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FOREWORD 

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

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

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

öf» 

The objective of Project 6.2 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 report 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 sucoessicl, and data were obtained from all 
rocket flights. 

Most of the data presented in the results chapter were hand-reduced.   Com- 
puter reduction 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 plotted 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 (roughly 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 vertical dimension of about at roughly IS 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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PREFACE 

Reduced data from Project 6.2 of the Fish Bowl Series was not received from the 
data reduction contractor as scheduled, and therefore, is not included in this 
report.   The major cause for this delay involves problems in determining the 
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 

i 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 directional gamma ray scanning instruments. 

1.1 OBJECTIVES 

The overall objective of Project 6.2 was to 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 instrumentation design and fabrication. 

The debris cloud was mapped by a directional gamma ray sensing 

instrument, which scanned the cloud in a 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 horizontal distribution of 

the debris cloud could be determined when the test data were reduced 

and analyzed. The change of debris cloud distribution as a function 

of time was determined by payloads fired at different times in 

conjunction with each event.  Since there were only a limited number 

of rockets and a single launching 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 Me.  Dispersion Doppler and Faraday rotation 

measurements furnished the primary information. The propagation 

experiment is described in Reference 5. 

i .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, gatrma rays, and X-rays. 

(be 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 cot jnication 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 altitude 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-km 

detonation.  In addition, the prediction of the debris cloud behavior 

for the Star ri»h event, as 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 ehe 

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

theoretical models of high-altitude nuclear 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, vill remain in roughly 

a spherical ball that will rise above the detonation point due to 

heating 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 stater, 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 lover portion of the cloud rises and is 

contained by the relatively dense ionosphere. Sides of the cloud 

expand 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 wi3.1 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 radat aed radio 

communications 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.  In 

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 Isotropie 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 distribution 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 x 1013)/ 3.35 (3 + 2H°6 + H1*2) (1.1) 

A. ■ 

Where:     P ■ total gamma yield in watts 

Y K total energy released in megatons 

K - time in seconds after detonation 

Since the Blue Gill gamma scanner payioads were being launched at 

H ♦ 900 and H + 1860 seconds, the predominant term in the parenthetical 

expression in the denominator is H ' .  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 Lin«. 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 tvo 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 (near 90 degrees) helix pitch angles. This occurs because the 

adiabatic helix angle equation is 

where a  and a   are the helix pitch angles and B and B the magnetic 
o o 

field strengths at points along the field line. Then reflection 

occurs at sin a * 1, and this must occur at a sufficiently high 

altitude so that the reflected electrons are not absorbed by the 

atmosphere. This must be higher (in general) than about 75 km, 

which makes ^/r fot detector altitudes of interest quite close to 

unity, and thus is 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 relationship 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-angle &    acceptance cone. This detector 

then accepts all electrons with a pitch angle less than a .  Its solid 

angle of view is then 

fi » 2 n (1 - cos or ) 
o o 
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The fraction of debris emission in the vicinity of the detector is 

then 

n 
o 

4TT 

1 - cos 

This effective solid angle transforms as one proceeds along the 

magnetic field line avay from the detector according to the adiabatic 

formula, 

sin a 
sin Q V"*°~ 

The zero subscripts refer to the position of the detector, 

effective available solid angle can be transformed by: 

The 

1 - cos a 

1 - COS o 

•< 

1 -  B   ,2 
T"     sin   °r. 
o 

V 1 - sin or. 

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

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

jh ndl 

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

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

the atmosphere.  Thus 

ff n-s   a- di J    4" "o 

where ——      is the expression given above, and 
•'o 
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3L 
4n 

1 - cos 

A great simplification can be made in the above integral in most 

cases of interest, because —  is. a function which does not deviate 

far from unity over the region occupied by a debris cloud. To illustrate, 

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

.   2 
sin a. 

V 1 - sin* or„ 

Using the dipol« approximation, note that the field strength B is given 

by: 
BR3 

R "/ 
i + 3 cog e 

where 8 is the magnetic earth polar angle (8 ■ 0 at the north magnetic 

pole), and R, R are radii from the center of the earth. The field 

line is defined by R ■ K sin 8, where K is a constant, so 

O   sin 9  » 
1+3 cos 9 

then 

i   (1.) 
d9 VB ' 

o 

H sin 9 cos 9 J f- 

8-8. 
'W  sin28 

3 cos*"9 

V I + 3 cos a 
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If the Johnston Island magnetic coordinates are included 

90 ■ (90 - 16.5) » 73.5 degrees and 

<L. (JL, de  ^BO
; - 1.725 

8 - 9. 

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

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

i*fe 
,B Af-|*l5 <f >A«|- [1.725][0.05 rad] - 8.6 percent 

o o 

a 
When a 10-percent error is ignored, - • I. The integral 

referred to before then becomes: 

F - ^  / fdl 

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

Jf dl, and q » * , where E is the total 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 

£(t) ■ total beta emission (in power units) from debris 

cloud at time t. (E(t) is a function of time and 

include.} the decay function^ 

K - calibration of beta detector, or output per unit 

power in beta per unit area. 

then 

•» • 7i 
2R 

(1 - cos a)E(t)K 

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

PROCEDURE 

This chapter describes rocket operations, payload instrumentation, 

environmental testing, and data requirements for Project 6,2. A discus- 

sion of rocket operation» (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. Topics 

discussed include payload calibration, gamma ray scanners (gamma scanner), 

beta detector«, omnidirectional gamma detectors, and photometers. The 

last two sections include discussions of payload vibration tests and 

project data requirements. 

2.1 OPERATIONS 

The Fish Bowl Serien consisted of three events: Star Fish Prime 

(Star Fish), 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 6.4. The Ballistic Research Laboratories (BRL) 

and Electro-Optical Systems, Inc. (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 services during the Fish Bowl Series. 

In addition, rockets and launch services were provided for Projects 6.3 

and 6.4.  These rockets were launched from Johnston Island. A summary 

of the characteristics- of each event is given in Table 2.1, and a 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 waa performed by the Air Force 

Cambridge Research Laboratories (CRL), and the payloads were constructed by 

Geophysics Corporation of America (GCA), Bedford, Massachusetts. CRL per- 

formed the experiment desien task for Project 6.4, and the payload was constructed 

by Zimney Corporation of Monrovia, California. All vehicle procurement 

for Projects 6.2, 6.3, 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 Engineering Company. The launching of payloads on 

Projects 6.2, 6.3, and 6.4 was under the overall 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 radsr 

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 radiation for determining the size, shape, and flux intensity 

of the debris cloud resulting from fish 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 below. Instrument discus- 

sions iaclude 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 gamma 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 

(VCO's), which produced frequency changes proportional to the data signal 

amplitude. All tnstri ant output signals fed through the calibrator were 

automatically 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 (VHP) 

telemetry transmitter, and the output from the second amplifier was routed 

to the GMD-1 beacon transmitter, which served as a tracking beacon for the 

GMD-1 and a backup telemetry transmitter.  The C-band radar transponder was 

carried as a tracking 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,and the base 

diameter was 15 inches. The center of gravity was on the thrust axis, 

16 inches above the base. 

2.2.2 Calibration of Gamma 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 payload 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 X, Y, Z coordinate system shown in Figure 2.5 is fixed to 

*V>„- 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 parallel 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 (9) 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 0 to 180 degrees in increments such 

that | cos 9. - cos 9.   | ■ 0.1. Thus, the polar angle increments 

varied from 0 to 180 degrees and provided a constant solid angle for 

each setting of 9. The plane in which the source moved was used as 

a zero reference for the azimuth angle (0). Phi (0) 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, 9 , the payload was 

rotated 360 degrees in the clockwise direction in increments of 5 
60 

degrees. A 170-millicurie Co source was used for the calibration. 

The distance between the source and detector was held constant at 
4     2 

125 csijWhich gave an incident flux at the detector of 8 x 10 Mev/cm -sec. 

The payload and Co  source were aligned so that the plane of 

motion of the source from 0 to 180 degrees was coincident with the 

Z'-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 table. A remote control box was used to start the motor 

for each 0 setting. When the table rotated 360 degrees, the motor , 

automatically stopped until started for a new test 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 IS 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 its 

size, shape,and gamma emission. The scanner is referred co as a 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 

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

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

and a 600-volt power supply. The scanner shields, detectors, and pulse- 

shaper circuits were contained in a flat, disk-shaped aluminum container 

approximately 1.8 inches thick and 5.3 inches 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 supply 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 accommodate six detectors around its circumference. However, because 

of physical limitations, only two detectors could be used. Since these 

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 
238 

the 90-degree edge. The shield was fabricated of depleted U   for 

maximum shielding effects. The scanning action was due to the spin and 

trajectory motion of the carrier rocket. For each revolution of the 

payload, the debris 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. Gamna radiation from the debris cloud 

within the 20-degree aperture S was attenuated by the shield before 

it reached the detector. Radiation outside S was received by the de- 

tector unattenuated. Thus, as the shield and detector assembly rotated 

in a clockwise 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 shield 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: 

P. F « F 
S   max ■u 

Where: 

U 

max 

» flux due to debris cloud that existed in the field of 

view (solid angle) shielded from the counter by the 

uranium wedge 

■ flux received by the detector from the unshielded region 

- 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 F , the radiation flux received by 

the detector, from F   which approximated the flux that would have been 
max 

received by an unshielded counter. 

Nuclear-Chicago type D-80 G-M tubes were chosen as detectors be- 

cause of their small size and short deadtime of approximately 10 usec, 

which placed the maximum count rate in the order of 10 counts/sec. 
2 

Each output pulse represented a gamma flux of 300 Mev/cm -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 
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per payload converted the detector output pulses into analog voltages 

which were proportional to the gamma flux detected by the telescopes. 

The schematic diagram is shown in Figure 2.11. 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 S-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 5-volt output. 

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

a 4-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/5 C. The output from this generator 

triggered 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 transferred 

data 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 scanner assembly, consisting 

of two negative telescopes and a high-voltage power supply, was mounted 

in Quadrant A just below the gamma 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 payload 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 Co  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 S-inch increments. At 5 inches 

from the tube, output pulses were recorded at each 1-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 thes» characteristics 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 Co  storage con- 

tainer (see Figure 2.12), and its output count rate was monitored on 

a Nuclear-Chicago sealer 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 typical crystal photomultiplier scintil- 

la tor with a ^ it 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 gamma 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 cesium-iodide (Csl) 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 silicone 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 radiation. 

The Csl crystal produced photons when it was exposed to gamma 

radiation. These photons stimulated the PM tube, which produced output 

pulees with amplitudes proportional to the energy absorbed by the crystal. 

These pulses were amplified by a preamplifitr, integrated, amplified again, 

and then transferred to telemetry equipment. The block diagram for the 

gamma 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 greater than 10 msec. The output voltage to the telem- 

etry equipment varied between 0 and 5.6 volts, A Zener diode prevented 

the output voltage from exceeding 5.6 volts when the detector saturated 

from overexposure to gamma radiation. The 0.75-inch-thick beta shield 

prevented particles with energies below 4 Mev from reaching the Csl 

crystal. The gamma detection range of this instrument was between 
6   , 2 

2 and 8 x 10 Mev/cm. -sec. 

Installation. The gamma detector assembly was mounted to inter- 

costal C-D (Figure 2.3) with four Allen-head cap screws. The payload 

power and signal harness cable was connected to the detector assembly 

with a Bendix 14-pin pygmy connector. 

Calibration. The gamma detector was calibrated by placing a 

""}h 64-Mc Co  source at predetermined distances from the detector. The 

detector output voltage was measured and recorded as the distance between 

the source and 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 calibration chart for gamma detector No. 1 

is given in Appendix £. Since the detector was subjected to a gamma 
235 energy spectrum of Ü   during the experiment, the energy coordinates 

(abscissas) were multiplied by 1.9. This computation was necessary be- 

cause the crystal absorbed only 52.9 percent of the incident energy. 

2.2.5 Beta Detector. The beta detector was a icintillator- 

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 comparison 

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-tnch-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 lightwaves. The aperture of the 
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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 cesiuai iodide crystal, for the gamma 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 signal cable was connected to the detector assembly 

with a Bendix 14-pin pygmy connector. 

Calibration. The beta detector was calibrated by placing cali- 

brated absorbers between the detector and a 25-Mc Sr8 

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 
90 

detector and Sr  source was adjusted to produce a 5-volt output volt- 

age. This volt?ge 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- 
2 

sorption constants varied from 0 to 1,000 mg/cm . 

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 
235 

the U   energy absorbed from the debris cloud. Since the beta de- 

tector absorbed 12 percent of incident gamma radiation, a correction 

factor curve w*.s plotted as described previously for the gamma detector. 

il 

90 

235 
For a U   energy spectrum, the energy absorbed by the stilbene crystal 

was 90 percent instead of 100 percent of the incident energy from a Sr' 
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source. Thus the absorption energy for each curve was multiplied 

by 1.1. The energy absorption of the light window was neglected be- 

cause the error it produced did not significantly affect the accuracy 

of the calibrated detector output. 

2.2.6 Photometer. The photometer as a conventional aurora 

airglow instrument with a 5-degree field of view. The photometer 

was located in Quadrants C and D as shown in Figure 2.3. The purpose 

of the photometer was tc 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 N. emission band in- 

tensity and distribution of the aurora induced in the upper atmosphere 

by the nuclear detonation. 

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 

supply. The 2-inch-square objective lens and a 15-mm-diameter field 

lens were bonded to aluminum frames, which were screwed to the 3.5-inch- 

diameter stainless steel cylinder. The smaller (2.5-inch) cylinder 

contained the PM tube, dc amplifier, and power supply. These compo- 

nents were sealed in the cylinder with silicone rubber as previously 

described for the gamma detector. The photometer aperture was shielded 

when 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 A. Aurora type radiation having a 

bandhead at 3914 A was generated when beta particles, emitted from the 

detonation, ionized nitrogen molecules in the upper atmosphere. This 

radiation penetrated the ultraviolet filter element shown in Figure 2.17. 

The filter bandwidth was 50 to 60 A 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 
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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 tests. 

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 14-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 density 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 5-volt signal consisted of five 1-volt steps. The out- 

puts of ehe 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 was 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 10-watt 

radio frequency (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 

comnutated channel. 

Ground Telemetry. The ground telemetry system received, demodu- 

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 

pads 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 also 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 display unit was provided to monitor 

the number and quality of subcarrier signals modulating the received RF 

signals. One telemetry ground station was 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 payload azimuth and eleva- 

tion tracking data during the experiment. The GMD transmitter also waa 

used as an auxiliary data transmitter for the payload VHF telemetry 

system. 

Equipment Description. The transmitter con- 

sisted of a transistor modulator, a vacuum tube oscillator, and a 
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dc-Lo-dc converter. An internal Ledex-type wafer switch connected the 

internal battery to a ground support equipment, battery charger. 

The transmitter operating 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 above 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 operated 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 i 2 Mc at its half-power points. A two-cavity 

preselector provided high selectivity and low drift, and a duplexer 

prevented receiver damage during data transmission. Pulse-code spacing 

for two pulse operation was 3 to 9 j.sec, depending on the payload. 
-O 

The magnetron transmitter frequency drift did not exceed 0.05 Mc/ C. 

Minimum output pulse power was 400 watts with a pulsewidth of 0.5 i*sec, 

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 Che C-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-, 148- and 888-Mc signals 

from each amplifier mentioned above were fed to their respective antennas 

and transmitted to earth (Reference 5). 

Installation and Calibration. The three-frequency beacon was 

mounted to intercostal t-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 cells 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. 

Equipment 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 (FM 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. 

Battery 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 ?.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 

were conducted to ensure that the cells were capable of delivering the 

required power for a period which exceeded the flight time of the pay- 

load. In 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 provide the shortest lead length to all instru- 

ments for power distribution and signal monitoring. 

The power change-over and signal monitoring switch enabled the payload 

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 

power 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. Its dimensions 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 each payload for Rockets 8, 9, 

15, and 18. Payloads for Rockets i.9, 26, and 29 did not include 

sensors,because the results from ground tests and the first two events 

indicated chat the payload tetnpera'iure 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- 

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 ISO C. 

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 payload 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 units 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 1-foot cable, which was connected co the electronics unit. 

Refer to Figure 2.3. The electronics unit contained an input voltage 

regulator, oscillator, phase detector, and rectifier. The field sensor 

was a highly permeable magnetic core transformer. A block diagram of 

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 

rectifier where they were added to a 5-kc oscillator reference voltage. 

When the signal from the sensor was zero, the reference voltage produced 

equal dc voltages across R4 and R5 (see Figure 2.22); hence,ehe 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 Dl 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 was accurate to ±1 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 dimensions 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 RIO. Com- 

ponents Q3, Q4, Q5, CR1, CR3, CR4, and R8 in the second section served 

the same functions as Ql, Q2, Q6, CR2, CR5, CR6,and RIO. 

Installation. The regulator was mounted 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 

inpui 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 dr. for the C-band beacon, 12-volt dc for the electronics cir- 

cuit of the instruments, 6-voit dc for the magnetometers, and -12-volt 

dc for the electronic 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 15-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 Alien-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 

equipment were used to perform preflight checkout of payload operation 

(see Figures 2.24 and 2.25). These racks contained standard electronic 

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

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 tetta. Although Specification 

2193-45 included several other tests, such an  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-lb 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. 

51 

k.".  '- '. '■ vv.">.v.v.'' . -ft»-'. 

