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PREFACE

The reduction and compilation of the data presented in Part 2 are joint efforts.
The efforts of Mr. C. Vaugh and Mr. R. Aldrich, who determined the major
portions of fireball growth and altitude data, are particularly mentioned.

In addition, acknowledgement is made of the many helpful suggestions con-
tributed by Dr. S.Stone of Los Alamos Scientific Laboratory. Without him,
pretest predictions would have been difficult.

The XR triple-layer film was furnished and processed through the gener-
osity of Edgerton. Germeshausen, and Grier, specifically Charles W. Wyckoff.
Its performance exceeded the anticipations. and considerable data were obtained
from the record.
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CHAPTER 1
OBJECTIVES AND OPERATIONAL DESCRIPTION
1.1 OBJECTIVES

The primary DAMP Star Fish Prime objective was the
measurement of C-band angular jitter, A total of nine
rockets, equipped with DAMP C-band beacons, was originally
scheduled for launch during the Star Fish Prime event,
However, the toll of probes taken during the previous aborts
in the Fish Bowl series, the desire to reserve several
probe missiles for training to achieve reliable acquisition
procedures, and the requirement for a probe control £flight
in a non-nuclear environment necessitated reserving the two
late-time Speedball rockets originally scheduled for Star
Fish Prime (probes 8 and 9) for test firings between Star
Fish Prime and Blue Gill Triple Prime.

Of the seven resulting DAMP C-band rockets fired, three
were Speedballs. The other four rockets were launched by
projects 9.la, 6.2, and 6.7. A list of firing times,
projects, and tracked intervals is provided in the trajec-
tory section of this report.

An operator error involving power programming prohib-

ited acquisition of the project 6.7 rocket. Since it was




of paramount importance to have a tracked target in the air
at burst time, the Speedball backup was fired at H-50
seconds, and no further attempts were made to acquire the
6.7 rocket. Of the remaining six rockets fired, all were
tracked for most of their flight, with the exception of the
H-50 second Speedball, which was lost shortly after burst
and never re-acquired.

All Speedball rockets were equipped with Daisy flares.
This flare package was designed to measure the target RF
optical bias by ejecting intense flares which would enable
comparison of the radar line of sight to the rocket with
the optical position. However, due to complete overcast at
the DAMP ship position, no flares were seen during Star
Fish Prime.

Three radars were used for clutter and fireball
reflection measurements. These were the second C-band
tracker, the UHF and the L-band radars. The UHF and L-band
frequencies were radiated from the same 28-foot parabolic
antenna. The C-band tracker used was the Starboard 16-foot
FPQ-4., The shipboard digital computer was used to program
the C-band tracker through a series of eight different

regions of antenna directions, with combinations of five
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different scan patterns, with the UHF/L-band system slaved
to the C-band tracker.

Possible interference with the destruct mechanism of
the warhead prevented the UHF/L-band system from observing
burst at H-0. Auroral-type clutter measurements, however,
were obtained after H + 1 minute., UHF interference may
have invalidated the radiometric measurements.

In addition to tiese objectives, the Thor booster was
skin-tracked to burnout,and the composite telemetry and
signal strength of the 246.3-Mc Thor health link was
recorded. Riometer data was recorded for project 6.8
during the entire Fish Bowl series. Transit measurements
are presented in Volume 7.

1.2 OPERATIONAL PARAMETERS

Date 9 July 1962

Time  0900; 09.0290 GNMT

Altitude 400.15 km.

Yield 1.4 Mt

Position of burst with respect to Johnston Island
33.34-km ground range

200.31 degrees azimuth

Carrier vehicle Thor

11



Ships position at H-0

360 km from Johnston
Azimuth from Johnston = 10.3 degrees
Geodetic Latitude: 19.91 degrees N

Longitude: 168.91 degrees W

Ship's Maneuvers

10 degrees heading at H-33 min, 10 knots

Turn to Starboard at H-24 min, arriving at 330 degrees
at H-17 min

Turn to Starboard at H-700 sec, arriving 280 degrees
at H-340 sec

280 degrees heading at 4 knots until H+50 min

Turn to starboard to 100 degrees at H+50 min

Total probes, DAMP ship

1.

C-band track: eight

Flare pack probe = four
Telemetry track = one (Thor)
FREQUENCY SUMMARY

C-band tracker 1 (Port)

Interrogate 5700 Mc
Receive 5775 - beacon
5700 - skin
12



C-band t~acker 2 (Starboard)

Transmit 5795 Mc
Rezeive 5795 Mc
L-band radar 1300 Mc
UHF radar 430 Mc
Telemetry tracker 246.3 (Thor booster)
Radiometer 442 Mc
Riometer 30, 60, 120 Mc
Transit 400, 324, 150 Mc

1.4 DATA SUMMARY

For this report a separate data volume has been pre-
pared for each Fish Bowl test in which the DAMP project was
engaged (Star Fish Prime, Check Mate, Blue Gill Triple
Prime, King Fish, and Tight Rope). It is the intent of
each volume to present only the most pertinent and readily
available data within the limited time scale available.
Each test report volume contains less than 1 percent of the
total recorded data accumulated during each mission,
including calibrations.

Apologies must be presented for the lack of equipment
block diagrams, sub-system parameters, calibration, and
alignment procedures, etc. Equipment-related considerations

are covered in detail in the following standard DAMP volumes:
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1. System Function Manual (Equipment)
2. Equipment Operation Manual (Calibration, and
Alignment procedures)
3. Data Processing Procedures Manual
The interested reader is referred to these documents for
most questions concerning the nature of the equipment or
the calibration methods.

