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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 pelieves 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

This report presents the results of Project 6.1 participation in the Blue Gill,
King Fish, and Tight Rope events of the Fish Bowl Series. The project was
undertaken to determine the effects of high-altitude nuclear detonations on ABM
radar frequencies. Primary measurements included time functions of (1) atten-
uation through the fireball and associated ionized regions, and (2) refractive
effects produced by the detonation.

Ballistic rockets were used to place CW beacons, radiating at 1-, 5-, and
10-kMc frequencies. Five receiving stations, four on ships and one on Johnston
Island, made signal strength measurements. An interferometer on the island
made phase-front measurements at 1 and 5 kMc.



PREFACE

The functions of Project 6.1 activities in the Fish Bowl Series were designed
_primarily to support the Blue Gill experiment. As the parameters of other
Dominic tests became known, the possibility of using 6.1 instrumentation to
retrieve useful data became evident. With some operational modifications,
successful participations in the King Fish and Tight Rope events were accom-

plished.

Because of the individualistic nature of each operation, details pertaining to
each of the three operations are separately described in this report. A reca-
pitulation of conclusive results and recommendations follows these presentations.
Since several versions of support data have been supplied, the data used to
arrive at the solutions in this report have been included in the appendixes.

The Project Officer wishes to acknowledge the technical and administrative
assistance afforded this project in both the field operations and in the prepara-
tion of this report. From project concept to Blue Gill Double Prime, Mr.
George K. Roberts was Project Officer, and Mr. James W. Jones was Technical
Director for 6.1a.

Lt. J.D. Garcia of the U.S. Air Force Weapons Laboratory was Project
Officer for 6.1c, which provided the phenomenological predictions necessary
for experiment design.

Personnel of the U.S. Army Electronics Research and Development Activity,
White Sands Missile Range; the Electronic Defense Laboratories, Sylvania,
\lountain View, California; and Aerojet General Corporation, Sacramento,
California, joined in an effective operating task force for the accomplishment
of project objectives.

The Physical Science Laboratory, New Mexico State University, has pro-
vided assistance in the task of reducing the project data.

All photographs are from the U.S. Army Electronics Research and Develop-
ment Activity, White Sands Missile Range, New Mexico.
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CHAPTER 1

INTRODUCTION

The Defense Atomic Support Agency conducted the Fish
Bowl series of high altitude weapons effects tests in the
summer and fall of 1962 at Johnstoh Island. The overall
test series was known as Operation Daminic, under Joint
Task Force 8, The purpose of the experiment carried out by
Project 6.1 was to study the effects of high-altitude nuclear
detonations on electromagnetic waves in the X-, C-, and Leband
frequency regions. Projsct 6.1 participated in the Blue

Gill, King Fish, and Tight Rope tests.

1.1 OBJECTIVES

A prime objective of the experiment was the quantita=
tive measurement of the attenuation suffered by radar beams
passing near or through the fireball of a nuclear detonation.
During the test series, measurements were also made of
effects produced in regions not directly associated with
the fireball proper.

A second prime objective of the experiment was to
investigate possible phase differences vhich were expected
to develop in nearly parallel radar rays passing through

ionized regions.



1.2 PHENOMENOLOGY

In a relatively few shakes (1 shake = 10~ second ) a
combination of fission and fusion reactions convert mass
into a tremendous amount of energy. Lach megaton of weapon
yield corresponds to a total energy of 1019 calories or
L x 1022 ergs. Roughly 95 percent of this is released in
less than one microsecond.

sost of the energy is immediately absorbed within the
weapon itself. The extremely high particle and photon
energies which are the outputs of individual fission and
fusion nuclear reactions are successively degraded oy
interaction with other less energetic particles. Within a
uzicrosecond, the warhead uaterial itselfl, and a small voluue
of surrounding air, reaches teaperatures over l,OOO,uOO° welvin
About TO percent of the weapon's energy is quickly radiated
as {-rays (still within a aicrosecond), while soue
25 percent is contained as kinetic energy of tne deoris
particles, Tae X-rays are absorbed by the surrounding air,
neating it to incandescence. Tae incendescent air further
radiates softer {-rays and ultraviolet rays wnich are
absorbed by a larger, surrounding snell of air, and so Jorth.
This process (radiation diffusion) causes an overall cooling

and growth of the neated region. ithin a *ew milliseconds
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a region is formed at about 10,000° Kelvin which then radiates
less rapidly and principally in tne visible and infrared
part of the spectrum.

The debris, waich contains about 25 percent of the
yield as kinetic energy, expands rapidly. Host of this
xinetic energy is sood manifested in the form of radial
velocity froa the burst point. It generates a strong shock
wave in the surrounding air, so this air is also given a
large radial velocity and is further heated.

The Tirepall is that regiom conposed of the extremely
hot air neated by the airect bomb X-rays and by the shock
wave. Within tnis heated region the air is wholly dissoci-
ated into atomic oxyzen and nitroéen and is almost completely
ionized into electrons and positive ions. Tae initial size
o tnis region cepends on tie yield of the weapon and tie
atnospheric density at tne ourst altitude. At the end of
some tens of milliseconds (for bursts velow apbout 100 xa)
the “irepall size will be on tae order of a few xkilometers
in diazeter, at & temperature near 10,000° Kelvin., It now
radiates witnout srowing appreciably until tue temperature
reaches some 6000° Kelvin, wnich takes about one=half second.
Significant nydroaynaaic motion now begins to occur; tae

sirebvall will rise and expand. The growtn and rise depenc
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Sreatly upon tae oburst altitude and the weagon yiela. Tor
altitudes below GO to 90 ka, the snape and motion witain the
Qdisturoed region is largely poverned by uydrodynausic action
to form a toroidal shape. ZFor oursts above this altitude,
its shape eventually is elongatec by the action of the
earth's magnetic field.

e weapon Gebris and the surrounding air are ionized
by all the energy forms produced oy the burst. The follow=-
ing chart shows the energy uistrivution for a 50-percent

fission, S0-percent fusion weapon.

znergy Distribution Percentage
504 fission=50% fusion of Yield
Iumediate (proapt)
Gamna 0.02
ileutron )
“nerual (X-ray) = (0
Deoris xinetic energy T 25
Lelayed
Ganma 1.5
Zeta 1.0
iieutron < 1073

For altitudes below 100 i@, the pronpt ionization
nroduced by X-rays and debris shock is essentially coniinea
to the fireball proper. For altitudes below about 30 xm,
the penetrating distance of the gauma rays.is small, and

the ionization produced is confined to the deoris region.
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Above 30 km, the gammas can penetrate far from the debris,
causing widespread ionizatian. The neutron.induced
jonization is essentially negligible.