■X MC iWrtiHj Hi J^J. iU.l.u 



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 UIU-MC CO  source was used to stimulate the gamma 

scanner detectors by placing it near the payload, and the magnetometers 

were checked by moving a small magnet near the phenolic block. The 28-, 

IS- and 15-volt payload batteries were checked with a multimeter. After 

checking the battery voltages, 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 
60 

a 100-Mc Co  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 Telemetry Functional Tests. Functional tests performed on 

the telemetry system before, during, and after vibration 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 subcarrler 

channel was checked by applying the demodulated signal from the receiver 

to a 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 Hallamors 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 which were carried aboard a spinning rocket payload. In 

addition 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 from 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 sma1!, then a 

three-dimensional view of this cloud was obtained by the gamma scanners 

viewing the cloud from widely different points 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 gamma 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 C100 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 1-lnch tape with a 14-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-l and B-5 time codes, 

receiver cutomatic 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 performed 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 

trajectory data.  This process is described in Appendixes F and G. 
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A manual vas 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 vas not completed for this report. It is intended 

that^upon completion of the data reduction, a separate 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 are 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 Department 
Data Reduction Group 
3198 Chestnut Street 
Philadelphia, 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 

55 

IS 



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 oust be performed in a process like this 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 

Axis Frequency Duration 
Displacement 
Peak-to-?eak 

Acceleration 
Zero-to-Peak 

cycle/sec seconds inches S 

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 
50 - 500 48 1.4 
500 - 2000 30 2.8 

2000 - 5000 18 11.3 
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TABLE 2.4 DATA FORMAT ON TAPE AND PRINTOUT RECORDS 

Tim« from H ■ 0 in milliseconds 

X-position of payload (from Johnston Island) in meters 

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

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

Range (burst to payload) in meters 

Azimuth of line between burst point and payload in degrees 

Elevation of line between burst point and payload in degrees 

Azimuth of vertical gamma scanner (20 ) in degrees 
o 

Elevation of vertical gamma scanner (20 ) in degrees 

Gamma scanner vertical (20 ) in counts per 10 milliseconds 

Tl 

Fl 

?2 

F3 

F4 

F5 

F6 

F7 

F8 

F9 

F10 Gamma scanner vertical (90 ) in counts per 10 milliseconds 

Fll Azimuth of horizontal gamma scanner (20 ) in degrees 

F12 Elevation of horizontal gamma scanner (20 ) in degrees 

F13 Gamma scanner horizontal (20 ) in counts per 10 milliseconds 

F14 Gamma scanner horizontal (90 ) in counts per 10 milliseconds 

F15 Azimuth of Z'-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 
2 

F19 Beta detector in Mev/cm -second 

F20 Beta detector in volts 
, 2 

F21  Photometer in watts/cm /steradians 

F22 Photometer in volts 

F23 Total gamut detector in Mev/cm -sec 

F24 Total gamma detector in volts 

F2S AGC in microvolts or DBM 
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TABLE 2.4 DATA FORMAT ON TAPE AND PRINTOUT RECORDS (CON'T) 

P26 X-magnetometer In gauss 

F27 Y-magnetometer in gauss 

F28 Constructed Z-magnetometer In gauss 

F29      yx2 + Y2 + Z2       in gauss 
F30 Theoretical value of F (total magnetic field) in gauss 

F31 Theoretical value of declination of F in degrees 

F32 Theoretical value of inclination of F in degrees 

F33 Altitude of payload from earth's surface in meters 
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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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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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Figure 2.21    Magnetometer block diagram. 
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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 gamma 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 

9 

15 

18 

19 

26 

29 

H -f 1203 

H + 2400 

H + 901 

H + 1861 

H - 120 

H + 780 

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 F from the scanners was due to gamma 

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

view  of the instrument as illustrated in Figure 2.8.  However, 
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'V 
the shielded field of view S was the region of interest. To obtain 

the count rate F due to debris in region S, F was subtracted from 
o u 

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) 

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

and 9 (H + 2400) F instead of F is plotted.because F could not be 

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

previous procedure was difficult, because the widely spread debris 

invalidated the assumption that F   ^ F_. r *   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). F 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 
7      2 

to 1.41 x 10 Mev/cm sec occurred at an altitude of 305 km, and for 
2 

Rocket 9 (H + 2400) a maximum count rate corresponding to 1.47 Mev/cm -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 F 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 cycles at various flight times. 

Phi, 9, was the direction of the shielded region of the scanners 

with respect to true north.  The average of the five values of Fc 

versus $ was plotted, and a family of curves corresponding to different 

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 fron the H - 90 scanner, another family of curves of F versus 

payload altitude was obtained, where each curve represents a different 

azimuthangle. (See Figure 3.14.) 

All the scanners on Rocket 18 (R + 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 

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

in Figures 3.IS, 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 seconds and lasting 

until H + 822 seconds. Although some signal modulation was noticed 

on ail channels, there was no correlation with the spin frequency of 

the payload. Starting at H + 622 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 identical. Noise was also observed on 

other telemetry channels during this time. After this period, a 

system malfunction affected the normal operation of the scanners. 

This malfunction va« indicated by the absence of the normally present 

10-millisecond 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 

were less than 1000 cps which corresponded to a radiation flux of 
6.2 

< 3 x 10 Mev/cm -sec.  However, a slight amount of signal modulation 

due to the spinning payload indicated that debris was probably above 
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Che 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 
235 

determine the incident energy flux, a gamma energy spectrum for U 

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 frota the gamma detector on Rocket 

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

load 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 lover than in the 40-degree position. 
6      2 

Maximum radiation energy flux corresponding to 1.4 x 10 Mev/cm -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 

Co gamma radiation starting at H + 933 seconds.  It was partially 

saturated for 7 seconds between H + 972 and H + 979 seconds.  The 

oucput 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 revolution 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. 
6      2 

A maximum output corresponding to 3.2 x 10 Mev/cm -sec occurred at 

H + 2024 seconds (34 km). 

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

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

guH detector provided an output signal until H + 215 seconds. The 

detector was saturated for 9 seconds after blackout. After this period, 

a modulated 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 id 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 a maximum of approximately 
5     2 

5.12 x 10 Mev/cm -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 payload spin frequency was present until the payload 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 chat debris 

was still present at H + 15C0 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 field lines to the vicinity of the burst. The first step 

in accomplishing this was to plot the magnetic field lines in the 

vicinity of Johnston Islesi  using the data from Reference 4.  The 

actual trajectory was then projected on a plane parallel to the field 
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lines and containing the burst point as shown in Figures 3.23, 3.24, 

3.25 and 3.28 for Rockets 8, 9, 15, and Irrespectively. 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 rr steradians. Tha 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 mtnlmums 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 malfunction. 

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

an output 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 
6      2 

indicating an energy flux of greater than 2 x 10 Mev/cm -sec. 

Immediately after, tvo 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 failure 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 shown 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 (H + 780). The cause for 

this lack of data was not determined. 

On Rocket 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 
5      2 

south. The maximum level of radiation was 2.6 x 10 Mev/cm -sec. 

98 

^A^.%A^.>.-,.H.^.,/.i>/....>/.^,>.^.>.N-,V.S-..-,,,V,,/ ■,_.-. A. .-, <..; . . ,. . . 



V 

'J 

y 

3.4 PHOTOMETER 

The output of the photometer was a function of the irradiance of 
o 

3914 A incident radiation 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 north. By H + 1290 (95 km) the output had decreased 

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 (R + 1203) is shown in Figure 3.38. 

The photometer on Rocket 9 (R + 2400) produced an output signal 

starting at H + 2479 seconds (85 km). At H + 2489 seconds (100 km) 

the output signal started to increase 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 photometer 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 photometer 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 3-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 + 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 + 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 3.41. 
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The photometer on Rocket 26 (H + 780) produced an output signal 

of about 10 degrees in width at 0 degrees from north between H + 807 

seconds (19 km) and H + 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 nation 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 3.9    Vertical 20* gamma scanner data, Rocket 
8, 212, 237, 262 and 285 km, Star Fish. 
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Figure 3.10    Vertical 20* gamma scanner data, Rocket 
Rocket 8, 285, 350, and 408 km, Star Fish. 
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Rocket tu. 8 
Vwtleol 90* Scanner 
Plot Origin > Vehicle Location 
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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 Flah. 
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Figure 3.14   Rocket altitude versus ground range and 
count rate, Rocket 15, Blue Gill. 
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Note* Projected Altitude is 
Measured From a Plane 
Tangent to Earth Through 
Johnston Island. 
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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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Note1 Projected Altitude is      p)0nc of 
Measured From o Plane Trajectory 
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Johnston Island. 
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Figure 3.28    Projection of Rocket 9 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 3.31    Beta detector output voltage versus its field 
of view, Rocket 8, Star Fish. 
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Figure 3.32    Beta detector output versus projected altitude, Rocket S, Star Fish. 
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Figure 3.33    Beta detector output voltage versus 
its field of view, Rocket 9, Star Fish. 
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Figure 3.34    Beta detector output voltage versus 
its field of view, Rocket 15,  21ue Gill. 
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Figure 3.38    Photometer data, Rocket 8, Star Fish. 
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Figure 3.39    Photometer data, Rocket 9, Star Fish. 
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CHAPTER 4 

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 the 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 

which in turn was read as gamma radiation on the Geiger-Mueller tubes 

of the gdüüüd scanners. This indicated that the debris was scattered 

over an extremely wide area. 

4.1.1 Expected Gamma Produced Count Rates and the Breasstrahlung 
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 byproducts.  Ir keeping with the preliminary state of the experi- 

mental data, the following 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 fitting 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: 

P - Y (1.5 x 10"2)/ 3.35 (3 + 2t0,6 + t1,2) 

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 

9 22 
3.54 x 10 watts - 2.21 x 10  Mev/sec 

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 seen 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 

7 2 1.1   x 10    Mev/cm -sec 
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In the absence 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: 
6   , 2 

0.83 x 10 Mev/cm -sec 

The beta detector, on Che other hand, recorded a total beta flux of 

about 
7      2. 

1.1 x 10 Mev/cm -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 

ma Je 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 brenmstrahlung 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 necr the poirr of closest 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 

Johnston 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 
8      2 

1.5 x 10 Mev/cm -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 120-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 the 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 3.31 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 pointing 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 small.  Thus fi/fi  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, 

•2U      2 
2/(1 - cos Q)(ET) =- 9.0 x 10   cm -sec/Mev 
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where, 

or » 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. 
-20        -18 

Thus, the value of q increased from 9 x 10   to 7 x 10   between 

projected altitudes of SO km and 215 km. 

4.1.4 Photometer Data. The photometers on Rockets 8 (H + 1203) 
o 

and 9 (H + 2400) observed ionized nitrogen emission (\ * 3914 A) 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 horizontal 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 ionized air generally 

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

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

of ionized air from 100-km to 130-km altitude, with an area of decreased 

intensity at 115 km. Figure 3.23 shows a cross section of the trajectory 

reflected onto the eavth'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. 

Approximately the same phenomenon was observed 20 minutes later 

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

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 about 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 intersected 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, if the scanner was located on the 

edge of the assumed debris sphere, then the half-amplitude width would 

be 90 degrees.  Since the half-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 $ a 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 

0 2> 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 occuiring at 

projected altitudes of 75 and 85 km for an azimuth angle of $ ■ 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 a)(ET) =- 7 x 10"22 cm2-sec/Mev 

where 

a  ■ half angle of beta detector viewing cone » 15 degrees 

E = total emission of debris at time equal to zero in 
24 

Mev/sec * 7.5 x 10  Mev/sec 

T - decay function of debris normalized to unity at time 

equal to zero 

q varied between 1.4 x 10   and 4 x 10   between projected altitudes 

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.l 

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 

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 vertical 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 

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 intersect the debris, whereas the field line going north will be below 

it. 
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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 

where, 

2/(1 - cos a)E =* 7.9 x 10   cm -sec/Mev 

a m  15 degrees 

E » 7.5 x 1024 Mev/sec 

The decay function T is not used,since the data is already normalized. 
-14  2 

At H + 40 seconds, q =» 7 x 10  /cm . From optical data, "Fourth 

Report of the Fish Bowl Rapid Interpretation Group, King Fish", page 

58, Figure 35,  the diameter of the fireball was determined to be 

about      which corresponds to a cross sectional 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 

debris, judging from the peak observed at this time. 

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

component. As time increased, the ratio of tie 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 airglov. 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 observed this airglow four times. This is shown in 

Figure 3.40. The presumed shape and location of '"his 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 

produced 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 along the field lines was performed to 

determine the location of the beta source above the burst point. 

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 

Rocket IS 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<v2; 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, ar.d 19. 

The detector on 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 

by a 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 occurred during the three events. 

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

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 

after launch. 

155 



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 effective 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 objectives were achieved 

for Blue Gill and King Fish; however, 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 Fish 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 rr 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 Co  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 shielding effects 
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also provided information as to the location and size cf 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,  ii 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, omnidirectional 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 liftoff 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 Dimensions, km Flux, Mev/cta -sec 

Spherical 

Spherical 

Spherical 

Prolate spheroid 

Prolate spheroid 

Prolate spheroid 

Prolate spheroid 

Half of debris at 
each conjugate point 

All debris at north 
conjugate point 

All debris at south 
conjugate point 

100 (radius) 5.3 x 10' 

300 (radius) 5.9 x 106 

1000 (radius) 5.3 x 105 

100 x 500 (semiaxes) 2.5 x 107 

200 x 500 (semiaxes) 9.0 x 106 

200 x 1000 (semiaxes) 6.16 x 10' 

400 x 1000 (semiaxes) 2.3 x 106 

■»■ * - 4.6 x 105 

x 10J 

i<r 

TABLE 4.2 CLOUD SHAPE .JJD BETA FLUX 

Cloud Shape Dimensions, km 0 Flux, Mev/cmi^ec 

Spherical 

Spherical 

Spherical 

Prolate spheroid 

Prolate spheroid 

Prolate spheroid 

Prolate spheroid 

100 (radius) 

300 (radius) 

1000 (radius) 

100 x 500 (semiaxes) 

200 x 500 (semiaxes) 

200 x 1000 (samiaxes) 

400 x 1000 (semiaxes) 

5.3 x 10 

5.9 x 106 

5.3 x 105 

5.3 x 107 

1.3 x 107 

1.3 x 107 

3.3 x 106 

7 
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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 conclusions 

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

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. 

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 

radiation was generated by the interaction of trapped beta particles 

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 horizontal 

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 

Recommendations are 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 

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

gamma detector, photometers, magnetometers, and telemetry systems. 

These recommendations are based on the analysis of hand-reduced 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 6.2rbecause 

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 negative 

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: (1) 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 

slightly 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 and in elevation by motion of the telescope around its 

axis of rotation.  Its real-time output 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 payload. 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 Electron produced by the incident gamma ray, and the reflected 

gamma r<?y. 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 

established for such experiments. 

5.2.3 Aspect Determining Elements. The magnetometer package was 

carried on the Project 6.2 payloads to determine magnetic aspect for 

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

the magnetometer data was not sufficient to accomplish this task. 

Instrument packages for the measurement of nuclear events that occurred 

during the day could carry both a magnetometer and a solar aspect 

sensor to determine attitude more easily.  Instrumentation for nighc 

bursts is restricted to sensing the magnetic field vector; sensing 

the earth's horizon, which is useful only above an altitude of approx- 

imately 50 to 75 km; and sensing Che position of a light or some ocher 

radiating source on the ground.  Inertial packages that are gyro- 

oriented offer another solution, but their greater cost, complexity, 

and weight limit  their application on sol id-propel iar.t sounding rockets 
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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. 

5.2.4 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 calibration 

(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 advisable 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 converter and 

subcarrier oscillators employed on Project 6.2. This technique will 

preserve 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 payioads.  Even without the refinement of automatic 

tracking antennas, &  good azimuth elevation manual control 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 be 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 OPERATIONS, 

PROJECT 6.2 

A.l    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 twc 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 aerodynamic 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, Project 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-l) 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.  In 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 was 

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 the 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 ordinary 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 e.xeed 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.l. 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.l 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.l 

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-l M5-Cajun 

C-22 M6-M5-M5 

D-4 M6-M5-M5-X248 

NOTE: M5-Nike 
M6-Honest John 

A.5 LAUNCH CONTROL 

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 to 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 number 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 EG6G 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. 

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 

for preparing, assembling, and firing 28 sounding rockets involved in 

three high-altitude nuclear events.  These rockets included 79 stages 

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

urations were as follows: 

Designation 

ARGO D-4 

ARGO D-4 
w/blunt  nose 

ARGO C-22 

HJ-N-N 

HJ-N 

ARGO B-l 

Propulsion System 

M6-M5-M5-X248 

M6-M5-M5-X248 

M6-M5-M5 

M6-M5-M5 

M6-M5 

M5-Cajun 

Manufacturer 

ADC 

ADC 

ADC 

ARC 

ARC 

ADC 
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Designation Propulsion System Manufacturer 

N-C M5-Cajun ARC 

N-C M5-Cajun ADC/ARC 

N-C M5-Cajun ADC/AGC/PSL 

*ADC  Aerolab Development Co. 

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 accordance 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 between actual and predicted flight azimuth of the 

vehicles are not-d. Such errors were predominately a function of wind 

measurements. Since each vehicle was very wind sensitive, small changes 

in surface wind had a significant effect on the final azimuth.  For 

example, an ARGO D*4 launched at a nominal 83 degrees quadrant elevation 

and 120 degrees true north asirauth in a 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 vehicle 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 produced very little, if any.,thrust. 

4. Rockets 8, 9, and 25 (ARGO 0-4), 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, and Cajun motor was visually inspected 

by (.tie 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. 
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In addition to the three basic payloads employed on the Nike- 

Cajun type vehicles, Figure A.5 is presented to distinguish betveen 

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-l (Nike-Calun) (Aerolab) 

Two ARGO B-l vehicles were launched with satisfactory flights. 

Available performance data indicated that these rockets produced 

nominal flights. ARGO B-l 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 cps. This 

indicated a very low fin damping force. 

Nike-Calun (ARC) 

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

produced successful flights. 

Honest John-Nike 

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 close to predicted values, extrap- 

olated fross 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 third-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- 

pellant deterioration. 

The third-stage fins on these vehicles were equipped with a special 

leading edge design. This installation was employed to obtain 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, and the 

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 

have been Initiated by contact from the ejected payload umbilical block 

and cable. 
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ARGO D-4 

Seven ARGO D-4 vehicles vere 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 

tolerances, 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 VEHICLE FAILURE DISCUSSION 

Twecty-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 mocor, bad igniter, thrusc 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-l).     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 IS 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  ,-arolab 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 scage. 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 

performed successfully, and therefore, the failure was not catastrophic. 

