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Ihis report presents results obtained froa bigh alritude measuresxcts
made oo Teak axi Orange shots of Operatiom Eardrack on July 31 and Augusc 11,
1556, respectively, Jobnston Island time. (The dates in coctinental Caited
States were, tharefora, August 1 and August 12, respectively.) Originally
scheduled and set up for launch frow 3ikini during April, the two Redstooe-
boroe warbeads with launching equipasent and associated instruoentation were
moved to Jalmston Island because of the intéroativosl situation and coocern
over the possidility of retinal burns on the eyes of islanders within line
of site of the 3dikini-launched bursts. Teak shot was burst at an altitzde of
approxizataly 252,000 feet, Orange at appruximately 132,000 feet.

Ihe reader will note departure frum coanventiounal report format in chapter
treatmwent in cthat each is a separate entity with author or autbors shown in
the Tablz of Coutents. References are listed at the end of each chapter
which, together with illustrations, may be considered separately from others
in tke report.

All chapters of this report were coapleted by early Spring 1661, with the
exception of Chapters T and §. These were delayed until completion of an ex-

perizental progrzm to detersine rocker trajectories.
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Chapter 1
DNTROOCCTIM AND SOWARY OF PROCRAM

1.1 SCIENTIFIC OBJECTIVES AXD KESULYS

On August 17, 1956, Sandia LaboTazacy received a reguest from the AEC ta
make recommendstions for tests at wery high altitudes. At that tise mamjor in-
terest centered around the detectadbility of bursts abowe 100,000 feet. Long-
rasge detection of such bursts counld oot bde guaranteed and detection ranges of
U. S. intelligencs equipment for such bursts had to be reasocnably well deter-
mined before the United States conld seriously comsidar a test-ban agreement
and an sppropriate mounitoring system for eanforcing such a ban. In the spring
of 1956 while Operation Redvirg was under way, efforts wvere made to add »
missile-carried burst to the end of the Redwing progrzm. Beczuse of opera-
tional problems such a burst wvas not assomplished, but Sandis laboratory, as
well as many other agencics, had put much thought i{nto consideratioun of desir-
able experiments which should be performed on any high-altitude test. Thus
Sandis answered AEC's request by submitting In October 1956 s proposal for a
bigh-altitude test program. This proposal suggested that two shots be fired:

-.: 250,000 feet altitude nn-n: 100,000 feet. Teak and
Orange shots of Hardtack bear counsiderable similarity to the program ocutlined
in Sandia's proposal.

1.1.1 Technical Objectives

The principal objectives of such a test were stated in the October 1956
proposal, viz., to provide data om:

(1) United States detection and inrelligence capabilities;
(2) Unexpected phenowena;
“(3) Feasibility of very high altitode proving grounds; and
(h) Veapons effects at high altitudes, fin particular as they affect
{a) design criteria for decreasing the vulnerability of U. S.
ballistic warheads;

L ”

™



-y,

(b) dasiza 3i T. 5. ballistic aissile cefense systems and Jptian
varteads for use in these systens; and
Jc) verifiiaticn of the Sunla=p concepr.' ani 2asign of optiaa
wastead for this applicatisao.
The objectives stated above were usead by Sandia throuzhout all stages of plan-
nirgz and i=plemeccation of the prograa described ip this report, Sandia
Laboratory's prograa as carried out on Zardtack bas contribited tovard all
the objectives given above in spite of the extrazely sbort time for instnownt
developaent, theoretical calculations, and hardvare procuremest, and in spite
of difficulties generated by the April 9, 1958, decision that caused Teak and
Qrangze shots to B¢ moved froa Bikini to Johnston Island,

1.1.2 Sc=xmry of Technical Data

A suxmary of instrusentation {s givea in Figs. 1.1 acd 1.2 and ia Tables
1.1, 1.2, and 1.3.

Brizf su=xmry statezents on major technical aspects of the program follow: L

*

Toe use of multi~egzaton ajr-defense weapon bursts above the at=mosphere
to preduce letkal pro—pt cuclear radiation doses over areas =any tens of ailes
in dia—eter at bocber alticudes.

ny
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sead>on Diazoostics. A high-resdlution, h-nl:nepcyclc"ule:::q syitea

was incorporated in the Redstooe payload for the purpuse of traasaittiag

data
were obtained vaich prove the usefultess of this techmicue ou rocket-
delivered ouclear tests in tie upper at=osphare.

dotical Measuremmnts. Useful dita were obtaioed oa Teak, but cloud cover
mzated the Oraxgie experizent. Data on optical pbgm.na' produced by
Teak and Orange are adeguate ocoly to deonstrate the complexity of these
pieoomena and the very strocg need for much hexvier investaent in these
Prograxs on any future test. Data oocained on Teak suffer frow the fact
that instruments were looking toward the intended burst point vhich was
nissed by over § miles.

