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

-within approximately 10 darys of the Starfish Prime event, together with

an introduction to the objectives of Starfish Prime and some tentative

conclusions about the data obtained. As such, the reader is cautioned

that all data are tentative and in most cases obtained by "quick look"

techniques: in particular all numbers quoted are subject to later

correction.
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Abstract

The Starfish prime event ( detonated at l00 1n

altitude SSW of Juhnsto, Islelid at 2300 hours, Honolulu time on July 8,

1962) significantly increased the understanding of high altitude nuclear
detonations and their effects. As an aid to penetration for incoming

missiles by disrupting enem anti-missile radars, Starfish Prime was not

as effective as anticipated. Detonation degradation of communications
and radar surveillance capabilities were found to be appreciably less

than expected. Some data were obtained on the direct effects of bombq 

÷

x rays on materials carried on pods near the burst; most pod experiments

were not as successful as desired because of pod stabilization and

positioning difficulties.

O e Beta ray and debris pancakes

were formed along magnetic field lines north of the burst at a distance
VL of 600 km at an altitude of 120 to 150 km. The effects of these pancakes

were of comparatively short durations. A pancake was also formed to the

south of the burst along field lines, but a significant panceke did not

form under the burst. The major visible effects of these pancakes lasted

for a number of minutes; an auroral gýow was still in evidence four hours

after detonation in the north conjugate area; ionospheric disturbances

in the south conjugate area lasted for many hours. Significant amounts

of debris were deposited along the manetic field lines intersecting the

bu-st location at altitudes vell above that of the burst. Rocket-borner

VI
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high altitude diagnostic techniques were tested; neutron, x ray, gamma

ray and time interva.l measurements were successfully made; radiochemical

sampling and alpha measurements were unsuccessful. High altitude nuclear
detonation detection systems were tested with a very considerable degree

of success. The small rocket weapons effects and phenomenology diagnostic

program from Johnston was quite successful.
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Introduction

The warhead for the Starfish Prime event of Dominic was launched

from Johnston Island on a Thor missile and detonated at 2300:09 hours

Honolulu time, on 8 July 1962. The warhead, contained in a spin-

L stabilized re-entry vehicle, detonated at 400 km altitude 32 IM from its

launch pad with a nominal yield P e The Thor missile was
modified for the firing by the i lusion of telemetry, safety (destruct)

systems, and special external insulation to prevent excessive heating

of the after structural members. (See Figure 1.)

Three 1200 pound pods, resembling re-entry vehicles, were attached

a to the missile at time of launch. The back plates of the pods held

numerous small experiments. The pods were stabilized by heavy internal

r flywheels and it was hoped that after the pods were released from the

missile at about main engine burnout time they would remain in a near

vertical position. Release times were progreamed so that the pods would

be below the burst with their backplates approximately normal to the lines
I from the pods to the detonation. Me podf contained transponders to assist

in determining actual position after the detonation and recovery gear so

that they could be located and recovered.

Scientific stations to obtain data from the various experiments were

estatlished throughout the Pacific area, with the most concentrated group

on Johnston IclrJd. From Johnston Island 27 rockets were fired in support

F6



Figure I

7bor missile wlth pods in Bluegill Prime configuration. Starfish

Prime is essentiallv identical.
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of experiments, and a large array of optical and electromagnetic

instrumentation was operated. In the area surrounding the island, a

fleet of ships and aircraft 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

nuber of rocket-borne instruments were launched from a firing area at

Barking Sands, Kauai. The southern conjugate area was covered by

establishing stations in the Fiji, Samoan and Cook groups and by

stationing ships and aircraft in the general area. Other shipboard

stations were utilized througliout the Pacific to study t.le effects of

ionospheric disturbance on RF transmission and reception. An unsuccess-

ful attempt was made to launch two rockets from Point Arguello in

California in support of the TtJ 8.1.1 effort. Many groups participated

voluntarily in the event, generally invited by the Department of Defense,

in order to take advantage of the substantial Interest in the event by

the world's scientific community. It is hoped that the results Zrom these

groups will, in time, be reported to the scientific commiunity.

The operation was conducted by Joint Task Force 8, commanded by Maj.

Gen. A. D. Starbird, which was resp .,ible to both the Atomic Energy

Comission and the Department of Defense. The Scientific Deputy of the

Task Force was Dr. William E. Ogle of the Los Alamos Scientific Laboratory.

