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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 

The primary objective of the Project 6 .13 DAMP ship (USAS American 
Mariner) participation in the Fish Bowl Series was to make RF measurements 
to determine the amount of radar refractive jitter present in a nuclear buret 
environment. The secondary objectives were: (1) measurement of electron 
line density, (2) inveatlption of radar clutter, (3) me&8Urement of RF noise 
proG1ced at one radar frequency, (4) meaaurement of abaorption over a wide 
portion of the RF spectrum, (5) study of the early time effects of the fireball 
on radar measurements at several frequencies, (6) measurement of fireball 
refiection at early times (Blue Gill), and (7) measurement of diaaociated region 
refiectivity (Star Fish Prime). Optical measurements were made to determine: 
(1) damage to direct optical viewiDI ayatema, and (2) •turation and bl.anktDc 
of inatrumen tion viewing the buret r-.ton. Additional meuurementa, in 
support of other projects, were accomplished. 

A summary of the data on the five events proves conclusively that the ef­
fects observed ·were both aerioua and of lonpr cklration than prevtoualy 81UI­

pected, but varied considerably with yield and altitude. It wu demonstrated 
cmring the Blue GUl Triple Prime event that loaa of preclaion tracJdng data 
may be incurred up to 5 1~ mimltea after bunt, clle to fluctuations in the appar­
ent angle of arrival of the tal'Jet aipala in the nuclear envtronmeat (angular 
jitter). Although, for almost every teat, instantaneous single-pulse effects at 
H- 0 were overwhelming, the longer lutin120- to SO-decibel attenuations ob­
served through debris regions several minutes after bunt were very aip1ftcant. 

These meaaurementa are far more aipiftcant in application to a puatve 
radar system when it ia considered that they represent the one-way propagation 
effects of a tracked beacon target rather than puaive akin track. Of even more 
importance in ita application to the field of tal'Jet discrimination ia the appear­
ance of tens of decibel• of noiaeUke aipal fiuctuation occurrtnc for periods 
longer than 10 seconds after buret. 

Thia report conatata of aeven volumes, this volume, plus one volume for 
each of the five Flab Bowl events and a volume covering other selected data 
(aee Preface). 
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PREFACE 

This report is published in seven volumes as follows: 

Volume ™£ 

1 RF Measurements and Optical Measurements —Summary 

2 RF Measurements and Optical Measurements, Shot Star Fish 
Prime 

3 RF Measurements and Optical Measurements, Shot Check Mate 

4 RF Measurements and Optical Measurements, Shot Blue Gill 
Triple Prime 

5 RF Measurements and Optical Measurements, Shot King Fish 

6 RF Measurements and Optical Measurements, Shot Tight Rope 

7 Radar, Radiometrie, and Coherent Measurements 
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PART 1 

RF MEASUREMENTS (U) 
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Contributors: 
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PART 1 

RF MEASUREMENTS 

CHAPTER 1 

IMTRORJCTION 

1.1    OBJECTIVES 

Sie primary objective of the DAMP ship (USAS American 

Mariner) participation in the Fish Bowl Series was to make 

various RF measurements to determine the amount of radar 

refraction Jitter present In a nuclear burst envlronmeat. 

Ibis Is the fluctuation In the apparent angle of arrival 

of target signals when a high-precision monopulse tracking 

radar attempts to track a target through a nuclear burst 

envlronment * 

The secondary objectives of DAMP participation were: 

(1) measurement of electron line density produced in the 

atmosphere as the result of a nuclear burst, (2) Investi- 

gation of the radar clutter produced by a nuclear burst 

at various radar frequencies,  (3) measurement of RF noise 

level produced at one radar frequency, (U) measurement of 

absorption over a wide portion of the RF spectrum, 

(5) study of the early time effects of the fireball on 

radar measurements at several frequencies,  (6) measurement 

• - ■  * -   —   • •- ~- '■ ' — .ri^^^^^^^^jMM^ai^^i^^^Uaieieäaätaai 
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of fireball reflection at «iarly times (Blue Gill), and 

(7) tneaauremeiit of iuiaaoclated region reflectivity (Star 

PIA iWine). 

In addition to these objectives, DAMP participation 

was planned to provide backup Information to several other 

projects operating In the Hah Bowl Series.   Ihese support 

objectives were:    (1) measurement of the probe trajectory 

for ftxjject 6.2, (2) recording of Thor boost telemetry for 

Project 9.^»» «nd (3) measurement of probe trajectory for 

Project 6.7 (Star Ftah Rrlme only). 

1.2    aACKCR(XJND 

Project DAMP was developed to obtain scientific 

Information In support of the design of defense systems 

against ballistic missiles.    Any Information gained on the 

defense problem Is applicable to the complementary 

offensive problem of penetration.    Present and proposed 

defense systems require high-precision target tracking In 

the terminal phase of the engagement.    Since It Is 

considered likely that such tracking may take place In a 

unclear environment. It was essential to Investigate the 

effect this will have on the tracking capability of a 

mooopulse radar.   Estimates by the Institute of Defense 

Analysis (IDA) of Advanced Research Projects Agency (ARPA) 

12 
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suggest that the apparent angle of arrival of the return 

signal would fluctuate with sufficient amplitude and speed, 

due to the signal crossing regions of time-varying 

refractive Index,  so that tracking would be extremely poor 

or even Impossible.    Since there was Insufficient 

theoretical data and no experimental data which could be 

used as a firm basis for deciding the question, an 

experimental test was indicated. 

The last experimental opportunity to measure any of 

the parameters listed above was the Hardtack Series of 

tests in 1958.   Unfortunately-, "no direcc observations of 

refraction of electromagnetic waves were planned for the 

Hardtack tests" (Reference 1).    übe rather incomplete 

series of measurements that were actually made were used as 

the basis for constructing this theory.   This left much to 

be desired and needed experimental checking.   The Fish Bowl 

tests were the first planned opportunity tj make measure- 

ments on the effects of a nuclear environment on tracking 

radars and on other types of electromagnetic propagation. 

The effective reflective characteristics and extent 

of the radar returns from the fireball at early times is 

very Important from the standpoint of pencil-bean high- 

power operational frequency radars for defense systems. 

13 
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Ihese measurements determine engineering quantities to be 

used aa defense system input criteria.    In particular, 

during the rise of a well-formed fireball, as in Blue Gill 

Triple Prime, the fireball extent was mapped at the 

operational frequencies aboard the DAMP ship. 

The measurement of electron line density is related to 

the RF propagation characteristics of the nuclear environ- 

ment.    Electron line density measurements are Important 

from the defense viewpoint, because the present concept of 

most defense systems requires target tracking in the 

terminal phase.    To help define the limitations of various 

possible tracking schemes, it is necessary to know the path 

attenuation that may be encountered under these circum- 

stances.    The measurement was backup to the attenuation 

measurements of Project 6.1.    In addition, such a measure- 

ment was of Interest as a means of elucidating the physics 

of the Interaction between a nuclear burst and the atses- 

phere. 

Hie measurement of clutter is necessary to determine 

the radar environment terminal defense systems may 

encounter.    Clutter includes specifically the effect 

producsd In the ionosphere in connection with the 

eartBtF«.magnetic field.   A similar problem had been studied. 

14 
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with auroral clutter for early warning radars, but data 

pertaining to nuclear burst produced clutter was 

fragmentary. 

RF noise Is an Important parameter In any radar system. 

The RF noise determines the minimum signal that can be 

detected and the maximum range of detection for a given 

size target.    Thus, the level of RF noise produced by a 

nuclear burst Is an Important parameter In the design of 

terminal and other defense systems. 

RF absorption measurement through the Ionosphere 

Indicated the effects of the detonations on the Ionosphere. 

It has thus given some Indication of the possible effects 

on high-frequency communications, and Is also expected to 

shed some light on the physics of such phenomena. 

1.3    IHEORY 

The theory pe the primary objective of these 

tests Involves calcvu        B the range and angle errors due 

to an electron distribution along the propagation path 

between the radar and the target.    This electron dis- 

tribution alters the refractive Index along the propagation 

path.    If the distribution and amount of lonlzatlon are 

assumed, range errors, total refractive errors, and 

refractive Jitter errors can be calculated.    However, the 

15 
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assumptions are questionable and are chosen to achieve an 

easily calculable result.    Any real situation will likely 

vary considerably from the assumptions made in such 

calculations.    An additional point to keep in mind in 

discussing this theory is that the calculations for 

refractive Jitter error are based on the impUdt assumption 

that jfcase distortion across the wave front arriving at the 

receiving antenna will result in spurious error signals 

being generated within the radar.    However, this reasoning 

applies to phase-sensitive tracking situations only, such 

as in the Azusa system which u«es extended antennas.    In 

the amplitude monopulse system used in the FPQ-4, the 

intensity of the wave across the antenna aperture is 

averaged by the radar, because the energy Intercepted by 

the dish is reflected into the feedhom.    Ehase variations 

in this wave front are not registered by radar.    The 

radar is sensitive to the fluctuations in the intensity of 

the received signal as a function of angle off axis. 

Thus, if the signal actually comes from the same direction 

all the time, even though it nay fluctuate in phase across 

the wave front arriving at the antenna, the radar operates 

so that these phase fluctuations are averaged out. 

16 
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Hie bet« electrons created by the radioactive debris 

of a nuclear burst are captured by the earth' s magnetic 

field lines and channeled Into cylinders allgued parallel 

to the field.    Hiere Is strong Indication that the free 

electron density created by the beta flux Is nonunlform. 

übe free electron density Is described as being constant 

In each cylinder but varying from cylinder to cylinder. 

Such field-aligned strlatlons can be commonly observed In 

the natural aurora.    Any beam propagated through such a 

striation experiences variation in its phase across the wave front 

causing destruction of the angular coherence and resulting 

In angular scattering.    This phenomenon may be caused by 

nonunlformlty In the distribution of the debris or 

magnetohydrodynamlc Instabilities. 

One result of this phenomenon Is the occurrence of 

Jitters In the apparent angle of arrival of signals at a 

receiver.    An analogous problem In astronomy, where major 

fluctuations occur because of the great range to the 

target, contributes some uncertainty to the actual position 

of observed celestial objects. 

When an electromagnetic signal from a moving source 

propagates through a medium containing charged particles, 

the received signal. In general, suffers a shift In 

17 
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ffeciuency from tvo aources:    (1) doppler affect, and 

(2) th« dispersive effects Introduced by the charge density. 

If the Initial transmitted frequency and trajectory of the 

source are precisely known, measurement of the received 

frequency can be used In principle to Infer the Integrated 

electron line density along the path of propagation.    In 

this experiment, the transmitted signal from the Transit 

satellites was received to give this Information.   The 

received signal variation from Transit satellites also 

gave a map of the region of interest.    Knowledge of this 

permitted an independent calculation of absorption through 

the medium, and this data thus served as an additional 

measurement in support of Project 6.1. 

Assuming field-aligned cylinders of constant electron 

density, it is possible to calculate a frequency below 

which strong angular scattering will take place in the 

direction perpendicular to the field lines.    T th 

fluctuations of electron density between the cyL 

having a standard deviation slgtna.    übe frequency can be 

expressed as follows: 

f- - 
^sT 

a cps 
(1.1) 
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Where: e • ADgle between vertical aD4 radar beam 

41rection 

a • Angle between mapetic t1el4 UDee &n4 radar 

41rection 

S • Altitude 41ttereDCe between the point the 

radar beam t1r8t meeta a 8triation 

Rrtat1on volume 1n meter• 

& • A~ diamRer ot a 8triation cyls ""er, 

meter• 

C • Vel.oci ty ot lisht, 3 X 1JI m/ MC 

a • staDd&r4 4edat1on ot electron daaity troa 

cytlnMr to cyHnMr, 'e'Jilctrou/crl 

K • 81 X " X "JIJ8 c~ ..,. 
AJq plaDa wave ot a trequeacy below the cr1 tical 

8Catter ~Y i• 8tz'oD8q 8Catterecl 1n the 41rection 

~ to the -cnettc t1e14 Unea. ~ the 

~ ia above the critical 8Catter treq\leDCy, the 

wave trollt ia d1.tarte41 but aome degree ot coherence ia 

~. 'lhe 8tat18t1cal. t1uctuat1on ot the IIOde:&. 

vU1 theD prodaace ~ tluctuatton ot the wave narmal. 

