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The enclosed report is a compilation of data available in the field

within approximately 10 days of the Starfish Prime event, together with

an introduction to the objectives of Starfish Prime and some tentative
conclusions sbout the date obtained. As guch, the reader is cautioned
that all dats are tentative and in most cases obtained by "quick look"

techniques: 1in particular all numbers quoted are sgubject to later
correction.
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Abstract

The Starfish prime event (. DC\("“F\3 detonated at 40O km
altitude S5W of Juhnstou Islund at 2300 hours, Honolulu time on July 8,
1962) significantly increased the understanding of high altitude nuclear
detonations and theilr effects. As an ald to penetration for incoming
misgiles by disrupting enemy anti-missile radars, Starfish Prime was not
as effective as anticipated. Detonation degradation of commnications
and radar surveillance capabilities were found to be appreciably less
than expected. Some data were obtained onthe direct elffects of bomb
X rays on materials carried on pods near the burst; most pod ex;ériments
were not as successful as desired because of pod stebiliratior and
positioning difficulties.

De‘eted
- Beta ray and debris pancekes

vere farmed along magnetic field lines north of the burst at a distance
of 600 kon at an altitude of 120 to 150 km. The effects of these pancakes
vere of comparetively short durestions. A panceke was also formed to the
south of the burst along fleld lines, but a significant panceke did not
form under the burst. The major visible effects of these pancakes lasted
for & number of minutes; an auroral giow wes still in evidence four hours
after detonation in the north conjugate area; ionospheric disturbeances
in the south conjugate area lasted for many hours. Significant amounts
of debris were deposited elong the magnetic fleld lines intersecting the
bu-st location at altitudes well above that of the burst. Rocket-borne
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high altitude diegnostic techniques were tested; neutron, x ray, gamma
rgy and time intervel measurements were successfully made; rediochemical
sarpling end alpha meesurements were unsuccessful. High altitude nuclear
detonation detection systems were tested with & very considerable degree
of success. The small rocket weapons effects and phenomenology diaguostic
program from Johnston was quite sucressful.
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Introduetion

The warhead for the Starfish Prime event of Dominic was launched
from Johnston Island on & Thor missile and detonated at 2300:09 hours
Honolulu time, on 8 July 1962. The warhead, contained in a spin-
stabilized re-entry vehicle, detonsted at 400 km altitude 32 km from its
launch pad with a nominal yield e‘e&ed The Thor missile vas
modified for the firing by the 15%1usion of telemetry, safety (destruct)
systems, and special external insulation to prevent exceééive heating
of the after structurel members. (See Figure 1.)

Three 1200 pound pods, resembling re-entry vehicles, were attached
to the miesile at time of launch. The back plates of the pods held
numerous smell experiments. The pods were stabilized by heavy internel
flyvwheels and it was hoped that after the pods were released from the
missile at ebout main engine burnout time they would remain in & near
vertical position. Release times were programmed so that the pods would
be below the burst with their backplates approximately normal to the lines
from the pods to the detonstion. The pods conteined transponders to assist
in detercining actual position after the detonation and recovery geer so
that they could be located and recovered.

Scientific stations to obtain date from the various experiments were
estabtlished throughout the Pacific area, with the most concentrated group
on Johnston Iclend. Fram Johnston Island 27 rockets were fired in support




Figure 1
Thor missile with pods in Bluegill Prime configuration. Starfish
Prime is essentially identical.
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of experiments, and & large array of optical and electromagnetic
instrumentation was operated. 1In the area surrounding the islend, a
fleet of ships and aircreft operated with technical stations aboard.
Stations were established in the Hawaiian area to observe the burst from

elevated areas and to observe the northern conjugate area. A large

number of rocket-borne instruments were launched from a firing aree at
Berking Sands, Kaual. The southern conjugate area was covered by
establishing stations in the Fiji, Samocan and Cook groups and by
stetioning ships and aircraft in the general areas. Other shipboard
stelions were utilized througlout the Paclfic to study ti.e effects of
ionospheric disturbance on RF transmission end reception. An unsuccess-
ful atteopt was made to launch two rockets from Point Arguello in
Californie in support of the TU B8.1.1 effort. Meny groups participated
voluntarily in the event, generelly invited by the Department of Defense,
in order to teke advantage of the substantial interest in the event by
the world's sclentific community. It is hoped that the results from these
groups will, in time, be reported to the scientific commgnity.
The operation was conducted by Joint Task Force 8, commanded by Maj.

