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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 ztmospheric nuc¢ciear test progran.
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ABSTRACT

The objective of Project €.2 was to determine the position of the debris cloud as
a function of altitude for the Star Fish, Blue Gill, and King Fish events by the
use of directional gamma ray scanning instruments. Included in the repori is a
description of the rocket operations, hand-reduced data, some computer-reduced
data, and preliminary analyses and conclusions.

Although several instrument and rocket problems were encountered during the
three events, field operations were success::l, and data were obtained from all
rocket flights.

Most of the data presented in the results chapter were hand-reduced Com-
puter réduction was performed by another contractor, but problems in the deter-
mination of payload attitude have delayed the receipt of most of this data. Samples
of reduced data for Rockets 8, 9, and 19 were received, however, and some of
these results are included in Chapter 3.

- Data from the gamma scanners, gamma and beta detectors, and photometers
are given for the three events. Plots for the scanners are given in counts per
second versus altitude and time after liftoff. The gamma and beta detector plots
are given in output volts versus altitude and time after liftoff. Most plots include
instrument calibration data. The photometer data are ploited in 3914 A irradiance
versus altitude and time after liftoff.

Conclusions on the three events are summarized below.

1. The Star Fish debris was widely scattered at late time (rcughly 20 to 30
minutes after burst), and its approximate horizontal diameter was at least

2. The Blue Gill debris was stable with a horizontal diameter of at least

and a vertica! dimension of about at roughly 15 to 20 minutes after burst.

3. The debris for the King Fish event expanded rapidly in the vertical direc-
tion, and its rate of ascent was
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v Reduced data from Project 6.2 of the Fish Bowl Series was not received from the
._‘.'_f;: data reduction contractor as scheduled, and therefore, is not included in this

e**: report. The msajor cause for this delay involves problems in determining the

e payload attitude. However, some incomplete reduced data, primarily on the

beta detectors, was received on Rockets 8, 9, and 19 and is discussed in this
" document.
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CHAPTER 1

INTRODUCTION

This report covers the Project 6.2 phase of the Fish Bowl Series of high-
altitude nuclear tests. The objective of Project 6.2 was to determine the posi-
tion of the debris cloud as a function of altitude for the Star Fish, Blue Gill,
and King Fish events by the use of direct.iomll gamma ray scanning instruments.

1.1 OBJECTIVES

The overall objective of Project 6.2 was £5 map debris clouds
resulting from the Star Fish Prime (Star Fish), Blue Gill Triple
Prime (Blue Gill), and King Fish events by detecting the gamma radiation
emanating from them. Ideally, it would have been desirable to map
the spatial and temporal distribution of each debris cloud and
determine its gamma energy level and spectrum. However, to perform’
this ideal experiment would have been difficult and costly and would
have required a long leadtime for instrumentsation design and fabrication.

The debris cloud was mapped by a directional gamma ray sensing

instrument, which scanned the cloud i{n s horizontal direction by
spinning with its rocket about a near-vertical axis. A vertical

scan of the cloud was obtained by the instrument's motion along a
rocket trajectory. Thus, a vertical and horizontusl distribution of

the debris cloud could be determined when the test data were reduced
snd analyzed. The change of debris cloud distribution as a function

of time was determined by payloads fired at different times in
conjunction wvith each event. Since there were only a limited number

of rockets and a single lauinching site available, the overall objectives

of the project were limited to mapping the debris cloud resulting from
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a nuclear detonation in the vertical and horizontal dimensions at

discrete intervals. The time scale was determined by the launch time
of the rocket vehicles. Rocket operations for Project 6.2 are described in de-

tail in Appendix A. Although data reduction and analysis were not required
for this program, limited quick-look data were produced by Electro-Optical

Systems, Inc., (EOS), following the detonations.
In addition to the primary experiment of mapping the gamma

radiation emanating from the debris cloud, several secondary experiments
were carried on the payload. These secondary experiments were used

to aid in the interpretation of data collected from the primary
experiment.

Auxiliary equipments on the Project 6.2 payload were: (1) an
omnidirectional gamma detector, (2) a beta detector, (3) a photometer,
and (4) three orthogonal magnetometers. The omnidirectional gamma
detector provided total gamma radiation as a function of time during
the flight and was used to supplement the gamma scanner data. The
beta detector supplied data on the energy distribution of radiation
emanating from the debris cloud, and also coarse payload aspect
information with respect to the debris cloud. " The photometer provided
aspect data for the gamma ray scanner, which supplemented data
collected by the magnetometers.

Rocket payloads on Project 6.2 carried a three-frequency
continuous wave beacon to permit determination of ionospheric electron
content through measurements of propagation characteristics in the
vicinity of the nuclear events. The frequencies employed were phase
coherent 37, 148, and 888 Mc. Dispersion Doppler and Faraday rotation
measurements furnished the primary information. The propagation
experiment is described in Reference 5.

1.2 BACKGROUND

Several nuclear devices were detonated in space in the past.

Data from these tests were not complete and thus required additional

information to provide more knowledge about the mechanics of the
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detonation, the aftereffects of the debris, and the interactions of
radiations from the detonation with the ionosphere. Typical radiations
from the detonation include neutrons, betas, gamma rays, and X-rays.
One point of substantial concern to the military is the potential
blackout of electromagnetic transmission that may exist for a
considerable portion of time following the nuclear detonation.

Theories have been presented which indicate that the
debris and its interactions with the ionosphere will yield a highly
charged layer many kilometers wide, lying parallel to the earth's
surface. If this is true, a complete cessation of radar, telemetry,
and communication transmissions would result. Consequently, any
defense system that depends upon propagation of electromagnetic
energy for detection, tracking, and communications would become useless.
1.3 THEORY

Various theories describing the behavior of a debris cloud
resulting from a high-altitude nuclear detonation appear to be some-
what inadequate for accurate prediction. This is especially true for
the Star Fish event, which took place at an al;itgde of 400 km. In
addition to this, very little experimental data are available concerning
debris cloud behavior. Many of the theories are based upon measurements
made in conjunction with the Teak and Orange shots. The altitudes
of these shots bracket that of the Blue Gill fairly closely, and
allow some scaling with reasonable confidence. However, there are
no previous data for debris cloud behavior resulting from a 400-k=
detonation. In addition, the prediction of the debris cloud behavior
for the Star risii event, 2s a result of various theories, appeared
to be somewhat inadequate and inconclusive.

Therefore, the design of a gamma ray scanner for the Star Fish
event was quite difficult due to the apparent uncertainty in the
prediction of the debris cloud behavior. As a result, design of
the gamma ray scanner was based on the expected geometries and gamma
intensities characteristic of the Blue Gill event. It was expected
that this design would also yield sufficient results concerning the

Star Fish and King Fish events.
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1.3.1 Theoretical Models of Debris Cloud. A number of

theoretical models of high-altitude auclear detonation have been
proposed. Studies have been conducted by various agencies, notably
those supported by the Defense Atomic Support Agency at General
Electric, TEMPO Division,at Santa Barbara. Three models of importance
follow:

Ball Model. The theory behind the ball model states that the
ionizing debris, resulting from the detonation, will remain in roughly
a spherical ball that will rise above the detonation point due to
heatinsg of the ionosphere. Following a cooling cycle, the ball is
contained on the top by the earth's magnetic field and on the bottom
by the ionosphere.

Mushroom Cloud. The theory of the mushroom cloud states that

upon detonation and heating of the ionosphere the cloud will tend to
rise but will be immediately trapped by the earth's magnetic field
and, therefore, will assume a squashed shape on the top. As a result
of ionospheric heating, the lower portion ;f the cloud rises and is
contained by the reiatively dense 1onosphere Sides of the cloud
exp2nd in a normal hydrodynamic fashion, thus yielding the mushroom or
toadstool appearance. A plan view of this cloud would be expected

to yield an approximate elliptical configuration due to magnetic
trapping of the charged particle debris, the long axis being directed
from north to south, and the short axis, from east to west.-

Debris Separation at Conjugate Points., The debris separation

theory states that the charged particle debris will separate into two
approximately equal parts and deposit in a very short time along a
geomagnetic line at conjugate points across the magnetic equator. As
such, the debris becomes radiation trapped by the earth's magnetic
field. The balance of the debris (that not ionized) will remain in
the vicinity of the detonation point and rise, due to heating of the

ionosphere.
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Present theory indicates that, following a detonation, the
density of the charged particles deposited in the ionosphere is such
that a high probability exists for poor transmission of electro-
magnetic energy. Such a condition, spread horizontally over many
square kilometers, would probably disrupt or disable radsr and radio
cormunications for a minimum period of a few seconds to several hours.
A high-altitude detonation was required to establish or confirm the
true situation.

1.3.2 Theoretical Considerations of Instrument Design. 1In

designing a gamma scanner, certain assumptions must be made with
respect to the size and shape of the debris cloud as a function of
time, and the gamma ray intensity as a function of time. The latter
will depend on the natural decay behavior of the cloud, and the
debris density, which varies with time due to the cloud expansion.
In addition, it is assumed that the cloud is isotropic in its gamma
radiation and that no self-absorption exists.

From the scaling nomographs contained in Reference 1, the
theoretical radial expansion rates of the Blue Gill debris may
be determined. From this and from data published in Reference 2,
the vertical distribu&ion of the debris cloud also can be determined.
As a result, the theoretical cloud size and shape for the Blue Gill
event are shown in Figure 1.1 for various times after detonation.
The total gamma yield per unit time from the debris cloud may be
expressed as:

Y (6 x103)/ 3.35 (3 + 2006 4+ w2 1.1)

Lo -]
]

Where: P = total gamma yield in watts
Y = total energy released in megatons

K = time in seconds after detonation

Since the Blue Gill gamma scanner payloads were being launched at

H + 900 and H + 1860 seconds, the predominant term in the parenthetical
expression in the denominator is Hl'z. Table 1.1 shows the theoretical
total gamma yield of the debris cloud resulting from the Blue Gill event

as a function of time.
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1.3.3 Measurement of Debris Contained Along a Field Line. A simple

method is available for measuring that fraction of the debris cloud
that is contained along a magnetic field line. This method involves
the use of a beta detector.

Consider the beta particles contained in the vicinity of the
detector. These particles can be divided into two components for
simplicity: one resulting from the direct emission of betas, and one
resulting from trapped or stored betas. At the altitudes of interest
(~100 to 400 km), all stored or trapped betas must exist at only very
large (nesr 90 degrees) helix pitch angles. This occurs because the

adigbatic helix angle equation is

sin o .
sin GO -

o | o

o

where o and o, are the helix pitch angles and B and Bo the magnetic
field strengths at points along the field line. Then reflection
occurs at sin g =1, and this must occur at a sufficiently high
altitude so that the reflected electrons are not ahsorbed by the
atmosphere. This must be higher (in general) than about 75 km,

which makes vag- for detector altitudes of interest quite close to
unity, and thus s close to 90 degrees. Consequently, if beta particles
are examined only at small pitch angles (those moving most nearly
parallel to the magnetic field lines), samples are obtained for these
particles which have been emitted instantaneously from the debris,
and which make only one traversal along the field lines and are not
reflected.

To obtain the explicit rzlationship between the response of the
detector and the debris density, the following analysis is made. Let
the beta detector look along the magnetic field line (either north or
south) and assume it has a half-sangle % acceptance cone. This detector
then accepts all electrons with a pitch angle less than a Its solid

angle of view is then

Qo =2g (1 - cos ao)
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The fraction of debris emission in the vicinity of the detector is
then '

LS

() 1l - cos
Xy

I 2

This effective solid angle transforms as one proceeds along the
magnetic field line away from the detector according to the adiabatic

formula,

sin o

B
sin ¢ B
o

o

The zero subscripts refer to the position of the detector. The

effective available solid angle can be transformed by:

S . l-cos?
Qo 1 - cos 00

1 'vrl . B_, sinz o
Bo Y
2
1 - -\F- sin” o

If £ is the total emission of the debris cloud per unit volume per

second, the flux falling upon the detector is given by:

f
F= e idl

g
:
Ca

wvhere dl is the increment along the field line and the integral is taken

s
o

along the magnetic field line away from the detector until it intercepts

WY
F ﬁ.a&
& <

-
L)
-

the atmosphere. Thus

<

()

o
F £ Zn ﬁo dl

>
-

R
D

5 where —— is the expression given above, and

9
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|+

- l - cos o
n 2

&

A great simplification can be made in the above integral in most
cases of interest, because % i« a function which does not deviate
far from unity over the tegiog occupied by a debris cloud. To illustrate,

observe that, for a small a, (good resolution beta detector),

1-'%-% sinzao
Q0 0

- LB
Q B
= l-w-sinzao 3

Using the dipole approximation, note that the field strength B is given

by:
B R3

18]= 22— \[1+3cos’0
R

where 9 is the magnetic earth polar angle (8 = O at the north magnetic
pole), and R, Ro are radii from the center of the earth. The field

line is defined by R = K sinze, where K is a constant, so

6
B sin
E = -——62‘0 Vl + 3 cosze
o sin @
then
2
B - VL - 3 cos®
() 3. sin eo cos eo —————— 4

2
sin eo

ra
l«i-3cosao
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If the Johnston Island magnetic coordinates are included

8, ™ (90 - 16.5) = 73.5 degrees and

d . & =
5 (Bo) 1.725

8 =8,

In a typical case, a debris cloud will cover a span of no more than

300 to 400 km, or A9 ~ 3 degrees. Thus

W ala =S (3 ) a8 | = [1.725][0.05 rad) = 8.6 percent
o (o] o

When a 10-percent error is ignored, % = 1. The integral

o]
referred to before then becomes:

F=»— fdl

To simplify the above equation,the following definitions are made: -

Q- fdl, and q = % , where E is the totsl emission
of the entire debris cloud. The quantity q then has a definite physical
significance. It is the fraction of the debris cloud contained in a
tube of unit cross section following the magnetic field lines extending
from the detector to the atmosphere.

To conclude the expression, note that if:
R = response of detector at time t
E(t) = total beta emission (in power units) from debris
cloud at time t.(E(t) is a function of time and
includes the decay function)
K = calibrarion of beta detector, or output per unit
power in beta per unit area.
then

_ __2R
1" U - cos )E(LK

The evaluation >f this function is given in Chapter 4.
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CHAPTER 2
PROCEDURE

This chapter describes rocket operations, payload instrumentatiom,
environmental testing, and data requirements for Project 6.,2. A discus-
sion of rocket operations (Section 2.1) summarizes rocket performance
and illustrates flight paths for all rockets fired during Project 6.2.

Section 2.2 describes the equipment built during the project. Topica
discussed include payload calibration, gamma ray scanners (gamma scanner),
beta detectors, m{q;ipc_timl gamma detectors, sud photometers. The
last two sections include discussions of paylosd vibration tests and

project data requirements.

2.1 OPERATIONS

The Fish Bowl Series consisted of three events: Star Fish Prime
(Star Pish), Blue Gill Triple Prime (Blue Gill), and King Fish. Test
data on the debris cloud and its effects on the atmosphere were collected
for Projects 6.2, 6.3, and 6.46. The Ballistic Research Laboratories (BRL)
and Electro-Optical Systems, In¢. (EOS) were responsible for Project 6.2
and participated in the collection of test data during the three events.
Project 6.2 was monitored by BRL, and EOS designed and constructed the
instruments and payloads. EOS provided seven flight payloads, a spare
payload, and rocket-launching servicea during the Fish Bowl Seriea.

In addition, rockets and launch services were provided for Projects 6.3
and 6.4, These rocketa were launched from Johnston Island. A summary
of the characteristics: of each event is given in Table 2.1, and & lay-

out of the applicable instrumentation and rocket launchers on Johnston

Island is shown in Figure 2.1,

Design of the Project 6.3 experiment was performed by the Air Forcsa
Cambridge Research Laboratories (CRL), and the payloads were constructed by
Geophysics Corporation of America (GCA), Bedford, Massachusetts. CRL per-
formed the experiment design task for Project 6.4, and the payload was constructzd
by Zimney Corporation of Monrovia, California. All vehicle procurement
for Projects 6.2, €.3, and 6.4 was the responsibility of EOS.
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The Aerolab Development Company of Pasadena, California, and the
Space Vehicles Group of Atlantic Research Corporation (ARC) of El Monte,
California, manufactured vehicle hardware. All rocket launchers were
constructed by ARC, with the exception of two modified by Schimmelman
Engineering Company of Santa Ana, California. The firing system for
launching the vehicles on the above projects was constructed by the
Schimmelman Engireering Company. The launching of payloads on
Projects 6.2, 6.3, and 6.4 was under the overail direction of BRL,
and the firing of the vehicles was performed by EOS. A summary of the
vehicles launched for Projects 6.2, 6.3, and 6.4 is shown in Table 2.2,

Figure 2.2 gives an isometric presentation of Project 6.2 rocket tra-

jectories. A complete description of rocket vehicle operations is given

in Appendix A.
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2.2 PAYLOAD INSTRUMENTS (PROJECT 6.2)

Seven instrumentation packages (payloads) were fired into the atmos-
phere by Honest John Nike-Nike, C-22, and Argo D-4 rockets. These packages
contained several radiation-detecting instruments, telemetry and rader
equipment, and power supplies. A sketch of a typical payload is shown
in Figure 2.3. The purpose of the payload was to collect data on gamma
and beta radistion for determining the size, shape, and flux intensity
of the debris cloud resulting from Pish Bowl Series nuclear detonations.
A block diagram of the payload is shown in Figure 2.4, and descriptions
of the payload and its instruments are given bealow. Instrument discus-
sions ifiaclude payload installation and calibration procedures.

Table 2.7 summarizes Project 6.2 instrument package contents. Appendix
C lists project reports and specifications.

2.2.1 Payload Description. Radiation flux was detected by four

gamma scanners, a gamms detector, a beta detector, and a photometer.

Three magnetometers provided payload aspect information for determining

the orientation of.these instruments with respect to the debris cloud.
Instrument outputs were converted into voltages compatible with telemetry
input requirements and used to modulate voltage controlled oscillators
(VCO0's), which produced frequency changes proportional to the data signal
amplitude. All instru:ent output signals fed through the calibrator were
cutomatically disconnected once every minute, and a five-level reference
voltage was applied Lo the VCO's for in-flight calibration. The outputs
from the VCO's were summed and amplified by two composite signal amplifiers.
The output of one amplifier was routed to the very high frequency (VHF)
telemetrv transmitter, and the output from the second amplifier was routed
to the GMD-1 beacon transmitter, which served as a tracking beacon for the
CMD-1 and a backup telemetry transmitter. The C-band radar transponder was

carried as a ctracking aid, and a three-frequency beacon was employed to

provide data on the electron content of the ionosphere. A commutator

provided a time-sharing mechanism for transmitting engineering data,
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such as payload temperature and battery output voltages, on telemetry
channel (band) 16. The signal monitor Ledex switch enabled preflight
checkout of payload instruments by switching output signals to ground
support equipment for display. The power change-over Ledex switch
transferred the payload power source from external power supplies to.
the payload batteries before launching.

The payload consisted of an ogive fiber glass nose cone, a ground
plane, antennas, a rocket adapter, electronic equipment, and a
magnesium structure. The approximate weight of these units was 167
pounds. The overall height of the payload was 49 inches,6and the base
diameter was 15 inches. The center of gravity was on the thrust axis,
16 inches above the base.

2.2.2 cCalibration of Camma Detectors in the Payload. The gamma

scanners, installed in a spare payload, were calibrated to determine
the shielding effects of the structure on their performance. Other
flight payloads were not tested,because stringent schedule requirements
did not permit these tests to be performed before the rockets were
launched from Johnston Island. Calibration data are given in Appendix D.
The shielding effects cf the pavload structure on each scanner
detector were determined by subjecting the detectors to a point
source of gamma rays as the payload was rotated about an axis through
the detector and parallel to the thrust axis of the payload. The
count rate was determined at 5-degree intervals as the payload
rotated 360 degrees. This procedure was repeated for 21 positions of
the source along the arc of a semicircle with its center located at
the detector.
The ¥, Y, Z coordinate system shown in Figure 2.5 is fixed to
the payload with the Z-axis coincident with the thrust axis of the
payload. Axis-Z' is the rotation axis of the payload. It passes
through the detector and is parailel to the Z-axis. Coordinates X'
and Y' are also parallel to the X and Y payload coordinates as

described in the previous paragraph. Theta (8) was the angle between
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the Z'-axis and the line through the source and the detector. The

source location was varied from O to 180 degrees in increments such
that |cos 6i - cos 8i o J
varied from O to 180 degrees and provided a constant solid angle for

= 0,1, Thus,the polar angle increments

each setting of 6. The plane in which the source moved was used as
a zero reference for the azimuth angle (¢). Phi () was zero when
the Y'-X' plane of the payload coincided with the plane in which
the source was moved. For a given source angle, 81, the payload was
rotated 360 degrees in the clockwise direction in increments of 5
degrees. A 170-millicurie ch source was used for the calibration.
The distance between the aource'and detector was held constant at
125 cm,which gave an incident flux at the detector of 8 x 104 Mev/cmz-sec.
The payload and 6060 source were -aligned so that the plane of
motion of the source from O to 180 degrees was coincident with the
2'-Y' plane of the payload. A transit and plumbbob were used to
perform the alignment before calibrating each gamma detector.
Rotation of the payload was obtained by setting the unit on a
motor-driven tatle. A remote control box was used to start tne motor
for each 0 setting. When the table rotateé 360 degrees, the motor ;
automatically stopped until started for a new tesf run.

2.2.3 Gamma Scanner. Each payload contained two gamma scanner

assemblies, and each assembly consisted of 20- and 90-degree aperture
telescopes. Thus, four gamma telescopes were installed on each rocket.
One assembly, the vertical scanner, was mounted parallel“to a plane
along the thrust axis with its 90-degree telescope near the axis of
spin. The second assembly, the horizontal scanner, was mounted parallel
to a plane tilted 15 degrees from a plane perpendicular to the thrust
axis with its 90-degree telescope near the thrust axis. The locations
of these assemblies in the payload structure are shown in Figure 2.6.

Equipment Description. The gamma scanner represented a unique

approach to the problem of scanning the debris cloud to determine 1its
size, shape,and gamma emission. The scanner is referred to as 2 nega-
tive telescope,because the detector is shielded from the area being
viewed. These instruments scanned the debris cloud in the vertical

and horizontal directions,as a result of the spin and trajectory
movements of the payload.
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The gamma scanner assembly consisted of four Nuclear-Chicago
238
) shields,

four pulse-forming circuits, four data processors, one rate generator,

type D-80 Geiger-Mueller (G-M) tubes, two urenium 238 (U

and a 600-volt power supply. The scanner shields, detectors, and pulse-
shaper circuits were contained in a flqt, disk-shaped aluminum container
approximately 1.8 inches thick and 5.3 inchés in diameter. The rate
generator and data processors were contained in three pie sections which
combined to form one circular unit. The high-voltage power lﬁpply was
in a rectangular aluminum container and mounted adjacent to the scanner
assemblies. Brief descriptions of the gamma telescope, data processor,
and rate generator are given below,

Gamma Telescope. Two gamma-sensitive Geiger-Mueller tubes were
mounted on opposite sides of a uniquely shaped shield for each gamma
scanner, as shown in Figure 2.7, A saucer-shaped shield was selected
to aécommodate six detectora around its circumference. However, because
of physical limitations, only two detectora could be used. Since theae
limitations were determined late in the program, a lighter conical shield
could not be fabricated in time for the experiment.

One G-M tube was mounted at the apex of the 20-degree edge of the
shield; the other tube was mounted opposite the first at the apex of
the 90-degree edge. The shield was fabricated of depleted 0238 or
maximum shielding effecta. The scanning action was due to the spin and
trajectory motion of the carrier rocket. For each revolution of the
payload, the debria cloud was alternately viewed through a 20-degree
negative aperture and a 90-degree negative aperture. The 20-degree
aperture is shown in Figure 2.8. Gamma radiation from the debris cloud
within the 20-degree aperture S waa attenuated by the shield befeore
it reached the detector. Radiation outside S waa received by the de-
tector unattenuated. Thua, a&a the shield and detector assembly rotated
in a clockwiae or counterclockwise direction, due to the rocket spin,
the detector output varied from a minimum value when the shield blocked

the detector's field of view to a maximum when the ahield rotated away
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from the cloud direction. See Figure 2.9 for a plan view of detector
signal amplitude versus angle of rotation. Since the gamma radiation
attenuated by the shield was the most important data required for study-
ing the debris cloud, a calculation was performed to obtain its value.

This radiation flux was approximated by the conversion equation given

below:
FS = Fmax ) FU
Where: Fs = flux due to debris cloud that existed in the field of
view (solid angle) shielded from the counter by the
uranium wedge
FU = flux received by the detector from the unshielded region
o maximum flux received by the counter during a payload

revolution
Therefore, the radiation within the 20-degree field of view of the
scanner was obtained by subtracting FU, the radiation flux received by
the detector, from F = which approximated the flux that would have been
received by an unshielded counter.

Nuclear-Chicago type D-80 G-M tubes were chosen as deteccors be-
cause of their small size and short deadtime of approximately 10 usec,
which placed the maximum count rate in the order of 10S counts/sec.
Each output pulse represented a gamma flux of 300 Hev/cm2~sec. The
pulses from the detectors were fed to the Schmitt trigger circuit
(pulse shaper) which produced pulses of constant amplitude and pulse-
width that were routed to the data accumulator as shown in Figure 2.10.

Incident gamma radiation stimulated the G-M detector, which pro-
duced digital output pulses that were counted and converted into analog
signals by the data processor. The rate generator controlled the se-
quence of data processor operations. Only one rate generator was
required to control the operation of the four data processors in the
two scanner assemblies.

Data Processor. The data processor was an electronic subsystem for

processing the outputs of the G-M tubes in the gamma scanner and con-

ditioning them for telemetry transmission to earth. The four processors

32

‘:J.\g-\g‘qq, -\-.1" TUNUMIIRT AN B T e e et ¥y
AR AN R G A A R

x\-u-\ e
ﬁﬂéhﬁ334f'




per payload converted the detector output pulses into analog voltagee
which were proportional to the gamma flux detected by the telescopes.

The schematic diagram is shown in Figure 2.1l1. The system consisted
of an 8-bit accumulator, 8-bit transfer gate, 8-bit storage register,
and 8-bit digital-to;analog converter. In addition, a rate generator
and 5-volt reference source were provided for each set of four payload
processors.

The rate generator produced a gating pulse that allowed pulses
from the scanner to enter the accumulator for a period of 10 msec. At
the end of this sampling period the input gate was closed for 1.25 msec,
during which time the storage register was cleared and the data in the
accumulator was transferred to the storage register. After the accumu-
lator was reset to zero, the input gate was again opened for 10 msec.
The output of the storage register was converted to an analog voltage
for telemetry by the digital-to-analog converter. The converter con-
sisted of transistor switches that applied 0.to 5 volts to each re-
sistor in the resistance adder shown in Figure 2.11. The voltages
applied across each resistor were summed by the ‘adder and transferred
to telemetry equipment. The output of the converter was integrated by
capacitor Cl and the converter output impedance to prevent switching
transients from overmodulating the telemetry. Since the sampling period
was precisely controlled by a stable clock generator, the output voltage
was proportional to count rate., The maximum capacity of the system was
25,600 counts/second, which was represented by a S-volt outpuc.

Rate Generator. The rate generator consisted of a clock generator,

a 4L-stage % counter, two 100-usec delay circuits, a 5-volt reference
source, and power drivers. The clock generator was a highly stable
free-running multivibrator with temperature compensation. Temperature
drift stabilization was 1 cps/SOC. The output from this generator
trigger®d the 4-stage counter, which produced one output pulse for every
nine input pulses. The output from the last stage reset the storage

register, closed the data input gate, and triggered the delay circuit,
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which produced a 100-usec delay pulse. This delay pulse transf;rred

dats from the accumulator to the storage register by opening the transfer
gates, and also triggered a second delay circuit. One hundred micro-
seconds later, the falling edge of the delay pulse triggered a second
delay circuit, which reset the accumulator.

Installation. The horizontal gamma scsnner sssembly, consisting
of two negative telescopes and a high-voltage power supply, was mounted
in Quadrant A just below the gsmma scanner data processor (See Figures
2.3 and 2.6). The vertical scanner was mounted below the horizontal
scanner. The installation procedure included mounting the scanner as-
sembly to psyload structure with five screws and connecting the signal-
power cable to its input jack. The data processor and rate generator
assembly were mounted with Allen-head cap screws just below the voltage-
controlled oscillators. Power and signal connections were provided
by two Bendix pygmy-type connectors.

Calibration. The gamma scanners were calibrated individually,using
a 64-Mc Co < source. This procedure involved placing the source at
specified distances from the detector surface and recording the count
rate of the detector. The Co60 source was placed 30 inches from each G-M
tube, and the number of output pulses were recorded as the distance
between the source and tube was reduced in 5-inch increments. At 5 inches
from the tube, output pulses were recorded at each l-inch increment until
the source touched the scanner assembly. A curve was plotted for each
detector in counts versus energy flux. Typical curves for the scanners
are given in Appendix E.

Each G-M tube was checked for operating voltage range and plateau
slope. Detectors with similar characteristics were mounted on each
scanner assembly to reduce differences in output voltages caused by
variation in the high-voltage supply output. The procedure for ob-
taining thes2 characteristice was to attach the detector to a mount-

ing fixture and to apply 500-volt dc across its terminals. The
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detector was placed in the access hole of the 64-Mc Co60 storage con-
tainer (see Figure 2.12), and its output count rate was monitored on

a Nuclear-Chicago scaler and recorded. This was repeated for applied
voltages of 525, 550, 575, 600, 625, and 650 volts. Plots then were
prepared depicting G-M tube count rate versus applied detector voltage.

2.2.4 Omnidirectional Gamma Detector. The omnidirectional gamma
detector (gamma detector) was a typigal crystal photomultiplier scintil-
lator with a 4 n steradian field of view. One detector was used in each
payload, and its location was in the lower portion of Quadrant C
(see Figures 2.3 and 2.13). The purpose of the gamme detector was to
provide supplementary gamma flux data for evaluating the data collected
by the gamma scanners.

Equipment Description. The gamma detector assembly is shown in
Figure 2.14., (The beta and gamma detector assemblies appear the same.)
The gamma detector consisted of al/2-by 1/2-inch cylindrical thallium-
activated ceaium-iodide (CsI) scintillating crystal, a Dumont 7860
photomultiplier (PM) tube, a preamplifier, integrator, dc amplifier
and 1250-volt power supply. The crystal, PM tube, and electronics were
mounted in an aluminum cylinder, and a magnetic shield was placed around
the PM tube to reduce the effects of the earth's magnetic field on its
output. The cylinder was filled with BUicogg rubber to prevent equip-
ment damage from shock,vibration, and humidity. A phenolic shield was
placed over the Csl crystal to prevent beta particles from stimulating
the crystal and thereby producing output pulses that did not represent
gamma radiationm,

The CsI crystal produced photons when it wvas exposed to gamma
radiation. These photons stimulated the PM tube, which produced output
pulces with amplitudes proportional to the enerzy absorbed by the crystal.
These pulses were amplified by a preamplifier, :ntegrated, amplified again,
and then transferred to telemetry equipment. Tle block diagram for the
garma detector is shown in Figure 2.15. The time constant of the inte-
grator was 10 msec. Thus, its output was proportional to the energy

absorbed per second by the crystal when the rise and fall times of the
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gamma flux were grester thsn 10 msec. The output voltage to the telem-
etry equipment vsried between O snd 5.6 volts. A Zener diode prevented
the output voltage from exceeding 5.6 volts when the detector satursted
from overexposure to gamma radiation. The 0.75-inch-thick beta shield
prevented psrticles with energies below 4 Mev from reaching the CslI
crystal. The gamma detection rsnge of this instrument wss between

2 and 8 x 106 Mev/cm?-sec.

Instsllstion. The gamma detector sssembly was mounted to inter-
costsl C-D (Figure 2.3) with four Allen-hesd cap screws. The paylosd
power snd signal harmess cable was connected to the detector assembly
with s Bendix l4-pin pygmy connector.

Calibration. The gamma detector was cslibrated by placing a
64~hcho60 source at predetermined distances from the detector. The
detector output voltsge was measured and recorded ss the distsnce betweer
the source snd detector was reduced from 100 cm to zero, in 20 steps.
The energies per gamma photon disintegration for the source were 1.17
and 1.33 Mev. A typical cslibration chart for gamma detector No. 1
is given in Appendix E. Since the detector was subjected to a gamma
energy spectrum of u235 during the experiment, the energy coordinates
(abscissas) were muitiplied by 1.9. This computation was necesssry be-
cause the crystal sbsorbed only 52,9 percent of the incident energy.

2.2.5 Beta Detector. The beta detector was a scintillator-

multiplier instrument. One detector was used in each payload, and
its location was in the rear of the payload in Quadrant A (see

Figure 2.3). The purpose of the beta detector was to provide supple-
mentary data on beta emission from the debris cloud for compsrison
with gamma flux measured by the gamma detector.

Equipment Description. The beta detector is shown in Figure 2.14
and consisted of a 1/2-inch-diameter by 0.4-inch-thick stilbene scin-
tillating crystal, a Dumont 7860 PM tube, a preamplifier, integrator,
dc amplifier, and a 1250-volt power supply. A paper window was placed

over the crystal to exclude visible light waves. The aperture of the




detector was 120 degrees on Rockets 8 and 9, and 30 degrees on
Rockets 15, 18, 19, and 29.

The beta and gamma detectors were identical except for their crys-
tal scintillators. A stilbene crystal was used for the beta detector;
and a cesium iodide crystal, for the gamms detector. Therefore, the
operation of the beta detector is the same as that given in Section 2.2.4.

Installation. The beta detector assembly was mounted to inter-
costal A-D (Figure 2.3) with four Allen-head cap screws, and the pay-
load power and sigral cable was connected to the detector assembly
with a Bendix l4-pin pygmy connector.

Calibration. The beta detector was calibrated by placing cali-

brated absorbers between the detector and a 25-Mc s

source. This source produced a beta energy spectrum from 0 to 2.25
Mev with an average energy of 1.12 Mev. The distance between the
detector and Sr90 source was adjusted to produce a S-volt output volt~
: age. This volt2ge represented the maximum instrument output signal.
Plastic absorbers of different thicknesses were then placed in a jig
accurately positioned between the source and the detector. Fifteen
absorbers were used during this calibration procedure, and their ab-
sorption constants varied from 0 to 1,000 mg/cmz.

The incident detector flux was calibrated by using the average

beta energy, distance between source and detector, density of air,

-

detector aperture, and the absorber's attenuation factor. As a result

of this computation, detector output voltages versus incident radi-

ation energies were tabulated. These tabulated values were corrected

to eliminate errors due to the gamma sensitivity of the crystal and
the U235 energy absorbed from the debris cloud. Since the beta de-
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%E% For a 0235 energy spectrum, the energy absorbed by the stilbene crystal
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source. Thus the absorption energy for each curve was multiplied

by 1.1. The energy absorﬁtion of the light window was neglected be-
csuse the error it produced did not significantly affect the accuracy
of the calibrated detsctor output.

2.2.6 Photometer., The photometer : 2s a conventional aurora
airglov {nstrument with s S-degree field of view. The photometer
was located in Quadrants C and D ss shown in Figure 2.3. The purpose
of the photometer was to supplement the data collected by the magnetom-
eters for determining the altitude and orientation of the gamma scan-
ners. A secondary purpose was to measure the N2+ emission band in-
tensity snd distribution of the aurora induced in the upper atmosphere
by the nuclear detonatiom. .

Equipment Description. The photometer, shown in Figure 2.16,
consisted of a 2- by 2- by 1/4-inch ultraviolet interference filter, a
lens system, a 6935 Dumont PM tube, a dc amplifier, and 1250-volt power
aupply. The 2-inch-square objective lens and 4 15-mm-diameter field
lena were bonded to aluminum frames, which were screwed to the 3.5-inch-
dismeter stainless steel cylinder. The smaller (2.5-inch) cylinder
coatained the PM 't:ube, dc amplifier, and power supply. These compo-
nents vere sealed in the c&linder with silicone rubber as previously
deacribed for the gamma detector. The photometer aperture was shielded
vhen the vehicle was on the launch pad to prevent damaging the detector
by expoaure to solar or other high-intensity light sources.

The photometer produced 0-to 5.6-volt output pulses when exposed
to ultraviolet radiation at 3914 X. Aurora-type radiation having a
bandhead at 3914 x was generated when beta particles, emitted from the
detoration, ionized nitrogen molecules in the upper atmosphere. This
radiation penetrated the ultraviolet filter element shown in Figure 2.17.
The filter bandwidth waa 50 to 60 X at 50 percent of the maximum filter
transmittance (27 percent). Incident radiation was focused on the
plane of the objective lens. The field stop prevented radiation beyond
the desired 5-degree field of view from reaching the detector. The

38

e A L N DO DI B L2 0 S P M PBE L Aeh (
- ¥ 2 5" Wy et e g o o Wy mL g Xy ) |y a ¥ b € ., LG AT L 0s Sl A Ak & a
G N Y N N S i

*p con ooy



field lens focused all images onto the same photocathode surface area
and thereby eliminated errors caused by nonuniform cathode area sensi-
tivities. Without the field lens, images would have been focused on
different areas of the cathode, and the resulting output signal ampli-
tudes would have varied with the sensitivity of each area. Thus, the
photomultiplier output signal was a function of total pcwer and inde-
pendent of the distribution of field brightness. A test lamp also was
mounted on the assembly to check the functional operation of the photom-
eter during preflight teets.