There are several causes of chis type of failure; propellant deteriora- 

tion, premature break in igniter firing cable, or ground firing circuit 

malfunction. Since the checkout records on this particular stage indi- 

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.l DETAILS OF ROCKET OPERATIONS 

STAR FISH EVENT 

Rocket No. 1 2 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 HJ-N HJ-N D-4 N-C D-4 D-4 D-4 
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 +420.3 +420.3 +480.3 +960.3 +1203 +2400.3 

Launcher elevation 
(degree) 85.3 87.3 87.3 88 83.2 87.3 83.5 81.5 82.7 
Launcher azimuth 
(degree  true) 145 76 151 89 153 76 145 8 0 

Flight elevation 
(degree)                   » 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 
Predicted b 

apogee (km) 463 119 86 87 440 119 520 640 672 
Predicted impact b 

range (km) 779 52 41 44 1055 52 805 1160 950 

Predicted flight 
time  (second) 800 360f 300f 300f 786 360f 834 877 905 

Actual apogee (km) 496 1008 18« 85.1 537 100.5g 515 632.1 685.8 

Actual impact 
range (km) 545 56* 58 43.6 925 49g 949.1 1076 787.6 

Actual flight 
time  (second) d 725* 260 108 251 700* 329 749 824e 871* 

Payload type IV II III-B III V II V I I 

Pay load configuration D E E A A 

Contractor Zlmney GCA GCA CCA Z imney CCA Zimney EOS EOS 

AME/DME frequency 
(RCVR/XMTR-Mc) 310/338 None 310/285  310/270 310/273 None 310/335 None None 

C-band frequency 
(RCVR/XMTR-Mc) None None None None None None None    5700/5775 5700/5775 

CMC beacon frequency 
(He) 1660 1670 1680 1660 1670 1680 1660 1670 1680 

Three-frequency 
beacon  (He) 

36.94 
147.76 
886.56 

None None 
36.94 

147.76 
886.56 

36.44 
145.76 
874.56 

None 
36.94 

147.76 
886.56 

36.44 
145.76 
874.56 

36.94 
147.76 
886.56 

VHP telerne cry 
frequency  (He) 253.8 234.0 245.3 234.0 245.3 253.8 253.8 234.0 234.0 

'Legend! 
D-4: Argo D-4 (Aerolab) 
N-C: Ntke-Cajun (ARC) 

HJ-N: Honest John-Nike (ARC) 
b 
PostfllgHt prediction based upon best wind data at launch and other pertinent data 

'poatflight coaputer simulation 
Based upon duration of VHP telemetry reception (except as noted) 
Three-frequency beacon reception 
Nominal 

* Estimated 
hSee  Figure A.5 
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TABLE A.l (continued) 

BLUE GILL EVENI 

Rocket Ho. 10 u 12 13 14 15 17 18 

Project No. 6.3 6.3 6.3 6.3 6.3 6.2 6.3 6.2 

Vehicle type N-C HJ-N HJ-N N-C HJ-N HJ-N-N HJ-N HJ-N-N 

Vehicle Ser. No. A-U B-l B-6 A-12 B-5 C-l B-3 C-2 

Launcher No. 16 19 6 15 18 5 17 4 

Launch tine 
(second from H-0) -59.3 -119.2 +301.0 +360.9 +670.4 +900.8 +1320.8 +1861.2 

Lavncher elevation 
(degree) 84.0 84.0 83.0 84.0 87.0 83.0 82.5 83.0 

Launcher azimuth 
(degree true) 112 106 0 112 143 0 143 0 

Flight elevation 
(degree) 80.5 80 82.5 84 84.5 82.5 80 82.5 

Flight azimuth 
(degree true) 102 86 20 88 100.5 21 117.5 35.5 

Predicted    b 

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

Predicted Impact 
range (km) 104 88 71 62 46.5 100 88 100 

Predicted flightd 

time (aecond) 340 278 290 350 300 345 278 345 

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

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

Actual flight 
time   (second) 270 240 240 265 265 340 240 175 

Payload type 11 III-A III-A II III I III I 

Payload configuration B B B A B A 

Contractor CCA OCA CCA GCA GCA EOS GCA EOS 

AHE/DME frequency 
(RCVRVXKni-Mc) None 310/285 310/27P None 310/279 None 310/273 None 

C-band frequency 
(RCVR/XKTR-Mc) Nonr None None None None 5700/57' 5 None 5700/5775 

CMD beacon frequency 
(He) 1660 1670 1680 1660 1670 1680 1660 1670 

Three-frequency 
beacon  (He) 

VKV telemetry 
frequency 

None 

253.8 

36.94 
147.76 
886.56 

245.3 

36.44 
145.76 
874.56 

234.0 

None 

253.8 

36.44 
145.76 
874.56 

245.3 

36.94 
147.76 
886.56 

234.0 

36.44 
145.76 
874.56 

245.3 

36.94 
147.76 
886.56 

234.0 

Legend: 
N-C: Nike-Cajun  (ARC) 

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

b 
cPoetflight prediction based upon best wind d«t*  at   launch and Other  pertinent  data 
.Estimated 
See Figure A.5 
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TABLE A.l (continued) 

KING FISH EVENT 

Rocket No. 19 20 21 22 23 24 25 26 27 23 29 

Project Ho. 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-l D-4 B-l C-22 D-4 C-22 C-22 C-22 C-22 

Vehicle Ser. No. C-7 C-6 106 35 105 C-2 36 C-l C-5 C-4 C-3 

Launches No. 1 17 15 19 16 5 22 2 18 6 4 

Launch tine 
(second froa H-0) -119.7 -119.7 -0.3 +59.6 +359.6 +360.2 +542.3 +780.4 +810.1 +2400.4 +1500 

Launcher elevation 
(degree) 86.1 86.5 87.0 85.5 82.0 83.0 83.2 86.1 86.5 83.0 86.1 

Launcher ailauth 
(decree true) 155 135 112 131 109 0 177 155 135 0 155 

Flight elevation 
(degree) 85 85 85 82.5 80 82 83 85 85 82 85 

Flight ailmuth 
(degree true) 123 b 109 79 100 b 100.5 19.5 130 115.5 109 18 92.5 

Predicted 
ipogee (tae) 194 180 115 500 113 170 490 194 180 170 194 

b 
Predicted impact 
rtnge (ka) 100 91 62 770 104 130 790 109 93 130 100 

Predicted flight b 

tine  (second) 430 413 350 818 350 413 807 430 413 413 430 

Actual apogee (kn) 162C 161.8 105 142° 113 153.9 560 162.6 157.3 152 67.6 

Actual  impact 
range  (km) 104.5° 82.4 40.2 313C 90 157.2 561.2 104.1 89 156.6 36.2 

Actual flight d 

tlae (second) 360 370 280 400 280 360 785 370 360 360 224 

Pay load type I III-B II IV-A II III-C V I-A III III I 

Payload configuration A 8 0 B D A B B A 

Contractor EOS CCA CCA Zlmney CCA CCA Z limey. EOS CCA CCA EOS 

AME/DME frequency 
(RCVRVXKTR-Me) (ten 310/285 None 310/282 None 310'279 310.W8 None 310/273 310/279 None 

Csband frequency 
(RCVRVXKIR-Kc) 5700/5773 None None None None None 5700/5775 None None 5750/5325 

GMD beacon frequency 
(Me) 1660 1670 1680 None 1680 1670 1660 1680 1670 1680 1660 

Three-frequency 
beacon  (He) 

36.94 
147.76 
886.56 

None None 
36.44 

145.76 
874.56 

None None 
36.94 

147.76 
386.56 

None 
36.44 

145.76 
874.56 

36.44 
145.76 
874.56 

36.94 
147.76 
386.56 

VHP celeaetry 
frequency  (Mc) 234.0 253.8 None 245.3 None 234.0 253.8 245.3 234.0 234.0 245.3 

Legend: 
C-22:  Honest John-Nike-Nike  (Aerolib) 
B-l:  Nike-Cajun (Aerolab) 
D-4: Argo D-4  (Aerolab) 

b 
cPostflight prediction based upon best wind decs  at   launch and other  percmenc  data 
^Postfllghc covpucer slaulatlon 

Based upon duration of  VHP telentry  reception  (except  »a noted) 
*See Figure A.5 
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TABLE A.3  FIRE CONTROL PANEL OPERATION 

Sequence of Operation Results 

1. All switches off, including 
BRL and battery charger 

2. All connectors installed 

Select rocket and check pay- 
load and battery umbilical 
squib circuits 

4. Main power switch on 

5. Master key switch on 

6. Battery chargers on 

7. Battery chargers off 

8. First-motion switch on 

9. Reset first-motion relay 
with selector switch and 
reset switch 

10. Umbilical transformer 
switch on 

11. All section switches on 

12. BRL, lock-out switch on 

13. EG6C relay closes 

14. Umbilical block ejects 

15. Timer switch closes 

16. Firing junction box relay 
closes 

17. Rocket flight initiated 

18. First-motion relay closes 

19. Control panel first-motion 
relay closes 

None 

None 

Squib resistance 

Light on,  power supplied to master 
switch 

Light on,  power to battery charger, 
section switch, transformer switch, 
and first-motion switch 

Charge batteries ('Z ampere 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,  power to firing relay 

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,  closes firing junc- 
tion box ret ay 

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 control panel 

First-motion light on,  gives signal 
to BRL-EOS-CRL & GCA 
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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 

b. Detail Vehicle Description:  Four-stage solid propellant rocket; 
Honest John, Nike, Nike booster and 
X-248. 

Rocket and Igniter Serial 
Number and Time Delay: 

1st Stage 

2nd Stage 

3rd Stage 

4th Stage 

Rocket  Igniter  Time Delay 

3031   61 0 

10359  Unknown    9.7 sec 

11551  Unknown   25 sec 

195  Unknown   65 sec 

d. Total Rocket Weight (Incl. Payload):  7487 lb 

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

f. Rocket Center of Gravity:  ?42.l la, from lst-scage nozzle 

g. Rocket Fins (Descriptive):  Stage   1st       2nd     3rd 

2        2     2 
Size  7.5 ft  2.73 ft   2 ft 

Angle  30' cw   6.9' cu   SO.4' cu 

h.  Rocke: Spin Rate: Jrd-stage b.o.     Est:rcaced  6.75 rps Actual 5.5 rr- 

ith-stage ignition Estimated  6.2 rps        5.5 TPS 

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

j.  Number to be Launched:  Two 

4ch 

None 
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TABLE A.8    CONTINUED 

re* 

PAYLOAD: 

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

b. Net Payload Weight and Length (Incl. extension tube:  133 lb  S3" long 
CG 20.7" fwd of 
motor face. 

c. Payload Balanced;  Static and Dynamic. 
l"oz.     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 oi 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:  Designed to vertical beta ray distribution 
of debris.  Will consist of scintillation cry-- -1 and photo- 
multiplier tube looking out side of roc:.jt. 

3. Gamma Ray Detector:  Similar ^o beta ray dete 
entirely within payload, consequently is not 
rays. 

4. Photometer:  Consists of photomultiplier tub 
Will measure intensity and distribution of N- 
(39141) ot induced aurora. 

5. Three-frequency phase coherent transmitter. 

6. 10-watt FM/FM telemeter. 

Contained 
tive to beta 

1 response). 
»mission line 

'& 

7. Gt-ID-1 transmitter (IW) for telemetry a   for -ocket azimuth 
and elevation angular data. 

8. Three axis aspect magnetometers. 
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TABLE A.6 CONTINUED 

V» 

9. ARPA (RCA) C-band radar beacon for trajectory and measurements 
of induced refractive effects. 
Hodel AGA C/T 505 Type Transponder 

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 

Duracorn: 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 

GKD-1: No. 11 

T/M XMTR: No. 1588 

PWR AMP: No. 885 

i.  Nose Cone Strvcct»a (Descriptive): 

Standard D-4 Fiberglass nosecone.   Nosecone will not be ejected 
during flight.  Internal structure consists of full-length metal 
conic frustuyi from instrumentation base plate to nose of rocket. 
Three-frequency beacon, telemetry,and GMD-l antennas are mounted 
on this conic frustum. 

j.  Transmitters: 

1. Three-Freq. beacon:  36.44, 145.76.and 874.56 Mc 150, IOC 
and 500 milllwatti,respectively. 

2. Telemetry  234 Mc  (10 watt) 

3. GMD-l  1670 Mc  (1 watt) 

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

k.    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. 

1. 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. Timing BRL and EG&G 

2. GMD-l 

3. Telemetry Station 

4. BRL ionosphere Station (6 ant) 

5. ARPA DAMP Ship coordinates 

8. PROBE PATH: 

a. Launch Location:  Johnston Island 

b. Launcher Number:  H (5) 

c. Launcher Elevation 80°  Final 81.5 

d. Launcher Azimuth:  15  true  Final 8 
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TABLE A.6 CONTINUED 

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

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

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

h. Predicted and Actual Impact Range:  Predicted 1160 km 

Actual  ii30km 

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°. 
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TABLE A.7 LAUNCHING PROJECT CARD, ROCKET 9 

1. PROGRAM: Fishbowl, Program A 

2. PROJECT:    6.2; Rocker-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 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 

1st Stage 

2nd Stage 

3rd Stage 

4th Stage 

2998 273      0 

10346 Unknown 9.7 sec 

10336 Unknown 25 sec 

199 Unknown 65 sec 

Total Rocket Weight (Incl. Pay load):  7487 lb 

Total Rocket Length (Incl. Payload):  592.24 inches 

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

g.  Rocket Fins (Descriptive): Stage   1st       2nd      3rd 

Size 

Angle  3D' cw    6.9' cw  50.4' cw 

7-1/2 ft2 2.75 ft2 2 ft 

4th 

None 

h.  Rocket Soin Rate: 3rd-Scage b.o.    Predicted 6.75 rps Measured 5.5 rps 
4th-Stage ignition 6.1 rps 5.75 rps 

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

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

PAY10AD: 

s. Gross Payload Weight (Incl. nose shield 
and extension tube): 159 lb 

b. Net Payload Weight and Length  133 lb  S3" long 
(Incl, extension tube):       CG 20.7" fwd cf motor face 

c. Payload Balanced:  Static and Dynamic 
1" o«.     8" oas. 

d. Payload 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 ray 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 b«ta ray detector. Contained 
entirely within payload, consequently is not sensitive to 
beta rays. 

4. Photometer:  Consists of photomultiplier tube (S-ll response') 
will measure intensity and distribution of S- and emission 
line(39l4A)  of induced aurora. 

5. Three-frequency phase coherent transmitter. 

6. 10-watt FH/FM telemeter 

7. GKD-1 tran utter (1W) for telemetry and for rocket ariasuth 
and elsvatxon angular data. 
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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 

Duracom:  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 

GKD-1: No. 20 

T/M XMTR: No. 1557 

Power Amplifier: No. 884 

i.  Nose Cone Structure (Descriptive^ 

Standard D-4 fiber glas nose cone.  Nose 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-frequency beacon, celemetry, 
and CMD-1 antennas are mounted on this conic frustum. 

j. Transmitters: 

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

2. 234 Mc      (10 watt) 
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TABLE A.7 CONTINUED 

3. GHD-1 1690 Mc(l watt) 

4. RCA Beacon Trans 5770 Mc Rec. 5775 Mc 

k. Antennas (Descriptive): 

1. 36.44: Loop, consisting of one BRL shroud antenna mounted 
on metal 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 ISO 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 special raised 
section near upper section of conic frustum. 

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

1. 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. 

GROUND INSTRUMENTATION: 

1. Timing BRL and EGfcG 

2. GMD-1 

3. Telemetry Station 

4. BRL Ionosphere Station (6 Ant) 

5. ARPA DAMP ship coordinates 

PROBE PATH: 

a. Launch Location:  Johnston Island 

b. Launcher Number:  J (*>) 

c. Launcher Elevation:  80 Final 82.7 

d. Launcher Azimuth:  1 ■> true  Final C 
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TABLE A.7    CONTINUED 

e. Launch Day and Hour:    8 July 1962    2340:09   HST 

f. Launch Time (Relative Co Burse):  H + 40 Min nominal and actual 

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

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

9.  METEOROLOGICAL DATA: 

Azimuth based on winds 1 hour before actual launch was 32 T. 

10.  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 2°. 
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TABLE A.8 LAUNCHING PROJECT CARD, ROCKET 15 

1.  PROGRAM: Ftshbowl, Program A 

2. PROJECT: 

3. EVENT: 

6.2; Rocket-Borne Gamma Ray Scanner 

Blue Gill  Prime 

LOCATION OF PROJECT ACTIVITY: Johnston Island 

VEHICLE DESCRIPTION 

a 

b 

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

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 

1st Stage 3000 40 0 

2nd Stage 11305 ARC *9 10 seconds 

3rd Stage UNK ARC #10 0 

4th Stage 

d. Total Rocket 
(Inc. p«y!oa 

We 

«0: 
ight 

e. Total Rocket Length 
(Inc. pay load): 

f. Rocket Center of Gravity: 

g. Rocket Fins (Descriptive): 

h  Rocket Spin Rate: 

Stage 
Type 
Size 
Angle 

H-J Std 
6 ft2 

2 3  Single Wedge 
Nike Std  Nike Std/w 
2.5 ft-' 2.5 ft2 

30 ft cw 26 ft ccw 21 ft cw 
Estimated 3-65 rps Actual 1.7 rps 

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

J.     Number  to  be  Launched:   2 

1S8 
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TABLE A.8   CONTINUED 

6.      PAYLOAD 

ft. Gross Payload Weight 167 lb, CG 16.5 fwd of motor face 

b. Net Payload Weight and Length 
(Includes extentlon tube) 141 lb, 49 inches long 

c. Payload Balanced: Static and dynamic 

d. Payload Environmental tests: Spin, vibration, thermal 

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

f. Payload Instrumentors: 1. Electro-Optical Systems, Inc. 
2. Ballistic Research Laboratories 
3. ARPA (Radio Corp. of America) 

Payload Description: 

Gamma Ray Scanner:  Consists of 
four gamma ray flux tubes 
mounted on two gamma shields at 
angles of approximately 70 de- 
grees to each other.  Scanning 
will be accomplished 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 consist of 
scintillation crystal tad photo- 
multiplier will look out side of 
rocket. 

5. Three-frequency phase coherent trans- 
mitter 

6. 2.5-watt FM/FM telemeter. 

7. GMD-1 transmitter for telemetry and 
for rocket azimuth and elevation 
angular data. 

8. Three axis aspect magnetometer 

9. ARPA (RCA) C-band radar beacon for 
trajectory and measurements of 
Induced Refractive Effects. 
Model 505A 

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-ll response) 
will measure intensity and dis- 
tribution of N. ♦ emission line 
(3914%) of Induced aurora. 
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TABLE A.8    CONTINUED 

Nose Cone Structure 
(Descriptive): 

i.    Transmitters: 

j. Antennas (Descriptive): 

Standard D-4 fiberglass nose cone. Nose 
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 beacon antennas are mounted on this mating 
section as well as the pullaway receptacle. 

Three-frequency beacon.  36.44, 145.76, 
and 874.56 Mc (150,100. and 500 milliwatts, 
respectively) 
Telemetry  234 Mc   (5 watt) 
GMD-1  1690 (1 watt) 
RCA Beacon  Trans 
Rec 

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

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

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

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

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

RCA Beacon:  Bent valentine; two each 
mounted 180 degrees apart on nose cone 
rocket macing section. 

2. 
3. 
4. 

1. 

l'+. 

k. Other: 
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TABLE A.8    CONTINUED 

7. GROUND INSTRUMENTATION 

8. PROBE  PATH: 

a. Launch Location: 

b. Launcher Number: 

c. Launcher Elevation: 

d. Launcher Azimuth: 

e. Launch Day and Hour: 

f. Launch Time (Relative 
to Burst): 

g. Predicted and Actual 
Peak Altitude: 

h.  Predicted and Actual 
Impact Range: 

1. Timing BRL and EG&G 
2. GMD-1 
3. Telemetry Station 
4. BRL ionosphere Station (6 ant) 
5. ARPA DAMP Ship coordinates 

Johnston Island 

H (5) 

85 degrees      Final 83 degrees 

18 degrees true Final  0 degrees 

26  0Ch14m49S 

H +15 m inutes 

Predicted 129 km 
Actual 137 km 

Predicted 100 km 
Actual 170 km 

9.   METEOROLOGICAL DATA: 

10. SUMMARY OF OPERATIONS. 
RESULTS OBTAINED, AND 
COMMENTS Severe coning 
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TABLE A.9 LAUNCHING PROJECT CARD, ROCKET 18 

1.  PROGRAM: Fishbowl, Program A 

2. PROJECT: 

3. EVENT: 

6.2; Rocket-Borne Gamma Ray Scanner 

Blue Gill Prime 

4.  LOCATION OF PROJECT ACTIVITY:    Johnston Island 

VEHICLE DESCRIPTION: 

a. Typ« of Rocket and Round No: Honest John, Nike, Nike, Hound No. 18 

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

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 

Total Rocket Weight 
(Inc. payloa *): 

«. Total Rocket Length 
(Inc. payload): 

f. Rocket Center of Gravity: 

g. Rocket Fins (Descriptive): Stage 
Type 
Size 
Angle 

H-J Std 
6 ft* 

2        3 
Nike Std  Single wedge 
2.5 ft*   2.5 ft* 

30 ft cw  26 ft cw Jl ft cw 
h.  Rocket Spin Rate: Estimated 3.65 rps Actual 1.5 

i. Agency Responsible for Vehicle: 

j. Number to be Launched: 
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TABLE A.9   CONTINUED 

6.      FAYLOAD 

a. Gross Payload Weight 167 lb, CG 16.5 Inches fwd of motor face 

b. Net Payload Weight and Length 
(Includes extension tube) 141 lb, 49 inches overall length 

c. Payload Balanced: Static and dynamic 

d. Payload Environmental 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 
four gamma ray flux tubes 
mounted on two gamma shields at 
angles of approximately 90 de- 
grees to each other. Scanning 
will be accomplished by rocket 
rotation. Will map vertical 
distribution of gamma ray 
sources. 

