved with the arrangement of Figure 2.4, if stable precision Hilm
resistors and stable bias batteries of low internal impedance are employed.

The values of Ry, Ry, and Ry shown in Figure 2.4 include estimated diode incremental
resiatances of 290, 270, and 100 ochmas, respectively.

Static calibration of the circuit was impossible, because of dissipation difficulties.
Pulse calibration, which was tedious at best, gave results so near to the calculated values
that calibration by calculation was employed. The relevant equations are given below:

V=Ry, for0< V<V,

V=V;+Rgl, for V; < V< Vg, and

Rg = parallel resistance of Ry and R,.

V=V, +Rpl, for V; < V< Vg, and

Ry =pume} resistance of Ry, Ry, and Ry.

V =V + Rgl, for V3 < V <60, and

R, =parallel reqistance of Ry, Ry, Ry, and Ry.

Actually, only calculations for the points V=0, V=V, V=V,;, V=V;, and V = 60
need be made, since the circuit is linear between these points.

The calculated response of the two Log-R's employed 1s shown {n Figure 2.5.

A converter (HFC) {s used in all four detector channels to change relatively slowly
varying direct current signals, unsuitable for magnetic recording, to frequency-modulated
square-wave information.

The circuit of a typical converter, excluding the succeeding binary used for wave shap-
ing, is shown in Figure 2.6.

Tubes VT1 and VT2 are in a direct-coupled regenerative loop. A signal voltage ap-
plied to the input terminals causes a changing current to flow into Capacitor C, raising
the grid potential of VT1 in a substantially linear fashion. This tube is normally cut off,
since VT2 tends to be heavily conducting. After a time the grid voltage of VT1 risea
above cutoff and a rapid regenerative action forces VT1 to conduction and VT2 to non-
conduction. The relatively large plate-load resistor (R, = 100k) for VT1 causes the bias
current now flowing in Ry to be smaller than before. The resulting low bias on VT1 causes
the grid of that tube to be positive with respect to its cathode. A rapid partial discharge
of capacitor C occurs and the tubes then revert to their initial conduction states. The
action then repeats, generating a sawtooth wave across C. The frequency tends to be
proportional to signal voltage. Short positive pulses are taken from the plate of VT2 for
triggering a wave-ahaping binary.

A typical calibration ig shown in Figure 2.7. A small current is ordinarily fed to
Capacitor C from the plate suppiy to maintain a atandby oscillation during no-signal
conditions.

Resistor R, i8 varied to adjust the respoase to a desired range. Regulated supplies
and stable components are essential.

The Csl detector (Detector 1), in addition to its gamma~-ray-measuring function, also
provided a trigger pulse, which initiated & timing sequence. The Csl detector gate pulse
and the Lil gate pulse (See Figure 2.3) generated here are added and recorded on tape
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Figure 2.7 Output frequency versus input voltage for typical HFC.

Channel 1 to incorporate the actual gate times in the telemetered signal. This signal also
went to the tape recorder to initiate {ts timing sequence and to the Project 1.10 equipment
to provide them with a zero-time mark.

To accomplish the gamma-ray measurement, the Cal detector output was integrated
in an RC circuit with a time constant long compared to the prompt-gamma-ray pulse and
the resulting voltage used to actuate a peak-measuring circuit. The input to the normally
open peak-measuring circuit was gated off at 10 usec after gamma-ray arrival by a pulse
generated by the gamma-ray pulse itself, so that the voltage held in the peak-measuring
circuit was the value of the integrated detector current at 10 usec. The negative output
from the peak measuring circuit controlled a converter set to free run at 30 kc such that *
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an increase in the gaAmma-ray integral decreased the frequency. This signal was record-
ed on Channel § of the tape.

The KBr crystal was {lluminated by 8 12-volt incandescent light and its trmmiuion
was measured by a photocell whose output current controlled a converter free running at.
30 ko such that the frequency decreased as the transmisaion of the crystal decreased.
This signal was recorded on Channel 4 of the recorder.

For the two LiI detectors, the output of the corresponding converter was recorded on
the tape, axcept for & 150-usec interval beginning 10 usec after gamma-ray arrival at the
canister, when the magnitude of the detector current was recorded directly on the tape.
This was necessitated by the inability of the recorder system to record pulses short e-
nough to resolve the rapid variations of detector current expected during the early part
of the neutron pulse. To accompligh this, both the converter output and Lil detector out-
put were brought to a gated mixer. The detector output was taken to Input 1 of the gate
of mixer through a high-pass fliter to attenuate the slowly changing components of the
detector-output current. The convertsr output was taken to Input 2. (See Figure 2.3.)
Input 2 was gated off from plus 10 usec to plus 160 ysec, relative to gamma-ray arrival
. time, and mixed with Input 1. The result of all this is that the output of the gated mixer
consists of direct detector output when it is changing rapidly and converter output when
it is changing aslowly. Both the Li%f and Lil detsctors were treated in this way and re-
corded on Channels 3 and 2, respectively, of the tape.