Table 1.1 provides a tabulation of the various quantities recorded
by each instrumentation system. The program followed by the port C-
band radar is detailed in Table 1.2, and UHF/L-band slave intervals

are given in Table 1.3.
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TABLE 1.1 BQUIPMENT AND RECORDING DESCRIPTION
Type of Speed of
Recording Quantity Recorded Recording
Digitai 1. Range, azimuth, elevation AGC voltage 16 in/sec
(three recorders) elevation error, azimuth error and 100 samples
range errors for tracking radars #1 per second
B and #2 per channel
2. Pitch, roll, ships heading for gyros
No. 1 and No. 2
[( 3. Azimuth, error, elevation error and
AGC voltage for UHF/L-band radar
4, Azimuth, elevation and AGC voltage for
telemetry tracker
5. Azimuth and elevation angles for slave
pedestals No. 1, No. 3 and No. &4
6. Twenty-four bit real time and sync.
pulses
Ampex (analog) 1. AGC voltage, AUDAR, azimuth error, 7% in/sec
(twc recorders) elevation error and range error for
Recorders #! and #2 tracking radars No., 1 and No. 2
2. AGC vcltage, azimuth error and ele-
vation error for UHF/L-band radar
3. AGC voltage, azimuth error and
elevation error for telemetry tracker
4. Audio commentary (operations net)
5. Tracking radar No. 1 analog range
recorded on Ampex No. 1
6. Thirteen bit time and control track
Sanborn (analog) 1. AGC voltage for tracking radars No. 1 10mm/sec
(two recorders)
2. AGC voltage for UHF/L-band radar
3. Time
4. Tracking radar No. 1l analog range
5. Telemetry AGC
l Video No. 1 1. Reference and non-normalized N/A
bi-polar video from WDR
2. Audio commentary (operations net)
3. Time

15




TABLE 1.1

(CONTINUED)

Type of Speed of
Recording Quz~tity Recorded Recording
Vide - No, 2 1. Reference, and non-normalized N/A
error and elevation error video
signals from WDR receivers for
tracking radar No. 2
2. Reference video from UHF/L-band
radar
3. Audic commentary (operations net)
4. Time
Boresight camira 1. Tracking radar N>, 2 (1007 ft reel) 20 frames per
second
2. Tracking radar No. 1 (400 ft reel)
Four channd! 1. Commentary 3-3'4 in/sec
audil recorcer
X-Y plotter Prob. 2 oaly
1. X¢ versus Y¢ of tracking radar No. 1 N/A
2. Rg versus H of tracking radar No. 1
Minicor vide! A. H-B3! seconds to H-600 seconds: 60 in/sec
recorder telemetry composite video cyclelock,
13 bit real time, and operraticns net
commentary
13 E-190 seconds to end of test: track- 120 in/sec
in: radar No. 1 and No. 2 videc,
“T ‘L-band radar video, 13 bit real
, anc operations net corTnentary
Time and event: switching events, 200 channcls 10mn/sec
recorders (brus?
strip chart - tw.
reccrders)
Vidicon TV monitor 1. Photographs during 6.13 probe fiare 124 frames
firing sequences per sec
Events recorc.r 1. Riometer and radiometer evenls
(portablc)
Riometer recordings 1. Three AGC channels N/A
2. Three audic channels
3. Time
UHF radiometer 1. UEF ncise temperature 15 in/min
2. Time
CEC/digital punch 1. Transit print-outs of satelite passes N/A
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TABLE 1.2

Time (B+sec)

EDITED TIME AND

GMT

EVENTS RECORD PORT C-BAND (RADAR NO. 1)

Events

Notes

Inttial
mission
conditions

-1754.4

-1752.0

=1749.0

=1747.0

«1449.5

Starting
l gonditions

probe 3

08:30:54.6

08:30:57

08:31:00

08:31:02

08:35:39.5

MGC

External designate mode

285 PRP
l-microsecond pulse width

Receiver bandwidth 8 mega-
cycles

Slave pedestal three
unassigned

Boresight camera off
Azimuth bsndwidth 3 cps
Elevation bandwidth 3 cps
Range bandwidth &4 cps

Beacon local oscillator on,
MFC

Skin local oscillator

Lockon automatic track
mode, AGC

Slave pedestal 3 sssigned
to radar 1.

Beacon local oscillator, AFC

Receiver bandwidth 2 mega-
cycles

Manual mode, MGC

Receiver bandwidth 8 megacycles
External designate mode
Boresight cameras off

Beacon loca! oscillator, MFC

Slave pedestal 3 unassigned

17

Manusl gain control

The radar servos were
directed by computers.

Pulse repetition frequency

These figures refer to the
three tracking servos.

Manual frequency control

Status not recoverable from
the rav time and events
records for this mission

Start of probe 1 beacon

track. Azimuth, elevation,
and range servos comeenced
tracking the beacon return.

Slave pedestal 3 carried
the vidicon camera

Automatic frequency control

Azimuth, elevation, and
range servos were nov under
the operator's manual
control,

Only the changes from the
last conditions above are
noted,




(CONTINUED

Ti~e tHese) GMT Everte Notes
-3 : 08:5%:35.7 | Brrestght camera en
wle.l Qi R5%"5E Lockon automatic track mode, Start of probe 3 beacon
AGC track
+l..C 0«07 32 Externa. designate mode, MGC Radar designated by com-
puters, disabling sutoma-
tic track
Sivariiin) Rece{ver bandwidth & megacvcles
Cg:;:-:3 Boresight cazera off
Beacon local oscillator, MFC
Slave pedestal I unascigned
78..3 0%:13:1C.3 | Lockor avtomatic track mode Start of probe 4 beacon
track
AGC
787 L R Slave pedesta. 3 assignec
t: radar |
VoS {C DRI, Rece:ver bandwidth 2 megacvcies
768.5 0%:13:2¢.5 | Beacon local oscillater, AFC
94e.0 09:15:55 External designate mode, MGC
Startirg Receiver bandwicth B megacycles
AR
_;::L:u'; Beaccn local oscillater, MFC
Slave pedestal 3 unassignec
12¢. ¢ (2:21:40.9 | Lockon automatic track mode Start of probe 5 bescon track
AGC
1293.¢ 0¢:21:42.0 | Slave pedesta) 3 assigned to
radar 1
12¢..¢ 0%:21 1436 Receiver bandwidth I megacycles
1292.5 09:4. ‘e4.5 | Beacon local oscillator, AFC
18.0.0 0-:30:169 Slave pedestal 3 unassigned
18.0.2 €¢:30:16.3 Manua! mace, MGC
1813.5 0% :35:22.% External cesignate mace
1817.9 09:3C:2€,9 | Receiver bandwidth 8 megacycles
181¢,. 0e:30:2¢.4 Buacon local oscillator, MFC
1¢C0.1 0c 131 :46,1 Locken automatic track moce, AGC Y Start of probe 6 beacon track
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TABLE 1.2 (CONTINUED