The scientific elements in the Task Force were organized into Task Units

as listed:

TU 8.1.1 Los Alamos Scientific Laboratory

TU 8.1.2 Lawrence Radiation Laboratory

-J 8.1.3 Field Co=-.ard, Defense Atomic Support Agency

"T-U 8.1.4 3andic Corporation

TiU 8.1.6 Lager1on, Germeshausenr and Grier

izurin£ the period that the Starfish Prime event was being prepared,

most of the Task Units were also involved with other events of Dcriinic

on Christmas Island.

4 The Starfish Prime h..gh altitude nuclear detonation had the following

L.
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major scientific objectives:

1. Evaluation of missile kill mechanisms produced by a high altitude

nLcle•z detonatior.

2. Eýluation. of the effects of a high altitude nuclear detonatior.

on electromagnetic surveillance capability.

3. Evaluation of the effects of a high altitude nuclear detonation

on long range ca unications.

4. Investigation of the basic characteristics of a high altitude

nuclear detonation and the physical basis of the effects.

5. Evaluation of high altitude nuclear detonation weapon diagnostic

techriques.

6. Evaluation of high altitude nuclear detonation detection systems.

Electromagnetic surveillance capabilities after a high altitude

nuclear detonatioL were studied by a large number of experiments.

Attempts were made to track objects, in, near, and at large distances

from the debris and to measure the attenuation and refraction of radar

signals. Measurements were made of radar bcatter and clutter due to the

debris and ionospheric disturbances. These experiments covered the radar

frequency spectrum, specifically including those frequencies of greatest

interest in anti-missile missions. The period from before detonation

10



uitil after detonation effects disappeared was covered.

Logr and short rarZe c o_'•ications wc.e tested t--roughout the wc-ld

bIy co=nunications si=,Llation experi-ments. and b,"y nonitoring a large

number of existi:u coz-unication nets. Both gover-rnent and private

cmmurications systems were exercised during the period of interest with

the aim of determininr signal propagation condiitions as a f rct of

frequency, path location, and time relative to burst.

The basic physical chs,•rcteristics and effects of high altitude

nuclear detonations were studied both for applicability to the other five

objectives of Starfish Prime and "or their inherent scientific in*erest.

Two of the phenomena of prime importance were the debris expansion

history and the geomagnetic effects. Experiments to obtain data on these

phenomena included detesmination of the ionospheric corposition, coszic

electromagnetic noise transmission through the ionosphere, magnetic field

strength measurements, various satellite-borne experiments, earth current

measurements, sky brightness measurements, and measurements of rftclear

radiations. Ultraviolet, visible and infrared spectroscppic and

photographic measurements were made near the point of burst and in the

north and south magnetic conjugate areas.

Weapon test diagnostic techniques were tested by considering both

the d.rect emission from the weapon Lnd the effect of these emissions on

their surroundings. The bomb energy emitted as x rays was determined by

direct measurement of the total x lay energy and measurements of the

apperent bomb temperature. X ray excited air fluorescence was studied.

Neutron flux and energy distributions were determined, as were ga

ray fluxes and time histories. The behavior of the bomb debris was

studied and rocket-borne debris samplers were tested. There were

electromagnetic and 9ptical measurements of the time interval between

the weapon primary and secondary, as well as an attempted measurement

of bomb early alpha by high resolution telemetry techniques. It was

hoped that the yield could be determined by an analysis of the direct

thermal radiation, the x ray yield as inferred from air fluorescence,,

I.I



and the kinetic energy of the bomb debris.

Higa, &Atitude nuclear detonation detection systems were directly

tentef in the Starfish Prime event throagh the use of the Vela Sierra

air fluorescence systers and direct optical systems. Tne spectral

characteristics of the air fluorescence were studied to aid in distinguish-

iZ.g nrclear detonations from lightning flashes. Optical and elecuro-

magnetic time interval measurements were of interest in this area, as

were the verious measurements of the electromagnetic signal from the

weapon. In addition many of the basic effects which were studied could

have applications in detection systems.