The sixth channel of the tape was used to record the output of a 32-kec crystal-controlled
oscillator, providing an internal time standard.

2.3 MAGNETIC-TAPE RECORDER

Instrumentation applications of this kind are faced with the problems of loss of reliable
telemetry data transmission because of ionization of the atmosphere, limitation of the data
channels available, and the inadequate high-frequency response available with standard
RDB voltage-controlled subcarrier oscillators. The purpose of the magnetic recording
system was to overcome these problems by providing data storage for aix channels of in-
formation, time delay between the collection of data and the transmission of data, and re-
ducing the frequency components of the data to, in effect, extend the frequency response
of the voltage-controlled subcarrier oacillator.

The magnetic recording system consisted of a two-speed recorder with the electronic
components required for recording, erasing, timing, and playback. A block diagram is
shown in Figure 2.8. The inputs to the recording system were supplied by encoders and
consisted of:

Channel 1. A puise input positive for 10 usec, negative for 150 usec and 7 volts am-
plitude in each direction.

Channel 2. The output of a converter binary, which had a no-signal frequency of
500-cycles, aquare wave, and a full-signal frequency of 50 kc, square wave, with a level
of 7 volts, peak to peak.

Channel 3. Same xs Chmmmel 2, except from a diffarent converter binary.

Chamnel 4. The output of a converter binary with a zero input frequency of 30 ke and
a full signal frequency of 500 cycles.

Channel 5. The output of a pulse-controlled oscillator that had a zero-~input frequency
of 30 kc and a full-signal frequency output of 500 cycles.

Channel 6. The output of a 32-kec crystal-controlled oscillator used to determine the
exact speed-reduction ratio between record and playback, as well as an accurate time
base for evaluation of the data.
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The inputs were applied directly to the impedance converter, which provided the nec-
essary amplification and frequency pre-emphasis. The output of the impedance converter
was mixed with the output of the isolation amplifier before being applied to the recording
head. The recorder was always in the record mode when the system was turned on, and
the data that was recorded was played back and erased before new data was recorded.

The input to Channel 1 was also applied to the input of a monostable multivibrator.
This multivibrator was used to provide a positive pulse, delayed by 120 msec from the
arrival of the 10-usec pulse. The delayed positive pulse was applied to another multi-
vibrator, wirdch performed the function of shifting the recorder to the playback speed of
3%, in/sec, turning the erase drive off, and removing the recording signal by grounding
the recorder heads.

The playback head was connected to the playback amplifier through a commutator,
which provided signal switching, to enable the playback amplifier to play back each chan-
nel of data twice. The commutator drive was connected to the recorder capstan drive
to insure proper speed relationship in both record and playback modes. The playback
amplifier provided the necessary gain to modulate the 70-kc voltage-controlled oscillator
+ 15 percent. The frequency response of the playback amplifier was selected to provide
the best operation from 50 cycles to 4 kc with a maximum signal-to-noise ratio being the

prime consideration.
The erase amplifiers were necessary to erase the signals recorded prior to the ar-

rival of the desired signals. The erase was turned off after the desired signals had been
recorded. The length of recording time waa 120 msec after the arrival of the gamma
pulse.

2.3.1 Recording Electronica. Impedance Converters: The unit contained seven im-
pedance converters. This application required the use of six converters, the seventh
being used as a spare in the event of a failure of one of the active impedance converters.

The impedance-converter circuit consisted of a dual triode connected in paraliel to
obtain a low plate resistance to provide maximum power delivery into the low-impedance
record head. The stage was designed to provide a constant recording head current with
a constant input voitage for frequencies between 500 cycles and 50 ke. The grid input
network was designed to provide a 6 decibel/octave roll off from 100 cycles to 7 k¢, with
7 ke, being down 21 decibel, and rising 6 decibel/octave from 10 ke to 50 ke, with 50 ke
down 7 decibel with reapect to 100 cycles. The current-delivering capability of the im-
pedance converter was 1 ma at 10 kc maximum. ‘

Isolation Amplifiers: The unit contained seven igolation amplifiers and, as with the
impedance converters, only six were uged, with the seventh as a spare. The isolation
amplifiers provided biag current to the record head. The circuit consisted of a dual
triode connected in paralle{ to obtain the current-delivering capabilities to deliver
10 ma, at 350 ke, into the record head. The voitage gain of the network was 2.3, with
primary design consideration being current delivered into a low-impedance load.