Time (H+sec) GMT Events Notes
190:.2 09:31:5C.2 | Slave pedestal 3 assigned to

radar 1
1923.0 09:31:52 Beacon local oscillator, AFC
190-.2 09:31:53.2 | Receiver bandwidth 2 megacycles
21427 09:35:51.7 External designate mode, MGC Lost track; attempted to

re-acquire

2143.4 09:35:52.4 | Slave pedestal 3 unassigned
2187.6 09:36:36.6 | Lockon sutomatic track mode, AGC | Re-acquired probe 6
2189.0 09: 36: 38 Slave pedestal 3 assigned to

radar 1
23C9.0 09: 38 38 Slave pedestal 3 unassigned
2309.5 09:38:38.5 | Manual mode, MGC
Starting Beacon local oscillator, MFC
conditions
probe 7 Receiver bandwidth 8 megacycles
2640. 6 09:40:49.6 Locken automatic track mode, AGC | Start of probe 7 track
26421 09:40:51.1 | Receiver bandwidth 2 megacycles
2442.3 09:40:51.3 | Slave pedestal 3 assigned to

radar 1
2643,0 09:40:52 Beacon local oscillator, AFC
3285.0 09: 54: 54 Slave pedestal 3 unassigned
3286.2 09:54:55.2 { Manual mode, MGC

19



TABLE 1.3 UHF/L-BAND SLAVE INTERVALS,
SLAVED TO STARBOARD C-BAND RADAR NO. 2

From (H +, Sec) To
81 116
133 166
183 218
235 289
309 362
378 431
447 566
597 715
730 806
820 after 900
20



CHAPTER 2
EQUIPHMERT SUMMARY
The following equipment listings are intended to convey
the important parameters of the various sensors and re-

corders contained on the DAMP ship applicable to the Fish

'} Bowl measurement:

AN/FPQ-4 (2 each)

Antenna

Repetition rate
Pulse duration
Receiver bandwidth
Noise figure
Frequency

Peak power
Pedestal

Track rates

Pedestal data output

Polarization

Tracking Radar

16-foot parabolic reflector

46.9-db pain

4-horn monopulse feed

14-mil (=0.8 degree ) beam-
width (one way)

142, 285, 855 pps

1.7, 1.0, 0.25 usec

1.2 Mc, 2.2 Mc, 8 Mc

6 db

C-band (5400 to 5900 Mc)

3 megawatts

Azimuth-elevation mount

Range 10k yds/sec

Azimuth 720 mils/sec

Elevation 400 mils/sec

Digital and synchros

1 horizontal, 1 vertical

For Fish Bowl tests, tracking
radar is vertically polarized
radar (Port radar).

21



Unambiguous range

2.1 L-BAND 'UHF RADARS

1000 naut mi (TR 1 Port)
500 naut mi (TR 2 Starbcard)

The L-band and UHF radars, which share a common antenna,

permit observation of the target by 1llumination other than

C-band. These radars are not automatic tracking radsars and

are normally slaved to one of the AN/FPQ~4 tracking radare.

Antenna

Range (l-m® target,
S/N=1)

Repetition rates
Pulse duration
Receiver bandwidth
Noise figure
Prequency

Peak power

Pedestal

28-foot reflector, paraboloid

Gain L-band 38.3 db
UHF 29 db

Beamwidth L-band 2 degrees
URF 6 degrees

Polarization vertical

Sidelobes: UHF 14 db
L-band 17 db

L-Band UHF
266 naut mi 204 naut mi
285 pps 285 pps
1.7 usec 1.7 usec
1.2 Mc 1.2 Mc
8 db 5 db

1250 to 1350 Mc 406 to 450 Mc
2 Mw 2 Mw

Modified 5-inch Mark 38 gun-mount
on 10-foot tower

22



Track rate

Pedestal data:

Travel:

2.2 TELEMETRY TRACKER

Slaved to AN/FPQ-4 radar

0.43 radian/sec
0.25 radian/sec

Azimuth
Elevation

Synchros

Azimuth £ 135 degrees with
respect to stern
-50 degrees to

+85 degrees with

respect to deck

Elevation

The telemetry tracker is an acquisition aid operating

on the interferometer principle which gives angular position

of the teiemetry target from the ship.

General characteristics include:

Purpose

Antenna

Frequency

Polarization

Gain

Receiver
Beamwidth
Side-lobe level

VSWR

Telemetry recording and
acquisition vectoring

12-foot-square ground plane
with four antenna assem-
blies (Vought Electronics
CVAT-162-4)

215 to 260 Mc

Vertical, horizontal, cir-
cular (left or right)

18 db
Nems-Clark 1432
20 degrees

-12 db

1.5 maximum

23



Power capacity 200 watts (continuous)

Pedestal Canoga Electronic Corpora-
tion Model 8417,
modified by RCA

Tracking rates Azimuth 10 degrees/sec
Elevation 10 degrees/sec
Slew 30 degrees/sec

Tracking receciver preamp throshold: -160 dbw

Pedestal output Synchros, digitally encoded
Discriminators EMR 67-D
2.3 VIDICO:

2.4

Objective lens: Wollensak 20-inch Mirrotel F16-3
Field of view: 2 degrees
Resolving power: 2 seconds of arc

Image converter: 3-stage, electrostatic focused.
RCA C-73491

TV monitor: TM - 9N (twin)

Camcras (2) flight: Research IV-C 30 frames/sec
35 mxn

SLAVE PEDESTALS

Four modified Talos AN/FPW-2 guidance pedestals may be

slaved to either or both of the AN/FPG-4 tracking radars.