Installation. The photometer assembly was mounted to the pay-
load structure, intercostals A-D and C-D, with.eight flathead screws,
and the payload power and signal cable was connected to the assembly
with a Bendix l4-pin pygmy connector.

Calibration. The photometer was calibrated with a tungsten fila-
ment light standard, calibrated by the National Bureau of Standards,
Washington, D.C., as described in Reference 3. The light source and
photometer were placed in a black box and accurately positioned from
each other. A neutral densitf filter reduced the light intensity to
within the detection range of the photometer, and graded neutral density
filters were inserted between the photometer and light source to de-
termine response linearity.

The calibration constants for each photometer used during the
Fish Bowl Series are given in Table E.l. Different con-
stants were obtained for each instrument,because the interference

filters had different spectral qualities.

2.2.7 VHF Telemetry Systems. The very high frequency (VHF)

telemetry system consisted of flight and ground equipment briefly
described below. The location of airborne telemetry components on the
payload is shown in Figures 2.3, 2.6, and 2.13.
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Airborne Telemetry. Project 6.2 flight telemetry was a standard
FM/FM system with 11 inter-range instrumentation group (IRIG) channels.
Ten channels were used for continuous data, and one channel for com-
mutated data. An in-flight calibrator was employed to reduce errors
due to temperature drift in the voltage-controlled subcarrier oscil-
lators (VCO) on Rockets 8 and 9. Every 60 seconds, the calibrator
inserted a 0- to 5-volt signal of 100-msec duration to the inputs of
the VCO's. The S5-volt signal consisted of five l-volt steps. The out-
puts of che VCO's were fed to a composite-signal amplifier, which com-
bined and amplified the subcarrier signals and fed them to the 2.5-watt
transmitter. A similar unit vas employed as a buffer amplifier for the
signal input to the .GMD-1 beacon transmitter. On the Argo D-4 payloads,
the output of the 2.5-watt transmitter was amplified by the 1l0-watt
radio fteque;cy (RF) amplifier and routed to the antenna. A block
diagram of the telemetry system is shown in Figure 2.18.

Power to both the transmitter and the RF amplifier was supplied
by a dc-to-dc converter., Telemetry channel 16 was time-shared by a
miniature electromechanical commutator, which was driven by a voltage-
regulated dc motor. The unit was a single-pole 10 x 30 commutator with
a standard IRIG double-width synchronization pulse. The signals moni-

tored through the commutator provided engineering data on the payload
and BRL instruments, such as temperature and battery voltages.

The reference voltage for the digital-to-analog converter in the
gamma scanner rate generator also was monitored through this

commitated channel.

Ground Telemetry. The ground telemetry system received, demcdu-

lated, and recorded telemetry signals from the various payloads. The
helical antennas were coupled through a patch panel into preamplifiers
and then route: “hrough a bandpass filter to a multicoupler. The mul-
ticoupler divided the signal, sending it through separate line-matching
ﬁads to the receivers, Each of the three radio-frequency
channels was provided with two receivers to increase the system relia-

bility. The outputs of the receivers were recorded on two Mincom C100
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tape recorders. Tape recorder output signals were demodulated by sub-
carrier discriminators for data reduction. The operator could select
any eight subcarrier channels of the received telemetry data for real-
time demodulation and recording on oscillographs.

The automatic gain control signal (AGC) from each receiver modu-
lated a subcarrier oscillator and was recorded on separate tape tracks.
The launch-indication pulse from the blockhouse, denoting the launch
time of each rocket, and the automatic gain control signals &lso were
recorded on magnetic tape. A spectrum display unit was provided for
monitoring a 2-Mc bandwidth centered on the received signal, and was
used for analyzing interference problems.

A second subcarrier spectrum displsy unit was provided to monitcr
the number and quality of subcarrier signals modulating the received RF
signals. One telemetry ground station waa built, and its test
site location is shown in Figure 2.1.

Installation and Calibration. The telemetry system components

were screw mounted at various locations on the payload. The trans-
mitter was mounted on intercostal C-D; the VCO's and two signal ampli-
fiers on an aluminum block screwed to intercostals A-D and B-A; the
power amplifier was screwed to intercostal C-D; and the in-flight cali-
brator was screwed to intercostal A-D (see Figures 2.3 and 2.6). The
dc-to-dc power converter was mounted to intercostal C-B; and the commu-

tator, to intercostal B-A.

2.2.8 GMD Transmitter. The airborne GMD transmitter and three

modified AN/GMD-1 Rawin receivers provided paylosd szimuth and eleva-
tion tracking data during the experiment. The GMD transmitter also was
used as sn sauxiliary data transmitter for the payload VHF telemetry
system.

Equipment Description. The transmitter con-

sisted of a transistor modulator, a vacuum tube oacillator, and a
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dc-to-dc converter. An internal Ledex-type wafer switch connected the
internal battery to s ground support equipment. battery charger.

The transmitter opersting frequencies were 1660, 1670, and 1680 Mc,
and its output power was between 500 and 1,000 mw. The telemetry com-
posite signal from the VCO's deviated the GMD transmitter output
frequency several hundred kilocycles.

Installation and Calibration.

The GMD transmitter was mounted in Quadrant C sbove the photometer
and C-band beacon. A 4-inch-diameter stainless steel strap held the
unit in place, and the strap was attached to intercostals D-C and C-B

with four screws.

2.2.9 C-Band Beacon. The C-band beacon allowed the rockets to be
tracked by radar aboard the DAMP ship. The beacon, a high-power
radar AN/LPN-73 transponder, was built by Aero Geo Astro Corporation (AGAC)
The superheterodyne receiver oborated in the 5,400- to 5,900-Mc frequency
band. The receiver sensitivity was -65 dbm over its frequency range,
and its bandwidth was 8 £ 2 Mc at its half-power points. A two-cavity

preselector provided high seleztivity and low drift, and a duplexer
prevented receiver damage during data transmission. Pulse-code spacing
for two pulse operation was 3 to 9 usec, depending on the payload.

The magnetron transmitter frequency drift did not exceed 0.05 HcIOC.
Minimum output pulse power was 400 watts with a pulsewidth of 0.5 usec,

The C-band beacon components were housed in a rectangular box
3 by 6 by 6 inches, and its weight was 5.75 pounds. The assembly was
pressurized to 15 psig.

Installation and Calibration. The C-band beacon was mounted above
the photometer in Quadrant C with six socket-head cap screws. Although
EOS did not calibrate the CT-band beacon, it was checked for proper

operation at the test site by AGAC personnel.
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2.2.10 Three-Frequency Beacon. The three-frequency beacon gener-

ated three phase-coherent signals at 37, 148, and 888 Mc. It was
mounted above the photometer in payload Quadrant D. This transmitter
was used to determine the electron density of the ionosphere after
the burst,by transmitting three signals of different frequencies to a
ground station. These signals were mixed and their phase shifts
observed. The phase shifts indicated the degree of signal dispersion

and, consequently, were a measure of the ionosphere electron density.

Equipment Description. The three-frequency beacon cylindrical pack-
age was approximately 6 inches in diameter and 6 inches deep. The unit
consisted of an oscillator, a 37-Mc amplifier, a 148-Mc doubler ampli-
fier, and an 888-Mc multiplier amplifier. The 37, 1485 and 888-Mc signals
from each amplifier mentioned above were fed to their respective antennas
and transmitted to earth (Reference 5).

Instcllation and Calibration. The three-frequency beacon was

mounted to intercostal A-D with a stainless steel strap 3/4 inch wide.
This strap was fastened to the payload structure with four flat-head
screws. This equipment was supplied by BRL.

2,2.11 Battery Power Supplies. Two packages of Yardney Silvercel PM

series silver-zinc cells provided power to all payload ha:dware requir-
ing external power during flight. The battery packages were located in
the base of the payload. (See Figure 2.13.) One battery package con-
sisted of 19 PM-3 celis and provided a 28-volt output. The second pack-
age consisted of 19 PM-3, 10 PM-1, 10 PM-1, and 4 PM-1 cells and pro-
vided 28-, 12-, 6-, and -12-volt outputs.

Bquipment Description. The Yardney Silvercel is a silver-zinc alka-
line battery. Silver and zinc were employed as the electrodes, and the

electrolyte was a strong solution of potassium hydroxide (KOH).
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Manually activated primary cells (PM series) were obtained dry
charged for this application, which required quick activation and a high

discharge rate. The life expectancy of the PM Silvercel batteries was
either 3 to 5 charging cycles or 2 months' wet life, whichever came first.
The Yardney Silvercel is relatively free from the hydrogen explosion
hazard, which is common among conventional batteries when used in closed,
nonventilated areas. However, sufficient hydrogen to cause an explosion

(if ignited) could have been generated if the Silvercel became defective
or badly overcharged.

The various radiation detecting instruments, and the telemetry
and beacon equipment in the payload,required a stable voltage and
power source during flight. The Yardney Silvercel batteries provided
a very flat discharge curve at high current rates during the major
portion of the discharge cycle. Refer to Figure 2.19 for a
plot of typical output voltage for a 60-minute discharge rate.

'Blttery pack No. 1 was a quarter circle, 3 inches deep with a
7.3-inch radius. This pack contained the 28-volt battery for the
telemetry equipment and also provided input power to five high-
voltage power supplies for the radiation-detecting instruments.

The battery consisted of 19 PM-3 type cells connected in series.
Battery pack No. 2, a quarter circle 2.5 inches deep with a 7.3-inch
radius, contained the primary power source for the C-band beacon.
This 28-volt power supply consisted of 19 PM -1 type cells connected
in series. Other power supplies in this package included eight 12-volt
PM-1 type cells connected in series with the negative terminal grounded,
a 6-volt tap-off from the fourth cell of the 12-volt supply, and eight
-12-volt PM-1 cells connected in series with the positive terminal grounded.
The capacity over a 60-minute discharge rate was 1 ampere-hour for the
PM-1 cell, and 3 ampere-hours for the PM-3 cell.

Since the battery cells were dry charged, it was only necessary

to fill each cell with the prescribed amount of KOH and allow the cells
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to soak for 1 hour before they were ready for use. A preliminary check
of the open circuit voltage ensured that each cell was functioning
properly.

Installation. The two battery packs were stacked together with a
soft rubber insulator and a rubber gasket between the packs. A cover
plate and the two battery packs were fastened together by three flat-
head screws which were countersunk below the surface of the cover plate.
The package was installed in the base of the payload (Quadrant B) and
fastened to the base plate with three Allen-head cap screws.

Calibration. No battery calibration was required. However, tests
vere conducted to ensure that the cells were capable of delivering the
required pover for & period which exceeded the flight time of the pay-
load. 1In all cases the ampere-hour capacity of the batteries was

several times greater than instrument requirements.

2.2.12 Power and Signal Switches. Two Ledex-type switches pro-

vided power control and signal monitoring functions. These switches

were located in the Quadrant B, and the signal monitor switch was mounted

in the center section to providé the shortest lead length to all instru-
ments for power distribution and signal monitoring.

The power change-over and signal monitoring switch enabled the payléad
operation to be controlled from a remote control station. External
power from the ground support equipment (GSE) power supply rack was
provided for instrument prelaunch checkout. Just prior to launch, the
instruments were transferred to payload battery power by closing the
pover change-over switch with a solenoid-type stepping motor. The
instruments were reconnected to the GSE power supply rack when

launching delays occurred.
Equipment Description. A prelaunch checkout of instrument opera-

tion was performed by connecting the instruments to ground support

equipment., The monitoring was conducted through the umbilical cable.
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The signal monitoring switch facilitated the remote selection of instru-
ment outputs to be checked for proper operation and also routed test
signals from GSE to the instrument to be monitored.

The power change-over switch, a 22-pole, 2-position, nonshorting,
stepper-actuated switch, was enclosed in a hermetically sealed container.
When high-current switching was required, several poles were connected
in parallel to increase the contact rating. Its overall dimensions
were 3 by 2 by 4.5 inches. The signal monitor switch, a 2-pole,
12-position, nonshorting, stepper-actuated switch was also enclosed in
a hermetically sealed container. 1Its dimen;ions were 2 by 2.25 by 3.5
inches.

Installation. The switch assemblies were screwed to the payload
structure with four Allen-head cap screws. The signal monitor switch

was mounted to intercostal C-B, and the power switch, to intercostal B-A.
Electrical connections to the signal monitor switch were made by solder-
ing the umbilical cable leads to header pins mounted on one end of the
sealed container. Electrical connections to the power change-over switch
were made by connecting two cables from the umbilical harness to connectors on
one side of the container. . ' '

2.2.13 Temperature Sensors. The temperature sensors provided data
on payload temperature during rocket flights. These sensors consisted
of a Micro-Systems MSI-111-1000 sensing element and an EOS current regu-
lator. Four sensors were mounted on cach payload for Rockets 8, 9,

15, and 18. Payloads for Rockets 19, 26, and 29 did not include
sensors,because the results from ground tests and the first two events
indicated that the payload tempera‘:ure did not vary significantly during
flight period.

Equipment Description. The temperature sensor consisted of a ther-
mally sensitive silicon element and a current regulator. The regulator
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supplied the sensor with a constant current so that the sensor resist-
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ance could be accurately converted into voltages proportional to tem-
perature. Voltages developed across the sensing element were transmitted
by the telemetry system to the ground station. The sensor was designed
to measure temperatures from -24 to 150°%.

Installation and Calibration. One temperature.sensor (sensing ele-
ment and regulator) was bonded to each payload intercostal with epoxy.
The sensing element was placed near circuits which were most sensitive
to temperature changes to correlate their operation with payload tempera-
ture during flight.

The current to each sensing element was adjusted to provide a
1.3-to 5-volt output when the sensor was subjected to a temperature
range from =25 to 150°C. The linearity of each detector was checked
before paylcad installation.

2.2.14 Magnetometers. Three Schonstedt type RAM-3 magnetic aspect

sensors (magnetometers) were on each rocket to provide payload aspect
with respect to the earth's magnetic field vector. Each magnetometer
consisted of « field-sensor and a data-conditioning electronic unit. The
field sensors (see Figure 2.20) and their electronic :nits were mounted
at the top of the payload. The magnetometers provided information with
respect to the direction of the earth's magnetic field. Since the pay-
load detection instruments were directional, data on the earth's magnetic
field was required for determining their orientations with respect to

the debris cloud.

Equipment Description. The electronics unit was in a cylindrical
package 3 inches long and 1.75 inches in diameter. Two connectors mounted
on one end of the package provided electrical connections for the field
sensor, external power input, and output signals. The field sensor, a
cylinder 3.2 inches long and 0.75 inch in diameter, was permanently

attached to a l-foot cable, which was connected vo the electronics unit.

..! Refer to Figure 2.). The electronics unit contained an input voltage
; regulator, oscillator, phase detector, and rectifier. The field sensor
E}: was a highly permeable magnetic core trausformer. A block diagram of
ii the magnetometer is given in Figure 2.21.
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The presence of a magnetic field parallel to the axis of sensi-
tivity (long axis) of the field sensor resulted in the generation of
second-harmonic voltages in the split-secondary winding of the sensor.
No output was generated when the field was perpendicular to the sensor
axis. The second-harmonic signals were fed to the phase-sensitive
rectif{er where they were added to a2 S5-kc oscillator reference voltage.
When the signal from the sensor was zero, the reference voltage produced
equal dc voltages across R4 and RS (see Figure 2.22); hence, che output
voltage across C6 was zero. Any second harmonic voltage produced in the
center-tapped winding of the sensor unit combined with the reference
voltage in such a way that the voltages across R4 and R5 were no longer
equal. The magnitude of the resulting voltage across C6 was proportional
to the sensor voltage, and its polarity depended upon the phase of the
sensor voltage with respect to the reference voltage. The proper opera-
tion of the circuit depended on the resistance-capacitance time constants
of the circuit being sufficiently long that only the peak values of the
voltages were detected by diodes D1 and D2.

The output voltage was biased to 2.4 volts by a Zener diode so that
no negative output voltages appeared at the VCO input. Thus, the magne-
tometer output signals were compatible with telemetry input requirements.

Installation. The three sensors were mounted in a phenolic block
so that they were mutually perpendicular to each other. The sensors
were then bonded to the block with epoxy, and the block was attached
to a mounting plate on the payload structure top with four screws. The
electronic units were screwed to the underside of the mounting plate
with three screws.

Calibration. Calibration of the field sensor was performed by the
manufacturer before delivery to EOS. Instrument operation was checked
by subjecting the sensors to the earth's magnetic field. In every check,
the calibration wvas accurate to il percent. A procedure for calibrating
the magnetometer before and after payload installation is described in
Appendix F.
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2.2.15 Voltage Regulator. The voltage regulator was a modified

series transistor negative-feedback regulator. This unit was flown in
the last three payloads and regulated the -12-volt and 12-volt power
supply outputs to within %2 percent. The regulator package was mounted
in Quadrant B (see Figure 2.3).

Equipment Description. The regulator consisted of two identical

sections, except for loading resistor Rll which was connected across the
-12-volt output. Circuit components included transistors, Zener diodes,
diodes, and resistors., These components were mounted on an anodized
aluminum chassis. The overall &imensions of the package were

4.5 by 2.5 by 1.25 inches.

The regulator circuit is shown in Figure 2.23. The diodes CR5
and CR6 provided thermal compensation for the transistor Q6 and Zener
diode CR2. Transistor Q2 absorbed changes in input voltage by varying
its impedance, and Q6 detected changes in output voltages by comparing
the reference voltages across CR2 with the voltage across R10. Com-
ponents Q3, Q4, Q5, CRl, CR3, CR4, and R8 in the second section served
the same functions as Ql, Q2, Q6, CR2, CR5, CR6,and R10,

Installation. The regulator was mourted in Quadrant B just below
the magnetometer mounting plate. Four Allen-head cap screws fastened
the assembly to the payload structure (intercostal B-A).

Calibration. The voltage regulators were calibrated by connecting
the output voltage from a power supply to the 12-volt regulator input.
A 30-ohm, 10-watt resistor was connected across the output terminals,
and the 12-volt trimpot was adjusted for a 12-volt output when the power
supply voltage was 13 volts. The output of the power supply was then
increased to 15 volts dc, and the regulator output voltage was checked.
When this output voltage exceeded 12.2-volt dc, the calibration pro-

cedure given above was repeated until the voltage remained within 12 £0.2

volts, The -12-volt section was calibrated as described above, except

that the 30-ohm load resistor was replaced with a 60-ohm resistor.
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2.2.16 Engineering Measurements. Engineering measurement circuits

were included in the payload for monitoring instrument operating volt-
ages during flight. Voltage dividers were employed to measure only
positive voltages, and a 15-volt battery was used to bias the -12-volt
inpri to the instrument power supplies to a positive value, Thus, all
voltages were compatible with telemetry requirements. The purpose of
these measurements was to provide data on the operation of the payload
power supplies during the flight.

The voltages monitored were the 28-volt dc power for the telemetry
system and high-voltage power supplies used by the detecting instruments,
28-volt de for the C-band beacon, 12-volt dc for the electronics cir-
cuit of the instruments, €-volt dc for the magnetometers, and -l2-volt
dc for the electéonic circuits of the detecting instruments. The divider
board was near the center of the payload in Quadrant B.

Equipment Description. The engineering measurement circuits were

fabricated on a Fiberglas board approximately 3 by 2 by 0,25 inches and
terminals were installed on one side to accommodate the voltage divider
resistors. Input and output.leads were attached to a connector for ease
of installation. A 1S-volt battery was secured to the board by a clip,
and connected in series with the -12-volt battery and the telemetry input.

Installation and Calibration. The circuit board was mounted to the
structure in Quadrant B, intercostal B-A, with four Allen-head cap screws,
The connector was attached to a stand-off, which was secured to the
structure with two Allen-head cap screws.

Before installation of the voltage divider network into the payload,
precise voltages were applied to the‘divider, and the voltage at each

junction was measured to verify that the correct value was obtained.

2.2.17 Ground Support Equipment. Four racks of ground support

-

£ 3
"

equipment were used to perform preflight checkout of payload operation
(see Pigures 2.24 and 2.25). These racks contained standard electronic

test equipment, power supplies,and battery chargers. A control panel

IR ESSE,

»
-

facilitated the manual selection of instrument outputs, which were
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monitored with oscilloscopes, voltmeters, and recorders. The umbilical
cable from the rocket was connected to the payload power supply rack.
Two other racks in the blockhouse were connected to the power supply
rack with 2,000 feet of cable. These racks contained the control panel,
test equipment, and power supplies. A fourth rack contained battery
chargers for the payload Silvercel batteries.

2,3 PAYLOAD ENVIRONMENTAL TESTING

Seven payloads were subjected to preflight vibration tests before
shipment.to the Johnston Island test site, The instrumentation pay-
loads were vibrated from 5 to 5,000 cps at 0.6 to 36 g, according to
EOS Specification 2193-45, The maximum vibration amplitude
was selected to simulate the fourth stage of the Argo D-4 rocket, which
produced the highest vibration levels of all the rockets flown. The
instruments and telemetry equipment were checked for correct functional
performance before, during, and after vibration, No electronic or
structural failures occurred during these tects. Although Specification
2193-45 included several other teata; such as high and low temperatures,
humidity, fungus, shock, and salt-fog environments, insufficient time

was available to complete them as planned,

2,3.1 Vibration Tests. The payload was mounted to the exciter

as shown in Figure 2.26, The instruments were subjected to vibration
along three mutually perpendicular axes; the principal axis was along
the payload thrust axis. An accelerometer for monitoring and control-
ling the vibration levels was mounted with epoxy near the exciter-
payload interface. The vibration schedule for the payload along the
thrust and lateral axes {is given in Table 2.3.

Equipment used for this test included a 5,000-force-1b MB C-50
exciter, and a 15-kw MB Model T-451 vibration amplifier; an Endevco

Model 2213 accelerometer was used to control vibration force levels.
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2,3.2 Instrument Functional Tests. The payload instruments were

connected as shown in Figure .27, and instrument outputs were monitored
through the umbilical cord, which was connected to the payload test set.
External power supplies were used to operate the instruments. The out-
put signals of each instrument were monitored on the oscilloscope cathode-
ray tube by stepping the signal Ledex switch through its 12 positions
(see Section 2.2). A 100-Mc Co60 source was used to stimulate the gamma
scanner detectors by placing it near the payload, and the magnetometers
were checked by moving & small magnet near the phenolic block. The 28-,
15- and 15-volc psyload batteries were checked with a multimeter. After
checking the battery voitages, the payload was switched to internal
power, and the instruments were rechecked as described above.

Test equipment for this checkout procedure included an EOS payload
test box, a 535A Tektronix oscilloscope, a Triplett 630 multimeter, and
a 100-Mc 0060 gamma radiation source. The EOS test box controlled the
application of internal or external power to the payload and operated

the signal Ledex. Its dimensions were 14 by 11 by 8 inches.

2.3.3 Telewetry Functionzl Tests. Functional tests performed on
the telemetry system beforé, during, and after viﬁtatiou were performed
with a receiver which was used to monitor changes in the telemetry trans-
mitter signal strength and frequency deviation. These outputs were
observed on meters mounted to the receiver panel. Each subcarrier
channel was checked by applying the demodulated signal from the receiver
to & bandswitching discriminator. The output of this discriminator
was recorded by a direct-write oscillograph, and subcarrier frequencies
were measured,

Test equipment used to check the telemetry system included a Nems-
Clarke 1455A telemetry receiver, a Hallamorz bandswitching discriminator,
a Hewlett-Packard 410B vacuum tube voltmeter, a Tektronix 535A

oscilloscope, and a Hewlett-Packard 523C electronic counter.
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2.4 DATA REQUIREMENTS

The data requirements, methods of recording data, data reduction
techniques, and computer-reduced data procurement are discussed in
this section.

2.4.1 Data Required. To determine the position of the debris

cloud, gamma rays emitted by the debris were measured by the gamma
scanners whichwere carried aboard a spinning rocket payload. In
- additiou to the data collected from these instruments, it was necessary
to know the position and orientation of the instruments in the
reference coordinate system (Figure 2.2) as a function of time.
Therefore, each payload contained a set of three mutually perpendicular
magnetometers-to provide rocket aspect information with respect to
earth's magnetic field. Trajectories were computed by BRL from
Doppler data obtained frowm a three-frequency beacon carried on the
payload. Supplementary trajectory data were obtained from the GMD
beacon and the DAMP ship. The calculation of payload attitude,
and hence the orientation of the instruments, requires both
magnetometer and trajectory data. Appendix G describes a method for
computing payload attitude.

As the payload moved along its trajectory, the gamma scanners
viewed the cloud from different positions. If the dynamic behavior
of the cloud during a particular payload flight was sma'l, then a
three-dimensional view of this cloud was obtained by the gamma scanners
viewing the cloud from widely different pojnts on the trajectory.
However, if the debris cloud moved rapidly through space, then it
would be impossible to separate space and time so far as the payload
flight was concerned. Thus, when the gamms scanner viewed the cloud
from widely different points on the payload's trajectory, it viewed
a different cloud and obtained data sufficient for constructing only
a two-dimensional model of the debris cloud.

2.4.2 Method of Recording Data.

Airborne and Ground Telemetry Systems, two Mincom Cl100 tape recorders

were employed for the real-time storage of all Project 6.2, 6.3, and
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6.4 data. These recorders employed l-inch tape with a l4-channel
recording capacity. While both units had recording capability, only
one recorder contained playback amplifiers for reproducing recorded
data. Composite (FM/FM) subcarrier signals were recorded directly
from as many as six VHF telemetry receivers and three GMD-1 receivers.
Also recorded were 100-kc reference signals for electronic tape speed
compensation, 17-kc speed-lock signals, B-1 and B-5 time codes,
receiver automatic gain control (AGC), liftoff signals, and the
voice countdown and intercom audio. Quick-look recording was accomplished
during tape playback by reproducing the outputs of IRIG subcarrier
discriminators with a Brush chart recorder and/or a Consolidated
Electrodynamics Corporation oscillograph.

2.4.3 Data Reduction. Although data reduction and analysis were

not part of Project 6.2, considerable effort was made to provide the
data reduction contractor with methods and techniques for performing
the reduction task. To avoid confusion, data reduction was defined
as the process which prepared raw data collected from the experiment
for (final) data analysis (to be perforned on another contract). The
purpose of the data analysis task was to determine the location of
the debris cloud. In some cases this only requires performing an

analog-to-digital conversion to prepare the data for computer analysis.

In other cases, calculations will be performed on the reduced data.
' The following steps were necessary to reduce the data in prepara-

tion for data analysis:

1. Analog-to-digital conversion.

2. Adjust time delays caused by data processing in the payload
and variable bandwidths on the telemetry channels.

3. Incorporate telemetry calibrations on payloads which
contained in-flight calibrators (Rockets 8 and 18) into the data.

4. Incorporate instrument calibrations of incident radiation

versus output voltage into the data.
5. Determine payload attitude from magnetometer signals and

ﬁg trajectory data. This process is described in Appendixes F and G.
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A manual was furnished to the data reduction contractor describing the
operations to be performed and suggesting methods to perform these
tasks. Portions of this document appear in Appendixes F and G.

Item 5 above was not completed for this report. It is intended
that,upon completion of the data reduction, a sepai‘ate report will be
prepared, which will include new results, discussion, and conclusions
when applicable. '

The output of the final data reduction process will consist of
magnetic tapes and printouts of the data. The format of the tapes
and printouts is given in Table 2.4. Tables 2.5 and 2.6 give a
sample of the printout (values of functions on these tables sre not
necessarily correct).

2.4.4 Procurement of Data. Upon completion of the data reduction

task,additional printouts will be available to qualified requestors
directly from the data reduction contractor. Contact:

General Electric Company
Reentry Systems Depariment
Data Reduction Group

3198 Chestnut Street

Phil adelphia, Pennsylvania

Financial arrangements should be made with the request.

2.4.5 Requirements From Other Projects. Analysis of Fish Bowl

data for Project 6.2 is being performed under another contract. Two
methods are currently being studied to accomplish this analysis task.
One method is an iterative calculation and involves the fitting of
parameters of an assumed cloud to actual debris data. The second method
involves approximating an integral equation by solving a set of
simultaneous equations. The successful solution of the iterative
method can be aided considerably by the use of photographic data from
other projects and is briefly discussed below.

The debris cloud configuration is assumed,and the received
radiation from this cloud is calculated and then compared with the

data actually received during the experiment. If the calculated and
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actual data do not match, the assumed parameters, which define the
position and shape of the cloud, are changed until the calculated

,signal and the actual signal are the same. The amount of computation

that must be performed in a process like tiis depends upon how well

the assumed analytical model of the cloud actually fits the data and
the number of iterations required before a good fit is achieved
between the assumed cloud and the actual cloud. Therefore, any

information that can be obtained from external sources, such as

photographic data or other methods of data evaluation, will be a great

help in assuming a correct or near to correct debris model. In some

cases late-time photometric data may be of value, but it must be

established that the photometers are examining the debris and not some

effect of the debris. It is assumed that photographic data will be

of the greatest help, particularly data which was obtained at late times.
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TABLE 2.3 VIBRATION SCHEDULE

Displacement Acceleration
Rxiy Epequepcy. Dizat Sow: Peak-to-Peak Zero-to-Peak
cycle/sec seconds inches 8
Thrust 5.0 - 7.6 3 0.5
7.6 - 50 45 1.5
50 - 500 48 7.1
500 - 2000 30 14
2000 - 3000 7.8 36
3000 - 5000 10.2 14
Lateral 5.0 - 50 48 0.6
S0 - 500 48 1.4
500 - 2000 30 . 2.8
2000 - 5000 18 . 11.3
60
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TABLE 2.4 DATA FORMAT ON TAPE AND PRINTOUT RECORDS

TL. Time from H= 0 in milliseconds
F1 X-position of payload (from Johnston Island) in meters

e R o o T T R P e e ST

bt

F2 Y-position of payload (from Johnston Island) in meters

F3 Z-position of payload (from Johnston Island) in meters

F4 Range (burst to payload) in meters

F5 Azimuth of line between burst point and payload in degrees
F6 Elevation of line between burst point and payload in degrees
F7 Azimuth of vertical gamma scanner (20°) in degrees

F8 Elevation of vertical gamma scanner (20°) in degrees

F9 Gamma scanner vertical (20°) in counts per 10 milliseconds
F10 Gamms scanner vertical (90°) in counts per 10 milliseconds
F11 Azimuth of horizontal gamma scanner (20°) in degrees

F12 Elevation of horizontal gamma scanner (20°) in degrees

F13 Gamna s;anncr horizontal (20°) in counts per 10 milliseconds
Fl4 Gamma scanner horizontal (90°) in counts per 10 milliseconds
F15 Azimuth of 2'-axis (vehicle) in degrees

F16 Elevation of Z'-axis (vehicle) in degrees

F17 Azimuth of beta detector and photometer in degrees
F18 Elevation of beta detector and photometer in degrees
F19 Beta detector in Hev/cuz-lecond

F20 Beta detector in volts

d F21 Photometer in vatts/cmzlsteradians
¥22 FPhotometer in volts

g F23 Total gamma detector in Wavlen® - sne

5 F24 Tozal gamma detector in volts

¥ F25 AGC in microvolts or DBM
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TABLE 2.4 DATA FORMAT ON TAPE AND PRINTOUT RECORDS (CON'T)

F26
F27
F28

r29
F30
F3l
r32
F33

X-magnetometer in gauss
Y-magnctometer in gauss
Conscructed Z-magnetometer in gauss

Xz + Yz + 22 in gauss

Theoretical value of F (total magnetic field) in gauss
Theoretical value of declination of F in degrees
Theoretical value of inclination of F in degrees

Altitude of payload from earth's surface in meters

i
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Figere 2.1 Instrumentation layout and rocket launcher locations on Johnston Island for Projects 6.2, 6.3, 6.4.
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Figure 2.5 Test setup for calibrating gamma scanner in payload.
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Figure 2.6 EOS instrumentation package, Side 1. (EOS photo)
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Gamma scanner shield and Geiger-Mueller tube locations.
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Figure 2.8 Gamma telescope field of view.
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Figure 2.9 Plan view of detector output versus azimuth scanning angle.
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Figure 2.12 Geiger-Mueller tube test setup.
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igure 2.26 Payload mounted to exciter (vibration) table. (EOS photo)
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CHAPTER 3

RESULTS

The results of Fish Bowl Series Project 6.2 are summarized in
this chapter. Samples of reduced data for the gami scanners, omni-
directional gamma detectors, beta detectors, and photometers are
presented for Rockets 8, 9, 15, 18, 19, 26, and 29. The launch times
of these rockets to the nearest second with respect to burst time are
given below. Rockets discussed in the text are identified by
their liftoff times (seconds) in parentheses.

ROCKET LAUNCH TIME (Seconds)
8 H+ 1203
9 H + 2400
15 H+ 901
18 H + 1861
19 H- 120
26 H+ 780
29 H + 1500

Rockets 8, 9, 15, and 18 were fired from Johnston Island to the north,
and Rockets 19, 26, and 29 were fired in a southeasterly direction
from the island as shown in Figure 2.2. Additional trajectory infor-
mation is given in Appendix B.

Test data for each instrument includes information collected from
the Star Fish, Blue Gill, and King Fish events. Whenever possible,
causes for loss of data also are identified.

3.1 GAMMA SCANNER

The number of output pulses Fufrom the scanners was due to gamma

radiation (from tne debris) which existed in the unshielded field of

view of the instrument as illustrated in Figure 2.8. However,
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the shielded field of view S was the region of interest. To obtain
the count rate FS due to debris in region §, FU was subtracted from

F where F approximated the count rate of an unshielded detector.
max max

Two types of plots for the gamma scanner are given below to

illustrate the data obtained: (1) F_. versus azimuth angle, and (2)

S

FS versus altitude for a given azimuth angle. For Rockets 8 (H + 1203)

and 9 (H + 2400),!-‘U instead of FS is plotted,because FS could not be

easily calculated for the Star Fish event. Calculation of FS by the

previous procedure was difficult,because the widely spread debris

invalidated the assumption that F ~ F_.
: max 0

3.1.1 Star Fish. Gamma scanner data plotted for the horizontal

20-degree (H - 20) and horizontal 90-degree (H - 90) scanners were

taken approximately every 5 seconds for Rocket 8 (H + 1203) and every

15 seconds for Rocket 9 (H + 2400). FU versus altitude was plotted

when the unshielded region of the H - 20 and H - 90 scanners were
pointing 85 degrees, 175 degrees, 265 degrees, and 355 degrees 10
degrees from true north. These plots are shown in Figures 3.1

through 3.8. For Rocket 8 (H + 1203).a maximum count rate corresponding
to 1.41 x 107 Mev/cmzsec occurred at an altitude of 305 km, and for
Rocket 9 (H + 2400) a maximum count rate corresponding to 1.47 Mev/cmz-sec
occurred at an altitude of 325 km. The azimuth dependence of the data
from the vertical V - 20 and the V - 90 scanners from Rocket 8 (H + 1203)
are shown in Figures 3.9 through 3.12. These plots show FU versus
azimuth angle, ¢, at various altitudes as indicated on the plots.

3.1.2 Blue Gill. For both the vertical 20 degree (V - 20) and

horizontal 90 degree (H - 90) scanners, F_ versus azimuth angle, ¢,

was calculated for five consecutive cyclei at various fiight times.
Phi, ¢, was the direction of the shielded region of the scanners

with respect to true north. The average of the five values of F_
versus @ was plotted, and a family of curves corresponding to di;ferenc
altitudes was obtained. Examples of these plots are shown in Figure

3.13 for the V - 20 and the H - 90 scanners. Using the family of
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curves from the H - 90 scanner, another family of curves of Ps versus
payload altitude was obtained, where each curve represents a different
azimuth angle. (See Figure 3.14.)

All the scanners on Rocket 18 (B + 1861), with the exception of
the V - 90, which stopped counting shortly after H + 1932 seconas,
seemed to have worked satisfactorily throughout the flight. However,
the randomness of the count rates from one sampling period to the next
indicates that the data are not reliable. .

3.1.3 King Fish. A series of F_ versus azimuth angle plots at

S
different times are shown for all four scanners of Rocket 19 (H - 120)

in Figures 3.15, 3.16, 3.17, and 3.18. This series of scans is presented
to depict the characteristics of the rapidly moving cloud. The high
count rates obtained during this flight provided good counting statis-
tics and thus did not require averaging over a number of cycles to
smooth the random fluctuations in data as required for Rocket 15.
Scanners on Rocket 26 (H + 780) indicated a low count rate of less
than 2000 counts per second starting at H + 810 secon&s and lasting
until H + 822 seconds. Although some signal modulation was noticed
on all channels, there was no correlation with the spin frequency of
the payload. Starting at H + 822 seconds, and lasting for about
20 seconds, the scanner output signal: randomly alternated between
less than 0.5 volt and 5 volts. The signal variations on all four
scanner channels were identicel. Noise was also observed on
other telemétry chann~ls during this time. After this period, a
system malfunction affected the normal operation of the scanners.
This malfuncticn was indicated by the absence of the normally present
10millisecond sampling periods in the output signals.