...tdch ia ce"ed ~ Jitter. 
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Electromagnetic waves traveling normal to the magnetic 

field lines are strongly reflected from the strlatlon 

model.   Oils effect has been studied to a degree in the 

natural phenomenon of the northern aurora.   Ibe Stanford 

Research Institute (SRI) and Lincoln Laboratory (U,) radars 

detected extensive back scatter returns from ionized regions 

in the Ifeak and Orange experiments.   In general, anlsotropie 

Irregularities In electron density scatter only a small 

portion backward while most of the energy proceeds In the 

original direction.   Ttxe observed aspect sensitivity of 

the echoes Is explained by the presence of long cylindrical 

columns,    de longer these colunns are, the greater is the 

aspect sensitivity.    "Hie following relationship exists for 

baokscatter from elongated field-aligned Irregularities 

In the free electron density (Reference 2): 

08-"Vv  ^^r-xH8^ Hi-n   (1-2) 

Where: 05 3 Backscattering cross section per steradian 

per watt/m? incident, per m3. In m* 

L " Correlation distance along axis of 

symmetry, meter« 
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T = Correlation distance transverse to axis of 

sjaranetry,  meters 

\ = Wavelength, meters 

XN a Plasma wavelength, meters 

f s Angle between direction of wave travel and 

normal to the axis of the Irregularity, 

radians 

(")- 

2 
Mean square fractional deviation of electron 

density 

On the basis of observations of the natural aurora, the 

cutoff frequency Is above 800 Mcf and (AN/N)1 IS about 

6 X 10    .    Hie cutoff frequency Is controlled by the two 

exponential   terms In Equation 1.2.    To facilitate reasonable 

agreement between theory and experiment, the assumption 

T = 0.1 meter Is made, which results In a correlation 

length of L ■ 3-5 meters. 

Detailed comparison between experiment and theory 

requires more reliable estimates of the frequency dependence 

of the scattered power.    The oniy available experimental 

data up to this time were SRI and LL measurements at 370 

and U25 Mc, respectively,  during Hardtack. 

This brief discussion shows that essentially the same 

phenomenon causes both angular Jitter and clutter.    The 
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clutter meaaurementa made by Project 6.13 were In support 

of ftoject 6.9. 

A further problem Involved concerns a very-high- 

altitude burst.    It was unknovn whether the debris would 

be contained by the earth's magnetic field, or would act 

as neutral particles and distribute Itself without regard 

to the field, or If some Intermediate situation would occur. 

Some light can be sh«!d on this question by observing the 

spatial distribution of clutter.    If the debris were 

completely magnetically contained, a major hot-spot would 

develop where the field through the explosion traverses the 

Ionosphere. 

In addition to the absorption Information obtained 

from probe tracks,  one method of obtaining some measure 

of the absorption of the ionosphere is to monitor cosmic 

noise level.    Since this signal nust traverse the ionosphere, 

variations In received signaJr level can be interpreted as 

variations in the absorption (and thus electron density)  of 

the Ionosphere.    These measurements were made in support 

of Project 6.8. 
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CHAPTER 2 

PROCEDURE 

2.1 SHOT  PARTICIPATION 

DAMP participated  in  five   live  tests held during the 

Fish Bowl series.   These were Star Fish Prime (1.4 Mt at 400 km), 

Check Mate , Blue Gill Triple Prime ^ 

__ King FishQ J and Tight Rope l_^ 

All dates and times in this report are Greenwich Mean Time. 

2.2 INSTRUMENTATION 

The DAMP ship brochure,   RCA 0485  (Unclassified),   con- 

tains a technical description of the  instrumentation aboard 

the  DAMP ship. 

Instrumentation for  the  angular jitter experiments con- 

sisted of an AN/FPQ-4 (modified)   high-precision monopulse 

C-band  tracking radar,  and a television vidicon camera 

mounted on a pedestal  slaved  to  the radar.     In these ex- 

periments,   several  probes   fired   from Johnston Island were 

tracked.     Each probe carried a  C-band beacon and either a 

set of pyrotechnic  flares or a  telemetry link. 

The rationale governing  the   firing of these  telemetry 

probes was determined by many  factors,   the primary  factor 

being the  following.     During Shot Star Fish Prime   (1.4 Mt at 

400 km on 9 July 1962), the DAMP FPQ-4 radar returns  from 
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beacon-tracked  6.13 probes  showed   significant  deterioration 

for  several  pulses  immediately  following the event.    Track 

was   completely lost at  subsequent   times,   and  on one  other 

probe  at  critical altitudes.     To determine whether this 

effect   is due  to radiation-produced deterioration of the 

beacon components or due to disturbed atmospheric transmis- 

sion,   the output  current  from the  beacon B+ power supply was 

monitored to ascertain whether or not  the beacon transmitter 

failed.     During normal receiving operation  (awaiting Inter- 

rogation),  the beacon power supply draws 800 ma.    When 

triggered in the normal operating mode,   the beacon supply 

delivers 1.2 amperes.   Primarily due to the lack of time available 

for instrumentation modifications, it was decided that only a go-no- 

go type of intelligence transmission was possible.   The probe telem- 

etry transmission, of the standard FM/FM variety, was equipped 

with a sub-carrier modulator. 

If the B+ current exceeds the 800- to 1,200-ma limits of normal 

operation the sub-carrier modulator causes a tone shift on channel 

12 or 13, which persists for the duration of the abnormal condition. 

This tone shift is then available after telemetry blackout recovery 

as a positive indication that the beacon has failed after the onset of 

blackout and before transmission recovery. 
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To  shed   further  light  on  this   question,   probe  tracking 

operation was   changed   from the  beacon-only  operation  used  on 

Star  Fish  Prime  to   include  operation  of  the  skin  local 

oscillator of  the  radar.    The history of the  skin return 

signal was expected to give   further   indication of whether 

the medium was  responsible  for  loss  of  track. 

Early time  fireball measurements  and clutter mappimg 

were  accomplished with a second  AN/FPQ-4  (modified)  C-band 

tracking  radar plus a slaved  UHF/L-band  radar.     (These 

latter  two frequencies were radiated  and received using a 

common antenna.) 

RF noise   level monitoring was  accomplished aboard the 

DAMP ship by using a radiometer receiver,   operating on UHF 

only,   and used  in conjunction with  the  UHF antenna of the 

slaved UHF/L-band radar. 

Absorption measurements were   instrumented by installing 

three rlometers  furnished by  Project  6.8 aboard the ship. 

Electron line density measurements were made by record- 

ing doppler and known position  from Transit  satellite    passes. 

Transit  navigation system receivers  on  the  ship were used. 
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2.2.1 Location.     All  rocket probes  tracked by the  DAMP 

ship were  fired from Johnston Island.     The DAMP ship was 

located as   follows:     All  positions are magnetic north of 

burst and are given with reference to the launcher.     For Star 

Fish Prime,  ship position was 356 km at  10 degrees T from 

Johnston Island.    For Check Mate,  the  ship position was 

190 km at Oil degrees T.     For Blue Gill Triple Prime,   it was 

106 km at 010 degrees T.     For King Fish  it was 95 km at Oil 

degrees T.    For Tight Rope,   the ship position was 10 km at 

Oil degrees T.    DAMP probe performance data is listed in 

Volumes 2 through 7. 

2.2.2 Calibration.     The basic calibration for the 

C-band tracking radar used  for the angular Jitter measure- 

went s consisted of an amplitude calibration to relate 

recorded signal voltage to received signal strength,  and an 

error calibration to relate recorded error-channel voltages 

(azimuth and elevation)  to  the angle by which a tracked 

target  is off the boresight axis.     In addition, alignment 

of the slaved pedestal carrying the vidicon with the radar 

pedestal,  and proper alignment and zeroing of all angle 

indicators,  rang« indicators, gyros,  and other auxiliary 

equipment was performed. 
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The basic  calibration for  the C-band  radar and the 

UHF/L-band radar consisted of amplitude calibration in addi- 

tion to a11 auxiliary equipment   calibration as  described 

above. 

2.3    DATA 

Data was recorded in several  forms.    The primary posi- 

tion information (radar range,   azimuth,  and elevation with 

respect to the ship,  gyro angles) was recorded digitally on 

magnetic tape at a rate of 100 samples per second.    The 

primary amplitude and angle error data were recorded on 

a pulse-by-pulse basis on wide-band video recorders. 

Backup information on all  these quantities was recorded 

on analog magnetic tape recorders and paper strip chart 

recorders.    All recorders used were calibrated simultaneously. 
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CHAPTER 3 

RESULTS AND CONCLUSIONS 

3.I     BACKGROUND 

The Down-range Anti-missile Measurement Program, 

popularly referred  to as DAMP, was designed to provide 

ballistic missile re-entry data as a basic  input  to the 

development of ballistic missile defense systems.     The 

program utilizes a converted,  heavily instrumented,  liberty- 

type ship,   the USAS American Mariner (Figure 3.1)  as its 

primary down-range measurement  facility.     The ship is 

supported by a planning and operations group and a data 

analysis laboratory containing a complete data reduction 

facility.     The program is sponsored by the Advanced Research 

Projects Agency (ARPA),  directed by  the Army Missile Command 

(AMICOM),  and operated by RCA.   Backed with this organiza- 

tion,  DAMP had been involved  in some 60 successful  re-entry 

measurement operations over the past five years. 

One of the primary objectives  of the Fish Bowl  series 

was  to obtain scientific information in support of the 

design of ballistic missile defense systems.     Since preci- 

sion tracking is  essential  in the design of all  current 

defense systems concepts,   it was  decided in December of 

1961   to apply the unique DAMP sensors and data reduction 
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and  interpretation  facilities  to  the  task of  obtaining the 

urgently required data discussed  in  this report.    For the 

purpose  of the Fish Bowl  series,   DAMP was designated as 

project  6.13, with 6.13a as RF-measurements,   6.13b as 

optical  measurements,  and 6.13c as  probe design,   fabri- 

cation and launching. 

During  the  following   2/2    months,   the experiments 

were  formulated,   the apparatus was developed and moved into 

the  field,  and the entire operation was planned  in detail. 

This crash effort could not have succeeded without  (he close 

cooperation of all   the participating orgainzations.     In this 

regard,   an appreciation for the support received  from ARPA 

and AMICOM must be noted here.     In particular,   to both the 

ship's  crew and  the DAMP project engineers  for  their efforts 

in  the design,  development,  and  installation of new equip- 

ment and perfection of the intricate shipboard operation and 

also the Physical  Science Laboratory of New Mexico State 

University for their development of  the Speedball  probe 

instrumentation and  operations at Johnston Island 

(Figure  3.2).    Additional citations belong  to both  the Bell 

Telephone Laboratory and the U.  S.  Army Nike-Hercules 

detachment for their Tight Rope operations. 
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3.2    OBJECTIVES 

The primary objective for all  tests,  except Tight Rope, 

was  to determine  the amount of radar refractive glint or 

angular  scintillation of  the received phase  front (jitter) 

present  in a nuclear environment.    The Tight Rope objective 

was to obtain a measure of the disturbed-region radar 

absorption. 

To achieve  these  objectives,   the project 6.13 primary 

experiment  for all tests,  except Tight Rope,  consisted of a 

precision radar track of a beacon-carrying Speedball probe 

flying nearly perpendicular to the  field-oriented D-layer 

ionization emanating from debris concentrations.    The 

primary Tight Rope experiment consisted of a skin and beacon 

track of a Nike-Hercules vehicle guided on a trajectory 

which was  to take it behind the fireball for an extended 

time period.    The ship position in all cases was selected 

to be in the plane of  the magnetic field  lines containing 

the burst.    The distance north of the burst was selected 

considering debris rise and its final  location,  as well as 

the expected clutter or radar backscatter  locations.    This 

position,   the number and type of probes utilized for  the 

time-space exploration,  and other vital parameters of each 

test are  shown on Figure 3.3. 
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Several   types  of Speedball probe  instrumentationä were 

utilized.    All probes carried C-band beacons.     The beacon 

receivers  operated at 5700 megacycles and   their  transmitters 

at 5775 megacycles.     The  TM probes  included a 247.3-mega- 

cycle  telemetry link transmitting beacon current drain to 

indicate beacon health in the radiation environment.    The 

flare probe contained three banks of flares with four 

flares in banks one and  two,and six in bank number three. 

The flares were used  to measure  total refraction by noting 

the optical position of  the probe relative  to the radar 

line-of-sight at several critical  locations.    Four Speed- 

ball probes mounted on their launchers at Johnston Island 

are shown in Figure 3.2. 