Dynamic and other characteristics of these slave pedestals

are as follows:
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Travel

Angular velocity
maximum

Angular accelera-
tion maximum

Data output

2.5 RECORDERS

Azimuth Elevation

Unlimited -10 to 180 degrees

15 rpm 6 rpm

9 radjans/sec? 6 radians/sec®

Synchros, digitally encoded

Operating parameters of the various recorders used in conjunction

with the above equipment are given in Table 2.1.
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CHAPTER 3
TRACKING RADAR TRAJECTORY

3.1 INTRODUCTION

All trajectory data was reduced from raw digital tapes
of range, azimuth, elevation, roll, pitch, and own ship's

‘ heading (OSK) according to the IBM 709 digital program

outlined below. Although the raw data was obtained and is
available at 100 points per second, it was reduced and is
presented, for obvious reasons, at 1 point per second during
periods of valid FPQ-4 automatic track.

The following launcher locations were assumed:

1. Star Fish: All rocket launchers
Latitude 16.7350° (GEOD.)
Longitude 169.5255°

This assumption was made since the expected error in
all Star Fish Prime trajectory printouts is of the order of
the dimensions of Johnston Island.

2. Check Mate, Blue Gill Triple Prime, and
King Fish: 6.13 Probes longitude 169.5208°W
t Latitude 16.7350° (GEOD.)
6.2 Probes longitude 169.5148°W

Latitude 16.7350° (GEOD.)
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3. Tight Rope:
N-Kercules Longitude 169.5255 W
Latitude 16.7350 (GEOD.)

Firiny azimuths listed were computed generally from the
X- and Y-values neer the last point of track. They are
therefere not corrected for Coriolis force.
3.2 DE:CRIPTION OF TRAJECTORY LISTING

The sequence of the listing (reading across from left
te right isg

Time in seconds relative to H-time

[

2. Target range from ship, kilometers
3. Target azimuth with respect to true North,
degrecs
4, Target geodetic elevation, degrees
Ti..e. four quantities are raw data referenced to the
stip, obtzinié by removing the effects of raw recorded roll,
wicch. an! OSH data from the raw range anc pedestal angle
e isreet g
Th. nuxt eight quantities involve translation to the
launcher positicn and require that the ship and launcher

position be used in computation. These quantities are:

5. X-distance East relative to launcher,

kilometers
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€. Y-distance North, kilometers
7. Z-vertical at launcher site. kilometers
8. VX + Y. kilomecters
9. Height over surface of earth, kilofeet
10. Height over surface of earth, kilometers
11. Latitude of target (geodetic), degrees
12. Llongitude of target,- degrees
The X = Y - Z coordinate system is therefore an
orthozonal systen tangent te the earth surface at the
launcher,
At the end of each printed interval of track,a number

of input paramcters are printed out. These parameters are:

st Line:
1. Code
2. Code
5. Code
4, Code

5. Ship heading  degrees true
6. Ship velocity, knots
7. Code
2nd Line:
8. Launcher latitude (geodetic), degrees

9. Launcher longitude, degrees
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10. Launcher height, feet
11. Earth semi-major axis, feet
12. Earth semi-minor axis, feet
3rd Line:
13. Start latitude of ship, degrees
14. Start longitude of ship, degrees
15. Height of radar, feet
16. Starting time
17. Stopping time
4th Line:
18. Final latitude of ship, degrees
19. Final longitude of ship) degrees
No data printed for those portions of track below
3 degrees with respect to the DAMP ship is considered
reliable. It is included only to establish a minimum time-
of-flight and impact range.
3.3 DESCRIPTION OF TRAJECTORY PROGRAM
The following symbols and equations were used in the

development of the trajectory program. The drawings in Figure

3.1 show the geometry of the problem and indicate the location of

the symbols used.
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Ey

Ez

Equatorial radius of the earth: 20,926,428
feet

Angle measured positive clockwise from the
Y-axis, in the X- X plane, to the projec~
tion of the target position vector in the
X-Y plane (See A, Figure 3.1.)

Same as A; but all references are made to
the Xg - Y¢ - 2o coordinate system rather than
the X -Y -2 (See E, Figure 3.1.)

Polar radius of the earth; 20,855,968 feet
Angle measured positive upward from the

X - Y plane to the target position vector
(See A, Figure 3.1.)

Same as Ey but referenced to the Xg- Yg- 24
coordinate system rather than the X - Y - Z
(See E, Figure 3.5.)

Height above mean sea level of the sensor
at position 1

Height above mean sea level of the sensor
at position 2

Height (geocentric) of the target above

mean sea level
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Al

A2

g1

gLy

@2

g2v

Radar rénge of the target from position 1
Radar range of the target from position 2
Radius of the earth at position 1

Radius of the earth of position 2

Radius of the earth at position of the target
Angle measured clockwise in the tangent plane
at position 1 from true North to the Y-axis
(See A, Figure 3.1.)

Angle measured clockwise in the tangent plane
at position 2 from true North to the Y-axis
(See E, Figure 3.5.)

Longitude of position 1 (positive East)
Longitude of position 2 (positive East)
Longitude of position of the target

(positive East)

Geocentric latitude of position 1

(positive North)

Geodetic latitude of position 1

(positive North)

Geocentric latitude of position 2

(positive North)

Geodetic latitude of position 2

(positive North)
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@1 Geocentric latitude of position of the
target (positive North)
@Tv Geodetic latitude of position of the
target (positive North)

3.4 TRAJECTORY ACCURACY

A numerical estimate of typical tracking errors cf the
DAMP system was obtained (Reference 1) by comparison of
seven spans of tracking data with Atlantic Missile Range
(AMR) station 12 FPS-16 tracking data during six ICBM tests
in the Ascension area in 1961, Station 12 data was assumed
perfect., The tracking noise and bias errors in DAMP data
(due to uncertainty in ship's position, and gyro noise and
bias, including radar range, azimuth, and elevation errors)
thus determined are presented in Table 3.1 for four of these spans.
These four spans are considered to be more representative
of the tracking geometry of the Fish Bowl DAMP tracking
intervals since they are end-aspect shots (DAMP ship
positioned downrange from impact). The other three tests
were side-aspect shots involving high angular rates and
cannot be considered pertinent,