Gen. A. D. Starbird, which was respr ..ible to both the Atomic Energy.
Comrission and the Department of Defense. The Scientific Deputy of the
Tesk Force was Dr. William E. Ogle of the lLos Alamos Scientific Laboratory.
The sclentific elements in the Task Force were orgsnized into Task Uinits
as listed:

TU €.1.1 Llos Alamos Scientific Laboratory

TU 8.1.2 Lawrence Rediation Laboratory

TJU £.1.3 Fleld Command, Defense Atamic Support Agency

v 8.1.4 Jandie Corporation

TJ €.1.6 Lagerion, Germeshausen ani Grier

uring the period thet the Starfish Prime event was being prepared,

nost of the Task Units were also involved with other events of Dcminic
on Christmas Island.

The Starfish Prime high altitude puclear detonation hed the following
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major scientific objectives:
1. Evelustion of missile kill mechanisms produced by a high eltitule

puclewr detonsiion.

<. Evalusticr of the effects of & high sltitude nuclear detonstior
on electromagnetic surveillance capability.

3. Evaluation of the effects of a high altitude nuclear detonation
on long range coumunications.

L. 1Investigation of the basic characteristics of a high altitude
nuclear detonation and the physical basis of the effects.

5. Evaluation ¢f high altitude nuclear detonation weapon diagnostic
techriques.

6. Evaluation of higb altitude nuclear detonation detection systems.

Electromagnetic surveillance caepebilities after a high altitude
nuclear detonation were studied by & large number of experiments.
Attempts were made to treck objects, in, near, and at lerge distances
from the debris and to measure the attenuation and refrection of radar
signals. Measurements were made ¢f rader scatter and clutter due to the
debris and lonospheric disturbances. These experiments covered the radar
frequency spectrum, specifically including those frequencies of greatest
interest in anti-missile missions. The period from before detonation
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until efter detonation effectls disapreared was covered.

long and short renge commrunications were tested thrcoughoutl the werléd
by comrunications sirmdaticon experinments and tyv monitoring & learge
number of existing communication nets. Both government and private
comunications systems were exercised during the period of interest with
the aim of determining signel propagetion conditions as e funciion of
frequency, path location, and time relative t» dburst.

The basic physical chargcteristics and effects of high altitude
puclear detonations were studied both for eppliceblility to the other five
objectives of Starfish Prime and for their inherent scientitic interest.
T™wo of the phenomena of prime ilmportance were the debris expansion
history and the geomagnetic effects. Experiments to obtaln data on these
phienonmena Included devezmination of the ilonospheric composition, coszic
electromagretic nolse trensmission through the ionosphere, magnetic field
strength measurements, various satellite-borne experiments, earth current
measurements, sky brightness measurements, and measurements of reclear
rediations. Ultraviolet, visible and infrared spectroscppic and
photographic measurements were mede near the point of burst and in the
north and south magnetic conjugate arees. .

Weapon test diagnostic techniques were tested by considering both
the djrect emission from the weapon and the effect of these emissions on
their surroundings. The bomb energy emitted as x rays was determined by
direct measurement of the totel x 18y energy and measurements of the
apperent bomb temperature. X ray excited air fluorescence was studied.
Neutron flux and energy distributions were determined, as were gamma
ray fluxes and time histories. The behavior of the bomb debris was
studied ard rocket-borne debris samplers were tested. There were
electromagnetic and ¢pticel measurements of the time interval between
the weapon primary and secondary, &8s well as an esttempted measurement
of bomb early elpha by high resolution telemetry techniques. It was
hoped that the yield c¢ould be determined by an analysis of the direct
thermal radiation, the x ray yleld as inferred from air fluorescence,

11




and the kinetic energy of the bomdb debdris.