The delayed radiation is that emitted by the fission
'fragmedts in the debris and is of long-time duration. As
before, gamma ionization is confined to the fireball for
altitudes below about 30 km. Above this altitude the
gammas produce a continuous region of ionization surrounding
the fireball proper.

The delayed betas remain localized to the debris region
until ghe debris is above about 50-km altitude. Above 50 km
the penetrating distance of the betas becomes large, and
the particles spiral along the magnetic field lines to
which they are confined, As they strike the denser portions
of the atmosphere they can create.a spatially limived, but
intense, region of ionization centered at about 70 xa for
high-altitude bursts. The spatial extent of this beta
patch 1is equal to that of the debris region.

Within the fireball, thermal ionization continues
until the temperature drops below about 3000° Kelvin.

Other sources of ionization are photodetachment
produced by the presence of sunlight and pnotodetachment

produced by thermal radiation f{rom the fireball itself.
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The amount of ionization produced by each of these
sources, and its duration, is a function of weapon yield
and performance characteristics, burst altitude, latitude,
and time. The rate at which the ionization decreases is a
function of the various reaction rates, attachment rates,
recombination rates, collision frequencies, etc. These, in
turn, depend upon the ionization density, local air density,
temperature, composition, and otner factors.

In general, the prompt ionization produced outside of
the fireball disappears fairly rapidly. The fireball
ionization due to thermal motion, X-rays, and debris
xinetic energy decays ratner slovly as the region rises,
expands, and cools, The delayed radiation continuously
produces ionization, but the ionization density decreases
as the deoris spreads in space.

The presence of ionization changes the progegation
characteristics of the atmosphere to electromegnetic waves.
This ionization can produce reflection, refraction, and

absorption.

20



The radio=-frequency absorgtion, or attenuation, due to
a given electron concentration is approximately given fram

the Appleton-Hartree theory by the following equation:

attenuation 4B = 4.62 % 10" da v
m wé + vé
where
lig = electron density in electrons/cn3
v = collision frequency in sec=l
w = radio signal frequency in cycles/sec

Tne collision frequency is a function of the atmospaeric
properties: temperature, density, composition, etc. Thus,
the severity of attenuation along a propagation patii depends
upon the weapon yield and construction, the altitude,
latitude,and time of burst, as well as the time after oburst
and the proximity of the propagation path to the burst.

In addition, the propagation path is modified from that in
the normal atmosphere by changes in the refraction index of
the region, which are caused by the changes in temperature
and in the magnitude and distrivution of the electron
density. The spatial distribution of the refractive index
determines the propagation patin. Because of the simultaneous
influence of the multitude of parameters, large and rapid
fluctuations in the electron density can occur producing

similar variations in the propagation path and in the attenuation.
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Another phenomenon is that of reflection when the plasma
frequency exceeds the signal frequency. The plasma frequency
is given by: .

w, = 9 x 103 v’i:
where

Yo = plasma frequency in sec=l (Reference 1)

1.3 GENERAL PROCEDURE

Since the effects associated with a radar beam vary
witn frequency, the effects on signals at three separate
frequencies were studied during the experiment.

In this experiment the taree frequencies were'simulta-
neously transmitted from a beacon which was carried to higa
altitudes above the fireball by an unguided sounding rocket.
In this manner, geametric lines of sight were achieved from
the beacon through and near the fireball to receivers
located at a fixed station on Johnston Island and on four
mobile ship stations. Simultaneous measurements of the
position of the missile and the fireball permitted the
calculation of significant fireball ray-path parameters.

The effects that were measured included the variations
induced oy the fireball in amplitude and phase of the

signals emitted by the in-flight transmitter.
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1.3,1 Fixed Station Measurements. Two systems

operated on Johnston Island. One system, which constituted
the phase Qeasurement array and vhich consisted of receiving
stations located at calculated separations, was termed the
interferometer station. The interferameter, operating in
both L- and C~-bands, was used for the study of phase and
angle of arrival of signals.

"L- and C-band receivers of the interfercieter,
together with a related X-band receiving station, provided
neasurements of amplitude variations.

1,3.2 Shipboard leasurements, Four shipboard stations
vere utilized during each event in the test series., Each
snip was located in a theoreticaily optimum position to gain
the maximum length of viewing time through regions of
interest. This positioning was determined by the geametry
of each shot in which the prnject participated. Zach ship=
voard installation included three high-gain antenna systems
nounted on a single pedestal. Receivers measured anplitude
variations of CW signals received at each of the three fre-
quencies (L-, C-, and X-bands) and provided tracking error
signals and antenna pedestal pointing direction derived from

the antenna system.
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1.4 INSTRUMENTATION

A general desgription of Project 6.1 instrumentation
is presented herein. A more detailed description of
systems and equipment may be found in Referenc.e 2.

1.4.1 Missileborne CW Signal Package. The CW signal

package was designed for installation on Nike-Ca jun and
Nike-Apache sounding rockets. Figure 1.1 is a package
{nstalled on a Nike-Cajun and prepared for launching. The
package consisted of two sections: (1) a three-frequency
transmitter to provide the signal for attenuation and
refraction measurements, and (2) a transponder which was

used to track the missile in order to provide a trajectory.