To obtain the noise in the Johnston Island referenced

portion of the listing,the noise estimate in Table 3.1 may be used
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Al

with the range, azimuth, and elevation data referenced to
the ship. Caution must be used in applying any bias error
estimates to the data referenced to Johnston Island or the
earth (latitude, longitude, and altitude) in the trajectory
listings included in Appendix A. Bias was removed in part
by forcing the ship position, within limits, to make the

X - Y portion of the trajectory meet at X = O and Y = O,
The bias errors tabulated in Table 3.1 are therefore pessimistic

for the present purpose,

The transformation equations are as follows:
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X R, cos E; sin A

7 -

R, cos E; cos Ay

z Rl sin El

x cos & sin o)

vy | =] -sin & Cos O

2/ 0 ¢

N | 0

= v
v | =10 cos(o] - o)
o/, N0 -sin(e) - o))
r -l b Z

Where: o =tan = tan

A s, 0

y =y + 0

Z1y Zf 2 HE|+hI

Where: Rg = ab[(b cos ¢1:‘2 + (a sin ¢1)2] 2

X 1 0
Y 0 COE dy
z fa 0 -sin 3

sin(o] - &)

cos(s - &)

chl

0
Ein &

cos ¢
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X

-~

]

1

Yy

z

(3.1)
See A,
Figure 3.1

(3.2)
Sae A,

Figure 3.1

(3.3)
See B,

Figure 3.1

(3.4)

See B,
Figure 3.1

(3.5)
See B,

Figure 3.1



\/

Where;

Z/lq

05(..’.2 - )1) 0 -Sin(}.z - )l)
= 0 1 0
sin(’, - X;) 0 cos(2; - M)
/1 0 0

0 cos ¢, -sin G} ¥

\0 sin ¢, cos ¢, z/g

2
¢ = tan” [(;) tan ¢2’]

Zig REz'l'h.z

1
RE, = ab [(b cos &) + (a sin ¢z)2] ¢

1 0 0

n
o

cos(dy - ¢;)  sin(é - ¢2)

0 -sin(¢) - &) cos(dy - ¢2)

-sin Q, cos O, 0\ /x

=|cos o, sin o, 0fl v
0 0 1 2/ 4
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X

y

z

4

7

(3. 6)
See C,
Figure 3.1

(3.7)
See D,
Figure 3.1

(3.8)
See D,
Figure 3.1

(3.9)
See D,
Figure 3.1

(3.10)
See E,
Figure 3.1



See E, Figure 3.1, for all quantities defined by the following equations:

A, = tan"[ﬁ (3.11)
Ys

R,

| E;

See F, Figure 3.1, for all quantities defined by the following
equations:

1
[ix? + (y92? + (2] (3.12)

A | _z_’_
Sif [Rz (3.13)

2
¢¥ =tan [(%) tan ¢T] (3. 14)

1
Where: ¢, = tan! {y4 [(x4)2 + (24)21 ZJ

AT = A +tan 'l[-’:—:} (3. 15)
L
ht = [(x.)z + (v 4 (z‘)‘] p - (3. 16)

1
Where: Rpp = ab[(b cos ¢T)z + (a sin ¢T)"] z

The plan trajectories of the probes, the ship movement, and a
' general plan view of the Star Fish Prime geometry are shown in
g Figures 3.2 through 3.4. Figures 3.5 through 3.7 show the probe

trajectories for Star Fish Prime.
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Figure 3.1 Geometrical figures used in
derivation of trajectory equations.
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Figure 3.1 Continued
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CHAPTER &
C-BAND SIGNAL STRENGTH AND ERRORS (BEACON)

Appendix B contains the Sanborn records for all
mission Radar 1 beacon tracking and acquisition intervals.
The signal strength presented is the automatic gain control
voltage of the tracking receivers of the FPQ-4. The records
are annotated with events taken from the edited time and
events records. Calibration of signal strength is
presented in db/m units. This refers to the peak output
power level of an RF pulsed signal generator. This signal
generator output was fed to a waveguide run of several
hundred feet, thence to the foremast horn from which the RF
signal was radiated about 300 feet to the FPQ-4 antenna.
When parameters were changed (bandwidth changes, local
oscillators, etc.) during a mission, signal strength cali-
brations are included for each combination.

Angle error calibrations were obtained by moving the
antenna from the foremast horn 10 mils in each of four

directions.

Pre-mission and post-mission calibrations were available.
However, for this report, the calibration occurring closer

to the mission was included (Figure B.1).
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The Sanborn records include a real-time GMT 13-bit
digital l-pulse/second code, repeated every 15 seconds. The
pulses are of three different widths. The thickest pulse
is the reference pulse. The left edge of this pulse signi-
fies the beginning of a 15-second GMT interval. The next 13
bits designate which 15-second interval of the day begins at
that reference pulse, Medium width pulses designate a "1,"
and thin pulses designate a "0." The two pulses following
the reference pulse signify which 15-second interval of the
minute, the following six signify which minute of the hour,
and the following five signify the particular hour of the
day. Thus, the pulse train 10, 100100, 10010 after the
reference pulse means that the reference pulse left edge
corresponds to 9 hours, 9 minutes, and C seconds GMT. The
last pulse prior to the next reference pulse is a dummy

pulse.
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CHAPTER 5
UHF /L-BAND TRAJECTORY

Trajectory data for the UHF/L-band radar (Appendix C) has been
reduced in the same manner as the trajectory data presented in the
Port C-band tracking radar listings. The UHF-L listings,
however, were derived from the Starboard C-band radar to
which the UHF-L band radar was slaved during most of the
mission.

Under conditions of UHF-L band slaving to the Star-
board rader, the antenna will follow the C-band radar to
within 6 milliradians in angle, provided the following

angular rates are not exceeded:

Azimuth Velocity 25 degrees/sec
Elevation Velocity 14 degrees/sec
Azimuth Acceleration 110 degrees/sec

Elevation Acceleration 85 degrees/sec
It 1is believed that these rates were not exceeded during any
mission.