2. Beta Ray Detector: Designed to 
map vertical beta ray distribu- 
tion of debris. Will consist 
of scintillation crystal and 
photo-multiplier will look out 
side of rocket. 

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-ll response) 
will measure intensity and dis- 

tribution of N2 + emission line 
(3914A) 'of induced aurora. 

5. Three-frequency phase coherent 
transmitter. 

6. 2.5-watt FM/FM telemeter. 

7. GMD-1 transmitter for telemetry and 
for rocket azimuth and elevation 
angular data. 

8. Three axis aspect magnetometer. 

9. ARPA (RCA) C band radar beacon for 
trajectory and m«asurements of 
Induced Refractive Effects. 
Model 505A 
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TABLE A.9 CONTINUED 

h. Nose Cone Structure 
(Descriptive): 

Transmitters: 

J. Antennas (Descriptive): 

Standard D-4 fiberglass nose cone. Nose cone 
will not be ejected during flirht. 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 and instrumen- 
tation plate is utilized. RCA beacon antennas 
are mounted on this mating section as well as 
the pullaway receptacle. 

1. Three-frequency phase-coherent transmitters. 
36.44; 145.76 and 874.56 Mc  (150, 100, and 
500 milliwatts, 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. 

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 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. 

Other! 

204 

I^I^NT^ITU«!!* i,r ^iTiq> y>jn,ij^;_ I,,»',»; K"*.' K*K<< ■.'  '-"L" "I    U   HI    l> 



TABLE A.9   CONTINUED 

7. GROUND INSTRUMENTATION 

8. PROBE PATH: 

a. Launch Location: 

b. Launcher Number: 

c. Launcher Elevation: 

d. Launcher Azimuth: 

e. Launch Day and Hour: 

1. Timing BRL and EG&G 
2. GMD-1 
3. Telemetry Station 
4. ARPA (DAMP ship) coordinates 
5. BRL ionosphere station (6 ant.) 

Johnston Island 

J (4) 

85 degrees    Final 83 degrees 

Launch Time (Relative 
to Burst): 

Predicted and Actual 
Peak Altitude: 

h.  Predicted and Actual 
Impact Range: 

18 degrees true Final 0 degree 

It      00h30S49S 

H +1860 seconds 

Predicted 
Actual 

129  km 
51.4 km 

Predicted   100  km 
Actual     -42      km 

9.  METEOROLOGICAL DATA: 

10. SUMMARY OF OPERATIONS, 
RESULTS OBTAINED, AND 
COMMENTS 

Severe coning, third stage tumbled 
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TABLE A.10    LAUNCHING PROJECT CARD, ROCKET 19 

1.  PROGRAM: Fishbowl, Program A 

2.  PROJECT: 6.2; Rocket-borne Gamma 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 
Round No. 19 

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 

1st Stage 

2nd Stage 

3rd Stage 

4th Stage 

d. Total Rocket Weight 
(Inc. pay load): 

e. Total Rocket Length 
(Inc. payload): 

f. Rocket Center of Gravity: 

1847    21 

10363  ADC No. 5 

10441  ADC No. 2 

6,965 lb 

9.5 seconds 

26.5 seconds 

523 inches 

205 inches from first stage nozzle 

g.  Rocket Fins (Descriptive): 
First stage: Double wedge type, 31 minutes clockwise (average) incidence 
Second stage: 3* ft2, Double wedge type, 2 ft ccw incidence 
Third stage: 2-3/4 ft2, Double swept, single wedge type, 17 ft cw incidence 

h.  Rocket Spin Rate: Estimated 5.5 rps  Actual 2.0 rps nominal 

Agency Responsible for Vehicle: Electro-Optical Systems, Tnc 
Aerolab 

J.  Number to be Launched: 
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TABLE A.10   CONTINUED 

6.      PAYLOAD 

a. Gross Payload Weight 210 lb 

b. Nee Payload Weight and Length 
(Includes extension tube)     140 lb, 49 inches overall length 

c.  Payload Balanced: 1 inch/ounce 

d.  Payload Environmental Tests:   Shock, vibration, thermal per 
specifications 

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

f. Payload Instrumentors: 1. Electro-Optical Systems, Inc. 

2. Ballistic Research Laboratories 

3. ARPA (Radio Corp. 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 degrees to each 
other. Scanning will be accom- 
plished by rocket rotation. Will 
map vertical distribution of 
gamma ray sources. 

2. Beta Ray Detector:  Designed to 
map vertical beta ray distribu- 
tion 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, con- 
sequently is not sensitive to 
beta rays. 

4. Photometer: Consists of photo- 
multiplier tube (S-ll response) 
will measure intensity end dis- 
tribution of N2 and emission 
line  (3914Ä) of induced aurora. 

5. Three-frequency phase coherent 
transmitter. 

6. 10-watt FH/FM telemeter 

7. GMD-l transmitter (1 watt) 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 
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TABLE A.10 CONTINUED 

h. Nose Cone Structure 
(Descriptive): 

Standard D-4 fiberglass nose cone. Nose cone 
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. 

Transmitters: 

j. Antennas (Descriptive): 

1. Three-frequency beacon: 36.94, 147.76, and 
886.56 Mc;150, 100,and 500 milliwatts, 
respectively. 

2. 234 He (10 watt) 
3. GMD-1 1660 Mc (1 watt) 
4. RCA Beacon Trans. 5750 Mc 

Rec.  5825 Mc 
1. 36.94:  Loop, consisting of one BRL shroud 

antenna mounted on metal conic frustrum. 
2. 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. 

5. 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. 

k.    Other: 
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TABLE A.10    CONTINUED 

GROUND INSTRUMENTATION 

PROBE PATH: 

a. Launch Location: 

b. Launcher Number: 

c. Launcher Elevation: 

d. Launcher Azimuth: 

e. Launch Day and Hour: 

f. Launch Time (Relative 
to Burst): 

g. Predicted and Actual 
Peak Altitude: 

h.  Predicted and Actual 
Impact Range: 

1. Timing BRL and EG&G 
2. GMD-1 
3. Telemetry Station 
4. BRL Ionosphere Station (6 ant) 
5. ARPA DAMP ship coordinates 

Johnston Island 

1 

85 degrees Final 86.1 degree 

120 degrees true Final 155 degrees 

1 November 1962, 0208:6.5 

H-2 minutes 

Predicted 
Actual 

19C km 
185 km 

Predicted      UQ km 
Actual 95 kn, 

METEOROLOGICAL DATA: 

10. SUMMARY OF OPERATIONS, 
RESULTS OBTAINED, AND 
COMMENTS 
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TABLE A.ll   LAUNCHING PROJECT CARD,   tOCKET 26 

1.  PROGRAM: Operation Fishbowl, Program A 

2.  PROJECT: 6.2; Rocket-borne Gamma Ray Scanner 

3.  EVENT: King Fish 

4. LOCATION OP PROJECT ACTIVITY:     Johnston Island 

5. VEHIC?£ DESCRIPTION: 

a. Type of Rocket and Round No:  Honest John, Nike-Nike Booster No. 26 

Three-stage solid propellant rocket. 
Honest John and two Nike Boosters. 

Detail Vehicle Description: 

Rocket and Igniter Serial 
Number and Time Delay    Rocket  Igniter Time Delay from Launch 

1st Stage 

2nd Stage 

3rd Stage 

4th Stage 

1.729 56 0 

1040f; ADC No. 9 9.5 sec. 

10425 ADC No. 7 26.5 sec. 

d. Total Rocket Weight 
(Inc. payload): 

e. Tot.il Rocket Length 
(Inc. payload): 

f. Rocket Center of Gravity: 

6.965 pounds 

523 xivjr.*'?- 

20; inche i from first stage nozzle 

g.  Rocket Fins (Descriptive): 
st 

1  Stage: Avg. incidence - 33-3 ft cw; Double wedge type 
2^ Stage:  3 1/2 ft,. Double wedge type, 2 ft ccw incidence ,rd 

h.     Rocket 
i  " St^:   „2...3/4 ft'»   Doubje swept, single wedge,   1.7  ft cw incidence per :*|Än Race: 

5.5 rps 3-2  rps  nom. 

i.     Agency  Responsible   for  Vehicle:    Aerolabs 
Electro-Optical  Sysc« 

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

6.      PAYLOAD 

Gross Pay load Weight (Inc. 
nose shield and extension 
tube) 
Net Payload Weight and Length 
(Inc. extension tube) 

Payload Balanced: 

Payload Environmental Tests: 

210 pounds 

140 pounds       42 inches 

1 in. oz static 

Shock,  vibration,   thermal  per specification 

e.     Payload  Integrator: Electro-Optical  Systems 

£.  Payload Instrumentors: 1. Electro-Optical Systems 
2. Ballistic Research Laboratories 
.3. AkPA (Radio Corp. of America) 

g.  Payload Description: 

(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 
rotation.  Will map vertical distribution of 
gamma 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 o 
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-ll response). Will measure intensity 
and distribution of N and emission line 
(3194%) of induced aurora. 
(5) 10-watt FM/FM telemeter. 
(6) GMD-1 transmitter (1W) 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     505A        Type 
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TABLE A.ll CONTINUED 

h. Nose Cone Structure 
(Descriptive): 

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. 

i. Transmitters: (1) Telemetry  245.3 Mc  (10 watt) 
(2) GMD-1  1680 Mc  (1 watt) 
(3) RCA Beacon  Trans. 5700 Mc 

Rec . 5775 Mc 

j. Antennas (Descriptive): (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. 

Other I 
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TABLE A.ll   CONTINUED 

7. GROUND INSTRUMENTATION 

8. PROBE PATH: 

«. Launch Location: 

b. Launcher Number: 

c. Launcher Elevation: 

Launcher Azimuth: 

Launch Day and Hour: 

d. 

e. 

f. Launch Time (Relative 
to Bur»':): 

Predicted and Actual 
Peak Altitude: 

Predicted and Actual 
Impact Range: 

(1) Timing BRL and EG&G 
(2) GMD-1 
(3) Telemetry Station 
(4) ARPA DAMP Ship Coordinates 

Johnston Island 

2 

85°     Final 86.1° 

120° true    Final 155° 

1 November 1962    0223 hours 06.5 seconds 

H + 13 minutes 

Predicted    190 km 
Actual 172 

Predicted     HO km 
Actual 110 

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 Fishbovl, Program A 

2. PROJECT: 

3. EVENT: 

6.2; Rocket•borne Gamma Ray Scanner 

King Flah 

4. LOCATION OP 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 

1st Stage 

2nd Stage 

3rd Stage 

4th Stage 

4079 18 

10430 ADC No. 7 9.5 seconds 

10377 ADC No. 8 26.5 seconds 

d. Total Rocket Weight 
(Inc. payload): 

e. Total Rocket Length 
(Inc. pay Load): 

6,965 pounds 

523 inches 

f. Rocket Center of Gravity: 205 inches from first stage nozzle 

g. Rocket Fins (Dei riptive): 
1 Stsge: Dble wedge type, 30 ft cw incidence (average) 
2 , Stage:  3 1/2 ft,, dble wedge type, 2 ft cw incidence per fin 
3 Stage:  2 3/4 ft , dble swept, singlewedg« type, 17 ft cw incidence per 

h.  Rocket Spin Rate: Estimated Actual fin. 
5.5 rps       2.5 rps NOM. 

Agency Responsible for Vehicle: 

j.  Number to be Launched; 

Electro Optical Systems 
Aerolabs 
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TABLE A.12   CONTINUED 

PAYLOAD 

a. Gross Pay Load WelghC (Inc. 
nose shield and extension 
Cube) 

b. Net Pay load Weight and Length 
(Inc. extension tube) 

c. Payload Balanced: 

d. Payload Environmental Tests: 

210 pounds 

140 pounds    42 inches 

1 in oz static 

Shock, Vibration,  thermal per specification 

a.    Payload Integrator: Electro-Optical Systems 

£.     Payload  Instrumentors: 1. Electro-Optical Systems 
2. Ballistic Research Laboratories 
3. ARPA (Radio Corp. 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 ray sources. 
(2) Beta Ray Detector:  Designed to map 
vertical beta ray distribution of debris. 
Will consi.it of scintillation crystal and 
photo-multiplier tube looking outside of 
rocket. 
(3) Gamma Hay 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-ll response) will measure intensity 
and distribution of N, and emission line 
(3914Ä) of induced aurora. 
(5) Three-frequency phase coherent transmitter 
(6) 10-watt FM/FM telemeter. 
(7) CMD-1 transmitter (1W) 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 

not 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. 

Transmitters! 

'v. 

j. Antennas (Descriptive): 

(1) Three-frequency beacon: 36.94, 147.76,and 
886.56 He;  ISO, 100,and 500 milliwatts, 
respectively. 

(2) 245.3 He  (10 watt) 
(3) GMD-1  1660 He   (1 watt) 
(4) RCA Beacon Trans. 5700 He 

Rec. 5775 He 

(1) 36.94: Loop, consisting on one Bi .?ud 
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 He:   Slots; 4 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. 

Other: 
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TABLE A. 12 CONTINUED 

7. GROUND INSTRUMENTATION 

8. . PROBE PATH: 

a. Launch Location: 

b. Launcher Number: 

c. Launcher Elevation: 

d. Launcher Azimuth: 

e. Launch Day and Hour: 

Launch Time (Relative 
to Burst): 

Predicted and Actual 
Peak Altitude: 

Predicted and Actual 
Impact Range: 

(1) Timing BRL and EG&G 
(2) GMD-1 
(3) Telemetry Station 
(4) BRL Ionosphere Station (6 Ant) 
(5) ARPA DAMP ship coordinates 

Johnston Island 

4 

85°        Final 86.1° 

120° true        Final  155° 

1 November 1962 0235 hours    6.5 seconds 

H + 25 minut es 

Predicted 194 km 
Actual 67 

Predicted 100 km 
Actual 41 

METEOROLOGICAL DATA: 

10. SUMMARY OF OPERATIONS, 
RESULTS OBTAINED, AND 
COMMENTS Second stage failure 
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Figure A.2    Large launcher (plan view). 
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D a E 

Net (lb)   Ballast (lb)   Gross (lb)    Rocket  No. Payload Net (lb) 

A 125 

A' 125 

B 

C 125 

D 132 

E 123 

45 

167 

212 

290 

161 

189.5 

180.5 

15,18 

19,26 8 29 
11,12,14,17, 

20,24,27 8 28 
889 

1,22 8 25 

587 
Includes Nost Con« 

Figure A.5    Payload designation and nose cone outlines. 
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APPENDIX B 

ROCKET VEHICUE PERFORMANCE 

B.l 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.  In 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. 

223 

wrM9BÖ9tfW!WQfiWBWS«*5ra!w58W 



B.2 TRAJECTORY PARAMETERS 

With the assumption of parabolic motion within a plane, the re- 

duction problem became two-dimensional. If p is defined as the hori- 

zontal coordinate and y as the vertical, the equations of motion are, 

p -P0 + P0(t-tp) (B.l) 

ym y0 
+ V^"172 s^-'o)2 <B-2> 

where p and y are the position coordinates, and p and y are the 

velocity components for the initial time t . The time variable is t, 

and -g is the vertical component of acceleration resulting from the 

force of gravity which is assumed constant for each trajectory deter- 

mination, but variable from rocket to rocket. For convenience, let 

T 2 (t-t ) so that the above equations become 

P - P0 + PQ; T (B.3) 

y - y0 + y0 T-1/2 g T
2 (B.4) 

The velocity components are obtained by differentiating the last two 

equations. 

P - P0 (B.5) 

y - yQ - g T (B. 6) 

Hence, if ehe parameters p , y , p , and y can be evaluated from the 

observed data, 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 p , y , p" , and y , the trajectory 

parameters.  This required the derivation of a 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 e, in terms of the position coordinates, 

while developing r in terms of both the position coordinates and the 

velocity components. The equations follow: 

r mjp*  + 

e - tan (y/p) 

r - (pp+yy)/r 

(B.7) 

(B.8) 

(B.9) 

Combining the above equations with Equations B.3 through B.6, there 

result: 

r -v/(P0^0T)
!,+(y0+y0T-i/2gi

a)3 

€ - tan*1[(yo+yoT-l/2gT
2)/(po-HDoT)] 

* " [(P0^0T)(P0)+(yo+yoT-l/2gT
a)(yo-gT)] 

x [v/(P0^0T)2+(y0*y0T-i/2iT»)
a]*1 

(B.10) 

(B.ll) 

(B.12) 

In particular, when t ■ t so that T ■ 0, Equations B.10, B.ll, and 

B. 12 reduce to: 

I   a" ä 
ro - VP0 

+y0 

e
0 ■ tan"1<y0

/oo) 

r    ■ (p   p  +y y )/r o      VMo- o 7o7o'     o 

(B.13) 

(B.14) 

(B.15) 
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Whera r , e , and r 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 

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 i»t of equations of condition, caution was required to 

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 same site generally provided a 

very weak solution. Likewise, poor results were experienced from a 

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. 

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 r , r , and c  for time t and a slant 
0  0      0 O 

range, r, for any time, t, other than t .  If only the slant range is 

measured, f may be obtained by either numerical or graphical differ- 

entiation.  On the other hand, if f is the measured quantity, inte- 

gration may be used to derive the necessary values for r.  The latter 

process requires a continuous record of f from launch.  Preferably, 

t should occur on the upward leg of the trajectory and t on the down- 

ward leg.  Both times are, of course, restricted to that portion of 

the trajectory where the missile is in free flight and above the 

effective atmosphere. 

With c and r as input, initial position for time t may be 

readily obtained from the equations, 
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p *■ r cos c Ko   o    o 

y • r sin e 7o   o    o 

(B.16) 

(B.17) 

Solutions for the remaining trajectory parameters require Equation B.15 

which may be written in the form 

p ■ (r r -y y )/o Ko    oo 'o'o Ko 
(B.18) 

Substituting for" p    in Equation B.10, yields, 

r - JC» +{<r r -y* )/pjT]a+[y +y T-(l/2)gT*]a 
O    O O 'OOO O 'o 

(B.19) 

After squaring and simplifying, this reduces to 

Ay  + By + C - 0 
o    o 

(B.20) 

Where:   A - 1 + (y /p )* 
o r o 

B--[(gT+(2roroyo)/po
a] 

C - [[roro/po]a+[(ro
s<-rs')/r'3+C2roro/T]-g[yo-(gTi,)/4]J 

One of  the solutions  for Equation B.20 yields a false result and may 

be neglected.     The valid solution for y    is obtained from 

y    - [-Z-Jv'-UAC     ]/2A (B.21) 

p may now be evaluated wich Equation B.18 to complete the solution. 