r
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II

General Suary of Results

Unfortunately difficulties in pod stabilization arn positioning

seriously degraded the acquisition of data on the direct effects of x

rays on materials. Pod S-1, closest to burst, was essentially at its

desired location of 8 i• from air zero. It waz pointed toward, rather

than away from, the burst so 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 have a circum-

ferential crack and a dent in the lining, but these may have been c.wsed

by impact with the water or rough handling on recovery. Pod S-3,

furthest from the burst, was 23 km from air zero rather than the desired

14 km..- Its backplate was slanted from normal to the burst (See Figure 2)

vith the axis of the pod forming an angle of 40° from a line thraugh the

burst point to the pod. As a result the experiments were degraded both

by excessive distance and shadowing. No data on direct x ray effects

were 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 a line through the

burst: owing to shadowing approximately 50% of the x ray effects

measurements were not obtained. Some of the material samples and indenture

gauges were subject to the direct x rVy flux and are being analyzed;

these shcxald yield same useful x ray effects data when completed.

Rocket-borne detectors did successfully measure the x ray yield,

L
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Figure 2 - Pod Position Diagram
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the black bod. temperature of the weapcn, and the neutron flux; in

addition, foil! carried on the pods yielded useful neutron flux data.

Although there is still a fairly wide spread in the data,

15



ICBM

*400 km PRECURSOR SHOT
AS AN AID TO PENETRATIQN

EXPECTED IONIZED REGION
TO DEGRADE ENEMY

-AICBM RADARS

AICBMI 80km

Fig~ure 3 -Precursor Shot Tactical Cond-ition
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MAGNETIC FIELD LINE

EXPANDING D-RAY PANCAKE
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Figure 4 - Northern Pancake Location at + 70 Milliseconds
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began to form in the sasne area; eventually the debris pancake was

brighter than the beta pancake. Ve,y large fractions of the debris were

also deposited in a panca3ke 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 pancake did not develop directly wnder the

burst. The injection of large amounts of debris into the geomagnetic

field above the burst, and the mechanism of the subsequent debris

distribution are not fully understood. The effects appear to be quite

complex. (See Figure 5)

The visible phenomena due to the burst were widespread and quite

intense; a very large area of the Pacific was illuminated by the

auroral phenomena, from far south of the south magnetic conjugate area

(Tongatapu) through the burst area to far north of the north conjugate

area (French Frigate Shoals). A large amolunt of spectroscopic data were
obtairKd-. At twilights after the burst, resona~nt scattering of light

from lithium and other debris was observed at Johnston and Frenclr

Rrigate Shoals for many days confirming the long time proaence of debris

in the atmosphere. An interesting side effect was that the Royal New

Zealand Air Force was aided in anti-submarine maneuvers by the light from

the bomb. The next paragraph is an eye witness report of the detonation

by MaJ. C. X. Mcllue,, AOMC, Kwajalein; the paragraph following that is an

eye witness report from Johnston.

At Kwaialein, 1400 miles to the west, a dense overcast extended the

length of the eastern horizon to a height of 5 or 8 degrees. At 0900

RC a brilliant white flash burned through the clouds rapidly changing

to an expandirg green ball of irradiance extending into the clear sky

above the overcast. From its surface extruded great white finwgers,

resembling cirro-stratus clouds, which rose to 40 degrees above the

horizon in sweeping arcs turning downward toward the poles and disappear-

ing in seconds to be replaced by spectacular concentric cirrus like

rings moving out from the blast at tremendous initial velocity, finally

stopping when the outermost ring was 50 degrees overhead. They did not

19
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disappear but persisted in a state of frozen stillness. All this

occrred, I would Judge, within 45 seconds. As the greenish light

turned to purple and began to f.de at the point of burst, a bright red

glow began to develop on the horizon at a direction 50 degrees north of

east and simultaneously 50 degrees south of east expanding inwaid and

upward until the whole eastern sky was a dull burning red semicircle

100 degrees north to south and halfway to the zenith obliterating sme

of the lesser stars. This condition, interspersed with tremendous white

rainbows, persisted no less than seven minutes.