Due to equipmeﬁt limitations, the UHF-L band antenna
cannot be slaved to the Starboard C-band radar during dis-
continuities in designation data (for example, when a point

chosen for scanning is suddenly changed). These periods
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during which the UHF-L antenna is slaved to the C-band radar
are tabulated in the time and event record. For the remain-
der of the timg,angles presented pertain only to the Star-
board C-band radar.

It must be emphasized that the range (column 2) and all
quantities transferred to Johnston Island refer to the range
gate, although tracking was not employed. The position of
the range gate on the intensity-modulated photographs is 21
Kyds after the pre-trigger; the position of the range gate
on the amplitude versus range presentation is 21 Kyds after
the pre-trigger, unless otherwise noted.

Although the mapping was generally continued for hours,
only 900 seconds of look angles are presented,since the
observed effects decreased rapidly (preliminary examination
of the records reveals that, in general, nothing was seen

after 5 minutes).
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CHAPTER 6
TELEMCTRY TRACKING POINTING ANGLES
There were no telemetry rockets utilized by DAMP during

this event,
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CHAPTER 7
VIDEO-DERIVED CROSS SECTION AND BEACON IPOUER (NEAP H-0)

Magnetic tape records were taken in each mission of
ungated video from each of the radars. The video was
supplied by special receivers intended solely for that pur-
pose, and operating outside the radar tracking loops. The
receivers had roughly lcgarithmic transfer characteristics,
conpressing 80-decibel input variations to the 32-decibei
dynanic range of the video recorders. They contained no AGC
loop. In data reduction, the amplitude of each received
pulse wes recovered from the video tapes, and by applying
calibration information, it was converted to received peak
power relative to an arbitraryv reference. The video band-
width used during playback was 0.6 megacycle,

For the beacon returns, power variation with changing
distance between the radar and the beacon was removed by
dividing the received power by the square of the slant range.
The resulting normalized received beacon power (in decibels)
was plotted versus time in the vicinity of H-O (Figure 7.1).

For Tight Rope, the echo return from the DAMP Nike-
Hercules was discernible in the videc records, and its

C-band radar cross section was computed and plotted.
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The calculation was
SR4

g = Ur
srRra

where: © = radar cross section

w
w

received power relative to a common (arbitrary)
reference

R

slant range to the target

The quantities without subscripts refer to the Nike-
Hercules. The quantities with subscript r refer to the
post-mission track of a balloon-borne 6-inch-diameter alumi-

nun sphere, whose cross section was calculated to be Op.

54



M+l

RELATIVE BEACON POWER —e

H+ TIME, SEC

55- 1

——

Figurc

z./



H+d4 H+S H+E H+T

_ .o 7.1 Star Fish Prime video-derived beacon power.



) He? H+8 H+9 H+10

o



H-1.0

—

a

L]

i

=— HIM0d NOIVIH JAILVY 3N

R

H + TIME, SEC —>

5L



2
===
=Eaes B
B i s e Tk e
— o
= EEEEE
s
= e =
]
=

b



Figure 7.1 Continued.
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CHAPTER 8

TELEMETRY TRACKER SIGNAL STRENGTH AND ANGIE ERRTFC

No rocket-borne telemetry transmitters were scheduled
by DAMP during this event to monitor the nuclear effects at

' UHF or to monitor C-band beacon performance. The Thor

booster telemetry health transmitter was tracked by the
telemetry tracker, and sub-carrier modulations were recorded
to provide backup data im the event of Thor malfunctions.
However, since burnout of the Thor booster occurred approx-
imately 15 minutes prior to burst, no telemeury di’a is

presented for the Thor telemetry tracking interve..

f
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CHAPTER 9
VIDICON MEASUREMENTS
All Speedball rockets launched during the Star Fish
T-ime event were equipped with a Daisy flare ejector cystem,
so that optical measurement of the Speedball tn~rget could he
used for comparison with the radar line nf sight to provide
a concurrent estimate of refractive anomalies at optice:

frequencies, Rowever, due to the inciement weather duri-g

]

cpiical

<.

Star Fish Prime in the vicinity of the DAMP salp, .

measurement attempts yielded data,

68



CHAPTER 10

FIREBALL AND DEBRIS RADAR REFLECTIONS; AURORAL-TYPE CLUTTER
RETURNS; RADIOMETER AND RIOMETER BACKGROUND MEASUREMENTS

10.1 FIREBALL AND DEBRIS REFLECTIONS AND AURORAL-TYPE
CLUTTER RETURNS

The shipboard digital computer was used to designate
the Starboard tracking radar to various angles and rarges at
which radar returns were expected, and to scan the rader
about each of these points using scan dimensions which
increased with elapsed time after burst. The 28-fcot-
parabola UHF/L-band radar was slaved to the Starboard C-band
radar during these scanning periods, which have t2en referred
to as clutter mapping. The general sequence employed was to
first examine the burst area to provide a three-frequency
measurement of the absorption and reflection properties of
the expanding fireball, and then to observe the geomagneti-
cally aligned auroral-backscatter areas expected to the
north of the ship when viewing the ionosphere perpendicularly
to the field lines.

A general summary of this data is given in Volume 1. A

more detailed presentation of the data on a single radar pulse

basis is given in Volume 7.
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10.2 RADIOMETER MEASUREMENTS

A Dicke-type comparison radiometer was used ir the
expectation of deriving background radio noise temperatures.
This radiometer was used in conjunction with the UHF/L-band
28-foot dish, but derived its RF signal from the horizontally
polarized portion of the feed horn rather than the vertically
polarized portion used by the UHF/L-band radar for normal
receive and transmit,

Generally speaking,the data derived from the radiometer
is inconclusive. Heavy interference was noticed on all tests,
and on one test the fluctuations due to interference just
prior to H-U can be seen to encompass the entire dynamic
range of the instrument.

