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CHAPTER Y

A
\Aw d))\L(;L\ A.  Introduction

. The detonation of nuclear devices ot lugh sltitudes tn the atmosphlere
produces coaplea and fnterreiated phenomenz dependent not only on yaeld,
sltdtude, and ratio ot {isston-to-tusion yicld, but also upon geomctry
with respect to the carth®s magteette 130¢ld, and time of day.

The tondzing rudiutions from the bunb $tsclf produce wide-scale effects
which at fiagh altitudes are constratned only by the carth's curvature, the
carth's magnetic tield and tine denser sy belos,  in addition, the
Lingering tisston praducts are u signiticant continuing source of onization
vitective for many heurs.  Thardly, the deposition of large amounts af
energhy 40 the atasosphere produces large-scale motions 1n the atwmusphere;
shocks, waves, and turbulenice, shich fun the absence of the other two
dirvet Jonjzution offoects, would aloue be very important i rearranging
the natural eaistaing lonjzation.

Thure are tao separate viespoiuts from whtch radar seasaresents
durin: high-altstude bursts are tmportant. To ansser the immcediate
teds 0f systems destgners, and to £411 10 gaps a0 present knowledge,
radar studies ol bhosb-produced rlul.u-r ste vitally seeded.  From the
second viewputnt, diaghostic studics sre very such an urder to isprove

our understunding o the pncuomciion 1tacit.  Only through this letter
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approach can a guod budy of detuiled knowledge vvolve which cun be
drawn upon $n the future for systems ay yet unconcejved.

Previous Righ-saltitude nuclear tests: TEAK, ORANGE, any YUCCA,
plus the three ARGUS shots were poorly fnstrumented sno hastily
executed. Despite thorough studies of the meager dota, present models
of these bursts are skeotchy and tontative. Those models sre too
uncertsin to permit extrspolstion to other altitudos and yields with
any conftdence. Thus there §s 8 strong need, not only for better
instruncntation, but for further tests covering 8 range of altitudes
and yiclds,

Extensive radar clutter from TEAK and ORANGE wus observed during
HARDTACK/NEWSREFL by Prvoje;t 6.11 and 6.13 radars (Refs. 1 snd 2).
There are striking diffcrences between the results observed by these
projects, which can only be attributed to the different observing
geomerry. These differences, plus our .good understanding of the
radio-reflecting properties of natural aurors, lead one to the belief
that much of thc boab-produced clutter is due to ionization which
becomes aligned with the csrth's asgnctic field into long thin columns
shich scatter an’sotropically, Fileld-sligned fonjzstion is by nu mcsns
tiee ontire story: absorption, the localized debris cloud, shock waves,
and other traveling disturbances complicate the picturc so that nd
single radar location, or single frequency, 15 adeguute to separate
the effects obaerved and to resolve the uncertaintive,

To a rudus, tho svquence of events expected from high-altitude

nuclear cxplostons is someohat 8 follows: prior to the burst there




®:11 be ceder retucns uily {roa clutter sources such as ulrcr;tl.

10041 mansen, or cther , v ural targets. lsmcdtutely following tho
bursi, astreng abtaerption v 10’ waiot for JU-60 sec which will usually
preclude recetving rolunie . o tun Sotonee tonization produced even
at UHF., Ther: witl be a decrumss in cosmic noise {or propagated
siaonpherie noise v HF) received ty the radurs due to this absorption,
Y. chunges will be nottcud it t¢he maicns from Jow-altitude Largets
vhich calsted pridr to burst, univey -7 course, one of these targets
iv & miwsile o1 ratelitie located abave 30 or 40 km altitude, The
tirng relar rotarns si ViU and Ud® associsted with the burst can

be expected to cume frur the region of the fireball ttuelf, Duriag
the early time extresely hign jontization densities will fall repidly.
There will be some cross-over for a given {requency and given burst
when absorption has decressed sufficiontly that rader returns cen be
obtaincd, providea that electron densities .n the vicinity of the
burst then remain sufficiently high., In the vawe of TEAX, radar
returna essoclaierd dircetiy with the fission debris permitted tracking
of the debris motion st UHF for several minutes, snd at HF for seversl
bours. Geometry of the fissjon debris with respect to the radar is
8lso helteved importent {f such echoes are to be obtsined.

The encrgetic bota particles sriding from the primsry and secondary
sousrcan will be hesvily confined by the earth's mognetic field, A
gieat number of these viectrune travel to the conjugstic point along
mugnotic lines, producing clutter, suroras, und absorption, in that

arca as they re-onter the stmosphere and sre stopped by collisions,

3
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As the fisston cloud slowly decays at o rate approximotely
proporttonal to the 1,2 power of time, ciutter from the decay twetas
will gradually foll in tntensity, The dispeasion of the debris cloud,
or confincment by the ficld or by dunse surrounding atr, will be very
importent in determining the geographic exteat u.vell an intensity
of the clutter, For higher-altitude bursts the debris ttself will
probuably be partially confined by the ficld lines,

The lurge scale hydrodynumic motions associated with the high-
altitude bursts will severely disrupt the natural state of the ionos-
phere over @ large arca. The restoratjon of natural equilibrium may
require twenty-fouy lug.urs or more, cven tn the absence of lingering
fission debris, Despite well understood physical pehnomens, & gap
exists brcnuse the science ol radnr physties A8 relatively young and
undeveloped,

Electromugnetic scattering from complex fongirzed targets must
always be constdered in rescarch of this nature and poorly-understood
mechonisms are often involved., For example, our understanding of the
scattering of rodio waves {rom natural auprurs or sporadic-E fonization
$s nut yet satisfactory. Despite thene diftsculties multi-frequency
radars are vitluable multi-dimenstonal probes,  Wavelength dependence,
elevation, azimuth, range, fading rate, Doppler spectrum, amplitude,
and time history of the returns from o target all provide inlomation
on the target charucteristics trom which many sound conclusions can

e drawn 1§ the data are caretully vxamined,




o Background and Theory

letore describang the spectfie cquipment used for the FISH BOWL
tests, o brief and tentative description of the swdels for STARFISH
%ill be presented.  The models should serve us useful gutdes tn bracketing
the extremes of pussible behuvior.  These mxdels are drawn largely from
disvussions held ot Stanford Rescaprch Institute in Junuary 19621. from
re-caamination ot TEAK and UHRANGE Progect 6.11 and G.13 rudar data, and
trom summary documents such as the Electromagnetsc Blackout Guide (Ref. 3).
Buevause uf the sadely divergent opintons as to how STARFISH will behave

three distinet sadels will by ovutlined.

2
1. Model 1 - Debrgs Uncharged” und Hemains So

Fission debris and missile tiagments will fly rudiully outward from
the STARFISH vaplosion point essentially unimpeded by the surrounding atr.
The fission debris products are atoms huvihg musses on the order of half
the uranium stoa truveling at about 2 x lu“ ci see (2000 km/sec or ) percent
of the veloetty of Jight).  As they travel through the air, they hext it
slightdy {electrun temperature is about xonn°x dwiing pre=dawn houta).