Biag Oscillator: The bias oscillator network was comprised of a twin T oscillator
driving a cathode follower. The twin T oscillator circuit was selected for its simplicity
and frequency stability over temperature and voltage changes. The cathode follower
performed the function of a buffer and of matching impedances. The cathode follower
drove all isolation amplifiers in parallel, representing a load of 10,000 ochms.

2.3.2 Timing Electronics. Timing Multvibrator: This provided the proper length
of recording cycle. The monostable multivibrator had a negative output pulse 85 volts
peak amplitude and a duration of 115 msec. The multivibrator was triggered by a 10-usec
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, 7 voits litude, created by the arrival of the gamms pulse. The output of
pﬂ:';mfng mmm was differentiated and applied to the grid of the head-switching~
relay network.

Head-Switohing Assembly: The assembly consisted of a monostable multivibrator
with a relay as plate load for the “on” plate, controlling Relay K-310, which controlled
the state of Relays K-411, K—412, K-413, and K—414. The piate Relay K-309 was ener-~
glzed with the turn on of the system and remained energized until the arrival of a positive
pulse from the timing muitivibrator. Relay K-309 received plus 12 volts through the
normally closed contacts of K-309 and, in turn, controlled the plus 12 voltage applied
through K-310 normally closed contacts to Relays K-411, K-412, K-413, and K-414.
Upon arrival of the positive pulae from the timing multivibrator, the head switching re-
lay multivibrator changed state, de-energizing relay K-309, energizing K~310, and de-
energizing Relays K-411, K-412, K-413, and K-414.

Relays K—411, K-412, and K-413 were the head-switching relays. When they were
energized, the output of the impedance converter was applied to the record head; when
de-energized the recording heads were grounded. Relay K-414 controlled the tape speed,
and when energized, the magnetic clutch from the record motor was energized, connect-
{ng the record motor to the capstan. When Relay K-414 was de-energized, the clutch for
playback was activated, and the playback motor was comnected to the capstan. Relay
K-501 controlled the record drive motor and turned it off {n the playback mode.

Relay K-414 alsc controlled the 380~ko drive to the erase amplifier. When K~414
was de-energized, K-414 grounded the {nput to the erase amplifier.

Relay K-310 obtained plus 12 volts of holding voltage from the encoder network, and
when it was applied the magnetic recording system went through one oycls, after the
arrival of the 10-usec pulse from the adder channel. If this voltage was not present,
the system would not shift down into the playback mode.

2.3.3 Erase Electronics. Erase Amplifiers: The erase amplifier consisted of a drive
amplifier and two push-pull amplifier networks. The drive amplifier was a single~triode
amplifier with gain sufficient to provide 350 kc drive voltage to the power amplifiers.
The power amplifiers were operated Class AB;, and were capable of providing 10 watts
into a load impedance of 10,000 ohms. The erase head was composed of eight erase
tracks, each track having an impedance of 10,000 ohms, so when connected in series
paralleled with three other tracks, an impedance of 10,000 ohms was obtained. Each
push-pull network drove four erase tracks, each track having a power input of 2.5 watts.
Each network had two adjustable controllers, one to provide alternating current balance,
the other to provide the direct current balance. The direct current balance was critical,
because there would be direct current in the erase windings and a direct current unbal-
ance of 4 ma would erase the tape after the drive signals had been removed. The alter-
nating current balance was necessary to obtain low distortion in the 350-kc signal. If
distortion was present, it would create a direct current bias of the tape. The result of
direct current bias on the tape could be serious second harmonic distortion of the record-
ed signal.

Transport: The transport was driven by two “‘globe’”’ permanent-magnet, governor-
controlled, motors. The governors were centrifugal and required arc suppressors to
prevent contact arcing from getting into the power line. The record motors turned at
2350 rmp and the playback motor at 152 rpm. Attached to each motor were magnetic
clutches gear-linked to a pulley that, in turn, drove the capastan at either the high or
low speed, depending on the position of relay K-414.

The record head was a Brush-Clevite magnetic head. This head contained eight
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tracks with each track having an inductance of 4.5 mh. An impedance converter and one
isolation amplifier drove each track.

The erase head was a J. B. Rea magnetic erase head and, like the record head, con-
gisted of eight tracks, each track having an inductance of 4 mh. The erase head was
connected 28 a plate load for the erase amplifiers, with each track dissipating 2.5 watts
of 350 ko signal.