At zero time at Johnston, a white flash occurred, but as soon as

one could remove his goggles, no intense light was present. A second

after shot time a mottled red disc was observed directly overhead and

covered the sky down to about h5 degrees from the zenith. Generally,

the red mottled region was more intense on the eastern portions. Along

the magnetic north-south line through the burst, a white-yellow wtreak

extended and grew to the north from near zenith. The wid,;h of the white

streaked region grew from a few degrees at a few seconds to about 5-10

d-6rees in 30 seconds. Growth of the aurora.l region to the north was by

addition 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 region had completed disappearance

in the west and was rapidly fading on the eastern portion of the overhead

disc. At 400 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. Vo soands 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 _D



some samples, but the rocket-borne samplers were not recovered. Balloon-

borne nuclear track e=alsions were not successful, possibly due to a freak

te=perature inversion which prevented the balloons from reaching altitudes

geater than 50,000 feet, but rocket-borne emulsions 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 good as aredlicted. The strong electromagnetic signals from

the detonation were observed under the sea, at land stations and in

airborne stations, at many hundreds of kilometers from the burst.

Microbarographic signals from the detonation were obse1ved at Johnston

and Christzaz Islan"%s. 1-%gnetic field disturbances were measured

throughout the world.

1. The detection range for a space detonation of yield Y kilotons was

calculated to be approximately given by

Range = 1 0 5.\FY

where range is expressed in kilometers.

23i -



III

DATA COMPILATION

A. Seismdc and Pressure Measurements

Project 1.1 (DASA). Air Blast and Pressure Measurements. Julius

Meazaros, BRL.

Microbarograph at Johnston, on ships S-1, S-2. Pressure gauges and

acceleromcters on the pods.

Results: Preliminary data from pods S-1 and S-2 indicate no

discernible pressure or acceleretion. Pressure and accel'eration gauges

in pod S-3 not operable.

Project 6 .5a (DASA). Ionospheric Soundings and Magnetic Measurements.

Dr. Fhilip Newman, AFCRL.

NBS microbarographs at Midway, Thutuila, Wake and Adak. Mitre

Corporation, at Palmyra, had 3 Hall Stars (HS-I) 4.5 cps seiemometers.

Results: Data not yet available.

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

Microbarographic measurements at French Frigate Shoals, Johnston

Island, Kauai, and Christmas.

24



ResuJits:
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B. Neutron Measurements

Results: Pod.

S-I

S-i

S-1

S-I

S-I

S-I

S-i

S-2

S-2

S-2

S-2

S-2

S-2

S -3

S -3s-3
S-3

S-3
.- )S-3

S-3

Cadmium shielded gold foils and bare gold foils gave essentialiy

the same neutron flux.

6
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Sandia Corporation Measurement. J. J. •iller, Sandia Corp.

Fluor and photoznltiplier with log circuitry were rocket-borne fron.

Kauai (Rocket No. SU-154). Fluor and photomultiplier using H}ILRT (6 k)c

telemetry) techniques (Pocket No. S1a-155).

Results: Rocket SKI-154 gave preliminary 14-Mev neutron source

stren th Deleted Good gaena ray information should be

avý.alable from this recordý

Rocket SYa-155 gave a marginal strength signal but should give more

c etails of the neutron spectram. These data are not yet available.

Project 6.•b-2 (DASA). Balloon Measurements of Debris GCmnas.

BlO neutron counters at 100,000 feet carried by balloons launched

from South Conjugate Area.

OSO (Orbiting Sole- Observatory) Satellite. Dr. W. Hess., Goddard Spate

Flight Center.

Moderated BFO neutron counters.

Results: No data; satellite not operating.

TRAAC Satellite. Dr. J. F. Kircher, XPL

Solid state neutron detector, covered with 1 mscra2 of B1 °, and

further covered with polyethylene. Range: Thermal to 2 Mev.

Results: Data not *'t available.

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

The following were rocket-borne: a slow, neutron experiment from

Kauai and a Nal crystal activation experiment Irom Kauai. Zr activation

tunnples were car-ied in the pods on the Thor missile. Balloon-borne

NaI detectors, an.- neutron emulsions were launched f'rom Kauai.

27
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Results: Fission neutrons were seen from Kauai in the slow neutron

ex-eriment and a large flux of slow neutrons was seen from 1 to 10

seccniz afte-- detonation. Kauai Na: results indicated

however-, pod angle may have degraded this

experiment. Balloons did not rise above 50,000 feet due to freak

te=perature inversion; therefore, no data were obtained.

Los Alamos Scientific Laboratory Measurements. Dr. H. Hoerlin, LASL

Two rockets from Kauai carried calibrated U'85 fission chambers for

neutron time of flight measurements, and neutron emulsions.

Deleted

r
L
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c. r and y Ray :.easurerients

Project 2.2 (DGw.). Oa.ra Radiation M4easurement. John Kinch, TIML.