Barhead. Teak and Orange used the first muclear wvarheads to be muclear-
detonated from a missile. WUWarhead functioning was successfully aonitored
and accomplished; oo outstanding problems were encountered. Safery wvas of
extrene importance in this unprecedented test and was successfully handled
without incident.

With referenca to the first objective, it is now clearly understcod that
bursts such as Teak and Orange cannot be hidden. They were seea for 1000 miles,
detected around the world by EM signals and radarcs, showed unique magnetograns
at aagnetic observatories around the world, produced radiofrequency transmission
difiiculties throughout the Paciiic Ocean area, and in general were more detec-
able than gearly aoy other muclear event that can be specified. The Sandia
microbarograph project (34.%) successfully gathered data ou acoustic disturbances
from stations oo Joknston Island, French Frigate Shoals, and Oshu. Prior to
these shots, there vas doubt by scme groups that any detectable acoustic signal
would be preseat at the earth's surface. Data on decay of acoustic signal
streczth with horizontal distance and data on expected asy=mtry of acoustic
sigral strength were oot as cocplete as would have been the case had Teak been
f.i.red from Bikini. This is because of lack of suitable land oasses around
Johnston Island for aicrobarograph stations.

Many phenooena vere observed which fall into the unexpected category. In
this counection it is appropriate to pay tribute to the late Dr. Mark Mills of
Lawvrezce Radiation laboratory whose enthusiastic interest io the "urexpected”
bad a strong influeace on Sandia's progras for the Teak and Orange shots.
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Optical zeasureseats descrided in Chaprer 1l were z=ale prizarily to record un-

expectad oprical phenemeoa. Iodeedd, wiés the six 1O0-iraoe-per-iecsdd caseras

in Progran 32, there were 20 predictions that interesting optical phesvoena

with rocnizg tioes of 2.5 aizutes aod -~3-degree fields of wiew were izcluded ‘)( @k\\,

would sccur at such a late tize axzd over such a large ;.irf;;a't' the i&y. However,

M
it is zow obvious that spectacular, scientifically interesting, and pussibly

ailitarily significact optical phenomena were preseat

t various people saw are the sole exisctizg per=anent

Written descriptions o
re&ord of Dany of the peculiar phepomena which took place, and for tiis reason
such descriptions are included in the appendix to this report. A considerable
fraction of optical coverage on Teak was lost because of the appraxizately 35-
kilcfoot displacement of the actual burst from intended burst zero; cloud cover
on Oracge caused 2any data to be lost. However, optical data which were obtained

are of =uch interest,

In addition to the spectacular and unexpected optical display,. =agy une-
expected phenooena occurred in radiofrequency propagation, acoustic signals,
rise and spread of bowb debris, thermal radiation oan the ground, gaxa-ray out-
put froa the warhead, thermal neutroa output from the wvarhead, and zany others.
Nearly evervy Sandia project gathered scae "unexpected" data the potential sig-
nificance of which, in many instances, is not clear. It is obvious, certainly,

that T2ak and Orange uncovered more probleas than they answered.

As to the third objective, the feasibility of telesetering certain infor-
mative diagnostic data on device performance has beea daxwunstrated (see Chapter
9). It is self-evident that testing in the upper atmosphere is feasible and,
even further, the experizace gained on Teak and Orangze show that it is feasible
to carry out proof tests of warheads in space as vell as in the hizh atoosphere.
Space tests will, initially at least, lack the advantages of detailed optical

coveraze and recoverable instneantatioa.

Much was learned pertipent to radiochenmical sa=pling of bursts such as
Teak a=d Orange. In view of the many estizates of a debris radius for Tcak of

1000 feet, it was surprising to some to laarn that within 10 seconds aiter burst

L 4

for an exceilent unclassified article oa the optical display {a Zawvaii,
see "Pmotographs of the Hiza Altitude Nuclear Explosion *Teak'," Jourzal of
Ceoparsical Research, Vol. 635, No. 2, February 1560, p. 555.
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the debris was spread over a ndiu—:u af rise of

the Jebris was =measured from Ed;ert;n," Germeshausen and Orier (E54G) photayrapas

W, - - -
dicatas that radiockemical sa~plings by rocket penetraticsa ate 2ot oearly as dii-

ficult as was believed before Teak, when zany estizates gzve the 2ebris a 1000-
foot radius and a rise velocity of over 10,000 feet per second.