Hig. a1titude nuclear detonatiorn detection systems were directly
tested in the Starfish Prime event through the use of the Vela Sierra
alr fluorescence systens and direct orticel systems. Tae spectral
charecteristics of the ailr flucrescence were studied to aid in distinguish-
irg nuclear detonations from lightning flashes. Optical end eleciro-
magnetic time interval meesurements were of interest in this area, as
were the verious measurements of the electromagnetic signal from the
weapon. I1n sddition many of the basic effects which were studied could
have applications in detection systems.

12
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General Summary of Results

Unfortunately difficulties in pod stabilization and positioning
seriously degraded the acquisition of date on the direct effects of x
rays on materiels. Pod S-1, closest to burst, was essentielly &t ite
desired locatiou of 8 i froz air zero. It was pointed toward, rather
than sway from, the burst s0 that the experiments on the backplate of
the pod were not exposed to the burst; therefore, no data on direct
x ray effects were obtained from this pod. The pod did hMeve & circum-
ferentisl crack and a dent in the lining, but these may hove been crised
by impact with the water or rough handling on recovery. Pod S-3,
furthest from the burst, was 23 km frow air zero rather than the desired
14 km.. Its backplate was slanted fram normal to the burst (See Figure 2)
vith the axis of the pod forming an angle of LO° from a line through the
burst point to the pod. As & result the experiments were degraded both
by excescive distance and shsdowing. No deta on direct X reay effects
vere obtained from this pod. Pod $S-2 was 12 km from air zero with the
axis of the pod forming an angle of 43 degrees from e line through the
burst: owing to shadowing epproximately S0% of the x ray effects
measurements were not obteined. Some of the materisl samples and indenture
gauges were subject to the direct x ray flux and are being anslyzed;
these should yleld same useful x rey effects date when completed.

Rocket-borae detectors did successfully measure the x ray yleld,
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the black body temperature of the weapcn, ani the neutrorn flux; in
addition, folls carried on the pods ylelded useful neutron flux dats.

Although there is still a feirly wide spread in the dets,

Page /6 Deleted.
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tegen to form in the same aresa; eventualiy the debris panceke was
brighter than the beta pencake. Very lerge fractions of the debris were
alsc deposited in & panceke to the south of the burst at intersections of
the magnetic field lines, through burst and through points above burst,
with the atmosphere. A strong panceke did not develop directly under the
burst. The injection of large amounts of debris into the geomagnetic
field sbove the burst, &and the mechanism of the subsequent debris
distridbution are not fully understood. The effects appear to be quite
complex. (See Figure 5)

The vigibie phenomena due to the burst were widespreed and quite
intense; & very large area of the Faciflc was illuminated by the
suroral phenomena, from far south of the south magnetic conjugete ares
(Tongatepu) through the burst area to far nortnh of the north conjugsate
erea (French Frigate Shoals). A large amount of spectroscopic data were
obtelined. At twlllghts efter the bLurst, resonant scattering of light
from lithium and other debris wes observed at Johnston end French
Frigate Shoels for many days confirming the long time presence of debris
irn the atmosphere. An interesting side effect was that the Royal liew
Zealend Air Force wac alded in anti-gubmarine maneuvers by the light from
the bomb. The next paregreph 1s an eye witness report of the detonation
by Mej. C. X. Mclugh, AOMC, Kwajalein; the paragraph following that is an
eye witnees report from Johnston.

At Kwejlalein, 1400 miles to the west, & dense overcast extended the
length of the eastern horizon to & height of 5 or 8 degrees. At 0900
@T a brillient white flash burned through the clouds rapidly changing
to an expandirg green ball of irradiance extending into the clear sky
sbove the overcast. From its surface extruded great white firgers,
resembling cirro-stratus clouds, which rose to 4O degrees ebove the
horizon in sweeping arcs turning downverd toward the poles and disappear-
ing in seconds to be replaced by spectacular concentric cirrus like
rings moving out from the blast at tremendous initiel velocity, finally
stopping when the outermost ring was 50 degrees overheed. They did not
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disappear but persisted in a state of frozen stillness. All this
occurred, I would Judge, withir 45 seconds. As the greenish light
turned to purple and began to fede at the point of burst, a bright red
glow began to develop on the horizon at a direction 50 degrges north of
east and sim:ltaneously 50 degrees south of east expanding inwesd and
upward witil the whole eastern sky was & dull burning red semicircle

100 degrees north to south and halfway to the zenith obliterating some
of the lesser stars. This condition, interspersed with tremendous white
rainbows, persisted no less than seven minutes.