Plz, badges, glass microdosimeters, formic acid dosimeters, cobalt

activated borosilicate 6lass dosizeters, and magnesium calcium fluoride

therioliuminescent dosimeters were carried on the pods.

Results: Detectors have been removed frcm pods brut data are not

yet available.

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

Two Javelin rockets launched from Johnston gave gamma flux as a

ftuction of scan angle and position; total garma and total beta in analog

fcrm.

Results:
Ir• Lr.tar,'.antsd

Launch time Altitude Obser:vat ion

Gazmra scanner, below 125 krn
+20 minutes

p ~125-325 a

525 km

325-600 km

Ge.=rr. scannerte
+hO minutes

Total gamia detector below 145 km
+20 minutes

145-310 km

310 -•l

310-500 km

30



Instrument and
Launch Time Altitude Observation

Total Gamma Detector
+ 40 minutes

Beta detector below 60 1,
+ 20 minutes

60-175 km Deleted

Rest of
flight

Bet' Detector+ 40 minutes

Project 6._ (DASA).D Region Physical Chemistry. Warren Berning, ERL

Beta flux meter (i 100 key) and 2 channel pulse heigit analyzer

(2 0.5 flev and r 1.0 Mev)j similar gamma ray sensor.

Results: Rocket launched at-4420 seconds got data which hav& not

yet been correlated with time, altitude, and orientation.

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

AFCRL.

Beta and Gama flux meters similar to 6.-.

Results: Most data lost due to telemetry failure. Rockets launched

at+4 8 0 and+960 seconds goT, data up to 100 km; counting rates increased

with payload altitude and appeared to level off at 50 to 70 km. Rates

in +960 second rocket were perhaps lower than in the earlier rocket at

a given altitude.

Project 6.5b-lE (DASA). Satellite Data Acquisition. State University

of Iowa. Dr. James Van Allen.

Injun I satellite recorded beta and g•nmna counting rates.

Besults: Data not yet availablt.

(



Project 6.5b-2 (DASA). Balloon Meesurement of Debris Gemnas. C. Stone, ARF

NaI scintillation counters at 100,000 feet carried by balloons

launched from South Conjugate Area.

Deleted

Project 6.7 (DASA' Debris Expansion Ecperiment. Lt. W. Whitaker, AFSWC.

Five rockets, each vith 6 beta counters and a gamma flux detector

were launched from Johnston Island prior to detonation. These rockets

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

1000 km from burst point. Beta and gamma fluxes were measured both

along the magnetic field lines through the burst and perpendicult~ to

the field lines.

Results: Data not ýet available.

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

AFCPRL.

Nal scintillator in KE-135 at 44,000 feet with pul•se height analyzer.

Records in range 50-300 key and > 500 kev.

Results: Aircraft at 1770 47' W, 15* 22' S at 43,300 feet at H hour.

fp

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

0 and y flux meters on Discoverers U127 and 1128, recording DC

current aM 2-channel pulse height analysis (k 0.5 Mev, i 1.0 Mev).

Results: No data. Satellites not operating.

3
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OSO (Orbiting Solar Observatory) Dr. W. Hess, Goddard Space Flight

Center.

A number of gamma detectors.

Results: No data. Satellite not operating.

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

Rocket-borne scintillator and photomultiplier (from Kaua.i) to

measure primary aLpha from the prompt gu"as. Also scintillator and

photodiode to measure time intervul.

Resvuts: No data obtained :e to improper circuit triggering.

Los os Scientific Laboratory Measurements. Dr. H. Hoerlin, LASL

Scintillation gamma ray detectors were rocket-borne from Kauai.

Results:

Sandia Corporation Measurements. J. J. Miller, Sandia

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

Fluor and 5" photodiode system rocket-borne from Kauai to

measure alpha from gamma time history using HHRT (6 kme Telemetry)

techniques. (Rocket No. SKI-156).

Results: No time interval data due to unknown instrument

malfunction. No alpha information due to failure of payload to separate

r from booster.

r

33

m11 ll



D. X Ray Measurements and Direct X Ray Effects Measurements

Prict 6.; (T$ASA). D Fegorn nhynica71 Cemi stry. Warren Berning, BRL

Four rocket-borne sensors with thin Be windows; energy deposited

in 3 mlu CsI crystal in I 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 Ion chambers around Javelin rocket, i'th filterb to select hard

x rays.