If a reliable estimate of r is available, the method can be 
o 

altered slightly to accept as input e , r , and measurements of slant 

range, r. and r_, for two times, t and t-, such that t < t. < t . 

If T a (t.-t ) and T2 a ^t2"t ^» the e1uatlons oi  condition may be 

written as 
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Cpo+poTi]a+tyo+yoTr(1/2)8Tia3i' ■ ri (B,22) 

CP0
+Po^^+[VyoT2"(1/2)8V]3 " X2 (B23) 

Since p and y may be determined by Equations B.16 and B.17, the above 

system contains the unknowns p and y . 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 range was combined with three observa- 

tions of elevation angle, the resulting set of equations provided rel- 

atively reliable results. 

When elevation angles alone were available, the input for the 

computation consisted of r , the slant range for time t~ , and three 

elevation angles, e , e., and c«, corresponding to times t , t., and 

t„.  The times were related so that t < t, < t„ with t occurring on 
2 o   1   2      O 
the upward leg of the trajectory and t on the downward leg if possible. 

All three times were, of course, selected for a drag-free portion of 

the trajectory. 

Proceeding with the derivations, the assumed value for r and the 

observed e may be substituted directly into Equations B.16 and B.17 
o 

to determine the position of the rocket at the initial time t .  With 

p and y known, Equations B.22 and B.23 may be solved for the unknowns, 

p and y .  The resulting solution consists of 
o     o 
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P0 - [D(y0+l/2 gTlT2)+Ep0]/F 

yo - [(tan «2CP0+P0T2)-yo>/T2]+gT2/2 

(B.24) 

fB.25) 

where, 

D - (T2-T) 

E ■ (Tj tan «2"T2 tan e^) 

F - T^Ctan c^tan e2) 

B.4 RESULTS 

The trajectories, which are presented in graphical form in Figures 

B.l through B.14, were determined from the best observations available 

for the particular rocket. Where possible, the computed trajectories 

were derived from flight paths obtained by umslle 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 measurements 

than in the observations of slant range. 

The parameters which characterized the motion of each rocket are 

presented in Table B.l.  In addition, the source of ehe input data for 

the trajectory determination of each rocket is indicated. Elevation 

angle input is represented by c and slant range by r.  The value for 
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g is an average value based on the apogee of the flight path. In 

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 - P0+^0T+(l/»a'/ (B-26) 

For Rocket 8, p' - -0.000546 km/seca, and for Rocket 9, 

p' - -0.000478 km/seca. 
o 

A three-dimensional trajectory may be obtained from the param- 

eters of Table B.l by adding the following equations to the previous 

development: 

x ■ p cos a (B.27) 

z « p sin a (B.28) 

where a  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 is located at Point John.  The unit of length in 

the table is the kilometer, and the unit of time is the second,  t is 
i o 

the time after launch. 

B.5 DISCUSSION 

The accuracy of the computed 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 thore 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 arror 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 fron 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 lag 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 

records 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 tines 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 for 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 equivalent 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 km 

for Rocket 25. These values are not necessarily in poor agreement if 

it is considered that Rocket 25 was well behaved, whereas the poor 

performance of Rocket 22 resulted in 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 fins. 

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 e NCa 83.6 km 100.3 km. 
6 e NC 79.9 101.1 

10 e NC 84.0 97.4 
13 e NC 78.8 97.1 
21 e NC 

average 
80.0 
81.3 

105.5 

4 e and r HJNb 63.5 85.0 
11 Cubic HJN 66.2 79.7 
12 e HJN 67.4 81.6 
14 e HJN 68.1 93.9 
17 Radar HJN 

average 
65.2 
66.1 

82.1 

19 d 
2C 

HJN, 
HJN, 
HJN, 
HJN, 
HJN, 
EJN 

66.'9 162.6 
20 Cubic 64.9 161.8 
24 Cubic 63.4 154.0 
26 Radar 66.9 162.6 
27 Cubic 63.7 158.0 
28 Radar 69.2 152.0 

average 65.8 

a Nike- Cajun 

Honest John-Nike 

Honest John-Nike-Nike 

Based on results of Rocket 26 
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Figure B.l    Trajectory for Rocket 8, Star 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, El Monte, California, 

C.l ELECTRO-OPTICAL SYSTEMS, INC., REPORTS 

Pretest Report (S) 

Sounding Rocket Trajectories and Performance (U) 

Operation Fish Bowl (U) 

Sounding Rocket Trajectories (U) 

Preliminary Report on Gamma Ray Scanning Data 
on the Location of the Debris Cloud (S) 

Data Reduction Instructions and 
Background Information (U) 

Payload Spatial Calibration (U) 

Payload Calibration Report (U) 

Rocket Safety Information (U) 

Rocket Probe Measurements of 
Beta and Gamma Radiation (S) 

Operating Characteristics of the 
Beta and Gamma Detectors (U) 

C.2 ELECTRO-OPTICAL SYSTEMS, INC. 

Environmental Tests (U) 

Overseas Packaging (U) 

Payload Instruments ^U) 

Magnetometer (U) 

Batteries (U) 

Beta Detector (U) 

Gamma Detector (U) 

Gansna Scanner (U) 

Experiment Electronics (U) 

Photometer (U) 

Ground Telemetry Van (U) 

SPECIFICATIONS 

2190-IR-l 

2190-IR-2 

2190-IR-3 Rev 

2190-IR-4 

2190-DASA 

2190 

2190-51A 

2190-52. 

2190-1-76 

2190-TR-l 

2190-M-262 

2190-45 

2190-46 

2190-50 

2192-1 

2192-2 

2192-3 

2192-4 

2192-5 

2192-6 

2192-8 

2202-41 
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C.3 SUBCONTRACTOR REPORTS 

Trajectory and Dispersion Analysis (U) 

Basic Data Summary (U) 

Basic Data Summary (U) 

Dispersion Data Argo D-4 (U) 

Final Performance Data Argo D-4 Vehicle (U) 

Trajact and Dispersion Data Argo C-22 (U) 

Final Performance Data Argo D-4 (U) 

Final Post Flight and Field Service 
Report of Pacific Launch (U) 

Radiation Dosimetry for EOS (U) 

ARC 7906-01 

ARC 7906-02, 
03, and 04 

ARC 7906-05 

Aerolab 26-2 

Aerolab 27-2 

Aerolab 33-2 

Aerolab 33-3 

Aerolab 33-5 

Edgerton, 
Germeshause:i 
and Grier 
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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.I. 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 between 

10 and 60 degrees declination. Other variations shown in the left-hand 

side of the figure were caused by lead balance «eights and the payload 

structure. 
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Notas: 
1. Number« in Plot Represent Percent Shielding. 

2. Poylood Viewed from Outside. 
O- 

c 
< 

o 
Q. 

c 
o 

o 
c 

« 

Figure D.l    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  typical calibration data for gamma scanners, 

an omnidirectional gamma detector, and a beta detector (Figures E.l 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.l. 
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TABLE E.l PHOTOMETER CALIBRATIONS 

Photometer 
Serial No. Rocket 

Calibration in Watt/cm Steradian 
for Each Volt Out 

4 

5 

3 

6 

9 

8 

10 

8 

9 

15 

18 

19 

26 

29 

8.4 x 10 

51.7 x 10" 

0.353 x 10 

0.46 x 10 

3.55 x 10~S 

1.8 x 10"R 

35.8 x 10"8 

-8 

■8 
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Incident Energy Flux, Mev/cm -sec 

Figure E.l   Gamma scanner D-80 detector calibration 
curves for Rocket 8, SN 17 and 34. 
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32 8 Horizontal 15 

42 8 Vertical 13 
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Incident  Energy Flux - Mew/ ( cm - sec) 

Figure E.2   Gamma scanner D-80 detector calibration 
curves for Rocket S, SN 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.l 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 Z1magnetometer (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. 

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 

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 1 mgitudinal or spin axis of the payload. 

(This coordinate system is dsnoted as X', Y', and Z'.) 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 cf 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 

remained between the above limits.  It was assumed that bias errors 

were caused by telemetry VCO drift.  Unfortunately, EOS was unable 

to obtain in-flight calibrators for five of the seven payloads, and 

drifts inherent in FM/FM telemetry systems due to temperature and 

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 

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 

3cale (0.1 volts) changed the actual magnetic field reading by a 

very large percentage.  (For readings near zero, errors exceeded 

50 percent.) Although this caused the Z-axis magnetometer data to 

be valid only on a relative basis, it did not, as demonstrated 

below, invalidate the X1-and the Y'-magnetometer data because of an 

inherent self-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 h   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'-axis) was much greater 

than the caning 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, th« 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 ^tX'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 Y-magnetometer 

to the F-vector defines the orientation of the X-Y' plane of the 

payload (and therefore the Z-axis 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 Ziaxis magnetometer 

data will not be used.  Since the Z-axis magnetometer data cannot 

be calibrated in the above manner, the data output from this channel 

ran 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 Y^channels to find the extrema; i.e., the 

maximum and minimum excursions of the cone upon which the Z-axis of 

the vehicle is moving. The same information, coning frequency and 

extremes of the cone, can be determined from the pattern of X' or 

Y'readings. 
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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 Y-axis 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^'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 Y1channel at the desired time will then, 

when processed with theoretical magnetic field data, give the cosine 

of the angle between the X-and Y-1 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 1-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 generally below 

3 percent. 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.  B was the component 

of the earth's magnetic field perpendicular to the angular velocity 

vector JU of the payload and located far from the payload. 

B,, was parallel to B and inside the cylinder, and B. was perpendicular 
11 o -*• 

to B .  Both B. , and B. were in the plane perpendicular to x.  The 
0 11     X » 

cylinder had a radius r ■ 0.1 meter, a wall thickness t ■ 1.5 x 10 
-8 

meter, and a resistivity p ■ 4.3 x 10  ohm-meter.  Then, 

|BU|- Bo[l /   1 + A2] (F.l) 
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and 

1 h I ■ B0CA / ! + A2] (F-2> 

The angle of rotation of the field vector is 

B. / Bu - tan <y « A 

where 

A - u)n0 tr / 2 (F.3) 

p, » permeability of free space ■ 4 TT X 10 

Inserting the numbers given above in Equation F.3 

A - (2.2 x lO"3*« 

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 u> - 38 (6 rps), A "0.084 radian or 5 degrees. 

This could cause some trouble for the magnetometer readings in 

some of the faster rotating payloads, but errors of less than two 

degrees on the other payloads were of little consequence.  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.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 XT Y-; Z-system shown in Figure G.l(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); 8 and 0 are the polar coordinates of this axis. 

Figure G.l(b) defines the fixed polar angles 9', <t>'  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-, Z- and Xr 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 X7 Y7 Z-system. The angles 9 and $ remain the same as shown in 

Figure G.l. Since the separation of this third coordinate system 

from that shown in Figure G.l(a) is not of interest, the latter will 
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suffice for attitude determination. Refer to Figure G.l(c). Here, 

F denotes the magnetic field vector at the origin of the Xu, Yu, Z- 

system, i.e., at the payload. 

Direction of Instruments. The instantaneous polar angles 

9 and 0, of a detector are of primary interest in determining its 

attitude. These are given by 

0 - tan"1 [cos (D,X)A cos (D.Y)] (G.l) 

9 « cos "1[cos (D,Z)] (G.2) 

where: 

cos (D,X) - a.  sin 9' sin 01 + a., sin 9* cos 0' + a_. cos 9' 

cos (D,Y) » a., sin 9' sin $' + a., sin 9* cos 0' + a cos 9'   (G.3) 

cos (D,Z) "a,, sin 9' sin 0' + a„_ sin 9' cos 01 + a., cos 9' 

Here, a., are the transformation (rotation) coefficients, i.e., 

direction cosines, between the X-and X'-systerns. Thus, 

X' - anX + auY + a^Z 

Y' - a21X + a22Y + a^Z (G.4) 

Z- - a31X + a32Y + a33Z 

Of course, the values of 9' and 0' are already known (see Table G.l). 

Of the nine coefficients a, , three can be determined experimentally. 

These are a,. ,  a,«, a.., whicu define the direction of the Z'-axis 

in the X; Y7 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 a_., a--, a.,. The task of determining this 

direction becomes difficult if the payload is coning, I.e., if Z* 

describes the surface of a cone in space. This problem is discussed 
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below. If the payload does not cone, then, since final burnout occurs 

relatively low in the atmosphere (at an average altitude of 30 statute 

miles), the Z'-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.., a.«, a.,, a-., a—, a«- are 

determined from the following six simultaneous equations: 

a cos(F.X') + a21 cos(F.Y') + a31 cos(F,Z') - cos (F,X) 

a12 cos(F.X') + a22 cos(F,Y*) + a32 cos(F.Z') = cos (F.Y) 

«13 cos(F.X') + a23 cos(F.Y') + a33 cos(F.Z') - cos (F.Z) 

all " a22a33 * a32a23 

a12 " a31a23 * a33a21 

a13 * a21a32 " a22a31 

The values of cos (F,X'), cos (F,Y'), cos (F,Z') are readily deter- 

mined from the magnetometer data. Thus, for example, 

1/2 

V 'lFX'+FY'+rZ'J   . 

(G.5) 

cos <F,X') = Fv, /(F?, + TL  + fl,~ 

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.l lists the polar angles 9* and 0' of 

each detector axis.  (Refer to Figure G. 1(b)).  The pointing direction 

of the horizontal and vertical gamma 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 Z1 or longitudinal axis so that the Z'-axis traces out 

the surface of a cone), then the coefficients a  , a  , a  will be 

some periodic function of time. Figure G.2 illustrates a simple 

coning motion of the payload. Here, y. and x are the polar angles of 

the Z'-axis, u,1 and y' are the polar angles of the axis of the cone, 

and Y Is tne half angle of the cone. The coefficients are then given 

by 

a  ■ sin n sin \ 

32 

33 

sin y, sin x 

cos u, 

(G.6) 

where, 

M, = n' + Y sin (wt + *) 

X * x' + Y cos (ut +5) 

Here, w is the angular frequency of the coning motion,and 5 is a 

constant to be evaluated.  The coning angle y an<^ the angular frequency 

w can readily be determined from the magnetometer data. A possible 

way of determining n1 and x' is as follows:  Assume the Z'-axis at 

burnout lies in the center of the cone. Then,let a_.Q, a Q, a 

denote the direction cosines of the axis on the cone (which are known 

from the trajectory and magnetometer data).  Hence, 

(G.7) 

-i 
■ tan (a 

-1 
cos  a 

310 

330 

/ a 
320' 

(G.8) 
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There should be no ambiguity in the values assigned to \' and \i,\since 

the direction of the payload velocity vector, relative to the X, Y, Z 

coordinate system, is known at all times from the trajectory data. 

In order to determine the coefficients a.., a__, a  we must 

evaluate the constant 6. In order to evaluate 6, we shall first 

obtain a unique solution of the following set of equations: 

a31 a310 + 832 a320 + a33 
a330 " C0S * 

a3i cos (F,X) + a32 cos(F,Y) + a33 cos(F.Z) - cos (F,Z')  (G.9) 

a 2+a 2 + a a « 1 a31    32    33 

The quantities a31Q, a32Q, a33Q, coa y, c°» (*\X), cos (F,Y), cos (F,Z), 

cos (F,Z') are all known. The first equation represents a plane in 

the a-., a , a  coordinate system that passes a distance | cos y ! from 

the origin, and the second equation represents a plane that passes a 

distance | cos(F,Z') | from the origin. The third equation represents 

a unit sphere about the origin. Refer to Figure G.3. Here, a  is the 

inclination angle between the two planes, given by 

cos a *  a31Q cos(F,X) + a32Q cos(F.Y) + a33Q cos(F,Z) 

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:  a.., &-\y 

a  and a  ', a  ', a  '. Now, if the second plane in Equation G.9 
33     31   32   33 

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 

one solution would be obtained from Equation G.9. The position C 

corresponds to the maximum permissible value of j cos(F,Z')| , or the 

maximum angle between F and Z*. The foregoing 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 

ehe 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 to C and D 

in Figure G.3, which denote the unique solutions 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 employ either a maximum or minimum 

value of ) cos(F,Z')' , i.e., a maximum or minimum absolute reading of 

the Z-magnetometer. Let a..., a->2i' 
a-m denote the un*qua solution 

so obtained from Equation G.9. Then the corresponding values of x 

and a are given by 

-1 
Xi = tan  (a3U / a^) 

(G.10) 
-1 

HI • cos  a 331 

If we let ti 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 

sin 
-1 

(m - y,' / y) " uti (G.ll) 

Since the arc sine function is double valued, the above equation will 

yield two values for ;. The correct 5 is that which, when substituted 

in the second equation of Equation G.7 (at t ■ tj), yields the same 

\ as that computed in Equation G.10. 

The angular frequency, u, of the coning motion, appearing in 

Equations G.7 and G.ll, will either be posirive or 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 u > 0; if the vehicle cones in a counterclockwise 

direction, then u < 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 

(S degrees to 10 degrees), there is a possibility that the assumptions 

are incompatible with each other, so tbe 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 a 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 signals were sufficiently accurate 

for aspect determination. 

2. The Z'-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 X-,  Y«5 Z-system can be determined to within a cone of uncertainty 

around the earth's magnetic field vector. This cone of uncertainty 

results because the magnetometer output only indicates the angular 

separation between the sensor axis and the magnetic field vector. 

Thus, the sensor location can bi anywhere along the circumference 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 4 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 payload 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- 

tional 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 after 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 zero in 5 to 

7 seconds. The period of small amplitude cor.ing gradually increased 

from 15 to 25 seconds until about 60 second* if tor launch and stabilised 

to a period of 24 to 26 seconds until re-entry. 

Output readings of the Z-axis magneton: ;cr were too close to 

zero (2.4 volts) to be of much value without ar. in-flight calibrator. 

Therefore, the steady-state, total-included cming angle can only 

be estimated at between I  degrees and 12 dc.i-rr-vs. 

The vehicle coned around an attitude e>:inated from trajectory 

data to be: 

elevation ■ 71 degrees 

azimuth  ■ 25 degrees (from true north) 

Rocket 18 (H + 1861 Seconds). Rocket 1£ t-c.ane unstable around 

the time of third stage burnout—-nominally 30 seconds, and the coning 

angle increased from the time of burnout tr tbov.z  60 seconds after 

launch. At this time the coning angle became na.N.r.;;*, ar.c the vehicle 

spun about the oaxicun moment of inertia ar.i« vit'r. a period of U  seconds 

per cycle. 

King Fish. 

Rocket 19 (K - 120 Seconds).    The spin rate about the longitudinal 

axis of Rocket 15 vas 2.06 cps (28 secor.dt after iiftoff).    High- 

frequency cor.ing occurred j-st after third-stare burr.rut and lasted 
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•bout 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 than 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 + 780 Seconds). The spin frequancy about the longitu- 

dinal axis vras 2.5 cps. There was no percepti.de high-frequency 

coning after burnout as in the previously discussed payloads. Considerable 

noise on the telemetry channels during this period obscured the precise 

motion. Coning at about a 20-seccnd period was observed 70 seconds after 

launch,but its amplitude was too snail to measure. 