At zero time at Johnston, & white flash occwrred, bu* as soon as
cne could remove his goggles, no intense light was present. A second
efter shot time e mottled red disc was observed directly overhead and
covered the sky down to about 45 degrees from the zenith. Generally,
the red mottled region was mcre intense on the esstern portions. Along
e magnetic north-south line through the burst, a white-yellow streak
extended end grew to the north from near zenith. The widch of the white
streaked region grew from a few degrees at & few seconds to about 5-10
d.grees in 30 seconds. Growth of the aurorel region to the north was by
eddition of new lines developing from west to east. The white-yellow
auroral streamers receded upward from the horizon to the north and grew
to the south and at about 2 minutes the white-yellow bands were still
about 10 degrees wide and extended mainly from near zenith to the south.
By about two minutes, the red disc reglon hed completed disappearance
in the west and wes repidly fading on the eastern portion of the overhead
disc. At LOC seconds essentially all major visible phenomena had
disappeared except for possibly some faint red glow along the north-south
line and on the horizon to the north. HNo sounds were heard at Johnston

Island that could be definitely attributed to the detonation.

Strong electromagnetic signals were observed from the burst, as were

significant magnetic field disturbances and earth currents. A VLF signal

21 Rgb 22 D¢l¢+¢cl-




some samples, but the rocket-borne sesmplers were not recovered. Balloon-
borne nuclear track emulsions were not successful, possibly due to & freak
temperature inversion which prevenied the balloons from reaching altitudes
geeter than 50,000 feet, but rocket-borne ermulsions have been recovered
and are being analyzed. Photographic and spectroscopic coverage of the
detonation was highly successful. The short range rocket-borne

diagnostic program was highly successful.

Detection equipment of the Vela Sierra type was operated with good
success and the rangel' and sensitivities of the method were found to be
at least as gnod as ,redicted. The strong electromagnetic signals from
the detonation were observed under the sea, st land stations and in
airborne stations, at many hundreds of kilometers fram the burst.
Microbarographic signals from the detonation were otgeived at Johnston
end Christmas Islends. lMegnetlic field disturbances were measured

throughout the worild.

1. The detection range for & space detonation of yield Y kilotons was
calewleated to be approximately given by

Range = 105y
vhere range is expressed in kilometers.

23
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DATA COMPILATION

A. Selsmdc end Pressure Measurements

Project 1.1 (DASA). Air Biast and Pressure Measurements. Julius
Meszaros, ERL.

Microberograpn &t Johnston, on ships S-1, S-2. Pressure gauges and
acceleromcters on the pods. ) ‘

Results: Preliminary dete from pods S-1 and S-2 indicate no-
discernible pressure or acceleretion. Preésure and acceleration gauges
in pod S-3 not operable.

Project 6.5a (DAsA). Ionospheric Soundings and Magnetic Measurements.
Dr. Philip Newmen, AFCRL.

NBS microbarographs at Midwey, Tutuila, Weke and Adak. Mitre
Corporation, at Palmyra, had 3 Hell Stars (HS-1) 4.5 cps seigmometers.
Results: Data not yet available.

Project 32.6 (Sandia). Microbarography. R. L. Eno, Sandia Corp-

Microbarographlic measurements at French Frigate Shoals, Johnston
Jeland, Kaueil, and Christmas.

2k




Results:
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B. Neutron Mecsurements

De\e'\ed

Results: Pod
S-1
S-1
S-1
S5-1
S-1
S-1
S-1
S-2
f S5-2
S5-2
S-2
S-2
S-2
S-2 \,06
o\®
' 5-3 \Y
§-3
§-3
l. 5-3
. 53
s-3
S-3

Cadmium shielded gold foils and bare gold foils gave essentially

the ssame neutron flux.




Sandia Corporation Measurement. J. J. Mller, Sandia Corp.

Fluor and photormltiplier with log circultry were rocket-borne from
Kauei (Rocket No. SKI-154). Fluor and photomultiplier using HHRT (6 kMc
telemetry) technicues (Rocket No. SKI-155).