Results: No data due to telemetry failure.

Project 8B (DASA) Thermal Radiation :ui Fifects. Capt. Gillespie,

AFSWC.

Indenture gauges, metallurgical sanmpls, fracture gauges arn&.-ther

materials carried on pods. Also a K-edge detector.

Results: See GenoraJ. Summary of Results.

Lawrence Radiation LaLnratory Measurements. F. C. Gilbert, IRL

The following were rocket-borne: (1) an x ray bolameter from

Johnston (60-inch tantalum strip wound on a 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 Alamos Scientific Laboratory Measurements. Dr. H. Hoerlin, LASL

Rocket-borne scintillation x ray experiments (thin fluors over

photocells) and photo-electric x ray experiments from Kauai and Arguello.

34



Results:

No data from Arguello instrumentation due to rocket failure.

Sandia Corporation Measurement. J. J. Miller and J. Scott, Sandia.

Fluor and photodliode system with subtraction of gamma contribution,

rocket-borne from Kauai (Rocket No. SKI-153).

Silicon solid state detector, with beryllium cone scatterer with

copper and titanium filters, was rocket-borne from Kauai (Rocket No.

SKI-159).

Chromel constantan thermopiles to measure total x ray yield were

rocket-borne from Johnston (Rockets Nos. SJI-151, 152).

Thin foil calorimeter for total x ray yield was rocket-borneafrom

Johnston (Rocket No. SJI-153).

Results: Fluor and photodiode system failed because of a power

supply malfunction at launch.

Thin foil calorimeter failed due to telemetry malfunction.
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E. Light and Thermal Measurements

Note: Snall scale optical measurements of limited interest (for

exi-A.e, rocket tracking) axe omitted from this ctmpilation.

Project 4.1 (DASA). Investigation of Chbrio-Retinal Effects. Lt. Col.

R. G. Allen, USAF, AND, Brooks AFB.

Photovoltaic 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 Gamma Ray Scanner. Warren Berning,

ERL.

A photomultiplier tube with filters measuring the intensity and

duration

i )peleted

Project 6 .2a. Ionospheric Soundings and rlagnetic Measurements. Dr.

Philip Newman, AFCRL.

Photometers measuring 3914, 5577 and 6300 A at Kona, Hawaii.

Results: Record was initially saturated. Recordings were taken

for 15 minutes.
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Project 6.5b-IA. Photometric and Photographic Measurcments. C. Stone,

ARF.

Various photometers, cameras, and a 35O0-7400 A spectrometer.

Generally measuring over relatively long periods of time, with one

millisecond time resolution photometer. (Tonga and Tutuila).

Results: Photometer at Tutuila saturated during initial phase of

phenomenon.

Deleted

Project 6.5b-3R. Tiros IV Satellite. C. Stone, ARF

Boadband radiometer covering IR and visible; IR sensors with bands

at 6.0 - 6.5 microns, 7.0 - 30.0 microns, 8.0 - 12.0 microns. NASA

will furnish data to ARF.

Results: Data not yet available.

Project 6.5b-30. Radio Physics Laboratory (Australia). Dr. D. ?.rMartyn,

CSIRO, Camden, New South Wales, Australia.

Birefringent airgIow photometer, interferometers for measurement of

airglow auroraltemperatures by emission line widths, two auroral spectro-

meters, lead-sulfide detector for IR (cverhead),

Results: Data not yet available.

Project 6.5b-3 P. University of Canterbury, New Zealand. Dr. C. Ellyott,

Department of Physics, Christ Church.

All-sky camera, sodium optical photometer, and auroral spectrograph.

Results: Data not yet available.

Project 6.2B-3Q. National Bureau of Standards, CRPL

Airglow photometer at Mt. Haleakala, Hawaii.

Results: Data not yet available.

I.
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of 700 km or greater.

Project 6.13b (DASA). Optical Measurements. John E. Hagefstration,

AOMC.

Measurements in UV, visible and IR from DAMP ship. Cameras, photo-

meters, thermograph (IR scanner, thermistor detector), radiometer (PbS).

Results: Very little data obtained at shot time because of weather.

Sunrise and sunset on D + 1 yielded no measurable effects.

Project 8A.1 (DASA). Infrared Blackout and Sky Background. Hervey

Gauvin, AYL.