On Rocket 29 (K + 1500) both the horizontal and vertical scanners
operated normally but their output signals indicated a low radiation
level. Therefore, reduced data was not included below. Count rates
vere less than 1000 cps which corresponded to a radiation flux of

< 3 x 106 Hev/cmz-sec. However, a slight amount of signal modulation

due to the spinning payload indicated that debris was probably above

......



the rocket. At H + 1673 seconds all four scanners ceased to operate.
The cause for this malfunction was not determined.
3.2 OMNIDIRECTIONAL GAMMA DETECTOR

The output of the omnidirectional gamma detector {gamma detector)
was a function of the energy absorbed by the scintillator. To
determine the incident energy flux, a gamma energy spectrum for U235
was assumed.

Although this instrument was designed to be omnidirectional,
the output was modulated at the payload spin frequency due to the
shielding characteristics of payload components. The maximum output
in volts per revolution versus altitude was plotted to illustrate the
data obtained during the Star Fish, King Fish, and Blue Gill events.

3.2.1 Star Fish. The output from the gamma detector on Rocket

8 (H + 1203) was modulated at the same frequency as the pay-

lcad spin frequency between H + 1251 and H + 1338 seconds. A minimum
output level occurred when the X-magnetometer was oriented 40 degrees
from true north. From H + 1338 to H + 1448 seconds, two minimums per
revolution occurred when the X-magnetometer pointed 40 degrees and
220 degrees from true north. The gamma detector signal intensity in
the 220-degree position was lower than in the 40-degree position.
Maximum radiatioh energy flux corresponding to 1.4 x 106 Hev/cm2~sec
occurred at H + 1380 seconds (305 km). The maximum detector output (volts)
per revolution versus payload altitude for Rocket 8 is shown in
Figure 3.19. The gamma detector did not produce any noticeable output
signal on Rocket 9.

3.2.2 Blue Gill. The detector on Rocket 15 indicated a response

to gamma rediation starting at H + 933 seconds. It was partially
saturated for 7 seconds between H + 972 and H + 979 seconds. The
output oscillated at the spin frequency of the payload,with the minimum
occurring whenever the X-magnetometer was pointing 50 degrees from

true north. A plot of maximum output (volts) per revoluticn versus

payload altitude is shown in Figure 3.20.
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The detector on Rocket 18 (H + 1861) did not provide an output
signal until H + 2021 seconds when the output suddenly jumped to 1.1
volts. The abruptness of this change from 0 to 1.1 volts indicated
that the instrument was not functioning properly before this time.

A maximum output corresponding to 3.2 x 106 Hev/cmz-sec occurred at
H + 2024 seconds (34 km).

3.2.3 King Fish. Telemetry blackout was observed from H = 0 to

H + 3 seconda for Rocket 19 (H - 120). However, after blackout, the

gamma detector provided an output signal until H + 215 seconda. The
detector was saturated for 9 seconds after blackout. After this period,

a modulatcd output signal was observed during every revolution of the
payload. The minimum of the modulated signal occurred when the X-
magnetometer was pointed 265 degrees from north. A plot of maximum signal
output (volts) per revolution versus payload altitude and range from
Johnston Island i3 shown in Figure 3.21.

The gamma detector on Rocket 26 (H + 780) started to respond to
radiation at H + 30.5 seconds and reached s maximum of approximately
5.12 x 105 Hcv/cmz-sec at H+ 177.5 seconds. A plot of maximum output
(volts) versus payload altitude and range from Johnston Island is
shown in Figure 3.22. A small amount of signal modulation corresponding
to the payioad spin frequency was present until the payloud lost its
stability during re-entry.

On Rocket 29 (H + 1500) the gamma detector output signal indicated
a low level of radiation throughout the flight. However, a small
amount of signal modulation was noticed which indicated that debris
wvas still present at H + 1500 seconds.

3.3 BETA DETECTOR

In order to determine the beta source distribution of the debris
cloud, it was decided to project the payload trajectory along the
magnetic fieid lines to the vicinity of the burst. The first step

vicinity of Johnston Island using the data from leference 4. The

actual trajectory was then projected on a2 plane parallel to the field




lines and containing the burst point as shown in Figures 3.23, 3.24,
3.25 and 3.25 for Rockets 8, 9, 15,and 19, respectively. This new
trajectory was then projected along the field lines to obtain the
projected altitude in the plane perpendicular to the field lines and
containing the burst point. The cross range, measured from a vertical
line through the burst point, was obtained by & simple geometric
projection of the actual trajectory onto this plane. Cross range versus
projected altitude in this plane (perpendicular to the field and con-
taining the burst point) is shown in Figures 3.27, 3.28, 3.29,and 3.30.
On Rockets 8 (H + 1203) and 9 (H + 2400) the beta detector had a
conical field of view with a half angle of 60 degrees which is
equal to a solid angle of i steradians. The beta detectors on
Rockets 15.(H +901), 18 (H + 1861), 19 (H - 120), 26 (H + 780),
and 29 (H + 1500) had a half angle of 15 degrees, which is equal to
0.2 steradian. The output of the beta detector represented the energy
flux which was absorbed by the stilbene crystal.
3.3.1 Star Fish. On Rocket 8 (H + 1203) the first indication of

an output signal occurred at approximately H + 1274 seconds with two
maximums per payload revolution occurring at 100 to 280 + 10 degrees from
true north (see Figure 3.31). The amplitude of the signal increased until
the detector saturated at approximately H + 1309 seconds. By H + 1323
seconds the instrument was completely saturated and remained in this
condition for the rest of the flight. (Also see Figure 3.32.)

On Rocket 9 (H + 2400), the instrument "saturated abruptly at
H + 2400 seconds (10 km) and remained saturated until H + 3000 seconds
(640 km). Thereafter, two minimums per revolution were observed at
0 and 190 * 10 degrees from north (see Figure 3.33). The output was
completely saturated again at H + 3180 seconds (420 km). The initial
apparent saturation was probably caused by an instrument mal function.

3.3.2 Blue Gill. The detector on Rocket 15 (H + 901) produced

an ouatput signal at H + 935 seconds (23 km). A large maximum signal
was generated whenever the instrument was pointed toward the magnetic

south.
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At H + 961 seconds (58.3 km) the output was partially saturated
indicating an energy flux of greater than 2 x 106 Mev/cmz-sec.
Immediately after, two maximums per payload revolution were observed
in the magnetic east and west directions. The two maximums were of
equal amplitude and lasted until H + 987 seconds (86.7 km), after
which there was only one maximum per payload revolution. A typical
scan at H + 960 seconds (56.5 km) is shown in Figure 3.34. Another
plot of output voltage versus altitude for azimuth orientation of
magnetic north, south, east, and west is shown in Figure 3.35.

The beta detector on Rocket 18 (H + 1861) did not operate properly
during the flight; therefore,test data is not included below. The
cause of fallure was not determined.

3.3.3 King Fish. Telemetry blackout on Rocket 19 (H - 120) was

observed for 3 seconds following the burst. After blackout,the beta

detector was saturated whenever it scanned between 90 and 330 degrees
from north., This lasted for about 3.5 seconds after which a maximum
was indicated between 120 and 300 degrees from north. From H + 165
seconds (166 km) to H + 180 seconds (178 km) two maximums were observed

during each revolution of the payload. These two maximums occurred at

- 110 and 290 degrees from north. The maximum and minimum values versus

time and payload altitude are shoun in Figure 3.36. Energy flux,
(normalized to remove decay) versus the projected altitude for azimuth
angles of 10 degrees and 190 degrees are shown in Figure 3.37. No
beta detector data was obtained on Rocket 26 (4 + 780). The cause for
this lack of data was not determined.

On Rozket 29 (H + 1500) the beta detector started to respond at
H + 1560 seconds and continued to indicate the presence of radiation
until H + 1680 seconds. A maximum modulated output was observed
for each revolution of the payload whenever the detector was facing

south. The maximum level of radiation was 2.6 x 105 Mev/cmz-sec.
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3.4 PHOTOMETER
The output of the photometer was a function of the irradiance of

3914 : incident radiatién at the objective lens of the instrument.

Plots of irradiance versus payload altitude are included below to

describe the magnitude and distribution of the emitting region.
3.4.1 Star Fish. The photometer output signal on Rocket 8

(H + 1203) indicated a sharp maximum at about 40 degrees from north
starting at H + 1277 seconds (75 km). The sharp peak then broadened
and shifted toward the west until the peak value had shifted to 295
degrees from ncrth. By H + 1290 (95 km) the output had decreesed
to background level. The output signal remained low until H + 1293
seconds (98 km) and then gradually increased without any azimuth
dependence to a maximum at H 4+ 1295 seconds: (100 km). This maximum
gradually decreased with a second smaller maximum at 1303 seconds
(111 km) to background level at H + 1308 seconds (120 km). After
H + 1308 seconds the signal remained at a low value throughout the
remainder of the flight. A plot of irradiance versus altitude for
Rocket 8 (H + 1203) is shown in Figure 3.38.

The photometer on Rocket 9 (H + 2400) produced an output signal
starting at H + 2479 seconds (85 km). At H + 2489 seconds (100 km)
the output signal started to increasé and reached a maximum at H + 2493
seconds (103 km). The signal decreased until H + 2497 seconds (110 km)
when it again increased to a second maximum and then gradually decreased
until H + 2505 seconds (129 km). Throughout the remainder of the
flight, the output signal remained at background level. The only
azimuth dependence was noticed between H + 2489 seconds (100 km) and
H + 2495 seconds (108 km). This signal indication occurred between

north and northwest. A plot of irradiance versus altitude for Rocket 9

(H + 2400) is shown in Figure 3.39.
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3.4.2 Blue Gill. The photometer on Rocket 15 (H + 901) started

to generate a low output signal, just above background level, at

H + 948 seconds (41 km) when thu yhotometer was pointing in the
northern and southern directions. The signal level continued at about
the same amplitude until H + 958.5 seconds (55 km). After this time
the output signal returned to background level.

Although inspection of operational voltage telemetry data indicated
that the‘phoéometer on Rocket 18 (H + 1861) was operating properly, the
output signal had insufficient amplitude to provide any useful infor-
mation. .

3.4.3 King Fish. A telemetry blackout occurred during the flight
of Rocket 19 (H - 120) at H = 0 'and lasted until H + 3 seconds (141 km).
Immediately after this l=-second blackout, the photometer output signal

saturated until H + 5 seconds (143 km). As the photometer output
decreased,minimums in output signal levels occurred at 120 and 300

degrees from north. At H + 7 Seconds (144 km), the output decreased

from saturation, and maximum signal output levels occurred at 60 and 160
degrees from north. At about H + 15 seconds (150 km), a very intense

peak, superimposed on the original signal, appeared at 220 degrees from
north. Initially, the width of this peak was about 10 degrees, but it
gradually increased in amplitude and width. At H 4+ 20 seconds (154 km),
the amplitude was maximum with a signal width of about 50 degrees.

After this the amplitude decreased without any noticeable change in width
until H + 77 seconds (176 km) when this peak was no longer distinguishable
from the other data. Sharp peaks were noticed at zero degrees from north
between H + 120 seconds (174 km) and H 4+ 127 seconds {172 km), H + 140
seconds (166 km) and H + 149 seconds (162 km), H + 163 seconds (153 km)

and H + 177 seconds (143 km), and between H + 184 seconds (137 km) and

H + 195 seconds (127 km). Loss of + 12-volt dc from the battery, probably
due to regulator failure, at H + 225.5 seconds terminated the generation of
any further output signals. The direction of maximum photometer response
is shown in Figure 3.40. Airglows, observed at later times in the northern
direction, are shown in Figure 3.41. Airglow configurations are approximated

by patterns shown in Figure 3.4l1.
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The photometer on Rocket 26 (H + 780) produced an output signal
of about 10 degrees in width at O degrees from north between H + 807
‘gseconds (19 km) and B + 831 seconds (53.8 km) and between H + 1116
seconds (79 km) and H + 1122 seconds (71.5 km). Erratic payload attitude
occurred at H + 1117 seconds (78 km) and became quite violent at
H + 1122 seconds (71 km). Some directional indications were observed
after the erratic metion began; however, due to the erratic motion of
the payload, these results will require further analysis.

Although inspection of operation voltage telemetry data indicated
that the photometer on Rocket 29 (H + 1500) was operating properly,

the output signal was too low to obtain any useful information.
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Figure 3.1 Horizontal 20° gamma scanner data, Rocket 8, 355° and 175%, Star Fisn.
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Figure 3.9 Vertical 20° gamma scanner data, Rocket
8, 212, 237, 262 and 285 km, Star Fish.
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Figure 3.11 Vertical 90° gamma scanner data, Rocket
8, 212, 223, 262, and 285 km, Star Fish.
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Figure 3.12 Vertical 90° gamma scanner data, Rocket
8, 285, 350, and 408 km, Star Fish.
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Figure 3.27 Projection of Rocket 8 trajectory onto a plane through the burst
point and perpendicular to the magnetic field lines of the earth, Star Fish.
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Figure 3.33 Beta detector output voltage versus
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CHAPTER 4

T T . S W Y

DISCUSSION

The following discussion of results is based mostly on hand-reduced

data obtained from the Star Fish, Blue Gill;and King Fish events.
Computer-reduced data for Rockets 8, 9, and 19 were received from the
data reduction contractor, but most of the attitude information was
either wrong or unreliable. When possible, reduced attitude data has
been used and is given in Chapter 3. Unfortunately, this discussion
is incomplete, due to the lack of attitude information and the short
period of time available after the decision was made to publish this
report without the use of computer-reduced data.

In rhe following discussions of the Star Fish, Blue Gill,and
King Fish events, the data from the various instruments are discussed
separately, but corroborating evidence of the effects measured by
other instruments is included in the text.

4.1 STAR FISH '

Both Rockets 8 (H + 1203) and 9 (H + 2400) encountered a high
intensity of trapped and possibly untrapped beta radiation starting
near the upper fringes of the atmosphere (90 km). The high intensity
of the beta radiation produced bremsstrahlung in the payload components
vhich in turn was read as gamma radiation on the Geiger-Mueller tubes
of the gomma $canners. This indicated that the debris was scattered
over an &xtremely wide area.

4.1.1 Expacted Gamma Produced Count Rates and the Bremsstrahlung
Contribution. To make meaningful interpretations of the

data, it was useful to illustrate what count rates would be expected

on the basis of some simple models of the behavior of the burst and

its byproaucts. Ir keeping with the preliminary state of the experi-
mental data, the foliowing pictures are simple and very approximate.

As more refined techniques are used to reduce the data, more sophisticated

models will have to be used for ficting the burst to theoretical models.
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However, the following discussion is intended as a guide to point up
gross features of the data and should not be interpreted as final.

To begin with, the expected energy release in gamma radiation is
given by:

Py (1.5 x10°2)/ 3.35 (3 + 2¢%°6 4+ 1'%

where P is the energy released in gamma radiation per second, Y is the
total yield of the burst, and t is in seconds, where t = 0 is the time
of burst. Where it is required in the models, it was assumed that the
beta energy release was the same as that of the gamma. To determine
the following estimates, the yield was taken as 1.2 megatons and the
time as 23 minutes (1380 seconds), which coincided with the time at
which Rocket 8 recorded its peak gamma flux. Using the above numbers,

the gamma release rate from the total debris cloud at 23 minutes was

3.54 x 109 watts = 2.21 x 1022 Mev/sec

T X PR e e e X T R A R e A % N TR o A P

If a rather widespread debris cloud is assumed, which seems to be

an inescapable conclusion, then some estimates of the gamma flux at

the vehicle can be obtained by assuming that it was near the center of
the cloud. The following numbers are illustrative. Table 4.1 gives
the total gamma flux seesn by an unshielded detector at the center

of a cloud of uniform density, of the proportions described.

The actual peak counting rate observed by the gamma scanners in
Rocket 3, corrected approximately for the shielding effect of the
uranium shields, was about 10,000 counts per second. According to the
preflight instrument calibrations. this corresponded to an incident

gamma flux of about
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1.1 x 107 Mev/cmz-sec
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In the sbsence of other data, this is not an unreasonable flux, and it
corresponds to the flux in the center of a debris cloud with a lateral
and vertical dimension of about 250 km by around 1200 km long.

However, examination of the beta detector energy flux indicated
that bremsstrahlung was the main contributor to the gamma scanner
output signal rather than gamma radiation. Thus, the above dimensions
represented the minimum extent of the debris. In fact, examination of
Table 4.1 indicated that movement of a large portion of the debris into
the conjugate areas may have occurred.

Unfortunately, the beta detector was saturated during most of the
period during which the gamma scanners recorded a large flux. However,
the data are meaningful at the beginning of beta detector saturation.
At this time (about 140-km altitude), the outputs from the gamma
scanners were beginning their sharp rise and yielded a corrected count
rate of about 700 counts per second, implying a gamma flux of about:

_ 0.83 x 106 Mev/cmz-sec
The beta detector, on the other hand, recorded a total beta flux of
about

1.1 x 10 Mev/cmz-sec

where the angular distribution of beta particles as shown by the beta
detector output signals was taken into account. The measured gamma
flux, from the numbers quoted above, was approximately 7-1/2 percent
of the beta flux. A rough bremsstrahlung efficiency calculation was
made for aluminum which has an efficiency of 1 percent; however, there were
a number of objects of high atomic number such as depleted uranium,
which could have contributed considerably more to the bremsstrahlung.
Thus, a 7-percent bremmstrahlung efficiency would not be too surprising,
and the results are consistent with the assumption that essentially

all of the gamma flux was bremsstrahlung above 14G-km altitude. A

further confirming fact is that peaxs of the gamma count in both
Rockets 8 and 9 occurred near the poirt of closcst approach to the

magnetic field line through the burst. The peak counts occurred
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at about 305<km altitude and 140 km north northeast of Johnston Island
in Rocket 8 and about 325-km altitude and 100 km north northeast of
Johrston Island for Rocket 9. Something of this kind would be expected
if the radiation had its source in bremsstrahlung.

4.1.2 The Beta Flux. If the assumption is made that the total

gamma flux measured in the high-count region was due to bremsstrahlung,
then the gamma counter can be used as a measure of the beta flux at
higher altitudes. The following numbers are based upon preliminary
data reduction,and more careful analysis may change the results by

as much as a factor of two. However, they suffice to give a general
picture of the beta flux.

The magnitude of the peak beta flux, under the above assumption,
can be obtained by calibrating the gamma counter against the beta
counter at its initial saturation point. Then the peak beta flux
(at 280 km) is given by the gamma instruments on Rocket 8 as

1.5 x 108 Hev/cmz-sec
This clearly implies a rather extensive trapped electron component.
For illustration, the expected beta flux, with no trapping, can be
computed from the previous models of extensive debris cloud, approxi-
mately as given in Table 4.2. The flux refers to the center of the
cloud.

In no case, of course, do the fluxes equal the levels recorded
by the instruments, particularly for those very widespread clouds
indicated by other measurements. Undoubtedly, the incident flux
attributable to trapped electrons completely overwhelms that ascrib-
able to the instantaneous emission from debris.

Also, the angular distribution of the beta flux leaves little
doubt about the large trapped components. As can be seen from Figure 3.31
the incident beta radiation for Rocket 8 had a very marked azimuth
asymmetry. In fact, compared to the peak rate occurring at magnetic
east and west, the minimum almost vanished. Since the full opening

angle of the beta scanner was about 120 degrees, the above fact implies
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that very few electrons were contained in the {20-degree segments on
either side of the long axis of symmetry of the azimuth plot. Thus,
nearly all electrons were contained in the two remaining 60-degree
segments. This is to be expected of a trapped electron component.
During the portion of the flight of Rocket 8 just after apogee, the
spin axis was almost normal to the magnetic field lines, so that the
beta detector looked successively parallel to and normal to the field
lines. If we assume the minimum allowable altitude for reflection

of trapped electrons to be even as low as 50 km, then the minimum
angle between the trapped electron trajectory and tne earth field
line at the 300-km altitude of the rocket was around 65 degrees. Thus,
it was expected that all trapped electrons had orbits described by
helices with pitch angles greater than 65 degrees. This expectation
was in complete accord with the data.

Figure 3.3l shows the record of the beta detector just before
saturation. The first modulation seen as the vehicle rose has the
fundamental frequency of the rotating rocket. The minima occurred
when the beta counter was nointing north. As the rocket rose higher,
the broad maxima centered about the south suddenly developed minima
also, which rapidly evolved until they were almost the size of the
north minima. Just before saturation, the east-west maxima were
typified by those shown in the azimuth plot. The region of trapped
electrons was well marked and began at an altitude of about 90 km.

4.1.3 Debris Contained Along Field Line. The fraction of total

debris q contained along a field line of unit cross sectional area
(described in Section 1.3.3) can be evaluated only approximately for
Rockets 8 and 9, since the half-angle of the cone of acceptance (field
of view) for the beta detectors was not smail. Thus Q/G° is not
approximately equal to unity. Bearing this in mind, q can be evaluated
by multiplying the sum of the north and south beta energy values in

Figure 3.31 by the following constant,

2/(1 - cos o)(ET) = 9.0 x 10-24 cmz-sec/Mev
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where,
a = half angle of beta detector viewing cone = 60 degrees
E = total emission of debris at time equal to zero =
7.5 x 1024 Mev/sec
T = decay function of debris normalized to unity at time
equal to zero.
Thus, the value of q increased from 9 x 16720 o 7 o 10718 becwedn
projected altitudes of 50 km and 215 km.
4.1.4 Photometer Data. The photometers on Rockets 8 (H + 1203)
and 9 (H + 2400) observed ionized nitrogen emission () = 3914 X) at
approximately the same spatial position, 75-to 130-km altitude and

north northeast of Johnston Island. The lower of these two altitudes
was reached shortly after Rocket 8 encountered beta radiation that was
undoubtedly causing the airglow.

Some azimuth dependence was noted at  about 75 km on Rocket 8

and at 100 km on Rocket 9. The orientation of both payloads was such

that the photometer was looking in a hLorizontal plane when a response

was recorded at azimuth angles of roughly 60 degrees west of north. As
the payload rotated toward the north, the photometer field of view

depressed below the horizontal. It appears, therefore, that the

photometer viewed a patch of ionizea air generally

g

AW

iy

located north of Johnston Island at an altitude of rougnly 75 km. The

payload then passed tiuirough an extension of, or possibly another patch

Pa \— s

of ionized air from 100-km to 130-km altitude, with an area of decreased
intensity at 115 km. Figure 3.23 shows « cross section of the trajectory
reflected onto the earth's magnetic field lines. Field lines that
intersect the trajectory at altitudes of 100 to 130 km intersect a

plane through the burst point at altitudes of 120 to 150 km. These

field lines pass through an altitude of 400 km roughly 500 km south of
Johnston Island.

For Sot glal_fo_gm

Approximately the same phenomenon was observed 20 minutes later

n

F when Rocket 9 passed through the same region. At that time the lower

é edge of the ionized air patch had moved up to approximately 85 km and

% there was sufficient change in the shape of the patch so that photometer
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output was recorded only in the north to northwest direction up to an
altitude of 108 km. Above this altitude and up to about 140 km (again
with an area of decreased intensity at 115 km) the rocket was again
apparently inside the ionized air patch.

4.2 BLUE GILL

4.2.1 Gamma Ray Source. To make a preliminary interpretation of

the hand-reduced data the following assumptions were made:

1. The debris cloud was stationary during the flight of the payload.

2. The debris cloud was uniform in density.

3. The burst point lay in the plane of the trajectory.

As the vertical scanner rotated,it sampled vertical slices of
the cloud so that an angular distribution of the debris sbout the
thrust axis of the payload was determined. Figure 3.13 shows an
angular distribution obtained from the vertical 20~degree scanner on
Rocket 15 (H + 901) at an altitude of 44 km and horizontal range of

- 60 km from the vertical line through burst point. Due to payload

attitude’the pointing direction of the scanner was tilted up at an
elevation angle of roughly 18 degrees from horizontal so that its
direction of maximum shielding intersécted the vertical line through
burst point at an altitude of 68 km.‘ The range distance to this
intersection point was about 63 km. The half-amplitude width of the
cloud was approximately 125 degrees. If a spherical cloud whose
center coincides with the intersection of the field of view and the
vertical line through burst point is assumed, then its minimum radius
can be determined from the angular debris distribution obtained from
the vertical scanner. For example, i-f the scanner was located on the
edge of the assumed debris sphere, then the half-amplitude width would
be 90 degrees. Since the hal f-amplitude width was about 125 degrees,
the radius of an assumed spherical cloud must therefore have been greater
than 63 km.

Count rate versus altitude for various azimuth angles in the
general direction of the burst is shown in Figure 3.14. The count

rate was a function of the amount of debris contained in the 120-degree
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by 90-degree field of view of.the horizontal 90 degree scanner. It
is reasonable to assume that 120 degrees included most of the cloud

when the scanner was directed at the most intense part of the debris
cloud, so that the count rate was a good measure of cloud intensity

in the horizontal slice scanned. From Figure 3.14 the maximum cloud
intensity is seen to occur at a rocket altitude of 75 km.

4.2.2 Beta Flux. Beta rays were detected at 23-km altitude on

Rocket 15 (H + 901) coming from the direction of magnetic south. This
radiation was received directly from the cloud and represented electrons
which were injected from the debris in a direction along the magnetic
field lines. Electrons injected at large angles to the field lines
were attenuated by the atmosphere at this altitude. Beta flux received
from the south at 23 km originated from the vicinity of burst at
approximately 40-km altitude.

As the payload rose, beta flux was received from both magnetic
east and west. This flux represented electrons traveling helical paths
down the field lines from the burst area and may have included some
trapped betas. The beta flux observed from magnetic east did not equal
that observed from magnetic west on Figure 3.35. This is most likely
due to an error in the assumed instrument pointing direction. If the
beta flux recorded as being received from an azimuth angle ¢ = 10
degrees (magnetic north) is correct, then even allowing for the fact

that the beta detector did not view directly along a field line when

¥ e o LS i T ™ it TR - P o T SR M T T A ST T A . e i R R AL M. & R B i S P

® = 10 degrees it is likely that the relatively large beta response

at and near the 80-km payload altitude (98-km projected altitude)
indicates that the payload was slightly inside the cloud near these
altitudes, The sharp decrease in readings from magnetic east, west, and
south at roughly 65 km (80-km projected altitude) could have been due

to a separation in the debris cloud. The two maximums occurring at
projected altitudes of 75 and 85 km for an azimuth angle of g = 190
degrees correlates with the vertical distribution indicated by the H - 90

scanner in Figure 3.14.
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4.2.3 Debris Contained Along Field Line. The fraction of total debris

q contained within a tube along a magnetic field line of unit cross

sectional area as defined in Section 1.3.3, can be determined by
multiplying the sum of the beta flux received from magnetic north and
south as shown in Figure 3.35 by the following constant,

2/(1 - cos o)(ET) = 7 x 10-22 cmz-sec/Mev

where

half angle of beta detector viewing cone = 15 degrees

™
[

total emission of debris at time equal to zero in
Mev/sec = 7.5 x 1024 Mev/sec

T = decay function of debris normalized to unity at time
equal to zero

=LE and 4 x 10.17 between projected altitudes

q varied between 1.4 x 10
of 55 km and 107 km.
4.3 KING FISH

4.3.1 Gamma Ray Source. Motion of the debris was observed by

Rocket 19 which was at an altitude of 138 km and approximately 34
degrees from north with respect to the burst point at the time of
detonation. The changing pattern between each scan shown in Figures
3.15 to 3.18 illustrates the dynamic nature of the cloud.

The hump that occurred between northwest and west at H + 9 seconds
for the V - 20 scanner (Figure 3.15) was caused by shielding from the

horizontal scanner located above the vertical scanner. Figure D.1

shows this interference pattern of the horizontal scanner
between declination angles of 10 to 60 degrees and between azimuth
angles of 140 to 170 degrees.

The three peaks that appeared during the scan of the horizontal
20-degree scanner at H + 4 seconds were due to payload shielding. The
component which produced the first peak from the left was unaccounted

for. The other two peaks were caused by a balance weight and the

O R AN O N

vertical scanner. The sharpness of these peaks indicated a well-
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confined debris. The first peak disappeared for a while and reappeared

at H + 9 seconds, indicating payload axis or cloud motion.
The expansion of the debris was indicated on all the scanners by

the disappearance of the fine cloud structure. As the payload

descended, the structure of the debris cloud became increasingly

difficult to discern.
The determination of attitude as a function of time for Rocket 19

was not completed. Therefore, the altitudes and directions of the

King Fish debris are not dependable for obtaining quantitative conclusions.
4.3.2 Beta Flux Data. Figure 3.37 shows the north and south

components of the beta detector outputs versus the magnetic altitude
(projected altitude along the magnetic field line to vértical plane
through the burst positions). .This output was normalized to remove
the decay factor, since Rocket 19 collected data shortly after burst
when the debris was decaying rapidly.

The first peak in both the south and north components was

probably due to the main body of debris rising up past the rocket. This
corresponds to a rise velocity, averaged over the first 50 seconds, of
1.75 km/sec which correlates reasonably well with optical data which
indicated a rise velocity of 3 km/sec for the center of the fireball

and 1.5 km/sec for the lower limb. Another indication of a rising
rather than a stationary debris is the delayed occurrence of the
southern peak with respect to the northern peak. The reason for this

is easily explainable if the rocket is moving through the debris.

From optical data, "Fourth Report of the Fish Bowl Rapid Interpretation
l Group, King Fish", page 59, Figure 36, the diameter of the fireball

at was making the above assumption valid,since
Rocket 19 was approximately 50 km from the burst area. As the debris
rises, the field line going north from the rocket will intersect the
debris first while the field line going south will be mostly above the

debris. As the debris rises above the rocket, the field line going south
will irtersect the debris, whereas the field line going north will be below
ic.
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The smooth decay of the south component after the first peak
indicated a homogeneous distribution which was continuously expanding.
The continuous expansion is inferred from the lack of any resemblance
to a symmetrical function about apogee. Toward the north, concentration
of debris at magnetic altitudes of 144, 160, and 178 km, and above
apogee was noticed. A relative profile is seen in Figure 3.37. The
second peak is symmetrical about apogee, indicating that at this point
the debris was not expanding, except possibly along the field lines.

4.3.3 Debris Contained Along Field Line. To determine the fraction of

total debris q which was contained in a tube of unit cross sectional

area along the magnetic field line which is identified by its altitude

along a vertical line through the burst point, the sum of the north and
south beta flux at a given projected altitude in Figure 3.37 is multiplied
by

oA

2/(l - cos o)E= 7.9 x 10-24 cmz-sec/Mev

where,

@ = 15 degrees .
E=7.5x 1024 Mev/sec

The decay function T is not used,since the data is already normalized.
At H + 40 seconds, q = 7 x 10-14/cm2. From optical data, "Fourth
Report of the Fish Bowl Rapid Interpretation Group, King Fish", page
58, Figure 35, the diameter of the fireballvwas determined to be
about: which corresponds to a cross seétional area of

This is a reasonable correlation between optical data and the
beta detector. One would expect the beta detector results to be higher
than the reciprocal of the cross sectional area,since at H + 40 seconds

the detectors were probably looking at the most intense portion of the

) BRI e o S R A R

debris, judging from the peak observed at this time.

At all times the south component was much larger than the north

STPED

component. As time increased, the ratio of the south component to the

. north component decreased from about ten to two.
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4.3.4 Photometer Data. The output of the photometer after

saturation (H + 7 seconds) was probably due to airglow. The intense
peak observed starting at H + 15 seconds was not believed to be the
fireball, since its width was estimated to be expanding from 1.7 km to

8 km between H + 15 seconds and H + 20 seconds, after which it remained
constant. This did not agree with optical data as published in the
"Fourth Report of the Fish Bowl Rapid Interpretation Group, King Fish",

which indicated that the fireball diameter was expanding from

-

at about H + 13 seconds to at H+ 70 seconds. It is likely that
this was aurora. After the response in the vicinity of the burst
disappeared,an airglow appeared in the direction of true north from

the payload position. Actually, this may more properly be called
airglows since it seems to have appeared and disappeared a number of
times. Rocket 19 obsetved this airglow four times. This is shown in
Figure 3.40. The presumed shape and location of this airglow as
observed from the payload is displayed in Figure 3.41. The same
position in space viewed at times between those shown in Figure 3.41
broduced no photometer output. If it is assumed that these airglow
patches were caused by debris traveling along the field lines from a

¢ - position over the burst point, then their positions can be estimated
by finding the intersection of these field lines with a line along the
viewing angle from the payload. After establishing the airglow
location, an extrapolation slong the field lines was performed to
determine the location of the beta source above the burst point.

4 These values are given in Table 4.3. The numbers indicate the sequence
shown in Figure 3.41. It should be emphasized that the attitude data
shown in Figure 3.41 and used to compute the values in Table 4.3 is

not considered reliable. This may even account for the apparent

disappearance and reappearance of the airglow patch.
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4.4 INSTRUMENT PERFORMANCE

Ninety-five percent of the instruments carried on Project 6.2
payloads operated reliably during all flights and provided useful
debris data on the three events. Instrument failures and their
causes, when known, are discussed below.

Gamma scanner malfunctions occurred on Rockets 15, 18, 19, 26,
and 29. On Rocket 15, the 20-degree horizontal scanner did not opera:e

until 174 seconds after liftoff, and the vertical 90-degree scanner on

ALY e MR T A

Rocket 18 stopped counting after H + 1932 seconds. All scanners on
Rocket 19 stopped operating just before reentry. However, this failure
did not affect the success of the experiment,because the signal level
had already dropped below a usable level,and thus, no data was lost
from the instrument failure. An inoperative voltage regulator was the
probable cause for scanner failure on Rocket 19. All scanners on
Rocket 26 operated erratically from H + 822 to H + 8«: seconds, and all
scanners on Rocket 29 stopped counting 173 seconds after liftoff.
The cause for failure on Rocket 29 was not determined.

"Beta detectors developed malfunctions on Rocket 9, 18, azd 19.
The detector or Rocket 9 did not generate an output signal for 600
seconds during its flight, and the detector on Rocket 18 was inoperative

during the entire flight. Instrument failure on Rocket 19 was caused

>
3

'

by & malfunctioning voltage regulator. The cause for failure of the
Rocket 18 beta detector was not determined.

The gamma detectors and photometers provided data on all flights
except during failure of the voltage regulator on Rocket 19.

No major telemetry failures occu;ted during the three events.

However, some data from Rocket 9 was lost during two intervals after

A 0 A "

launch. These intervals were 220 to 365 seconds and 400 to 420 seconds.
% This was also true of Rocket 8 during the interval of 340 to 380 seconds
n

after launch.
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4.5 EFFECTIVENESS OF INSTRUMENTATION

In general, the payload instrumentation achieved its design
objectives satisfactorily. The effectiveness of the gamma scanner,
omnidirectional gamma detector, beta detector, and photometer are
discussed in the following paragraphs.

4.5.1 Gamma Scanner. The scanners obtained good debris data.

However, it is difficult to estimate how effictive the scanners were
in achieving their design objective until further analysis of the data
is completed. The analysis is confronted with several difficulties.
First, the orientation of the payload must be determined from the 3-
axis magnetometer and other trajectory information. Second, the
effects of payload shielding must be taken into account. Finally,

the analysis requires a computer to perform the desired mathematical
computations. Although the data has not been fully analyzed, a quick
look indicated that at least the minimum design objectivés were achieved
for Blue Gill and King Fish; howevgr, for Star Fish the scanners were
measuring bremsstrahlung rather than gamma radiation. Crude estimates
of the location of the debris can be inferred in two dimensions for
the Blue Gill and King Fisi: events.

Although the effects of payload shielding made it more difficult
to provide a quick interpretation of the data, the shielding also
provided a lot more information about the debris. After analysis of
this data, it is anticipated that resolutions of ~10/360 4 n steradian
can be obtained due to payload shielding.

4.5.2 Omnidirectional Gamma Detector. In general, the omni-

directional gamma detector obtained good data. In some cases the
detectors were not as sensitive as desired,and in other cases the
detectors were saturated. The reasons for this were due to the uncer-
tainty of the expected energy flux of gamma rays and to the fact that
the 100-millicurie C060 source used for calibration supplied by U. S.
Nuclear was only 65 millicuries. The detector did not really measure
total energy fluxes due to shielding from the payload. However, the
total energy flux can be inferred from the maximum value of the output

during a complete revolution of the payload. The shieldirg effects
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also provided information as to the location and size of the debris cloud.

4.5.3 Beta Detector. The effectiveness of the beta detectors was

increased considerably by decreasing its field of view from 120 degrees
for Star Fish to 30 degrees for Blue Gill and King Fish. As a result,
vertical distributions of beta-emitting debris were obtained. Pitch
angle distribution was also obtained. Insufficient dynamic range on
Rockets 8 and 9 and low sensitivity on Rockets 18, 26, and 29 reduced
the detector's effectiveness. |

4.5.4 Photometer. 1ii. general, the photometers did not have

sufficient sensitivity except on Rockets 8, 9, and 19. Final inter-
pretation of the data requires payload attitude data. Photometer
usefulness as an aspect sensor will depend on successful correlation
with optical data from other Fish Bowl projects.
4.6 DATA RELIABILITY

The accuracy of the collected data was determined mostly by the
telemetry system. Errors of 3 to 5 percent can be expected for data
from those rockets which did not have in-flight calibrators and an
error of 2 to 3 percent on Rockets 8 and 18 which did have in-flight

‘calibrators. Instrument errors are added to the telemetry errors.