Trensmitter Packege. The transmitter vas a

stable, crystal-controlled unit capable of generating three
harmonically related CW signals. The signals were in the
l-, C-, and X~-band regions. Batteries supplied the primary
power. A block diagram of the missileborne CW signal

package is shown in Figure 1l.2. A crystal-controlled VI
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oscillator was used as a stable first element for the sys:em.
This oscillator had an output of three watts at 105.5 Mc,
which was fed to & varactor multiplier which, in turn,
multiplied the frecuency by nine to obtain an output of
about 400 mw at approximately 1 Ge.

The 1-Ge signal was divided by a 6-db coupler. Cne part
of the signal went to a circulator and voltage-tuned magnetron
which supplied an I-band output of about {ive watts to the
1-band antenne. The other part of the sigral was fed into a
varactor quintupler which supplied a C-band input signal to
a traveling wave tube with a threeeto five-watt output. This
output was delivered to a combined C- and X-band artenna.

The second harmonic of the C-band signal produced an X-band
signal of one to two watts which was also radiated through
the C-band and X-band antenna.

Environmental Characteristics. The epproximate

environmental conditions for which the missile package was
designed are listed in Table l.1l.
Ceveral radiation environmental tests were conducted

on both 1udivicual comporents and the comp. ‘te paylrad.
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Tlectrical Characteristics. The transmitters

vere designed so that an inherent offset of approximately
0.05 Mc in L-band, 0.25 Mc in C-bend, and 0.5 Mc in X-band
existed between each adjacent transmitter manufactured.

The packages were designed to meet, the specifications given
in Table 1l.2.

Missile Package Antenna. Since the direction

of the ground antennas, as viewed from the missile, were
generally less than 30 degrees off-axis, the missile
antenna gain was designed to be highest in this region. The
missile antennas generated circularly symetric radiation
patterns to minimize variations in received signal strength
caused by missile spin. CW signal peckage radiation patterns
are presented in Figure 1.3.

Because the orientation of the missile, as viewed from
the ground, changed constantly, the signal source antennas

were linearly polarized, while the ground antennas were
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circularly polarized to provide a more consistent signal
level at the receivers,

The signal source antenna consisted of two separate
concentric monopoles at the front of the missile nose cone.
The L-band antenna was formed by electrically isolating the
forvard three inches of the nose and exciting it as a
quarter-wave. monopole on a cone.

The C- and X=-band antenna vas formed by isolating the
extreme tip of the nose, This tip was essentlally e wide
band fat monopole yhich was used at both C- and X-band
frequencies.

1,4,2 Cubic Corporation Missile Tracking Systems, Cubic
Corporation was given the responsibility of providing all
tracking data for the instrumented sounding rockets utilized
by Project 6.1 during the Fish Bowl Series. A transponder
apd three types of ground tracking systems were employed
by Cubic to obtain the required data. These systems are
described in Appendix B.

1.h.§ Carrier Vehicles, The stringent requirements of
each of these events for accurate beacon placement indicated
clearly that the use of guided vehicles would have been
optimum, However, the extremely short time frame in whieh

Project 6.1 was planned and the excessive cost of such
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carriers precluded their use, Th;refore, sovnding rockets
with high-altitude capability were chosen. The sounding
rockets chosen for use on Project 6.1 were Nike-Cajun and Nike-
Apache rockets. It was felt that both types of rockets met
the requirements for performance and reliability, the only
difference betweeh them being the higher altitude and longer
flight time capability of the Nike-Apache rocket. A dimen-
tional illustration of the Nike-Cajun rocket and payload is
given in Figure 1.4, With the 6.1 payload, the Nike-Cajun
had an altitude capebility of about 120 km with a normal
flight time of approximately 320 seconds. The Nike-Apache
vehicle, which had the same physical configuration but
utilized a different type of propellant, had an altitude
capability with the 6.1 payload of about 150 km with a
flight time of approximately 360 seconds for a sea level
launch.

Both the Nike-Cajun and Nike-Apache utilized the same
type of rocket launcher. The launcher provided rail
guidance to the rocket for approximately 12 feet. The
azimuth and elevation angles for the launcher were set by
& remote control system operated from the Vind Computation
end Ballistic Center. The remote control system is shown

in Figure 1.5. Utilization of the remote control system
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cernitted final corrections indicated from upper wind data
obtained as late as 30 ninutes vefore firing tize, The
launchers were necnanically restricted to settings of
§T-degree elevation, or less, to prevent a booster hazard
to Johnston Island,

1.h.4 Fixed Station. The fixed station on Jounston

Island was designed to receive signals in the L-, C-, and
X-bands. The X-band signals were used to measure attenuation
effects only. L- and C-band signals were usea to measure

1

attenuation and to study apparent refraction effects., The
L~ and C-band receiver systems together made up what vas
known as the interferometer station. A block diagran of the
interfercmeter systen is presented in rigure 1.6,

The interferometer station positioned on Jonnston
Island was designed prinarily to investigate the extent of
apparent refraction suffered by a set of microwave siénals
transmitted through the fireball of a nucleer event. The
interferometer was also utilized as a quick-loox Ifacility
to determine satisfactory transaitter operation of aissiles
immediately after launch.

The purpose for studying refraction and other pnase

front anomalies stems froum the fact that the antenna gain

and directional accuracy required in high performance radar
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systems is dependent upon the stable, flat characteristics
of such a phase front. In phased-array antenna systenms,
the relationship of antenna operation to ﬁhase-front
geometry is of obvious importance, but even in the case of
the common, paraovolic reflector,amplitude-sensing receiving
systems degradation results from phase perturbations. A
C-vand target tracking radar imposes the most stringent angular
requirements (0.1 milliradian ),;while an L-band acquisition
radar with a large aperture (50 to 100 ft) requires phase
flatness over large distances to achieve its rated character-
istics. The dimensions and direction of the interferometer
are shown in Figure 1.6.