An instrumented and guided Nike-Hercules was used  for 

the Tight Rope experiment.    Its instrumentation consisted 

of a C-band beacon operating at  the previously noted fre- 

quencies and a propagation link operating in the  telemetry 

band at 248.6 megacycles.     In addition,   tracking experi- 

ments were performed using C-band beacons piggy-back on 

several Project 6.2, 6.7, and 9.1a probes.   The complex inte- 

grated sensor-recording system which was  operational aboard 

the USAS American Mariner,   suggested a number of secondary 
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measurements.     Accordingly,   these secondary experiments 

were performed as outlined in Figure 3.4.     The general 

characteristics  of  the  sensors utilized for   these experi- 

ments are described below: 

3.2.1    Precision Tracking Radars (AN/FPQ-4 modified). 

The four-horn C-band monopulse precision tracking radars 

are mounted athwart ship    aft on the USAS American Mariner. 

The vertically polarized port radar was utilized for probe 

tracking while  the horizontally polarized starboard radar 

was used for clutter mapping.    The radars utilized the 

following parameters: 

Starboard: 5825 Mc 

Port:    Transmit      5700 Mc 

Receive        5775 Mc 

16 ft 

3 Mw 

1 |isec 

285 pps 

5 db 

2.2 Mc 

Frequency 

Antenna diameter 

Peak-power 

Pulse length 

PRF 

Receiver noise figure 

Receiver bandwidth 

Range (one-square-meter 
target) 

Beamwidth 

310 nautical miles (0 db S/N - 
single hit) 

0.8 degree 
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The effective direction of arrival of  the  signal was 

measured by one   four-horn monopulse receiver  system of 

these radars,   operated in  the amplitude-sensing monopulse 

mode.    The DAMP   system utilizes   two IF receiver  systems 

paralleled after first detection.   One receiver system is 

also used for tracking purposes and utilizes  filtered AGC- 

controlled receivers.    The other receiver system utilizes 

unfiltered wide  dynamic range  receivers  to obtain maximum 

bandwidth undistorted information.    Signal  strength measure- 

ments made by both systems are presented.     The  jitter 

measurements contained in this report are presented by means of the 

tracking receiver output signals only.   These signals are restricted 

in bandwidth and somewhat contaminated by AGC action.   The uncon- 

taminated wide dynamic range receiver information is available at the 

DASA Data Center, General Electric TEMPO, Santa Barbara, California. 

3.2.2    L-band/UHF Radars.     These non-tracking rad«rs 

share a common 28-foot-diameter antenna and are  slaved to 

the C-band radars or otherwise directed as desired.    The 

direction of arrival of the  signal cannot be determined from 

these radars.    The radars utilized the  following parameters: 
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L-band UHF 

quency 1300 Mc 425 Mc 

iiwldth 2 degrees 6 degrees 

i'eak pcfwer 2 Mw 2 Mw 

Receiver NF 5  db 4 db 

PRF 285 pps 285 pps 

Pulse  length 1.7 lisec 1.7 l^sec 

Range (1 m2) 266 nm 204 nautical miles  (0 db S/N - 
single hit) 

3.2.3    Telemetry Tracker .    This device is a  four-lobe 

interferometer type, passive tracking system with the follow- 

ing characteristics: 

Antenna 

Gain 

Frequency 

Beamwidth 

Receiver 

12 ft square;  4 bow tie- type 
antennas 

18 db 

247.3 Mc (Speedball),  248.6 Mc 
(Nike-Hercules) 

20 degrees 

-160 dbw 

The direction of arrival of the signal can be determined by 

this device. This information is included in the data dis- 

cussed in this paper. 
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3.2.4 Transit System. This system utilizes a stable 

oscillator (1 part in 1olO) designed to precisely measure 

the doppler content of several stable phase-locked trans­

missions radiated from a moving vehicle. The system wa~ 

designed for precise navigation using the Transit satellite 

and is complete with a digital computer. The system was 

modified to precisely measure the signal strength and 

doppler content of the 950-megacycle signal from the 6.1 

r ckets fired during the llue Gill and Check Mate events. 

The direction of arrival of the signal cannot be determined 

by this omnidirectional device. 

3.2.5 Other Facilities. In addition, the USAS 

American Mariner contains a self-sufficient operational 

capability including communication and crytographic facili­

ties, digital and analog computers for real-time designation 

and post-mission data reduction, as well as operational 

displays and equipment interconnecting switching for radar 

desianation and real time output. · 

3.3 R!~TS 

A total of 110 minutes of precision radar tracking data 

was obtained by DAMP on 23 probes launched during the five 

Pish Jowl events. The details of this data and the 
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numerous fcnd varied  other measurements  can be  found  in the 

other volumes of this POR.   It is the intent of this 

section  to summarize  the most important  obvious effects 

noted during each test,  presented in order of decreasing 

altitude. 

3.3.1    Star Pish Prime.    The objectives of this radar 

tracking experiment were achieved  through the launch of six 

probe rockets (probe No.  2 through probe 7).    A seventh 

rocket  (probe No.  1) was  tracked to provide trajectory data 

for Project 9.1& prior  to detonation.    All probes carried a' 

C-band frequency beacon  (5,700 megacycles for interrogation 

and 5,775 megacycles for reply)  for  tracking data, and the 

three 6.13 Speedball probes (probe No.  3,  probe No. 4,  and 

probe No.  6) each carried  three banks of pyrotechnic flares 

required for the total refraction measurements. 

All beacon systems performed well and provided a clean 

signal-to-noise margin of at least 45 decibels.    Probe No. 

2  (6.7/6.13) was not tracked due  to shipboard operator 

error.    A brief return was received  from this probe. 

Failure  to acquire and  track probe No.  2 within the allotted 

time necessitated the  launch of probe No.  3 as a preburst 

backup. 
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Very high scintillation or pulse-to-pulse signal 

strength variations were present during the recovery period. 

occur- 

ring at random intervals,  until recovery to the nominal 
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sign«! was virtually complete 

The modified AN/FPQ-4 tracking system integrated six 

or more of its non-compressed,  non-coherent pulse returns 

to establish  tracking commands.    Hence,   the radar tracking 

system saw the four-pulse,  H-0 blackout as a small 

disturbance.    In addition,   these circuits  smooth over large 

pulse-by-pulse signal variations^and    therefore,   track was 

maintained.    Some small range and angle Jitter errors were 

present.    The angle errors were no larger  than two mils, and 

they were present only during the first second after burst. 

Although the H-0 effect described above did not cause the 

radar to  loose  track,   the data obtained illustrates 

several important parameters  for the defense designer to 

consider.    First,   the one way beacon-radar  link experienced 

an average of 

This would mean(a_ 40-decibel  two-way attenuation of skin 

signals or a 10:1 reduction In radar skin range^for that 

period.    Secondly,  radar systems or ground-space communi- 

cations systems such as missile guidance relying upon trans- 

mission of information would 
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Finally,   this problem would be extended  over a 

large region due  to the vast areas  intensely ionized by 

this uncontained burst. 

Three additional probes were  tracked over  the period 

from H + 1200  to H + 3292 seconds.    No additional  tracking 

difficulties were  encountered. 

At H + 21.6  seconds at 98.5-kilometer altitude,  track 

was abruptly terminated when the beacon was  lost within a 

single pulse also shown in Figure 3.7.    This abrupt track 

termination also occurred on the  next probe at H + 944 

seconds at 225-kilometer altitude. 

To establish the reason for  these failures,   several 

probes during the  subsequent nuclear tests were  instrumented 

with telemetry monitoring beacon health by means of current 

draw.    A preliminary review of  the beacon health data indi- 

cates that most beacons performed well until  they penetrated 

the ionized D-layer.    After penetration,   they are  subject to 

random drop-outs and fail to respond.    This  failure seems to 

correlate with short circuit current drain.    At  this writing, 
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there seems to be no correlation between this effect and the 

time-space history of  the burst phenomenon such as debris 

location and associated  ionization.     Generally,   radar  track 

is maintained  through this dropout period.    On the  other 

hand,  during two tracks,severe beacon dropouts occurred 

prior to burst or below  the D-layer.    These  two beacons 

also displayed other  symptoms  such as  frequency shift and 

are  considered faulty.    On one  occasion,   track was manually 

terminated^and a backup probe was   launched due to this 

problem. 

As a result of these  findings,   track termination of 

the  two Star Fish probes  is presently attributed to beacon 

dropout failure in the presence of a nuclear burst 

environment.    However,   at present,   these effects can not be 

correlated with bomb phenomenology such as  the penetration 

of dense stratified debris  or the  like. 

No obvious effects were  observed during the following 

four probe tracks. 

Figure 3.8 depicts  the DAMP geometry during Star Fish 

Prime from the point of view of   the magnetic-zone radar 

backscatter measurements.    By  locating the ship 356 kilo- 

oMCers from Johnston Island,the  radar  line of sight would 
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be perpendicular to  the magnetic  field  line passing through 

the burst at the  100-kilometer-altitude point.    This region 

where   the  field  lines  through  the burst  intersects  the 

ionosphere at  100-kilometer altitude will be called  the 

magnetic zone.    The maximum backscatter effect from the 

Beta radiation trapped by the earth's magnetic field was 

expected at  the magnetic zone.    Possible  interference with 

the warhead destruct   frequency prevented  the UHF/L-band 

radars  from observing the actual burst.    At burst time 

(H+0)   the C-band radar was  scanning the burst region; 

however,  no effects were noted.     TWenty seconds after burst; 

the UHF/L-band radars were also scanning the burst region^ 

also with no measured effects.    At H + 75  seconds^ all three 

radars  started mapping the magnetic zone using a 5-degree 

spiral scan.    The shaded area in Figure 3.8 shows the 

region from which the UHF radar  obtained measurements.    No 

effects were seen with the L-band and C-band radars. 

All three radars continued  to scan the magnetic zone 

and the burst regions alternately at 50«second periods of 

time;  however,  no radar returns were observed after H + 115 

seconds.    At H + 800 seconds,the radars proceeded to map 

the entire hemisphere.    No measured returns were received. 
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Figure 3.9  is a presentation of  the UHF observations  from 

the magnetic zone.    This  type  of data presentation will be 

used  repeatedly In this report.    The   technique used in 

generating such a display is  as  follows.     The output from 

the  radar receivers is used to modulate  the Z-axis,  or the 

Intensity of an oscilloscope.    Time  from each transmitted 

pulse, which is proportional  to radar range,  is used to con- 

trol  the vertical deflection of  the oscilloscope.    Therefore, 

for each transmitted pulse from the radar,a single vertical 

sweep on the face of the oscilloscope  is generated.    The 

Intensity of  the spot produced during this sweep is modu- 

lated by radar receiver video amplitude.    All targets appear 

as a bright spot on the vertical sweep.    As the oscilloscope 

face is photographed on continuously moving film, all returns 

are recorded graphically in the  type of display shown.    All 

targets observed by the radar appear as      continuous traces. 

These intensity modulated films are quite useful in 

determining an overall picture of what  the radars received. 

To obtain detailed information such as  target amplitude and 

width,however,  it is necessary to Investigate the individual 

radar returns for each transmitted pulse.    The Inserts are 

samples of the UHF returns at various  times.    From this typ« 
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of display, one  can obtain both target  amplitude and width 

on a pulse-by-pulse basis. 

A Transit  satellite was  tracked approximately one hour 

after burst.    The doppler data  indicates  that  the satellite 

transmissions passed through two regions  of exceptionally 

high electron density — at equal distances before and 

after  the  closest approach of the  satellite  to the DAMP 

ship. 

3.3.2    Check Mate.    For the Check Mate experiment, 

the  ship was positioned so as  to place   the radar  line-of- 

sight   through the burst parallel  to the magnetic field 

lines at burst  time.    Burst was  intended  to be at 

191 degrees bearing from Johnston 

Island at  70-kilometer    distance.    Actual burst was at 

186.8 degrees bearing from 

Johnston Island at 75.6-kilometer    distance. 

The  fireball, which rapidly expanded 

is depicted in its relationship  to the ship 

and the early time DAMP Speedball rocket  in Figure 3.10. 

The northern auroral region due  to the debris beta par- 

ticles is  shown as the cross-hatched area projected from 
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H + 10  seconds 

H + 500   seconds 

H + 1020  seconds 

the debris along  Che geomagnetic  field   lines  into the 

lower  ionosphere. 