The gamma scanner, omnidi.ectional gamma detector, and beta detector
calibration data are accurate to within 15 percent. The accuracy of
the gamma and beta detector output on Rocket 19 above 3 volts may be
in error by a factor of two,because the calibration data above 3 volts
was obtained by extrapolation.

Gamma scanner data accuracy was determined by statistical fluctu-
ations which depended on the number of counts accumulated during the
10-millisecond sampling periods. The standard deviation varied from
32 percent for an output rate of 1000 counts per second to 3 percent
for a rate of 100,000 counts per second.

The azimuth angles shown in the results chapter were accurate to
within + 10 degrees, but the accuracy of the photometer elevation angles

was not determined,because computer data reduction was not completed.
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Payload coning introduced significant elevation errors on all rockets

but 8 and 9. A study to resolve the problem of coning is currently in

progress. .
The 1iftoff and flight times shown in the results were rounded

-

off to the nearest second. Altitudes were accurate to within %5 km.
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TABLE 4.1 CLOUD SHAPE AND GAMMA FLUX

Cloud Shape Dimensious, km y Flux, Mev/cmz-sec
Spherical 100 (radius) 5.3 x 107
Spherical 309 (radius) 5.9 x 106
Szherical 1000 (radius) 5.3 x 105
Prolate spheroid 100 x 500 (semiaxes) 2.5 x 107
Prolate spheroid 200 x 500 (semiaxes) 9.0 x 106
Prolate spheroid 200 x 1000 (semiaxes) 6.16 x 106
Prolate spheroid 400 x 1000 (semiaxes) 2.3 x 106
Half of debris at 5
each conjugate point .- 4.6 x 10
All debris at north : 5
conjugate point .- 9 x10
All debris at south 4
conjugate point - 10

TABLE 4.2 CLOUD SHAPE «ND BETA FLUX

Cloud Shape Dimensjons, km 8 Flux, Mev/cmgaec
Spherical 100 (radius) 5.3 x 107
Spherical 300 (radius) 5.9 x 106
Spherical 1000 (radius) 5.3 x 105
Prolate spheroid 100 x 500 (semiaxes) 5.3 x 107
Prolate spheroid 200 x 500 (semiaxes) 1.3 x 107

g Prolste spheroid 200 x 1000 (semiaxes) 1.3 x 107

E% Prolate spheroid 400 x 1000 (semiaxes) 3.3 x 106
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

Conclusions on the distribution of the debris for the Star Fish,
Blue Gill, and King Fish events are given below. These conclusious

were based on data obtained from the gamma scanners and other radiation

e e G s W R

detection instruments flown on seven Project 6.2 payloads during the
Fish Bowl Series. Section 5.2 includes recommendations for improving
the payload instruments to provide more accurate data during future
nuclear events.
5.1 CONCLUSIONS

Preliminary analysis of Fish Bowl Series data indicated that the
debris distribution for the King Fish and Blue Gill events can be
determined during the final analysis program. Unfortunately, the
distribution and altitude of the debris for the Star Fish event
probably cannot be ascertained,because it was too widely scattered,

and the gamma signal, if it existed, was lost in the bremsstrahlung.

S bt e g

’ Project 6.2 data is currently being computer-reduced at the

, facilities of another contractor, and final data analysis will be

’completed by EOS in 1964 under another contract. Preliminary
conclusions on the debris location and distribution, derived from
the hand-reduced data given in Chapter 3, are summarized below for the
three events.

5.1.1 Star Fish. Analysis of gamma scanner data indicated that

the debris was widely scattered (diameter was at least 1200 km),and a
description of the cloud distribution cannot be attempted until
computer-reduced data is available for further analysis. However,
even with this information, mapping of the Star Fish debris is not
anticipated,because it may not be possible to separate the large

component of bremsstrahlung from the gamma radiation. The bremsstrahlung

e e Bl S A A R < TN AT AR

radiastion was generated by the interaction cf trapped beta particles

.
a8

with the payload structure and equipment.
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5.1.2 Blue Gill. Most of the debris generated during the Blue

Gill event was contained within the test area. The horizoatal
distribution of the debris was at least wide, and the distribution
in the vertical direction was contained between at roughly

15 minutes after burst. The instruments observed maximum gamma radiation

when the payload was at an altitude of 75 km.
5.1.3 King Fish, Data obtained from the gamma scanner, beta

detectors, and gamma detector indicated that the debris was moving
rapidly in the vertical direction. Based on beta detector data, the
rate of debris ascent was The horizontal distribution
of debris could not be determined during the initial gamma scanner data
analysis performed for this program.
5.2 RECOMMENDATIONS ]

Recommendatibdns ar; given below for improving the methods of

data reduction and the quality of data collected during high-altitude

nuclear detonations. These recommendations include techniques for

ECT

improving’ the results obtained with the gamma .scanner, beta detector,

il

gamma detector, photometers, magnetometers, and telemetry systems.
These recommendations are based on the analysis of hand;redgced data
discussed in Chapters 3 and 4. However, results obtained from the
final analysis of Project 6.2 data (scheduled for completion in 1964)
may modify these recommendations.

5.2.1 Gamma Scanners. Two major problems arose from the use of

the negative gamma scanner employed on Project 6.2. These problems
included difficulties in hand-analyzing the data obtained from these
instruments, and the measurement of bremsstrahlung (generated within
the payload) instead of gamma rays from the debris. Recommendations
for solving these problems are discussed below.

Data Analysis. The data obtained from the negative gamma scanners

was very difficult to manually analyze. An accurate representation of
the debris cloud was virtually unobtainable by hand, and a computer

analysis was required. Although a simpler method of data analysis
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was desirable, the light weight of the negative gamma scanner made its
choice necessary,and simplification of manual analysis can be obtained
by improving the radiation acceptance pattern. This pattern can be
improved by careful placement of the scanner within the payload and

by employing simple geometrical shapes for the shields. Careful
placement of the scanners was not performed on Project 6.2 because
tight schedule requirements did not provide sufficient time to complete
the work as planned.

Bremsstrahlung Interference. Very little can be done to overcome

the interference caused by bremsstrahlung in the operation of negétive
gamma scanners. Solutions to this problem can only be found in narrow
acceptance angle telescopes. There are three gamma ray telescopes
that can replace the negative telescopes (gamma scanners) employed
during the Fish Bowl Series of tests. These are: (l) a mosaic filter
scanner, (2) a positive telescope, and (3) a Compton telescope.

The mosiac filter scanner has some similarity to the negative
telescope in that the detection element (Geiger tube or substitute)
is partially or totally exposed directly to the gamma ray source over
some solid angle. The celestial sphere is divided into a number of
equal solid angles and each solid angle has a different depth of
shielding from that of all other solid angles. The detector resolution
(the number of solid angles discernible under the above arrangement)
depends upon its ability to distinguish between different depths of
shielding, which are dependent upon the counting statistics and total
depth available, the latter being a function of the allowable total
weight. This detector will have.somewhat more trouble with the wide
radiation spectrum received from a nuclear burst,because the different
lengths of shield will represent different cutoffs for higher energy
particles. However, this problem should not cause great difficulties,
since the spectrum of nuclear bursts is known. The mosiac telescope
has the same two problems as the negative telescope: it responds to
bremsstrahlung, particularly in those solid angles that are only

siightly shielded, and it is difficult to hand-analyze its data.
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Actually, if properly constructed, e.g., with high resolution, it will
be almost impossible to hand-analyze data from this telescope. Other
disadvantages include a much lower maximum flux rate than the positive
telescope and a smaller dynamic range for a given angular velocity.
The advantage of this telescope is its ability to look at all angles
simultaneously, e.g., during each revolution of the payload the detector
will collect data from all directions in space.

The positive telescope consists of a conventional spherical
shield with a detector placed at its center. A conical solid angle is
cut out of the shield to expose the detector to incident gamma rays
from only one direction. Data from this type of telescope is very easy
to analyze,and if trajectory and attitude data are available, it can
be displayed on a real-time basis. An extension to this type of
telescope is to rotate the sphere around an axis perpendicular to
-both the spin axis and the field of view of the detector, such that
the instrument then scans the celestial sphere in azimuth by the rotation
of the payload snd in elevation by motion of the telescope around its
axis of rotation. Ite real-time outpﬁt data can be displayed as a
raster or a television scan. The primary disadvantage of this type of
detector is its weight and the difficulty it causes in payload mechanical
design. The latter is due to the motion of the large mass which requires
that the telescope be located very close to the center of gravity of
the paylcad. This, of course, then requires the whole payload to be
carefully designed around only this detector.

The Compton telescope is a lightweight narrow-angle telescope
that detects gamma rays by coincidence detection of the Compton
scattered zlectron produced by the incident gamma ray, and the reflected
gamma roy. Unfortunately this detector is insensitive to gamma rays
below approximately 2 Mev, which makes it useful as an auxiliary device
for measuring gamma radiation from high-altitude debris, but not as a

primary gamma detector.
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The information-gathering ability of these instruments is, of
course, dependent on the bandwidth available in the telemetry systems.
It has been assumed in the above discussion that the systems are not
bandwidth limited. The mosaic filter scanner may become bandwidth
limited when a large number of elements are employed and the payload
spin frequency is high. The same statement applies to a narrow beam
positive or Compton telescope.

5.2.2 Beta Detector. The beta detector carried on Rockets 8 and

9 for the Star Fish event had a wider field of view than those used
on the later flights. This field of view proved to be so wide that

it was difficult to discern the minimum reading of the beta detector
as the instrument looked along the earth's magnetic field lines.
Additional shielding material was added to the detector for the Blue
Gill and King Fish events,and it provided an adequate field of view.
However, some difficulty was encountered in detector saturation. To
avoid detector saturation in future tests, it may also be advantageous
to place two separate detectors opposite each other around the vehicle

spin axis, so that their fields of view can be simultaneously aligned

along the magnetic field line when the vehicle is properly oriented.
This latter technique will depend upon the payload weight limitations

23 established for such experiments.
ﬁﬁ 5.2.3 Aspect Determining Elements. The magnetometer package was
Y carried on the Project 6.2 payloads to determine magnetic aspect for

the purpose of determining payload attitude. As stated in Appendix G,

ur the magnetometer data was not sufficient to accomplish this task.
S
@¥ Instrument packages for the measurement of nuclear events that occurred
Q Al
g; during the day could carry both a magnetometer and a solar aspect
02t sensor to determine attitude more easily. Instrumentation for night
o bursts is restricted to sensing the magnetic field vector; sensing
EQ the earth'’s horizon, which is useful only above an altitude of approx-
2
Eﬁ, imately 50 to 75 km; and sensing the position of a light or some other
[ 3%
ﬁa radiating source on the ground. Inertial pack:uges that are gyro-
gs oriented offer another solution, but their greater cost, complexity,
(ot
gg{ and weight limit ctheir application on solid-propellant sounding rockets.
o
Ros
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Improvements on Project 6.2 magnetometer packages should include:
(1) the isolation of the magnetometers from the payload by mounting
them above the end of the antenna ground plane, or (2) slotting this :
ground plane so that no current paths exist in the vicinity of the
magnetometers:
S.2.4 Airborne Telemetry System. It is very desirable to have
in-flight calibration, because it provides rapid and efficient periodic

maximum and minimum signal check points. Three-point caiibration
(zero, half scale, and full scale) is adequate, since significant
linearity changes are not expected. Care should be taken to ensure
that the duration of each calibration level is sufficiently long to
remain within the frequency response of the lowest frequency channel.
Also it is desirable to have an S-band backup RF link during Fish

Bowl Series~type tests. This will minimize the duration of RF blackout
and will frequently allow continuous reception of telemetered data.
In-flight tape recording is advisahle to collect data at early times
during RF blackout at the telemetry frequency.

An improvement in the transmission of data collected digitally,
such as from Geiger-Mueller tubes, can be made with very little extra
cost or airborne equipment. Small tone generators, which are keyed on
or off by a one or zero stored in the various stages of the digital
counter, can be used in place of the digital-to-analog gonverter and
subcarrier oscillators employed on Project 6.2. This technique will
preserv: the digital character and accuracy of these signals, but will
not affect the analog transmission of data obtained from the other
instruments.

5.2.5 Ground Telemetry System. Remote azimuth and elevation

control of the ground antennas would be a great asset for maintaining
contact with the payloads. Even without the refinement of automatic
tracking antennas, a4 good azimuth elevation manual cont:ol system would
allow the antennas to be periodically set to predetermined pointing
directions. An automatic five- or ten-point calibrator for the ground

recording system also would he very desirable. Manual calibration is slow
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and laborious, and three calibration points before and after a run are
not sufficient to prevent errors of several percent due to tape speed
changes and discriminator drift. To further reduce playback errors,
an electronic tape speed compensator would be very valuable. The
compensator would reduce errors from tape wow and flutter to a
fraction of a percent. Increases in playback capability would provide
more rapid data reduction. At least two tape machines should be
equipped for independent playback into two sets of oscillograph and

pen recorders.
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APPENDIX A
ROCKET VEHICLE JPERATIONS,
PROJECT 6.2

A.1 INTRODUCTION

Rocket vehicle operations for Project 6.2 are described in this appendix,
along with related information from Projects 6.3 and 6.4. Projects 6.2 and 6.3
" launched rockets during the Star Fish, Blue Gill, and King Fish events, and
Project 6.4 launched rockets during the Star Fish and King Fish events.

A.2 VEHICLE DESCRIPTIONS
A.2.1 Project 6.2.
Project 6.2 launched two Argo D-4 (Javelin) vehicles during the

Star Fish event. The D-4 consisted of a first--stage Honest John, a
second-and third-stage Nike, and a fourth-stage X-248 motor. The
second-stage Nike was fired by a delay squib, and the third-stage Nike
and fourth-stage X-248 were fired by on-board timers. Project 6.2
launched twec Honest John-Nike-Nike vehicles during the Blue Gill event.
The second-stage Nike was fired by a delay squib,and the third-stage
Nike was fired by an on-board timer. Both Nikes had wedge-shaped (cross
section) fins for increased acrodynamic stability.

Three Honest John-Nike-Nike vehicles were fired during the King
Fish event.

A.2.2 Project 6.3.

In conjunction with the Star Fish event, Prbject 6.3 launched two

Nike Cajuns and two Honest John-Nikes. All vehicles were standard, and
the second stages were fired by delay squibs. Project 6.3 launched two
Nike Cajuns and four Honest John-Nike vehicles during the Blue Gill

event.
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During the King Fish event four Honest John-Nike-Nike, one D-4
and one Nike Cajun (B-1) were fired.

A.2.3 Project 6.4.

Project 6.4 launched three Argo D-4's during the Star Fish event

and two D-4's during the King Fish event. The second-stage Nike was
fired by a delay squib,and the third-stage Nike and fourth-stage X-248
were fired by on-board timers. No vehicles were fired during the Blue
Gill event. ’

A.3 LAUNCHER DESIGN AND LOCATION

There were two basic types of vehicle launchers for Projects 6.2,
6.3, and 6.4. The two different types of launchers were designated
as large and small. The large launcher was capable of firing the D-4,
Honest John-Nike-Nike, or Honest John-Nike vehicles. The small launcher
was capable of launching only the Nike-Cajun vehicle. The primary dif-
ference between the large and small launchers was the length of the
launcher boom and the existence of a third launch fitting at the end
of the longer boom.

The launcher consisted of a vertical mast supported by two rigid
stays with a pivoted boom supported by a pulley and cable .arrangement
(see Figures A.l and A.2). The launcher mast was a reinforced I-beam.
The reinforcement consisted of steel plates welded along each side to
- form a box-like structure. At the base of the mast was a large pin to
locate the mast in the azimuth bearing. A graduated scale enabled the
launcher to be set to the correct azimuth position. At the top of the
mast a pin accommodated the two launcher supports. These supports
were made of heavy tubular construction and fastened to anchors that
were bolted to the deadman portion of the launcher pad. 1In this
manner the launcher azimuth could be adjusted without disturbing the
mast supports. Fastened to the mast was a trunnion that supported the
launcher boom. This trunnion had a calibrated elevation dial. Also

fastened to the boom were three sheaves which, in conjunction with
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the cable, supported and elevated the launcher boom. The cable vas
connected to a power-driven winch, which was located on the mast
directly behind the boom trunnion. This winch had a 5~hp motor with

a brake and clutch. This arrangement was capable of setting the launch
angle of elevation to within 1/2 degree. The elevation of the boom
could also be adjusted manually. On the under side of the boom were
the standard launch fittings (zero length) for the Honest John and
Nike vehicles. The small launcher had two of these fittings,and the
larger launcher had three fittings. The third launch fitting located
at the end of the boom was retractable by spring action so as not to
interfere with the vehicle as it was launched. The azimuth setting of
the launcher was achieved by the azimuth boom that extended from the
mast and opposite to the boom. This azimuth arm was hinged at the mast
so that its back end rested upon tﬁe launcher pad. The back end of the
launcher boom was connected to one of the mast support bases (anchors)
by two telescoping tubular ties. These telescoping ties had holes at

~ 3-inch intervals,and the total length of the ties could be -adjusted by
dropping a pin into the appropriate holes. The fine adjustment was
accomplished by an 6rd1nary turnbuckle.

The launcher azimuth was capable of almost 270-degree rotation,
although it was desirable to keep the azimuth setting to within +45
degrees of the bisector of the angle between the two mast supports. The
launcher elevation angle range was from -5 degrees to +85 degrees. The
lateral acceleration of a vehicle due to starting or stopping while
raising or lowering the launcher did not esiceed 0.015 g. The launcher
hoisting motor was remotely operated at about fifty feet from the
launcher. A loading diagram of the large launcher is shown in Figure
A.3. )

The locations of the launchers for Projects 6.2, 6.3, and 6.4 on
Johnston Island are shown in Figure A.4. Each launcher location was
designated by a letter that will aid in identifying the launcher proj-
ect and vehicle given in Table A.1. The locations of the launcher
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deadman are also shown on this drawing. A large launcher is
designated by L and a small launcher is designated by S.

A.4 OPERATIONAL SUMMARY
In order to understand the rocket vehicle operations for Projects

6.2, 6.3, and 6.4, it was necessary to summarize information concerning
each of the above projects and their associated vehicles, the trajec-
tories of these vehicles, the launchers from which the vehicles were
fired, and the time of launching. Tables A.1 and A.2 list all the per-
tinent information concerning the rocket vehicle operations on the above
three projects. Rocket cards for Project 6.2 are given in Tables A.6
through A.12. Abbreviations for each type of rocket discussed in Table A.1

are given below:
ROCKET VEHICLE NOMENCLATURE

ABBREVIATION PROPULSION SYSTEM

Atlantic Research Corporation

N-C M5-Cajun
HJ-N M6-M5
HJ-N-N M6-M5-M5

Aerolab Development Company

B-1 M5-Cajun
c-22 M6-M5-M5
D-4 M6-M5-M5-X248

NOTE: M5-Nike
M6-Honest John
A.5 LAUNCH CONIROL
Before each launching, several ground operations were per-
formed. Some of these operations were verbal or visual indications of
readiness,and others took an active part in the firing control circuits.

The verbal and visual functions consisted of informing the project
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director of the state of readiness of the payload and ground telemetry
systems. The condition of the payload and ground telemetry was indi-
cated by a voice confirmation or a visual confirmation in the form of
ready lights. This information was displayed or transmitted to the
project officer who evaluated the overall readiness of the vehicle.
There were four active control operations in the firing circuit
for Project 6.2, 6.3, and 6.4 vehicles. The first was performed by a
pad or section control switch that was activated by a key. This key
was in the possession of the pad leader during the process of elevating

the launcher and vehicle, arming the vehicle, performing pad checkouts,

* and final wind weighing corrections. When the pad leader.  had performed

these functions, cleared the pad,and returned to the blockhouse, he then
inserted his key in the ready switch,thus indicating that the vehicle
was ready £oc be launched. The second control operation was performed

by the master firing switch, which was under the control of the launch
director. The closure of this switch was determined by the presence of
the vehicle pad keys and the overall readiness of the firing circuits.
There was only one master switch for all vehicles on Projects 6.2, 6.3,
and 6.4. A third control switch was operated by the project officer
when all payload, ground telemetry, and general range safety requirements
were satisfied. A fourth control switch, operated by a relay, was actu-
ated by a preprogrammed timer. Because of the large nugpber of vehicles
being launched during both events,it was necessary to have a single source
for the overall control of the operation to insure range safety. The
switch closure occurred at a predetermined time after detonation and
lasted for 15 seconds. If the vehicle in question was not ready to be
launched as determined by the above three control switches (pad switch,
master switch, and project officer's switch), then the vehicle was not
launched by the Edgerton, Germeshausen and Grier (EG&G) closure. If the
vehicle was ready for launching as determined by the above three control
switches, but the 15-second time limit had expired, the vehicle was not fired,
because the signal from the EG&G control timer was no longer available.
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Once all four control operations had been completed, the vehicle

was launched. The launching of the vehicle was accomplished by the

contact closure of the EGSG relay which simultaneously fired the vehicle
umbilical and initiated a delay timer. This delay timer closed the
final firing relay at about five seconds after the firing of the umbili-
cal. Once this had been accomplished the vehicle was launched.

The firing control panel had a series of visual displays (lights)
indicating the status of the launch operation. The first was a light
indicating that there was power to the launch control console. The
ready lights indicated the closure of the pad (section) and master con-
trol switches, and another light indicated the presence of the EG&G
firing signal. An umbilical release light indicated the status of this
operation. Finally, a first-motion switch actuated a firing light indi-
cator when the vehicle left the pad.

A Mo s Ny

The sequence of launch operations for the fire control panel are

given in Table A.3.

A.6 VEHICLE PERFORMANCE SUMMARY
Within the three phases of field operations, EOS was responsible

M By M T

for preparing, assembling, and firing 28 sounding rockets involved in
three high-altitude nuclear events. These rcockets included 79 stages

and nine configurations with ten types of payloads. The rocket confiy,-

e T WY Ty

urations were as follows:

Designation Propulsion System Manufactutera
) ARGO D-4 M6-M5-M5-X248 ADC
2 ARGO D-4 M6 -MS - M5 - X248 ADC
g w/blunt nose
8 ARGO C-22 M6-M5-M5S ADC
! HJ-N-N M6 -MS-MS ARC
} HI-N M6-M5 ARC
E ARGO B-1 M5-Cajun ADC
:
r
;
K
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Designation Propulsion System Manufectutera

N-C M5-Cajun ARC
N-C M5-Cajun ADC/ARC
N-C M5-Cajun ADC/AGC/PSL

SADC  Aerolab Deveiopment (2.
ARC Space Vehicle Group, atlantic Research Corp.
AGC Aerojet-General Corp.
PSL Physical Science Laboratory, New Mexico
State University

A 96-percent-successful operation was realized from all stages.
Eight failures occurred on five vehicles yielding an 82-percent vehicle
success. A discussion of these failures is given in Section A.7.

A summary of the rocket firings describing significant performance
information is presented below. The launchings are listed by event and

described in detail in Table A.l in sccordance with the following index:

Event Event
Designation ' Date
Star Fish 9 July 1962
Blue Gill 26 October 1962
King Fish 1 November 1962

Some discrepancies vetween actual and predicted fliéht a2zimuth of the
venicles are notid. Such errors were predominately & function of wind
measurements. Since each veklicie was very wind sensitive, small changes
in surface wind had a sigrificant effect on the final azimuth. For
example, an ARGO D-4 lsunched at a nominal 83 degrees quadrant elevation
and 120 degrees true north azimuth in & steady wind from 90 degrees true

| north and blowing 20 knots from the surface to 20,000 feet would require
a launcher setting of 169 degrees azimuth and 85.2 degrees quadrant

elevation. If this wind reduces to 15 knots for 15 seconds,the launcher
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setting should be 85.6 degrees quadrant elevation and 154 degrees
azimuth. Obviously,wind readings and corresponding launcher settings
should be made as close to launch time as possible to minimize these
errors.

Review of the postflight information clearly indicates that over-
aged motors were one problem that was beyond control in vehicie design
and assembly preparation. Many of the vehicles did not perform as
predicted. This deficiency can often be caused in the first flight of
a new vehicle or payload configuration by an underestimate of the
aerodynamic drag. Such a conclusion might be applicable in this situa-
tion except for the following facts:

1. The Nike rocket motors (GFE) used in each vehicle were over
6 years old.

2. Storage decreased the performance capability of the propellant
utilized in the Nike motors.

3. One second-stage Nike motor (Rocket 29) operated, but
apparently procuced very little, 1if any,thrust.

4. Rockets 8, 9, and 25 (ARGO D-4), and Rockets 20, 24, 27, and
28 (ARGO C-22) produced nominal predicted flights. .

5. The measured velocity increment of the 3rd stage of Rocket No..
19 was 10 percent low.

6. Large quantities of Nike propellant were found on several launch
sites after vehicle liftoff.

7. Each Honest John, Nike, #nd Cajun motor was visually inspected
by cne Aerolab staff to locate gross defects such as cracks and moisture.
It is concluded, therefore, that those vehicles yielding lower
performance and improper motor operation were the direct result of using
out-of-date rocket motors. For example, it is estimated that a 10 per-
cent loss of second- and third-stage motor impulse on the ARGO C-22 would

reduce the nominal apogee by over 30 km.

175

O Ol AN R R
‘ 4Q?t¢§ RS »
L ‘: "‘5.“_’*!}.".’?




In addition to the three basic payloads emplocyed on the Nike-
Cajun type vehicles, Figure A.5 is presented to distinguish between
the various payloads used with the other rockets. This form of desig-

nation has been applied to the performance data contained below.

Vehicle Summary

The vehicle performance can be summarized by type as follows:
ARGO B-1 (Nike-Cajun) (Aerolab)
Two ARGO B-1 vehicles were launched with satisfactory flights.

Available performance data indicated that these rockets produced
nominal flights. ARGO B-1 vehicles were prepared for a 3-cps spin during
first stage and no spin requirement on the second stage. It is inter-
esting to note that 30 seconds after launch, the spin rate on Rockets
21 and 23 had decayed approximately one cycle to about 1.5 c¢ps. This
indicated a very low fin damping force.

Nike-Cajun (ARC)

There were 4 Nike-Cajun rockets launchea. All of these rockets

produced successful flights.
Honest John-Nige

Four of these vehicles were successfully fired,and nominal pre-

dicted performance was measured for each rocket.
Honest John-Nike-Nike
As with the Honest John-Nike vehicles,these Rockets, 15 and

18, had been assembled twice previously. The rockets carried payloads
nearly identical to Rockets 19, 26, and 29, except that ballast weight
was not added to the nose cone for stability. The flight of Rocket

15 was satisfactory with performance closec to predicted values, extrap-

olated from the 83-degree quadrant elevation launch angle. Significant

coning was measured during third-stage operation,which was apparently

due to insufficient stability. The coning condition could have been
the major contributing factor in reducing the final spin rate achieved

by the vehicle.
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Rocket 18 tumbled during thifd—stage operation. This condition
significantly reduced the trajectory performance.

ARGO C-22

Seven of ARGO C-22 vehicles were launched,and six produced success-
ful flights. A second-stage motor malfunction on Rocket 29 pre-
vented the vehicle from achieving full altitude.

Inspection of tracking data revealed that the rocket performance
for vehicles carrying payload "B" (Rockets 20, 24, 27, and 28) was
generally lower than predicted. An investigation revealed that the
estimated third-stage drag was low by approximately 15 percent. It
should be noted that the drag estimate had been prepared on the given
smooth payload shape without knowledge of surface roughness (antennas,
etc.).

The velocity increments given in Table A.4, compare the performance
of each stage to predicted values. Inspection of Table A.4 reveals that
the required velocity was achieved in most flights. However, the velocity
increment for the third stage of Rocket 19 was considerably lower
than the predicted value. This condition was probably caused by pro-

pellaﬁt deterioration.
The thirdestage fins on these vehicles were equipped with 2 special

o

leading edge design. This installation was employed to cbtain qualita-
tive data and field experience on the design. An extensive analysis
was conducted by the Aerolab Engineering Staff before the fins were
incorporated on the vehicle, to determine their effect on vehicle ade-
quacy if a failure of the edge design occurred during flight. This

investigation revealed that a failure would not be serious, ard the

AT e

g

worst condition would be a slight increase in drag. At least six lead-

ing edge strips were found on the site after launches. Inspection of

these strips revealed that four had been struck by a hard object causing

failure in the installation. This evidence indicated that failure may

"55".}5.&

have been initiated by contact from the ejected payload umbilical block

3

and cable.
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ARGO D-4

Seven ARGO D-4 vehicles were launched during two major events. Six

of these rockets produced satisfactory flights, and one rocket failed. .
The second stage of Rocket 22 failed to operate causing low perform-

ance. The cause of the failure was unknown. An equipment malfunction
on Rocket 25 prevented nose cone ejection. This failure initiated
a design study at Aerolab to prevent this condition on future flights.

The velocity increments given in Table A.5 compare the performance

of each stage to predicted values. Within measurement and reduction
tolevances, all stages attained the predicted velocity except as noted
on Rocket 22. ‘

The payload telemetry systems for Rockets 8, 9, 22, and 25 per-
formed satisfactorily and yielded considerable data on vehicle behavior.
Unfortunately, payload failures in Rockets 1, 5, and 7 prevented

obtaining complete information.

A.7 VERICLE FAILURE DISCUSSION
Twenty-three out of 28 vehicles performed satisfactorily during the

Star Fish, King Fish, and Blue Gill events. This section presents
information and opinions on the failures or malfunctions which occurred
on the remaining five vehicles.

The causes of these vehicle failures can be attributed to one or
more of two major sources; rocket hardware and/or design and rocket
motors. In general, insufficient data was available on each flight to
adequately make conclusions as to the cause of failure. However, the
failures are listed below:

Rocket 3 (HJ-N, no S/N). Second stage did not ignite, and

cause for this failure was not determined. Possible causes of malfunc-

tion were a bad motor, bad igniter, thrust blocks permitted the propel-
lant to slip forward and damage igniter, or the firing cable was severed.

First-motion actuation was displayed on the fire control panel.
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Rocket 18 (HJ-N-N, S/N ARC C-1). Recorded data, verified
by ground observation, indicated that the vehicle tumbled during third-

stage operation. Tumbling was probably due to aerodynamic instability.
Analysis by Aerolab on a similar vehicle (ARGO C-22) using the same

payload indicated an unsatisfactory relationship between the vehicle
aerodynamic center of pressure and the center of gravity during third
stage operation. This problem was avoided on the ARGO C-22 by using
special fins and adding ballast to the nose cone. Rocket 15 pre-
cessed badly, but apparently did not tumble, which indicated that the
stability of this vehicle configuration is marginal.

Rocket 25 (ARGO D-4, S/N ADC 36). Telemetered data indi-

cated that the nose cone was not ejected as required. Prelaunch check-

out of the nose cone and actuation system was satisfactory. The probable
cause for failure was either a malfunction in the pin puller operation
or in the nose cone release ring mechanism. .2rolab is presently develop-

ing a new nose cone and release mechanism which should improve the relia-

bility of this component.

Rocket 29 (ARGO C-22, S/N C-3). A very low thrust was
produced by the second stage. Ground observation indicated that the

stage ignited at the proper time and operated for the nominal period.
As a result,it is concluded that the rocket motor ejected a large quantity
of its propellant at ignition. Such a failure is to be expected from
motors over 5 years old. In addition to this type of failure,over-age
motors generally exhibit low performance.

Rocket 22 (ARGO D-4, S/N 35). Recorded data indicates the

second stage failed to operate. Although the failure caused a low

apogee and shortened flight, the remaining functions of the vehicle were

g
ﬁ
§
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per formed successfully, and therefore, the failure was not catastrophic.

e
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There are several causes of this type of failure] propellant deteriora-

3 tion, premature break in igniter firing cable, or ground firing circuit
P g g
- mal function. Since the checkout records on this particular stage indi-
5 cated a satisfactory igniter circuit continuity and stage checkout, it
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can be concluded that the failure originated either externally or
resulted from propellant deterioration.

It was unfortunate that these failures occurred. One contributing
factor to these malfunctions may have been the extremely short time
available to prepare for the launchings. This was particularly true in
the latter portion of this program when insufficient time did not per-
mit the normal procedure for rechecking and inspection of the vehicles

to be performed.
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TABLE A.l1 DETAILS OF ROCKET OPERATIONS

STAR FISH EVENT

Rocket No. 1 Z 3 4 5 6 7 8 9
Project No. 6.4 6.3 6.3 6.3 6.4 6.3 6.4 6.2 6.2
Vehicle type * D-4 N-C HI-N HIN D4 N-C D-4 Db D-b
Vehicle Ser. No. 32 None None None 33 None 31 29 30
Launcher No. 19 16 6 18 22 15 17 5 4
Launch time
(second from H-0) -600.0 -59.7 -88.7 4420.3 4420.3 4480.3 +4960.3 +1203  +2400.3
Launcher elevation
(degree) 85.5 87.3 87.3 88 83.2 87.3 85.5 81.5 82.7
Launcher azimuth
(degree true) 145 76 151 a9 153 76 . 145 8 0
Flight elevation
(degree) b 82 83 82.5 83 80 88 82 79.5 82
Flight azimuth
(degree true) 127 117 114 112 137.5 103 121.5 26 22
Prcdicted\b
apogee (km) 463 119 86 87 440 119 520 640 672
Predicted impact D
range (km) 179 52 41 44 1055 52 805 1160 950
Predicted flight £ £ € €
time (second) 800 360 300 300 786 360 834 877 905
Actual apogee (km) 496 1008 188 85.1 537 100.58 s15 632.1 685.8
Actual impact g
range (ka) 545 568 58 43.6 925 & 949.1 1076  787.6
Actual flight E ) . = .
time (second) d 725 260 108 251 700 -329 749 824 871
Payload type v I1 II1-B  III v II v I I
Payload configun:ionh D E E A A
Contractor Zimney GCA GCA GCA Zimney GCA Zimnay EOS EOS
AME/DME frequency
(RCVR/XMIR-Mc) 31(_)/338 None 310/285 310/270 310/273 None 310/335 None None
C-band frequency
(RCVR/XMTIR-Mc) None None None None None None None $700/5775 5700/5725
GMC beacon frequency
(Me) 1660 1670 1680 1660 1670 1680 1660 1670 1680
Three-frequency 36.94 36.94 36.44 36.94 36.44  36.94
beacon (Mc) 147.76 None None 147.76 145.76 None 147.76 145.76 147.76
886.56 886.56 874.56 886.56 874.56 886.56

VHF telemetry

B frequency (M) 253.8 234.0 245.3 234.0 245.3 253.8 253.8 234.0 234.0

}:: 'hgcnd:

i-,‘- D-4: Argo D-4 (Aerolab)

‘- N-C: Nike-Cajun (ARC)

:; HJ-N: Honest John-Nike (ARC)

4 Ponttll;ht prediction based upon best wind data at launch and other pertinent data

u cPontfll;ht computer simulation

I Based upon duracion of VHF telemetry reception (except as noted)

;’}g tl’hru-f:equency beacon reception

i Now{nal

P S pscimated

E;‘ hSu Figure A.S
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TABLE A.l1 (continued)

BLUE GILL EVENT

Rocket No. 10 11 12 13 14 15 17 18

Project No. 6.3 6.3 6.3 6.3 6.3 6.2 6.3 6.2

Vahicle type 8 N-C HJ-N HJ-N N-C HJ-N HJ-N-N HJI-N HJ-N-N

Vahicle Ser. No. A-11 B-1 B-6 A-12 B-5 c-1 B3-3 c-2

Launchar MNo. 16 19 6 15 18 5 17 4

Launch time

(sccond from H-0) -59.3 -119.2 +301.0 +360.9 +670.4 +900.8 +1320.8  +1861.2

Lavncher elavation

(degrac) 84.0 84.0 83.0 84.0 87.0 83.0 82.5 83.0

Launcher azimuth

(degraa trua) 112 106 0 112 143 0 143 0

Flight alavation

(dagraa) 80.5 80 82.5 84 84.5 82.5 80 82.5

Flight azimuth

(dagras trua) 102 86 20 88 100.5 21 117.5 35.5

Pradictad P

apogee (km) 113 82 83 115 88 129 82 129

Pradictad impact L

raage {(km) 106 88 71 162 46.5 100 88 100

Predictad fllghtd

time (sacond) 340 278 290 150 300 345 278 345

Actual apogee (km) 97.4 79.7 81.2 97.1 93.9 137.5 81.7 50.5

Actual impact e

range (km) .78.1 68.5 73.5 61.0 43.3 158 82 283

Actual flight

time (sacond) 270 240 2640 265 265 340 240 175

Payload typa 11 I1I-A III-A 4 111 1 111 1

Payload conf 1;urltiond B ) B A B A

Contracter GCA GCA GCA GCA GCA EOS GCA EOS

AME/DME fraquency

(RCVR/XMIR-Ic) None 310/285 310/270  None 310/279  None 310/273  None

C-band frequency .