Results: Rocket SKI-154 gave preliminary lk-Mev neutron source
strenzth Deleted Good garma ray information showld be
avoilable from this record-

Rocket SKI-155 gave a marginal strength signal but should give more
cetails ol the neutron spectrur. These data are not yet available.

Project 6.5b-2 (DASA). Balloon Measurements of Debris Gemmmas.

B1° neutron counters st 100,000 feet carried by balloons launched
frorm South Conjugete Area.

Om\e’\eé

050 (O-biting Soler Observatory) Satellite. Dr. W. Hess, Goddard Space
Flight Center.

Moderated BF® neutron counters.

Results: No data; satellite not operating.
TRAAC Satellite. Dr. J. F. Kircher, APL
Solid state neutron detector, covered with 1 mg/cm2 of Blo, and
further covered with polyethylene. Range: Thermal to 2 Mev.
Fesults: ta not _eL avallable.

lLawrence Radiation Laboratory Measurements. Dr. F. C. Gilbert, LRL

The following were rocket-borne: a slow neutron experiment from
Kauai and & Nal crystal activation experiment from Kauai. Zr activation
sanples were carvied in the pods on the Thor missile. Balloon-bdrne
Nal detectors, anu neutron emulsions werc leunched firom Keuai.




Results: TFission neutrons were seen from Kauai in the slow neutron
exreriment and a large flux of slow neutrons was seen from 1 to 10
seccnds after cdetonetion. Kaual Nal results indicateld

De\gted
however, pol angle may have degraded this
experiment. PBalloons did not rise above 50,000 feet due to freak

termperature inversion; therefore, no data were obtailned.

los Alamos Scientific Laboratory Measurements. Dr. H. Hoerlin, LASL
Two rockets from Kauai carried calibrated UZ> figsion chambers for

neutron time of flight measurements, and neutron emulsions.

Deleted
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C. £ ané y Rey ileasurements

Project 2.2 (D/5.). Gamcma Rediation Measwrenment. John Kinch, IDL.

Film badges, glass microdosimeters, formic acid dosimeters, cobalt

aciivated borosiliceie glass dosimeters, and magresium calcium fluoride

thermoluniinescent dosimeters were carried on the pods.

Results: Detectors have been removed from pods but data are not
yet avallable.

Project 6.2 (DASA). Rocket-Borne Germa Rey Scanner. Warren Berning, BRL

Two Javelin rockets launched from Johnston gave gamme flux es a

function of scan angle and position; totel garme and totel beta in enalog

ferm.
Results:
Instruxent and
t Launch time Altlitude Observation
GazTie scanner, below 125 km
' +20 minutes
125-325 km
525 knm
\ 325-600 km
Garme scenner d
‘ +L0O minutes Do\ete
Total garma detector below 145 km
+20 minutes .
! 145-310 km
210 km
| 310-500 km

30




Instrument and
Launch Time 1titude Observation

Totel Gamma Detector
+ 40 minutes

Bete detecior below €0 km
+ 20 minutes
60-175 km Deleted
Rest of
1 ght
Bet- Detector
+ 40 minutes
Project 6.3 (DASA).D Region Physicel Chemistry. Warren Berning, ERL

Beta flux meter (% 100 kev) and 2 channel pulse heigit analyzer
(2 0.5 Mev and 2 1.0 Mev); similer gemma ray sensor.

Results: Rocket launched at+420 seconds got date which have not
yet been correleted with time, altitude, and orientation.

Project 6.4 (DASA) E and F Reglon Physical Chemistry. W. Pfister,
AFCRL.

Beta and Cemma flux meters similar to 6.3.

Results: Most data lost due to telemetry failure. Rockets launched
atH80 and+960 pecondes got dats up to 10 km; counting rates increased
wvith payload altitude and appeared to level off at 50 to 70 ku. Ratea
in 4960 gsecond rocket were perhaps lower than in the earlier rocket at
a8 given eltitude.

Project €.5b-1E QA.SA)~ satellite Data Acquisition. State University
of Iowa. Dr. James Van iilen.

Injun I satellite recorded beta and gamma counting rates.
Results: Dats not yet available.
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Project 6.5b-2 (DASA). Balloon Meeswement of Debris Gammas. C. Stone, ARF
NaIl scintillation counters at 100,000 feet carried by balloons
launched from South Conjugate Area.