Landshulll gives the following figures fur temperature rise:

1. These mectings were attended by €. Cragn, RAND; H. Hendrick, GE TENPO;
R. Meyerott, K. Lundshofi, D, Hollami and V. Counter, Lockheed; and
R. Dyce, Ro launurd, and R. Leudabrand, SRI1.

2. This view sunpurted by Dr. J. W. Botd, Geophysics Corporation of

Amcrice, Boston, Massachusotts,

- amcas aame e n eam s cmame ae e s e s .~
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It 1s not meaningful to speak of any "firebail”
or "rise of the firebull™ because the comstituents of the shot sssentially
luave the shot area. The debris which travels upward from the burst

will fly outward into space,

(This i» a measureable
quantity.) Upward dobris expansion could also be measured optically
by obsorving tho radial oytvurd growth: using oquipmont with 0.1 secood
time resolution.

Undur tho assumption that the deobris is uncharged, 1t will sot

reach the conjugate point, although fission betas from the fimsion decay

will by compolled to follow the earth's magnetic field. -

— It can bo shown that R¥-absorption messurements made

through the untire atmosphere are primarily influenced by the beta de-
position snd wut appreciably by gamma effects. On the other hand, ViF
waves ure reflected from the lower levels of the D-rogion and so are
influenced largely by gamma effects and to some extent by the b.otu effects.
Optica) measuremcnts will, on the other hand, be indicative of both beta
and gummu depusition. Roughly speaking, for every beta particle, there

e
1s a gummu photon from fission debris decay.




The layering of the fission debris at altitudes of 110-130 kn
hes caused She STARPISH shot to be occasionally termed the "pancake
shot" (Rot. 4).

The foregoing givea the picture immediately after the burst.
Theruafter the debris is likely to expand laterally in all directions,
in accordance with the behavior of TEAX und ORANGE fission debris,

It s uncertain -h; and how this process occurs., Kxperimentally
observed radiasl growth rates for TEAK and ORANGE are givea in

Table 1-11.




2. MODEL 2 ~ DEBRIS CHARGED

1t t» unlikely that the dehits will be unchurged as was assumed
in Moded 1, Many thuorists feel thut chsrged debris were responsible
for many of thu phemmens during TEAK, OHRANGE, and ARGUS, 1In fact,
exporimental confirmution for charged debris truveling along the field
comus from the satellito dotermination of mirror-peint diatribution
of the ARGUS shots. Instead of experimentally observing a distribution
consintont with point-injection process, there was found & continuous
spread tn height, suggesting that fission debris followed the field
linen giving off botus as they tuvelod.a

1f charged, the fission debris will travol unimpeded slong the
earth's ficld, but will be opposed by the magnetic field when having
a component of velocity at right angles to the magnotic field.
Actuslly, the oxplosjon consists of an jonized expanding plasas
which will do work against the magnetic field, B, until & volume, V,
in dinpleced which formorly contajned a magnetic energy (g;l v
equal to the energy release of the explosion, For STARFISH, this
yivlds 8 redjus of avuut 1000 ks. Thus, & magnvtic bubble will be
formed rentricted in the downward direction by the earth's neutral
atmosphury, 88 in Model 1. There is likely to lw & large mcasure of
funncling of debris down the field lines because no work ix required
in this dircction, giving sise to & great deposition of betas well to

the north of Johnston Island, but south of Fronch Fripate Shoals,

3. Howover, 8 mogaton device would result in apecds different by at

foust a factor uf 10 from the debris speeds during ARGUS.

- A mme s miae e - sems =




Beta deposition digectly under the shot, fur Models ) snd 2
w11l be ruughly sdentical.  In Model 2, mugnetic waves launched
by the disturbeiwe of the ficld will be phenumensl and will be
observed as lurge mugnetic perturbutions on & world-wido basss. The
field pushed aside by the expanding plasma will quickly attempt to
collapse, probably broaking through the plasma in #n irregular ssnner

analogous to the snqueuzing of putty botween the fingers,

3. NMODEL 3 ~ DEBRIS CHARGED AND EFFECT OF THE MAGNETI1ZED
IONOSPHERE INCLUDED

The magnetic field can be considered as parallel strings under
longitudinal tension and lateral compression, In Model 2 we considered
the degree to which the earth's mugnutic field can contain s megaton
explosion. 1In Modcl 3, we considor the sdded effects of the shock
wave in the sabivnt fonosphere as the field linos are displaced,

This shock heats up the fonized component of the tonosphere and the
asbient electrons scquire sufficient energy to produce, by collision
with ncutrals, a large scale tonization of the neutral atmosphere.
(At night, only O.1 porcent of the air tv ionized even st the maximum
of the tonosplieric F-region.) If the entire neutrsl componcnt ie
tontzed by the shock, the debris will come to rest at a distance of
approximately 30 km in &1l directions which are st right angles to
the field. If this fonizing process is less than 100 parcent, the
debris would travel further than 30 ka before being stopped. This
type of vxpansion process gives rise to s "banana-shaped” plasma

bubble, sketched in Pig, 1-2,




The X-roys, gammas, sud prompt neutrona from the burst shine
directly downward, of coursc, but charged emissions must travel down
the fivld lines, originating whurever the fission cebris particles
are located, (It 13 interesting to note that a thermal electron at
1000°K has 8 gyroradius of 2 cm, & )-Mev electron has » gyroradius
of 60 m, ond 8 typicul tission-debris particle, 1? singly charged,
has & gyroradius of about 20 km.)

It is clesr that 3in any model, sn sarea of the D-region located
down the field lines trom the shot will show profound effects of
the shot, There i» 8 wide spuctrum of possibilities &8s to the
degree of effects at other arvas of the tonosphere non: the shot
jocstion. Thus the extunt of clutter and absorption as well as
relstive intensitios will be fmportant in arriving at o correct
interpretation.

Assuming STARFISH behaves roughly according to Model 3, &
possible PP presontation of radar echoes at UHF is shown in Fig. 1-3,

Since the actual experimontsl results may iie anywhere between
the above ihrece models, and since these models hold for early time
periods only, further comments on STARFISH modcls musti be postponed

until datu reduction is completed.
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C.  INSTUUMENTATION

¥While radar instrumcntution for FISH DOWL was hastily conceived
and assembled, it is felt thet u good assembly of equipment has
resulted both at the northorn burst arca and at the conjugate
location.
Briefly, this instrumcntation consisets of:
(1) Multifrequency radars at Juhnston 3sland
(a) 400-, 800-, and 1200-Mc raders operating iato
an 85-foot wtvorable dish
(b) 20-~, 30-, and 50-Mc radars opurating into &
rout'mz antenna
(c) Four-frequency sounding radar, {a the 4 to 10-Mc
.bnnd, operating into a vertical looking antenna.
: (2) Atrborne 425-Mc radars
(a) Two RC 121 D aircraft equipped with 425-Mc
Air Early Warning radars will operate in the
burst area to sap homb-produced clutter
(b) Throe similar aircraft will operate ia the
conjugato area during each event.
(3) Shipborne radars
(s) The WV ACANIA with resesarch radars will operate
* in the conjugate area during each event. These
radars include a seven-frequency HF sounding
radar, and fixed radars at 3, 11, 32, 140 and
370 ¥c.