Based on early estimates of a very =mll debris radius and poassibly 200~
to 300-knot expected winds at Teak burst altitude, a syitem wvas developed for
ejecting chaff at up ta 300,000 feet altitude to obtain wind data at and abave
Teax burst altitude. Thwse wiands would allow radiochemical sxaplinog rockets to
be aized to intercept the moving debris. After experience with Teak, it is ap-
parent, because of the tremendous debris volume, that a wind correction i{s oot
oeeded in ordar to intercept the cloud. However, the 15 pre-Teak firings of
high-altitude chaff rockets gathered data of much scientific iatarest per se,
and these observations, together with those which followed, are sumcarized in 3
report by L. B, Snu'th.l

On Qrange shot the radiochemical sazpling rockets and associated instnmen-
tation worked with alaoost 100-percent success, and there is little doubt that a
sample would bhave been obtained bhad the rockets intercepted tha rapidly moving
debris (see Chapter §5). Interception would probably bave taken place bad the
burst point not been about 3 miles higher than planned.

Recovery of aissile-carried instrumentatioa from the open ocean has been
dexonstrated to be a reliable and practical wmeans for gathering data on bhizh-
altitude tests (see Chapter §5). Of the 15 nose cones for which recovery was
atte—pted, 12 were successfully retrieved. During initial plaming for the Teak
and Orange shots, chances for such a recovecy record vere believed to be pearly
impossible. Linitatiouns of telesetry from instruaented structzres in the air at

burst tioe are reasonably well established (see Chopters 7 axd 9).

Optical data from zround stations appear to offer =much diazmostic evidence,
and air-borce oeasuremects of peulrom, ga—ma-ray, acd X-ray yields of hizh-
altitude bursts can pow be atte=pted with hizh likelitood of success [see Chapters
2, 3, acd &), Thus it seeas feasible to test =aay aspects of c—proven varbeads
at high altitudes where fallout of radicactivity is ceglig:die. 1{c is ioterest-
izg to cote that Tz2ak a=d Oranze shots were actually fired ca tte scieduled days.

Tais a3 seldon been accowmplished witd zezatcn-yield devices.
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" Data from Teak and Oracge indicate much more clearly the advantages and
disadvantazes of testing devices at hizh altitudes as coepared 3 at=cspboric
or undergzroumd tastizg. It is clear that lack of detecradility is oot ome of \ .
the “advactazes.™ l | /\

Chapters 2, 3, 3, 7, a=d 11 discuss measuresents relaticg to the fourth \,Wk\

objective, Displacement of the burst point relative to Prograa R instrnownt

carriers caused serious degradation in qualicy of XY-ray data.”

Improper angular orientation between burst and total thermal detectors
at Teak Stations 252 and 209, together with a rarrow field of view (about 15
degrees) over vhich theral detectors approximate black-body absorbers, com~ ) \(\
plicaced analysis of these data. Much time and postcalibration bave allowed | \\j \
significant results to be extracted.

Fila badges were used on all lover stations, acd data

from these, together with total dose dau' from other stations, are given in
Chapter 4. 'Ga:na-py dose-rate records from the logaritlmic detectors at the
lover altirude stations gave excellent tine-~dependent data. In viev of the
coplexity of grxma-ray dose calculations in such an exuaclj inhooogeneous
propazation oediua and for such highly uncertain source characteristics, these

et
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data are extremely useful in the provi of a calculational aodel ta procuce
reasonably accurate predictions. Gamsa-ray dose-rate data were losc at the

two high statioms because of the lov gzmm-ray lewvel caused by burst pasition
erTor -'D-: coo~
bination of bot: e eltects, p possibdly Tapid ris 1ou products
debris, caused the dose rate to be below datectadility at the time telemetered
data began to be recorded after burst. Ono Oracnge, dose-rate data were gathered
at Station OR-80, and total gamma-ray dase data were gataered at Statioas OR-80
and OR-1255 (see Chapter &),

Microbarograph data are adeguate to allow estizates to be made of blast
param:ters at any point in the atmosphere beneath burst altitude with sufficiest
accuracy for most practical protleas. Blast phenxoena are noticeable at air-
craft altitudes for a burst such as T

Radio-frequency attepuation Jdata ga:zhered by Project 32.3 are givea in
Chapter 7. Many data are available and every attempt has been made to include
all pertinent facts necessary for analysis of the data to suit particular needs.
These data hsve been analyzed by many groups and anilyses are pot repeated here.