Attitude estimated from trajectory data was 

elevation ■ 81 degrees 

azimuth  "115 degrees (from true north) 

Rocket 29 (H + 1500 Seconds). The spin frequency about the longi-, 

tudinal axis decreased continually throughout the flight, starting about 

1.3 cps shortly after burnout and decreasing to about 1.4 cps near 

re-entry. The payload spin rate decreased after firsc-st3*e firing and 

increased after third-stage ignition. Very little coning was noticed 

until late in the flight. The attitude of the. longitudinal axis changed 

continually throughout the flight. This latter event -.-as more noticeable 

in the decreasing amplitude of the transverse magnetometers than 

in the longitudinal magnetometer. At 200 seconds after launch (50 km 

and falling) the X-Y-plane became perpendicular to the magnetic field, 

and the output of these magnetometers decreased 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 azimuth was 90 degrees (.from true north). 
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TABLE G.l POLAR ANGLES OF EACH DETECTOR IN THE PAYLOAD-CENTERED 
COORDINATE SYSTEM 

DETECTOR • ' 

Photometer 

3 Detector 

90v 

90* 

90* 

90 

Horizontal Gamma 
Scanner 

Vertical Gamma 
Scanner 

105 

90 

45 

Total Gamma 
Scanner 90v 

TABLE. G.2 ALTITUDES WHERE PAYL0ADS LEFT THE ATMOSPHERE 

ROCKET ALTITUDE 

km 

8 

9 

15 

13 

19 

26 

50 

bO 

60 

69 

Did not leave atmosphere. 
Flat spin. Started to recover 
from flat spin at 22 km. 

107 

76 

Did not leave atmosphere. 
Zero angle of attack through- 
out flight. 
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Z (Local  Vertical) 

X (East) 

(a) 

Y (True North) 

(b) 

Y1 (Magnetometer) 

X1 (Magnetomettr) x" 

F (Magnetic Field Vector) 

(0 

Figure G.l   Coordinate systems for determining instrument attitude. 
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Z(Vtrticol) 

YlTrut North) 

X lEott) 

Figure G.2   Coning motion oi the payload. 

N     <r—aJi°3lO+qS2°320 
\\+fl33,We0"r 

a* ♦ o2 +o2   « I SI       32    33 

outfit (F,X) + oMco«lF,Y) 

♦ OJJ co«(F,Z>» cot (F.Z*) 

Figure G-2    Geometrie representation of Equation G 9 
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Coning Circle 
V(a3l,°32,a33) 

(°3l2,a322,a332) 

.-°F (Magnetic Field 
Vector) 

(a3ll, a32lt
a33l) 

/   «'   «/ a3l,a32,a33) 

(°3IO, °320?330) 

Figure G.4   Solution of Equation G.9 on coning circle. 

Vehicle 

Axis of Cone 

Clockwise Con 

w<0 

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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TABU H.l TELEMETRY CHANNEL SUMMARY, ROCKET NUMBER 1 

Project Numb«r 6.4 Data of Racord 9 July 1962 

Event Star Flth Rocket Typa Argo (D-4) 

Experiment Title Unknown Tina Launched 2251:09« 

Date Launched 8 July 1962 Where Recorded EOS TM Van 

Where Launched Johnston Island Fad 22 Recorder Number 1 

Recorded Data Sourea VHF TM 233.8 Mc Track Number 5 and 6 

Tapa Reel Nunbar 30 Paper Records Copy 

Data Location on Tapa 2248 - 2252:17 Distribution Zlmney Corporation 

GMD-l Data: Generally poor except for 39 seconds to 72 seconds; low signal level. 

IRIC 
Channel    Channel 
Number    Frequency Description of Data Comments 

2 560 cps Aspect X 
3 730 cps Aspect T 
4 960 cps Aspect Z 
5 1.3 ke Mass Spectrometer Sweep 

11 7.35 kc Monitor Commutator 
12 10.5 kc Beta and Gamma 
14 22.0 kc Mass Spectrometer 
15 30.0 kc Langmulr Probe 

] 
Quality good from launch to 72 
seconds and from 136 to 137 seconds. 
No usable signals after 137 seconds 
due to poor RF signal levels. 
2.5 rps, 30 segment 
2.5 rps, 30 segment 

TABLE H.2    TELEMETRY CHANNEL SUMMARY,     ROCKET NUMBER 2 

Project Number 6.3 Date of Record 9 July 1962 

Event Star Fish Rocket Type Nlke-Cajun (N-C) 

Experiment Title D Region  Physical Chem. Time Launched 2259:09W 

Date Launched 8 July 1962 Where Recorded EOS TM Van 

Where Launched Johnston Island Pad 16 Recorder Number I 

Recorded Data Source VHF TM 234.0 Mc                , Track Number 1 and 2 

Tape Reel Number 30                                           ; Paper Records Copy 

Data Location on Tape 2254.5 - 2304:08 Distribution Ccophyslcal Corp. 
of America  (CCA) 

IRIC 
Channel 
Number 

Channel 
Frequency Description of Data Comments 

13 14.5 kc   Sweep Signal 

14 22.0 kc   Mass Number 

18       70.0 kc   Aspect Monitor 

Record length 5:08, 
Record quality excellent. 

Record length 5:08, 
Record quallcy excellent. 

10 rps 60 segment, Record length 5:08, 
Record quality excellent. 
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TABU H.5 TELEMETRY CHANNEL SUMMARY.  ROCKET NUMBER 5 

Project Number 6.4 Date of Record 10 July 1962 

Event 

Experiaant Title 

Date Launched 

Star Fish 
E-F Region Physical 
Chemistry 
8 July 1962 

Rocket Type 

Time Launched 

Where Recorded 

D-4 

2307:09V 

EOS TM Van 

Where Launched Johnston Island Pad 19 Recorder Number 1 and 2 

Recorded Data Source VHP TM 243.3 Mc Track Number 3 and 4 

Tape Reel Number 31 and 34 Paper Records Copy 

Data Location on Tape Prom 2306 to 2309:20(1) 
2314 to 2309:20(2) 

Distribution Zimney Corporation 

CMD-1 Data: Poor quality data from launch to 19 seconds, good from 19 to 76 seconds, and poor 
or none after 79 seconds. 

IRIC 
Channel    Channel 
Number    Frequency        Description of Data Comments 

2 560 cps 
3 730 cps 
4 960 cps 

11 7.3S kc 
12 10.3 kc 
14 72.0 kc 
15 30.0 kc 

Aspect X 
Aspect Y 
Aspect Z 
Monitor Commutator 
Beta and Gamma 
Retarding Potential 
Langmuir  Probe 

] 
Quality good from 0-53 seconds, 
poor or none thereafter. 

2.5 rps, 30 segments 
2.5 rps, 30 segments 
4 rps, 18 segments 

Sec Table H.34 for eommutated channel summary. 

TABLE H.8 TELEMETRY CHANNEL SUMMARY.  ROCKET NUMBER 6 

Project Number 6.3 Dete of Record 9 July 1962 

Event Star Fish Rocket Type N-C 

Experiment Title S Region Physical Chen. Time Launched 2308:09U 

Date Launched 8 July 1962 Where Recorded EOS TM Van 

Where Launched Johnston Island P*d 13 Recorder Number I 

Recorded Data Source VHP TM 253.8 Me Track Number 5 and 6 

Tape Reel Number 31 Paper Records Copy 

Data Location on Tape 2306 - 2313:29 Distribution CCA 

IRIC 
Chenae1 
Number 

Channe1 
Frequency Description of Data 

13 14.5 kc        Sweep Signal 

14 22.0 kc        Has* Number 

15 70.0 kc   Aspect Monitor 

Record len, th 3: 29, 
Record quality excellent. 

Record length 5: 29, 
Record quality excellent. 

10 rps, 60 segment, Record length 5:29, 
Record quality excellent. 
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TABLE H.10 TELEMETRY CHANNEL SUMMARY  ROCKET NUMBER 10 

Project No. 6-3 

Event     Blue Gill Triple Prime 

Experiment Title     D-Rcgion Physical Chemistry 

Date Launched 23 Oct 1962 

Where Launched        Johnston Island     Pad 16 

Recorded Data Source     VHF-TM 253.8 

Tape Reel Number     74 

Data Location on Tape   Lift-off thru 0003:22.8 

Date of Record 

Rocket Type 

Time Launched 

Where Recorded 

Recorder No. 

Track Number 

Paper Records Copy 

Distribution 

23 Oct 1962 

N-C 

2358:49.2W 

EOS TM Van 

1 

VHP 5 and 6, CMD 8 

GCA 

IRIG • 
Channel Channel 

Number Frequency Description Comments 

13 14.5 kc      Sweep signal 

14 22.0 kc     Mass number 

16     70.0 kc      Aspect and monitor 

AGC recording Indicates that all SCO's 
would have high S/N ratio throughout 
flight for good data. A tape recorder 
failure at H-0 and lasting 1 mln., 40 
sec. caused loss of all data for this 
period from the EOS TM van. 

TABLE H.ll    TELEMETRY CHANNEL SUMMARY,     ROCKET NUMBER   11 

Projeet No.       6.3 Date of Record 23 Oct 1962 

Event           Blue Gill Triple Prime Rocket Type HJ-N 
Experiment Title     D-Reglon Physical Chemistry Time Launched 2357:49.3W 

Date Launched   23 Oct 1962 Where Recorded EOS TM Van 

Where Launched         Johnston Island      Pad 19 Recorder No. I 

Recorded Data Source     VHF-TM-245.3 Mc Track Number VHP 3 and 4, CMD 9 

Tape Reel Number           74 Paper Records Copy 

Data Location on Tape    Lift-off thru 0004:42.3 Distribution Geophysical Corp. of/ 

IRIG 
Channel Channe1 

Number Frequency Discretion Comments 

10 

11 

12 

13 

14 

13 

16 

18 

5.4 kc 

7.35 kc 

10.5kc 

14.5kc 

22.0 kc 

30.0 kc 

40.0 kc 

?0.0 kc 

Ion trap 

Ion trap 

Monitor ct 

Prompt X ray 

Beta and gamma 

GRD commutator 

A tape recorder failure at H-t and 
lasting 1 mln.,  40 sec. caused loss 
of all data during this period.    AGC 
recording Indicate* that all  SCO's would 
have high S/N ratio throughout flight 
for good data. 

experiment 

RF probe 

Aspect and monitor 
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TABU H.12     TELEMETRY CHANNEL SUMMARY      ROCKET NUMBER 12 

Project No.     6.3 Date of Record 26 Oct 19C2 

Event          Blue Gill Trlpl« ttimm Rocket Type H J-N 

Experiment Title    D-Reglon Physical Chemistry Time Launched 0004:49.3W 

Date Launched        26 Oct 1962 Where Recorded BOS TM Van 

Where Launched      Johnston Island     Fad 6 Recorder No. 1 

Recorded Data Source    VHF-TM-234.0 Mc Track Number VHP 1 and 2, GMD 10 

Tape Reel Number      74 Paper Records Copy 

Data Location on Tape   Lift-off thru 0004:44.1 Distribution CCA 

IRIG 
Channel Channel 

Number Frequency Description Comments 

10 S.4 kc Ion trap 

11 7.35 kc Ion trap 

12 10.5 kc Monitor commutator 

13 14.5 kc Prompt X ray 

14 22.0 kc Beta and Gamma experiment 

13 30.0 kc GRD commutator 

16 40.0 kc RF probe 

18 70.0 kc Aspect and monitor 

AGC recording Indicates that all 
SCO's would have high S/N ratio 
throughout flight for good data. 

TABLE H.13    TELEMETRY CHANNEL SUMMARY,     ROCKET NUMBER  13 

Project No.       6.3 Date of Record 26 Oct 1962 

Event           B'.ue Gill Triple Prime Rocket Type N-C 

Experiment Title     D-Reglon Physical Chemistry Time Launched 0005:49.4W 

Date Launched       26 Oct 1962 Where Recorded EOS TM Van 

Where Launched    Johnston Island      Pad IS Recorder No. 1 

Recorded Data Source    VKF-TM 253.8 Track Number VHF 5 and 6, GMD 8 

Tape Reel Number    74 Paper Records Copy 

Data Location on Tape   Lift-off thru 0005:23.6 Distribution CCA 

IRIC 
Channel Channel 

Number Frequency Description Comments 

13 

14 

18 

14.5 kc 

22.0 kc 

70.0 kc 

Sweep signal 

Mass number 

Aspect and monitor 

AGC recording  Indicates  that all 
SCO's would have high S/N ratio 
throughout flight for good data. 
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TABLE H.ld   TELEMETRY CHANNEL SUMMARY,     ROCKET NUMBER  20 

Projeet No.         6.3 Date of Record 2 Nov 1962 

Event                     King Fish Rocket Type HJ-N 

Experiment Title D-Reglon Physical Chemistry Time Launched 0208:06.4W 

Date Launched     2 Nov  1962 Where Recorded EOS TM Van 

Where Launched   Johnston Island     Pad 17 Recorder No. 1 

Recorded Data Source   VHP TM 253.8 Mc Track Number S and 6 (VHP), GMD 10 

Tape Reel Number     98 Paper Records Copy 

Data Location on Tape Lift-off thru 0214:43 Distribution GCA 

IRIG 
Channe1 Channel 

Number Frequency Description Comments 

10 5.4 kc 
11 7.35 kc 
12 10.5 kc 
13 14.5 kc 
14 22.0 kc 
15 30.0 kc 
16 40.0 kc 
18 70.0 •« 

Ion trap 
Ion trap 
Monitor commutator 
Pronnt X-ray 
Bet» and gamma experiment 
GRD commutator 
RF probe 
Aspect and monitor 

AGC recording indicates that all 
SCO's would have high S/N ratio 

.throughout flight for good data records 
except for a 3-second signal loss 
following H-a. 

TABLE H.20    TELEMETRY CHANNEL SUMMARY.     POCKET NUMBER 21 

Project No.             6.3 Date of Record 2 Nov  1962 

Event                          King Fish Rocket Type N-C 

Experiment Title   D-Region Physical Chemistry Time Launched 0210:06.4U 

Date Launched         2 Nov 1962 Where Recorded EOS TM V«n 

Where Launched       Johnston Island Pad 15 Recorder No. 1 

Recorded Data Source   GMD only Track Number GMD 9 

Tape Reel Number         98 Paper Records Copy 

Data Location on Tape Lift-off thru 0215:23 Distribution GCA 

IRIC 
Channel Channel 

Number Frequency Description Comment» 

13 14.5 kc 
14 220 kc 
18   " 70.0 kc 

Sweep Signal 
Mass number 
Aspect .'nd monitor 

AGC recording indicates that  all 
SCO's  vculd have high S/N ratio 
throughout  flight  for good data. 
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TABLE H.21 TELEMETRY CHANNEL SUMMARY,  ROCKET NUMBER 22 

Project No.     6.4 

Event     King Fish 

Experiment Title E-F Region Physical Chemietry 

Date Launched   2 Nov 1962 

Where Launched  Johnston Island  Pad 19 

Recorded Data Source VHF TM 245.3 Mc 

Tape Reel Number  98 

Data Location on Tape Lift-off thru 0217:33.5 

Date of Record 

Rocket Type 

Time Launched 

Where Recorded 

Recorder No. 

Track Number 

Paper Records Copy 

Distribution 

2 Nov 1962 

D-4 

0209:06.5W 

EOS TM Van 

1 

3 and 4 <VHF), GMD none 

Zimnet Corp. 

IRIG 
Channel Channel 
Number Frequency Description Comments 

2 560 cp» Aspect X 
3 730 cps Aspect Y 
4 960 cps Aspect Z 
5 1.3 kc Mass spectrometer sweep 
11 7.3S kc Monitor eomutator 
12 10.5 kc Beta and gamma 
14 22.0 kc Mass spectrometer 
15 30.0 kc Langmulr probe 

AGC recording indicates that all 
SCO's would Have high S/N ratio 
throughout flight for good data. 

2.5 rps, 30 segment 
2.5 rps, 30 segment 

TABU H.22   TELEMETRY  CHANNEL SUMMARY.     ROCKET NUMBER   23 

Project No.     6.3 Date of Record 2 Nov 1962 

Event            King Floh Rocket Type N-C 

Experiment Title D-Reglon Physical Chemistry Time Launched 0216:06W 

Date Launched   2 Nov 1962 Where Recorded EOS TM Van 

Where Launched   Johnston Island Pad 16 Recorder No. 1 

Recorded Data Source GMD only Track Number GMD 9 

Tape Reel Number   98 Paper Records Copy 

Data Location on Tape Lift-off thru 0221:51 Distribution CCA 

IRIG 
Channe1 Channel . 
Number Frequency Description Comments 

» 14.5 kc Sweep slngal 
14 22.0 kc Mass number 
18 70.0 kc Aspect and monitor 

AGC recording indicates  that  all 
SCO's would have high S/N ratio 
throughout  flight  for good data. 
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TABLE   H.23   TELEMETRY CHANNEL SUMMARY,     ROCKET NUMBER 24 

Project No. 6.3 

Event Wn« Fish 

Experiment Title   D-Region Physical Chemistry 

tec« Uunehtd        2 Nov 1962 

Where Launched      Johnston Island     Pad 5 

Recorded Data Sourca VHP TM 234.0 Mc 

Tapa Raal Numbar      98 

Data Location on Tap«  Lift-off thru 0222:35 

Date of Racord 

Rocket Type 

Tine Launched 

Where Recorded 

Recorder No. 

Traf,* Number 

Paper Records Copy 

Distribution 

2 Nov 1962 

HJ-N 

0216:06.3U 

EOS TM Van 

I 

1 and 2 (VHP), GMD 10 

GCA 

IRIG 
Channel Channel V 

Number Frequency Description Comments 

10 5-4  kc Ion trap AGC recording Indicates  that  all 
i; 7.35 kc Ion trap SCO's would have high S/N ratio 
12 10.5 kc Monitor cosnutator throughout flight for good data 
13 14.5 kc Prompt X ray except for short periods during 
14 22.0 kc Beta and gaena experiment the last 60 seconds of flight. 
15 30.0 kc GRD commutator 
16 40.0 kc RF probe 
18 70.0 kc Aspect and monitor 

'ABU H.24    TELEMETRY CHANNEL SUMMARY,     ROCKET NUMBER   25 

Project No.              6.4 Date of Record 2 Nov 1962 

Event                  King Ptsh Rocket Type D-4 

Experiment Title   E-F Region Physical Chemistry Time Launched 0219:00V 

Date Launched         2 Nov 1962 Where Recorded EOS TM Van 

Where Launched       Johnston Island      Pad 22 Recorder No. I 

Recorded Data Source VHP TM 253.8 He Track Number 5  and 6 (VHP). GMD 8 

Tape Reel Number        eg Paper Records Copy 

Data Location on Tape uft-off thru  Distribution Ztmney Corp. 