i
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Becatuse of the short time scale and selatively limited budget,

extsting cquipnent was utilized wherever possible.  The Johnston

Island UHE yadars were asscabiod using avai lable transmitters used
o proevious rescarch programs.  The WY ACANIA has been 1ittle
chapged, except for refinements and the addition of the sounding

radar, since boer participation in HARDTACK. Thus, the equipment

and eaperimental technigues planned for FISH BOWL are proven and

reliable,

The Juhnston Island UNF radars operate sisultancously ginto an

80-fout parabolic dish, While it 48 expected that much of the
bursteproduedd eclutter will acenr under magactic field, orthogonatity
conditions at this point can e resolved only by scarching for
clutier over large urcuas ot the sky.  As sentioned carlier, echoes
dircetly from the debris clousd, and possibly alsv from regions where
large numbers of betus are stopped, may also be observed in addation
to "aureral™ clutter.  For these reusons the 85-foot dish can be

operated An 3 rupid scunning made, consinting of rapid (6 rpm) rota-

tion in aszimuth, with programmed steps in elevation accurring once

cach reveaution,  This automatic scan feature cdn e anterruptoed at

the discretion of the operators tu concentrate on particular
phenomena,  For exumple, the launch vehicle $s usually followed to

burst and the antenna poiscd a4l the Lurst until shortly after detona-

tion to ascertuin how soon cchous can be oblatned 40 the midst of

the expuected high absorption {evels,




The UHE radurs av Juhnston Island will provide badly nocded
data on etfects of high-altstude bursts at feportant systeas
frequency.  Such dats are urgently sceded for BMEWS, for exaesle,
in order to suscus the clutter and blackout probleas which this
system might suffor 1f the encmy were to deliberately detonste
scapons at high altitudes in the BMIWS surveillance arca. In
terminal defense studies such data are vital to the assessment of
the problems of tracking incoming werheads and discriminating

agatnst decoys in an eavironment where high-altitude bursts have

occurred or are occurring.

Dux;lng HARDTACK good radar data were obtasned only as high
&~ 125 Mc.  The three UNF radars utilize modulating anode
klystrons to develop approximately 40 kw of peak power. The
tathodes of these tubes permit operation at long pulses 4 desired,
although operation at 100 to 300 pxec pulses, and PRF's of 75 to 150,
1% likely during ¥FI18a SOWL.  Receivers are preceded in cach case by
partametric amplitiors to tmprove wensitivitics and hold ncise figures
to 4 db or loess.

Lawer frequency radars at Johuston Jaland have bueen tnciuvied to
provide long-tere tracking of fission debris and taforsution on the
distwrted gonosphiere.  Radar froquencies at 20, 20, and 50 Me willd
prisarily be wsed lor tracking of the fission dobrin.  These raders
consist of three exciters sequentiatly fod tnto a 30-ke distributed-
Line power amplifier. A common rotating Jog-period e antenna

1% ysedd. This sume fanat amplifser i also used tor the losest four

1
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radar frequencies, which can be adjusted anywhere in a band
extending frum 4 to 10 Mc. A filter is used to divert the 4 to
10-Mc frequencies 1nto s verticul log-periodic antenna. Table 1-1I1
18 a summary of the charscteristics of the Johnston Island radars.

Data from all radars will be recorded on magnetic tape togother
with antenna position and timing information, as well as voice
comments and auxiliary data. Backup film rccording will be used,
and PPl photographs will be takan in real-time to provide continuous
surveys of results and imsv-diately aveilable data.

The project also operates an all-aky camcra and earth
potentisl recorders at Johnston Island. The camcra, a type developed
for auroral photography, provides a wide angle view of the entire
sky. The earth potential rccords provided information on the
dircection and relative intensity of induced currents flowing in the
ground which result from from churge motion in the jonosphere.

Early in the planning of radsr instrumentation for FISH BOWL
it was realized that participation of the USAS AMERICAN MARINER with
her precision tracking radars would sdd valuable instrumentation to
the uperation and f113 a geographical gap by providing a radar plat-
form 3t sca §n the burst arca. The AMERICAN MARINER, also known as
the DAMP ship (for Downrange Anti-Missite Program), is operated for
ARPA snd AOMC by RCA. This ship has been engaged for the past three
years 1n miasile re-entry fnvestigations on the Atlantic Missile
Range. Bocause of ARPA's interest in nuclear effects, the ship's
noraal missl by se-entry progras was interrupted to permit partici-

pation in ¥isH BOWL. Althuugh originally considercd a purt of

14




Project 6.8, 4 suvparate project pumber (6,13) was luter cestablished
beceuse of the different logastics and contractual requirements for
the two operations.  The DAMP ship radars consist of two C-band
AN/FIQ-1 precistion trackers, and an L-band and a UHF radar (with
common J0-fout dish) which can be slaved to cither FPQ-4 tracker.
Table 1-1V s o summury of the DAMP padar characteristics, In
addition to clutter tnvestigations, the DANP ship obltains data on
scintillatson and angular d;.-kuon effects,  To accon Lish this,
seven rockets (launched froms Johnston Island) carrying C-band beacons
are tracked during vn;-h cvent by one of the C-band radars. The
remuining radars fnvestigate the extent of the bomb-produced clutter,
Since acither the burst nor its conjugate arca con be adequately
studivd from a single radar locatjon, additional raduars ure required
1f valid coneclusions are 1o be possible.  The deficviency of nearby
fand musses 10 either area makes $t nearly tmpossible to provide
adequate coverage without mobile platforms, Project 6.13 employed an
expertmental AFW atrcraft during TEAK and ORANGE and were highly
successful.  Stnce 1958 this airborne radar system hus become operational
with the Asr Foree to 31} gups 3p lund-basvd AEW networks,  Mounted

1n lackheed RC 121 D (Super—Consteliation) atreratt, these radars

13




are highly senxitive and relatively flexible, hence are woll suited

for nucleur clutter measurcments. Characteristics of the rudars are

outlined in Tuble 1-V,
Duta s recorded aboard the five AEW ajrcraft photographically.

In addition to photographing the PPI ¢:.play, echo amplitude is recorded
Ly photogruphing the A-scope presentation,

The WV ACANIA, to be operated us primary instrumentation at the
conjugate location during FISH BOMI.,, was originally outfitted for
purticipution in HARDTACK 1_n 1958, The ship houses radars which cover
the spectrum from low HF through 370 Mc, at twelve discrete frequencies.
Radur charactoristics are vutiined in Table 1-VI, Data aro recorded on
mognetic tape from whtgh a varjety of film or pen-chart records csn be
Timing und antenna position information arc also recorded on

mude.
The ship houses data reduction facilites and is capable of

An all-sky

tape,
operating on the vpen sea except during severe wexther,

camira will also be opcratod aboard the ship.