Three DAMP rockets were  scheduled,  with a  fourth 

available  for backup to the first.    Due  to rocket payload 

delivery schedules,  only one  telemetry payload was 

available.     The firing sequence and payloads were: 

H -  70  seconds Te lerne .ty package + C-band beacon 

Backup probe, C-band + lead weights 

(not fired) 

Flare package + C-band beacon 

C-band beacon + leadwelghts 

All three probes were acquired and tracked  from expected 

A-tlme at  three degrees elevation to  splash.     The backup 

probe was not required and,  therefore,  not  fired. 

A  single-pulse,  one-way beacon dropout of at least 

55 decibels  occurred at H-0.    Complete recovery and normal 

track occurred within several pulses.    Normal  track was 

maintained until splash.    No obvious effects were observed 

during the remaining two probe  tracks.    Figure 3.10 indi- 

cates  that  the rise of the disturbed region was more rapid 

than the  rising probe along its  trajectory.    Thus,  the 

probe never encountered the disturbed region nor did it 
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encounter  the   field-aligned  ionization  emanating  from the 

rising debris.     Thus,   there was no effect measured at 

C-band. 

The  247-megacycle  telemetry (TM) link from this probe to 

the  ship experienced 

some  of  the  early excursions may be attributed  to operator 

acquisition difficulties. 
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The different effects noted from the same source along 

different propagation paths are probably the result of the 

geometry of propagation relative  to the magnetic field 

oriented beta-patch.    Figure 3.10 shows  that  the beta 

particles emanating from the debris remaining in the burst 

region will 

to Johnston 

Island. Several optical photographs indicate a residue 

of debris near  the  initial burst  location. 

The lack of C-band effects, other than the instanta- 

neous effect, is an indication of the lack of intense 

immediate X-ray ionization in the D-region.    Nevertheless, 

the 

The second probe  launched was equipped with the 

Speedball flare-ejection system.    Tvo flares  functioned at 

approximately H + 570 seconds and were noted  to be within 

the slaving tolerances of the optical system,  indicating 

that no refractive bias greater than could 

have existed at this time. 
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Figure 3.13  is a geometrical representation  of  the 

C-band,   L-band,   and UHF radar backscatter measurements. 

All three radars were designated  to  the region of burst 

at H - 0.    After burst,   the radars followed  the  rising 

fireball and at  the same  time executed a S-degree spiral 

scan about the  rising fireball.    An operator error caused 

the digitally programmed designation data to be inserted 

early,  and the antennas were pointing high in elevation. 

However,  at H + 13  seconds^ the UHF radar observed  the 

rising fireball in its antenna sidelobe.    The insert on 

Figure 3.13 shows  the amplitude and width of a  typical 

fireball return during this period. 

At H + 120 seconds all three radars were designated 

to the magnetic zone  (shaded area,  Figure 3.13).    No 

returns were seen at C or L-band frequencies;  however, 

backscatter data was obtained by the UHF radar.    Figure 

3.14 shows the actual scan pattern used and  the  limit above 

which no UHF returns were seen.    The second scan through 

the same region which occurred 50 seconds  later  showed 

only brief UHF returns at H + 202 seconds.     The inserts 

shew the amplitude and width of the returns at various 

times. 
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From H + 250  seconds until H + 350  seconds  the burst 

region was scanned,  again with no measured returns.    After 

H + 350 seconds  the  entire hemisphere was mapped,  with no 

measured effects. 

3.3.3    King Fish.     For this test the  ship was 

located 95 kilometers magnetic north of Johnston Island 

(11 degrees  true bearing) and along the magnetic  field 

line through burst.    The King Fish burst occurred at 

or near  the normal maximum free-electron level 

of the region.    The burst produced a rapidly expanding 

fireball.    The fireball rose  rapidly, elongating verti- 

cally as it rose.    The  shape of the disturbed region in 

relationship to the project 6.13 probes is shown in 

Figure 3.15. 

The rising fireball was accompanied by a strong field- 

aligned auroral region emanating from the bottom of  the 

fireball.    This auroral region remained trapped in a 

relatively concentrated tube aligned along the  field 

lines through the burst region, although the fireball and the 

debris contained within it rapidly rose above  the burst 

region.    This ann""-1.ou8 effect continued until 

whan the magnetic field snapped 
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back to its  original position^and  the narrow auroral  tube 

expanded  to cover  the very  large debris area dissipating 

its intensity. 

For the King Fish event,   seven rockets equipped with 

C-band beacons were  scheduled  to be tracked;   four DAMP 

Speedballs,  and  three  Project 6.2 rockets.    Firing  times 

and payloads of probes  for this operation were  (all probes 

carried C-band beacons):- 

1 H - 350: DAMP      telemetry,  82 degrees 

Backup H - 270: DAMP backup to No.   1,  flare probe 

78 degrees firing elevation 

2 H -   120: Project 6.2,  Honest John-Nike-Nike 

(Tracker No.  2) 

3 H + 200: DAMP telemetry 

4 H + 780: Project 6.2,  HJ-N-N 

5 H + 1010: DAMP  telemetry 

6 H + 1500: Project 6.2,  HJ-N-N 

7 H + 1960: DAMP backup 

The H - 350-second probe and H - 270-second backup  to this 

probe differed in launch elevation by 4 degrees.    The  tra- 

jectory difference was designed  to compensate  for  the 

firing time difference and permit both the main probe and 
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the backup  to be behind  the burst area at burst  time along 

llne-of-stght parallel  to   the geomagnetic field  lines.     A 

flare backup telemetry probe would be competing with  the 

first  telemetry probe at  the  same  look angle and frequency. 

The H - 350-second probe was acquired normally,  but 

tne radar track became  intermittent after the backup 

docket firing time. 

the probe was  tracked  through burst. 

A single-pulse,  one-way beacon drop 

probe-to-ship radar  link was experienced at 

H - 0.    Return to the pre-burst signal strength occurred 

within several pulses.    However,  the returns were 

Angle  tracking was noisy during this 

track period.    Figure 3.15   indicates that the  fireball rose 

through the  line-of-sight defined by the ship's radar and 

the probe 

This probe carried a  telemetry  link operating at 

247.3 megacycles.    The  link was monitored both on the  ship 

and from the launcher area on Johnston Island.    Figure 3.16 

show» that blackout of this  signal was experienced at 
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Johnscon Island 

The Johnston  station utilized a  single-helix 

antenna and low-sensitivity receiver specifically for 

pre-launch monitoring, which explains  the very  low signal 

margin with which the data was obtained.    At 

seconds the signal recovered.    The beacon health sub- 

carrier signal indicates 0 pulse recurring frequency (FRF) 

or  than  the beacon was not  triggered  from H + 10.5 seconds 

through H + 14.4 seconds.     From H + 14.4 seconds through 

the remainder of  the probe  flight,  the beacon was pulsed 

at 285  FRF.    Occasional periods  of noisy information 

occur,  probably as a result  of  the  low signal being fed  to 

the telemetry discriminator.     In addition,  the usual 

dropouts are seen. 

From the ship, C-band beacon 

Between 

During the period from 
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The   track 

during this period was accompanied by  some angular jitter, 

and  severe beacon dropouts   lasting 0.1  second or more were 

encountered on some  occasions.     Track was maintained until 

splash at H + 101 seconds.    During this period, the severe 

dropouts  continued.    These dropouts correlate well with 

the   telemetry data. 

The above effects again  indicate  the  localized nature 

of debris and beta-absorption. 

The Project 6.2 rocket  scheduled  for  launch at H -   120 

seconds was not tracked.     It had been intended that the 

other C-band radar  (Port radar)   track this probe  to 

determine  trajectory until H -  30  seconds.    However,   the 

analog designation computer had  to remain programmed  through 

the  H - 350-3econd Speedball  trajectory,   since  this rocket 

was experiencing intermittent  track at  this  time.    Desig- 

nation data was,  therefore,  not available for the other 

radar, and  the 6.2 rocket was not acquired.    The sixth 

rocket, also a Project 6.2 probe,  was  triggered for several 

hits,  but no solid  target was  seen,  and  the rocket was not 

acquired.    This is presumed  to be due  to a  faulty beacon. 
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Four rockets were  tracked  through the disturbed region 

after   the H -  35C-second rocket   track.     The   trajectory of 

the  third prob   ,       icked from H + 212  through H + 533 

seconds  is  shown in Figure  3.15.     No difficulties,   other 

than an occasional brief beacon dropout as described above, 

were encountered on  these probes. 

A  flare-carrying probe originally scheduled to be 

fired as backup at H - 220  seconds was fired at H + 1960 

seconds.    Track was normal.    Three  flares were recorded. 

A maximum track deviation of  3.4 mils was measured.    This 

deviation was within the normal pedestal slaving tolerance, 

and  the data indicated no major  refraction at that  late 

time. 

Due  to what is believed  to be  equipment failure,   the 

telemetry tracker was unable  to automatically  track any of 

the 6.13  telemetry Speedballs.     Therefore,   no 247-megacycle 

absorption was measured,  and no angle jitter measurements 

are available at this frequency  for King Fish. 

The opacity and  spatial coverage of   the  fireball at 
r 

C-band  is obvious from the  results  of  this experiment. 
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The angular regions examined by the UHF, Lr,  and C-band 

backscatter measuring radars are depicted in Figure 3.17. 

All  three radars were pointing at burst at H - 0.    The 

warhead was visible at UHF/L-band frequencies prior  Co H-0 

time as shown in Figure  3.18.     At burst, all radar returns 

completely vanished from the 6-degvee UHF radar beam for 

At L-band, 

this absorption, as might be expected, was for a shorter 

The L-band beam is approximately   2 

degrees wide.    However,  and this  substantiates  the  trend, 

at the  1-degree beam C-band the burst was 

The video records from the three 

radars also show distinctly increased noise background at 
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H -   0   time,   and at   the C-band   frequency  this  increased 

noise  is  coincident with  the blooming fireball target. 

The  inserts  in Figure 3.18   show  the amplitude and width 

of  the radar returns at  the various   times. 

It was  intended  that  the radars would commence 

scanning the fireball at H •• 0, while following the rising 

fireball in elevation for  60 seconds  thereafter.    The 

gradual rise  in elevation was not Inserted into the 

digital computer programming the radars due to human 

error.    Also,  the scan of  the magnetic zone (cross-hatched 

region of Figure 3.17) was begun late at H + 300 seconds, 

explaining the  lack of observed auroral backscatter returns. 

Again,   no reflections were  observed during the complete 

hemispheric mapping. 

It  is,  however,   significant  to note   that while UHF 

energy was 

(See Figure 3.18.) 

3.3.4    Blue Gill Triple Prime.    For  this test the  ship 

was positioned so that tracking radar No.   1 (Port radar), 

while  tracking the first Project 6.13 probe, would be  looking 

parallel  to the magnetic  field  lines  through the fireball 
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debris at  the  time  the   fireball was expected  to rise  into 

the  D-layer.     This placed   the  ship  106 kilometers  from 

Johnston Island  on a bearing of   11 degrees.    Actual burst 

occurred 36.41 kilometers  from Johnston Island on a bear- 

ing of  192.79 degrees Five 

probes were  scheduled,  with a sixth available as backup   for 

the first DAMP probe.    Two Project 6.2 rockets were  to be 

tracked.     The  firing schedule was: 

1 H - 312:        Main probe;   flare package + C-band beacon 

2 H -   180:        Backup  to   I;  flares + C-band beacon 

3 H + 180: Flares + C-band beacon 

4 H + 900:        C-band beacon only;  Project 6.2,  Honest 

John-Nike-Ntke 

5 H + 1320:      Flares + C-band beacon 

6 H + 1860:       Project 6.2,  Honest John-Nike-Nike (C-b«nd 

beacon only). 

All DAMP rockets were  to be  fired at  190 degrees true and 

82 degrees  firing elevation.    Project 6.2 rockets were 

north,  fired between 10 degrees and 20 degrees.    If the 

backup rocket was not used at H -   180 seconds,  it was not 

to be fired at a  later time.    Acquisition was successful 

on all probes,  and most were  triggered on  the  launcher. 
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The  first   two probe  tracks after burst  are  shown in 

Figure 3.19.    A  signal  strength record of 950 megacycles 

was  obtained  for   the H-160,   6.1 probe.     The  nominal,  not 

actual,   trajectory of  this probe  is also shown on  this 

figure for correlation purposes. 