A ope-week meeting was held in early 1960 which exphasized tha need to
make & vigorous attespt to determine the position of Sandia's Hi-lo rockets
with as much accuracy as poss.i.ble.2 Uork on rocket positioning was funded by
DASAY This included eight sea level firings of Deacon-Arrow rockets which were
as pearly as possible like those used on Jobtnston Island. Numerous statistical
data on the variabilicy of impulse for thase motors were also exanined, as were
the specific Johnston Island records. Johnston Island time-of-ilizht data,
coupled with undarstandipg gained by intensive analysis of rocket performance,
have given considerable improvement in knowledze of the location of the rockets
during the Teak ard Orange bursts. Their altitude history in particular is
now known with zood confidence. This is the oost critical aspect of their
flight trajectory froo the standpoint of attemation of radiofrequeacy traos-
miscions., It is unfortunate that the tine allxved for execution of this project
was insufficient to permit procure=mnt of tracking facilities cn Jotnston Islacd
for these Hi-lo rockets, However, —uch vas la2ar=ad yhich warvanes predicrions

of radiofrequaacy blackout tioes to a zgreater dezree of accuracy thas pre-Teak

‘Order So. HT H1-lo Nr. 1, dated July 12, 1380.

Sy,
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estimtes; In' view of :be‘)
critical oeed for radiofrequency attencation data in design of communications
and anti-1C3M defense systems, and becsuse of the short tise available, the
hizh degree to which the dara satisfy technical objectives is particilarly c=-
plizentary to all vbo wvere emgaged in this project.

1.1.3 Coaclusiouns ’

In scomary, Program 32 met it3 teckmical objectives to an extent greater
than it was reasounable to espect. The program gathered over 75 percent of the
informtioca desired. Degradation of scientific data because of the displaced
burst points on both Teak and Orange appears as the most disappointing festure
of the tests. In looking for changes in the program which would be made if
similar tests were being designed, it is clear that much better long-time and
vide-angle optical coverage should be included, and the world-wide scientific
commanity should be alerted. Recoverable instnumentation proved wvery practical
and would receive more emphbasis in future test designs of shots similar to Teak
and Orange.

1.2 SOeaARY OF EXPERIMENTAL PROGRANS
1.2.1 Development of Techmiques for Teak Shot

The original intent of Prograa 32 was to measure oeutrton, X-ray, total
thermal, and gamma-ray eaission from a megaton-range muclear device burst at
an altitude of 250,000 feet. Additionai measurements vere incorporated in the
program as techniques becanme available for attempting them. These were sampling
of radicactive debris, optical coveragze of the burst, and measurement of radio-
frequency attemation and refncdcu ‘caused by 1on.1ution of the atmosphere.
Techniques desizzed to acen::plish the aission of r.hc prograa and specific
measurements iovolved are discussed in the following paragraphs. Positions
of the Redstone and Sandia's rocket-lztm'chix;g stations can be seen from pboto-
graphs in Figs. 1.h and. 1.5.

Stations for oeasuring :ﬁ‘utroo, gxxma-ray, X-ray, and total thermal exis-
sions were piaced at specified locaticos {s22 Figs. 1.1 a=d 1.2) by one- apd
two-staze rocket-propelled instruoest carriers. The propulsion units were
=20dified LaCrosse solid-propellant ootors. :Auiliary hardwvare vas desizred

) h 39
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specifically for these tests. The carriers were usguided, rail-launched bal-
listic rocketrs, with variations of weight and drag for altitude control (see
Cuapter 8).

Each carrier had a 226~ to 235-ec band telenetering systé aboard equipped
wvith from four to eighr scbearriers. The FM-FM receiving and recording station
wvas lacated near the launch site oo Jobnston Island (see Chapter G). 4All six
carriers coutained transducers for measuring neutron and gamm-ray fluxes. The
neutron transducer cousisted of activation foils counted by a scintillometer
circuit during the fall time of the oose. GCazza-ray dose rates vere measured
by scintillometers and total dose by silver-activated pbospbor-glass and filas.

In addition, the two rocket stations nearest the burst attempted measure-
ment of I-ray and total thermsl ipputs. Both trar;ducers utilized ballistic
calorizeters containing resistance wvires counacted in a four-aca bridge. Total
thersal radiation wvas absorbed by a polished alumimm cone mounted inside a
truncated cone. X-rays were filtered by alumimum and beryllium filters. These
six carriers also contained fila packs for mesasuring gamm-ray dose. MNoses
vere designed for parachute retardaticn and for recovery from the ocean.