16
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D. Instrumentation Locations

It is important that rescarch radar equipment be placed im the burst
and conjuguty arvas in onough diffuront locations to assure that the
clutter urous arv adovquately covered, so that the extent of the disturbed
regions can be doterminud, to provide variable geometry with respect to
the jonizud arcans, and to ascertain the significance of field confinement
and goometricai properties of the scattering centers. Projoct instrumea-
tation for FISH BOWL has been placed with these points in mind. Pri~ary
instrumentation was first located at Johnston Island. The W/V ACANIA was
then placed in the conjugate area along a magnetic moridian from the burst,
and such that the ship's radars can look south perpendicular io the field
lines at about E-region heights. Contours of orthogonality wers thea drawn
for both locations and four AEW aircraft placed so that either occurresce
or non-occurrence of echoes is significant.

Figurcs 1-4 and 1-5 are maps showing the locus of points perpendicular
to the fivld for each transmitter location, for which field-aligned

echoes would be possible.
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TALLE 1-1

‘TEMPERAWRE RI1SE DUE TO THAVEL OF FISSION DEBRIS FROM STARFIGH
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TABLE 1-11

FISSION-DEBRIS CLOUD RADIUS AS A

FUNCTION OF TIIE

- T
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CHAPTER 1]  UHF RADAR RESULTS ;

A. Burst Area UHF Clutter
by Honald Prusnell

The UHF clutter radars losated on Jolinston Island were operatod for
several hours prior to the bomb burst and for seven hours following the
bomb burst. The oquipment characterictics are described in Chapter 1-C.
Prior to the burst, the rudur executed u programmed track of the Thor
launch, and the 850~ and 1210-Mc rudars obtained skin echoes during the
entire trajectory. Shortly before the burst the antenna was positioned to
look in the direction of 87 degrees clevation and 190 degrees azimuth,

which 18 approximatoly 2 degrees higher in elevn}ion than the burst directioa.

— The 398-Nc transmitter was turned on at burst and
During

apparontly was not up to power in time to see these same echoes.

the next 1,000 seconds many echous were observed on all three radars.

Figure 2-1 1s a display of the antenna position, and range-~time displays

ot the thrue UIF radars. The great majority of these echoes appear to be

causced by ground clutter and small rocket debris, as well as tankage debris.

The echoes which appear to bo due to burst effects are listed in Table 2-].
From H+120 sec to about H+3,000 scc the antenna was executing a

programmud scan. Following H+3,000 sec the antenna was positioned at

mughutic north and 30 degree clevation, or was periodically scanned.

e
]




No effects were otserved during the svdium-fiare launching the following

norning.
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B. Conjupate Arca UHF Clutter
by Lambert Dolphin, Jr.

Radurs ut 140 and 370 Me uboard the M/V ACANIA in the southern
conjugate arcvu obtained radur returns for brief per.ods after the deton-
ation. These returns wore coufined to the magnet .c south and appear to
huve satisfied the orthogonality conditions for reflection from field-
alignod tonization,

The ACANIA's 30-foot dinh was scanned in a complex manner throughout
the test; antenna azimuth and elevation vs. time are shown in Fig. 2-2.

Range~time records prepured from magnetic tape are presented tin Pig. 2-3
for the period H=0 to H+10 min. All of the southern UHF echoes appear
to have occurred in this time interval.

Almost immegiately after H-0 tour individual radar returns spaced
1/30 of & secund apart were seen on the 140-Mc radar at a range of 150 km.
These echoes werc evidently due to electrons from the burst passing down the
burst field line into the conjugate area.

Rudur clutter echoes followod at 140 and 370 ¥c for brief periods as
the antenna scanned past 60-degres elevation and 191-degree azimuth. At
370 Mc thuse echoes occurred between 0901:00 and 0903Z and at 140 Mc from
0901:00 to 0904:10Z. Range to all echoes was 150 to 180 km. Records
beyond H415 min have not yet been examined at these frequencies.

The 32.5 Mc Rango-time rccord is also shown in Fig. 2-3. This record

1s discussed tn Chapter 3.
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CUAPTER 113 pp AND VHF RESULTS

by
Lanbert T. Dolphia, Jr.

A. Equipment Description

HF and VHY sruadars were operated both at Johnston Island and aboard
the ACANIA in the conjugute arca during STARFISH Prime. At Johnston Island
this equipment consists of a seven-{requency phase coherent sounder,
providing 10 kilowatts of peak power output (200 microseconds pulses), at
seven frequencies which remained fixed during the test. The lowest four
frequencies (3.3, 6.8, 7.4, and 8.6 ¥o) operated into a log-periodic
antenna mounted vertically on a 150-foot toser. The remuining frequencies
21.050, 49.963, and 28.541 Mc operated into a horizontal log-perisdic
antenna which was rotated at 2 rpam.

Aboard the ACANIA is a similar scven frequency antenna with frequencies
set to 4.7, 5.6, 6.66, 7.92, 9.63, 13.82, and 20.0 Mc. The ACANIA also
posscsscs radars operating st 3.3, 11.15, and 32.5 Mc. Peak powers at
these latter frequencies are approximately 4, 7, and 100 kw, respectively.
A simple dipole fs uscd at 3.3 Mc, a 3-element beam at 11.15 Mc, and an
8-element beam at 32.5 Mc. The sounder antenna on the ACANIA is similar to
that at Johnston, except that the tower 13 half as high.

Guometry of the Johnston 1sland radars is shown in Fig. 3-1 and the

corresponding ACANIA geomctry for the cosjugate area 3s shown in Fig, 3.2,
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B. Moving Disturbances~~Johnston VHF Radars

TN
'—“

No echoes corresponding to these echoes
were observed in the conjugate avea by the ACANIA, using similar frequencies,

indicating thut the disturbance was probably unique to the burst location.

Figure 3-3 18 the runge-time record which exhibits these echoes.
Range 10 taeso earliest traveling echioes 45 plotted in Figure 3-4. In an
Atiempl to cxplain these echous 3t was first hypothessized that the echoes
vere &ssociated with a horizontally traveling disturbance near the F-layer
muximua. The duta was then replotted to show true disturbance velocity
horizor -lly s« a function of time. Velocities from the resulting plot
appear to be associated neither with the slow magnoto-acoustic, nor the
fast MMD waves. 1n addition velocities increascd with time result.
The first bypothusis was therefore discarded. A sccond hypothesis is thst
the radars observed motion of jonization directly upwards, perhaps dus to

debris escaping directly overhead. Or thirdly, the motion of debris up

the 1101d lines toward the conjugate area may have been observed.

- snd no moduletion of the echoes by antenns rotation was ssen for
the first sevoral minutes so that the ochoing area must have been nearly

overhead and moving with a large vertical component of velocity.
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These echoes were soduluted by antennus rotation althuugh it has not yet
been determined 31 moaximum echo intonsity occurred to the south.