The  first probe was acquired about  three degrees ele- 

vation over  the   launcher.    Track was well-behaved until 

approximately 40 degrees elevation,  at which  time track 

became oscillatory, beacon faded,  and track was  lost at 

70  seconds after   lift-off,  during a deep  fade. 

The backup probe was,   therefore,  fired at H-180 

seconds.    Solid  track was established around three 

degrees elevation and continued  through burst. 

At burst,   the backup probe was near apogee.   The 

propagation path was some 30 degrees above  the burst in 

the plane of the magnetic field  through burst.     The one- 

way beacon signal experienced 

This effect was similar to that 

experienced during Star Fish Prime and Is shown in Figure 

3.20. 
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Track was maintained  through this period^ although 

some angle and range   jitter was experienced.    No serious 

effects were noted 

until  track was  lost due  to the 

target  jumping out of   the range gate at H + 55  seconds. 

Shortly thereafter, the  target was completely lost and never 

reacqulred.although  the radar pointing measurements  indicate 

that the radar was directed to the vicinity of the  target 

for a reasonable period after loss of  track.    At this 

writing,   there appears to be no correlation between the 

propagation paths and  the fireball or debris  locations. 

The next probe,   launched at H +  180 seconds was 

acquired at H + 190  seconds.    Several  important effects 

were noted during this  track.    These effects correlate with 

the rise and expansion which occurred as depicted in Figure 3.21. 

These debris rise and expansion rates are based on the 

limited optical information available  to date.    Specifically, 

the initial rise and expansion rates were obtained from Reference 3. 
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The   late-time  (after  two minutes)  debris rise and c 

expansion history of   the debris was  obtained by triangu- 

lation of  the all-sky-camera photographs  taken on  the 

DAMP  ship  and on Johnston Island.    The  cameras were  cali- \ 

brated and read at SRI.    The triangulation and plots were 

performed  in accordance with this information.    Due  to 

residual ships-motion effects on the time exposure photo- 

graphs,  as well as uncettainties in camera calibration, 

absolute  camera alignment and the non-uniform nature of 

the debris  toroid angular errors up  to 2 degrees can occur. 

This error amounts to uncertainties in the order of +10 

kilometers  in the determination of the debris  locations. '.•<] 

During the period  from H + 240  seconds  to H + 300 

seconds, the propagation path from the probe to the radar tra- 

versed the region through the near arm of the debris  toroid. 

At that time, a period of angular and range Jitter was 

experienced.    This effect was not intense.    However,  during 

the period from 
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as shown on Figure  3.22 was encountered.     During  this 

period,  a deep probe  antenna  lobing null was encountered 

and track was   lost.    Upon reacquisi.tion,   the propagation 

path again passed  through  the center of   the  toroid with- 

out encountering  the actual debris  regions.     The  tracking 

signals were  not grossly affected during  this period. 

During  the period  from H + 480 seconds and H + 487 

seconds,   the  propagation  path again crossed  the near arm 

of the debris  toroid.    This  time,  a very small attenuation 

accompanied by some angle and range Jitter was experienced. 

Track was maintained although occasional beacon dropouts 

were encountered. 

At H + 546  seconds^ track was  terminated due   to an 

abrupt cessation of  the beacon signals as the propagation 

path approached the  far arm of the  toroid.    Additional 

study will be  required  to establish if   this effect was due 

to a beacon dropout or propagation absorption.    A  total of 

three additional probes were  then tracked.    No effects 

were noted other  than occasional beacon dropouts. 

At burst,   the Transit  tracking system at 950 megacycles 

was tracking the doppler signal of  the  6.1 probe  launched 

at H -   190  seconds.     The  signal strength record at H-0 
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indicated 

The data  from this  test  indicate  several important 

factors,  namely: 

1. The lessons learned during the initial Star Fish 

Prime tracking periods were repeated during this 

much   lower altitude,   lower yield burst. 

2. 
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Six flares were observed during Blue Gill Triple Prime, 

including a pre-burst flare at H -  242 seconds.     The pre- 

burst flare was  offset 1 milliradian in azimuth and 3/4 

milliradian in elevation.    The flares observed after burst 

were all measured to be within 1-1/4 milliradians in eleva- 

tion and 1 milliradian in azimuth with respect  to the 

C-band tracker axis. 

The areas of interest from the radar backscatcer 

viewpoint are shown in Figure  3.23.    Because of possible 

UHF telemetry Interference,   the UHF/L-band radars were not 

permitted to illuminate the burst point;  they were slaved 

to the C-band radar 20 seconds after detonation. 

The C-band radar again recorded return signals at 

detonation and for approximately 2 seconds  thereafter. 

The  test plan called for a programmed rise in antenna ele- 

vation to observe  the rising fireball.    This was 

accomplished, with UHF/L-band  illumination after H + 20 

seconds, with no measurable effects.    Later however, at 

H + 26 seconds,   a return was recorded by the L-band radar 
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and as would be expected,   the UHF radar observed definite 

returns still  later at H + 38  seconds.    These  returns are 

shown in Figure 3.24 as an intensity-modulated display. 

Figure 3.25 shows  the amplitude and width of  the return 

pulses at various  times after burst. 

All three radars continued to see target returns while 

scanning the  fireball region up  to maximum fireball height 

at 70 kilometers.     The elevation of the radar    antennas 

was Increased to scan the broad region above  the fireball; 

however,  no ueasurable targets were recorded up  to an alti- 

tude of 210 kilometers. 

The radars returned to burst altitude at H + 320 

seconds^passing rapidly down through the fireball region 

(so swiftly that sustained targets would not have been 

observed).    Both the L-band and UHF radars received 

63 

-—• .'i .>,.",? /i .'■.'«.—•> >'f -'■ -j—:■ \. i i '   '•   - •-.•■-■-'*-'■  '■ '■ '■ •■ •-  •-  - ■■.•.. .-.-^ _«.v-^.-i^-^.^.-^ 



i  »  .   ■    i  .....   .       ■!  .  ^  L     .  -   "  1   ■ « - I-, 1- » -'1   -  ■. ^   ■. 

substantial signal returns  in  the burst region where 

detonation had taken place  some  350  to 500 seconds before. 

No positive C-band  returns have  yet been identified  in 

this data,  yet  the background noise  rose  substantially 

exactly as it did on  this and  other  tests when reflecting 

targets were present. 

The radars were slewed to  the magnetic zone at H + 550 

seconds where   large-area scanning was continued  for approx- 

imately 100 seconds.    No target returns were visible in 

the measured data. 

Finally,  broad hemispheric mapping was conducted with 

negative results. 

3.3.5    Tight Rope.    The Project 6.13 primary objective 

on Tight Rope was  to track an accurately placed Nike- 

Hercules probe behind  the fireball for extended periods  to 

determine C-band absorption and any other effects which 

might occur while  tracking through  the Tight Rope  fireball. 

For  this reason,   the ship and  the Nike-Hercules probe tra- 

jectory were accurately positioned so that the probe would 

be along the  line-of-sight from  the  ship  to the burst point, 

that Is, behind burst point at H-time,  and remain behind the 
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rising  fireball  for  several   tens  of  seconds.     The  optimum 

ship position was   10 kilometers magnetic  north of   the 

launcher. 

The  Project 6.13 Nike-Hercules probe was scheduled 

to  lift off 5  seconds earlier  than  the  Tight Rope Nike- 

Hercules.    Burst of  the   live round was   to occur 

after  lift-off at a position of 

3 kilometers  south of  the   launcher.    Burst 

actually occurred at ^j3.35 kilometers 

south of   the   launcher while  the  instrumented probe and 

the  ship were   located precisely as desired. 

The burst produced a  small slowly rising fireball 

which shortly developed  into a well-defined toroid.     The 

geometry of  the  toroid with respect  to  the probe  trajectory, 

and  ship   location is  shown on Figure  3.26. 

At H-0 both the  one-way beacon and  two-way skin return 

experienced a single-pulse complete blackout in the order 

of /N as  shown on Figure  3.27.    Upon recovery, 

the  skin 

over pre-blackout values.     The double path 

length for  the skin return resulted  in double attenuation. 
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In both cases,   the   signal  returned  to normal within 2 

seconds. 

A normal  track,   almost devoid of  angle or range  error, 

was maintained as  shown  on Figure  3.26 until H + 36  seconds 

when the propagation path  crossed  the   rising near arm of 

the  toroid.    At this  time  the one-way beacon signal experi- 

enced 

as shown in Figure 3.28.    The 

attenuation was accompanied by large range and angle error 

fluctuations.    Track was maintained through this region. 

At the  same   time,   the  skin return was 

as shown on Figure 

3.29. 

After passing from behind the near arm of  the  toroid, 

normal  track was regained.     In fact,  a  careful investigation 

revealed no detriment  in  tracking performance although  Che 

propagation path went directly through  the center of the 

relatively small toroid. 

As  the propagation path crossed the  far arm of  the 

toroid,  an effect similar  to the above but of far  less mag- 

nitude was experienced by  the C-band  track.    The difference 

in the severity of  the  transmission effects as the 
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propagation path swept over  the near and  far arms of  the 

toroid can be due  to either   the  time   lapse  of  25  seconds, 

permitting dissipation of   the disturbance,   or  the non- 

homogenious  nature of  the disturbance  in  the   toroid,   or 

both.    Late-time photographs  show a spotty appearance of 

the toroid indicating non-homogeneity in electron 

concentration.    No additional C-band problems were 

encountered  for  the remainder of the  track.     No beacon 

dropouts  occurred after  the  one-pulse blackout at H-0. 

A propagation link operating at 248.6 megacycles was 

maintained between the  instrumented probe and  the DAMP 

ship.    Several receivers were also available on Johnston 

Island.    No information other  than propagation signal 

strength was carried over  this  link.    The  signal strength 

as received by the shipboard  telemetry tracker Is contained 

in Figure  3.28.     In addition,   the  servo error  signals  to 

the  tracking mount are  shown. 

This  linkf 

Complete 

blackout again occurred as  the propagation path swept 

across both arms of the  toroid.    As In the C-band tracker 
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case,   the signal returned   to normal as propagation passed 

through  the center of  the   toroid.     A further effect was 

noted as  the propagation path  swept across  the original 

burst regionj   from H + 89  seconds   to H + 105  seconds. 

This effect was not as  severe and  transmission was possible. 

This  transmission was accompanied by very  large angle error 

fluctuations. 

The telemetry receivers on Johnston Island recorded a 

blackout and recovery period similar to that described 

above.    However,  full recovery had not been achieved at 

when the recordings were inadvertently 

terminated.    As was observed from the measurements of  the 

Blue Gill Triple Prime experiments,   the initial non-field- 

aligned ionization from this  small yield causes important 

attenuation which must be  considered for  tactical purposes. 

Further,   the rising.expanding but concentrated^debris 

causes  long-lasting but precisely defined areas of attenu- 

ation and/or blackout.     Thus,   long-lasting,   self-blackout 

conditions,   occurring as a result of intercept detonations, 

are a definite problem. 

Radar backseatter measurements  for the Tight Rope event 

were combined to measuring  the  radar returns at UHF,  Ir,  and 
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C-bands of the fireball and the instrumented Nike-Hercules 

through behind the  fireball.     It was hoped that  the Star- 

board C-band  tracking radar would  skin  track the 

instrumented Nike-Hercules with  the UHF and L-band radar 

slaved, while the Port radar would beacon track. 

Due  to an operational error in radar and slave 

pedestal assignments,   the reflections from the fireball 

and the Nike-Hercules were obtained only between H + 44 

and H + 54 seconds.    However,   since  the burst was some 4 

kilometers  lower than nominal,   the period H + 44 to H 454 

seconds coincide with the period during which the debris, 

the ship, and the instrumented Nike were colinear. 

Figure 3.30 shews  the  fireball and rocket returns 

on all  three frequencies.    The C-band beacon tracking 

radar experienced attenuation and backscatter from H + 30 

seconds  to H + 40 seconds.    During  the  times shown,the 

Nike-Hercules was behind  the  toroidal debris,  and while 

the beacon returns are visible,   indicating transmission 

through the debris area,  reflection from the debris  is 

present also. 
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3.1* CONCLUSIONS 

Several Important conclusions concerning tracking radars 

and other systems can be drawn from the results of the 6.13 

measurements. The initial radiation pulse for each of the 

events produced^ 

over the propagation paths of the experiments. The propa- 

gation medium during recovery follovlng the initial black- 

out appears to be very nonhomogeneous, leading to 

, The attenuation, in general, dissipates 

prior to the cessation of the pulse-to-pulse noise. Tbm 

severity of this attenuation and the length and type of 

black-out has been seen to vary considerably with altitude 

and yield and the propagation geometry. 