De‘e"ad

Project 6.7 (DASA, TDebris Expansion Experiment. Lt. W. Whitaker, AFSWC.
FMve rockets, each with 6 bete counters and e gamma flux detectbr

were leunched from Johnston Island prior to detonation. Theae rockets

recorded data for 27 seconds after detonation, from 100 to more than

1000 ki from burst point. Bete and garme fluxes were measured both

along the megnetic field lines through the burst and perpendiculur to
the field lines. ' -~

Results: Data nct yet available.

Project 6.10 (DASA) HF, VLF, Loran-C Propagation. Roger Whidden,
AFCRL.

Nel scintillator in K£-135 at 44,000 feet with pulse neight anelyzer.
Records in range 50-30C kev and > 500 kev.

Results: Alrcraft at 177° 47' W, 15° 22' S at 43,300 feet at H hour.

thQ

pel

Project 6.12 (DASA) Piggyback Catellite Packages. Captain R. A. Bena,
AFCRL

B and 7 flux meters on Discoverers 1127 and 1128, recording DC
current ani 2-channel pulse height analysis (2 0.5 Mev, & 1.0 Mev).
Results: No data. Satellites not operating.

32




050 (Orbiting Soler Cbservatory) Dr. W. Hess, Goddard Space Flight
Center.

A number of gurma detectors.

Results: No daeta. Satellite not operating.

lavrence Radistion laboratory Measuremeats. Dr. F. C. Gilbert, LRL
Rocket-borne scintillator and photomultiplier (from Kauai) to
measure primary alpha from the prompt gaumas. Also scintillator and
photodiode to measure time interval.
Resvita: No data obilained . .e to improper circuit triggering.

Ios . 05 Scientific Laboratory Measurements. Dr. H. Hoerlin, LASL
Scintillation gemme rey detectors were rocket-borne from Keuai.
Results:

Oe\ewd

Sendia Corporation Measurements. J. J. Miller, Sandia

Fluor and photodiode systems rocket-borne from Kasuai to measure
time interval from gamma time history. (Rockets Nos. SKI-151, 152.)

Fluor and 5" photcdiode system rocket-borne from Kauai to
measure alpha from garmme time history using HERT (6 kMc Telemetry)
techniques. (Rocket No. SKI~156).

Resulte: No time intervel date due to wiknown instrument
malfunction. No alpha informetion dve to failure of payload to separate
fram booster.




D. X Ray Measurements and Direct X Ray Effects Measurements

Projact 6.% (DaSp). D Reglon Phyeical Chemistry. Warren Berning, BRL
Four rocket-borne sensors with thin Be windowse; energy deposited

in 3 mil CsI erystal in 1 microsecond recorded in analog form.
Results: No data due to rocket failure.

Project 6.4 (DASA) E and F Region Physical Chemistry. W. Pfister,
AFCRL

Six 1lon chambers arcund Javelin rocket, v'th filters tu select hard
X rays.
Results: No date due to telemetry failure.

Project 88 (DASA) Thermal Radimtion and Fiiects. Capt. Gillesple,
AFSWC.

Indenture geuges, metallurgicel samples, fracture gauges and-other
materials carried on pods. Also & K-edge detector.

Results: See General Summary of Results.

lawvrence Radiation lataratory Measurements. F. C. Gilbert, IRL

The following were rocket-bornme: (1) an x ray bolameter from
Johnaton (60-inch tantelum strip wound on & plate behind a beryllium
window) measuring the increase in resistance of the strip due to x ray
heating; (2) a thin fluor scintillator from Kauai; (3) x ray photo-
electric diodes from Johnston.

Results:

Photo-electric diode data not yet
calibrated.

los AMlemos Scientific laboratory Measurements. Dr. H. Hoerlin, LASL

Rocket-borne scintillation x ray experiments (thin fluors over
photocells) and photo-electric x rey experiments from Kausi and Arguello.

3
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Results:

No date from Arguello instrumentation due to rocket failure.

Sandie Corporation Measurement. Js J. Miller ard J. Scott, Sandisa.

Fluor end photodiode system with subtraction of gamma contribution,
rocket-borne fror Kauai (Rocket No. SKI-153).