Following theso carly moving echoes which recedued in range away from
the radur, echuews approaching thv radar, and spparcntly unrelated to the
preceding echous were sven.  From the PPl photogruphs it appears that these
later echoes moved 40 from the south, passed overhead, and were followed

by auroral echn:s of long duration to the north.

—. Figure 3-6 is a plot vf the range to all soving echoes vs. time.
(Ou this plot, tho echoes at greut rsnge which do not move significantly
in range are discussed In Sec. 4).  Virtual velocity (not considering
geometry or group retardation) is lidicated on the plot.
Prior to spprouch and passage of the disturbunce which soved in from

_. This fcvads (o the spuculation that the clutter to the north
was suschow related to the echoes which moved in from the south and passed
overheud. It scems difficult to sscribe these results to debris motion at
such lute times safter burst, but this is the mochanism which occurs to

the authorx, in the absence of othur data inputs.



C. Johnston PPJ Results--VHP

Into the normnl mognetic tape recording of the recoiver outputs,
. PPI oscilloscope wus photographod in order to prusent radar returns
vs, uzimuth und runge. Sulections from these PPI f1lms are shown as
Figs. 3-7, 3-8, and 3-9. Table 3-1 i3 a compilation of the times and

durations of the northern radar clutter echoes scen at each frequency.

- —— A v

echo is due to a disturbance traveling towards Johnston Island. (See also Chap-
tur 11) Perhups motjon of debris down the field lines towards the radar
would account for thosv echoes. The relativoly high elovation angle to
the field Mines in question is consistent with the broad spread in azimuth
of the observed targots.
Except for this ono moving disturbance all of the PPI records show
in general echous al ranges less than 500-ks rangc, skewed to l;gnntlc
norih. Ground reflocted sultiple echoes are also present at times.

The disturbunce which was sven receding from the radar (20 and 57 Mc)

on the rangu-time rocords betweon 0901 and 09042 was too weak to be ween

a9
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on the PPl records, since the range-time presvntation gives counsiderabdle
film integration,
PPl recordings wero taken from O to 1500 ka only; hence, uchoes seen

on runge=time records beyond 1500 ke we. st scen on the PP! display,

",
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D. Echovs at Great Ranges Seen Tros Johnston Island

{n addition to wmoving disturbances and close-in cluttes, the 20~ 30-

and 30-Mc radars at Johnston elso obtained sadar reﬂectloml—
— These echoes are visiblo on tho range~time

Figure
3«10 i3 8 sketch of the large-scale STARFISH PRIME geometry which should

aid 10 interpreting these far out echoes.

— reflections froa the southern

auroral region could nave been seen at Johuston. It is also possible that

reflections from the doebris tube were involwed.

Interpretation of these echoes should be simplified whun the Canton

27<Mc radar records huve been exasined wore completely.
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E. Johinston 1sland HF Results

The Johnnton scven-froquency phasce-pasth sounder was sct for operation

at tho fixed frequencles:

3.358 Mc
6.833 Mc
7.430 Mg
8.640 Mo

Vertical log-poriodic antenna

21.050 Mc
49.964 Mc Morizontal rotating log-periodic antenna

28.541 Mc

While featurvs of the 20/30/50 Mc records havu alrcady been discussed
under VHF clutter ceffects, there 48 useful F-region fonospheric dats in
these records us well, jJust as those three frequencies provide data which
is transitional to the UHF clutter data.

Range time rucords of the sevea sounder chaanels are presented as
Figs, 3-11 through 3-21. Except for a few special points along thess

recurds, a cursury oxamination suffices to pick out the highlights.
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Range to the leading edge of all echoes at eawch sounder frequoncy ts

plotted in Fig. 3-22 a» functions of time. From thie HF records wo conclude

that a new F=layer formed presumsbly as a result of the fontization from

debris decay. (It is assumced that the original F-layer wus largely swopt
out of the Johnston Island arca by the action of the sonic magneto-acoustic
wave, which had proven large effects (i.e., lowering F-region critical

frequencies) at muny distant stations. Another argusment for existarnre

of a new F-layer turget 4s the fact that even the early pust-burst echoes

obtsined at the lowest four trequenticies wero cohurent uh u pulse to pulse

basis, wiile the early 20/30/50 Mc varly aurorsl echuwes were not.‘
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The character of the echoes from the new F-layer became moro diffuse
at ull four low frequencies beginning sbout 11052, when the layer height
began to fall., (Diffuseness here indicates an increasce in range depth of
the echoes.)

HIF data wus collected throughout the day following STARFISH PRIME but
hus not yet been examined due to time required for running film records

{rom magnetic tape.
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F. Conjugute Area VHF and HF Results

* Rudurs aboard tho ACANIA at 3.3, 11.15, and 32.5 Mc, as well as
soundor frequencies of 4.7, 5.6, 6.66, 7.92, 9.63, 13.82, and 20.C ¥c,
provided data for many hours after STARFISH PRIME. Like similar data in
tho northern areva, this data concerns (1) long-lasting field-aligned
cluttor, and (2) the disturbued lonosphere in the conjugate region.

Figure 2-3 contains the 32.5-M¢ radar early range-time records.
Figuros 3-23 through 3-25 are carly range-time records for the remaining
froquontcies. Bocuuso of the long timus required to run range-time films
from maghetic tape, all tho recoids havoc not been run in time for this

report.

- S8ince the slow magneto-acoustic wave had

not yet arrived at the conjugate area, the overhead echoes may have been
dus to the normal pre-~shot F-layer, seen after absorption full to sufficiently

. low values.
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Radar receivers on the ACANIA woro saturatud for msny hours by the intense i

i

\ \\fqﬂ

echoes.

area clutter is not yot pousible, it scoms quito clusr that the late time

southern clutter was definitoly more extonsive and intensive than that

seen from Johnston,

ragesyn-1 3
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¥While a quuntitative estimate of the difforonces in northern and southern
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CIAPTER 1V AlRBORNE HADAR RESULTS

by
walter E. Juye

A. Equipment Description

The five RC 121-D aircraft participuting under Projuct 6.9 i
Opceration FISH BOWL belong 1o the 552nd AEW und C Wing at McClellan
Atr Force Base. For this operation this detachoent was under the
commund of Lt. Col. M, T. sagnon.

These aircraft are modified Lockheed Super Constellations (€ 121).
Thetr sormal function ts the patrolling of the U. S, coust line in order
1o detect uny ponetration ot the ADIZ by unidentified sircraft. They
aoperationslly report to the Asr Defense Command., In order to perforn
their normal mission they are equipped (Fig. 4-1).thh the APS 45 X-Band
height-finder radur and the APS 95 UHF scarch radar. In additjon to
their normul navigutionul cquipment, these ajrcraft carry five ARC 27
UHF  transcetvers oand two 618 81 high-frequency AM trunscejvers. The
atrceratt 38 capuble ot up to 17 hours in the sir snd cursles ‘elwsen
14 and 18 crew members on a normal mission,

For the purpuses of Operation FISH BOWL only tle APS 85 UHF radar

was used. The purameters of this radar sre shown in Table 4-1.