10.3 RIOMETER DATA
At the request of Stanford Research Institute (SRI),
riometers operating on frequency assignments of 30, 60, and

120 Mc were installed on the American Mariner to be included in the
DAMP experiments. The equipment collected data during each of the
five Fish Bowl events, and during some low-altitude, air-drop tests
near Johnston Island. In this experiment, however, DAMP provided

only the technician services required to maintain, monitor, and
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service the sensing and recording equipment connectei with

the riometer system. All riometer data obtained by ihe

DAMP ship was delivered to SRI, and inquiries concerning the data
are referred to that organization. The presentation and analysis of

this data and the correlation of the data with other riometer sensors

may be found in Reference 2.
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CHAPTER 11

TRANSIT AND PROJECT 6.1 COHERENT MEASULEMENTS

Doppler measurements of the very stable 150-megacycle
and 400-megacycle Transit UA satellite CW transmissions were
performed for every usable satellite pass occurring within
several weeks of the Fish Bowl events. The system used tn
record the data wes the actual DAMP shipboard Transit
navigation system, which normally gives ship's position from
the difference between predicted and observed satellite
doppler curves, using reiterative digitel computations.
Based on either the navigator's normel measurement of ship's
position, or, utilizing the radar tracking data during a
miscion to obtain ship's position, e measurement of the
absolute doppler shift could be inferred from the measured
doprler curve. It wes hoped that a Trensit pass would occur
et £ - 0 during at least one event so that the early time
pronounced effects could be measured. However, the closest
pass aveilable occurred at H + 1 hour, during Star Fish
Prime.

The Trensit measurements are presented in Volume 7.

No Project 6.1 rockets were tracked by the DAMP ship

during this event, since all available 6.1 transmitting

frequencies were outside the frequency range ol uie

DAMP meassurement systen.
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PART 2

OPTICAL MEASUREMENTS-

J.E. Hagefstration, Project Officer

Contributors:

A.F.Wiebe
H.W. Yates
W. Planet

Barnes Engineering Company

30 Commerce Road
Stamford, Connecticut
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PART 2
OPTICAL MEASUREMENTS
CHAPTER 12
DATA PRESENTATION

The targets during these tests were extended and
generally covered fully the fields of view of the photo-
meters and radiometer. It is therefore convenient to
express the data in terms of brightness (radiance) (watts
en™® 0°°) rather than irradiance. (All quoted values are
absolute, ncot brightnesses above adjacent background.) The
relationship between brightness and irradiance, for the
instruments uncer discussion, when the fields of view are
totally covered, is:

irradiance = brightness (radiance) x subtended solid
angle
or

H = N.O
The solid angle of the source when the fielid of view is
filled is simply the solid angle of the instrument. For
the photometer (1° circular field of view) this is:

0 = mtan®(8/2) (8/2 = half angle of field)

= 2.39 x 10°° steradian
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Similarly, for the radiometer (2° x 2° square field of
view) it is:

Q = 4tan® (8/2)

= 1.22 x 10™° steradian
It follows, then, that:

N = H.0™

= H x 4.18 x 10° (photometers)

=K x 8.21 x 10° (radiometer)
The fields of view are not totally filled at all times, and
as a result some of the data presented are integrated
(intensity and spatially) values. When the fields of view
are fully covered, such as on the major portion of the
fireball mappings, notations will be made.

Instrument malfunctions, insensitivity, pedestal
pointing lnaccuracles, weather, and over-exposures all
contributed to a reduction of the amount of data gathered.
In some cases, the instruments mechanically malfunctioned,
and in others the exposure level was too low (or too high)
to be recorded satisfactorily. Ballistic cameras in
particular did not contribute to the data as a result of
the low flare intensities. In the following pages, when an

instrument is not discussed, it should be understood that either

no significant data were recorded or a malfunction occurred.
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CHAPTER 13

PROCEDURE

13.1 TEST PARTICIPATION

The DAMF ship, USAS American Mariner, participated
in five tests during Fish Bowl. The important parameters
of the tests are shown in Table 13.1. It is informative to
note that they can conveniently be divided into high-altitude
test: (Star Fish Prime, Check Mate, and King Fish) and
low-altitude tests (Blue Gill Triple Prime and Tight Rope).
Additionally, high- and low-yield devices were detonated
at both altitudes, further contributing to data cross-

correlation.

13.2 INSTRUVENTATION DESCRIPTION

As a result of experience obteined during each test,
the instrumentation was under constant modification during
the series. Table 13.2 lists all of the instruments utilized
during the tests, and Figure 13.1 shows the instrumentation

shipboard placement for the individual tests.

13.3 USE OF INSTRUMENTATION
Instrumentation was divided into three major groups

according to their usage: (1) burst measurement equipment,
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(2) long-term (mapping) measurement equipment, and (3)
support equipment.

Excessively high radiaetion levels were anticipated
during the initial seconds after detonation,and it was
necessary to proicct the sensitive electronic equipment
(photometers and radiometer) from damage. As they were
2ll positioned on Pedestal 1, the pedestal was directed away
tc neerly e right angle (in azimuth) from the predicted
burst co-ordinates and was trained on the burst only when the
levels had decayed sufficiently. The additionel burst
measurement equipment was under control of the TV-monitored
optical director. As a consequence of the protection
precautions, it was not possible to view early burst events
with the photometers or radiometers. Individual instruments
in each of the mejor divisions are listed below.

13.3.1 Burst Measurement Equipment. This equipment

consisted of the following instruments: (1) total-thermal-
power-time radiometer; (2) 70mm high-resolution camera;

(3) 16mm DBM-5 cameras; (4) 70mm streak objective spectro-
graph; and (5) 35m Flight Research camera (XR emulsion).

13.3.2 Long-Term Measurement Equipment. The
g

équipment, operated during mapping periods, consisted of

the following instrumentation: (1) thermograph and
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cozrlementery K-24 Star camera (used only on Check Mate and
Rlue G:ill Triple Prime): {2) two 35mm Flight Ruseerch
boresight cemeras: (3) four-channel photometer; (L4) RLK1
PoS radiometer: (5) RLK]1 thermistor radiometer; (6) all-sky
camerz operated for Stanford Research Institute (SRI).