The DAMP Fish Bowl measurements show that trans iono- 

spheric propagation through the disturbed region for 

frequencies jean be adversely affected } 
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for longer than after the burst for detonations 

vlthln the sens lb le atmosphere.    On the other hand, these 

measurements shov that the disturbed region Is sharply 

defined to RF propagation. 

measurements are not available for propagation 

through the disturbed region produced by bursts occurring 

above King Fish.    However,  lower frequency neasuremsnts 

indicate that propagation through these regions at1" 

__will be affected. 

Active pulsed radar backacatter returns were seen from 

the UHF/L-band and C-band radars from the fireball or debris 

region and from the auroral-type clutter region to the 

north.    These returns were observed to extend up to tens of 

kiloyarda In range, fluctuating in amplitude at any given 

range in a random fashion. 

With regard to the frequency and time behavior of these 

returns, the following trends were observed: 

1. 

2.r 
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On the other hand,  systems relying upon the pulse-by- 

pulae or statistical information from the received radar 

signal as well as tiansmission of information by ground- 

space communication links,  such as missile guidance or 

satellite iraasurement devices, will be adversely affected. 

These effects could Further, 

the effect will not be localized. 

These initial effects will also be present for bursts 

within the sensible atmosphere.    However, the effects will 

not cover as large a region.    In general, the region will 

shrink with the burst altitude and yield.    In addition, 

long-time blackout and tracking difficulties severe enough 

to cause loss of track and complete loss of transmitted 

information will occur for propagation paths passing 

through the disturbed region produced by the detonation. 

This effect can persist in the _^ __.    The 

effect Is very localized and, as such, may be circumvented 

by nultlple emplacements or other similar schemes. 
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Figure 3.1   USAS American Mariner.   (AMC photo) 

Figure 3.2   Speedball probes, Project 6.13.   (AMC photo) 
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TIGHTROPE 
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(KM) 

400 

YIELD 

1.3 MT 
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GRD ZERO 
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399.4 

277.4 

175.7 

143.9 

|      13.6 

DATE 

9 JULY 

20 0CT 

I NOV 

26 0CT 

4 NOV 

PRIME 
OBJECTIVE 

JITTER 

JITTER 

JITTER 

JITTER 

ABSORPTION 

TM 
.PROBES 

TOTAL FLARE 

Figure 3.3    Experiment plan, Project 6.13. 

OBJECTIVE 

SENSOR-FREQUENCY (MC) 

s RIOMETERS TM TRANSIT RADIO 
METER RADAR 

30 60 120 247 150 400 950 440 430 1300 5775 
TRACKING JITTER X X X X 
REFRACTION X X X 
ABSORPTION X X X X X X X x 
CLUTTER X X X 
6.1 DOPPLER X 
ELECTRON LINE DENSITY X X 
BACKGROUND NOISE X X X X X X X 
DEBRIS SPREAD X X X 
PROBE TRAJECTORY X X 
EQUPMENT RELIABILITY X X X X 

Figure 3.4    DAMP ship sensors, Project 6.13. 
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Figure 3.5    Project 6.13 probe trajectories for Star Fish Prime. 

r 

Figure 3.6    Star Fish Prime pulse/pulse beacon signal. 
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Figure 3.7    Star Fish Prime pulse-by-pulse beacon signal, Probe 3. 
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Figure 3.8    Star Fish Prime geometry. 
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I. 
Figure 3.10    Check Mate tracing geometry. 
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PART  2 

OPTICAL  MEASUREMENTS 

CHAPTER 4 

INTRODUCTION 

4.1 OBJECTIVES 

The optical  measurements made of  the high and  low- 

altitude nuclear bursts during  the Fish Bowl   series were 

designed  to document burst contributions  to:     (1)   damage 

to direct-viewing  optical,  systems,  and  (2)   saturation and/ 

or blanking of  the  optical   instrumentation viewing  the burst 

proximity.     The optical measuiements consisted  of  two parts: 

(1) viewing the burst directly with visible and infrared 

detectors,  and  (2)   thorough and  systematic visible and 

infrared measurements  of the  long-cerm radiations  resulting 

from the burst proper,  weapon debris,  and aurora. 

4.2 BACKGROUND 

Up  to the present  time  the DAMP optical  measurements 

program has  included:     (1)   studies  of the radiation charac- 

teristics of ballistic missile components  (including reentry 

vehicles,  boosters,   fragments,  and decoys),   (2)   the nature 

of   the background against which  the  target must  be viewed 

(including daylight  sky,  clouds,   and  stars),   and   (3)   the 

capabilities of optical   systems which are realizable with 
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state-of-the-art detectors and other components.     One back- 

ground  feature which has  not been extensively Investigated 

with regard  to Its  Influence on the performance of a 

ballistic missile defense  system is the one that accompanies 

a nuclear detonation.     It  is  Imperative to know the influence 

of both high-altitude and  lew-altitude nuclear burst environ- 

ments on optical detection and discrimination systems appli- 

cable to ballistic missile defense. 

Measurements to test the survival capability of optical 

Instrumentation sensitivities are necessary to determine the 

design criteria of terminal and other defense systems. 

Radiation measurements of the post nuclear burst envi- 

ronmental  effects are necessary for that portion of the 

electromagnetic spectrum from the infrared through the 

visible and  into the ultraviolet to evaluate the phenomena 

which may be encountered by an optical detection system. 

4.3    THEORY 

The electromagnetic radiation associated with the 

nuclear burst that was significant in these studies included 

the intense,  short-time thermal X-ray excited radiation 

associated with the nuclear reaction itself and the less- 

intense,   long-time radiation associated with the artificial 

aurora and the debris decay-product cloud.    Preliminary 
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techaical   Information is  available,  primarily resulting   from 

the Teak and Orange detonations,   but  the  extent of  the 

coverages  of the data  from the tests do not extend beyond a 

few seconds after detonation.    The Star Fish Prime  test was 

expected   to yield data  on  the background created by  the 

artificial  aurora at  the  extremely high altitude where   the 

typical   fireball associated with atmospheric burst was  not 

expected  to be present.     Information of long-term radiation 

levels  is greatly lacking.    The Project DAMP optical  studies 

of the Fish Bowl  tests were designed primarily to furnish 

these data. 
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CHAPTER 5 

PROCEDURE 

5.1 TEST PARTICIPATION 

The DAMP ship, USAS American Mariner, participated 

In four tests during        Fish Bowl. ihe 

Important parameters of the tests are listed in Table 5.1. 

It Is Informative to note that they can conveniently be 

divided Into hl^i-altitude tests!  

and low-altitude tests | 

Additionally, high- and 

low-yield devices were detonated at both altitudes, further 

contributing to data cross correlation.   A side view of the 

burst and ship positions for all tests except Star Fish is shown in 

Figure 5.1. 

5.2 INSraUMEWTATION 

As a result of experience obtained during each test, 

the Instrumentation was under constant modification during 

the series.   Table 5.2 lists all of the instruments utilized during 

the tests, and Figure 5.2 shows the instrumentation layout on the 

DAMP ship. 
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Instrumentation was divided Into three major groups 

according to usage:    (1) burst measurement equipment, 

(2) long-term (mapping) measurement equipment,  sind 

(3) support equipment. 

Excessively high radiation levels were anticipated 

during the Initial seconds after detonation; and It was 

necessary to protect the sensitive electronic equipment 

(photometers and radiometer) from damage.    AB they were 

all positioned on Pedestal 1, the pedestal was directed 

away to nearly a right angle (In azimuth) from the predicted 

burst co-ordinates and was trained on the burst only when 

the levels had decayed sufficiently.    The additional burst 

measurement equipment was under control of the TV-monltored 

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 three major divisions are listed 

below. 

5.2.1    Burst Measurement Equipment.    Dils equipment 

consisted of the following Instruments:    (1) total-thermal- 

power-time radiometer; (2) 70mm high-resolution camera; 

(3) 16mm DBM-5 cameras; (If) 70mm streak objective spectrograph; 
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and  (5)   35nm Flight Research camera  (XR emulsion). 

5.2.2 Long^Term Measurement Equipment.     The equip- 

ment,   operated during mapping periods,  consisted of the 

following instrumentation:     (1)   thermograph and comple- 

mentary K-24 Star camera (used  only on Check Mate and Blue 

Gill  Triple Prime);   (2)   two 35nBi Flight Research boresight 

cameras;     (3)   four-channel photometer;    (4)  R4K1   PbS 

radiometer;    (5)  R4K.1  thermistor radiometer;    (6)  all-sky 

camera  operated for Stanford Research Institute (SRI). 

5.2.3 Support Equipment.     The  following equipment 

supported the gathering of optical  flare data  from the 6.13 

Speedball probes:     (1)  eight K-19 ballistic cameras located 

on Johnston Island,  and (2) K-24 ballistic (probe)  camera 

operated aboard the DAMP ship. 

Another instrument that was utilized as support equip- 

ment  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 Information to the slave pedestal  carrying 

Instruments committed to the burst phase of the experiments. 

5.3     CALIBRATION 

Premlssion background measurements were recorded by 

H - 60 minutes.    All quantitative measurement  Instruments 
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were calibrated using as a source of radiation either a 

standard  blackbody  (up   to lOOCPK)   or  National  Bureau of 

Standards  (NBS)   calibrated  tungsten ribbon lamp.     The  full 

dynamic ranges of the instrument outputs (film density or 

voltage) were covered  in the calibration.    Also,   preburst 

background mappings were completed  to aid  in data analysis. 
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Figure 5.2    Instrumentation layout, DAMP ship. 
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CHAPTER 6 

RESULTS 

6.1     STAR FISH PRIME 

6.I.I    Burst Measurements.     Inclement weather prevented 

the gathering of satisfactory data  in support of pretest 

objectives.     Photographic  instrumentation recorded an 

opalescent background  produced by a dense layer of clouds 

uniformly illuminated by the burst.    Burst instrumentation 

was directed  to the point of detonation by Optical  Director 

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 second?.    Data were 

recorded   from H -  0 to H + 0.3 second and consisted  of 10 

frames of evenly exposed,   unimaged  intensities.    At H -  0 

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 + 0.01   second,  and  con- 

sisted of 4 frames of evenly exposed,   unimaged  intensities. 

At H - 0 the frame containing the burst waa totally opaque, 

and each of the three  successive  frames became less dense 

106 

s,' 

.  .,...-•-■.-■.-»-.- ---v.v;.\-':vi-~.v.;--,-v.v-'-'.-'. -.-•.•'. r.i'.i, i-^..c..^—,—.—p—^_^^^_^_^_^_<_^JM^_>_LI- 



with  time. 

The  70min  streak objective  spectrograph was  started   10 

seconds prior   to detonation and  operated   for  39  seconds. 

Burst data were recorded   from H -  0 to H + 4  seconds and 

consisted  of a 48-foot  length of dense exposed  film.     The 

remaining  length of film decreased  in density with time. 

The TTPT Radiometer—Channel A and Channel  B—was 

started 120 seconds prior  to H - 0.     This  Instrument was 

operated  until  H + 379  seconds during which  time Channel  A 

recorded a pulse width of 0.5 msec with an amplitude of 

4 volts,   and Channel B  recorded a pulse width of 0.2 msec 

with an amplitude of 0.5 volt.     Both pulses were recorded 

at H -  0,   and   their amplitudes decay with time.    Although 

highly attenuated by dense clouds,   results   from this  instru- 

ment are  tentatively positive. 

The  35mm  flight research Wycoff camera was started 

10 seconds prior  to detonation and operated   for 200 seconds. 

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

resolution camera. 

6.1.2    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 
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with   time. 

The  70ram streak objective spectrograph was  started  10 

seconds  prior   to detonation and  operated   for   39  seconds. 

Burst data were  recorded  from H -  0 to H + 4  seconds and 

consisted  of a 48-foot length of dense  exposed  film.     The 

remaining length of film decreased  in density with  time. 