- —— - — -

¢ Note: Figs. 4-2 and 4-3 were not used.
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Three of the five arrplanes porticipated 1o Operation DOMINIC at

Christmas Isfand,  For thes missicio o 6IKTsingle=sideband BF trans-
cetver was anstalled an these aireraft so that they would be able to

receive the countdown, and the rvm.‘unum two aireraft were equipped
by Stuntord Rescarch lostitute with Collins 7581 single~sidebund HF j
!

receivers, ;‘
These aireratt are noamally cguipped wath PPl-scope cumeras 3
tahing pretures at the rate of one trame per antenna revolution., 117
;

A heading marker appears ot the osctllereepe cach time the beum sweeps ]
past the nose of the adreratt. The scopes are north-magnetic stabilized. /
For the purposes ot Uperation FISH BOWL, SRI cquipped the five aircraft ‘

|

with A-scope cameras which were mounted on the S-3nch A-scope normally ;
used (o mongtor \'.\rtxxu.\' functions of the radur.  The A-scope ulso took ;

]

one frume per antebna revolution, thus fntegrating the amplitude vs. range ;

!

fntormition over the tull 360-degree sweep.
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B.  Location and Geowetry

For cach test Project 6.9 had reguested five avesaft such that two
would be atrborne in the southern conjuginte aied, twe airbarme in the
northern burst area, ond one atrplane used as bachup at ickum, Because
of the large numbeer of alprceraft .n the aprborne arvay uround Juhnston
Island and becouse of the difftcul ties eaperienced 1n controlling such an
array during the BLURGILL rehearsals, T.G, 8.4 regis wted from T.G. 8.1.3
that the tiith atrceratt be made avatloble to TG, 8,1 during the tests so
that 1t could serve as primary afrbornse control atrarattl,  Because of the
"no go” condition impesced on the test 11 both Project 6.9 aircraft ip cither
the northoamor southesn apred were grounded o ol to abaogt, it was agreed
that the airborne contiol arrcratt would assume the priwmary pusition
assipgned to one of the two Project 6.9 uprcraft an the uorthern arca 3
netther plane could be on statton at the time of the test,

For STARFISH Prime the airceralt were locuted us shown in Table 4-11,
T.G 8.4 code names for the arreraft were us follows:  Abusave 1 was the
atrborae control ajreraft; Lambhins 1 oamd 2 were srreraft an the northern
burst arca; and Lambkins 3 and 4 were agreratt an the southern conjugate

arci,
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The locatton and tiight pattern (Fig. 1-4a) of the Abustve aircraft was
determined by its airborne control function,  The four Lambkin aircraft
flew &4 pattern s shown in Fig. 4-4b, The chatee of puttern was based on
the following constderations:
(1) In order to temuin as close us possible to the

center point of the stution but still huve the

atreraft fly in a stratght line for a cessonable

length ot time {radar duta unusable during turns),

a compromise value of S5-min. legs wius chosen.

(2)  Beeause Qutter echoes were expected primasrily in
the magaetic cast and west and because the antenna
pattern of the APS 95 is quite tavorable at tiw 80~
und 270-degree bearings from the ajrcraft, the
pattern was established along the magnetic nporth-south
line.

At thye time at which the coordinates of the afrcraft stoutions
were decided upon, 1t was felt that the fisston debris from the
STARFISH burst would be, in the eatreme dispersive case, deposited in
the E-=layer under the shot location in pancake fashion (sce Model 2,

p. 20, Pre-test llupurl‘). The ajrcraft were then located such that
they would glve o measure ol the geographic extent of the debris spread
vh, time atter burst (Figs, 4-5 and 6). The reason for the lateral
otisct (uastward shitt) 1s that the APS 95 atrborne radar is limg ted to
20 degrees in elevation shich requires o mininum ground range of 260 km

to observe targets at a height of 100 ke,

fleadabrand, R.L. and Dolphin, L.T., “"Radur Measurements Ducting FISH BO\VL’
Pre=test Heport, Operation FISH BOWL, TU 8.1.3, Project 6.9 SRI, Menlo Park

Calsturnss, April 1962 - 77




C.  @sults

1. Radar
Ghserved radar results are similar to thuse postulated by the Model 3 on
.
the Pre-Test Keport. Tue fontzed debris funt-led constderably to the aurth

and south congugate arcas.  Hence, aioteun clutter of fects were obscrved

by the asrcraft,

DRR
@

I
I

2. Visdul Observations

Weather conditaons fu the vorthern area were as foullows:
Abusive 1, flyang at 13,000 11, had scattered cirrus clouds,  Lambkins L
and 2, tlyaing at M,000 £1, had fatrly thin, hazy overcast.  In the
southernarca fambhans 3 and 4, 11yang a1 15,000 ft, had no overcast,
Optical renults an reported By various obscrvers in these aireraft were

spoctiacutaer,

*lecadabrand, H.L. and bolphin, L.T., “Radar Measurcwenis During F1SH

] ll()\Vl:.l’r«-—h-.--l fleparty Operation IS IMNI,J TU 8.1.3, Project 6.9
SHE, Menlo Parh, Calitornta, April 1962 -
k(]
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—. This baud haa a "churtreuse™ snner streak.

The wide band faded through decp pink to

pate pink, with the ceater streak becoming fainter, shittes, und wider.

Lanbkin 1 at poesitien $2, flytng o magnetic south toack at the time

o) the burst, seported o while bind eatending {from the burst area as far
)

south s could be detected through the clouds, with twoe o more additional
Lambkin 2 in

white bLands appearing o bt on top of the brightest one,
pusition S$1 alse reported yellow-shite “fingers” extending (o the south :

maghetic hordzon.  Luwbhins 3 and 4 40 the southern congugate ated,
flying on n mugnetic north t-ock ut the time of burst, buth repomted
the prescice of 1ad glow 4o the suuth and slightly west of them, A

bright streak extended from horszon to hurizon wrth to south, breaking

up into $ingrr-like streamers o the sorthern hor. zon,




— The cocho s si1tuated 19 m on a magnetic

D, Juterpretation sand Analysis
1. Auusive 1 Duta

At the tim of the burst, Abusive 1 was located B8O nm slightly

Borth of cast of ground zero on & true heading of 330 degrees. -

bearing of 180 degrees from Johnston Island which is essenttully the
focation ot ground zero. The posfition of this ccho with recpect to the
burst, e duration of the echu, and the geometry of the radiu ray with
respect to the mugnetic fleld are such that we speculate that these
cchoes originnte from the Thur tankage debris located essentially directly
Lelow the burst at an altitude between 40 and S0 km.  The tioe of onset

of this cthiv 1s coamensurate with the time 4t would tuke for the tankage
to reach this altitude und to bresk up 1f 1t were not already broken up