The frequency, accuracy, and distance parameters for
the interferometer configuration were chosen to provide data
distinctly related to anti-uissile missile radars. The main,
or longer, axis of the interferoumeter was chosen to approxi-
mate the antenna aperture of an AICBM acquisition radar. The
secondary axis vas made one-quarter that of the main axis in
order to provide a coarse measure of the phenomena under study
and to facilitate the removal of ambiguities in the data.
The distances from tne antennas to the hub (i.e., the
intersection of the two perpendicular axes) of the interfer-

cueter were chosen in a geanetric progression. With this
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configuration, data was recorded on all diagonal receiver
combinations as well as axial combinations in order to
nrovide necessary data for determination of rossible wave=
front curvature,

Fixed Station Antennas. Eighteby two-

element helical arrays were utilized for each of the fixed
station antennas. The four L-band antennas associated in
the interfercometer system were large, uncovered helical
arrays, while the four C-band arrays were enclosed in boxes
mounted on the Local Oscillator (LO) box venind each L-band
array. The single X-band array in the system was enclosed
in a smaller box to the rizht of the one of the C=-band arrays.
Table 1.3 lists the specifications of the fixed station
antennas, Figure 1.7 illustrates one set of the three=-
frequency antennas., The coriplete four-element system array
is presented in Figure 1.3.

The 3-db beamwidths were approximately six degrees
in azimuth and a2bout 35 degrees in elevation; therefore, with

the center of the beam set at 65 degrees elevation, the

31



10-db beamwidth extended from below 40 degrees to above
90 degrees in elevation, The center of the beam was set
at 65 degrees elevation for Blue Gill; 85 degrees for
King Fish and Tightrope. The antennas were circularly
nolarized to optimize the gain for incoming signals of
changing linear polarization. Antenna patterns for the
fixed station antennas used in Project 6.1 experiments
are presented in Figures 1.9 to 1.12. Tae X-band helical
receiving elements used during Blue Gill were replaced
oy high-gain horn antennas for the King Fisn and Tightrope
events. X-band horn antenna patterns are given in
Figures 1,13 and 1,14, This antenna was aligned on an
85-degree elevation angle with the E-plane vertical.

Fixed Station Receiving System. A block

diagram of the fixed station receiving system is snown
in Figure 1,15. The system consisted of three receiving
systems operating in X=, C-, and L-bands, with their

associated antennas and recording subsystems.,
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Except for e physicel size of the antenna elements
and the frequency of the LO's, the L- and C-band receiving
systems were identical in all respects. Tne L-band receiving
system utilized four antennas fed into separate, but identical,
front-end units which were mounted on the antenna pedestals.
These four front-end units were supplied by a common 10
signal in order to maintain the phase relationship of the
four received signals. Changing from one beacon frequency
to another was accomplished by switching the output frequency
of the first 10. The master R-391 receivers for both the
1- and C-band interferometers were each equipped with a
panoramic display. This facility displayed all beacon signals
simultaneously at positions corresponding to their frequencies
and amplitudes indicating their strength, and also provided
a blinking-pulse rarker which indicated the actual frequency
to which the receivers were tuned. Figure 1.16 is a block
diagram of master Receiver A for both the C- and L-band
interferometer systems.

Automatic Frequency Control (AFC) was also provided in the
naster receiver by controlling the second 10 of the R=-391 sube
system through & Marker AFC unit. An output signal from the

Marker AFC unit was also fed to the recording subsystem. Cutputs
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from both the second and third LO's were fed to the three
slave receivers in order to maintain coherent phase relation=
snips during the two mixing stages. A block diagram
representing the slave Receivers 3, C, and D for both
interferometer systems is snown in Figure 1.17.

The IF output of the third mixer-amplifier stage
(455 kc) was detected in the receiver and sent to tne
recording system for audio communication,while tne AGC
voltage was fed through an external cathodé follower before
reaching tne recording systei.

A fourth amplifier-nixer stage in tne four wodified
R-391 receivers provided the 20-kc outputs to give six
different phase measurements (i.e., A3, 3C, DC, AC, 5D, and
AD). These outputs were filtered, integrated, and sent to
tne recording subsystenm.

In X-vand, a single antenna was used. The first nixer
vas fed by the first LO and the signal input froa the
antenna. The output of the mixer (30 ilc) was fed to tie
n0dified R=-390A receiver. This receiver, xnown as tie
X-band monitor receiver, also utilized a iiarker ArC unit
to track the receiver frequency.

'“he X-band system overated in a manner very sinilar

to that of the C- and L-bana master receiver systeas.
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Automatic frequency control, AGC, and audio outputs were sent
to the recording subsystem fram the modified R=390A receiver.
The panoramic display technique, discussed for the C- and
L-band receivers, was also utilized in this system, However,
since only one antenna was utilized in this system, no phase
comparisons were made; therefore, the fourth mixer-amplifier
stage with outputs at 20 kc was deleted fram the circuitry.
Performance specifications for the Fixed Station

Receiver System are given in Table 1.k,

Fixed Station Recording System. All data

propagated by Project 6.1 experiments were recorded on
magnetic tape in analog form. The recording device utilized
was a half-inch, precision instrumentation recorder with

four channels of direct-record electronics. Operating at

a tape speed of 60 ips, the recorder nad a frequency response
that was flat fram 100 cps to 120 kc.

Fach channel of information to be recorded on nagnetic
tape was initially fed into a separate channel of a Signal
Translation Unit (STU). The function of the STU was to
adjust the maximum desired range of data fed to it and to
translate that span of data as a dc voltage confined to a
specific range, i.e., =2 volts to +2 volts. Thus, a desired
recording range of AGC from -40 dbom to -125 dbm had its

extremes translated as -2 volts and +2 volts,respectively.
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The output of each channel of the STU provided a
suitable input to a Voltage Controlled Oscillator (vco).

Each VCO generated a unique subcarrier frequency which was
frequency modulated, within its bandwidth, by the adjusted
de level from the STU, Several VCO subcarrier outputs, each
rerresenting a separate data channel, were combined non-
additively into a composite signal or multiplex.

Due to the considerable number of information channels
required, four separate multiplexes were formed, each of which
was recorded on a separate tepe channel. The separation of
multinlexes on magnetic tape allowed for the use of identical
subcarrier VCOs contributing to separate multiplexes.