UkK 
Channel Channel 

Number Frequency Description Cowmenc» 

2 560 cpa Aspect X 
) 730 cpa Aspect Y 
4 960 cpa Aspect Z 

11 7.35 kc Monitor commutator 
12 10.S kc Beta and gamma 
;4 22.0 kc Retarding potential 
13 30.0 kc Langmulr probe 

AGC recording Indicates thee all 
SCO's would have high  S/N ratio 
:hroughout flight  for good data. 
2.5 rpa,   30 segments 
2.5 rp«.   30 segments 
4 rps,  18 segments 
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TABLE H.25   TELEMETRY CHANNEL SUMMARY,     ROCKET NUMBER   26 

Project No.              (.2 Data of. Racord 2 Nov 1962 

Evtnt               King Pish Rocket Typ« HJ-N-N 

Experiment Titlt Rocket-borne Con m Ray Scanner TlaM Launched 0223:06.5W 

Out« Launched         2 Rov 1962 Where Recorded EOS TM Van 

Where Launch«!       Johnston Itland Pad 2 Recorder No. 1 

Recorded Data Sourc« VHP TM 245.3 Track Number 3 -nd 4 (VHP) , CMS 9 

Ta?« Raal Number       98 Paper Recorda Copy 

Data Location on Tapa Launch thru 0230:25.8 Distribution EOS 

arc 
Channel Channel 

Kuabet Frequency Description Consents 

4 960 cps Z-axis acgnetometer 
5 1.3  kc X-axis magnetometer 
9 3.9   kc Y-#xi» magnetometer 

10 5.4  kc Photometer 
11 7.35 kc Total Cans« Detector 
12 10.5 kc Beta detector 
13 14.5 kc Gamma scanner Ho.  1 

Output 1. Vert. 90odet 
(Inboard) 

14 22.0 kc Gamma scanner No.  1 
Output 2. Vert.  20°det 
(outboard) 

15 30.0 kc Caaaae scanner Mo.2 
Output 3. Boris. 90°det 
(inboard) 

16 40.0 kc Coanutated channel 
IB 70.0 kc Gamma scanner Mo.  2 

Output 4. Horls. 20°outboard 

All SCO's received with excellent 
quality from lift-off 0223:06.5 
through 0230:18.    Thereafter drop- 
outs occur, due to weak signals, 
increasing In duration and rate 
until all data is lost at 0230:25. 

TABU H.2S    TELEMETRY CHANNEL SUMMARY,     ROCKET NUMBER   27 

Project »o.            6.3 Date of Record 2 Nov 1962 

Event                      King Pish Rocket Type HJ-N 

Experiment Title D-Region Physical Chemistry Time Launched 0223:36.2W 

Date Launched       2 Rov 1962 Where Recorded EOS TM Van 

Where Launched     Johnston Island     Pad 18 Recorder No- I 

Recorded Data Soure«    VHP TM 234.0 Me Track Number 1 and 2  (VHP). CMS 10 

Tape Reel Number      98 Paper Records Copy 

Data Location on Tape Lift-off thru 0230:08.* Distribution CCA 

IRIC 
Channel Channel 

Kuatber Frequency Description Comments 

10 5-4 kc 
11 7 35 kc 
12 10 Skc 
!■' 22.0 kc 
15 30.0 ke 
it 40.0 kc 
18 70.0 kc 

ton trap 
Ion trap 
Monitor commutator 
Beta and gamma experiment 
CRD commutator 
RP probe 
Aspect and monitor 
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TABU R.29 TELEMETRT DATA TAPE CHANNEL ALLOCATION 

Racordar Location: EOS TM Vaa; typ« MINCOM C-100; tap« apaad 60 ln/a«c. 

TSC« 

Track 

1. 
2. 
3. 
4. 
5. 

6. 
7. 

8. 
9. 

10. 

11. 
12. 
13. 

14. 

Psscylgtlos of 
Data 

Racalvar No. 
Raealvar No. 
Racalvar No. 
Racalvar Ho. 
Racalvar No. 

1 Vldao (234 Me) 
2 Vldao (234 Mc) 
3 Vldao (243.3 Mc) 
4 Vldao (245.3 Mc) 
5 Vldao (2S3.S Mc) 

Racalvar Ho. 6 Vldao (253.8 Mc) 
Cyclalock (17 kc mod. with 60 epa), 

100 kc raf., and volca 
CMD Vldao A (1.6 IcMc) 
CMO Vldao 8(1.6 IcMc) 
CMD Vldao C (1.6 kMc) 

Rockat Nunbar 
Star ruh     Blua Olli    King Flah 

2.4,8.9 
2.4.8,9 
3,5 
3,3 
1.6.7 

1,6.7 

1.2.3 
4.5.6 
7.8.9 

234-Mc Racalvar AGC (on 2300 cpa SCO) 2,4,8,9 
254.3-Mc Racalvar ACC(on 2300 cpa SCO)3,5 
253.8-Mc Racalvar AGC(on 2300 cpa SCO), 
and B-l tla» coda (on 5400 cpa SCO) 1,6,7 

Tlaa Coda (AMR D-5) 

10.13.17 19,25.29 
11.14.18 21,23,26,28 
12,15    20,24,27 

TABLE H.30 RECORDED DATA SUMMARY. TAPE RECORD 

T I M E 
arrniDtw: PROJECT ROCKET EVENT DESCRIPTION DATE, *T**T PINISH 

1 6.2 15,18 Blua Gill Cobalt 60. 
Callb. 

5/29 1600 1630 

4 6.2 8.9 Scar Plah . Cobalt 60. 
Callb. 

6/12 1030 1100 

10 6.2 15 Blua Gill Genau - Be c a 
Tatt 

6/16 0930 0945 

28 6.2.3.4 1-8 Star riah H-8 hra. Horli 
rrvT. ( taat Raal  I of 

2 
H-8 hra. Horlt 

7/8 1500 1525 

29 6.2 8.9 « i« 1525 1535 
Taat Raal 2 of 
2 
H-0 Event  II 30 6.3.4 1.2.3 •• »• 2247 23QS 
Shot Rat 1  1 of 
6 

" raal 2 of 31 6.2,3,4 4.5.6. - • t 2306 2330 
7.8 6 

32 6.2 8.9 " K-0 Shot   -  Ev.nt " 2331 2355 
II Raal 3 et 6 

33 6.3.4 1.2.3. 
*.5.* " " Raal 4 of 6 «• 2249 2313 

34 •• 5,7,8 " " Raal 5 of 6 H 2314 2337 
35 6.2 9 " "  Reel  6 of 6 i* 2336 2357 
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TABLE H.31   RECORDED DATA SUMMARY, BRUSH RECORDER RECORD 

RECORDING PROJECT      ROCKET      EVENT SCO CHANNELS DATE 
T I M E 

START FINISH 

101 

102 
103 
104 
105 
106 
107 
lOf 

109 
110 

111 
112 

113 
114 

115 
116 
117 
118 
119 

6.4 

6.3 

6.2 

ii 

6.4 

6.3 

6.2 

5 
7 
6 
2 
3 
4 
8 

9 
7 

Scar Flah     2,3,4,5,15 
Vert.TeiC 

2,3.4,15- 
ft II    H    II    M 

13,14 
II II II 

" 10,11,12 
II II    it    n 

10,11,12,13, 
14,15,18 

II II M H II 

Star PUh      11,12,14,15 
Sptelal 
TtsC. 

Scar Flah 
H-8 hr. 

2,3,4,5,14,15 

2,3.4,14,15 
11 

10,11 
II 

13,14 
II 

10,11,12,13 
14,  15,18 

6/16 

6/17 

6/19 

H-90 H-86 

H-70 H-66 
H-60 H-56 
H-65 H-64 
H-85 H-84 
H-80 H-76 
H-75 H-71 

H-55 H-51 
H-50 H-46 
0920 0930 

1455 1500 
H-90 H-87  1/2 

H-78 H-75  1/2 

H-72 H-70 1/2 
H-87 H-84  1/2 
H-81 H-78 1/2 
H-84 H-81 1/2 
H-75 H-72 1/2 
H-70 H-67  1/2 

TABLE H.31    CONTINUED 

TIME 
REC0RD1NC PROJECT ROCKET EVENT SCO CHANNELS DATE START FINISH 

120 6.2 9 Scar Flah 
H-8 hr. 

10,11,12, 
14,15,18 

13, 6/19 H-67 H-63  1/2 

121 M 8 •1 4,5,9 I» H-TO H-67  1/2 
122 M 9 M H ll H-67 H-6)  1/2 
123 6.3 4 Star Flah 

Prim«.(full 
frtq.full 
fVt) 

10,11,12 6/29 1H-5 H+7 

124 M ) H • i »> H-6 H-2 
s:> it 2 M 13.14 " H-5  1/2 H-l 
12« « 6 H '• " H*6 H*i 
U7 6.2 8 M 10.11.12. 

14,15,18 
13. H+15  )/4 n*:o 

128 H 9 'i H •' H+)6  1/2 a*-o 
121 6.4 1 " 2,).4,5,1S " H-1.2 H-tO 
1)0 " 5 • • 2.3.-.15 " tt*5 H+7 
1)1 6.2 8 Spoclal 

Tttc 
10.11.12, 
14,15.18 

1) 6/30 1)50 1420 

132 6.) 1 Star Flah 
Prise.H-90 
Horix. 

13,14,18 7/2 H-85 H-84 

1)} H 6 •' " H H-6S H-64 
134 •I ) " 10,11,12 " H-80 H-76 
1)5 • i m •« •t ii H-75 H-71 
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TABLE H.31   CONTINUED 

T [ME 
RECORDING PROJECT ROCKET EVENT SCO CHANNELS DATE START TIME 

136 6.2 8 Star Fish 10,11,12, 13 7/2 H-55 H-51 
Prim«.H-90 14,15,18 

137 tl 9 Horlz. 
II II H-50 H-46 

138 6.4 1 M 2,3,4,5,14, II H-90 H-86 
IS 

139 M 5 H 2,3,4,15 II H-70 H-66 
140 H 7 ii 2,3,4,15 It Sped 

1800 
al 

141 M 7 ii II It H-60 H-56 
142 6.2 8 Spec .Tese 10.11,12. 

14,15,18 
13 7/3 0848 0907 

143 6.2,3,4 GMD 
Dcv. 

Sens. 
T*»t 

II 1040 1104 

144 6.2 8 ?r«s .Test 10,11.12, 
14,15,18 

13. tt 1515 1518 

145 II 8.9 Scar Fish Pra.  " 7/5 H-70 H-67  1/2 
H-8 hr H-67 H-63 1/2 

146 6.3 3 ii 10,11,12 II H-87 H-84  1/2 

147 It 4 it II It H-81 H-78 1/2 
148 M 2.6 n 13,14,18 II H-82 

H-73 
1/2 
1/2 

H-81 1/2 
H-72 i/2 

149 H 1 ii M II H-90 H-87 1/2 
ISO 6.4 5 

7 

■1 

II 

2,3,4,14, 
II 

15 II H-78 
H-72 

H-75 1/2 
H-70 1/2 

TABLE H.31    CONTINUED 

RECORDING        PROJECT      ROCKET      »VENT SCO CHANNELS DATE 
TINE 

START TIME 

151 

152 

153 

154 
155 

156 

157 
158 

15» 
160 
161 
162 
16} 

164 
16S 

6.2 

6.3 

6.4 

6.2 

6.2 

6.4 

8               Star Flih 10.11.12,13 7/$ H-70 H-67 1/2 
9                PrauH-90 II It H-67 H-63 1/2 
8                Star Fish 10,11,12,13 7/8 H-55 H-$l 
9                PTB.H-8 hr. 14,15,18 II H-50 H-46 
3                H-90 Horlt. 10,11,12 II H-ao H-76 

count. 
t                      ii • 1 1* H-75 H-71 
9                            II 13,4 ti H-85 H-84 
a                   " ti H H-6$ H-64 
i                    M 

2.3,4,5,IS " H-90 H-86 
c                                  "I 2.3,4,1$ »1 H-70 H-66 
1                            II 2.3.4,1$ .1 H-60 H-56 
8 4.5 " H-JO H-67  1/2 
8              Sear Fish 11.12.10,5,9 7/9 H+19 1/2 H*34 

Pr».Event 2 *.> 
0                            '* r| »» H+J9 1/2 H+$3 
8 CHS •i II H+19 1/2 H+J4 
9 cm »i •• H+19 1/2 H*$3 
a                            •• ti •* H+39 1/2 H*53 
8               Sear Fish 13,14,1$,18 7/9 H-19 1/2 H+34 

Prim.  11 $.9,10,12 
rt                                          •• »I H H-39 1/2 H+54 
1                                          ** 2.3.4,$,!$ 

7,(AGO 

■ I H-IO 1/2 H-13  1/2 
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TABLE H.31   CONTINUED 

TIN! 
RECORDING PROJECT ROCKET EVENT SCO CHANNELS DATE START TIME 

166 6.4 l(CHD) St« Fish 
PrlM XI 

2,3,4,5,15. 
7,(ACC) 

7/9 H-10 1/2 H-13 1/2 

167 M 1 1* 2,3,4,5.11, 
IS 

It M It 

168 il 1 II 2,3,4,5,15, 
7, (AGO 

It If II 

169 It 5 tt 2,3,4,11.15, 
7, (AGO 

It H+6 1/2 H+9 

170 (■ 5(GMD) II ii It it it 

171 It 5 II n M II •t 

172 it 7 II ii tt HH5 H+15 1/2 
173 H 7(GHD) tt ii II II tl 

174 •i II It II II It It 

173 ll 5 It II ■ 1 HH 1/2 H+9 
176 6.3 3 it 10,11,12,7 II H-l H+ 1/2 
177 II 3(GM» II tl It tt It 

178 It 4 (CM» M II It H+* H+12 
179 II 4 • 1 II II H^o H+ll 
180 II 2 II 7(ACC),13,4 II H-l 1/2 R+4 
181 II 2(GMD) *l II                      ' II It II 

182 It 6 II • 1 • 1 H+7 1/2 H+13 1/2 
183 It 6(CM» II II M II II 

184 (1 4(GMD) II 10,11,12,7 7/10 H+10 H>12 
185 6.2 S It il,12,10,5 it H+20  1/2 H+25 

186 
9,4.7 

H+40 H+42 

TABLE H.32   RECORDED DATA SUMMARY. CEC RECORDING GALVANOMETER RECORD 

TIHI 
RECORDING PROJECT ROCKET      EVENT SCO CHANNELS DATE START FINISH 

101 6.2 IS              Blut Gill 11,12 6/16 0930 6 burata 
Bee» and a. 1'  eae 
Cat*. i Test 

102 6.4 1                Sear Fish 2,3,4,3,11, II H-87 ♦  15   MC. 
Vert Teat 12,14,13 

103 II c                                         II 2.3.4,11.12. 
14,13 

tl          • K-67 It 

104 • 1 7                       " It • 1 H-57 II 

105 6.2 10,11.12,13. 
14,13,16,18 

II H-77 ♦  15  »ee. 
- 30 .ec. 

106 tl 5                                              M 13,14.18 II H-84  1/2 II 

107 H 6                         '* II *' H-64  1/2 
M 

108 M •i 10.U.12.14. 
15,16.18 

• • H-72 ■ i 

109 6.2 A II H 
H-52 10 tec. 

110 " Q                              " H • • H-47 + 10 tec. 
HI 6.4 7               Star 

Spec 
Flih 
Teat 

10,11,14,15 6/17 1500 1 ft. 

112 It 1              Sur Fiah 2.3,4,5.11, 6/19 H-88 15  tec. 
H-8 hr. 12,14,15 

113 (I s                       '* 2,3,4,11,12, 
14,13 

■-76 H 

114 »1 7                      M It II H-71 >t 

115 6.3 \                     II 10.11,12,13, 
14,15,16,18 

It H-85 II 
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TABLE H.32   CONTINUED 

TIME 
RECORDING PROJECT SOCKET     EVENT SCO CHANNELS DATE START FINISH 

116 6.3            i »              Star Fiah 10,11,12,14, 
15,16,18 

6/19 H-79 15 sac. 

117 II ►             •• 13,14,18 ii H-82 20 »tc. 
118 M i             " II II H-73 II 

119 6.2 i             " 10,11,12,13, 
14,15,16,18 

M H-68 + 5 s«c. 

120 X                             ( •             !■ II II H-64 ■t 

121 It i              Star Flab 
Prn.Full 

II 6/29 H+18 5 sec. 

Pwr.Full Fraq. 
122 ••                    ( i              " II It IB-38 n 

123 6.4 it 2,3,4,5,11, 
12,14,15 

tl H-ll ± 15 sac. 

124 ii H 2,3,4,11,12, 
14,15 

• 1 H-16 II 

125 6.3 « 13,14,18 II H-2 SO »tc.tt 
I-IPS.IO 
S€C.*C   1-IPS 

126 ■■ s                    t: II II H+7 ti 

127 (i 1                    " 10,11,12,13, 
14,15,16,18 

It H-2 1/2 it 

128 H                 i it 10,11,12,14, 
15.16,18   ■ 

It K+w 11 

129 6.4 I                 R«-Ruti 
FF.FP* 

2,3,4,11,12, 
14,15 

6/30 1330 20 aac. 

'full frequency, full power 

TABLE H.32   CONTINUED 

»CORDING PROJECT   JOCjCET      EVENT SCO CHANNELS     J7ATE 
TINE 

START FINISH 

130 6.4 

131 6.3 

132 H 

133 

134 

135 

136 
137 

138 

139 
140 

141 

142 

6.2 

6.4 

6.3 

Re-Run 
FF.FP 
Scar.Pra. 
H-90 Horiz 

2.3,4,U,12, 6/30 1340 20 aac. 
14,15 
13,14,18 7/2 H-64 1/2 VHP and CMD 

10-tee.Inc. 
•t it H-64 1/2 * 30 ite. 

it 1-IPS 
10 aac. at 
1-IPS 

10,11.12,13, »1 H-77 II 

14,13,16,18 
10,11,12,14, It H-72 1/2 H 

15,16,18 
10.11,12.13, • 1 H-52 ♦ 5 ••«. 
14,15,16,18 

*( .. H-4? .. 
2,3.4.3,11,42. • t H-87 30-tftC.lnt. 
14.15 
2,5.4,11,12, it H-67 •t 

14,15 
II • 1 H-J7 it 

13,14,18 M H-64 1/2 VHF.CHD 
10-aac.Inc. 

10,11,12,13. 
m 

H-77 " 
14,13,16,16 
10,11,12,14 • t H-72 1/2 •» 
13,16,18 

•fMU frequency, full power 
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TABLE H.32 CONTINUED 

TIME 
RECORDING PROJECT ROCKET     EVENT SCO CHANNELS DATE START FINISH 

143 6.2 9              Star.Pm. 
H-90 Rorix 

10,11,12,13,14, 
IS,16,18 

7/2 H-47 VHF.GHD 
10-sec.Interval 

144 6.4 l               " 2,3.4,3,11,12, 
14,15 

II H-87 H 

14S II <               ii 2,3,4,11,12,14, 
15. 

II H-67 n 

146 M 7                   *' II II H-57 M 

147 6.2 m                     »i 10,11,12,13,14, 
15,16,18 

II H-S2 I« 

148 H 8              Star Fish 
Pnn.H-8 hr. 

II 7/5 H-68 + 5 Me. 
at 10 IPS 
Int. 