The playback head is J. B. Rea high-inductance, narrow-gap-width playback head.
The playback head had an inductance of 125 mh, and & gap width of 0.0001 inch.

The recording medium was magnetic tape 14 inches wide, 0.005 inch thick, produced
by Reeves Sound Craft. This tape was selected for it8 resistance to wear and impervi-
ousness to high temperatures.

Playback: The signal-switching commutator consisted of eight segments and a wiper
segment. The purpose of the commutator was to play back each track of the record se-
quentiaily. The commutator wiper was connected mechanically to the recorder capstan
drive through a 2-to-1 gear train. The gear reduction allowed each track to be played
through twice before stepping to the next track. The stepping sequence was counter-
clockwise, playing back Channels 8 through 1, in that order.

The playback amplifier was a four-stage pentods amplifier with an open loop gain of
40,000 and a closed loop gain of 4,000. The primary response criterion was chosen to
be a high signal-to-noise ratio at the high frequencies. The overall signal-to-noise ratio,
from record to playback, was 18 to 20 decibels, with a recorded signal of 50 ko and having
squdre wave form. R

In operation, a frequency reduction of 16 to 1 resulted from the speed change from
record to playback: (A recorded frequency spectrum of 500 cycles to 50 kc would re-
suit in a playback frequency spectrum of 30 to 3,000 cycles.) The playback-frequency
spectrum was well within the frequency capabilities of the ground-station frequency
modulation discriminator and recording oscillograph.

The overall frequency response is shown in Figure 2.9 and the frequency response of
the record head, tape, and playback head is shown in Figure 2.10. These respouse
curves {ndicate the effects of the high and low frequency pre—emphasis in the impedance
converters.

2.4 CALIBRATION

This section describes the calibration of that portion of the instrumentation between
the detectors and the magnetic-tape-recording amplifiers.

2.4.1 Detector 1 (Cal). Figure 2.11 indicates the procedure. The pulse generator
delivered a pulse of amplitude V and duration t to the gamma-~integrating network in the
canister. Since duration t was small compared to the network time constant, the charge
delivered was g = Vt/Rg coulombs. The resulting high-frequency converter output was
recorded on the tape at high speed, together with the output of the precision 32-kc oscil-
lator. The tape was played back at low speed, and the reduced converter and oscillator
frequencies were measured with a counter. The tape-speed-reduction factor was deter-
mined from the oscillator data and properly applied to the observed converter frequency
to deduce the actual converter frequency associated with the input charge g. The rela-
tion is shown in Figure 2.12.

2.4.2 Detector 2 (Li*1). The current input-voltage output characteristic of the Log-R
was determined by calculation, employing the known componert values and bias voltages.
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The voltage input-frequency output charsocteristic of the high-frequency converter was
determined by static measurements, using & direct current valtage source, a precise
voltmeter, and a counter. '/

The complete current input-frequency output characteristic desired can be deduced
from the data then available. It is shown in Figure 2.13.

2.4.3 Detector 3 (IiI). The procedure was the same as for Detector 2 Channel. The
data is shown in Figure 2.14.

2.4.4 Detector 4 (KBr). The procedure here was to introduce measured currents,
from a high~voitage, high-resistance source, to the proper detector lead, and then to
measure the associated converter frequencies with a counter. The data i{s shown in
Figure 2.15. ]

In addition to the preflight calibration discussed above, provisions were made to
simulate signal inputs to the data encoder at minus 3 minutes. This was done with a
ocondenser-thyratron single-tube pulser fired by command from the ground. This sys~
tem provided pulses to all data channels and initiated the timing sequence, so that any
deviation from the preflight condition could be detected.

2.5 COMMAND AND PROGRAMMING SYSTEM

The in-flight operation of the canister depended on five commands. Ths first four
conaisted of relay closures in the Project 1.10 equipment, initiated by the command
transmitter in the ground station. The fifth was the arrival of the gamma-ray puise
at the canister.

2.8.1 Minus 7 Minutes. This command signal supplied internal battery power to all
equipment in canistera, producing “ready’”’ condition. The tape-recorder was recording,
playing back, and erasing continuously. This provided a preliminary check on the opera-
tion of the equipment, since the free-running rate of the converters was being transmit-
ted to the ground atation.

2.5.2 Minus 2 Minutes. This command signal initiated the in-flight calibration se-
quence and provided the arming voltage required to hold the tape recorder in the play-
back mode. This command was maintained for 45 seconds, the period required to play
back all eight channels on the tape. Its release restored the system to the “ready”
condition.