Electronic scanning spectrometer in 0.35 to 0.60 micron range, 20 A

resolution, pointed at detonation (103 scans/sec). Narrow-band spectro-

meters 0.2 to 3.0 micron ranges. NBS slow scan spectrometer pointed 500

from horizontal, one radiometer, UV spectrometer, and photometer packs.

All the above airborne in KC-135's in Northern Conjugate Area. -friew

land based photometers and cameras.

Results: Generally successful operation on 98 percent of instrumen-

tat.Lon, with some degradation at Maui due to clouds. Northern aircraft

at 37,500 feet, 22* 43' N, 1680 24' W nt detonation. Eastern aircraft
at 41,000 feet, 15" 53' N, 1660 23' W at detonation. In general, all

equipment recorded (UV, visible, IR) strong signals, more intense and

persistent than expected. Below is a table of results now available.

b
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Project 6.6 (DAsA). Long Term Debris History. Dr. Edward R. Manring, GCA.

Photometers looking at early time and long term debris history 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 Island on all

four (44,54, 5535, 6130 and 6708 A) wavelengths when the instrument was

uncovered at + 30 seconds. Suggested sources for the light are (1)

lithium, barium and zirconium debris, excited by electron or photochemical

excitation; or (2) strong euizzions due to atmospheric fluorescence which

leaked through the filter edge.

Location Observation at First Twilight

Johnston

D~eleted

French Frigate

Shoals

Project 6.10 (DASA). HF, VLF, Loran-C Propagation. Roger Whidden,
Akb2RL.

Scanning spectrometer with gratings for 3000 A, 3914 A sid 6708 A

and IR scanning spectrometers, 1 to 2 and 4 microns. All carried in

KC-135 at 44,000 feet in South Conjugate Area. Scanning photometers at

4278 A, 4861 A, 5577 A, 6300 A and 6479 A.

Results: No instrument results available. Visual observation

summarized as follows: center of aurora about 200 km west of theoretical

Southern Conjugate calculated according to method of Vestine. (160 -

170 S, 1760 w). Longest display was smoothly curved ray originating

beyond northern horizon and extending over aircraft "steady in position

and resembling a searchlight beam." Geomagnetic field lines in same

apparent position as beam would pass Johnston Island latitude at a height
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Wavelength Instrument Results
Range,
Microns

0.3-0.4 Unspecified

0.2-1.0 Broadband
dispersion
units

0.8-1.i Filtered
photometer

i1 l.6 Lead sulfide
radiometer Deleted

1.56-2.55 R4K Radiometer

3.0-3.5 NBS Spectro-
reter

IR Spatial Radio-
metry

Project Ba.2 (DASA). Optical Phenomenology of High Altitude Events.

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 a complete list of instrumentation see DASA Projected

Measurements Summary.
f

The bulk of the film has not yet been developed and analyzed.
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oSo (Orbiting Solar Observatory.) Dr. W. Hess, Goddard Space Flight

Center, Greenbelt, Maryland.

Experiment in the UV (1100-1250 A) and 3800-4800 A ranges.

Results: No data; satellite not operating.

Injun I Satellite, Dept. of Physics and Astronowl, State University of

Iowa, Iowa City, Dr. Brian O'Brien, Dr. James Van Allen.

Auroral photometer (571 A)

Results; Data not yet available.

0i~el

Los Alamos Scientific Laboratory Measurements. Dr. H. Hoerlin, LASL.

Refer to Appendix I for a discussion of the phennmenology of the

burst. Vela Sierra system detectors, spectrographs, cameras and

photometers at Maui, Johnston and on a KC-135 near French Frigate Shoals.
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F. Measurement of Electromagnetin Signal due to the Weapon

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

Dr. Philip Newman, AFY-RL.

Mitre Corporation had detection equipment on Palmyra, including

electromagnetic senscrs. There were a number of other electromagnetic

sensors throughout the world.

Results:

Locatiorn Frequency Date
Range

Johnston ELF

Johns ton VLF

Kona, Hawamii VLF 404/

Bedford, VLF Ot
MASS.

Kauai, Tonga- 5 kc
tapu, Palmxrra

Tutuila 5 ke

Johnston 5 ke

Christmas 20 -lO00cps

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

Dr. John T. Harding.
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Figare 7 - Christmas Island ELF Signal Facsimile
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