The Redstone carried two M-kmc diagnostic systems for measuriag high ex-
plosive transit time and early alpha of the primary bonb. This systea apnd the
varhead fuzing system were onitored by 2Z6-ac telemetry equipment.

All six instrunent carriers and the Redstone were tracked by two MIDAT
(radio interferometer positioning system) stations for postshot deteraination
of the position of transducers relative to the burst. The transaitters aboard
each carrier served as beacons for MIDOT to follow. ' )

Two radiochemical sampling ocoses were to be carried through the Teak debris
by two stages of the wmodified LaCrosse smtors. These wvere to bave sampled,
sealed, and lowered tc the water a collection of the burst rc:sldxm for labora-
tory analysis. : . :

A system for measuring wvind wvelocity at 250,000 t"eet aleitude vas designed
to perxnit adjustaent of the rad-—ches sawpler trajectories to increase the like-
lihood of sanding the sampler through the densett debris. This oeasuresent vas
zade by utilization of 5-ca chaff, carried to nlutude. on a Deacou-ArTrow II
rocket, ejectad, ard traczad by MSQ radar.




Radio-irequency atlemuation aeasureaents were athtid by the exployment
of 25 a=d 1500-mc trancmitters, carrial aloft oa two-stage rockets, and
the recordiag of received sigoal strength at two separate locations.

Crtical Iastrumentation included high-speed and looger time photography
through taree different narrow-band filtars, a high-resalzticn spectral record,
location of burst positiom by plate cameras located at each MIDOT station, and
black and whita and color docamentary photography. '

Warbeads used on the high-altitcla siots were modified, installed, cheched
out, and armed by Program 32 persounel.

1.2.2 Teak Cooclasions

All equipment used on the Teak sxperiment operatad as dezigned with the
following exceptiouns:

(1) The two rad-chem ssmplers appeared to suffer structural damage at the
time of second-stage burning, became custable, and fell back to the reef pear
Jolmston Lsland. Many of the parts were rwcowered by skin diving, and the Cype
of failure, if oot the primary cause, wms deduced.

(2) Two Viper lI-Arrow II transmitter-carrying rockets failed at firsc-
stage burnout and fell back on the western part of Jalmston Islaol. These vere
to bave been above the burst at burst time, and their failure thereby resulted
in oo data oo radiofrequency attesuation through the "fireball® region. A sub-
sequent test firing verified this failare, although the assembly was flown suc-
cessiully f{o one pre-Teak test firing. Three of the transaitter-carrying
rockets prodoced good data.

(3) T™he displaced burst point vas cutside the beam of the antenna receiving
the M-lmc diagaostic sigral and mo {nformation was received for this reason.
The signal, though veak, vas seen at the cciwiviug staticn, a2 spsraticn of
the system wvas verified by 200-ac acnitor telemetry.

(M) Tvo of tke instrument carriers, those planned for the 50,000~ and
80,000-foot stations (IX-38 and TX-80) were vot recovered. Radio-frequeacy
signals ixdicated that the TE-L8 chute operated satisfactorily, but the length
of tize consumed in searching for other nose cones and pods may have permitted
this pose to fill with wvater and sink. The XF signal from TX-£0 indicated

failure of either the TM transmitter or tze rocket shortly after launch.

‘ 13



The displaced burst caused the starians to be substantial distances oct-
side the infeoded areas of interesc, but much of the desired J31a was tecowered
f:om tte Tecords and frum the four reccverad doses. Suoe optical data were alio

lost because of bursc-point displaceasxnc.

l.é.3 Orange Measureme=ts

After the Teak shot it wvas deterained that Sandia would participate in the
Crange shot to a greater extent than was origioally planned. X2 atteouation
stasurements DOr instyument carriers were originally scheduled for Orange. Ia-~
strumentation used om tha test vas as follows:

(1) Four rad-—chem samplers.

(2) Three instrusent carriers (see Fig. 1.2 for locationm).

(3) Eight Deacon-drrow 1l BF attemmatioo rockats.

(M) MIDOT tracking of the three instrument carriers, two of ths RF at-
teouation rockets, and ths Redstone.

(5) The Akmc diagnostic measurement.