(RCVR/XMIR-Mc) None Nona Nona None None 5700/5775 None 5700/5775

GMD bescon frequency

(M) 1660 1670 1680 1660 1670 1680 1660 1670

Three-frequency 36.94 36.44 316.44 316.94 36.44 316.94

bescon (M) None 147.76 145.76 None 145.76 147.76 145.76 147.76
886.56 874.56 874.56 886.56 874.56 886.56

VHY telemetry

frequency 253.8 245.3 234.0 253.8 245.3 234.0 245.3 2346.0

‘ legend:

N-C: Nike-Cajun (ARC)

HJ-N: Honest John-Nike (ARC)

HJ-N-N: Honest John-Nike-Nike (ARC)

b
Postflight prediction based upon best wind data at launch and ocher pertinent data

Estimated
See Figura A.S
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é TABIE A.l (continued)
v KING FISH EVENT
£ Rocket No. 19 20 21 22 23 24 25 26 27 28 29
Project No. 6.2 6.3 6.3 6.4 6.3 6.3 6.4 6.2 6.3 6.3 6.2
Vehicle type ¢ c-22 c-22 B-1 D-4 B-1 c-22 D4 c-22 c-22 c-22 Cc-22
Vehicle Ser. No. c-7 c-6 106 35 105 c-2 36 c-1 c-5 c-4 c-3
I Launche: No. 1 17 15 19 16 5 22 2 18 6 4
A Lauach time
(eecond from H-0) -119.7 -119.7 -0.3 +59.6  +3359.6 +360.2 +542.3 +780.4 +810.1 +2400.4 +1500
Launcher elevetion
(degree) 86.1 86.5 87.0 85.5 82.0 83.0 83.2 86.1 86.5 83.0 86.1
Launcher ezimuth
(degree true) 155 135 112 131 109 0 177 155 135 0 155
. Flight elevetion
; (degree) 85 85 85 82.5 80 82 83 85 85 82 as
Flight ezimuth b b
(degree true) 123 109 79 100 100.5 19.5 130 115.5 109 18 92.5
Precicted b
apogee (im) 194 180 115 500 113 170 490 194 180 170 194
Predicted impact b
! rznge (km) 100 91 62 770 104 130 790 109 93 130 100
Y Predicted flight -
hj time (second) 230 413 350 818 350 413 807 430 413 413 430
5 Actuel apogee (km) 162¢ 161.8 105 142° 113 153.9 560 162.6 157.3 152 67.6
Actuel impect a e ’
renge (km) 104.5 82.4 40.2 313 90 157.2 561.2 104.1 89 156.6 136.2
¢ Actuel flighe 4
; time (second) 360 370 280 400 280 360 785 370 360 360 224
-.'j Peyloed type b4 III-3 II IV-A II II11-c V¢ I-A III III I
s Payloed configuration® A. ) o ) ) A B ) A
Contractor E0S GCA GCA Zimmey CCA GCA Zimney EOS GCA GCA EOS
AME/DME frequency
o (RCVR/XMIR - ) Non - 310,285 None 310/282 None 3107279 310.338 None 3107273 310/279 None
- C-bend frequency
o (RCVR/XMIR-Mc) 5700/5775 None None None None None 5700/5775 None None 5750/5325
’: GMD beecon frequency
i (&) 1660 1670 1680 Nome 1680 1670 1660 1680 1670 1680 1660
Three-frequency 36.96 36.44 36.94 36.44 36,44 36.94
beecon (X&) 147.76 None None 145.76 None  Nome 147.76 None 145.76 145.76 147.76
886.56 874.56 886.56 874.56 874.56 886.56
I, VHF telemetry
Q frequency (X&) 23%.0 253.3 None 245.3 None 234.0 253.8 245.3 234.0 234.0 245.3
3
h .hund:
C-22: Honest John-Nike-Nike (Aeroled)
B-1: Nike-Cajun (Aeroleb)
D-4: Argo D-4 (Asroled)
¢ Postflight prediction besed upon best wind dete et leunch end other pertinent dste
droufll.;h: computer simuletion
':3 Besed upon duretion of VHF teleamtry reception (except ss noted)
ﬂ See Pigure A.S
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TABLE A.3 FIRE CONTROL PANEL OPERATION
Sequence of Operation Results
1. All switches off, including
BRL and battery charger None
2. All connectors installed None
3. Select rocket and check pay-

O 00 N O

10.

11.
12.
13.

14.

15.

e I e I R —— U —

LA I

16.
17.

18.

19.

S < i
}}‘{ “ ""’*‘ o Y

load and battery umbilical

squib circuits

. Main power switch on

. Master key switch on

Battery chargers on

. Battery chargers off

First-motion switch on

. Reset first-motion relay

with selector switch and
reset switch

Umbilical transformer
switch on

All section switches.on
BRL, lock-out switch on

EG&G relay closes
Umbilical block ejects
Timer switch closes
Firing junction box relay
closes

Rocket flight initiated

First-motion relay closes

Control panel first-motion

relay closes

»!,"\‘1_ by “‘q}\‘q.ﬂh\ \ .‘-, \‘lA’A\‘nﬁl‘ \ﬂ.ﬂ'ﬂ.’(‘\ﬂ w‘qﬁa.-,&q - .‘& ‘g"\‘\*"-ﬁ"\
ey &ﬁ\ GGy .k,;.-.-,.k,n" ST,

A"'-c ‘h
e 1‘\‘.

Squib resistance

Light on, power supplied to master
switch
Light on, power to battery charger,

section switch, transformer switch,
and first-motion switzh

Charge batteries (Eéampere for 30
minutes)

Test & monitor battery voltage
All first-motion lights on

All first-motion lights off,
relays set in no-fire position

Umbilical transformer light on,
power to umbilical relay

Ready lights on,
Supplies power to EG&G relay

a. Closes umbilical release relay
b. Starts firing timer (BRL)

Ejects umbilicals and turns umbilical
lights on

Firing light on,
tion box relay

closes firing junc-

Fires first-stage igniter, supplies
power to first-motion box

Separates clip lead, closes first-

motion relay

Initiates second stage and unlatch
squibs, closes first-motion relay
in controi panel

First-motion light on,
to BRL-EODS-CRL & GCA

gives signal
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TABLE A.6 LAUNCHING PROJECT CARD, ROCKET 8

1. PROGRAM: Fishbowl, Program A

2. PROJECT: 6.2; Rocket-Borne Gamma Ray Scanner
3. EVENT: Star Fish Prime

4. LOCATION OF PROJECT ACTIVITY: Johnston Island
5. VEHICLE DESCRIPTION:

a. Type of Rocket and Round Number: Argo D-4 Rd. No. 8
Aerolab No. 29

o. Detail Vehicle Description: Four-stage solid propellant rocket;
Honest John, Nike, Nike booster and

X-248.
c. Rocket and Igniter Serial
Number and Time Delay: Rocket Igniter Time Delay
. lst Stage 3031 61 0
2nd Stage 10359  Unknown 9.7 sec
Ird Stage 11551  Unknown 25 sec
4Leh Stage ’ 195 tUnknown 65 sec

d. Total Rocket Weight (Incl. Payload): 7487 1b

e. Total Rocket Length (Incl. Payload): 592.24 inches

f. Rocket Center of Gravity: 242.1 in. from lst-scage nozzle

g. Rocket Fins (Descriptive): Stage lst 2nd Jrd 4eh
2

\
Size 7.5 ft°© 2.73 f:2 2 ftT  None

Angle 30' cw 6.9' cw 50.4" ¢w

h. Rocke= Spin Rate: Jrd~-stage b.o. Estimated 6.75 rps Actual 5.5 ro:
4thestage ignition Estimated 6.2 rps 5.5 ros

i. Agency Responsible for Vehicle: Electro-Optical Systems
Aerolab Development Company

j. Number to be Launchsd: Two
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TABLE A.5 CONTINUED

6. PAYLOAD:

a. Gross Payload Weight (Incl. nose shield and
extension tube): 159 1b

b. Net Payload Weight and Length (Incl. extension tube: 133 1b 53" long
CG 20.7" fwd of
motor face.

c. Payload Balanced: Static and Dynamic
1"z, 8" oz.

d. Payload Environment Tests: Spin, Vibration,and Thermal
e. Payload Integrators: Electro-Optical Systems
f. Payload Instrumentors:

1. Electro-Optical Systems
2. Ballistic Research Laboratories
3. ARPA (Radio Corporation of America)

g. Payload Description:

1. Gamma Ray Scanner: Consists or four gamma ray flux tubes
attached to two gamma shields, mounted at approximately
90° to each other. Scanning will be accomplished by
rocket rotation. Will map vertical distribution of
gamma ray sources. :

2. Beta Ray Detector: Designad to vertical beta ray distribution
of debris. Will consist of scintillation cry<-:1 and photo-
multiplier tube looking out side of roc:et.

3. Gamma Ray Detector: Similas to beta ray dete Contained
entirely within payload, consequently is not tive to beta
rays.

4. Photometer: Consists of photomultiplier tub 1 response).
Will measure intensity and distribution of N: amission line

(3914%) o: induced aurora.
5. Three-frequency phase coherent transmitter.
6. 10-watt FM/FM telemeter.

7. GiD-1 transmitter (IW) for telemetry a for rocket azimuth
and elevation angular data.

8. Three ax!s aspect magnetometers.
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TABLE A.6 CONTINUED

9. ARPA (RCA) C-band radar beacon for trajectory and measurements
of induced refractive effects.

Model AGA C/T 505 Type Iransponder

h. Instrument Serial Numbers:

X Aspect Sensor: No. 637
Y Aspect Sensor: No. 638
Z Aspect Sensor: No. 635

Temp Sensor: A No. 19
B No. 11
C No. 57
D No. 27

Duracom: No. 10881

T/M PWR Converter: No. 501

Gamma Scanner Electronics: No, 4
Horiz. Scanner: No. 34 and 32
Vertical Scanner: No. 17 and 42
Beta Detector No. 3

Gamma Omni Detector: No. 4

"'C" Band Beacon: No. 23

GMD-1: No. 11

T/M XMIR: No. 1588

PWR AMP: No. 885

i. Nose Cone Struzcure (Descriptive):

Standard D-4 Fiberglass nosecone. Nosecone will not be Cjected
during flight. Internal structure ccnsists of full-length metal
conic frustwn from instrumentaticn base plate to nose of rocket.
Three-frequency beacon, telemetry,and GMD-1 antennas are mounted
on this conic frustum,

j. Transmitters:

1. Three-Freq. beacon: 36.44, 145.76, and 874.56 Mc 150, 10C
and 500 milliwaces,respectively.

2. Telemetry 234 Mc (10 watt)
J. GMD-1 1670 Mc (1 wacrrt)

4. RCA Beacoun Trans 5700 Mc Rec. 5775 Mc¢
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TABLE A.6 CONTINUED

Antennas (Descriptive):

1. 36.44: Loop, consisting of one BRL shroud antenna mounted
on metal conic frustum.

2. 145.76: Loop, two BRL shroud antennas mounted 180° apart on
upper section of metal conic frustum.

3. 874.56: Stubs; two each 180° apart. They protrude from
special raised section conic frustum stubs contained within
heat shield.

4. 234.0: Quadraloop. Two each used. Mounted 180° apart on
lower section of metal conic frustum.

5. 1670: Slots; &4 each slot, 90° apart mounted on special
raised section near upper section of conic frustum.

6. RCA Beacon: Slot; &4 each slot antenna mounted 90° apart on
rocket extension section.

Other:
The standard short rocket extension section is used. Heat shield

around X-248 motor and extension section will be separated from
nosecone. Rocket will not be despun.

7. GROUND INSTRUMENTATION:

4.

5.

Timing BRL and EG&G

GMD-1

Telemetry Station

BRL ionosphere Station (6 ant)

ARPA DAMP Ship coordinates

8. PROBE PATH:

Launch Location: Johnston Island
Launcher Number: H (5)

Launcher Elevation 800 Final 81.5o

Launcher Azimuth: i5° true 7inal 8°




TABLE A.6 CONTINUED

e. Launch Day and Hour: 8 July 1962 2320:12.5 HST

f. Launch time (Relative to Burst): Nominal H + 20 Min; Actual H + 20 Min
. 3.5 sec.

8. Predicted and Actual Peak Attitude: Predicted 640 km
Actual 625 km

h. Predicted and Actual Impact Range: Predicted 1160 km
Actual 1130 km

9. METEOROLOGICAL DATA:
Azimuth based on winds 1 hr. before actual launch was 38° true

10. SUMMARY OF OPERATIONS, RESULTS OBTAINED AND COMMENTS:

Predicted velocity increments were achieved. Launcher azimuth
tie bar was bent during launch and the setting changed from
8° to 10°.




TABLE A.7 LAUNCHING PROJECT CARD, ROCKET 9

1. PROGRAM: Fishbowl, Program A ’
2. PROJECT: 6.2; Rocke:~Borne Gamma Ray Scanner

3. EVENT: Star Fish Prime

4. LOCATION OF PROJECT ACTIVITY: Johnston Island

S. VEHICLE DESCRIPTION:

a. Type of Rocket and Round Number: Argo D-4 Round No. 9
Aerolab No. 30

b. Detail Vehicle Description: Four-stage solid propellant rocket;
Honest John, Nike, Nike Booster, and

X-248
c. Rocket and Igniter Serial
Number and Time Delay: Rocket Igniter Time Delay
lst Stage 2998 273 0
2nd Stage 10346  Unknown 9.7 sec
Ird Stage 10336 Unknown 25 sec
4th Stage 199 .Unknown 65 sec

d. Total Rocket Weight (Incl. Payload): 7487 1b
e. Total Rocket Length (Incl. Payload): 592.24 inches

f. Rocket Center of Gravity: 324.1 in. from first-stage nozzle

g. Rocket Fins {Descriptive): Stage lst 2nd 3rd 4th
Size 7-1/2 fcz 2.75 ftz 2 ft2 None
Angle 30' cw 6.9' cw 50.4' cw
h. Rocket Snin Rate: 3rd-Stage b.o. Predicted 6.75 rps Measured 3.5 rps
4th-Stage ignition 6.1 rps 5.75 cps

. Agency Responsible for Vehicle: Electro-Optical Systems
Aerolab Development Company

j. Number to be Launched: Two
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TABLE A.7 CONTINUED

6. PAYLOAD:

8. Gross Payload Weight (Incl. nose shield
and extension tube): 159 ib

b. Net Paylcad Weight and Length 133 1b 53" long

(Incl. extension tube): €G 20.7" fwd of motor face
c¢. Payload Balanced: Static and Dynamic 2
1" oz, 8" oz.

d. Paylosad Environmental Tests: Spin, Vibration, Thermal
e. Payload Integrators: Electro-Optical Systems
f. Payload Instrumentors:

1. Electro-Optical Systems
2. Ballistic Research Laboratories
3. ARPA (Radio Corporation of America)

g. Payload Description:

1. Gamma Ray Scanner: Consists of four gamma ray flux tubes
attached to two gamma shields; mounted at approximately
90° to each other. Scanning will be accomplished by
rocket rotation. Will map vertical distribution of
gamma ruy sources.

2. Beta Ray Detector: Designed to map vertical beta ray
distribution of debris. Will consist of scintillation
crystal and photomultiplier tube looking out side of
rocket.

3. Gamma Ray Detector: Similar to beta ray detector. Contained
entirely within payload, consequently 1s not sensitive to
beta rays.

4. Photometer: Consists of photomultiplier tube (S-11 response)
will measyre intensity and distribution of N, and emission

line(3914A) of induced aurora.

5. Three-frequency phase coherent transmitter.

6. 10-watt FM/FM telemeter

7. GMD-1 tran:aitter (1W) for telemetry and for rocket azimuth
and ei=ve&tion angular datas.
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TABLE A.7 CONTINUED

8. Three axis aspect magnetometers.

9. ARPA (RCA) C-band radar beacon for trajectory and measure-
ments of Induced Refractive Effects.
Model AGA C/T 505 Type Transponder

h. Instrument Serial Numbers:

X Aspect Sensor: No., 642
Y Aspect Sensor: No. 636
Z Aspect Sensor: No. 639

Temp Sensor: A no number
B No. 20
C no number
D No. 41

Turacom: No. 10882

T/M Power Converter: No. 503

Gamma Scanner Electronics: No. 5
Horizontal Scanner: No. 24 and 44
Vertical Scanner: No. 38 and 47
Beta Detector: No. 5

Gamma Detector: No. 3

Photometer: No. 5

"C" Band Bearon: No. 5

GMD-1: No. 20

T/M XMIR: No. 1557

Power Amplifier: No. 884

T

1. Nose Cone Structure (Descriptive}

-

Standard D-4 fiberglas nose cone. Nose cone will not be
ejected during flight. Internal structure consists of
fuli-length metal conic frustum from instrumentatinn base
plate to nose of rocket. Three~frequency beacon, telemetry,
and GMD-1 antennas are mounted on this conic frustum.

il el oF

J. Transmitters:

1. Three-frequency beacon: 36.44, 147.76 »nd 886.56 Mc
150, 100 and 500 milliwatts, respectiv'.ly.

2. 2346 Mc (10 wate)
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TABLE A.7 CONTINUED

3. GMD-1 1690 Mc(l watt)
4, RCA Beacon Trans 5770 Mc Rec. 5775 Mc
Antennas (Descriptive):

1. 36.44: Loop, consisting of one BRL shroud antenna mounted
on metai conic frustum.

2. 147.76: Loop, two BRL shroud antennas mounted 180° apart on
upper section of metal conic frustum.

3. 886.56: Stubs; two each 180° apart. They protrude from
special raised section conic frustum stubs contained within
heat shield.

4. 234: Quadraloop. Two each used. Mounted 180° apart on
lower section of metal conic frustum.

5. 1690: Slots; &4 each slot, 90° apart mounted on stecial raised
section near upper section of conic frustum.

6. RCA Beacon: Slot; 4 each slot antenna mounted 90" apart on
rocket extension section.

Other:
The standard short rocket extension section is used. Heat

shield around X-248 motor and extension section will be
separated from nosecone. Rocket will not be despun.

7. GROUND INSTRUMENTATION:

1
2
5
4
5

Timing BRL and EG&G

GMD-1

Telemetry Station

BRL Jonosphere Station (6 Ant)
ARPA DAMP ship coordinates

8. PROBE PATH:

a.
b.

[g]

Launch Location: Johnston Island
Launcher Number: J (&)
Launcher Elevation: 80° Final 82.7°

Launcher Azimuth: 15° true Final C°
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TABLE A.7 CONTINUED

i s =

10.

e. Launch Day and Hour: 8 July 1962 2340:09 HST
f. Launch Time (Relative to Burst): H + 40 Min nominal and actual

g. Predicted and Actual Pesk Altitude: Predicted 640 km
Actual 685 km

h. Predicted and Actual Impact Range: Predicted 1160 km
Actual 790 km

METEOROLOGICAL DATA:

Azimuth based on winds 1 hour before actual launch was 32° T.
SUMMARY OF OPERATIONS, RESULTS OBTAINED AND COMMENTS:
Predicted velocity increments were achieved.

Measured total flight time 892 sec.

Launcher azimuth tie bar was bent during launch and
setting changed from 0° to 20,
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TABLE A.8 LAUNCHING PROJECT CARD, ROCKET 15

1. PROGRAM: Fishbowl, Program A
2.  PROJECT: 6.2; Rocket-Borne Gamma Ray Scanner
3.  EVENT: Blue Gill Prime

4. LOCATION OF PROJECT ACTIVITY: Johnston Island

5.  VEHICLE DESCRIPTION:

a. Type of Rocket and Round No: Honest John, Nike, Nike Booster,
Round No. 15

b. Detail Vehicle Description: Three-stage solid propellant rocket.
Honest John, Nike Booster, Nike Booster

¢. Rocket and Igniter Serial

Number and Time Delay Rocket Igniter Time Delay from Launch
lst Stage 3000 40 0

2nd Stage 11305 ARC #9 10 seconds

Jrd Stage UNK ARC #10 0

4th Stage

d. Total Rocket Weight
(Inc. payload):

e. Total Rocket Length
(Inc. payload):

Rocket Center of Gravity:

e
LY

&0 g§- Rocket Fins (Descriptive): Stage 1 2 3 Single Wedge
ﬁdé Type H-J Std Nike Std Nike Std/w

| & size 6 f2 2.5 fe2 2.5 fe2

ook Angle 30 ft cw 26 fr ccw 21 ft cw

5£ h. Rocket Spin Rate: Estimated 3.65 rps Actual 1.7 rps

b 1Y

Ty
oA
Pt
(o o
%

25

P

Agency Responsible for Vehicle: Electro-Optical Systems, Inc.
Atlantic Research Corp.

j. Number to be Launched: 2
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TABLE A.8 CONTINUED

6.  PAYLOAD
a. Gross Payload Weight 167 1b, CG 16.5 fwd of motor face
b. Net Payload Weight and Length
(Includes extention tube) 141 1b, 49 inches long
c. Payload Balanced: Static and dynamic

d. Payload Environmental Tests: Spin, vibration, thermal

e. Payload Integrator: Electro-Optical Systems, Inc.

Electro-Optical Systems, Inc.
Ballistic Research Laboratories
ARPA (Radio Corp. of America)

f. Payload Instrumentors:

[V

g. Payload Description:

1. Gamma Ray Scanner: Consists of 5. Three-frequency phase coherent trans-
four gamma ray flux tubes mitter .
mounted on two gamma shields at
wteR ofidpprokimataly 10-te- .2.5 watt FM/FM telemeter.
grees to each other. Scanning 7. GMD-1 transmitter for telemetry and

will be accomplished by rocket for rocket azimuth and elevation
rotation. Will map vertical angular data.
distributlon of \gama tay 8. Three axis aspect magnetometer
sources

2. Beta Ray Detector: Designed to 9. ARPA (RCA) C-band radar beacon for
map vertical beta ray distribu- .trajectory and measurements of
tion of debris. Will consist of Induced Refractive Effects.
scintillation crystal sud photo- -Model 505A
multiplier will look ocut side of
rocket.

3. Gamma Ray Detectcr: Similar to
beta ray detector. Contained
entirely within payload consequently
is not sensitive to beta rays.

4, Photometer: Consists of photo-
multiplier tube (S-11 response)
will measure intensity and dis-
tribution of N, + emission line
(3914R) of 123048 aurora.

oo
e

ASe
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TABLE A.8 CONTINUED

h. Nose Cone Structure Standard D-4 fiberglass nose cone. Nose
(Descriptive): cone will not be ejected during flight.

Internal structure consists of full-length
metal conic frustum from instrumentation
base. plate to nose of rocket. Three~fre-
quency beacon, telemetry, and GMD-1 antennas
are mounted on the conic frustum. A mating
section from rocket (smaller dia.) to D-4
nose cone and instrumentation plate is utilized.
RCA bracon antennas are mounted on this mating
section as well as the pullaway receptacle.

i. Transmitters: 1. Three-frequency beacon. 36.44, 145,76,
and 874.56 Mc (150,100, and 500 milliwatts,
respectively)

2. Telemetry 234 Mc (5 watt)
3. GMD-1 1690 (1 watt)
4. RCA Beacon Trans
j. Antennas (Descriptive): Rec
1. 36.44: Loop, consisting of one BRL shroud
antenna mounted on metal conic frustrum.

2. 145.76: Loop, two BRL shroud antennas
mounted 180 degrees apart on upper.section
of metal conic frustum.

3. 874.56: Stubs; two each 180 degrees apart.
They protrude from a special raised sec-
tion on conic frustum. Stubs contained
within heat shield.

4. 234: Quadraloop. Two each used. Mounted
180 degrees apart on lower section of conic
frustrum.

S. 1680: Slots; 4 each 90 degrees apart
mounted on special raised section near
upper section of conic frustum.

6. RCA Beacon: Bent valentine; two each
mounted 180 degrees apart on nose cone
rocket mating secticn,

k. Other:
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TABLE A.8 CONTINUED

10.

GROUND INSTRUMENTATION

PROBE PATH:

a. Launch Location:

b. Launcher Number:

¢. Launcher Elevation:
d. Lauacher Azimuth:

e. Launch Day and Hour:

£. Launch Time (Relative
to Burst):

g. Predicted and Actual
Peak Altitude:

h. Predicted and Actual

Impact Range:

METEOROLOGLCAL DATA:

SUMMARY OF OPERATIONE,

RESULTS OBTAINED, AND
COMMENTS

wv oW

. Timing BRL and EG&G
. GMD-1

Telemetry Station

BRL ionosphere Station (6 ant)
ARPA DAMP Ship coordinates

Johnston Island

R (5)

85 degrees Final
18 degrees true Final

26 0c"14™49°

H +15 minutes

Predicted 129 km
Actual 137 km

Predicted 100 km
Actual 170 km

Severe coning

201
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TABLE A.9 LAUNCHING PROJECT CARD, ROCKET 18

1.  PROGRAM: Fishbowl, Program A
2. PROJECT: 6.2; Rocket-Borne Gamma Ray Scanner
3. EVENT: Blue Gill Prime

4. LOCATION 9F PROJECT ACTIVITY: Johnston Island

‘5.  VEHICLE DESCRIPTION:

a. Type of Rocket and Round No: Honest John, Nike, Nike, Round No. 18

b. Detail Vehicle Descripticn: Three-stage solid propellant rocket:
Honest John, Nike Booster, and Nike

Booster
c. Rocket and Igniter Serial
Number and Time Delay Rocket Igniter Time Delay from launch
1st Stage 4078 25 . 0
2nd Stage 10207  Arc No. 8 10 sec
3rd Stage 11618 ARC No. 11 0

4th Stage

d. Total Rocket Weight
(Inc. payload):

e. Total Rocket Length
(Inc. payload):

f. Rocket Center of Gravity:

g. Rocket Fins (Descriptive): Stage 1 2 3
Type H-J Std Nike Std Single wedge
Size 6 fr2 2.5 fe2 2.5 fe2
Angle 30 ft ew 26 fr cw 21 ft cw

h. Rocket Spin Rate: Estimated 3.65 rps Actual 1.5

i. Agency Responsible for Vehicle: Electro-Optical Systems, Inc.
. Atlantic Research Corporation

j. Number to be Launched: 2
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TABLEA.9 CONTINUED

6.  PAYLOAD
a. Gross Payload Weight 167 1b, CG 16.5 inches fwd of motor face
b. Net Payload Weight and Length
(Inciudes extension tube) 141 1b, 49 {nches overall length
¢. Payload Balanced: Static and dynamic

d. Payload Eanvironmental Tests: Spin, vibration and thermal

e. Payload Integrator: Electro-Optical Systems, Inc.

f. Payload Instrumentors: Electro-Optical Systems, Inc.
Ballistic Research Laboratories
ARFA (RCA)

g. Payload Description:

1. Gamma Ray Scanner: Consists of tribution of Ny + emission line
four gamma ray flux tubes (3914&) ‘of induced aurora.
Wsunted \on Eyolgimist: ¥hislds ar 5. Three-frequency phase coherent

angles of approximately 90 de-
grees to each other. Scanning
will be accomplished by rocket 6. 2.5-watt FM/FM telemeter.
rotation. Will map vertical
distribution of gamma ray
sources.

2. Beta Ray Detector: Designed to
map vertical beta ray distribu-

transmitter.

7. GMD-1 transmitter for telemetry and
for rocket azimuth and elevation
angular data.

8. Three axis aspect magnetometer.

tion of debris. Will consist 9. ARPA (RCA) C band radar beacon for
of scintillation crystal and trajectory and measurements of
photo-multiplier will look out Induced Refractive Effects.

side of rocket. Model 505A

3. Gamma Ray Detector: Similar
to beta ray detector. Contained
entirely within payload con-
sequently is not sensitive to
beta rays.

4. Photometer: Consists of photo
° multiplier tube (S-11 response)
will measure intensity and dis-
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TABLE A.9 CONTINUED

h. Nose Cone Structure Standard D-4 fiberglass nose cone. Nose cone
(Descriptive): will not be ejected during fli-ht. Internal

structure consists of full length metal conic
frustum from instrumentation base plate to
nose of rocket. Three-frequency beacon, tele-
metry, and GMD-1 antennas are mounted on the
conic frustum. A mating section from rocket
(smaller div.) to D-4 nose cone gnd instrumen-
tation plate is utilized. RCA beacon aautennas
are mounted on this mating section as well as
the pullaway receptacle.

i. Transmitters: 1. Three-frequency phase-coherent transmitters.
36.44; 145.76 and 874.56 Mc (150, 100, and
500 millivatts, respectively)

2. Telemetry 234 Mc (2.5 watt)

3. GMD-1 1670 Mc (1 watt)

4. RCA Beacon Rec

1

. 36.44: Loop, consisting of one BRL shroud
antenna mounted on metal conic frustrum.

. 145.76: Loop; two BRL shroud antennas
) . mounted 180 degrees apart on upper section
K of metal conic frustum.

j. Antennas (Descriptive):

~

3. 874.56: Stubs; two each 180 degrees apart.
They protrude from a special raised section
on conic frustum. Stubs contained within
heat shield.

4. 234: Quadraloop. Two each used, mounted
180 degrees apart on lower section of conic
frustum.

5. 1670: Slots; four each 90 degrees apart,
mounted on special raised section near upper
section of conic frustum.

6. RCA Beacon: Bent valentine; two each mounted
180 degrees apart on nose cone-—rocket mat-
ing section.

k. Other:
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TABLE A.9 CONTINUED

7. GROUND INSTRUMENTATION 1. Timing BRL and EG&G
2. GMD-1
3. Telemetry Station
4. ARPA (DAMP ship) coordinates
8. PROBE PATH: 5. BRL ionosphere station (6 ant.)
a. Launch location: Johnston lsland
b. Launcher Number: J (b)
c¢. Launcher Elevation: 85 degrees Final 83 degrees
d. Launcher Azimuth: 18 degrees true Final O degree
e. Launch Day and Hour: 2¢ 00h303!o9s
f. Launch Time (Relative
to Burst): H +1860 seconds
g. Predicted and Actual Predicted 129 km
Peak Altitude: Actual 51.4 km
h. Predicted and Actual Predicted 100 km
Impact Range: Actual ~42  km

9. METEOROLOGICAL DATA:

10. SUMMARY OF OPERATIONS, Severe coning, third stage tumbled
RESULTS OBTAINED, AND
COMMENTS

2} e
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TABLE A.16 LAUNCHING PROJECT CARD, ROCKET 19

1.

PROGRAM: ) Fishbowl, Program A
PROJECT: 6.2; Rocket-borne Gamma Ray Scanner
EVENT: King Fish

LOCATION OF PROJECT ACTIVITY: Johnston Island

VEHICLE DESCRIPTION:

a.

b.

Type of Rocket and Round No: Honest John, Nike-Nike Booster
Round No. 19

Detail Vehicle Description: Three-stage solid propellant rocket.
Honest John and two Nike boosters.

Rocket and Igniter Serial a

Number and Time Delay Rocket Igniter Time Delay from Launch

1st Stage 1847 21 ' 0

2nd Stage .10363 ADC No. 5 9.5 seconds
3rd Stage : 10441  ADC No. 2 26.5 seconds
4th Stage

Total Rocket Weight

(Inc. payload): 6,965 1b

Total Rocket Length

(Inc. payload): 523 inches

Rocket Center of Gravity: 205 inches from first stage nozzle

Rocket Fins (Descriptive):

First stage: Double wedge type, 31 minutes clockwise (average) incidence
Second stage: 3k ft2, Double wedge type, 2 ft ccw incidence

Third stage: 2-3/4 ft2, Double swept, single wedge type, 17 ft cw incidence

Rocket Spin Rate: Estimated 5.5 rps Actual 2.0 rps nominal
Agency Responsible for Vehicle: Electro-Optical Systems, Inc.
Aeroclab-

Number to be Launched: ?




TABLE A.10 CONTINUED

6.  PAYLOAD

Gross Payload Weight

Net Payload Weight and Length
(Includes extension tube)
Payload Balanced:

Payload Environmental Tests:

210 1b

140 1b, 49 inches overall length
1 inch/ounce

Shock, vibration, thermal per

specifications

Payload Integrator:

—
.

Payload Instrumentors:

Electro-Optical Systems, Inc.

Electro-Optical Systems, Inc.

Ballistic Research Laboratories
3. ARPA (Radio Corp. of America)

Payload Description:

Gamma Ray Scanner: Consists of
four gamma ray flux tubes attached.
to two gamma shizids mounted at
approximately 90 degrees to each
other. Scanning will be accom-
plished by rocket rotation. Will
map vertical distribution of

gamma ray sources.

Beta Ray Detector: Designed to
map vertical beta ray distribu-
tion of debris. Will comnsist of
scintillation crystal and photo-
multiplier tube looking outside
of rocket.

Ganma Ray Detector: Similar to
beta ray detector. Contained
entirely within payload, con-
sequently is not sensitive to
beta rays.

207

Photometer: Consists of photo-
multiplier tube (S-11 response)
will measure intensity znd dis-
tribution of Ny and emission

line (3914R) of induced aurora.

Three~-frequency phase coherent
transmitter. ’

10-watt FM/FM telemeter

GMD-1 transmitter (1 watt) for
telemetry and for rocket azimuth
and elevation angular datas.

Three axis aspect magnetometers.

ARPA (RCA) C-band radar beacon

for trajectory and measurements
of Induced Refractive Effects.

Model 505A




TABLE A.10 CONTINUED

h. Nose Cone Structure Standard D-4 fiberglass nose cone. Nose cone
(Descriptive): will not be ejected during flight. Internal
structure consists of full-length metal conic
frustum instrumentation base plate to nose
of rocket. Three-frequency beacon, telemetry,
and GMD-1 antennas are mounted on this conic

frustum.

i. Transmitters: 1. Three-frequercy beacon: 36.94, 147.76, and
886.56 Mc;150, 100,and 500 milliwatts,
respectively.

2. 234 Mc (10 watt)
3. GMD-1 1660 Mc (1 watt)
4. RCA Beacon Trans. 5750 Mc

Rec. 5825 Mc

36.94: Loop, consisting of one BRL shroud

antenna mounted on metal conic frustrum.

147.76: Loop, two BRL shroud antennas

mounted 180 degrees apart on upper section

of metal conic frustum.

3. 886.56: Stubs, two each 180 degrees apart.
They protrude from special raised section
conic frustum stubs contained within heat
shield.

4. 234: Turnstiles, four each used. Mounted
90 degrees apart on mid-section of metal
extension tube. .

S. 1660 Mc : Slots, four each slot, 90 degrees
apart mounted on special raised section near
upper section of conic frustum.

6. RCA Beacon: two each bent valentine antenna
mounted 180 degrees apart on rocket exten-
sion section. :

§. Antennas (Descriptive):

—
.

~n

k. Other:
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TABLE A.10 CONTINUED
7. GROUND INSTRUMENTATION 1. Timing BRL and EG&G
2. GMD-1
! 3. Telemetry Station
: 4. BRL Ionosphere Station (6 ant)
i 8. PROBE PATH: 5. ARPA DAMP ship coordinates
a. Launch location: Johnston Island
b. Launcher Number: ’ 1
¢. Launcher Elevation: 85 degrees Final 86.1 degree
d. Launcher Azimuth: 120 degrees true Final 155 degrees
e. Launch Day and Hour: 1 November 1962, 0208:6.5
: £. Launch Time (Relative
to Burst): H-2 minutes
g. Predicted and Actual Predicted 19C ko

Peak Altitude: Actusl 185 km
h. Predicted and Actual Predicted 110 km
Impact Range: Actual 95 km

9, METEOROLOGICAL DATA:
10. SUMMARY OF OPERATIONS,

RESULTS OBTAINED, AND
COMMENTS
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TABLE A.1)] LAUNCHING PROJECT CARD, lOCKET 26

1.  PROGRAM:

2.  PROJECT:

3. EVENT:

4. LOCATION OF PROJECT ACTIVITY:

5.  VEHICLE DESCRIPTION:
a. Tyvpe of Rocket and Round No:

b. Detail Vehicle Description:

¢. Rocket and Igniter Serial
Number and Time Delay

Operation Fishbowl, Program A

6.2; Rocket-borne Gamma Ray Scanner

King Fish

Johnston Island

Honest John, Nike-Nike Booster No. 26

‘Three-stage solid propellant rocket.
Honest John and two Nike Boosters.

Rocket Igniter Time Delay from Launch

lst Stage 1729 56 0

2nd Stage 1040¢  ADC No. 9 9.5 sec.
3rd Stage 10425 ADC No. 7 26.5 sec.
4th Stage

d. Total Rocket Weight
(Inc. paylosad):

e. Total Rocket Length
(Inc. payload):

f. Rocket Center of Gravity:
g. Rocket Fins (Descriptive):

st
gnd

i. Agency Responsible for Vihic

J. HNumber to be Launched:

6.965 pounas

523 irzher

200 inche: from first stage nozzle

-

Stage: Avg. 1nc§dence = 33.3 ft cw; Double wedge type
d Stage: 3 1/2 ft,, Double wedge type, 2 ft ccw incidence

r -
b, R%ckestt%ei'n R2“3e/:4 fc©, Doui)‘eusm\;eé:eta. single "'%’m."g ft cw incidence p:r

in

5.5 rps 3.2 rps nom.

le: Aerolabs
Electro-Optical Systems

7

210




TABLE A.11 CONTINUED

6.  PAYLOAD

Gross Payload Weight (Inc.
nose shield and extension
tube)

Net Payload Weight and Length
(Inc. extension tube)

Payload Balanced:

Payload Environmental Tests:

Payload Integrator:

Payload Instrumentors:

Payload Description:

210 pounds
140 pounds 42 inches
1 in. oz static

Shock, vibration, thermal per specification

Electro-Optical Systems

1. Electro-Optical Systems
2. Ballistic Research Laboratories
3. AKPA (Radio Corp. of America)

(1) - Gamma Ray Scanner: Consists of four
gamma ray flux tubes attached to two gamma
shields mounted at approx. 90° to each other.
Scanning will be accomplished by. rocket
rotition. Will map vertical distribution of
garma ray sources.