due to the cltects of the detonution. Thwduration of this ocho 8 also

w3t within the lmits of previous observations on the Atlantic Missiie Range

by both UlF rudars (370 Me) and C-bund radars. Pictures of the detonation

bhuve shown thut at Jeast the surisce of the tankage was heated to very high

temperature shen 1t was reactied by the blast or debris wave. To the best of

our present kiowledge there was wo evidence of the tankage bLreaking up at
that time although 1t appeurs to be safe 1o surmise that the tankege was
structurudly weskened from the etfects of both the X-rays and the debris

taptagoem nl.  The tunkage tn any cuase would not survive re-entry,
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2. Lambkin 1 Datu

show PPl und A-scope prosentuations simultancously, starting with Frame 93
ut He0.5 min.  Note that the clock on the PP film §s fast by 2.5 ain.
The heavy Mine across the ccho on the A-scope display is duce to the "folding
over” ot the peak of the echu because of receiver suturation. Saturation
effects are also noticcubile {0 the sea cluttor echoes as scen {n the A-scope.
On the PRI displuy, particularly on Frame 94, a darkened arca between the
sea clutter and the echo 1 due to the decrease {n noise which sometimes
oeecurs whoet the recetver saturates,  The antenna pattern in the direction
of the echo is shown {n Figs. 4-15 and 16.

The cehoes obrorved extend vver a large geogruphjcui area.  For Jdiscussion
purposes ubaun; that these vchoes woere ficid-aligned.  ero-degree off-

perpendicular angles woere corputed for the maguetic bearings at which the

cchu exists und for heights of 80, 100, 120, and 150 kn (Figs. 4-17, 18, and

¢ Dolphin, L. T., and Dyce, R, B., "Operation HARDTACK/NEWSREEL Radio Aften-

uation on Heflection I‘-lwnomcm., SRkl Proj. 2445, Final Report, Part I,

AFCRC-TR-60-105, p 35, Staniord Hescarch Insticuie, Menlo Park, California

(February 1960) n 81




The actual picture is more complex

since the antenna pattern {6 not a rectangular block but more banana

~

VAR
K\bk.%)

For the purpose of ubtaining a quantitative value of cross section of

the echo, let us assume that the target was essuntially a potnt.‘

More realisiically one hus to assume that the target was beam-fi1ling

in the gziuuth planc. 1{ the scattering region is imdeed field-aligned,

one must then mnke assumptions on the scattering eificdency and on the vertical
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extent of the vchoes before ote can compute radar cross sections.

If one were to assume that the target filled the shole vum, onhe can

then compure the cross scetjon of u point target to the volume in the

3. Possiblce Hypotheses to kxplain Hesults on Lumbkie 1

1. Hyputhesis 1

At very carly times, X rays amnd gumma rays cause fonizati.n at ssny

altitude levels,

i

Peterson, A. M., "Radur Clutter £ffects of High Altstwde Nuclear Explosjons,’

AMRAC Procoedings, Yol. 1V, Part 1, Institute of Scienco and Techuology,

The University of Michigan, Yeeting of 8-10 May 1861, Colorado Springs, J
Colorado, p 847 iy . ;

Advanced Resvarch Projects Agency, "Report on Nuclear Interference,”
Advanced Yervarch Projects Division, Institute for Defonse Analysis,

Contract SD-50, IDA ARPA, TR 60-3.
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a. Pro and Con Argusents

)

X-rays, {f ot duclwded in TEMPO's work, may cause

addittonal jonlzution which would cause additional absorption.

- Thetir energy s deposited higher so absorption per free electron

produced 38 less effective.

(3) Miometers on Johmstea lsland pinned —

or a minute or so before swinging positive due

to synchirotron radiation.

L. Susmary
Though detuiled numbers sust be calculated and more data

au.t,uuuluwd from other pchcu

+ Hendrick, R. ¥., Christian, R. 8., Fischer, P. G., "Opcration FISH BOWL
[

Estisates of Expected mmnuwno-c.s. TEWPO, RMG2TMP-3t, DA 49~146-X4-036




2. Hypot lmsi_a_‘ 2

Some sort ol propagating disturbance fanniung out from the detonation
point w&_ The disturbance
inftiated turbulence, fontzation, or abrupt discontinuitics um what §s
"seen” is the rupad decay of, say, turfulence or fonization (electron
relaxution).

#. Pro and Cop Arguscnts

(1)  The most sevesre argument agatiist this hypothesis is
thut the distance from atr zuro to e Bearest echy ts consfderahly greater
thun the distance 10 the furthest echo, thus fmplying o non-uniform velocity
of propagation versus dircction. It tecomes difffcult then to explagn the
simultancous appearance of the echo over the entire echoing region.

{2) e positive argument is that a propagating disturbance
allows for the delav from H-0 to the time of obscrvation of cffect. It s
must probuble that the disturbance arrived at thic echotng region while the
brum wus pointed away from 1; thus there 45 some allowance for perhaps
2 30 percent dispersjuon in arrival time wiile giving the appesrance of &
sudden onsct when the beum »wept biuck arouid 1o the echoing arva.

L. Summary
Our feeling gs that the "simultuneity” of appeuranve of echoes
over such a large region (with very different propagating distunces)

probably precludes this explasiation of the observed effocts.
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3. Hypothesis 3

— Thene fuhumogenesties will give rise 1o radur reflections.

As the acoustic wave pusses upward causing further turbulence, 1t (a)

passes too high for the radur antenna pattern, and () causes turbulence

in reglons shere turbulent scale sfzes must be very large because of the

large moleculur meun~froe puths.

a. 2&2 and Con Argg-enu

t1)




. Susmary
Any hope that this hypouthesis could explain the observed offects
s rather well wrapped up in, at this time, undetermined numbers.
4. Hypothests 4
Some predetonation caleulations (see Mpo* und lASL‘ predictions)
sugpested that debris from the weapon would travel and be stopped 10 a
flat~bottoned manner at un vlevation of the order ot 200 km.  Though
post-detonation effects measurenents svem not to confirm many of the
predictions, a tlat-bottomed debris pancuke (which subsequently collapses
back into the vriginal field lines) could also give rise to a wave of some

sort which travels 1o plane-wave fashion down into the reflecting region

; Qg;) much as un X-ray produced wave of Hypothesis 3 traveled upwards. Such a

wave ayain may produce fnhomogencities producing echoes,

a. Pro and Con Arguments

b. Summary

At this time without additional data from uvlher projccts to draw

ubun we have not forsed any opinions as to the validity of this hypothesis.