The TTPT Radiometer—Channel A and Channel  B—was 

started 120 seconds prior to H - 0.     This  Instruc-nt was 

operated until   H + 379 seconds during which  time Channel A 

recorded a pulse width of 0.5 msec with an amplitude of 

4 volts,   and Channel  B recorded a pulse width of 0.2 msec 

with an amplitude of  G.5 volt.    Both pulses were recorded 

at H  -   0,   and   their amplitudes decay with  time.    Although 

highly attenuated by dense clouds,   results   from this instru- 

ment are  tentatively positive. 

The  35mm  flight research Wycoff camera was started 

10 seconds  prior  to detonation and  operated   for 200 seconds. 

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

resolution camera. 

6.1.2    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 
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surveillance consisted  of mapping an area surrounding  the 

burst point,   the conjugate point,  and  large azimuth and 

elevation scan  patterns covering  the operational   limits  of 

the optical  director 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 5-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. 
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R4K-1 Lead Sulfide (PbS) Radiometer.   The results 

from  this   instrument  are  unknown due  to low  levels  of 

recorded  signal,   but  the  results are believed  to be 

negative. 

4-Channel   Photometer.    The results  from  this 

instrument 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 rainsf 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 

exposures  for  each  thermograph exposure were made.    The 

results were negative. 

35nim Boresight camera (Optical Director 2). 

This camera was not operated due to the lack of recordable 

optical  ohenotnena. 

The all-sky camera was operated  for Stanford 

Research Institute and  the film delivered  to  that   organi- 

zation  for review.     Recording commenced prior  to Thor lift- 

off anc  ceased at  sunrise on 0 + 1 day. 
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6.1.3 Support   Instrumentation.     Eight K-19 aerial 

ballistic cameras were mounted on Johnston Island  to record 

optical   flare data   from the Speedball  probes.     These probes 

ejected 14 flares  at designated points along  the  trajectory. 

Positive results were obtained from four of the eight K-19 

cameras. 

Because of total cloud coverage, the K-24 ballistic 

(probe) camera mounted on the DAMP Ship yielded negative 

results with respect  to flare data. 

7'} 
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6.2    CHECK MATE 

A cloud cover estimated at 50 percent obscured the 

detonation area from the ship.    As a result, no direct data 

was obtained on the burst itself.    Data was obtained, 

however,  on the radiation scattered by the Intervening 

atmosphere and the later time debris and'or aurora as it 

emerged from behind the cloud.    The time coverages of those 

instruments which collected data are shown in Figure l^.l 

of Volume 3. 

The long-term measurement (background) instruments 

were initially directed 90 degrees from the burst area in 

order to prevent direct observation of the burst.    They were 

then directed to the burst area at about H + 25 seconds 

and conmenced the mapping of visible phenomena.    The 

initial data recorded is that radiation emitted by the 

weapon debris and scattered into the instruments by the 

atmosphere.    Two photometer channels recorded this as 

shown in Figures 1^.2 and 1^.3 of Volume 3.       The two 

long-wave photometer channels recorded only a surge at 

H - O^and their records need not be Included.    The 
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H + 295 seconds.    The camera used for this exposure had a 

7-lnch, f/2.5 Aero-3ctar lens,  a Uo-degree x ^O-degree 

field-of-view and used Tr±-X Aerecon film.    Superimposed 

on this Is a grid of celestial azimuth and elevation angles 

as viewed from the ship.    It must be determined from a 

comparison of data which were not obscured early by clouds 

whether the streamers noted In Figure lA .6 of Volume 3 

are true aurora (air excited by the passing of fission 

products) or weapon debris that has become field aligned. 

6.3    BLUE GILL TRIPLE PRIME 

TJils test was a major contribution to the significant 

data recorded during the Fish Bowl series.   Figure 14.1 

of   Voume 4    shows the data coverage.    Its! 

detonation altitude resulted in backgrounds of considerable 

magnitudes and durations significant to any evaluations 

of passive optical detection systems. 

Detonation occurred at 09:59:MJ.5 GMT, r 

'2 At this 

time the Instruments viewed the burst point 

A cloud obscured the burst point, 

but as the fireball expanded and rose, a full view was 

afforded of the event.   Figure 14.2 of Volume 4 is a 
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aeries of photographs oötalned from the K-2h spectral 

camera zero order which shovs the fireball history. 

Figure 14.3 of Volume 4    shows selected frames from the 

35mm boreslght on Pedestal 1 and clearly shows the 

Incandescent dehris cloud and toroid.    The operator was 

Intentionally scanning across the fireball, toroid, and 

surrounding area, hence the target moves around considerably 

Hie photometers and radiometers measuring the background 

levels were slaved to this operator. 

At detonation the photometric and radlometrlc 

Instrumentation were viewing a point approximately 90 degrees 

away. In azimuth, from the burst point and recorded the 

Indirect,  scattered   radiation at this point.   Figures 14.2, 

14.3 of Volume 3, and 14.4 of Volume 4 show the photometric levels 

recorded, and Figure 14.4 of Volume 3 shows the lead sulphide infrared 

levels.    All are characterized by a rapid return to back- 

ground level.    The radiation levels at 8626 A were 

Insufficient to be recorded, with the exception of a sharp 

transient spike at H - 0. 

During the Interval In which the sensitive Instruments 

were directed away from the burst area, the Instruments 

positioned on the stabilized platform were viewing the event 

dlreetly.    The composlt* photograph mentioned above was 
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recorded from this pedestal^ and excellent data were eüso 

recorded by the 35tnn bore sight camera equipped with the 

triple layer btnulslon XR film. 

Densltometrlc scans were made of selected frames of 

the XR emulsion bore sight record to show the background 

decay at some angular separation from the fireball. 

Figure 14.5   of   Volume 4    shows the results.    Only the 

background above the burst could be measured because of 

cloud obscuration beneath and to the sides of the burst 

point.    It was also difficult to precisely find the center 

of the burst at these times, and It was more constructive 

to measure the background above the fireball edge.    The 

background decay Is very apparent In the graph. 

Additional points were read at selected times for a 

point approximately 10 degrees from burst center and these 

are shown In Figure   14.6   of Volume 4.       Shown also, but 

to be discussed below, are King Fish data.    It can be seen 

that the background, 10 degrees above the burst as recorded 

by this emulsion, returns to essentially pre-burst levels 

In slightly less than one minute.    By approximately 

I-?- miautes. the fireball and debris sphere have degenerated 

Into the torold. 

115 



»W^^^^^^^'*"^ ' -  '   ■ ". ". »'■' ''.»'.■'. ■". 'T ■ ■ ' . ' '   -■.'■'.'' t «■; -■_-■,»■■.-■. -i: - v —. 

At approximately H + 50 seconds the photometer and 

radiometers were positioned on the debris sphere proper 

end the recording of brightness coiranenced.    Exceptionally 

strong radiation levels were recorded for the Incandescent 

sphere and are shown In Figures 14.7 and 14.8 of 

Volume 4    for the four photometers.   The oscillations 

present are the result of brightness variations observed 

during the mapping period.    Figure 14.9 of Volume 4 

shows the area of the sphere covered by the photometers. 

Of the radiometers, only the R)S Instrument recorded 

algulflcant data during this test.    During the debris sphere 

mapping period, saturation occurred, and it was not until 

the torold formed that signals were readable; as a result, 

radlometrlc data of the debris are not available.   Figure 

14.9 of Volume 4 also shows the sphere area covered by the 

radiometer.    After degeneration of the debris Into the 

torold, the mapping data were quite erratic in nature as a 

result of the varying torold brightnesses and incomplete 

field coverage.    It is constructive, therefore, to present 

the photometric data äs envelopes defined by the maximum 

and minimum data points.    These are shown in Figures 14.10 

through 14.12 of Volume 4.   Figure 14.13 of Volume 4 is for 

the radiometer not given as an envelope. 
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In addition to the photometric, radlometrlc, and 

photographic brightness data presented above,  significant 

data were obtained by the XR emuialon related to fireball 

dynamics.    Measurement of the fireball and torold diameters 

gave a rate of fireball growth, torold growth, and altitude. 

Figure 14.14 of Volume 4    shows the fireball and debris 

sphere growth up to that time when the torold was formed. 

6.k    KING FISH 

Like Blue Gill Triple Prime, this test was a primary 

contributor to the data obtained from Fish Bowl.    In 
i— -i 

contrast to   Blue Gill 

Triple Prime,   

1 t'hl8C„ ,Zte8t 

were noticeably shorter. 

r- 
Detonatlon occurred at i2:l0:06 GMT'  

~J Figure 14.1 

of Volume 5 shows a photographic record of the burst; 
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Figure Ik.2    ahova th« data coveraige.    As described above, 

the instruments during detonation recorded scattered radiation 

backgrounds.   For the photometers, these are shown in Figures 

14.2 and 14.3 of Volume 3.   For the PbS radiometers, these are 

shown in Figures 14.4 of Volume 4, 14.3 of Volume 5, and 14.4 

of Volume 3. 

Densltometrlc scans were made of the fireball and 

adjacent areas.    For this test It was convenient to scan 

horizontally across the fireball rather than vertically as 

on Blue Gill Itlple Prime.    Figure 14.4 of Volume 5 

shows the results for selected frames.    The center of the 

burst was   easily positioned on the fllm,.and all scans were 

normalized to that point.    A significant background 

difference Is observed between this test and Blue Gill 

Triple Prime. 

Figure  14.6   of    Volume 4  shows the photographic 

background and fireball-debris decay, obtained from the 

XR emulsion as described above.    The King Fish background 

10 degrees from the burst lasts for 3 seconds In comparison 

to ^5 seconds from the Blue ClU Triple Prlme^and the 

fireball yerslsts for less than 33 seconds In comparison 

to 93 seconds for Blue GlU Triple Prime. 

Ihe fireball was acquired at H + 12 seconds.and 

Immediately photometric and radlometrle data were recorded. 
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These are shown In Figures 14.5 and 14.6 of Volume 5, 

respectively.    Tie are.is of the fireball mapped by the 

Instruments are shovn In Figure 14,9 of Volume 4. 

Unlike Blue Gill Triple Prime, the fireball of this test 

was transparent, not opaque, and the Internal debris 

structure could be observed.    Also,  a markedly more raold 

decrease In brightness was observed. 

Measurements of the rate of growth of the fireball 

very quickiy show   the effect of burst altitude on fireball 

dyr.ai'dcj.    Figure 14.14 of   Volume 4   Is a time plot of 

diameter of the fireball proper, horizontal luminous shock, 

and vertical luminous shock.    Figure 14.1 of Volume 5 

shows these shocks.f 
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Very definite aurora were observed on this teat, and 

photometric brightnesses were recorded for three wavelengths. 

These are presented In Figure 14.7 of Volume 5. The 

strong signals In the two short-wavelength photometers are 

attributed to the nitrogen second positive and/or Ionized 

nitrogen molecular radiation and the 8826 A signals 

possibly from the nitrogen first positive molecular 

radiation. Cloud cover developing shortly after formation 

of the aurora prevented the extensive mapping and long-term 

photography that was possible on Check Mate. 

6.5 TIGHT ROPE 

H - 0 occurred 

at 07:30:00 GMT.    The low altltute resulted In considerable 

fireball confinement. 

As a result of the Instruments viewing more closely 

to the burst area,excessively strong radiation levels were 

experienced by the photometers.    Figure 14.1 of Volume 6 

shows the data coverage.   Brightness values for the 7000 A 

and 8626 A photometers are shown In Figures 14.4 of 

Volume 4 and 14.3 of Volume 5;  the short wavelecafths 

instruments were saturated.   Until approximately 

H + 25 seconds^ the data were random because of erratic 
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pedestal pointing]  at this time the burst area was acquired 

and mapping started.    Ihe fireball by this time had 

degenerated Into a toroid similar to that observed on Blue 

Gill Triple Prime.and all subsequent data are of It. 

Figures 14.2    and   14.3   of   Volume 6    show the decay- 

envelopes for 3892 Ä and U036 L    The 8826-    and JQOoA 

photometer returned to background In approximately ^5 

seconds.    Severe saturation resulted on the PbS radiometer 

for nearly two minutes after H - 0.    A few unsaturated 

points were obtained but are not useful Independently.    The 

general brightness level after two minutes was ^ x 10 

watts-cm**-ff1-AX^, hardly above the pre-burst background 

of 2 x 10"6 . 