13.3.3 Support Eguipment. The following equipment

supported the gathering of optical flare date from the
6.13 Speedball probes: (1) eight K-19 ballistic cameras
loceted on Jornston Islend, and (2) K-24 bellistic (probe)
camere operated eboard the DAMP ship.

fnother instrument that wes utilized as support
equipment throughout the entire experiment was the modified
Kintel acquisition television system. This system, in
conjunction with Optical Director No. 2., was designed to
provide pointing informetion to the slave pedestal carrying
instruments committed to the burst phase of the experiments.
13.4 CALIBRATION

Premission background measurements were recorded by
E - 60 minutes. All quantitative measurement instruments
wvere calibrated using as a source of radiation either a
standard blackbody (up to 1000° ) or National Bureau of
Standards (NBS) calibrated tungsten ribbon lamp. The full
dynamic range of the instrument outputs (film density or
voltage) were covered .u the calibration. Also, preburst

beckground meppings were completed to aid in date entljsis.
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CHAPTER 14
RESULTS

14.1 BURST MEASUREMENTS

Inclement weather prevented
the gathering of satisfactory data in support of pretest
objectives. Photographic instrumentation recorded an oral-
escent background produced by a dense layer of clouds
uniformly illuminated by the burst. Burst instrumentation
was directed to the point of detonation by Optical Directer
No. 2. The following descriptions are those of data obtained
by each burst instrument.

The 70mm high-resolution camera started 10 seconds
prior to burst and operated for 60 seconds. Data were re-
corded from H - 0 to H + 0.3 second and consisted of 10
frames of evenly exposed, unimaged intensities. At H - O the
frame containing the burst was totally opaque, and each
successive frame became less dense with time.

The 16mm DBM-5 high-speed camera was started 10 seconds
prior to detonation and operated for 37 seconds, Data were
recorded from H - 0 to H + 0.0l second, and consisted of
4 frames of evenly exposed, unimaged intensities. At H - 0
the frame containing the burst was totally opaque, and each

of the three successive frames became less dense with time.
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The 70mr. streak objective spectrograph was started 10
seconds prior to detonation and operated for 39 seconds.
Burst dasta were recorded from H - 0 to H + 4 seconds and
consisted of a 48-fcot length of dense exposed film. The
remaining length of film decreased in density with time.

Tne TTPT Radiometer——Channel A and Channel B——was
started 120 seconds prior to H - 0. This instrument was
operates until B + 379 seconds,during which time Channel A
recorded a pulse width cf 0.5 msec with an amplitude of 4
volts, and Chanrel B recorded a pulse width of 0.2 msec with
aii amplitude of 0.5 volt. Both pulses were recorded at H - 0,
and their amplitudes decay with time. Although highly atten-
uated by dense clouds, results from this instrument are
tentativelv positive.

Tt 351 flight research Wycoff camera was started 10
seconds prio: to detonation and operated for 200 seconds.

The results were expected to be similar to the 70mm high-

resolution camera.

14.2 LONG-TERM MEASUREMENTS

A long-term period of surveillance was conducted in support
of the pretest objectives. However, inclement weather resulted in
a serious degradation of recorded information. This surveillance

consisted of mapping an area surrounding the burst point, the
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conjugate point, and large azimuth and elevation scan patterns
covering the operational limits of the optical directer and
the instrumented slave pedestals.

Post-mission mapping was started at H + 323 seconds and
continued intermittently until sunrise on D + 1 day. The
sampling periods were taken every half-hour with a duration
of from 5 to 10 minutes. A S-minute final mapping mission
was conducted after sunset on D + 1 day.

During the mapping periods, almost total cloud coverage
persisted. No auroral phenomena were observed at any time.
In addition, no long-term effects were believed to have been
recorded which could be directly attributed to the nuclear
detonation. It is significant to note that little, if any,
long-term effects were recorded in the monitored wavelength
regions., In this respect, the severe attenuations imposed on
the selected wavelength regions by intermittent precipitation
and heavy cloud coverage must be considered. Individual
instruments with their preliminary results are listed below:

R4K-1 Thermistor Radiometer. The results from this

instrument are unknown due to low levels of recorded signal,
but results are believed to be negative.

R4K-1 Lead Sulfide (PbS) Radiometer. The results

from this instrument are unknown due to low levels of recorded
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signel, but the results are believed to be negative.

3:Channel Photometer. The results from thies in-

strument are unknown due to low levels of recorded signal,
but results are believed to be negative.

35mm Boresight Camera (Slave Pedestal 1), Due to

heavy rains, this camera was started after burst at H + 447
seconds and stopped at H + 1245 seconds. No positive results
were obtained.

After burst, the thermograph and star camera were
directed at the detonation point by the operator. Four
thermograph exposures and a sequence series of 3-star expo-
sures for each thermograph exposure were made. The results
were negative,

35mm Boresight Camera (Optical Director 2). This

camera was not operated due to the lack of recordable optical
phenomena.

The all-sky camera was operated for Stanford
Research Institute and the film delivered to that organization
for review. Recording commenced prior to Thor lift-off and
ceased at sunrise on D + 1 day.

14.3 SUPPORT INSTRUMENTATION
Eight K-19 aerial ballistic cameras were mounted on Johnston

Island to record optical flare data from the Speedball probes. These probes
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ejected 14 flares at designated points along the trejectcry.
Positive results were obtained from four of the eight 1 19
cam-ras.

Because of total cloud coverage, the K-24 ballistic
(rrobe) camera mounted on the DAMP Ship yield negative

results with respect to flare data.
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APPENDIX A
PROBE SUMMARY
The trajectory listings are time referenced to the begin-
ning of the GMI second in which burst occurred. Therefore,

H+ 0 in the listings corresponds to K - 0.029 second for

Star Fish Prime, to an accuracy of 50 milliseconds.

, Approxiuate Tracking Records

Project Lift-02f Begin End Azimuth

sec sec sec deg
G.la E-180% H=175L | E=-1k51 177
€.7 =100 NOT TRACKED
€.13 «55 H-13 H+22 339
€.13 474 H+782 +9k45 205
€& +1200 +1202 | +1810 3
€.13 +1842 19008 | 2140 167

218C | 2303 26

6.2 +2400 2kk1 | 3283

4Digital recorder tapes were being changed in the interval
H+1900 to H+1951, and n:> recorded trajectory is available

for this interval.
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