A calibrated stable reference freéuency (100 kc) for play=
back tape-speed compensation was recurded on one of the tape
channels together with tre composite subcarrier signal. Voice
comentary from the station's internal intercommunication sys-
tem and ship-to-shore radio 1etwork was also recorded on
separate channels.

1.4.5 Shipboard Stations. The purpose of using shipboard

receiving systems was to take advantage of their nobility so
that their positions could be adjusted to provide the most
favorable geometry to yield the desired measurements. To

insure that the desired observations would be made, four
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identically equipped ships were dispersed in various
configurations depending upon the geometry of each event,
Generally speaking, each ship station was designed to:
(1) acquire the missileborne beacon in location and
frequency, (2) track the beacon into a position such that
the ray-vath passes near or through the fireball region, and
(3) detect and record amplitude and arrival angle information.
Amplitude and arrival angle data were recorded for L-,
C-, and Y-band frequencies.
Figure 1.18 shows the tracking antenna mount and the
equipment van on a typical shipboard station utilized
during the experiment.

Shioboard Antennas. Due to the test geometry

and the imits on transmitter power and frequency stability
(which in turn set the minimum receiver bandwidtih), three
(C-, L=, and X-band) high-gain antennas were utilized.
These antennas had narrow beamwidths which were controlled
in azimuth and elevation to point toward the missile. The
three antennas were mounted on a single redestal with a
common boresight.

All antennas were right-hand circularly polarized.
The C- and X-band systems utilized 5- and 3-foot reflector

dishes, respectively. zoth employed a conical scanning
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veam witn a scan rate of 30 cps. Antenna nalf-power
veamwidths were approximately 3 degrees for C-vand and
2,5 desrees for X-oand. The C- and X=band tracking antennas
'provided tracking gains to signals of linear polarization of
approximately 29 db; C- and {-band antenna patterns for both
vertical and horizontal signal polarization are presented in
Figures 1.19 to 1l.22.

The L-band tracker employed a sequential lobing technique.
The antenna was a l6-element pnased array of helices which
formed four beaus simultaneously. A solid-state lobing
switch connected these beams alternately to thne receiver to
generate the angle scan. The lobing rate was 30 cps, and
each lobe had a half=-power beamwidth of aporoximately
13 degrees. L-band tracking antennas provide§ tracking gains
to incoming signals of linear polarization of apbout 15 ade
L-band antenna patterns are presented in Figures 1.23 and
1.2h,

Shipboard antenna specifications are described in
Table 1.5.

Tracking Control And Receiver Systems. The

block diagram of the tracking receiver system is shown in
Figure 1.25; system specifications are given in Table 1.6.

Each of the antennas was fed into a front-end from which the
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first generated IF was 30 Mc., This IF was fed to a
30-ifc splitter which provided a 30-Mc signal both to the R=3904
receiver and to the panoramic display to indicate signal
presence, Figure 1,26 shows the block diagram for the
shipboard tracking receiver for all bands. The output of
each R=390A was fed to an error siznal amplifier. The
output of the error signal amplifier was applied to the
tracking mode selector, which selected the highest frequency
channel in vhich there was a signal large enough to permit
automatic tracking. If the signal which was being tracxed
faded, this selector automatically switched down to the
next lower channel containing a trackable signal. 3oth
the azimuth and elevation channels were provided with
velocity memories to allow continual track during ;hort
signal fades in which all three signals dropped out.

The position of the antenna pedestal was controlled
by the stabilization computer which took its information
either from the vertical gyro and manual handwheels or
from the tracking information derived from the tracking
antennas and receivers. Wnen the system tracked automati=
cally, the output error signal wnich was selected for
tracking was fed to the azimuth and elevation servo control

which provided tracking control signals to the antenna
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pedestal, A manual control with azimuth and elevation
control handvheels was also provided. True azimuth and
elevation outputs were sent to an azimuth-elevation
plotter which indicated antenna pointing direction.

True azimuth and elevation outputs were also sent to
the recording subsystem. Other outputs to the recording
subsystem included signals from the time code generator,
3J=cps error signals from all three frequencies with
reference generator outputs, audio, and AGC voltages from
all three frequencies, and the tracking mode of the system,
The principal data outputs to the recording system are
{llustrated in Figure 1.25.

The 30-cps error signals recorded for each frequency
vere intended to provide angular deviation information
from which any refractive effects, caused by the fireball,
could be measured,

Figure 1.27 is a block diagram of the ;htenna control
subsystem. A lobing switch control generator supplied a
driving sign2l to the L-band lobing switch, and also
provided signals to control the nutators for the C- and
X-band antennas. A signal received by these antennas vas
nodulated at a 30-cps rate by these nutating, or lobe

switching, actions to provide an error signal proportional
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to the direction from which the signal was received.

The error signal which was selected for tracking was
fed tnrough the phase detector to the azimuth and elevation
servo anplifier control units. These units controlled the
pedestal motion to null out the signal modulation that was
caused by the nutator, or the lobing switch, thereby causing
the antenna to track the signal. The stabilization computer
provided stabilized outputs from the antenna pedestal when
the manual control mode was used. Its input was derived from
the vertical gyro and manual handwheel controls. The ship's
compass and the compass data converter provided a true north
reference. The manual controls provided analog voltages to
the azimuth-elevation plotter and were used to follow
preplotted information. The azimuth and elevation follow-up
servos caused the manual handwheel controls to follow up the
antenna motions during auto track.

Performance specifications for the antenna control
systen are described in Table 1.7

Shipboard Recording System. The data recording

system used within each shipboard tracking station was
essentially identical to the system employed at the fixed

station. It is described in Section l.h.b.
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Optical Instrumentation. Thirty-five-millimeter
boresight cameras were mounted on the tracking pedestals of
the shipboard stations. Photographs, ostensibly of the rocket
position, were taken with a 1li-degree viewing angle at a frame
rate of 20/sec. A coded timing reference for the boresight
data was additionally recorded.

Alignments of the boresight cameras with their respective
tracking antennas we-c accomplished before the systems vere
shipped to the Dominic test site. Thereafter, no additional
alignments were attempted, although the tracking equipment
vas dismantled several times before the start of the operational
missions.