Toroid dlaneter growth rate was determined from bore- 

r" 
sight film measurements 

Ihe altitude of the flrebau. and toroid 

remained nearly constant. 
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7 .1 STAR FISH PRIME 

. CHAPTER 7 

DISCUSSION 

7.1.1 Burst Measurements. The major objectives for 

this portion of the experiment were not achieved due to 

inclement weather. Persistent cloud coverage (100 percent) 

and heavy rain were experienced during the burst equip­

ment recording periods. An intense opalescent background 

was photographically recorded at detonation. Uniformly 

exposed frames of film. which varied in density corre­

sponding to prevailing intensity during the dwell period 

illlllediately following detonation. were also recorded. The 

TTPT radiometer appeared to have recorded little useful 

data due to the opacity and severe attenuation imposed by 

the dense cloud layer. The TTPT signals which were 

recorded on both radia.eters were extremely short in pulse 

duration and wex·e of low &aaplitude. The unsatisfactory 

results can be directly attributed to the great amount of 

absorption in the .onitored wavelength region. 

7.1.2 Long-Term Measurements. Inclement weather 

persisted throughout the majority of the postdetonation 

mapping exercise. Aaain. weather was the major deleterious 

factor affectina the achievement of the objective during 
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this   time   frame.     Postdetonation mapping was   scheduled   to 

commence within  seconds  after detonation;   however,   this 

could  not  be  accomplished  due  to heavy  precipitation which 

would have damaged  the  instrumentation had  the protective 

covers been removed.     Mapping commenced  at approximately 

H + 5 minutes  and continued  on an intermittent basis until 

sunrise on K + 1  day.     Due  to the continued negative 

results,   active participation was  terminated.     On a  long- 

term basis,   radiometric and  photometric  charts  show that 

little,   if any,  measurable data were recorded  in respect  to 

monitored wavelength regions.    However,   this  fact  is indeed 

significant,   because the  severe attenuation and absorption 

cannot be  ignored.     It tentatively appears  that little 

information will   result  from the monitoring of the 

associated  long-term effects.    No optical   phenomena or 

auroral  displays were observed or recorded which could be 

directly attributed  to the nuclear detonation. 

7.1.3 Support Findings.    Support instrumentation was 

utilized  to record optical   flare images   from fourteen 

optical   flares ejected  from the three 6.13 Speedball  probe 

vehicles at  specified points along the probe  trajectory. 

Primarily,   the flare images will be used   for optical 

correlation with the   RF experiments. It appears that 

123 

■     -~ V '.."■''-'.V..V-V-"-" '■'-"»'--'. r"- V ■•'■■"..<". i'-r- ■>•.-T. v.  ..        .       . - '"     -.'.',•-'--'■. II     |    ll^^^^^^^jJ 



-mm *  * «" W'l' 

! certain flares were  recorded by  the K-19  cameras  on each  of 

the  three Speedball   flights.     Flare  images  could not be 

located  on  the K-24  film record.    Lack of images  on the 

K-24  film can be directly attributed  to the dense cloud 

coverage during  the  three Speedball   flights. 

i 
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7 • 2 CHECK MATE 

The early time cloud obscuration of the burst area 

limited the optical experiments on this test to photographic and 

photometric measurements of the aut'ora-debris formation. 

Aa it was believed that the artificially produced 

aurora would create a measurable background, the choice of 

photometer spectral sensitivities waa predicated primarily 

upon presence of molecular nitrogen eaiaaion common to 

aurora. One short vavelensth instrument vas selected to 

detect the ~3914 1 (0,0) bandhead of Na+, the other short 

wavelength instrument vaa to measure a clear reaion of the 

band system at 4030 1. There ia also nitroaen second posi­

tive radiation overlappins the Na+. It ia not possible to 

distinsuish between the two with the 100-1 bandpass. One 

lons vavelensth channel was to measure the (1,0) band of 

the nitrogen first positive ayatea at ~8912 1 and the other 

a clear . ~esion of that ayatea at A7000 1. All bandwidths 

were no.inally 100 1. The interference filter for the 

A8912-1 channel vaa . actually centered A8826 1 and thua vaa 

poaitioped between the (1,0) and (2,1) banda of the nitrogen 

first positive ayatea. It vas anticipated that an intensity 

and/or lifeti .. difference would be detected betv.en the two 
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different nitrogen systema. 

The 3Smm boresight record for pedestal l was used to 

ascertain those times when the photometers were scanning the 

streamer-like fo~tions. Figure l4.S of Vol~e 3 indicates 

those times when the l-degree circular fields of view of the 

photometers were partially or fully filled. A tabular sua-

.. ry of the data is shown in Table 7.1. The lona vavelenath 

data were very aliahtly above threshold aianal of the 

photo.eters and therefore are not araphically presented. 

It was auaaested in info~tion released at the Optical 

Measure .. nts Sy.posiua, Operation PISB BOWL, aponaora4 by DASA 

held March 12, 13, 14, 1963, Bedford, Massachuaetta, that the 

effect rese.blina auroral stre ... ra (sea Piaure 14.6 of 

Volume 3) is really detonatioa debris that haa become 

alianed with the .. anetic field linea. If this ia the case, 

then the photometric data presented above are not applicable 

to aurora intensities. A apectrua of the e~asion froa thase 

stre ... ra is not .vailable to resolve this point. 

7. 3 BWI GILL TaiPLI ftiMI 

Blua Gill Triple Pri .. test exhibited radiatioa back­

around.a of the loapat cllration, which are of 

particular interest to any diacuaaioa of diacri~natioa 

tecbqiques. It vaa shown in Fiprea 1-i.10 through 1•.12 
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of Volume 4 that the recordable background persists 

for as long as one hour after burst in the 4000-Ä region of 

the spectrum and for as long as 2^ minutes in the lead 

sulphide infrared.  Thi 7000- to 8000-Ä wavelengths returned 

to background within ten minutes.  It is obvious that the 

shorter wavelength visible region of ehe spectrum would be 

a particularly undesirable choice for discrimination instru- 

mentation. The rapid return of the infrared background 

suggests that the effects of a precursoi burst of the 

characteristics of Blue Gill Triple Prime would not be as 

effective as initially concluded. 

The relatively low altitude of burst resulted in con- 

siderable fireball confinement and the formation of a 

spherical, incandescent, debris cloud which persisted for 

approximately 1^ minutes. During this period the radiation 

levels were in excess of the pre-burst backgrounds by the 

following amounts: 

Debris Sphere 
Pre-burst 

Backgrounds 

\ 3892 A 

k 4036 A 

\ 7000 A 

X. 8826 A 

(watts-cm"3-CT1- -A'1)   (watts«cm"a-n'1 «A"1) 

1 x IQ"9 - 7 x 10"9      5.8 x 10"la 

2 x 10-" - 8 x lO-9 

2 x lO-9 - 5 x lO"8 

5 x 10"8 - 9 x 10"8 

1.6 x 10 
-10 

3.8 x 10 
-10 

5.0 x 10 
-10 
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The pre-burst backgrounds are those measured immediately 

prior to burst, in a general area 90 degrees away"(in 

azimuth) from the burst point. These values are those 

measured approximately 1 second prior to burst; values ob- 

tained during pre-mission mapping are not significantly 

different from these.  It is possible, and expected, that 

the ambient backgrounds, that is, those not attributed to 

the burst, would vary from those quoted.  The Infrared 

data show steady return to pre-burst magnitudes and attain 

equilibrium in approximately H + 2 minutes.  During the last 

minute, the toroid was the prime contributor of the data; 

when the toroid was not completely filling the field of view, 

background levels were at or near the pre-burst values, in- 

dicating that>slightly away from the burst area^infrared 

backgrounds would be negligible. 

The data recorded for this test are evidence that, up to 

approximately 45 seconds after detonation, the fireball and 

debris cloud would seriously affect radiometric and photo- 

metric detection capabilities. Additionally, the toroid would 

contribute to the background radiation for nearly 30 minutes 

after detonation.  It is to be understood that the above 

statements apply only to the inmediate burst area. 
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7,4     KING  FISH 

The King Fish data are very significant when considered 

with those obtained on Blue Gill Triple Prime, for the alti- 

tude effects on burst radiation magniti.des, lifetimes, and 

burst dynamics are clearly evidenced. 

i Also markedly different 

are the fireball diamccers and altitude increases at any 

given time after detonation. 

The atmospheric density at King Fish burst 

versus of Blue 

Gill Triple Prime, unquestionably was the major contributing 

factor to the differences in the two tests. ■ 

It can be seen in Figure 14.1 of Volume 5 that the 

fireball rapidly becomes transparent^ and excellent obser- 

vation of the debris expansion is noted.  Measurements of 

these data on the K-24 spectral camera indicate a debris 

expansion rate of nearly 2.3 kilometers per second. Another 

interesting debris phenomenon observed was 
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a strong radiator at \6700 k.    This is shown in Figure 7.1. 

The species of this radiation is concluded to be Lithium 

(\6707 Ä, 23-2p transition).  This appeared to be the only 

atomic spectral radiation and was superimposed on a 

continuum. 

7.5 TIGHT ROPE 

Few significant data were obtained from this test as 

a consequence of inaccurate pedestal direction and instru- 

ment saturations.  As indicated in Figures 14.2 and 14.3 

of Volume 6 close similarity with Blue Gill Triple Prime 

is observed in the background radiation decay.  The yields 

were markedly different as well as the altitudes, and 

additional data are thus presented showing the altitude- 

yield influence on radiation magnitudes and durations. 
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Figure 7.1   Spectrum of King Fish debris at H+2.4 seconds. 
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CHAPTER 8 

CONCLUSIONS 

A primary objective of the DAMP operation In Fish Bowl 

was the measurement of the background radiation levels pro- 

duced by nuclear radiation magnitudes, lifetimes, and spec- 

tral distributions. It Is concluded that these objectives 

were generally realized. 

Both the magnitudes and lifetimes of the backgrounds 

have been measured and presented; primarily, these were for 

Blue Gill Triple Prime and King Ftsh;but together they 

define bounds. King Fish exhibited the shortest lifetime 

of the tests. Blue Gill Triple Prime and Tight Rope the 

longest. The data for Check Mate were not sufficient to 

indicate its lifetime, but the    ^altitude unquestionably 

affected the lifetime,, ~J 

It is difficult, however, to define the magnitudes of radi- 

ation because^ generally^ the instruments saturated before the 

backgrounds peaked. For Star Fish Prime, no accurate data 

was gathered due to inclement weather throughout the day of 

the test. 

Spectrally, it was shown that the lead sulphide infra- 

red data was not significantly above background after approx- 

imately two minutes for any test.  It should be noted that 
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the radiometers were operating  in a total chop mode,   not  the 

conventional reticle chop used on reentry measurements,  and 

correlation of burst and reentry data  Is  difficult.     No 

significant data were  recorded by the  thermistor  (1.8^ to 

15pi)   radiometer.    An attempt at approximating the tempera- 

ture  of the  fireball  of King  Fish and  the debris sphere of 

Blue Gill Triple Prime was made using the photometric and 

radlometric data.    A gross disparity was noted between the 

infrared and visible data magnitudes,   and the  conclusion was 

that  the  targets did not radiate as  a grey-blackbody.    The 

photometric data suggest a target temperature of nearly 

3000°K while the Infrared data suggest a temperature of 

o 
approximately 300 K. 

In  the visible-optical wavelengths,   significant data 

were  obtained  showing considerable backgrounds in the 

violet-blue region, presumably from the aurora radiation. 

The beta particles  that create aurora  follow  the magnetic 

field  lines;  as a consequence  of   the  ship position,   the 

instruments viewed the aurora cross-sectionally, which made 

photographic observation difficult.   Johnston Island data pre- 

sented at  the Optical Symposium showed  considerable aurora 

on Blue Gill Triple Prime immediately  following detonation 

and,   although not recorded photographically  from the DAMP 
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shtp,   they were very  likely detected photometrtcally. 

There  is  also a very strong probability  that  the  streamers 

emanating  from the  fireball In Figure   14.2 of   Volume 4 

are  aurora and not an optical-film effect. 

No  short-time  spectra of  the  fireballs were  obtained, 

but  some  spectra were obtained of  the debris cloud on King 

Fish,  and a  strong radiator was  lithium.     This  species 

radiator was also briefly observed on Blue Gill Triple 

Prime K-24 ballistic camera spectral records.    The origin 

of   the radiation cannot be determined  from the available 

data.but  the presence of  lithium in a  fusion device Is  to 

be expected. 

The measurements of fireball,  debris,   sphere^  and 

torold growth have added to the previously available data. 

These data are shown in Figure 8.1.   Here, too, the altitude influence 

on dynamics is observed. 
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