+ Loc. cit.

s Private Cosmunication, 0. Hovrlin, referring to report by R. W. Bussard,

K. . Cowun, "Bomb Plusma Expunsion und Stopping in High Altitude Shots".
87
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There must certuinly be additional possible mechunisms which have not
occurred to us at this time. It i3 very possible that, if one of our
hypotheses s correct fn the sense that the particular mechanism 48 in
predomtoant control, other effuects will alter magnitudes and locations of

the radar echoes.
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TABLE 4-1

Pavametors ot the APS-05 Radar

Fregqueney 420 to 450 Mc
Peal power 1.5 M«
Pulse aidth 6 to 9 pvec
*
PRF 250 cps
I¥ bandwidth 200 ke
Noise figure 8 db
MDS -115 dba
¢ at 200 nm 10 n2
min .
Beamwidth 10 degrees--E plane
18 degrees--H plane
ses
Antennn rotation 6 rpm
Dynumic range 20 db

Normal pr€ is 320 cps

Main beom s orfented B.5 degrees down {rom airplane axis; however,
plane generally 11ies 4.5 degrees nose~up, resulting in the main
beam being 4 degrees down from horizontsl

e Antennia can also rotate at 1, 2, and 4 rpa
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tocntion Code

TABLE 4-11

LOCATIONS OF AIW AIRCRAFT

Code Name

Aburive
Lamtikin
Lumbkin
Lumbkin
Jambkin

3

- W >

Longttude Latitude

167°57.5"' W 17%2' N

165°36° W 1054 N

165°30* ¥ 13%46* X

169°C0" 8%18°' S

170°%12" W 12%33* S
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Obscrvations and Hesults

CHAPTER V. CANTUN ISLAND MEASUKEMENTS 1

i

!

by 31

° J.R. Hodges, L.T. Bolphin, Jr. ?‘
{

i

j

As part of frogyect 6,9, SIE operated & simple 27-Me radar gnd

111 sky camera at Canton Island during STAREISH PRIME. In addition,
the project prepresentative operating these cquipments took some Ekta-

chrome photographs of the visual phenomeny, the success i which was due

to experyence in photographing natural awreral forms,

The radar, 8 type common in IGY backscatier roescarch, has charse-

tertstics which arc described in Table 8-, The radar was operated for

the STARFISH PRIML cvent and dala recorded op magnetic tape for later

anulysis, which as uot yot fully completed.

Geometry of the Canton Islund Radar Pust is shetched in Fag, S5-1.

This sketeh, together with the summary of rudar cveats (Table 5-I1), can

be used to derive a gualitative radar picture of STARFISH DRIME as seen

from Cantun Island,
The basic radar data in the form of inlensity-sodulated, rangue-time

roecords 1s presented An Figs. 5-2 through 6. Both long and short pulse

datu 45 shoen, Thuese figures will be mast uscful for yualatative

cxaminution, since Tuble 54 cuntuins a goud chironolugy of the impurtunt

cvents seen on the records.  Fig. 5-7 38 a range-tiae plot of observed

’
echoos,
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The radar phenomena observed are by no means complete dy understood
a1 this time, and the suthors present instead a8 few commeats for the pure
pose of stimulataing comments und discussion.

The absence of echoes on the radar prior to H +22 sec is cunsistent
with the carly-tame absorptien picture, and is well documented by rio-
meters ot Cunton and elsewhere.  The synchrotron notse observed by the
radar pecelver is also consistent with results reported clseshere,

“and 1t 1s pussible
that this ccho arose from a confined, ascending tube of debris; echoes
wuere seen perpendscular to that ficld shich passes through the burst

potnt.

Photugraphs of the visual phenomens are reproduced in FPigs. 5-21

through 33 printed from the original High-speoed, Daylight Ektochrome.
Table 5-111 desceribes the exposure conditions amd cumera pusition

for vach of these photographs,



—rt s 0 s

An all-sky camera was alsu vperated at Cantun Island during the
event. This typr of camers, with "fishecye™ lens, provides an extremely
wide ficld of view,

All-sky photugruphs (the originals are black and white) are presenied
as Figs, S5- % through 20, The linv f{lamentery structures i1, the tube
are eviduent. Nute that the late-time brightness of the svuthern aurnral
ares cviceeds that of the northern end,

Fig. 5-34 shuws the resulis of a densitometer tracing of the all-sky

camera negatives.
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TABLE 5-111
STARF1SH PRIME CANTON COLOR PHMOTOS

Taken by J. Hodges

Camera Approximate Time Approxinate
Figure Dircction Exposure Yas Started Exposure Time
5-21 South H+ 0 sec 10 sec
5-22 North H + 30 10
$-23 North H+ 45 13
5-24 Soutl H+ 85 10
§-29% North H+ 113 1¢
8-26 North R+ 130 10
§.27 North H 4+ )70 10
$-28 South H + 308 10
8429 South H + 318 10
3.30 South H ¢+ 340 )
8=-31 boutl H + 350 3
5-32 Soutn H + 360 10
833 South H+ 370 10

Eastman 30am Hi Epeed Daylight Ektachrome, ASA 180, with regular

dovelopment was used with a 50mm focal length lens, set at £/3.
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CHAPTER VI JOIUNSTO™ $LLAND EARJM-POTENTIAL RECORDS

An varth-potential recorder wss opurated during STARFISH PRINE at
Johnston lalund. This recorder cunsisted of lung copper ruds drives

into the ground 200 fec* wpart. Tho rods patred magnetically morth and

south and maghwticaily vast and sest wore connected to DC amplifier
chaing and pun chart recorders.

Figure 61 shows the earth-potential recurds during the ovent. After
inttially posilive north and wast potentials a long negative potential
differenco developed. These prtentials wore due to currents [lowing ia
the easth, tnduced vy s1milar eaziculs flowing 1o tic ionosphcar. Since
th: recorder druws negligible cwurrent, it seasures essentially the potenatial
differences developed ucross pwints on the ground shich resulted frowm the

fiuw of Lhese currents. -
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CHAPTER VII  DAMP SHIF RESULLTS

There are nu rerults other thun doscrihed fn interim 72-<-hour

roports by the Projoct $.9 portion of Project 6.13 al this time. it §
is hoped thut DAMP rosults sill be mado avatlable to Project 6.8 in k

time for the POR.

et Neani
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CHAPTER VI!Dl (CONCLUSIONS

Although final conclusjons cannot be drawn from the rather interim
vadar clutter results presented §in this report, u number of comments
concernity STARFISH PRIME can boe made.

N

First, the results obtuined indicate that nonu of tie three wodels
descrited in Chapter I tor STARFISH PRIME are complutely descriptive of
the actual effects.  The lucations of the AEW atrcruft was chosen to
determine whether or not & debris "pancake” wun formed, and §¢ s0, to what
sizo. T relatively negative results indicote that such a “pancake”

was not foraxed. Although the negative UBF results were in o way disuppointing

to project persounel, they apre quite valuablu to the understanding of the

phunomona.

The relatively striking radar results from tho ACANIA and the radar
and visual Canton Islund rusules fudicate the considoruble influence of
the varth's magmetic field upon the redar echoes.

The luck 01 early time UNF radar clutter al Jouhnston Island
indicate that the debris was spread in altitude over such a large extent
that its cffeet in producing radar clutter was rulatively weuk.

Overull, the radar clultor results and associuted experiments conducted
during STARFISH PRIME were very successtul.  Finul conclusion as to their
significance must await further analysis und compurison with other projects

results.
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