The precise relationships between aveilable boresight
£i{lm data and tracking antenna orientation are unknown.

1,b,6 Communication System. The four shipboard stations
and the fixed station on Johnston Island were connected by a
high=frequency communication network. Table 1.8 gives the
communication system specifications.

The network was used to supply a countdown to all stations
as well as to distribute operational instructions and transmit

states of readiness.
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1,5 CALIBRATION

1,5.1 Fixed Station, Preshot.

Receiver System, All receivers used in the
system receivel a sensitivity check prior to operation. A
Hewlett-Packard 608 signal generator was used as the signal
level reference. All checks were performed at the input to
the R=390A or R=391 receivers with the UHF front-end excluded
from the circuitry. No signal reference in the microwvave
regions was available for calibration of the narrowband system
utilized on this project. A receiver sensitivity log was
maintained in order to deternmine the reliability of each unit
gnd locate simple malfunctinns before they became serious,

' Recording Svstem, Recording system standardiza-

tion was accomplished a% the ST'! so that all expected voltages
modulating a VCO vere restricted to lie between -2 and +2 volts.
Upper and lowe. basriwi”’<h limits of the VCO's were designed

for $2.5 volts so that an accommodation was left for inaccura-
cies in setup or definition of limits. Following are the

data range limits which were restricted to lie between 22 volts:

AGC: L0 dom to -125 dbm

AFC: 29.5 Me % 100 ke

Audio: meximum line level with BFO and
-60-dbm signal

Phase meter: sawtooth output

Time code: signal limits (square wave)
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Intercommunication and command link voice channels were
fed directly through audio filters into the lower frequency
end of multiplex mixers, Levels were three volts peak-to-peak.

At the beginning of each tape, a calibration of each VCO
was acconplished by providing standard voltages (=2, 0, +2
volts) in sequence to each VCO. A sweep voltage from =2.5 to
+2.5 volts vas also used momentarily.

1.5,2 Fixed Station, Postshot. Following the comple-
tion of a mission, calibrations of AGC and AFC outputs were
performed and recorded.

For the AGC calibration, a Hewlett-Packard €08 signal
generator vas connected to the appropriate receiver, and both
were tuned to 29.5 Me, With the receiver AFC switch in the
OFF position, the generator level was set initially at -40 dbom
and vas then decreased in discrete steps to =125 dvm. This
procedure vas performed for Le- and C-bands utilizing the
"AM receivers (R=391) and for X-band utilizing the monitor
receiver (R=390A).

For the AFC calibration, the signal generator, set at
-60 dbm, vas initiasliv tuned to 29.5 Me. After the appropriate
receiver was tuned to the generator frequency, the AFC switch
was placed in the ON position. The receiver was then manually
tuned, in discrete steps, from 100 ke above to 100 kc below

the center frequency (29.5 Mc). The procedure vas performed
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for L= and C=band "A" receivers and the X=band monitor receiver,
Each step of a calibration was concurrently identified on the

{ntercomunication voice channel.

1,5.3 “obile Stations, Preshot.

Receiver System, All receivers used in the system
received a sensitivity check prior to operation. A Hewlett-Packard
608 signal generator was used as the signal level reference,

All checks were performed at the input to the R=390A receiver
with the UHF front-end excluded from the circuitry. No signal
reference in the microwave regions vas available for calibrae-
tion of the narrowband system utilized on this project. A
receiver sensitivity log was maintained in order to determine
reliability of each unit and locate simple malfunctions before
they became serious.

Recording System. Recording system standardization
was accomplished at the signal translation unit so that most
expected voltages modulating a VCO were restricted to lie
between -2 and +2 volts., Upper and lower btandwidth limits
of the VCO's were designed for 22.5 volts so that an accommoda=
tion was left for inaccuracies in setup or definition of
limits. Following are the data range limits which were
restricted to lie between :2 volts:

AGC: =40 dtm to =125 dbm

AFC: 29.5 Mc % 100 ke
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Audio: maximum line level with BFO
and -60-dbm signal

Azimuth: predicted missile azimuth trajectory
$20 degrees

Elevation: 0 degrees (horizon) to 90 degrees
Tracking logic: 8-dc step functions
Time code: signal limits (square wave)

30-cps error

signals: $2 degrees for L-band;
*

2
1,25 degrees for C- and X-band

30-cps phase reference
signals: peak amplitudes for all bands

An elaborate procedure for the calibration of error
signals, described in detail in Appendix C, was performed.

Intercommunication and command link voice channels were
fed directly through audio filters into the lower frequency
end of multiplex mixers, Levels were adjusted to three volts
peak=to=peak.,

At the beginning of each tape, a calibragion of each VCO
was accomplished by providing standard voltages (-2, 0, +2 volts)
in sequence to each VCO. A sweep voltage from =2,5 to +2.5
volts was also used momentarily.

1,5.4 Mobile Stations, Postshot. Following the comple-
tion of a mission, calibrations of data outputs were performed
and recorded. These included AGC, AFC, azim.th, elevation,

and tfacking logic.

46



For the AGC calibration, a Hewlett-Packard 608 signal
generator vas connected to the approvriate receiver and both
were tuned to 29.5 Mc. With the receiver AFC switch in the
OFF vosition, the éenerator level was set initially at <40 dom
and decreased in discrete steps to =125 dbm. This procedure
was performed for each of the three (X, C=, and Leband)
receivers,

For the AFC calibration, the signal generator, set at
-60 dbm, was initially tuned to 29,5 Mc, After the appro=-
priate receiver was tuned to the generator frequency, the
AFC switch vas placed in the ON position; The receiver was
then manually tuned, in discrete steps, from 100 ke above to
100 k¢ telow the center frequency (29.5 Yc). The procedure
was performed for each of the three frequency bands.

mhe azimuth calibration was gperformed by manually trave-
ersing the pedestal, in S-degree steps, 20 degrees to each
side of the sounding rocket flight azimuth.