Silicon s0lid state detector, with beryllium cone scatierer with
copper and titanium filters, was rocket-borne from Kauai (Rocket No.
SKI-157).

Chromel constantan thermopiles to measure total x rey yleld were
rocket-borne from Johnston (Rockets Nos. SJI-151, 1%2).

Thin foll calorimeter for total x ray yleld was rocket-borpe from
Johnston (Rocket No. SJI-153). )

Results: Fluor and photodiode system failed because of a power
supply malfunction at leunch.

Thin foll calorimeter failed due to telemetry melfunction.




E. Iight and Thermal Measurements
Note: Small scale optical measurements of limited interest (for
exarple, rocket tracking) ere omitted from this campilation.

Project 4.1 (DASA). Investigation of Chorio-Retinal Effects. Lt. Col.
R. G. Allen, USAF, AMD, Brooks AFB.

Fhotovoltaic cells with filters and black body calorimeters were
carried in a number of planes as part of the chorio-retinal burns

investigation.
Deleted
Project 6.2 (DASA). Rocket-Borne Gemma Ray Scanner. Wearren Berning,
B <.
ERL.

A photomultiplier tube with filters measuring the intensity and
duration

De\eted

Project 6.5a. Ionospheric Soundings and Magnetic Measurements. Dr.

Philip Newman, AFCRL.
Photometers measwring 3914, 5577 amd 6300 A at Kona, Hawaii.

Results: Record was initially seturated. Recordings were taken
for 15 minutes.
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Project 6.5b-1A. Photometric and Photographic Measurcments. C. Stonme,
ARF.

Various photometers, cameras, and a 3500-7Tk0O A spectrometer.
Generally measuring over relatively long periods of time, with one
millisecond time resolution photometer. (Tonga and Tutuila).

Results: Photometer at Tutulla saturated during initial phese of
phenomenon.

Deleted

Project 6.55-3H. Tiros IV Setellite. C. Stone, ARF

Broadband rediometer covering IR and vieible; IR sensors with bands
at 6.0 - 6.5 microns, 7.0 ~ 30.0 microns, 8.0 - 12.0 microns. NASA
will furnish date to ARF.

Results: Data not yet availaeble.

Project 6.5b-30. Radio Physice lLaboratory (Australia). Dr. D. P Martyn,
CSIRO, Camien, New South Wales, Australia. .

Birefringent airglow photometer, interferameters for measurement of
airglow surorel temperatures by emission line widths, two aurorel spectro-
meters, lead-sulfide detector for IR (overheed).

Results: Data not yet availlabdle.

Project 6.5b-3P. University of Canterbury, New Zeeland. Dr. C. Ellyott,
Department of Physics, Christ Church.
All-sky camere, sodium optical photometer, and awroral spectrograph.
Results: Data not yet available.

Project 6.5B-3Q. National Buresu of Standerds, CRPFL
Alrglow photometer at Mt. Haleakals, Hawail. -
Results: Data not yet available.
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of 700 km or gresater.

Project 6.13b (DASA). Optical Measurements. John E. Hagefstration,
AOMC. »
Measurements in UV, visible and IR from DAMP ship. Ceameras, photo-
meters, thermograph (IR scanner, thermistor detector), radicmeter (PbS).
Results: Very little data obtained at shot time because of weather.
Sunrise and sunset on D + 1 yielded no measureble effects.

Project 8A.1 (DASA). Infrared Blackout and Sky Background. Hervey
Gauvin, AFCRL. '

Electronic scanning spectrometer in 0.35 to 0.60 micron range, 20 A
resolution, pointed at detonation (10 scans/sec). Narrow-band spectro-
meters 0.2 to 3.0 micron renges. NBS slow scan spectrometer pointed 50°
from horizontal, one rediometer, UV spectrometer, and photometer packs.
A1l the above airborne inm XKC-135's in Northern Conjugate Area. X few
land based photometers and cameras. )

Results: Generally successful operation on 98 percent of instrumen-
tati.on, with some degradation at Maui due to clouds. Northern aircraft
at 37,500 feet, 22° U3' N, 168° 2L' W at detoneation. Eastern aircraft
at 41,000 feet, 15° 53' N, 166° 23' W at detonation. In general, all
equipment recorded (UV, visible, IR) strong signels, more intense and
persistent than expected. Below 1s a table of results now aveilable.