(2) Beta Ray Detector: Designed to measure
vertical beta ray distribution of debris.
Will consist of scintillation crystal and
photo-multiplier tube looking outside of
rocket.

(3) Gamma Ray Detector: Similar to beta ray
detector - Contained entirely within payload,
consequently is not sensitive to beta rays.
(4) Photometer: Consists of photo-multiplier
tube (S-11 response). Will measure intensity
and distribution of N, and emission line
(3194%) of induced atrora.

(5) 10-watt FM/FM telemeter.

(6) GMD-1 transmitter (lW) for telemetry and
for rocket azimuth and elevation angular data.
(7) Three axis aspect magnetometers.

(8) ARPA (RCA) C-band radar beacon for tra-
Jectory and measurements of induced
refractive effects.

Model SO5A Type
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TABLE A.11 CONTINUED

h.

i.

J.

Nose Cone Structure
(Descriptive):

Transmitters:

Antennas (Descriptive):

Other:

BN R W R TS NN B ® Tt S n R e % e O T AN e S e

Standard D-4 Fiberglas nosecone. Nose cone
will not be ejected furing flight. Internal
structure consists of full-length metal
conic frustum from instrumentation base plate
to nose of rocket. GMD-1 antennas are
mounted on this conic frustum.

(1) Telemetry 245.3 Mc (10 watt)

(2) GMD-1 1680 Mc (1 watt)

(3) RCA Beacon Trans. 5700 Mc
Rec. 5775 Mc

(1) 245.3; Turnstile. Four each used.
Mounted 90  apart on mid-section of metal
extension tube.

(2) 1680: Slots; four each slot, 90° apart
mounted on special raised section near upper
section of conic frustum.

(3) RCA Beacon: Two bent valentine antenna
mounted 180 apart on rocket extension
section.

212
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TABLE A.11 CONTINUED

7. GROUND INSTRUMENTATION (1) Timing BRL and EG&G
(2) 6&MD-1
(3) Telemetry Station
(4) ARPA DAMP Ship Coordinates

8. PROBE PATH:

a. Launch Location: Johnston Island
b. Launcher Number: 2
c¢. Launcher Elevation: 35° Final 86.1°
d. Launcher Azimuth: 1zo° true Final 155°
e. Launch Day and Hour: 1 November 1962 0223 hours 06.5 secon&x
f£. .Launch Time (Relative
to Burst): H + 13 minutes
g. Predicted and Actual Predicted 190 km
Peak Altitude: Actual 172
h. Predicted and Actual Predicted 110 km
Impact Range: " Actual 110

9, METEOROLOGICAL DATA:

10.  SUMMARY OF OPERATIONS,
RESULTS OBTAINED, AND
COMMENTS
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TABLE A.12 LAUNCHING PROJECT ‘CARD, ROCKET 29

1. PROGRAM: Operation Fishbowl, Program A

2. PROJECT: 6.2; Rocket-borne Gemma Ray Scanner
3. EVENT: King Fish

4. LOCATION OF PROJECT ACTIVITY: Johnston Island

5.  VEHICLE DESCRIPTION:
a. Type of Rocket and Round No: Honest John, Nike-Nike Booster No. 29

b. Detail Vehicle Description: Three-stage solid propellant rocket.
Honest John and two Nike Boosters.

c. Rocket and Igniter Serial
Number and Time Delay Rocket Igniter Time Delay from Launch

lst Stage 4979 18

2nd Stage 3 10430 ADC No. 7 9.5 seconds
3rd Stage 10377 ADC No. 8 26.5 seconds
4th Stage

d. Total Rocket Weight
(Inc. payload): 6,965 pounds

e. Total Rocket Length
(Inc. payload): 523 inches

f. Rocket Center of Gravity: 205 inches from first stage nozzle

g. Rocket Fins (Der cipzive):
1: Stege: Dble ved,e type, 30 ft cw incidence (average)
2_, Stage: 3 1/2 ftz, dble wedge type, 2 ft cw incidence per fin
3" Stage: 2 3/4 ft”, dble swvept, singlewedge type, 17 ft cw incidence per

h. Rocket Spin Rate: Estimated Actual fin.
5.5 rps 2.5 rps NOM.
{. Agency Responsible for Vehicle: Electro Optical Systems
: Aerolabs
j. Number to be Launched: 7
214
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TABLE A.12 CONTINUED

6.

PAYLOAD

rn
.

Gross Payload Weight (Inc.
nose shield and extension
tube)

Net Payload Weight and Length
(Inc. extension tube)

Payload Balanced:

Payload Environmental Tests:

Payload Integrator:

Payload Instrumentors:

Payload Description:

210 pounds
140 pounds 42 inches
1 in oz static

Shock, Vibration, thermal per specification

Electro-Optical Systems

1. Electro-Optical Systems
2. Ballistic Research Laboratories
3. ARPA (Radio Corp. of America)

(1) Gamma Ray Scanner: Consists of four
gamma ray flux tubes attached to twg gamma
shields mounted at approximately 90 to

each other. Scanning will be accomplished by
rocket rotation. Will mgp vertical
distribution of gamma ray sources.

(2) Beta Ray Detector: Designed to map
vertical bata ray distribution of debris.
Will consist of scintillation crystal and
photo-multiplier tube looking outside of
rocket.

(3) Gamma Ray Detector: Similar to beta ray
detector. Contained entirely within payload,
consequently is not sensitive to beta rays.
(4) Photometer: Consist of photo-multiplier
tube (S-11 response) will measure {ntensity
and distribution of N, and emiession line
(39148) of induced autora.

(5) Three-frequency phase coherent transmitter
(6) 10-vatt FM/FM telemeter.

(7) GMD-1 transmitter (lW) for telemetry and
for rocket azimuth and elevation angular data.
(8) Three axis aspect magnetometers.

(9) ARPA (RCA) C band radar beacon for
trajectory and measurements of Induced
Refractive Effects.

Model 505A

Type
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TABLE A.12 CONTINUED

h. Nose Cone Structure
(Descriptive): Standard D-4 fiberglass nose cone. Nose cone will
rot be ejected during flight. Internal structure
consists of full-length metal conic frustum
instrumentation base plate to nose of rocket. Three
frequency beacon, and GMD-1 antennas are mounted
on this conic frustum.

i. Transmitters: (1) Three-frequency beacon: 36.94, 147.76, and
886.56 Mc; 150, 100,and 500 milliwatts,
respectively.

(2) 245.3 ¥Mc (10 watt)

(3) GMD-1 1660 Mc (1 watt)

(4) RCA Beacon Trans. 5700 Mc
Rec. 5775 Mc

(1) 236.94: Loop, consisting on one B 2ud
antenna mounted on metal conic frustrum

(2) 147.76: Loop, two BRL shroud antennas mounted
180° apart on rocket extension section.

(3). 886.56: Stubs; two each 180° apart. They
protrude from special raised section conic
frustum stubs contained with heat shield.

(4) 245.3: Turnstiles. 4 each used. Mounted
90" apart on midsection of metal extension
tube.

(5) 1660 Mc:  Slots; & each slot, 90° apart
mounted on special raised section near upper
section of conic frustum.

(6) RCA Beacon: 2 each bent valentine antenna
mounted 180 apart on rocket extension section.

j. Antennas (Descriptive):

k. Ocher:
216
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TABLE A.12 CONTINUED

7. GROUND LNSTRUMENTATION (1) Timing BRL and EG&G
(2) GMD-1
(3) Telemetry Station
(4) BRL Ionosphere Station (6 Ant)

8. . PROBE PATH: (5) ARPA DAMP ship coordinates
a. Launch Location: Johnston Island
b. Launcher Number: 4
c. Launcher Elevation: 85° Final 86.1o
d. Launcher Azimuth: 120° true Final 155o
e. Launch Day and Hour: 1 November 1962 0235 hours 6.5 seconds
£. Launch Time (Relative
to Burst): H + 25 minutes
g. Predicted and Actual Predicted 194 km
Peak Altitude: Actual 67
h. Predicted and Actual Predicted 100 km
Impact Range: Actual 41

9, METECROLOGICAL DATA:

10. SUMMARY OF OPERATIONS,

RESULTS OBTAINED, AND
COMMENTS Second stage failure
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2 Large launcher (plan view).

Figure A.
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Figure A.3 Large launcher (loading diagram).
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C D8 E

Payload Net (1b) Ballast (Ib) Gross (Ib) Rocket No.

A 125 - 167 15,18
A’ 125 a5 212 19,26 8 29
B 290 30724,27 828
c 125 161 869

0 132 189.5 1,228 25
3 123 180.5 587

* Includes Nose Cone

e

e PR AR NI

Figure A.5 Payload designation and nose cone outlines.
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APPENDIX B
ROCKET VEHICLE PERFORMANCE

B.1 INTRODUCTION

In the determination of a missile's flight path, ground-based
instrumentation dispersed over several sites generally allows more
flexibility and greater accuracy in data reduction than measuring
systems concentrated at a single location. In addition to providing
less accuracy, single-site systems frequently fail to yield sufficient
data for position determination without the introduction of constraints
such as parabolic or elliptical motion. To arrive at a trajectory
under single-site conditions, it becomes necessary to assume that the
motion of the missile may be characterized by a set of parameters that
are functionally related to the measured quantities. A solution is
possible if there are at least as many observations as parameters, and
if the resulting system of condition equations is sufficiently inde-
pendent. )

The reduction and analysis of a large portion of the observed
rocket trajectory data for Projects 6.2; 6.3, and 6.4 were based upon
the flight paths of the missiles as a function of time. For many
rockets, the various missile-tracking systems operating at or near
Johnston Island failed to provide adequate coverage to meet all tra-
jectory requirements. Therefore, it became necessary to develop
methods of position determination from a combination of various meas-
urements or observations. Frequently, these observations were neither
of sufficient quantity nor quality to permit a high order of accuracy.
Fortunately, most of the rocket measurements of atmospheric and event
parameters could tolerate moderate errors in position determination,
provided that the differential in position varied’ smoothly. 1Im view
of the relatively lax requirements for accuracy and the limited preci-
sion of the observations, it was considered reasonable to characterize

the drag-free portion of the trajectory by simple parabolic motion.
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B.2 TRAJECTORY PARAMETERS

With the assumption of parabolic motion within a plane, the re-
duction problem became twoedimensional. If p is defined as the hori-

zontal coordinate and y as the vertical, the equations of motion are,

p=p,*h(t-t) (B.1)

Y=y, + (-t )-1/2 g(t-t°)2 (B.2)

where Po and v, are the position coordinates, and 50 and 90 are the
velocity components for the initial time L, The time variable is t,
and -g is the vertical component of acceleration resulting from the
force of gravity which {s assumed constant for each trajectory deter-
mination, but variable from rocket to rocket. For convenience, let

T= (t.to) so that the above equations become

p-p°+§°'f (3-3)

. . 2
Y=y + ¥, T-1/2g T (B.4)

The velocity components are obtained by differentiating the last two

equations.
6 =5, (8.5)
yay, =& T (8.6)

Hence, if the parameters Por Yor 60, and yo can be evaluated from the
observed datz, position and velocity are determined as a function of

time by the last four equations.

B.3 TRAJECTORY SOLUTIONS

A complete solution, for the problem as formulated, consisted of
using the measured data to evaluate Por Yoo éo’ and 90, the trajectory
parameters. This required the derivation of a2 system of equations of

condition which related the trajectory parameters to “he observed data.
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Since Equations B.3 through B.6 relate the position and velocity com-
ponents of the missile to the trajectory parameters and time, it is
necessary to initially establish a functional relationship between the
measured quantities and the missile's position and velocity. It was
sufficient for the rocket flights here discussed to express the slant
range r, and elevation angle ¢, in terms of the position coordinates,
while developing ¢ in terms of both the position coordinates and the

velocity components. The equations follow:

b + y° (B.7)
¢ = tan" L(y/p) (B.8)
t = (pp+yy)/r - (B.9)

Combining the above equations with Equations B.3 through B.6, there

result:
e = o 15 Dy, 11/ 2872 (5.10)
= :an'l[(y°+y°r-1/zgl-‘=‘)/(p°+1s°r)] (B.11)

= [(p 4 )G )+(y +¥, T-1/28T°) (¥ -8T)]

x [JQDo*ﬁoT)2+(y°+9°T-l/ZgT2)z]-1 (B.12)

In particular, when t = to so that T = 0, Equations B.10, B.1l1l, and

B.12 reduce to:

. B ®
T, =P, *Y, (B.13)
-1
€, = tan (yo/po) (B.14)
> (poo° yoyo)/r (B.15)
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Where Tos €4 and fo are respectively the slant range, the elevation
angle, and the component of velocity in the direction of the radius
vector at time t = t . The equations of condition were obtained by

A substituting measured data in one or more of Equations B.10 through
B.15 or in equations derived from various combinations of these. If
more than four observations were available, the system would be over-
determined, and in general, would require rather extensive computation.

In selecting a s~t of equations of condition, caution was required to

R

avoid a system in which the equations were so nearly dependent that
they failed to yield a reliable solution. For example, observations
of slant range for four times at the samé site generally provided a

very weak solution. Likewise, poor results were experienced from «

set of observations consisting of elevation =-ngle measurements for
four times at a single location. However, several combinations of
single-site observations provided useful results. Computational

methods for three of these will be considered in detail below.

R LSRR R

If -easurements of either slant range or its first time deriva-
tive are available for the major portion of a missile's trajectory,
together with the elevation angle for at least the initial portion of
the flight above the effective atmosphere, its trajectory may be de-
termined from measurements of L io, and ¢°’for time to and a slant
range, r, for any time, t, other than to' If only the slant range is
measured, r may be obtained by either numerical or graphical differ-
entiation. On the other hand, if ¢ is the measured quantity, inte-
gration may be used to derive the necessary values for r. The latter

process requires a continuous record of r from launch. Preferably,

CF (NSRS S e e L

L, should occur on the upward leg of the trajectory and t on the down-

Prasa i

ward leg. Both times are, of course, restricted to that portion of

)

A

the trajectory where the missile is in free flight and above the

effective atmosphere.
With <, and r, as input, initial position for time t, may be

readily obtained from the equatioms,
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P, * T, cO8 € ' (B.16)

> (el 38 sin <, (B.17)

; Solutions for the remaining trajectory parameters require Equation B.1l5

which may be written in the form

Py = (£t y¥5)/e, (B8

s ol ™

. Substituting for'bo in Equation B.10, yields,

W e

ofo Yo7 /01T 4y +3 T-(1/2)gT* 2 (B.19)

After squaring and Qimplifying, this reduces to

A5-°’ + By +C=0 (B. 20)

Where: A=1+ (YO/DO)Z
B = -[(gT+(2r iy )/p ?]

C = {Cr b /o Ji+ltr *-r*) /T I+ 2 t /T]-8ly - (sT") /4]

One of the solutions for Equation B.20 yields a false result and may
be neglected. The valid solution for 90 is obtained from

y, = [-B-/B*-4AC ]/2A (B.21)

bo may now be evaluated with Equation B.18 to complete the solution.

AT R T L e T I Pyl ol T

If a reliable estimate of io is available, the methzd can be
altered slightly to accept as input €, T and measuvements of slant
< t,.

1 1 2
If Tl = (tl-to) and Tz = (tz-to), the equations of condition may be

range, r, and DY for two times, t, and tz, such that <t

written as

Ml v A SR 3P e S e e e
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(gt Ty I Hy g+, T~ (1/2)gTy* T = ¢ (8.22)

[ogth Ta 1 +y #y,T,- (1/2)BT,° ) = r)° (B.23)

Since po and Y, Day be determined by Equations B.16 and B.17, the above
system contains the unknowns bo and 90. The solution of Equations B.22
and B.23 may be obtained rather quickly by employing an iterative type
of computation in which an initial approximation to the result is im-
proved by a series of corrections until the desired number of significant
figures is obtained. .

A reduction problem, which occurred frequently in the trajectory
determinations here discussed, required a trajectory determination
from a series of elevation angle measurements recorded as a function
of time. However, a system of equations derived from observations of
elevation angle alone is weak and the results unreliable, Fortunately,
these reductions were required for rockets that were highly consistent
in performance throughout the powered portion of flight. Hence, slant
range could be rather accurately related to flight time near burnout.
When such an estimate of slant rangewas combined with three observa-
tions of elevation angle, the resulting set of equations provided rel-
atively reliable results.

Wnen elevation angles alone were available, the input for the
computation consisted of T, the slant range for time 6;, and three
, and

elevation angles, co, ¢, , and ¢2, corresponding to times to, t

1 1

9 The times were related so that t, < £, < t2 with :O'occurring on

the upward leg of the trajectory and tz on the downward leg if possible.

All three times were, of course, selected for a drag-free portion of

t

the trajectory.

Proceeding with the derivations, the assumed value for T, and the
observed ¢, may be substituted directly into Equations B.16 and B.17
to determine the position of the rocket at the initial time t, With
Po and Yo known, Equations B.22 and B.23 may be solved for the unknowns,
éo and Yo The resulting solution consists of

»
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B, = [Dy +1/2 8T T,)+E0 J/F (B.24)

jo = [Cean ¢, (p .+ T,)-¥.) /T, J+gT,/2 £B.25)
where,.

D= (Tz-T)

E= ('r1 tan cz-Tz tan cl)

F= T,T (tan ¢,-tan cz)

B.4 RESULTS

The trajectories, which are presented in graphical form in Figures
B.1 through B.14, were determined from the best observations available
for the particular rocket. Where possible, the computed trajectorfes
were derived from flight paths obtained by waasile tracking systems
such as radar or the Cubic system. For these flight paths, parabolic
trajectories were fitted to the tracking results. In the absence of
data from radar or the Cubic system, flight paths were computed by
one of the methods previously described. In general, elevation angle
measurements were preferred to observations of slant range for input
data; the latter, in turn, were given preference over rate of change in
slan. range. This order of priority was dictated by the methods of
measurement which resulted in better accuracy in the angle measureirents
than in the observations of slant range.

The parameters which characterized the motion of each rocket are
presented in Table B.1l. In addition, the source of the input data for
the trajectory determination of each rocket is indicated. Elevation

angle input is represented by ¢ and slant range by r. The value for
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g 1s an average value based on the apogee of the flight path. 1In
practice, initial estimates were adjusted by an iterative procedure
until the values for g were consistent with the computed trajectory.
It should be observed that trajectories for Rockets 8 and 9 were well
determined by radar. These trajectories were of sufficient duration
that, to obtain a better fit to the observations, p was redefined by

the equation
P = pH TH(1/2)5 T . (B.26)

For Rocket 8, b; = -0.000546 km/sec®, and for Rocket 9,
p, = -0.000478 km/sec?.

A three-dimensional trajectory may be obtained from the param-
eters of Table B.1 by adding the following equations to the previous

development:
x=p cos & | (B.27)
z=psina : (B.28)

where o is the azimuth angle measured clockwise from north. A right-
hand coordinate system is formed by x, y, and z, in which y is the
vertical, x is positive north, and z is positive to the east. The
origin of the system i{s located at Point John. The unit of length in
the table is the kilometer, and the unit of time 1; the second. t, is

the time after launch.

B.5 DISCUSSION

The accuracy of the éomputed trajectories is primarily a function
of the type of input data used to determine the trajectory parameters.
The most accurate reductions consist of the results derived from radar
and Cubic tracking measurement; of moderate accuracy are those based
on elevation angle measurements. Finally, the reductions of uncertain

quality are those derived soley from measurements of slant range.
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The predominant error, in the parabolic flight paths fitted to the
reductions of radar and Cubic tracking data, entered as a result of
assuming parabolic motion. The tracking error of either system is
negligible in comparison to the error introduced by the curve-fitting
procedure. Hence, the error in the computed trajectory is essentially
equivalent to the error in fitting. Generally, the uncertainty in
position for such trajectories varies from 0.5 km on the upward leg of
the trajectory to 1.5 km on the downward leg.

In considering the quality of the trajectory determination for
other types of input data, direct evaluation of the errors is impos-
sible, since there exists no well-defined trajectory for comparison.
However, Table B.2 offers a method for indirectly evaluating the
accuracy of those trajectories that were derived fror measurements of
elevation angles. Presented in Table B.2 are estimates of altitudes
at which the rockets began to nose over upon reentry into the effective
atmosphere on the downward leg of the trajectory. This reentry phase
is primarily a function of the aerodynamic characteristics of the
rocket. The entries in Table B.2 were obtained by estimating nose-
over times from the occurrence of discontinuities in magnetometer
reco=ds and also in GMD and AGC field strength measurements. For many
rockets, these times could be determined from all three sources with
an accuracy of from 1 to 5 seconds. Missile altitudes corresponding
to nose-over times were extracted from the computed trajectories for
entry in Table B.2. When more than one measurement of nose-over time
was available for a rocket, an average value was used. It is observed
that the values are quite well clustered for each rocket type. Since,
for every rocket, the reentering vehicle consists of the payload and
last stage, it is reasonable to include the Honest John-Nike and
Honest John-Nike-Nike missiles together for comparison. Excellent
agreement in nose-over altitude is apparent far both types of rockets
regardless of the source of the reduction data. This strongly suggests

that the accuracy of the trajectories based solely on elevation angle
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data is equivaleni to that of trajectories derived from radar or Cubic
tracking data. However, other error evaluations indicate that the
latter may be slightly more accurate. Hence; reasonable estimates of
positional error for trajectories determined from observations of
elevation angles would vary from 1 to 2 km over the initial portion

of the trajectory, to 2 to 3 km near reentry.

Only two nose-over altitudes were available for rockets of the
D-4 type. These altitudes were 84.7 km for Rocket 22, and 59.7 lm
for Rocket 25. These values are not necessarily in poor agreement 1if
it 1is considered that Rocket 25 was well behaved, whereas the poor
performance of Rocket 22 resulted inm-such erratic motion that the
missile very probably did not reenter tail first. The low nose-over
altitude for Rocket 25 is quite reasonable,since the reentry vehicle
for this rocket had no tail finms.

It is difficult to estimate errors for reductions derived from
range-only measurements. Huge errors could result from a shift in the
frequency of the transmitter. If such a shift were abrupt, it could
be observed and corrected. However, no satisfactory method was avail-
able for the detection of gradual) shifts in the transmitter frequency.
A reasonable estimate of positional error in such reductions would be
1 to 5 km on the upward leg of the trajectory, growing to 5 to 15 km
near reentry.

Rocket 19 required special attention. The only observation
available consisted of a recording of Doppler frequency as a function
of time. This record was known to be of poor quality as a result of
frequency drift. In measuring nose-over altitudes, it was observed
that Rocket 19 turned over at 345 seconds after launch, whereas
Rocket 26 nosed over at 346 seconds. These rockets were identical
and were programmed to fly identical trajectories. The flight path
Rocket 26 was well determined by radar tracking. Therefore, it was
concluded that the best estimate for the trajectory of Rocket 19 could
be obtained by using the results for Rocket 26 shifted to the
appropriate azimuth for Rocket 19.
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In conclusion, positional errors probably vary from 0.5 to 1.5 km
for Rockets 8, 9, 11, 15, 17, 19, 20, 24, 26, 27, 28, and 29; from
1 to 3 km for Rockets 2, 4, 6, 7, 10, 12, 13, 14, 18, 21, 23, and 25;
and from 1 to 15 km for Rockets 1, 5, and 22.
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TABLE B.2 ESTIMATED NOSE-OVER ALTITUDES FOR SELECTED ROCKETS
OF PROJECTS 6.2, 6.3, AND 6.4

Rocket Input Rocket Nose-over
Number Data Type Altitude Apogee
2 ¢ nc? 83.6 km 100.3 km,
6 € NC 79.9 101.1
10 € NC 84.0 97.4
13 € NC 78.8 97.1
21 € NC 80.0 105.5
average 81.3
4 ¢ and r HJNb 63.5 85.0
11 Cubic HIN 66.2 79.7
12 € HIN 67.4 81.6
14 € HIN 68.1 93.9
17 Radar HIN 65.2 82.1
average 66.1
- zc .
19 - d HIN, 66.9 162.6
20 Cubic HIN, 64.9 161.8
24 Cublic HIN, 63.4 154.0
26 Radar WIN, 66.9 162.6
27 Cubic HJNZ 63.7 158.0
28 Radar HIN 69.2 152.0
average 65.8
% Nike-Cajun -~
b

Honest John-Nike
€ Honest John-Nike-Nike
4 Based on results of Rocket 26
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Figure B.1 Trajectory for Rocket 8, Star Fisa event.
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Figure B.2 Trajectory for Rocket 9, Star Fish event.
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Figure B.4 Trajectory for Rocket 13, Blue Gill event.
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Figure B.7 Trajectory for Rocket 29, King Fish event.
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APPENDIX C

REPORTS AND SPECIFICATIONS
Reports and specifications of general interest prepared during
Project 6.2 are listed below. This list includes the principal docu-
ments delivered to EOS by the Aerolab Development Company, Pasadena,
California, and the Atlantic Research Corporation, E1 Monte, California.

C.1 ELECTRO-OPTICAL SYSTEMS, INC., REPORTS

Pretest Report (S) 2190-IR-1
Sounding Rocket Trajectories and Performance (U) 2190-IR-2
Operation Fish Bowl (U) 2190-IR-3 Rev
Sounding Rocket Trajectories (U) 2190-IR-4
Preliminary Report on Gamma Ray Scanning Data

on the Location of the Debris Cloud (S) 2190-DASA
Data Reduction Instructions and

i Background Information (U) ) 2190

Payload Spatial Calibration (U) 2190-51A
Payload Calibration Report (U) . 2190-52.
Rocket Safety Information (U) 2190-1-76

| Rocket Probe Measurements of
Beta and Gamma Radiation (§) 2190-TR-1

Operating Characteristics of the
Beta and Gamma Detectors (U) 2190-M-262

C.2 ELECTRO-OPTICAL SYSTEMS, INC., SPECIFICATIONS

i Environmental Tests (U) 2190-45

: Overseas Packaging (U) 2190-46

b Payload Instruments (U) 2190-50
Magnetometer (U) 2192-1
Batteries (U) 2192-2
Beta Detector (U) 2192-3
Garma Detector (U) 2192-4
Gamma Scanner (U) 2192-5
Experiment Electronics (U) 2192-6
Photometer (U) 2192-8
Ground Telemetry Van (U) 2202-41
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C.3 SUBCONTRACTOR REPORTS

Trajectory and Dispersion Analysis v) ARC 7906-01
Basic Data Summary (U) ARC 7906-02,
03, and 04
Basic Data Summary (U) ARC 7906-05
Dispersion Data Argo D-4 (U) Aerolab 26-2
Final Performance Data Argo D-4 Vehicle (U) Aerolab 27-2
Traject and Dispersion Data Argo c-22 (U) Aerolab 33-2
L Final Performance Data Argo D-4 (U) Aerolab 33-3
:
q Final Post Flight and Field Service
Report of Pacific Launch (U) Aerolab 33-5
Radiation Dosimetry for EOS (U) Edgerton,
Germeshausen
and Grier
o
3
i
B
S
o
§
N
§
f
g
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APPENDIX D

CALIBRATION DATA FOR GAMMA SCANNER IN PAYLOAD

Five samples of computer-reduced calibration data for the
vertical 20-degree gamma scanner (VGS-20) are given in this
appendix. Count rates were normalized by the computer and represent
a relative magnitude. Refer to Section 2.2 for a description of the
calibration procedure.

A contour plot of the payload shielding effects (in percent)
is shown in Figure D.1. The most significant shielding variation
from the ideal pattern (when the instrument was calibrated independently
of the payload) was caused by the horizontal scanner. This variation
is shown in Figure D.l between 140 and 170 degrees azimuth and betweenr
10 and 60 degrees declination. Other variations shown in the left-hand
side of the figure were caused by lead balance wveights and the payload

structure.
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Notes:
I. Numbers in Plot Represent Percent Shielding.

2 Payload Viewed from Outside. -
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Figure D.1 Contour plot of equal shielding for vertical 20-degree gamma
scanner {in payload) calibration data.
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APPENDIX E
INSTRUMENT CALIBRATION DATA

This appendix includes rypical calibration data for gamma scanners,

an omnidirectional gamma detector, and-a beta detector (Figures E.1 through
E.7). Only a few data samples are given, but a complete set of curves is on file
at EOS. Calibration data for each of the photometers is given in Table E.1.

259

AT O
‘-‘};\n:’*;\-‘fx‘.s-x 3

A:-‘ n" R A kﬁ‘. 4 ‘




TABLE E.1 PHOTOMETER CALIBRATIONS

Photometer Calibration in Watt/cmZSteradian
Serial No. Rocket for Each Volt Qut

4 8 8.4 x 1078

5 51.7 x 1078

3 15 0.353 x 1073

6 - 18 0.46 x 108

9 19 - 3.55x 107

8 26 1.8 x 107

10 29 35.8 x 10°°
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Figure E.1 Gamma scanner D-80 detector calibration
curves for Rocket 8, SN 17 and 34.
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Figure E.2 Gamma scanner D-80 detector calibration
curves for Rocket 8, 3N 32 and 42.
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Figure E.3 Gamma scanner D-80 detector calibration
curves for Rocket 9, SN 24 and 38.
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Figure E.4 Gamma scanner D-80 detector calibration
curves for Rocket 9, SN 44 and 47.
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APPENDIX F

MAGNETOMETER RESULTS AND ASPECT DETERMINATION

F.1 MAGNETOMETER RESULTS

The magnetometers provided useful data on all flights whenever
the telemetry signal was above the noise level. Due to telemetry
system drifts, the Z!magnetometer (longitudinal) data is valid only
on a relative basis. The outputs of the X'- andY -magnetometers are
self-calibrating with respect to bias errors, as described below,
and are useful for calculating the absolute payload aspect.
t Preliminary analysis of magnetometer results revealed that the
instruments were not sufficiently sensitive to detect shifts in the
magnetic field caused by the nuclear detonations. Data reduction

of the magnetometer data is in progress.

F.2 ASPECT DETERMINATIONS
The magnetometers used on the Electro-Optical Systems, Inc. (EOS)

payloads were designed to detect variations in the earth's magnetic

il s

field due to motion of the payload. The payload aspect will be
computed from these magnetic field variations.

The magnetometers formed a right-handed coordinate system with
the Z-axis lying along the ligitudinal or spin axis of the payload.
(This coordinate system is denoted as X', Y', and 2'.) The output of

each magnetometer was proportional to the magnetic field intensity

times the cosine of the angle between the magnetic field vector and
the alignment direction ¢f the magnetometer. Therefore, data was
obtained which allowed the calculation of the direction cosines of

each of the three payload axes with respect to the local magnetic
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field vector of the earth. This is known as magnetic aspect. Theoretically,
the three mutually perpendicular magnetometers provided sufficient

data to calculate the absolute magnitude of the local magnetic field;

therefore, the accuracy of the measured data can be checked by
comparing the magnitude of the measured magnetic field vector with
the theoretical magnetic field at that point in space.

As noted above, the output voltage of the magnetometers was

proportional to the magnitude of the magnetic field times the cosine

of the angle between the sensitive axis of the detector and the

magnetic field vector. As this angle became greater than 90 degrees,

the output voltage became negative. Since negative output was
incompatible with the telemetry subcarrier oscillators, the magnetometer
output voltage was biased at 2.4 volts. This bias voltage was controlled
by a Zener diode in each magnetometer output circuit and remained

stable to within +1 percent when the input voltage was between 5.7 and

7 volts. Drifts in output signal bias were noted on all magnetometer

channels, but, with the exception of one payload, the input voltage

Y Y T A e e S i " ™ e

remained between the above limits. It was assumed that bias errors

-

. were caused by telemetry VCO drift. Unfortunately, EOS was unable
E to obtain in-flight calibrators for five of the seven payloads, and
S drifts inherent in FM/FM telemetry systems due to temperature and
g humidity changes caused, in some cases, very large percentage errors

in the measured magnetic field component. This error occurred when
the sensitive axis of the magnetometer was nearly at right angles

to the magnetic field vector, thus producing a magnetic field reading

RN

of nearly zero gauss, which corresponded to a magnetometer output of

2.4 volts. Thus, a telemetry bias drift of only 2 percent of full

scale (0.1 volts) changed the actual magnetic field reading by a

e i

.

&
-

very lavge percentage. (For readings near zero, errors exceeded

o
Py et

50 percent.) Although this caused the 2 axis magnetometer data to

"
P

be valid only on a relative basis, it did not, as demonstrated
below, invalidate the X'- and the Y'-magnetometer data because of an

inherent sslf-calibrating feature of the instrument.
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In the absence of coning (i.e., rotation around axes which were
perpendicular to the longitudinal axis) the payload rolled about the
longitudinal axis only and the outputs of the X'~ and Y'-(transverse)
magnetometers were symmetrical about zero gauss. These outputs
varied b ween maximum positive and maximum negative readings (gauss)

when the magnetometers were oriented so that the angles between the’

magnetometers and the magnetic field vector F were minimum, and
maximum, respectively. This type of output provided a self-calibration
on the telemetry signal, because zero gauss could always be found.

On all flights, except Rocket 18, the spin frequency (the rotation

of the payload around its longitudinal or Z'-exis) was much greater

than the coning frequency. Therefore, it was assumed that for

short periods (a few spin cycles) the payload did not cone. In
addition to employing the no-coning assumption, the X'-and Y'-

=¥

magnetometer outputs must be 90 degrees out of phase with each other.

The maximum positive and maximum negative readings (gauss) on any

one channel can be averaged, thus eliminating.bias errors. In addition,
the four extrema +X'and £Y')can be averaged over a short time

period (one cycle) to reduce gain errors.

The angle of closest approach of either the X- or V-magnetometer
to the F-vector defines the orientation of the X“Y'plane of the
payload (and therefore the Zlaxis of the payload) with respect to
the F-vector. This can be determined from the above data and the
theoretical absolute value of F. Note that the Z‘axis magnetometer
data will not be used. Since the Z2axis magnetometer data cannct
be calibrated in the above manner, the data output from this channel
can only be trusted on a relative basis. Relative measurements can
be used to determine the coning frequency, and to note where to take
the readings on X-and Yichannels to find the extrema; i.e., the
ma::imum and minijnum excursions of the cone upon which the Zlaxis of

the vehicle is moving. The same information, coning frequency and

p P TN AR T R R N B B B o I i i T 6 B B W

Jo# 3

extremes of the cone, can be determined from the pattern of X' or

Y'readings.

2
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The instantanenous magnetic aspect can be obtained by use of a
computer in finding the maximum positive and negative readings (gauss)
of the X!magnetometer closest to the point in time where information
is desired; in the same time period, the maximum positive and maximum
negative readings of the Ylaxis magnetometer can be determined. These
four data inputs can then be averaged and divided by the absolute
value for the total magnetic field vector F to provide the cosine of
the angle between the X!Y'plane and the F-vector. The aspect of the
Z, or longitudinal axis is then the complement of the X-Y plane. The
actual readings of the X* and Yichannel at the desired time will then,
when processed with theoretical magnetic field data, give the cogine
of the angle between the X% and Y:axes and the F vector at the desired
point in space and time. Determination of the payload attitude is
discussed in Appendix G.

F.3 STATIC MAGNETOMETER CALIBRATION

A static calibration of the magnetometer package was performed
to determine if the components of the payload distorted the earth's
magnetic field detected by the magnetometers. This calibration was
performed in an open field where the earth's magnetic field was un-
perturbed by surrounding objects or power lines.

The magnetometer package consisted of a phenolic block and three
sensors. These sensors were mounted in three mutually perpendicular
holes which were drilled out of the block. The calibration procedure
consisted of two steps: (1) orienting the magnetometer package in
about 25 directions and reading the outputs of the magnetometers
on a digital voltmeter, and (2) placing the magnetometer package in
the payload and repeating step (1) for the same 25 positions.

The orientation of the magnetometer package and the payload was
known to only +3 degrees accuracy. In most orientations this was a
greater error than the expected l-percent accuracy of the magnetometers.

Figure F.l shows histograms of the errors calculated from

differences between the magnetometer package output readings and the
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actual field (calculated from information supplied by U. S. Coast
and Geodetic Survey). Histograms of errors calculated from differences

between the payload-mounted magnetometer package readings and the

actual field are shown in Figure F.2 . Inspection of the histograms
reveals a bias error in the Y-axis, but it was genérally below
3 perc:nt. This error was acceptable, since it was smaller than
telemetry errors.
F.4 DYNAMIC MAGNETOMETER CALIBRATION

The magnetometer package was mounted in the top of the payload
and surrounded by a truncated concial aluminum shell. . As the pay-

load rotated (spun about the roll or longitudinal axis) in the

-

presence of the earth's magnetic field, eddy currents flowed in the
ground plane which produced the effect of rotating the.direction

of the earth's magnetic field vector internal to the aluminum shell.
This field rotation was represented by two vector components within
the shell as shown in Figure F.3 . Two vectors were sufficient for

this calibration,because the vector rotation was only in the plane

perpendicular to the angular velocity vector of the shell.

To determine whether these eddy currents caused a noticeable
change in the direction of the magnetic field, a theoretical
calculation was performed. A solution for a truncated cone or cylinder
proved to be too time-consuming for the limited results expected,
so an infinite cylinder approximation to the aluminum shell was used.
Figure F.4 shows the configuration employed. Bo was the component
of the earth's magnetic field perpendicular to the angular velocity

vector w of the payload and located far from the payload.

o LSEEEL M s — Ol

5{ B11 was parallel to Bo and inside the cylinder, and BJ_was perpendicular

!