The elevation calibration was verformed by manually
elevating the antennas from 0 to GO degrees in elevation,
in l0-degree stepns.,

The tracking logic calibration consisted of placing the
antenna svystem in each of the following tracking nodes in

order that the outputs, each of which is a distinct de level,
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could be identified:
Manual track;

Manual + Leband gate
Manual + C-band gate
Manual + X-band gate

Velocity memory:

Auto track + L-band gate
Auto track + C=band gate
Auto track + X-band gate
Each step of a calibration vas concurrently identified on

the intercommunication voice channel.

1.5.5 Real-Time Commentary and Oneratorg' Critigue.

During the progress of each mission, equipment operators at
all stations continually reported the current status pertain-
ing to their part of the operation. Their remarks vere
recorded in real time on the intercommunication voice channel.
Immediately following a mission, with the instrumentation
recorders set at 7.5 inches per second, the crew chief of each
station related his overall observations of the test, Follov-
ing this, each equipment operator, in turn, commented on his
observations during the mission, noting any unusual incidents

that had occurred,
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1.6 INSTRUMENTATION LIMITATIONS

Many anomalies have been introduced into the data from
sources not directly associated with the event phenomena.
Although some problems were caused by operational errors,
most anomalies were generated by inherent limitations in
equipment.,

Yajor instrumentation limitations are described below.

1.6.1 Missile Beacon Performance. One serious design

deficiency was the omission of any means to provide a cléar—
path monitor of beacon signal levels at all times, Reports
of clear-path operators observing panoramic displays are
available to indicate only cperation or non-operation of the
beacons. Consequently, at times when blackout was purported
to be caused by fireball attenuation or absorption, it is

not certain that missile transmitters vere actually function-
ing at the same level as before the event.

Relative signal strength data, which is affected by
missile-beacon radiation patterns presented %o receiving
elements, is a function of missile attitude., Certain
characteristics in the behavior of the sounding rockets
employed in Dominic experiments are significantly reflected
in most signal strength data. A significant signal deterio=

ration, commonly noted for all missile flights, commenced
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between 70 and 90 seconds prior to splash., At this time

the vehicle is at an altitude st which it begins maneuvers
peculiar to its atmospheric re-entry. The attitude of the
nissile is drastically altered dutring this early traverse
through the increasingly denser medium, Missile fin stabi-
lization takes effect,and the projectile, which was canted
upvard during its free-flight stage, undergoes a rotational
reorientation; the nose cone is rotated downward until its
pointing direction coincides with that of overall missile
motion. During this change from its free-flight #ttitude,
the radiating pattern of the missile's.transmitting antenna,
as seen by the receiving stations, is gradually altered
(Figure 1.3, CW Signal Package Radiation Patterns). The
presentation to the receiving antennas of the least efficient
portion of the transmitted pattern is reflected as a decrease
in relative signal power, The extent of this effect depends
upon the frequency under consideration. The somevhat
superior X-band antenna pattern display at this time accounts
for the less perturbed signals in that frequency tand,
Immediately prior to splash, look angles permit the viewing
of a more efficient portion of the antenna pattern. Ience,

a trief rally of signal levels is noted for this late period

by the shipbecard stations.
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During the first half of missile flight, the rear portion
of the CW beacon antenna pattern is exposed to receiving
elements., This most efficient prespntation is reflected in
generelly stronger detected signals, An exception to this
generalizatiop is the very deep notch in the antenna pattern
directly to the rear of the rocket. The effect of this notch,
coupled with the coning motion of the missile, affected signal
levels appearing in interfercmeter date soon after rocket
launch., It also appeared in shiptoard station data when the
ship was located very close to the island.

As no information is available to define missile attitude
accurately at any discrete time, the transmitting antenna
radiation pattern presented to any of the several tracking
stations could, at best, be estimated for the purpose of
explaining some signal strength phencmena.

1,6,2 Receiving System. The automatic frequency control
(AFC) was responsible for the questionable character of a
considerable volume of data., Design and alignment faults
were such that a rapid decrease in signal level resulted in
an effective open circuit condition which generally produced
an AFC shift. Lack of status information makes it impossible
to determine whether or not the AFC was being utilized during

certain periods or whether it was disabled, In some cases
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when the AFC readout varied, there is no certainty that changes
may not have been caused by manual operation of the tuning
control,

When an open circuit condition existed, a suitable input
was denied to the interferometer phasemeters, and portions of
data recorded during such periods must be discounted.

Recorded tones from the beat-frequency oscillators (BFO) did
not provide any information on the signal status during periods
of blackout other than that indicated in AGC data. It was
anticipated that recorded BFO data, reproduced through a
sensitive tracking filter, would provide a means of recovering
signals fron below the system noise level, Unfortunately,

LFC tuning problems brought about random frequency variations
in the range in which the BFO operated and; in turn, caused
the data provided by the BFO to be an unreliable indicator in
most instances,

v

1.6.3 Tracking Logic. The tracking logic gystem (Section 1.4.5)

gelected the frequency mode by which the system tracked a missile beacon.

Ideally, this selection would be accomplished automatically
and would be dependent upon the availability of acquirahle
signal frequencies., However, a station operator had the

option of bypassing the logic and retaining a particular
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tracking mode by manually placing an override on the system.
Unfortunately, tracking logic analog data does not distinguisr
between autdématic or manual overr;de selection, This leads

to scme anertaintiés concerning system tracking capabilities
during signal recovery vericds.

1,6,4 Recordinc Bandwidths. As a result of multiplexing,

most recorded data was necessarily bandwidth linited. The
L0st serious limitation was placed on interferometer phase
data, the channels of which employed low pass filters ranging
from 110 to 1050 cps. The filter used for each phase informa-
tion channel is listed in Table 1.9.