Project 6.5 (DASA). long Term Debris History. Dr. Edward R. Manring, GCA.

Photometers looking at early time and long term debris nistory by
measuring resonant scattering of lithium, barium and zirconium lines.
Johnston Island, Ships 2 and 4 for early times; Tongatapu, Tutuila, and
French Frigate Shoals, Ships 1 and 2 for long term measurements.

Results: Unexpected signals were received at Johnston Islend on all
four (LUSL, 5535, 6130 and 6708 A) wavelengths when the instrument was
uncovered at + 30 seconds. Suggested sources for the light ere (1)
lithium, barium and zirconium debris, excited by electron or photochemical
excitation; or (2) strong euiczions due to atmospheric fiuorescence which
leaked through the filter edge.

Location Observation at First Twilight
Jchnston
Deleted
French Frigate
Shoals
Project 6.10 (DASA). HF, VLF, loran-C Propagation. Roger Whidden,

A¥CRL.

Scanning spectrometer with gratings for 3000 A, 3914 A amd 6708 A
end IR scanning spectrometers,l to 2 and 4 microns. All cerried in
KC-135 at 44,000 feet in South Conjugate Area. Scanning photometers at
L278 A, 4861 A, 5577 A, 6300 A and 6479 A.

Results: No instrument results ava{lable. Visuul observation
summarized as follows: center of aurora asbout 200 km west of theoretical
Southern Conjugate calculated according to method of Vestine. (16° -
17° S, 176° W). longest displey was smoothly curved rey originating
beyond northern horizon and extending over aircraft "steady in position
and resembling & searchlight beam." Geomagnetic field lines in same
apperent position e&s beam would pass Johnston Island latitude at a height
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Wavelength  Instrument

Range,

Mierons _

0.3-0.L Unspecified

0.2-1.0 Broadband
dispersion
units

0.8-1.1 Filtered
photometer

1 ,-1.6 leed sulfide
rediometer

1.56-2.55 RUK Radiometer

3.0-3.5 NBS Spectro-
meter

IR Spatial Redio-

Project Ba.2 (DASA).

metry

Donald F. Hansen, EGG.

This project consisted of approximately 100 cameras and spectrometers
located at Johnston, KC-135 north of burst, KC-135 east of burst, Tutuila,
and Tonga. For & complete list of instrumentation see DASA Projected
Measurements Summary.

Results

Deleteg

Opticel Phenomenology of High Altitude Events.

De\eiid

The bulk of the film has not yet been developed and anslyzed.

Lo




030 (Orbiting Solar Observatory.) Dr. W. Hess, Goddard Space Flight
Center, Greenbelt, Maryland.
Experiment in the UV (1100-1250 A) end 3800-LB00 A renges.
Results: No data; satellite not operating.

Injun I Satellite, Dept. of Physics and Astronomy, State University of
Iowa, Iowa City, Dr. Brian O'Brien, Dr. Jemes Van Allen.

Auroral photometer (5577 A)

Results: Deta not yet available.

e/e tEd

los Alamos Scientific laboretory Measurements. Dr. H. Hoerlin, LASL.
Refer to Appendix I for a discussion of the phenamenvlogy of the

burst. Vela Sierra system detectors, spectrographs, cameras ard
photometers at Maul, Johnston and on & KC-135 near French Frigate Shoale.
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F. Measurement of Electromagnetin Signal due to the Weapon

Project 6.5a (DASA). Ionospheric Soundings and Magnetic Measurements.

Dr. Pnilip Newman, AFIRL.

Mitre Corporation had detection equipment on Palmyra, including

electromagnetic senscrs. There were & number of other electromagnetic

sensors throughout the world.

Results:
Location Frequency
Range
Johnston ELF
Joanston VLF

Kona, Haweii VLF

Bedford, VLF

Mass -
Kauai, Tonga- 5 ko

tapu, Palmyra
Tutuila 5 ke
Johnston 5 ke
Christmas 20 -1000¢ps

Date

Project 6.5b-3M (DASA). Sylvania Electronics Defense Laboratory.

Dr. John T. Harding.




Figire 7 - Chnristmas Island ELF Signal Facsimile
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