5; to B . Both B,, and B, were in the plane perpendicular to . The

N [+ 11 L -3

Eﬂ cylinder had a radius r = 0.1 meter, a wall thickness t = 1.5 x 10

nd meter, and a resistivity p = 4.3 x 10-8 ohm-meter. Then,

"

& | 1/ 1+ %) (F.1)

j ‘ B11‘ Bo[ : .
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and

| B | =B, A/ 1+ A2] (F.2)

The angle of rotation of the field vector is

B_L/Bll.tano.l\
where
A=au, tr /2 ‘ (F.3)

T permeability of free space = 41 x 10-7

Inserting the numbers given above in Equation F.3
-3
A= (2.2 x10 “)

Rockets 8 and 9 (Star Fish event) rotated at approximately
5 to 6 rps,and the remainder of Project 6.2 rockets rotated at
1 to 2.5 rps. For w = 38 (6 rps), A = 0.084 radian or 5 degrees.
This could cause some trouble for the magnetom;ter readings in
some of the faster rotating payloads, but errors of less than two
degrees on the other payloads were of iittle congequence. Since this
calculation provided only coarse data on the effects of eddy currents
on the direction of the magnetic field, a dynamic experiment was
desirable to provide more accurate and reliable calibration data.
However, scheduling difficulties prevented this experiment from being
performed prior to the submission of this report.
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Figure F.1 Error histograms of X-, Y-, and Z-magnetometers

in phenolic packages.
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Note: All Errors Are Compared to
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Figure F.2 Error histograms of X-, Y-, and Z-magnetometers in payload.
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Figure F.4 Assumed configuration for calculation of dynamic
effects of payload on the earth's magnetic field.
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APPENDIX G

INSTRUMENT ATTITUDE DETERMINATION

To adequately describe the debris cloud resulting from the
nuclear explosion it is essential to know the direction, at any time,
of each detector on the payload relative to an inertial coordinate
system. Since the payload flight time is small relative to the earth's
period of rotation, the coordinate system can, for most practical
purposes, be fixed in the earth without resulting in a significant
error. Thus, during an interval of 400 seconds, which is the average

flight time, the earth will rotate through an angle of 1.67 degrees.

This error is probably less than the accuracy with which one can
determine the payload attitude by means of the magnetometer data.

A convenient coordinate system for determining the payload attitude

is the X3 Y; Z-system shown in Figure G.l1(a) which has its origin at
Johnston Island. The Z-axis points along the local vertical (out of
the earth), the Y-axis points to true north, and the X-axis points due

east. Here, D denotes the sensitive axis of a detector (e.g., a

gamma scanner); 6 and ¢ are the polar coordinates of this axis.

Figure G.1(b) defines the fixed polar angles 8', ¢' of the detector axis
relative to the X% Y- and Z'-magnetometer axes. Although the origin
of the X Y% and Z'-system moves through space with the payload, it
can be considered to coincide with Johnston Island if only rotation
between the X%; Y-, 2! and Xy Y7 Z-systems is to be measured.
Alternatively, a third coordinate system can be assumed that translates
with the payload, but maintains an orientation fixed with respect to
the X; Y; Z-system. The angles 6 and ¢ remain the same as shown in
Figure G.1. Since the separation of this third coordinate system

from that shown in Figure G.1(a) is not of interest, the latter will
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suffice for attitude determination. Refer to Figure G.1(c¢). Here,
F denotes the magnetic field vector at the origin of the X% Y% 2z-
system, i.e., at the payload.

Direction of Instruments. The instantaneous polar angles

@ and ¢, of a detector are of primary interest in determining its
attitude. These are given by

¢ = tan”! [cos (D,X)/. cos (D,Y)] (G.1)

0 = cos -l[cos (p,2)] - (G.2)

where:

cos (D,X) = a,, sin9"' sin ¢' + a,, sin O"' cos ¢' + a,, cos 0'

11 21 31
o ' ' ' v . ' '
cos (D,Y) 4, sin 9' sin ¢’ + a,, sin 8' cos ¢' 4 aq, cos ) (G.3)
cos (D,Z) = 314 sin 8' sin ¢' + 2,4 sin 8' cos p' + a44 €OS o'

Here, a,, are the transformation (rotation) coefficients, i.e.,

1)

direction cosines, between the X~and X'-«systems. Thus,

' »
X allx + ale + 3132

Y'=a X+a,Y+a,2Z (G.4)

21 22 23
''=

Z a31x + a32Y + 3332
Of course, the values of 8' and ¢' are already known (see Table G.1).
Of the nine coefficients aij’ three can be determined experimentally.
These are 8410 335 834 which define the direction of the Z'-axis
in the X; Y; Z-system. Since the Z'-axis points along the longitudinal
(symmetry) axis of the payload, a knowledge of this direction will
yield the values of 831 3351 355- The task of determining this
direction becomes difficult if the payload is coning, i.e., if 2

describes the surface of a cone in space. This problem is discussed
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below. If the payload does not cone, ttien, since final burnout occurs
relatively low in the atmosphere (at an average altitude of 30 statute
miles), the 2'-axis will nearly coincide with the payload velocity
vector at the instant of burnout. It will maintain this zero angle
of attack as long as the atmosphere exerts a significant influence on
the fins of the last stage. After the payload leaves the atmosphere,
theZ'-axis will maintain the same orientation as it had just before
leaving until re-entry. The altitude at which the payload leaves the
atmosphere is assumed to be the same as the re-entry altitude and is
determined for each payload by examining the Z'axis magnetometer data
for evident changes in attitude. These altitudes are shown in-
Table G.2. The direction of the velocity vector at burnout can
readily be determined from a space plot of the payload trajectory.

The remaining six coefficients a

10> *uge Siige 21 922 fog *5
determined from the following six simultuaeous equations:

a_. cos(F,X') + a cos(F,2') = cos (F,X)

1
11 cos(F,Y') + a

21 31

a,, cos(F,X') + a,, cos(F,Y') + a_, cos(F,2') = cos (F,Y)

12

'
a4 cos(F,X') + a

22 32

cos(F,Y') + a_., cos(F,2') = cos (F,Z)

23 33

a,, =a,.a - a.,,a (G.5)
11 22733 32723

812 7 %31%23 T %3321
9= R01 %352 ~ *w%3

The values of cos (F,X'), cos (F,Y'), cos (F,2') are readily deter-
mined from the magnetometer data. Thus, for example,

t = +
cos (F,X") For /(Fx. + Fo FZ')

To determine the.values of cos (F,X), cos (F,Y), cos (F,Z), a knowledge

of the earth's magnetic field is required.
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Recall that the four direction-sensitive detectors on the payload
were the photometer, beta detector, horizontal gamma scanner, and
vertical gamma scanner. Table G.1 lists the polar angles 8’ and ¢' of
each detector axis. (Refer to Figure G.1(b)). The pointing direction
of the horizontal and vertical gzamma scanners is defined as the di-
rection away from the shield along a line from the 90-degree edge to
the 20~degree edge, along the axis of the detector.

Coning Motion. If the payload cones (rotates about axes perpen-

dicular to the 2' or longitudinal axis so that the Z'-axis traces out

the surface of a cone), then the coefficients a will be

31”320 %33
some periodic function of time. Figure G.2 illustrates a simple

coning motion of the payload. Here, . and x are the polar angles of
the Z'-axis, u' and v' are the polar angles of the axis of the cone,

and y is the half angle of the cone. The coefficients are then given

by
a31 = sin g sin ¥
a =siny sin (G.6)
32 (3 %
a33 = CcOs 1
where,

— L
W =p' +ysin (wt + %) G.7)

x =xX' +ycos (wt +85)

Here, w is the angulzr frequency of the coning motion,and 5 is a
constant to be evaluated. The coning angle y and the angular frequency
w can readily be determined from the magnetometer data. A possible

way of determining u' and x' is as follows: Assume the Z'-axis at
burnout lies in the center of the cone. Then, let 3310 3320 2330
denote the direction cosines of the axis on the cone (which are known
from the trajectory and magnetometer data). Hence,

-1
1 gt ; N
X tan (3310 / 2320’

(G.8)

w' = c0s T aga,
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There should be no ambiguity in the values assigned to %' and u',6since
the direction of the payload velocity vector, relative to the X, ¥, Z
coordinate system, is known at all times from the trajectory dsta.

In order to determine the coefficients 331, a we must

32° %33
evaluate the constant §. In order to evaluate §, we shall first

obtain a unique solution of the following set of equations:

a4y 3310 * 232 3330 * 333 2330 T COS Y

a3, cos (F,X) + 35, cos(F,Y) + a
2 2 3 .
431 32 33

13 cos(F,Z) = cos (F,2') (G.9)

The quantities a310° a390° 84900 €08 Y, cos (F,X), cos (F,Y), cos (F,2),
cos (F,2') are all known. The first equation represents a plane in

the 49> a coordinate system that passes a distance ‘cos y‘ from

the origin% and3ihe second equation represents a plane that passes a
distancel cos(F,2' )‘ from the origin. The third equation represents
a unit sphere about the originl Refer to Figure G.3. Here, o is the
inclination angle between the two planes, given by )

cos o = a4, cos(F,X) + 4120 cos(F,Y) + a cos(F,2)

330
and L is the line (perpendicular to the page) formed at the intersection
of the planes. Thus, o is the angle between the axis of the cone and
the magnetic field vector F. From the figure we see that L is at a
distance less than unity from the origin, so that L passes through the
sphere at two points, thereby giving rise to two solutions: 8;;° a32,

a33 and a31 . 332 » 133 . Now, if the second plane in Equation G.9
were displaced parallel to itself so that it occupied either position

C or D in Figure G.3, then L would be tangent to the sphere and only
¢ne solution would be obtained from Equation G.9. The position C
corresponds to the maximum permissible value of |cos(F,Z'ﬂ , or the
maximum angle between F and Z'. The foreéoing can also be demonstrated

in Figure G.4. Here, the coning circle is the circular path described
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by the nose of the payload (the Z'-axis), which we assume to lie on
the surface of a sphere whose center coincides with the center of mass

of the vehicle. F denotes the intersection of the magnetic field

vector (which passes through the vehicle center of mass) with this

sphere. Positions A and B on the coning circle denote the two
solutions that result when L is at a distance less than unity from the
origin of the unit sphere, and positions C and D correspond t6 C and D
in Figure G.3, which denote the unique soluticns that are obtained
when L is tangent to the unit sphere.

In view of the above, we see that in order to obtain a unique
solution of Equation G.9, we must emplcy either a maximum or minimum
value of | cos(F,z2")!, i.e., a maximum or minimum absolute reading of

the Z-magnetometer. Let a denote the uniquz solution

3117 #321° %331
so obtained from Equation G.9. Then the corresponding values of ¥

b
%
3
i
i
4

and 4 are given by

5
o =tan " a3y, / a5,

(G.10)
W1 = cOs - dqq,
If we let t; denote the time at which the above maximum or minimum
Z-magnetometer reading was taken, then, employing the first equation
in Equation G.7, we finally obtain
<1 ] =
5 = sin w -w' /y) - wt (G.11)

Since the arc sine function is double valued, the above equation will
yield two values for *. The correct ¢ is that which, when substituted
in the second equation of Equation G.7 (at t = tl), yields the same
v as that computed in Equation G.10.

The angular frequency, w, of the coning motion, appearing in
Equations G.7 and G.11, will either be posirive cr negative, depending

on the direction of coning. If the vehicle cones in a clockwise
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direction (viewed from the vehicle center of mass) about the axis of
the cone, then w > 0; if the vehicle cones in a counteiclockwise
direction, then w < 0, Refer to Figure G.5.

- ——

Conclusions. At the time of this writing a method for determining
attitude similar to the method described above was unsuccessfully
attempted. A number of assumptions were made in Appendix F (Aspect
Determination) and in this appendix. Although these assumptions are

entirely compatible with the accuracy expected in payload attitude

(5 degrees to 10 degrees), there is a pcssibility that the assumptions
are incompatible with each other, so the computer cannot solve

the equations. Unfortunately,the data reduction contract was
terminated almost immediately after it became apparent that the
computer solution was not correct. Thus, even very simple checks on
the compatibility of assumptions were not possible. It is anticipated
that & new data reduction contract will be funded in the near future
and that the difficulties will be resolved.

A brief review of the assumptions made in both aspect and attitude

. determination follows: ’

Aspect Determination Assumptions.
1. The X'-and Y'-magnetometer bias levels were self-calibrating,

and the amplitudes of the output signais were sufficiently accurate
for aspect determination.

2. The 2'-axis magnetometer signal can be reconstructed from
X'- and Y'-magnetometer data and the theoretical magnetic field.

3. The earth's magnetic field was not perturbed by the events.

4, Instantaneous payload aspect can be calculated from
magnetometer data; i.e., the orientation of the Z'-axis of the payload
in the X5 Y5 Z-system can be determined to within 4 cone of uncertainty
around the earth's magnetic field vector. This cone of uncertainty
results becsuse the magnetometer output only indicaces the angular
separation between.the sensor axis and the magnetic field vector.

Thus, the sensor location can b: anywhere along the circimference of
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a cone made by rotating the sensor axis about the magnetic field

vector.
Attitude Determination Assumptions.
Nonconing,

1. Orientation of the Z'-axis of the payload in the atmosphere
(dependent on the location of the payload in the trajectory) was
coincident with the payload velocity vector and remained unchanged
outside the atmosphere.

Coning-

2. That the Z'-axis coned about the payload velocity vector as
a center. |

3. The direction of coning motion (e.g., clockwise, etc.) was
known.

The assumptions that are most likely to be in error are Aspect
1. and Attitude 1. In addition, the assumption Attitude 1 may not
lie on the cone of uncertainty of Aspect 4.

At this writing, it is still believed that all these assumptions
and the above suggested incompatibilities are within the accuracy
limits that were originally anticipated.

Attitude Determination Results.

Star Fish.

Rockets 8 and 9 (H + 1203 and H + 2400 seconds). An inspection

of the Z-axis magnetometer data on both Rockets 8 and 9 indicated
that,after burnout, the output signal did not vary appreciably during -
flight. This was interpreted as evidence that the paylcad did not

cone or precess about the spin axis to any significant extent

(probably less than 2 degrees). Consequently, the temporal variation
of the true azimuth and elevation field of view of the various direc-
ticnal instruments could be calculated by simple coordinate transforma~

tions.
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The payload rate of spin for Rocket 8 was calculated from the
magnetometer data to be 6.38 cps at 198 seconds sfter launch.

Blue Gill,

Rocket 15 (H + 901 Seconds). The spin frequency about the
longitudinal axis was roughly 1.5 cps. High-frequency coning (2 cps)
occurred about 30 seconds after burnout but decreased to zeré in 5 to
7 seconds. The pericd of small amplitude coning gradually increased
from 15 to 25 seconds until about 00 seconi: =fter launch and stabilized
to a pericd of 24 to 2¢ seconds until re-ent:w.

Output readings cI the Z-axis magnetom: :icr ware too close to
zero (2.4 volts) to be of muchk value without ar in-flight calibra:or.'
Therefore, the steadv-state, totasl-includel cening angle can only
be estimazel at zetween £ Zegrees and 12 dcyrecs,

The vehicle coned around an attitude e¢~:i-ated from traieztory
dats to be: .

elevation = 71 degrees

azimith = 25 degrees (from true north)

Rocket 18 (H + 1851 Sc:-onds). Rocket 1 rc.ame unstable around

the time of third stage burnout =nor.inally 30 seconds, and the coning
argle increased from the time of burnout tr zoous 00 seconds aftar
launch. At this time the coning anglc becam: man.mum, and the vehisic
gpun about the maxirum moment of inercia auis with a period of 4L sezonis
per cycle.

King Fisn. .

Rocket 13 (K - 120 Seconds). The spin rate abcut the longitudinal
axis of Rocket ¢ was ¢.05 cps (28 seconds after 1iftoff). High-

frequency coning occurred just after third=ctape burnous and las:ted




about 43 seconds. The coning period stabilized between 25 and 27
seconds until re-entry. The total included coning angle was approximately
13 degrees. The orientation of this payload with respect to the magnetic
field made computation of the coning angle easier thau for Rocket 15.

The vehicle coned around an attitude estimated from the trajectory

to be

elevation = 78 degrees
azimuth = 155 degrees (from true north)

Rocket 26 ‘H + 730 Seconds). The spin fraguancy 2tout the longitu-

dinal axis was 2.5 cps. Ther2 was no percepticie higr-Iraeguency
coning after burnout as in the previously discussec parizass. Considerable
noise on the telemetry channels during this period obscured the precise
motion. Coning at about a 2C=seccnd period was observel 70 seconds after
launch,but its amplitude was too small <o neasure.
Attitude estimated from trajectorv data was
elevation = 31 degrees
azimuth = 115 degrees (from true north)

Rocket 29 (H + 1500 Seconds). The spin frequency about the longi-.

tudinal axis decreased continually througnout the flight, starting about
1.8 cps shortly after burnout andé decreasing to about 1.4 cps near
re-entry. The pavload spin rate jecreased aiter firsc-scasce firiag and
increased after third-stage ignition. Very- little coning was noticed
until late in the flight. The attitude of the longirtudinal axis changed
continually throughout the flight, This latter even: -:as more noticeable
ir the decreasing amplitude of the transverse magnetozecers than
in the longitudinal magnetometer. At 200 seconds after lauanch (50 km
and falling) the X‘Y:plane became perpendicular to the magnetic field,
and the output of these magnetometers decreasad to zero.

As noted above, the attitude of this payload continually changed
during the flight, but from trajectory data it is estimated chat

elevation was 80 degrees and azinmuth was 90 degrees (from true norch).
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TABLE G.1 POLAR ANGLES OF EACH DETECTOR IN THE PAYLOAD~CENTERED
COORDINATE SYSTEM

DETECTOR o' p'
Photometer 90° 90°
3 Detector 90° 90°
Horizontal Gamma ° 5

Scanner 105 45
Vertical Gamma o o
Scanner 90 0
Total Gamma : .
Scanner 50 0

TABLE. G.2 ALTITUDES WHERE PAYLOADS LEFT THE ATMOSPHERE

ROCKET ALTITUDE
km
8 60
9 60
15 69
18 Did not leave atmosphere.

Flat spin. Started to recover
from flat spin at 22 km.

19 107

S

EJ‘; 26 76

b:ﬂ 29 Did not leave atmosphere.

] Zero angle of attack through-
;fg out flighe.

T

e
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Z (Local Vertical)

—— e = — ——

(a)

Y ( True North)

(b)

Y' (Magnetometer)

F (Magnetic Field Vector)

(c)

-
Y
\\
X' { Magnetometer)
Z
7!
y'
X

xl
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Figure G.1 Coordinate systems for determining instrument attitude.
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Z (Vartical)

Z'(Magnetometer)

F

—— —— Y{(True Narth)

Figure G.2 Coning motion of 1h: payload.
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9y ¥ 9gptayy * !
ag cos (F.X)+ a,,cas (F.Y)
+ 0y, cos (F,Z)s cas (2"
Figure G.2 Geometric representation of Equation G.9.
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, T(%31,%32 933)
Coning Circle

_ ~=F (Magnetic Field
- Vector)

(93129322 %232 )~ _\D_ -~ (%an, 932,%331)

V4 '
93),%32%33)

(9310, 9320%9330)

Figu;'e G.4 Solution of Equation G.9 on coning circle.

Axis of Cone

Vehicle

w>0 w<o

Clockwise Coninq—-’ Counterclockwise Coning

Figure G.5 Vehicle coning directions.
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APPENDIX H

VHF TELEMETRY SYSTEM DATA

This appendix contains telemetry channel summaries, data allocations
on taped records, and summaries of data included on tapes from the
Brush and CEC recorders in the telemetry ground station. This
information is given for all rockets flown by Projects 6.2, 6.3, and
6.4.
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TABLE H.1 TELEMETRY CHANNEL SUMMARY, ROCKET NUMBER 1

)
Project Number 6.4 Dete of Record 9 July 1962
Event Ster Fish Rocket Type Argo (D-4)
Experiment Title Unknown Time Launched 2251:09
Dete Launched 8 July 1962 Where Recorded EOS TM Ven
Where Launched Johnston Island Pad 22| Recorder Number 1
Recorded Dete Source VHF TM 233.8 Mc Treck Number S end 6
Tape Reel Number 30 Paper Records Copy
Dete Locetion on Tepe 2248 - 2252:17 Distribution Zimney Corporetion

GMD-1 Dete: Generelly poor except for 39 seconds to 72 seconds; low signel level.

IRIC
Channel Chennel
Number Frequency Description of Dete Comments
2 560 cps Aspect X Quelity good from leunch to 72
3 730 cps Aspect Y seconds end from 136 to 137 seconds.
4 960 cps Aspect 2 No useble signels efter 137 seconds
3 1.3 ke Mass Spectrometer Sweep due to poor RF signel levels.
11 7.35 ke Monitor Commutetor 2.5 rps, 30 segment
12 10.5 ke Bete end Cemma 2.5 tps, 30 segment
14 22.0 ke Mass Spectrometer .-
13 30.0 ke Langmuir Probe --

TABLE H.2 TELEMETRY ChANNEL SUMMARY, ROCKET NUMBER 2

Project Number 6.3 Date of Record 9 ;!uly 1962
Event . Ster Fish Rocket Type Nike-Cajun (N-C)
Experiment Title D-Region Physicel Chem.| Time Launched 2259:09%
Date Launched 8 July 1962 Where Recorded E05 T™™ Ven
Where Launched Johnston Island Ped 16 | Racorder Number 1
Recorded Dete Source VHF T 234.0 Mc |1‘nck Numbe r 1 end 2
Tepe Reel Number 30 | Paper Records Copy
Dete Locetion on Tepe 2254.5 - 2304:08 Distribution Ceophysical Corp.
of Americe (CCA)
IRIC
Chernel Chennel
Number Frequency Description of Deta Comments
13 16.5 ke Sweep Signel Record length 5:08,
Record quelity excellent.
146 22.0 ke Mass Number Record length 5:08,
Record quality excellent.
18 70.0 ke Aspect Monitor 10 rps 60 segment, Reccrd length $5:08,

Record quality excellent.
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TABLE H.5 TELEMETRY CHANNEL SUMMARY. ROCKET NUMBER 5

Project Number 6.4 Data of Record 10 July 1962

Event Star Fish Rockat Type D-4

Experiment Titls ;:.::::;ﬂ FRysCcs] Time Launched 2307:09%W

Data Launchad 8 July 1962 Whare Recorded EOS TM Ven

Whera Launchad Johnston Island Pad 19 | Recorder Number 1 and 2 .
Recorded Data Sourca VHF T 245.3 Mc Track Numbar Jend 4

Tape Reel Mumbar 31 and 34 Paper Records Copy

Data Location on Tape From 2306 to 2309:20(1)] Distribution Zimney Corporetion

2314 to 2309:20(2)

Q-1 Date: Poor quality date from leunch to 19 seconds, good from 19 to 76 seconds, end poor
or nona aftar 79 saconds. o

IRIG
Channel Channal
Number Fraquency Description of Date Comments
2 3560 cps Aspect X Quality good from 0-3) seconds,
k] 730 cps Aspect Y poor or none thereefter.
4 960 cps Aspact 2
11 7.39 ke Monitor Co—utstor 2.5 rps, 30 sagments
12 10.5 ke Bete end Gemms 2.5 rps, 10 segments
14 22.0 ke Retarding Potential 4 rps, 18 segments
13 30.0 ke Langnuir Probe --

4 Sea Tebla H.34 for commuteted chennel summary.

TABLE H.6 TELEMETRY CHANNEL SUMMARY, ROCKET NUMBER 6

Project Number 6.3 Date of Record 9 July 1962
Evant Ster Fish Rocket Type N-C
Experiment Titla D Region Physical Chem.] Time Launched ™ 2308:09v
Dete Launched 8 July 1962 Where Recorded £0S ™ Van
Where Launched Johnston Islend Ped 13 | Recorder Number 1
Recorded Deta Sourca VHF ™ 253.8 Mc Track Number S and 6
Tepe Real Number n Peper Records Copy
Date Location on Tape 2306 - 23!3:29 Distribution GCA
1R1G
Chennel Channel
Number Frequancy Description of Data Comments
13 14.5 ke Sweep Signel Record len th 3: 19,
Record quelity excellent.
14 22.0 ke Mass Mumber Pasord lengch 3:29,
Record Quality excellent.
18 70.0 ke Aspect Monitor 10 rps, &0 segment, Record length 3:29,

Record quality excellent,
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TABLE H.10 TELEMETRY CHANNEL SUHM&Y' ROCKET NUMBER 10

Project No. 6.3 Date of Record 25 Oct 1962

Event Blue Gill Triple Prime ) Rockst Type N-C

Experiment Title D-Region Physical Chemistry Time Launched 2358:49.2v

Date Launched 25 Oct 1962 Where Recordad £0S TM Van

Where Launched Johnston Island Pad 16 Recorder No. 1

Recorded Data Source VHF-TM 251.8 Track Number VAP 5 and 6, GMD 8
Tape Real Number 74 Paper Records Copy

Deta Location on Tape Lift-off thru 0005:22.8 Distribution GCA

IRIG
Channel Channel

Number Fregquency _Dascription Comments

13 14.5 ke Sweep signal AGC recording indicates that all SCO's

W Mok Mass mmber SRR s e

18 70.0 ke Aspact and monitor failure at H-P and laating 1 min., 40

sec. caused loss of all data for this
period from ths EOS TM van.

TABLE H.11 TELEMETRY CHANNEL SUMMARY, ROCKET NUMBER 1l

Project No. 6.3 Date of Record 25 Oct 1962

Event Blus Gill Triple Prime Rocket Type HJ-N

Expariment Titla D-Ragion Physical Chemistry Time Launched 2357:49.3W

Date Launched 25 Oct 1962 Where Recorded E0S T Van

Where launched Johnston Islsnd Pad 19 Recorder No. 1

Recordad Dats Source VHF-TM-245.3 Mc Track Number VHF 3 and 4, GMD 9

Tape Reel Number 74 Papar Records Copy

Dats lLocstion on Tape Lift-off thru 0004:42.) Distribution Geophysical Corp. of America

IRIG
Channal Chsnnel

Numbar Fraguancy Deseription C ts

10 3.4 ke Ion trap A tape racorder failurs st R-§ and

lasting 1 min., 40 sec. caused loss
1 7.35 ke Ion trap of sll data during this period. AGC
12 10.5 ke Monitor commutator recording indicates that all $CO's would
hava high S/N ratio throughout flight

13 14.5 ke Prompt X ray fo seetidite. . g
14 22.0 ke Sets and gamma axperiment

15 30.0 ke GRD commutator

16 40.0 ke RF probde

18 70.0 ke Aspect and monitor
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TABLEH.12 TELEMETRY CHANNEL SUMMARY, ROCKET NUMBER 12

)
Project No. 6,3 Date of Record 26 Oct 19C2
Event Blue Gill Triple Prime Rocket Type H J-N
Experiment Title D-Region Physical Chemistry Time Launched  0004:49.5W
Dete Launched 26 Oct 1962 Where Recorded POS ™ Van
Where Launched Johnston Island Pad 6 Recorder No. 1
Recorded Data Source VHF-TM-234.0 Mc Track Number VHF 1 and 2, GMD 10
Tape Reel Number 74 Paper Records Copy
Data Location on Tape Lift-off thru 0004:44.1 Distribution GCA
IRIG
Channcl Channel
Number Frequency Description Comments
10 5.4 ke Ion trap Acc'ucordlns {ndicates that all
n e A
12 10.5 ke Monitor commutstor
13 14.5 ke Prompt X ray
14 22.0 ke Beta and Gamms experiment
15 30.0 ke GRD commutator
16 40.0 ke RF probe
18 70.0 ke Aspect and monitor
TABLE H.13 TELEMETRY CRANNEL SU)!HARY, ROCKET NUMBER 13
Project No. 6.3 Date of Record 26 Oct 1962
Event Blue Gill Triple Prime Rocket Type N-C
Experiment Title D-Region Physical Chemistry Time Launched 0005:49. 4w
Date Launched 26 Oct 1962 Where Recorded EOS TM Van
Where Launched Johnston Lsland Pad 1S Racorder No. 1
Recorded Deta Source VHF-TM 253.8 Track Number VHF S and 6, GMD 8
Tape Reel Number 74 Paper Records Copy
Deta Location on Tape Lift-off thru 0005:25.6 Discribution GCA
IR1G ]
Channel Channel
Number Frequency Description C. ts
13 14.5 ke Sweep signal AGC recording indicaces that all
W20k Hars e gy
18 70.0 ke Aspect and monitor
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TABLE H.19 TELEMETRY CHANNEL SUMMARY,

Project No. 6.3
Event King Fish
Experiment Title D-Region Phyeical Chemiatry

Date Launched 2 Nov 1962

Where Launched Johnston Ialand Pad 17
Recorded Date Source VHF TM 253.8 Mc
Tape Reel Number 98

ROCKET NUMBER 20

Date of Record 2 Nov 1962

Rocket Type HJ-N

Time Launched 0208:06 .4W

EOS TM Van

Recorder No. 1

5 and 6 (VHF), GMD 10

Where Recorded

Treck Number
Peper Recorda Copy

pata Locetion on Tepe Lift-off thru 0214:43 Distribution GecA
IRIG

Channel Channel

Number Frequency Description Comments
10 5.4 ke Ion trap AGC recording indicates that all
11 7.35 ke Ion trap 3C0's would have high S/N ratio
12 10.5 ke Monitor commutator . throughout flight for good data records
13 14.5 ke Promst X-vay wxcept for a l-second signal loaa

- 14 22.0 ke Bets and gamma experiment foliowing H-@.

15 30.0 ke GRD commutator
16 40.0 ke RF prote
18 70.0 ke Aapect and monitor

TABLE H.20 TELEMETRY CHANNEL SUMMAKRY.

POCKET NUMBER 21

Project No. 6.3 Date of Record 2 Nov 1962

Event King Fish Rocket Type N-C

Experiment Title D-Region Phyaical Chemiatry Time Launched 0216:76.4W

Date Launched 2 Nov 1962 Where Recorded EOS TM Van

Where Launched Johnston Island Pad 1§ Recorder No. 1

Recorded Data Source GMD only Track Number CMD 9

Tape Reel Number 98 Paper Recorda Copy

Date Locetion on Tape Lift-off thru 0215:2) Discribution GCA
IRIC

Channel Channel

Number Frequency Description Comments
13 14.5 ke Sweep Signal AGC recording indicates that all
14 22.0 ke Mass number SCO's wculd have high S/N ratio
18 ~ 70.0 ke Aspect »nd monitor throughout flight for good data.
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TABLE H.21 TELEMEIRY CHANNEL SUMMARY,

Projact No. 6.4

Event King Fish

Exparimant Title E-F Ragion Physical Chemistry
Date Launchad 2 Nov 1962

Whare Launchad Johnston Island Pad 19
Racorded Data Source VHF TM 245.3 Mc

Tape Real Number 98

ROCKET NUMBER 22

Date of Racord
Rocket Typa
Time Launched
Whare Racordad
Recordar No.
Track Number

Paper Racords Copy

2 Nov 1962

D=4

0209:06.5W

EOS TM Vsn

1 B

3 and 4 (VHF), GMD nona

Data Location on Tepe Lift-off thru 0217:33.5 Distribution Zimnat Corp.
IRIG

Channel Channel

Number Frequancy Description Comments

] 560 cps Aspect X AGC racording indicatas that all
3 720 cps Aspact Y SCO's would hava high S/N ratio
4 960 cps Aspect 2 throughout flight for good data.
5 1.3 ke Mass spectromatar sweap
11 7.35 ke Monitor comutator 2.5 rps, 30 segmant
12 10.5 ke Bata and gamma 2.5 rps, 10 segment
14 22.0 ke Mass spectrometar
15 20.0 ke Langmuir proba

TABLE H.22 TELEMEIRY CHANNEL SUMMARY,

ROCKET NUMBER 23

Projact No. 6.3 Data of Racord 2 Nov 1962

Fvent King Fich Rockat Type N-C

Experiment Title D-Region Physical Chamistry Tima Launchad 0216:06W

Date Launched 2 Nov 1962 Whera Recordad #0S ™ Van

Whera Launched Johnston Island Pad 16 Recordar No. 1

Recorded Data Source GMD only Track Numbar GMD 9

Tepa Rael Numbar 98 Papar Records Copy

Data Location on Tape Lift-off thru 0221:51 Distribution GCA
IRIC

Channal Channal $

Number Fraguency Description C ts
1 14.5 ke Sweap singal AGC racovcding indicates that all
14 22.0 ke Mass numbar SCO's would hava high S/N ratio
18 70.0 ke Aspect and monitor throughout flight for good data.
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TABLE H.23 TELEMETRY CHANNEL SUMRY) ROCKET NUMBER 24

Project No. 6.3 Dste of Record 2 Nov 1962
Event King Pish Rocket Type -
Experlment Title D-Region Physical Chemistry Time Launched 0216:06.3w
Date Launched 2 Nov 1962 Where Recorded EOS T™ Van
wWhere Launched Johnston Island Pad 5 Recorder No. 1
Recorded Desta Source VHF TM 234.0 Mc Trac < Number 1 and 2 (VHF), GMD 10
Tape Reel Number 98 Paper Records Copy
Deta Locacion on Tape Lift-off thru 0222:35 Distribution GCA
IRIG
Channel Channel S
Numbar Frequency Descripetion Comments
10 5.4 ke . Ion trap AGC recording indicates that all
11 7.35 ke Ion trap $CO's would have high S/N ratio
12 10.5 ke Monitor commutator throughout flight for good data
13 14.5 ke ' Promp: X ray except for short periods duriag
14 22.0 ke Beta znd garma experiment the last 60 seconds of flight.
15 30.0 ke GRD commut ator
16 40.0 ke RF probe
18 70.0 ke Aspect and monitor

“ABLE H.24 TELEMETRY QHANNEL SUMMARY, ROCKET NUMBER 23

Project No. 6.4 Date of Record 2 Nov 1962
Event King Fish Rocket Type D-4
cxperimént Title E-F Region Physical Chemiscry Time Launched 0219:00w
Date lLaunched 2 Nov 1962 Where Recorded EOS ™™ Van
Where Launched Johaston Island Pad 22 Recorder No. 1
Recorded Data Source VHF TM 25).8 Mc Track Number S and 6 (VHF), ™D 8
Tape Ree!l Number 98 Paper Records Copy
Deca Locativn on Tape Lifc-off thru Distridution Ztmney Corp.
niIs
Channel Channel
Number Fregquency Descripecion Comments
2 560 cos Aspect X AGC recording indicates that all
b} 730 cps Aspect Y $CO0's would have high /N ratio
[ 960 cps Aspect 2 throughout flight for good data.
1 T7.33 ke Monitor commutatbr 2.5 rps, 30 segaents
12 10.5 ke Beta and gamma 2.5 rps, )0 segments
W% 22.0 ke Retarding potential 4 rps, 18 segments
15 30.0 ke Langmuir prode
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TAALE H.25 TELEMETRY CHANNEL SUMMARY,

ROCKET NUMBER 26

Project No. 6.2 Date of Record 2 Nov 1962
Event King Pish Rocket Type HJ-N-N
Experiment Title Rocket-borne Camma Ray Scanner Time Launched 0223:06.5W
Dste Launched 2 Nov 1962 Where Recorded EOS TM Van
Where Launched Johnston Island Pad 2 Recorder No. 1
Recorded Data Source VHF TM 245.3 Track Number 3 snd & (VHF), GMD 9
Tape Reel Number 98 Paper Records Copy
Data Location on Tape Launch thru 0230:25.8 Discribution E0S
“IRIG
Channel Channel
Kumber ___Frequency Description Comments
4 960 cps Z-axis mcgnetometer All SCO's received with excellent
S 1.3 ke X-axis magnetometer quality from life-off 022):06.5
9 3.9 ke Y-axis magnetometer through 0230:18. Thereafter drop-
10 $.4 ke Photoweter outs occur, due to weak signals,
11 7.35 ke Total Gamma Detector increasing in duration and rste
12 10.5 ke Beta detector until all data {s lost at 0230:25.
13 14.5 ke Gamma scanner No. 1
Output 1. Vert. 90%det
. (inboard)
14 22.0 ke Garma acarner No. 1
Output 2. Vert. 20°det
(outboard)
15 30.0 ke Gamma scanner No.2
. Output 3. Horiz. 90%det
(inooard) .
16 40.0 ke Commutated channel
18 70.0 ke Gamma scanner No. 2

Output &. Horiz. 20°utboard

TABLE H.26 TELEMETRY QHANNEL SUMMARY,

Project No. 6.3

Tvent King Fish

Experiment Ticle D-Region Physical Chemistry
Date Launched 2 Nov 1962

Where Launchad Johanston lsland Pad 18
Recorded Data Source VHF T 234.0 Mc

ROCKET NUMBER 27

Date of Record
Rocket Type
Time Launched
Where Recorded
Recorder No.
Track Number

2 Nov 1962

HJ-N

022):)6. 2

EOS T™ Van

1

1 and 2 (VHF), GOMD 10

Tape Reel Number 98 Paper Records Copy
Deta Location on Tape Lift-off cthru 0230:08.7 Discribution GCa
1R1G
Descripticn Comments
Ion trap AGC recording indicates that
lon trap all SCO's would have high S/R

Monitor commutator
GRD cuamutator

X7 prode
Aapect and monitor
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TABLE H.29 TELEMETRY DATA TAPE CHANNEL ALLOCATION

Recorder Locetion: EOS TM Van; type MINCOM C-100; tape speed 60 in/sec.