149 •i 9                 ** H it H-64 n 

ISO 6.3 3                 '* ■■ it H-85 last «In. 
at 1-IPS 
10 sec, at 
10 IPS(Int) 

151 M A                                 ** 10.11,12,14. 
15,16.18 

ii H-79 II 

152 H 2                M 13,14,18 H H-82 15-««c.Int. 
at 10 IPS 

153 II ft                " II ti H-73 II 

154 6.4 1                " 2.3,4,5.11. 
12,14,15 

7/5 H-88 20-aac. Int. 
at 4 IPS 

1SS II 5 2.3,4,11,12, 
14 

11 H-76 11 

TABLE H.32 CONTINUED 

T 1 M E 
RECORDING PROJECT     ROCKET EVENT SCO CHANNELS DATE START riNISH 

156 6.4             7 Star PUh 
Pra.K-8 hr. 

*.3.4,11,12. II H-71 20-s.c.lnt. 
at 4 IPS 

157 ■1                                     ■ II ti »1 H-76 10 MC 
158 6.3            4 Special 11,12,13,4 II 2330 30 i.e. 
159 M                                I. II 11,12,13,4,15 7/6 1130 •I 

160 6.2           ft Star Pish H-52 + 3 tac. 

t» Pr«.H-8 hr. 7/8 H-47 " Int. 
161 6.3           fl 1* 10.11.12, II H-77 1   BI in.  at 1 IPS 

I* '* (13),14,13, H-72 1/2 10 iec.at 
16,18 10 IPS 

162 **                     2 ■ ( 13,14,18 It H-64 1/2 1 mtn.at   1  IPS 
»1 ■t «1 H-64 1/2 15 SflC.   at   10 

IPS 
163 6.4 

rj Scar Fish 
rrs.H-B hr. 

2.3,4.3.11, 
12,14,15 

»1 H-87 20 Mt. 
Int. 

■ »* 2.3.4,11,12, 
14,15 

M H-67 M 

.' M M »I H-57 • 1 

164 "                  l Star Pith 2.3.4.5,11. #7« H-9  1/2 IH-13 1/2 
Pra.Evtnt 12.14,15 
ti 

16} M                                     e M 2,3.4,7(AfiC) *• H+6  1/2 Ht9 
11.12,14,13 

166 "                         7 t* M ** H*l4 1/2 H+1J  1/2 
167 *i II »• •i »♦6 1/2 IM 
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TABLE H.32 CONTINUED 

__— 
TIME 

»»roRDING PRO.TCCT ROCKET EVENT SCO CHANNELS DATE START FINISH 

168 6.4 1 SUr Fish 
Prm.Event 
II 

2,3,4,5,11, 
14,15 

7/9 H-9 1/2 H+13 1/2 

169 6.2 8 11,12,10,5, 
9.4,7,16 

II H+19 1/2 H+34 

170 ii 8 ii II II II II 

171 ii 8 II It II n it 

172 II 8 II 13,14,15,18, 
5.9,10.12 

■i H II 

173 II 8 II II H II II 

174 II 8 M II ii i: II 

175 II 9 II II II H+39 1/2 H+54 
176 II 9 II II II II II 

177 II 9 II II II II II 

178 II 9 II H.12,10,5, 
9.4,7,16 

it it II 

179 II 9 II it H II II 

180 II 9 II II II H II 

181 H 9 II ,i II H II 

182 6.3 3 II 10,11,12,13, 
14,15,16,18 

7/9 H-2 H+ 1/2 

183 ■i 4 II 10,11,12,7, 
14,15,16,18 

II H+6 1/2 W-12 

184 ■i 2 II 7 (AGO, 13,14, 
18 

II H-l 1/2 H+7  1/2 

TABLE H.32 CONTINUED 

RECORDING PROJECT      ROCKET      EVENT 
TIME 

SCO CHANNELS        DATE START FINISH 

185 

186 
187 
188 

189 
190 
191 
192 

6.3 

6.2 

6 
6 
4 

4 
6 
2 
9 

Star Fish 10,11.12,7, 7 
Prm.Event 14,15,16,18 
II 7(AGC),13,14, 

18 
H II 'i 

II ■1 •■ 

■i 10,11,12,7, 
14,15,16,18 

7 

M 16 ■i 

■i 14,13 ■t 

•I ■• II 

II 13,14,15,18 
5.9.10,12 

•i 

7/9 

7/10 

H-l/l/2        H+7  1/2 

H+7  1/2 
n 

H+14 
II 

H+10 H+12 

2308:10 2308:30 
2308:40 1 mln. 
2259:40 1 mln. 
H+-40 2 min.  ts. 

30 sec.  to 
H+S4 
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TABLE H.33   COMMUTATED CHANNEL SUMMARY, CHANNEL 11 

Frame sync voltage 5.155 

Project 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 Haas 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 Hass Spectrometer Dust Cover 
19 Telemetry *■• Voltage 
20 Power Amplifier B+ 

21 - 30     Spares 
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TABLE H.34   COMMUTATED CHANNEL SUMMARY. CHANNEL 12 

All voltages not.ted "Appro»" vary from package to package; 
Precise values given with calibration information. 

CR - Counting Rate, UL - Upper Level,  LL - Lower Level, 
m - Photomultiplier, Disc - Pulse Height Discriminator 

Rocket Humbers 1,   5 and 7 
Channel Number 12      10.5 kc 

Segment 

30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Function 

Synchronization 
Synchronization 
Beta Logic Ground Reference ■ 

"   "  Calibration 
"   "  +6.75.V Monitor 
"   "  +20.0 v Monitor 
"   "  Log FM Current 
"   "  Log CR, UL Disc 
"   "  Log CR, LL Disc 

Beta Logic FM Hi-Voltage Monitor 
Gamma Lottie Hi-Voltage Monitor 

H    "  Log CR, LL Disc 
"    M  Log CR, UL Disc 
"    "  Log FM Current 
"    "  +20.0-v Monitor 
"    "  +6.75 v Monitor 
"   "  Calibration 
"    "  Ground Reference 
«    M  Spare (Open) 

II n li II 

•1 M ■i II 

» il it II 

M n il II 

II •l ii II 

« II il •I 

n it H M 

Gamma Logic Spare (Open) 

Normal Opera Cing_ Voltage 
volts 

+5.00 
+5.00 
0.0 
+5.00 

Approx 1.5 
Approx 3.0 
Approx 0.1 
Approx 0.3 
Approx 0.3 
Approx 1.5 
Approx 1.5 
Approx 0.3 
Approx • 0.3 
Approx 0.5 
Approx 3.0 
Approx 1.5 

+5.00 
0.0 

Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
Approx 0.0 
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TABLE H.35    COMMUTATED CHANNEL SUMMARY. 
CHANNEL 18 

Rocket Numbers 2, 3 and 6 (Star Fish) 
10,  12, (Blue Gill) 
21, 23 (King Fish) 

Channel Number 18      70.0 kc 

Segment 

Frame 

Function 

1 Sync +5 v 
2 n «i   n 

3 n II   « 

5 n ti   it 

ti n   II 

even Channel Sync -1.5 v 
segments 
4 thru 60 

7 Trans Aspect 

11 «i II 

15 ii it 

19 N II 

23 •' . II 

27 n •i 

31 it n 

35 ii II 

39 « II 

43 II n 

47 II M 

51 II 11 

55 II n 

59 II II 

9 Zero Calibration 
13 Zero Calibration 

17 Long Center 
21 Trans Center 
25 Battery Monitor 
29 Regulator Monitor 

33 Long Aspect 
37 Long Aspect 
41 Long Aspect 

45 Mass Spectrometer Battery 
49 Timer Monitor 
53 Nose and Squib Monitor 
57 Pressure Monitor 

322 

^^^^^m^^mm^m)^^^ "*m^m$m 



TABLE H.36    COMMUTATED CHANNEL SUMMARY, CHANNELS 12 AND 18 

Rockst Numbers 3 and 4 (Star Fish) 
Channel Number 18 

Rocket Numbers 11,  12,  14,  17 (Blue Gill) 
20, 24,  27, 28 (King Fish) 

Channel Number 12 
10.5 kc 

Segment 

1 
?. 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 

Function 

+5-v Calibration 
n 
n 

•i 

n 

■i 

+2.5-V Calibration 

n 

•i 

Zero Calibration 

Segment     Function 

35 Probe Position B 
36 Probe Position B 
37 Probe Position B 

38 Squib Door A 
39 Squib Door A 

40 Gas Generator Door A 
41 Gas Generator Door A 

42 Squib Door B 
43 Squib Door B 

44 Gas Generator Door B 
45 Gas Generator Door B 

20 Squib 1, Door A 
21 Squib 1, Door A 

22 Squib 2, Door A 
23 Squib 2, Door A 

24 Door Release A 
25 Door Release A 

26 Squib 1, Door B 
27 Squib 1, Door B 

28 Squib 2, Door B 
29 Squib 2, Door 8 

30 Door Release B 
31 Door Release B 

32 Probe Position A 
33 Probe Position A 
34 Probe Position A 

14 
15 
16 
46 
47 
48 

17 
18 
19 
49 
50 
51 

52 
53 

54 
55 

56 
57 

Potential Door A 
IC M 

Potential Door B 

37 Me 
37 He 

888 Me 
888 He 

Temperature 
Temperature 

58 
59 
60 

1680 Me 
1680 He 
1680 He 
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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 kc 

Segment Function Normal Operating Voltage 
vnlta 

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 +20.0-V Monitor ffi 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 Approx 0.2 
9 Py-1 Calibration Approx 4.8 

10 PY-1 +20.0-V Monitor a 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 PX-4 Log Energy Signal Approx 0.2 
15 PX-4 Calibration Approx 4.8 
T6 PX-4 +20.0-V Monitor Approx 3.0 
1? 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 Approx 3.0 
23 Py-2 Log Energy Signal Approx 0.2 
24 Py-2 Hi-Voltage Monitor Approx 1.5 

.J Spare (Open) Approx 0.0 
26 Spare (Open) Approx 0.0 
?7 Spare (Open) Approx 0.0 
28 Spare (Open) Approx 0.0 

29 Synchronization +5.00 
30 Synchronisation +5.00 

OR Rocket 12 only thes« 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 - Fhotomultipiier, 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 kc 

Segment Function Normal Opera tlnR Voltage 

volts 
1 Beta Logic Ground Reference 0.00 
2 ii "  Calibration +5.00 
3 n "  +6.75 v Monitor Approx 1.5 
4 M M  +20.0 v Monitor Approx 3.0 
5 •1 "  Log PM Current Approx 0.1 
6 II M  Log CR, UL Disc Approx 0.3 
7 II "  Log CR, LL Disc Approx 0,3 
8 Beta Logic PM Hi-Voltage Monitor Approx 1.5 

9 Gamma Logic PM Hi-Voltage Monitor Approx 1.5 
10 II M  Log CR, LL Disc Approx 0.3 
11 II '•  Log CR, UL Disc Approx 0.3 
12 H w  Log PM Current Approx 0.1 
13 M "  +20.0 v Monitor Approx 3.0 
14 N H  +6.75 v Monitor Approx 1.5 
15 M "  Calibration +5.00 
16 Gamma Logic Ground Reference 0.00 

17 PX-i Ground Reference 0.00 
18 ■i Log Energy Signal Approx 0.2 
19 M Calibration Approx 4.8 
20 II +20.0 v Monitor Approx 3.0 
21 H Log Energy Signal Approx 0.2 
22 P5C-1 Hl-Voltage Monitor Approx 1.5 

23 PX-2 Ground Reference 0.00 
24 it Log Energy Signal Approx 0.2 
25 ■• Calibration Approx 4.8 
26 •i +20.0 v Monittr Approx 3.0 
27 •• Log Energy Signal Approx 0.2 
28 PJC-2 Hl-Voltage Monitor Approx 1.5 

29 Synchronization +5.00 
30 Sync nroniration +5.00 

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 IS      30.0 kc 

Segment Function 

1 Frame Sync +5 v 
2 MUM 

• M               II               H 

23 "       "       " 

even Channel Sync -1.5 v 
segments 
4 thru 60 

5 
15 
25 
35 
45 
55 

7 
17 
27 
37 
47 
57 

9 
29 
49 

19 
21 

11 
31 
41 
51 

13 Bias Box Number 2 
33 " 
43 " 
53 

Sweep 
it 

Number 1 
ii 

M ii 

M II 

II •• 
II H 

Sweep 
M 

Number 2 
N 

M M 

M II 

M «l 

M M 

Event 
Event 
Event 

Monitor 
Monitor 
Monitor 

Zero 
+2.5- 

Calibration 
v Calibration 

Bias 
N 
Box Number 1 

M 

■1 II 

39 Amplifier Number 1 Out 
59 Amplifier Number 2 Out 
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TABLE H.40    COMMUTATED CHANNEL SUMMARY. CHANNEL 16 

Rocket Numbers 3 and 4 (Star Fish) 
11,  12,  14,  17 (Blue Gill) 
20,  24,  27, 28 (King Fish) 

Channel Number 16      40.0 kc 

Segment Function 

1 Frame Sync +5 v 
2 Frame Sync +5 v 
3 Frame Sync +5 v 

even 
segments 
4 thru 60 

Channel Sync 0 volt 

2.5-v Calibration 
5.0-v Calibration 
1.0-v Calibration 

11 
13 
15 
17 
etc. 
thru 
57 

SWR 1, 2, 3, 4 etc. thru 24 

ii 

M 

»I 

59 Mode Indicator 
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TABLE H.41   COMMUTATED CHANNEL SUMMARY, CHANNEL 12 

Rocket Numbers 3 and 4 (Star Fish) 
Channel Number 12      10.5 kc 

Segment Function 

Frame Sync +5 v 
n       N N 

H       H n 
ii       ii m 

n       it M 

even unanm Si aync -i.; 

segments 
4 thru 60 

7 Trans Aapect 

11 
II n 

15 M M 

19 M n 

23 M n 

27 N •t 

31 It it 

35 M •t 

39 M n 

43 II it 

47 •1 tt 

51 H II 

55 II •• 

59 II M 

13 Zero Calibration 

17 Zero Calibration 

21 Long Center 

25 Long Center 

29 Tram i Center 

33 Trani i Center 

37 Long Aspect 

41 Long Aspect 

45 Long Aspect 

49 Battery Monitor 

53 ♦26.! 5-v Monitor 
57 Timer Monitor 
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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 kc 

Segment 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
30 

• Function Normal Operating Voltage 
volts 

Beta Logic Ground Reference 0.00 
n it Calibration +5.00 
ii ii +6.75-V Monitor Approx 1.5 
H ir +20.0-V Monitor Approx 3.0 
It it Log PM Current Approx . 0.1 
II n Log CR, UL, Disc Approx 0.3 
II II Log CR, LL, Disc Approx 0.3 

Beta 1 Logic PM Hi-Voltage Monitor Approx 1.5 

Gamma Logic Hi-Voltage Monitor Approx 1.5 
II "  Log CR, LL, Disc Approx 0.3 
ti 1 •  Log CR, UL, Disc Approx 0.3 
II 1 '  Log m Current Approx 0.5 
if 1 '  +20.0-V Monitor Approx 3.0 
■• 1 '  +6.75-V Monitor Approx 1.5 
■I 1 •  Calibration +5.00 

Gamma Logic Ground Reference 0.0 

Spare (Open) Approx 0.0 
i Approx; 0.0 
» 
i 

■ 

i 

i 

Approx 
Approx 
Approx 
Approx 
Approx 

0.0 
0.0 
0.0 
0.0 
0.0 

■ 

i 

i 

i 

Approx 
Approx 
Approx 
Approx 

0.0 
0.0 
0.0 
0.0 

Spare (0 pen) Approx 0.0 

Synchron izaeion +5.00 
Synch ron Lzation +5.00 

All voltages 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 Numbsr 11 

Segment Function 

1 Aspect X Bias 
2 Aspect Y Bias. 
3 Aspect Z Bias 
4 Spare 
5 Not Used 

6 37-Mc Signal Strength 
7 888-Mc Signal Strength 
8 3 Frequency Package Temperature 
9 1680-Mc Signal Strength 

10 Aspect Power 

11 28-v Battery Voltage 
12 Langmuir Power 
13 Retarding Potential Power 
14 AME/DME Power 
15 Beta and Gamma Power 

16 Langmuir Probe Extension 
17 Nose Cone Ejection 
18 Not Used 
1? Telemetry B+ Voltage 
20 Power Amplifier B+ 

21-30  Spares 
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TABLE H.44   COMMUTATED CHANNEL SUMMARY, RETARDING POTENTIAL ANALYZER 

Rocket Number3 5 and 7  (Star Fish) 
Channel Number 14 

Frame I    (Nose Detector) 

Sesonent Function Characteristic 

1 thru 11 EQS Amplifier Output Analog Signal 0 to +5 v 
12 Eon Mode Quantized 4 Levels 0 to +2 v 
13 Vrn Retardation Voltage Quantized 16 Levels 0 to +5 v 
14 Etn Amplitude Sensor Range Quantized 16 Levels 0 to +5 v 
15 Eon Amplifier Output Analog Signal 0 to +5 v 
16 Calibration Voltage Constant 
17 Frame +5 v 
18 Frame 

Frame II (Side Detector) 

+5 v 

Segment Function Characteristic 

1 thru 11 E0s Amplifier Output Analog Signal 0 to +5 v 
12 Eos Mode Quantized 3 Levels 3.5 to +5 
13 Vrs Retardation Voltage Quantized 16 Levels  0 to +5 
14 Et3 Amplitude Sensor Range Quantized 16 Levels  0 to +5 
15 Eon Amplifier Output Analog Signal 0 to +5 v 
16 Frame 
17 Frame " 

18 Not Used 

331 

mr*°'*ii*r^aKmrm*mrMmerw*m^r*mrmmmrmm*ii*iiB*wi*mam^mmmmmmmmmmmmmmBamam 



TABLE H.45    COMMUTATED CHANNEL SUMMARY, CHANNEL 16 

10 rps x 60 segments (30 brought out) 

Project 6.2 
Rocket Numbers 8 and 9 (Stir Fish) 

IS and 18 (Blue Gill) 
19, 26, 29 (King Fish) 

Channel Number 16 

Segment Function 

Sync Frame Sync and Full Scale (5 v) Calibration 
1* -12 volts 
2 28-v RCA (11.2/1) 
3b +12 v (5.0/1) 
4 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 Power BRL No. 4 
19. Temperature B 
20 Temperature C 

21 3-Frequency Beacon 
22 RF power 888 He BRL Number 1 
23 Beacon Temperature BRL Number 3 

24 - 30 Not Used 

Except for Rockets 8 and 9. 
b 

Except for Rockets 15 ?nd 18« 
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TABLE H.46   TELEMETRY CHANNEL SUMMARY, ROCKET 25 

Monitor Commutator 

Position No. 

1 Nose Cone Ejection 
2 Aspect X-Biai 
3 Aspect Y-Bias 
4 Nose Cone Ejection 
5 Aspect 2-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 Hass Spectrometer or RPA Power 
21 AME-DME Power 
22 Beta Comma Power 
23 Nose Cone Ejection 
24 Langmuir Probe Extension 
25 Nose Cone Ejection 
26 TM 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 Commit «tor 

Position Mo. 

1 Nose Cone Ejection 
2 Aspect X-Bias 
3 Aspect Y-Bias 
4 Nose Cone Ejection 
5 Aspect Z-Biaa 
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 
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 TM B+ 
27 Nose Cone Ejection 
28 Nose Cone Ejection 

Frame Sync Voltage Unknown 
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