2.5.3 Minus 10 Seconds. Up to this time, the system was reversible and could be re-
set by turning off the minus-7~minute command. However, the minus-10-second com-
mand produced some irreversible changes, which were required to reduce power drain
during the playback period and to protect the system from shock-induced relay closures.

2.5.4 Minus 2 Seconds. This signal fired displacement rocket and supplied arming
voltage to tape recover.

2.5.5 Gamma-Ray Pulse. Initiated timing sequence in tape recorder, causing the
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recorder to record for 120 msec and then to be locked into the playback mode for the

duration of the life of the canister
Provisions were made to supply external power and simulate the commands for pre-

flight testing and calibration. In-flight power was supplied by Yardney Silver-Cells.

2.6 GROUND STATION

The ground station was designed primarily for Project 1.10 functions (Reference 4),
but was entirely adequate for the purposes of Project 2.7. During the playback period
of the Project 2.7 tape recorder, the telemstsr receiver outputs were simultansously
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Figure 2.15 Detector 4, KBr, channel calibration curve.

recorded on an Ampex-800 tape recorder and run through a discriminator array into a
consolidated recording oscillograph. The oscillograph record provided a quick look at
the data and the tape record was available for detailed processing of the data.

2.7 FORM AND ACCURACY OF DATA

With the exception of the initial rise of the neutron pulse, the data was to have been
obtained as a series of pulses of variable spacing on the tape from the Ampex 800 in the
ground station. This would have been transcribed to film by deflection of an oscilloscope
trace with the output of the tape recorder and photographing the trace with a moving-film
camera. The pulse frequency could then be determined as a function of time, the elec-
tronic calibration curves could be used to find detector outputs, and the procedure out-
lined in Section 1.3 finally used to obtain the neutron source function. It would be possible
to make an electronic puise counter of sufficiently fast response to have graphed the pulse
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spacing automatically, but the method outlined above is considered {nherently mors ac-
curate.

The leading edge of the neutron pulse could also be transcribed to film. Here, the
transient response of the canister system is very important, and studies of this are not
complete. However, it should be possible to determine a reasonable equivalent transfer
function for use in obtaining the detsctor-~current function giving rise to this output pulse.
This procedure will give only the shape of the leading edge of the pulse. The amplitude
must be determined from the pulse rate at the time the system reverts to converter re-
cording. This difficulty arises from the inability of tape recorders to faithfully reproduce
amplitude recorded information. Consecutive recorded pulses may vary as much as a
factor of four in amplitude, although the average amplitude should remain accurate to
about 5 percent.

The acouracy possible with the system should be of the order of + 25 percent for the
converter information at low frequencies, increasing with frequency. It was expected
that neutron-pulse-rise information would have been worse than this and would not have
been capable of evalustion until the transfer functisn investigation had been compieted.
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Chapter 3
RESULTS and DISCUSSION

No data was obtained. The Project 1.10 command system failed at minus 2:15 minutes,
and Commands 2, 3, and 4 were not transmitted. This left the Project 2.7 canister in
the unarmed condition at zero time. Although the data was probably recorded, the sys-
tem did not lock into the playback mode, so the data was erased on the next transit of the
tape loop. It was apparent from the ground station recordings that the Project 2.7 instru-
mentation was operating properly in the “ready’’ condition, both before and after zero
time, since the idling rates of the converters were present. Only about 8 percent of the
data would have been obtained in any event, because the Project 1.10 telemeter tranamit-
ter in Canister 3 failed at plus 2.5 seconds.

The records of field strength made by the ground station may yield some information
on the blackout effect at these altitudes. Canister 2, at 1,050 feet from the burst began
to recover in about 3.9 seconds; and Canister 5, at 2,780 feet, began to recover in about
0.08 second.
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) Chapter 4
CONCLUSIONS and RECOMMENDATIONS

4.1 CONCLUSIONS

The balloon system left nothing to be desired in ease of 1 {nstru
mentation of this type to altitude. The ditficulties encounur‘::c :t‘;‘ ;:d com and
telemetering systems could certainly be corrected by adequate testing in an environment
including nuclear radiation of the intensity encountered here. The technique used seems
well suited for tests in the 100,000~foot-altitude range and, if repeated with thoroughi:
tested systems, should offer an excellent chance of success. Y

4.2 RECOMMENDATIONS

The Project 2.7 instrumentation performed satisfactorily, in view of the circumstances;
but if the experiment should be repeated, the instrumentation should be tested on the grou:'d
in a nuclear-radiation environment.
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