1.6.5 Phasemeter Characteristics. The recorded phasemeter

outruts consisted of dc voltages that varied proportionally
with the phase difference. The resulting output was in the
form of a sawtcoth with the rapid passage from 360 degrees
maximun reading to zero degrees minimum (see Figure 1.28),

As may be noted in the raw data samples shown in the text,

the trigger from maximum to minimun was very often oscillatory
and possibly introduced errors in the cata reduction processes.
It has been determined empirically, from pre-event and test
firing data, that noise will exist in interferometer phase
data if the signal level does not exceed the system noise

level by 20 db, As the signal-to-noise ratio decreases, the
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phasemeter outputs become random for sigoal levels as high
as 812 db above noise. Phasemeter {nformation recorded
during such periods is highly suspect and requires careful

evaluation,

1.7 DATA INTERPRETATION

1.7.1 Attenuation., The relative signal strength presen-
tations are derived from AGC data. Since this data vas manually
enveloped on chart records before reading, these records
represent envelops readings only. The only e::.:ci:tion to the
enveloping procedure is the expanded data which is presented
for times less than one second. If only one envelope is
presented, it is the maximum,

Corrections have been introduced to AGC data to negate the
effects of variations in free-space attenuation., Slant range
corrections are derived by use of the expression:

(AGC = noise level) + 20 log +
where D = slant range

and R = distance to a reference poini from vhich corrections
are made.

The scaling employed to designate signal levels is strictly
relative and is used as a convenience for agscertaining changes
and making comparisons within a particular plot. It is not

possible to read absolute signal levels from these charts,
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The times utilized on all associated graphs and trajectiory
plots are referenced to event time (H = 0), Portions of data
in some presentations have been plotted as questionable because
of correlating data or circumstances.

Figure 1,29, a typical AGC calibration graph from Blue .
Gill event, depicts other reduction techniques applied to the
AGC data., Definition of the noise level was an evaluation
process, since the signal level calibrations were performed on
the R=390A and R=391 recei;efs-only and did not include the
front end of the receiving system, Five significant portions
of the data were examined for each station in order to resolve
the noise level; the recorded level of each is presented in
Figure 1,29, The "pre-event" noise level is a sample of data
acquired just prior to the acqu;sition of Missile C (H-112).
"Event noise" refers to recorded levels during the blackout
period following event. Data levels recorded immediately
after the splash (impact) of !!issiles C, E, and F are also
{llustrated., Note the discrepancies among the five references.
From these, a weighted level was selentid which appeared to be
the most representative of the unperturbed samples.,

The lengthy duratiorn of the 3lue Gill operation made it
necessary for each station to record data on two magnetic

tapes. At the conclusion of the mission, identical calibration
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procedures were perforumed for each tape. The points plotted
in Figure 1.29 represent the discrete levels of the step
calibrations from each tape. Since the two curves are not the
same, it was necessary to select the best curve or the best

fit to both curves, This fit was extended linearly to the
selected noise level in order to dispense with nonlinearities
in AGC calibrations at levels approaching noise. The effect

of this procedure was to desensitize readings near noise level,
where the data reading process became somewhat arbditrary at
times. Values for signal level changes which have one point

at noise level are now conservative figures, but, by the same
token, the possibility of small reading errors producing gross
value errors have virtually been eliminated. Due to ronlinear-
ities and inconsistencies in recorded AGC calibrations, the
establishment of noise level is uncertain to within 22 db.
Signals within 2 db of established noise level are recorded

as noise in signal strength records,

1,7.2 Refraction. Two systems were employed to collect

data for the determination of refraction. Their electrical
and environmental characteristics are given in Sections 1l.b.b
and 1.4,5, The prime system, located on Johnston Island,
consisted of a fixed-oriented interferometer that operated

at C- and L-band frequencies. In this system, comparisons
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between combinations of receivers measured the phase differences
of an incident plane wave at all combinations of two antennas,
The intent was to determine apparent refraction as a function
of arrival angles.

The other refraction measurement technique involved the
collection of X-, C-, and L-band tracking error data generated
at the shipboard stations and essential to the operation of
the tracking control system., These measurements were intended
to provide values of relative apparent refraction as a function
of frequency.

Apperent refraction is defined as the angle formed between

a straight-line path to the missile beacon and the actual
direction of arrival of the transmitted signal (Figure 1.30).
The measured angle, ¥, represents the apparent angular
refraction referred to in discussions and graphical illustra=
tions of refraction in this report. The actual angle of
refraction, 9, may be calculated from the apparent refraction,
¥, and a knowledge of beacon, receiver, and firevall positions,
if assumptions are made as to where the refraction occurred
with respect to the fireball. It should be noted, however,
that the relationship between apparent and absolute refraction
angl;s {3 not constant, If the missile beacon is moved fram

Position 1 to Position 2 (Figure 1.,30), the absolute

refraction, ©, may remain unchanged even though the apparent

refraction is increased to §.
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TABIE 1.1 MISSILE PACKAGE ENVIFOMMENTAL CHARACTERISTICS

Maximun loeding

Ar:bient temperature,
sefore firing

S%in terperature of
nose cone

Nose cone tip
tenperature

Vibration estirate
Shoc::

leutron radiation of
individual corponents

Garma radiation of
entire rnissile raciage

-3
3
=

1720°F
T50°F

1°00°F
10 g at 20 to 2000 crs

120 g for ! milliseconds
2
2 x 1011 neutrons/cm“

20 radsc, intecrated fose
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TBLE 1.3 FIXED STATION ANTENNA SPECIFICATIONS

Azimuth teamwidth, 3 db 6 degrees + 1 degree
Elevation veamwidth, 10 db 55 degrees + 5 Cegrees
Nose gain for circularly

polarized signal 20 db + 2 db

Nose gain for linearly

polerized signal 1 db +1ad

Survey of relative sosition? +1/8 tneh’

2 1. and C-bvand only.
D vertical and horizontal.
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. TABLE 1.8 COMMUNICATION SYSTEM SPECIFICATIONS

Call signal April Weather
Modulation AM voice
Power 250 watts
Equipment BC 610/R390
Frequencies 2.5 to 6 Me
Number of stations p)

TABLE 1,9 LOW=PASS FILTERING OF PHASE DATA

Low=Pass Filter, Cebend L-band
cps

110 AC
160 AB, BC
220 N AD, CD
330 AC BD
450 AB, BC

600 AD

790 cD

1050 BD
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Figure 1.1 Nike-Cajun prepared for launching.
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