T3 Rocket Number
Treck Star Fish Blue GLll King Fish
1. Receiver No. 1 Video (236 Mc) 2,6,8,9
2. Receiver No. 2 Video (234 Mc) 2,4,8,9
3. Receiver No. ) Video (245.) M) 3,5
4. Receiver No. & Video (245.) Mc) 3,3
S. Receiver No. 5 Video (25).8 Mc) 1,6,7
6. Receiver No. 6 Video (25).8 Mc) 1,6,7
7. Cyclelock (17 ke mod. with 60 cps),
100 ke ref., and voice
8. GMD Video A (1.6 kMc) 1,2,3 10,13,17  19,25,29
9. GMD Video B (1.6 kMc) 4,5,6 11,16,18  21,23,26,28
10. GMD Video C (1.6 kMc) 7.8,9 12,15 20,24,27
11. 2346Mc Receiver AGC (on 2)00 cps SCO) 2,4,8,9
12. 254.3-Mc Receiver AGC(on 2300 cpe SCO)3,S
13. 25).8-Mc Receiver AGC(on 2300 cps SCO),
and B-l time code (on 35400 cps SCO) 1,6.7
14. Tima Code (AMR D-35)

TABLE H.30 RECORDED DATA SUMMARY, TAPE RECORD

TINMNE
DESCR A H
1 6.2 15,18 Blue Gill Cobelt 60. 5/29 1600 1630
Calib.
4 6.2 8,9 Ster Fish . Cobelt 60, 6/12 1030 1100
Calid.
10 6.2 15 Blue Gill Gamma-Bete 6/16 0930 0943
Tast
28 6.2,),4 1-8 Star Fish NH-8 hrs, Horiz
Prive test Reel 1l of 7/8 1500 1525
2
2 6.2 8,9 “ ‘H-8 hrs. Horiz ™ 1529 1538
Test Reel 2 of
2
30 6.3,4 1,2,3 * H#.0 Event II = 247 2303
Shot Reel | of
[]
n 6.2,3,6  4,5,6, W “ reel 20 2306 2330
7.8 6
32 6.2 8,9 4 H-0 Shot - Zvent * 2331 2358
I Reel ) of 6
N b} ] 6.3,4 1.2,3, * * Real 4 0f 6 % 2249 2313
. 4,9,0
3% = 5,7.8 * “ Reel 5 of & = 234 237
. b1 ) 6.2 9 " * Reel 6 of 6 " 238 2337
4»‘4..
LA
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1
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4
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TABLE H.31 RECORDED DATA SUMMARY, BRUSH RECORDER RECORD

TIME
RECORDING PROJECT _ ROCKET EVENT SCO CHANNELS DATE START FINLSH
101 6.4 1 Star Fish 2,3,4,5,15 6/16 H-20 H-86
Vert,.Test
102 " 3 " 2,3,4,15° " H-70 H-66
103 " 7 " "o N 1] H.w H_,6
104 6.3 6 " 13,14 " H-65 H-64
105 ”" 2 ”" L] " ”" H-BS “'86
106 " 3 . 10,11,12 " H-80 H-76
107 L] 6 " " o " [1] “.75 “.71
10¢ 6.2 8 " 10,11,12,13,
14,15,18 T H-55 H-51
lm " 9 " " " 1] " 1] “.,o “°A6
110 6.4 7 Star Fish 11,12,14,15 6/17 0920 0930
Special
Test.
111 " 7 s h B 1455 1500
112 L 1 Star Fish  2,3,4,5,14,15 6/19 H-90 H-87 1/2
H-8 hr,
113 L 5 " 2,3,4,14,15 " H-78 He25 1/2
116 " 7 N # & He72 H-70 1/2
115 6.3 3 " 10,11 " H-87 H-84 1/2
116 " 4 " = kS H-81 H-78 1/2
117 0 2 2, 13,14 " H-84 H-81 1/2
118 8 6 u . o H-75 H-72 1/2
119 6.2 8 B 10,11,12,13 2 N-70 H-67 1/2
14, 15,18
TABLE H.31 CONTINUED
TINME
RECORDING _ PROJECT _ROCKET _ EVENT SCO CHANNELS _ DATE START FINISH
120 6.2 9 Scar Fish 10,11,12,13, 6/19 H-67 H63 1/2
H-8 hr. 16,15,18
121 2 [} " 4,5,9 " K70 H-67 1/2
122 = 9 * . " H~67 H-63 1/2
123 6.3 4 Star Fish 10,11,12 6/29 Be5 He?
Prime. (full
freq.full
pur)
126 1} J " L1} ” “'6 “.2
128 v 2 " 13,14 1 He$ 1/2 Hel
126 b [} ! g’ = Heé W8
12 6.2 L} " 10,11,12,13, " HelS )/% W20
14,15,18
125 " 9 * " " Hed6 172 de0
129 6.4 1 b 2,3,4,5,15 " H=12 H-10
130 » 5 " 2,3,4,15 * Hel el
131 6.2 8 Special 10,11,12,13 6/30 1350 1420
Test 16,15,18
132 6.3 2 Scar Fish  13,15,18 1/2 M-85 H-8%
Prime.H-90
Horiz.
133 & 6 " " d H-65 H-64
1% " h] " 10,11,12 " H-80 H-76
138 " 4 R " L H-75 He 71
k) 1}
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TABLE H.31 CONTINUED

TIME
RECORDING PROJECT _ ROCKET _ EVENT 3CO CHANNELS DATE START TIME
136 6.2 8 Star Fish 10,11,12,13 7/2 H-SS H-51
Prime.H-90 14,15,18
137 " 9 Horiz. " " H-50 H-46
138 6.4 1 " 2,3,4,5,14, " H-90 H-86
15
139 " ] 2 2,3,4,15 " H-70 H-66
140 " 7 oy 2,3,6,1% = Special
1800
l‘l ”n 7 " " 1" “_ 60 “'56
142 6.2 8 Spec.Test 10,11,12,13 7/3 0848 0007
14,15,18
143 6.2,3,4 GMD Sens. = 1040 1104
Dev.Test .
144 6.2 8 fre:.Test 10,11,12,13, " 1515 1518
14,15,18
145 " 8,9 Star Fish Prm. " 7/% H-10 H-67 1/2
H-8 hr H-67 H-63 1/2
146 6.3 3 " 10,11,12 't H-87 H-84 1/2
147 " 4 " " " H-81 H-78 1/2
148 W 2.6 9 13,14,18 " H-82 1/2 H-81 1/2
H-73 1/2 H-72 1/2
149 & 1 % " . H-90 H-87 1/2
150 6.4 ] " 2,3,4,14,15 > H-78 H-75 1/2
7 u ® H-72 H-70 1/2
TABLE H.31 CONTINUED :
TINE
RECORDING PROJECT _ ROCKET __ EVENT SCO CHANNELS DATE START TIME
151 6.2 (B Star Fish 10,11,12,13 1S H-70 H-67 1/2
9 Pra,H-90 G . H-67 H-63 1/2
! 152 " 8 Scar Fish 10,11,12,13 1/8 H-5$ H-51
9 Pra.H-8 hr. 14,15,18 " H-50 H-46
153 6.3 3 H-90 Horiz. 10,11,12 . H-30 H-76
count,
154 b 4 " 2 * H-73 H-71
| 155 " 2 " 13,4 ¥ H-85 H-84
i 6 ks = " H-65 H-64
f 156 6.4 f1 o 2,3,4,%,15 o H-90 H-86
S v 2,1,4,18 o H-70 H-66
7 " 2,3,4,15 * H-60 H-56
157 6.2 ] H 4,5 i H-70 H-67 1/2
158 " 8 Scar Fish 11,12,10,5,9 779 W19 1/2  Héde
Pre.Bvent 2 4,7
139 9 " * " W39 1/2  HeS3
160 8 GO 5 " " W19 1/2 KW
161 © 9 G " " ® He39 1/2 We$)
162 " 9 " " " W39 1/2  HeS)
163 6.2 8 Star Fish 13,14,15,18 1/9 H-1% 1/2 W3
Prime I $,9,10,12
164 = 9 i = " H-39 1/2 s
165 6.4 1 " 2,3,4,5,1% " H-10 1/2 H-1) 1/2
7.(ACC)
315
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TABLE H.31 CONTINUED

RECORDING PROJECT _ ROCKET _ EVENT

166 6.4 1(GMD)
167 " 1
168 " 1
169 " 5
170 o $(GMD)
mn 0 5
172 " ?
1723 4 7(6¥D)
17‘ " "
175 L 5
176 6.3 3
177 J) 3(GMD)
178 o 4(GMD)
179 " 4
180 a 2
181 4 2(GD)
182 W )
183 " 6(CMD)
18 ! 4(GMD)
185 6.2 8
186 " 9

TINME
SCO CHANNELS DATE _ START  TIME®
Star Fish  2,3,4,5,15, 719 H-10 1/2  H-13 1/2
Prime 1I 7,(AGC)
" 2'3'4.5.11. » " "
15
” 2.3.4'5.15' " ”" "
7,(AGC)
L 2,3,4,11,135, - R+6 1/2 H+9
7,(A60)
L1} " " " "
" " (1] ” "
. n 8 15 BH1S 1/2
(1] " " " "
" " ” " "
" " " M 1/2 M
* 10,11,12,7 " H-1 B 1/2
L1} " ” " "
(1] " " -6 H+12
L " " m Hll
(1] "
L] 7(€C)'13.A " 5'1 1/2 "
" " S W7 1/2 #+13 1/2
(1] (] (1] " L]
" 10,11,12,7 710 B+10 12
" 41,12,10,5 "o B20 1/2 125
9,6,7
L] " " W62

H&0

TABLE H.32 RECORDED DATA SUMMARY, CEC RECORDING GALVANOMETER RECORD

. TIME
RECORDING PROJECT  ROCKET EVE_N_T SCO CHANNELS DATE START FINISH
101 6.2 15 Blue Gi11 11,12 6/16 0930 6 bursts

Beta and ac 1' each
Gamma Test
102 6.4 1 Star Fish 2,3,4,5,11, = H-87 + 15 sec.
Verc.Test 12,114,195
103 " b " 2,3,4,11,12, v K-67 "
16,15
104 " b L (L " H-57 "
105 6.2 3 . 10,11,12,13, L H-77 + 15 sec.
14,15,16,18 = 30 sec.
106 " 2 8 13,14,18 o H-84 1/2 e
107 " 6 “ " [1] “.“ l,z "
108 o 4 H 10,11,12,16, 2 R-22 "
15,16,18
109 6.2 8 - = " H-52 10 sec.
110 " 9 o - . Hete? + 10 sec.
11 6.6 ? Scar Fish 10,11,14,15 6/12 1500 3 te.
Spec.Test
112 " 1 Scar Pish  2,3,6,5,11, 6/19 H-88 15 sec.
R-8 hr. 12,14,15
113 = 5 " 2,3,64,11,12, " H-76 "
14,15
114 " ? [{] " " H-71 "
118 6.3 3 = 10,11,12,13, " H-85 "
14,15,16,18
316
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TABLE H.32 CONTINUED

TIME 3
RECORDING PROJECT _ ROCKET _ EVENT SCO CHANMELS DATE START FINISH
116 6.3 4 Star Fish 10,11,12,14, 6/19 H-79 15 sec.
15,16,18
117 b 2 e 13,14,18 ’ H-82 20 sec.
118 " 6 - " L H-23 D
11% 6,2 8 % 10,11,12,13, " H-68 + 5 sec.
16,15,15,18
120 [1] 9 " " " H-“ "
121 " 8 Star Fish U 6/29 H18 S sec,
Prm.Full
Pur Full Freq.
122 " 9 L] " " H*JB "
123 6.4 1 % 2,3,64,5,11, " H-11 + 15 sec,
12,14,18
126 1 S e 2,3,4,11,12, a H-16 v
14,15
128 6,3 2 b 13,14,18 = H-2 SO sec.at
1-1PS,10
sec.at l-IPS
126 " 6 " " 1] m’ L1}
127 " 3 " 10,11,12,13, 2 H-2 1/2 b
14,15,16,18
128 Y 4 " 10,11,12,14, = H+6 "
15,16,18
129 6.4 S Re-Run 2,3,4,11,12, 6/30 1330 20 sec.
r,n" 14,18
2 Full frequency, full power
TABLE H.32 CONTINUED
. TINME
RECORDING PROJECT __ ROCKET _EVENT SCO CHANNELS DATE START FINISH
13 6.4 ? Re-Rug 2,3,4,11,12, 6/30 1340 20 sec.
Fr,FP 14,15
131 6.3 2 Scar.Prm,  13,14,18 22 H-84 1/2 VHF and GMD
H-90 Horiz 10-sec.Int,
132 ° 6 $ b " H-64 1/2  » )0 sec.
ac 1-IPS
10 sec, at
1-1P8
133 “ 3 o 10,11,12,13, H-77 "
14,15,16,18
134 L 4 g’ 10,11,12,1%, o H-72 1/2 "
15,16,18
138 6.2 8 Ly 10,11,12,13, " H-$2 +S sec.
14,15,16,18
136 L 9 " " " He4? ."
13?7 6.6 1 " 2,3,4,5,11,¢2, H-87 3O -sec.Int.
16,15
138 G s “ 2,8,4,1,12, H-67 "
14,15
l” " 7 " " 1] ".57 "
140 6.3 6 " 13,14,18 " H-64 1/2 VNF,CD
10- sec. Iac,
141 " 3 " 10,11,12,13, - H-77 o
14,15,16,18
162 0 4 Q 10,11,12,14 @ H-72 172 &
15,16,18

*rull frequency. full power

a1




TABLE H.32 CONTINUVED
TINE
RECORDING PROJECT  ROCXET EVENT SCO CHANNELS DATE START FINISH
143 6.2 9 Star.Prm.  10,11,12,13,14, 7/2 H-47 VHF ,GMD
H-90 Horiz 15,16,18 10-sec. Interval
1464 6.6 1 1’ 2,3,64,5,11,12, " H-87 " .
14,15
145 " S ] 2,3,4,11,12,14, " R-67 "
15,
l“ " 7 L " " n_s, 1]
147 6.2 8 2 10,11,12,13,14, " H-52 L
15,16,18
148 " 8 Star Fish o] 1/5 H-68 + 5 sac,
Pra,H-8 hr, at 10 IPS
. Int,
l" " 9 " ” " n.“ "
150 6.3 3 & " o H-85 last min.
at 1-1IpS
10 sac, at
10 1PS(Int)
151 " 3 w 10,11,12,14, * =79 L
15,16,18
152 J 2 L 13,14,18 " H-82 15=sac.Int.
at 10 IS
lSJ . " 6 " " " u.,: "
154 6.4 1 " 2,3,4,5,11, /5 R-88 20~gac. Int,
12,14,15 at 4 IrS
155 L S il 2,3,4,11,12, . H-76 o
14
TABLE H.32 CONTINUED
TINE
RECORDING PROJECT ROCKET EVENT $co CHANNWELS DATE START I!EHH
156 6.4 7 Scar Fish 2,3,4,11,12, " R-21 20=gac.Irx.
Pro.K-8 hr, 14 at 4IPS
157 " b " " " H-76 10 sec.
158 6.3 4 Spacial 11,12,13,4 LD 2330 30 sac.
159 . % " 11,12,13,4,15  7/6 1130 s
160 6.2 8 Star Fish R-52 + 35 sac.
9 Pra.N-8 hr. 7/8 =47 Int.
161 6.3 o 10,11,12, " H-77 1 min. at 1 IPS
3 = (13),14,15, H=72 1/2 10 sec.at
16,18 10 1PS
162 " 2 e 13,14,18 " H-84 1/2 ] min.at 1 IPS
6 " " " R-64 1/2 15 sac. at 10
irs
163 6.4 1 Star Fish 2,3,4,5,11, o H-87 20 sac.,
tra,R-8 hr. 12,14,15 Int..
[ o 2,3,6,11,12, e R-67 i
16,15
. , [} »" L] u.s, L]
164 " 1 Star Fish 2,3,4,5,11, "'e R-9 1/2 w13 1/2
Pra,Bvant 12,164,155
 §4
163 " : b " 2,3,4,7(a8C) " ws 1/2 9
11,12,14,15
166 " ? " " " Wle 1/2  welS 1/2
167 " S = b o Heé 1/2 Hey
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TABLE H.32 CONTINUED

TIME
RECORDING___ PROJECT  ROCKET _ EVENT SCO CHANNELS __ DATE __START PINISH
168 6.4 1 Star Fish 2,3,4,5,11, 7/9 H-9 1/2 R+l3 1/2
Prm.Event 14,15
1I
169 6.2 8 11,12,10,5, " H+19 1/2 W34
9,4,7,16
170 11} 8 1] " (1] [1] "
171 " 8 (1] [1] [1] [1] "
172 " 8 ¥ 13,14,15,18, " " s
5,9,10,12
173 " 8 " " " " "
. 174 " 8 " 1] " U "
175 ' 9 " u o B39 1/2 HeS54
176 " 9 [1] " [1] L1} "
177 " 9 " " " " [1]
178 " 9 " 11'12.10'5' " " LL]
9,4,7,16
179 " y 9 1] (1] 11} " [1]
180 " 9 1] " " " "
181 " 9 " i " 1] "
182 6.3 3 " 10,11,12,13, 1/9 H-2 B 1/2
14,15,16,18
183 " 4 it 10,11,12,7, " H+6 1/2 H+l2
14,15,16,18 .
184 al 2 e 7(AcC), 13,14, " H-1 1/2 He? 1/2
18
TABLE H.32 CONTINUED
TIME
RECORDING PROJECT ROCKET  EVENT SCO CHANNELS DATE START FINISH
185 6.3 2 Star Fish 10,11,12,7, 7/9 H-1/1/2 He? 1/2
Prm,Event 14,15,16,18
44 7(AGC),13,14,
18
186 u 6 L . u 7 1/2 H+14
187 " 6 1] [1] ” " 1] ]
188 " 4 = 10,11,12,7, 7/10 H+10 R+12
14,15,16,18
189 " 4 e 16 " 2308:10 2308:30
190 " 6 " 14,13 " 2308:40 1 min,
191 " 2 " " " 2259:40 1 min.
192 6.2 9 ¥ 13,14,15,18 u R0 2 min. ea.
5,9,10,12 30 sec. to
sS4
319

N T I O A I T R o o I T D D O AN T T AR AT N



TABLE H.33 COMMUTATED CHANNEL SUMMARY, CHANNEL 11

Frame sync voltage 5.155

Prcject 6.4
Rocket Number 1
" Channel Number 11

Segment Function
1 Aspect X Bias
2 Aspect Y Bias
3 Aspect Z Bias
4 Pirani Gage Output
5 Mass Spectrometer Sweep Power
6 37-Mc Signal Strength
7 880-Mc Signal Strength
8 3-Frequency Beacon Package Temperature
9 1680-Mc Signal Strength
10 Aspect Power
11 28-v Battery Voltage
12 Langmuir Power
13 Mass Spectrometer Power
14 AME/DME Power :
15 Beta and Gamma Power
16 Langmuir Probe Extension =
17 Nose Cone Ejection
18 Mass Spectrometer Dust Cover
19 Telemetry B-- Voltage
20 Power Amplifier B+

21 - 30 -‘Spares

_(.‘*,;a;z:‘h‘r;»f;u “W‘%}”} *""»X‘ -1!! oy ] .'k I
A B e R My



TABLE H.34 COMMUTATED CHANNEL SUMMARY. CHANNEL 12

All voltages notated “"Approx" vary from package to package;
Precise values given with calibration information,

CR = Counting Rate, UL = Upper Level, LL = Lower Level,
PM = Photomultiplier, Disc » Pulse Height Discriminator

Rocket Numbers 1, 5 and 7
Channel Number 12 10.5 ke

Segment Function Normal Operating Voltage
volts
30 Synchronization +5.00
29 Synchronization +5.00
28 Beta Logic Ground Reference: 0.0
27 o * Calibration +5.00
26 " " 46,75 v Monitor Approx 1.5
25 " *  $20.0.v Monitor Approx 3.0
24 " " Log PM Current Approx 0.1
23 0 " Log CR, UL Disc Approx 0.3
22 “ * Log CR, LL Disc Approx 0.3
21 Beta Logic PM Hi-Voltage Monitor ° Approx 1.5
20 Gamma Lonic Hi-Voltage Mon{tor Approx 1.5
19 Log CR, LL Disc Approx 0.3
18 " *  Log CR UL Disc Approx * 0.3
17 " *  Log PH Current Approx 0.5
16 » " 420.0-v Monitor Approx 3.0
15 N *  +6.75'v Monitor Approx 1.5
14 # *  Calibration +5.00
13 L "  Ground Reference 0.0
12 o %  Spare (Open) Approx 0.0
11 G L " " Approx 0.0
10 " " " " Approx 0.0
9 U L " " Approx 0.0
8 L " = L Appcox 0.0
7 " " . " Approx 0.0
6 9 a " * Approx 0.0
5 9 ) e " Approx 0.0
4 < " " " Approx 0.0
3 L L " - Approx 0.0
2 " " ” " Approx 0.0
1 Gamma Logic Spare (Open) Approx 0.0
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TABLE H.35 COMMUTATED CHANNEL SUMMARY.

CHANNEL 18

45
49
53
57

SN OO PR AN

Rocket Numbers

Channel Number 18

Segment
1
2
k|
5
even
Segments
4 thru 60
7
11
15
19
23
27
31
35
| 39
43
47 -
51
55
59
' 9
13
17
21
2
29
3
37
41

2, 3 and 6 (Star Fish)
10, 12, (Blue Gill)
21, 23 (King Fish)

70.0 ke

Function
Frame Sync +S5v
” ”
A, ” ”
n " L]

n ” L1]

Channel Sync -1.5 v

Trans Aspect

” "
n "
[ 1] 7"
", "
n "
" "
" "
" ”
[1] "
" "
" "
" "

Zero Calibration
Zero Calibration

Long Center

Trans Center
Battery Monitor
Regulator Monitor

Long Aspect
Long Aspect
Long Aspect

Mass Spectrometer Battery
Timer Monitor

Nose and Squib Monitor
Pressure Monitocr
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TABLE H.36 COMMUTATED CHANNEL SUMMARY, CHANNELS 12 AND 18

Rocket Numbers 3 and & (Star Fish)

Channel Number 18

Rocket Numbers 11, 12, 14, 17 (Blue Gill)

20, 24, 27, 28 (King Fish)
Channel Number 12

10.5 ke
Segment - Functjon Segment
1 +S«v Calibration ’ 35
2 " " 36
3 " " 37
4 " "
s ] " 38
[ ] " 39
6 +2,5-v Calibration
7 " ” ‘00
8 ] " l‘l
9 " L}
42
10 Zero Calibration 43
11 " [1]
12 ] " l‘l‘
13 s " 45
20 Squib 1, Door A ° 16
21 Squib 1, Door A 15
16
22 Squib 2, Door A 46
23 Squib 2, Door A 47
48
24 Door Release A
25 Door Release A 17
18
26 Squib 1, Door B 19
27 Squib 1, Door B 49
50
28 Squib 2, Door B 51
29 Squib 2, Door B
52
30 Door Release B 53
31 Door Release B
54
32 Probe Position A 55
33 Probe Position A
34 Probe Position A 56
57
58
59
60

323

Function

Probe Position B
Probe Position B
Probe Position B

* Squib Door A

Squib Door A

Gas Generator Door A
Gas Generator Door A

Squib Door B
Squib Door B

Gas Generator Door B
Gas. Geonerator Door B

Potential Door A

Potential Door B

" "
" L]
” L]
(1} "
" ”

37 Me
37 Mc

888 Mc
888 M

Temperature
Temperature

1680 Mc
1680 Mc
1680 Mc




TABLE H.37 COMMUTATED CHANNEL SUMMARY, CHANNEL 13

All voltages notated "Approx" vary from package to package. Precise
values given with calibration information.

Rocket Number 3 (Star Fish)
11, 12 (Blue Gill)
20, 24 (King Fish)

Channel Number 13 14.5 ke

Segment Function Normal Opeutli.ng Voltage
e —r volts
1 PX-3 Ground Reference 0.00
2 PX-3 Log Energy Signal Approx 0.20
3 PX-3 Calibration Approx 4.8
4 PX-3 4+20.0-v Monitor a Approx 3.0
5 PX-3 Log Energy Signal Approx 0.2
6 PX-3 Hi-Voltage Monitor Approx 1.5
7 Py-1 Ground Reference 0.00
8 Py-1 Log Energy Signal Appxox 0.2
9 Py-1 Calibration Approx 4.8
10 Py-1 +20.0-v Monitor g Approx 3.0
11 Py-1 Log Energy Signal Approx 0.2
12 Py-1 Hi-Voltage Monitor Approx 1.5
13 .PX=4 Ground Reference 0.00
14 FX-4 Log Energy Signal Approx 0.2
15 PX-4 Calibration Approx 4.8
6 FX-4 +20.0-v Monitor o Approx 1.0
17 PX-4 Log Energy Signal Approx 0.2
18 PX-4 Hi-Voltage Monitor ' Approx 1.5
19 Py-2 Ground Reference 0.00
20 Py-2 Log Energy Signal Approx 0.2
21 Py-2 Calibration Approx 4.8
22 Py-2 +20.0-v Monitor o Approx 3.0
23 Py-2 Log Energy Sigral Approx 0.2
24 Py-2 Hi-Voltage Monitor Approx 1.5
o3 Spare (Open) Approx 0.0
26 Spare (Open) Approx 0.0
27 Spare (Open) Approx 0.0
28 Spare (Open) Approx 0.0
29 Synchronization +5.00
Jo Synchronization +5.00

! o Rocket 12 only these points are tied to the

appropriate ground reference instead.
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TABLE H.38 COMMUTATED CHANNEL SUMMARY, CHANNEL 14

CR = Counting Rate, UL = Upper Level, LL = Lower Level,
PM = Photomultiplier, Disc = Pulse Height Discriminator

All voltages notated "Approx" vary from package to package.
Precise values given with calibration information.

Rocket Number 3 (Star Fish)
11, 12 (Blue Gill)
20, 24 (King Fish)

Channel Number 14 22.0 ke

Segment Function Normal Operating Voltage
) volts
1 Beta Logic Ground Reference 0.00
2 L Calibration +5.00
3 " "  +6.75 v Monitor Approx 1.5
4 . *  +420.0 v Monitor Approx 3.0
5 = " Log PM Current Approx 0.1
6 " * Log CR, UL Disc Approx 0.3
7 " ® Log CR, LL Disc Approx 0.3
8 Beta Logic PM Hi-Voltage Monitor Approx 1.5
9 Gamma Logic M Hi-Voltage Monitor Approx 1.5
10 s Log CR, LL Disc Approx 0.3
11 b "  Log CR UL Disc Approx 0.3
12 s * Log PH Current Approx 0.1
13 " *  +20.0 v Monitor Approx 3.0
14 " " 46,75 v Monitor Approx 1.5
15 " " Calibration +5.00
16 Gamma Logic Ground Reference 0.00
17 PX-1 Ground Reference 0.00
18 " Log Energy Signal Approx 0.2
19 * Calibration Approx 4.8
20 * +420.0 v Monitor a Approx 3.0
21 ®  Log Energy Signal Approx 0.2
22 PX~1 Hi-Voltage Monitor Approx 1.5
23 PX-2 Ground Reference 0.00
24 "  Log Energy Signal Approx 0.2
25 ¥ Calibration Approx 4.8
26 "  +420.0 v Monitcr a Approx 3.0
27 " Log Energy Sigaal Approx 0.2
28 PX-2 Hi-Voltage Monitos Approx 1.5
29 Synchronization +5.00
30 Synchronization +5.00
a

On Rocket 12 only these points are tied to the
appropriate ground reference instead.
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TABLE H.39 COMMUTATED CHANNEL SUMMARY. CHANNEL 15

Rocket Numbers 3 and 4 (Star Fish)
11, 12, 14, 17 (Blue Gill)
20, 24, 27, 28 (King Fish)

Channel Number 15 30.0 ke

. Segment Function
1 Frame Sync +5 v
2 1] 1] [, ]
3 [, ] (1] [ ]
23 1] 1] (1]
even Channel Sync -1.5 v
segments
4 thru 60
S Sweep Number 1
15 n n
zs [} 1]
35 [ ] ”
‘05 n ”»
ss L " "
7 Sweep Number 2
17 ] "
27 [ ] [ ]
37 [ ] n
47 » R
57 " ]
9 Event Monitor -
29 Event Monitor
49 Event Monitor
19 Zero Calibration
21 +2.5-v Calibration
11 Bias Box Number 1
3 1 ” ]
41 ” ”
51 " L
13 Bias Box Number 2
33 " ]
‘.3 ”» [ ]
53 " U
39 Amplifier Number 1 Out
59 Amplifier Number 2 Out
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TABLE H.40 COMMUTATED CHANNEL SUMMARY. CHANNFL 16

Rocket Numbers 3 and 4 (Star Fish)
11, 12, 14, 17 (Blue Gill)
20, 24, 27, 28 (King Fish)

Channei N&mber 16 40.0 ke

Segment Function

1 Frame Sync +5 v

2 Frame Sync +5 v

k) Frame Sync +5 v
even Channel Sync 0 volt
segments
4 thru 60

5 2.5-v Calibration
7 5.0-v Calibrstion
9 1.0.v Calibration

11 SWR 1, 2, 3, &4 etc., thru 24
13 11]

15 "

17 L]

ete, L]

thru L]

57 "

59 Mode Indicator

327 -




TABLE H.41 COMMUTATED CHANNEL SUMMARY, CHANNEL 12

Rocket Numbers 3 and & (Star Fish)
Channel Number 12 10.5 ke

Segment Function
1 Frame Sync +5 v
2 " " "
3 L] L "
s [ ] ” (]
9 " " ‘"
even Chaanel Sync -1.5 v
segments
4 thru 60
7 Trens Aspect
11 ” ”
15 " "
19 " "
23 [ ] [ ]
27 " ”
31 " "
35 " [ ]
39 " "
63 ” ”
47 " ”
51 " ”
ss " ”
59 " o
13 Zero Calibration
17 Zero Calibration
21 Long Center
25 Long Center
29 Trans Center
33 Trans Center
» long Aspect
41 Long Aspect -
45 long Aspect
49 Battery Monitor
53 +26.5-v Monitor
57 Timer Moritor
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TABLE H.42 COMMUTATED CHANNEL SUMMARY, CHANNEL 14

CR = Counting Rate, UL = Upper Level, LL = Lower Level,
PM = Photomultiplier, Disc = Pulse Height Discriminator

Rocket Number 4 (Star Fish)
14, 17 (Blue Gill)
27, 28 (King Fish)

Channel Number 14 22.0 k¢

Segment . Function Normal Operaiigg Voltage
9 volts

1 Beta Logic Ground Reference 0.00
2 L » Calibration +5.00
3 " "  46,75-v Monitor Approx 1.5
4 L "  +420,0-v Monitor Approx 3.0
5 L ¥ Log PM Current Approx . 0.1
6 " " Log CR, UL, Disc Approx 0.3
7 " " Log CR, LL, Disc Approx 0.3
8 Beta Logic PM Hi-Voltage Monitor Approx 1.5
9 Gamma Logic Hi-Voltage Monitor dpprox 1.5
10 e " Log CR, LL, Disc Approx 0.3
11 " " Log CR, UL, Disc Approx 0.2
12 " "  Log PM Current Approx 0.5
13 e " 420.0-v Monitor Approx _ 3.0
14 " " +6.75-v Monitor Approx 1.5
15 p " Calibration ) +5.00
16 Gamma Logic Ground Reference 0.0
17 Spare (Open) Approx 0.0
18 " " ‘ Approx 0.0
19 " " Approx 0.0
20 " ¥ Approx 0.0
21 . . Approx 0.0
22 " it Approx 0.0
23 & " Approx 0.0
24 " " Approx 0.0
25 " " Approx 0.0
26 o " Approx 0.0
27 . " Approx 0.0
28 Spare (Open) Approx 0.0
29 Synchronization +5.00
30 Synchronization +5,00

All volt;ges notated "Approx" vary from package to package.
Precise values given with calibration information.
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TABLE H.43 COMMUTATED CHANNEL SUMMARY, CHANNEL 11

Frame sync voltage 5.166 and 5.090

Project 6.4

Rocket Numbers 5 and 7 (Star Fish)
Channel Number 11

Function

Aspect X Bias
Aspect Y Bias
Aspect Z Bias
Spare

Not Used

37-Mc Signal Strength

888-Mc Signal Strength

3 Frequency Package Temperature
1680-Mc Signal Strength

Aspect Power

28-v Battery Voltage
Langmuir Power

Retarding Potential Power
AME/DME Power

Beta and Gamma Power

Langmuir Probe Extension
Nose Cone Ejection

Not Used

Telemetry B+ Voltage
Power Amplifier B+

Spares
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TABLE H44 COMMUTATED CHANNEL SUMMARY, RETARDING POTENTIAL ANALYZER

Rocket Numbers 5 and 7 (Star Fish)
Channel Number 14

Segment
1 thru 11

Segment

1 thru 11
12
13

Frame I (Nose Detector)

Function

Eos Amplifier Output

Eon Mode

Ven Retardation Voltage
Etn Amplitude Sensor Range
Eon Amplifier Output
Calibration Voltage

Frame

Frame

Frame I1 (Side Detector)

Function

Eqs Amplifier Output

Eo, Mode

Ves Retardation Voltage
Ers Amplitude Sensor Range
Eon Amplifier Output

Frame

Frame

Not Used

Characteristic

Analog Signal O to +5 v
Quantized &4 Levels 0 to +2 v
Quantized 16 Levels O to +5 v
Quantized 16 Levels O to +5 v
Analog Signal 0 to +5 v
Constant

+5 v

+5 v

Charactefistlc

Analog Signal O to +5 v
Quantized 3 Levels 3.5 to +5 v
Quantized 16 Levels 0 to +5 v
Quantized 16 Levels O to 45 v
Analog Signal O to +5 v




TABLE H.45 COMMUTATED CHANNEL SUMMARY, CHANNEL 16

10 rps x 60 segments (30 brought out)
Project 6.2

Rocket Numbers 8 and 9 (Star Fish)
15 and 18 (Blue Gill)
19, 26,.29 (King Fish)

Channel Number 16

- Segment Function
Sync Frame Sync and Full Scale (5 v) Calibration
i -12 volts
2 28-v RCA (11.2/1)
3, +12 v (5.0/1)
“b Temperature A
5 Temperature D
6 5-v Reference Gamma Scanner
16 +6 v (2.5/1)
17 +28 v (11.2/1)
18b GMD 1 RF Pcwer BRL No. 4
19b Temperature B
20 Temperature €
21 3-Frequency Beacon
22 RF power 888 Mc BRL Number 1
23 Beacon Temperature BRL Number 3

24 - 30 Not Used

2 Except for Rockets 8 and 9.
b Except for Rockets 15 and 18,
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TABLE H.46 TELEMETRY CHANNEL SUMMARY, ROCKET 25

Monitor Commutator

Position No.

1 Nose Cone Ejection
2 Aspect X-Bias
3 Aspect Y-Bias
5 4 Nose Cone Ejection
! 5 Aspect Z-Bias
6 Nose Cone Ejection
7 Nose Cone Ejection
8 Nose Cone Ejection
9 37-Mc Signal Strength

10 Nose Cone Ejection

11 880-Mc Signal Strength
12 Package Temperature

13 Nose Cone Ejection

14 1680-Mc Signal Strength
15 Aspect Power

16 Nose Cone Ejection

17 28V Battery Volts

18 Langmuir Power

19 Nose Cone Ejection .
20 Mass Spectrometer or RPA Power
21 AME-DME Power

22 Beta Gamma Power

23 Nose Cone Ejection

2% Langmuir Probe Extension
25 Nose Cone Ejection

26 ™ B+

27 Nose Cone Ejection

28 Nose Cone Ejection

Frame Sync Voltage _Unknown
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TABLE H.47 TELEMETRY CHANNEL SUMMARY, ROCKET 22

Monitor Commutator

Position No.

1 Nose Cone Ejection

2 Aspect X-Bias

k] Aspect Y-Bias ]
4 Nose Cone Ejection

5 Aspect 2-Bias

6 Pirani Gage Output

7 Nose Cone Ejection

8 Mass Spectrometer Sweep Power

9 37-Mc Signal Strength

10 Nose Cone Ejection

11 880-Mc Signal Strength

12 Package Temperature

13 Nose Cone Ejection

14 1680-Mc Signal Strength

15 Aspect Power

16 . Nose Cone Ejection

17 28V Battery Volts

18 Langmuir Power

19 Nose Cone Ejection y
20 Mass Spectrometer or RPA Power
21 AME-DME Power

22 Beta Gamma Power

23 Nose Cone Ejection

24 Langmuir Probe Extension

25 Mass Spectrometer Dust Cover
26 ™ B+

27 Nose Cone Ejection

28 Nose Cone Ejection

Frame Sync Voltage _Unknown
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