(6) Photo coverage as oo Teak in addition to doamentary coverage from
French Frigate Shoals. \\5“,‘\

(7) varbead preparation and monitoriog. » (h

<7

AN
1.2.0 Orange Conclusions Lb

(1) Four samplers were recovered

The fact that the burst point wvas 15,000 feet higher than vas plamned is possi
the reason that Sandia samplers aissed the debris.

(2) Telemetered data from the three instrumnt carriers appear to be satis-
factory. The station 40,000 feet oorth of the burst (OR-115R) was oot recovered.

{3) Oaly seven RF ettem:ation rockets were fired. The three 25-oc systess
reccrded zood data.

(%) MIDOT trackirg was good.
(5) The 4-imc diagnostic deasurenent zave transit tize a~d early alzha.
(6) Phoco coxerage was lost because of cloud cover.

(7) The wvarbead operated as expected,
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Chaptar 2
X-RAY AND TEERMAL RADIATION

2.1 THE(EY AND ARALYSIS
2.1.1 Intxoduction

I-ray mtasurements wvers mads oo the Yeak event and thermml measurements
wers made ou both the Yeak and Orange events.

The rocket-boroe stations, TK-252 and TX-209, were plamned to be 30,000
feet from Teak air zaro with Statiom IX-252 in a direction perpendicular to
the Esdstone axis and Station TX-209 in a direction parallel to the Raedstons
axis as shown in Fig. l.1. As it turned out, at zerv time Station TX-252 was
at an altitnde of 252,000 feet and at a radial distance of 68,600 feet from
air zero, Statiom TX-209 was at an altitnde of 208,700 feet and at a radial
distance of 58,800 feet frum air zero. The instrumect rockst of Station IK-
252 was exposed side-on to the detounatiom as plunned; however, the rockst
statico, TX-209, wves oot exposed exactly mose-ca as plammad but tilted abogt
55 degrees from plamned orientation with azn ancartainty of about § degrees.

Air zero of the Orange event vas at an altitude of 140,985 feet. The
-rocket-borne station, OR-125S, located at an altitnde of 124,700 feet and at
a radial distance of A2,100 fiet, carried thermsl detectors. The station vas
in a direcgzion perpexdicular to the Redstone axis uﬂ the instrument rocket
wvas exposad to the detonation with a side-on attitnde.

The instruments are described in Sectiom 2.2; however, designations will
be given here to the X-ray detectors to clarify references to them. Each I-ray
instrument cousists of a pair of calorimeters each shielded by a different X-ray
filter. A calorimeter and the thin filter are desiznated detector 4, and calorim-
eter and thick filter are designated detector B. The filters of these detectors
aze designated filters 4 and B, respectively. Subscripts going from 1 to 6 are
used to indicate the angular positiom of the dezacicxr on tha rocuat.

In a sea level atmosphere, 10-iev X-rays are attenuated to ooce-balf izten-
sity in about 1 meter, whereas in a Z50,000-foot atosphers a half-thickess is

y gy,



about 30,000 meters. In eitber case the half-thickness is roughly proportional
to the third power of the photon enerzs;. Beoce, at Teak altitude, X-rays pere-
trate to an extent suificient to have a direct effect on materials expos<d mmmy
thousands of feet from the burst poinr., This effect {s axpectad to be quits
severe for an intense beam of soft X-rays, sicce it becomes absorbed in a surface
thickness of a few micTons is wost dense mmterials. Thus X-ray damage potectial \)l"
bas produced moch interest in the X-ray yield of muclear varheads. There are D
certainly situations where the X-ray yield of a davice wvould have a stxung in-

\
fluence cn its effectiveness as an anti-ICEM warhead. (,b

After emission from the case, the X-rays propagats to the measuring stations
vith consequent absorption in the intervening air as wvell as absorptiom in the

detector filters. Energy E of X-rays reaching the unit ares of the calorimeter
surface is

F 4
'ﬁ*l(t’)L Dl(r)dxﬁ- [(uz(D)ozxzm3(0)93t3) u:ﬂ] :

E = cos B ¥(v) e do , (2.1)

~ .
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whire §{S)<T is X-ray &=y {2 2 fregueccy increme=e dO 2bout D; w (s a mmbwr
used bere to accammodate discrepant standards for air density-beight profile;

R is radial distance from air zers € the station; o, Ls alr densicy which is a
function of altitude; B P and z, m the mass absorption coeiffcient, densirty,
and thickness of the berylliua part of the filcer; udpa, 93, and 5 are the
same parazmters for the alimimm part of the filter. The orientation 3 of the
detector takes into accoxmt the effect of the projectad arsa of the detector
aperture as well as the effective filter thickness om K. Orientatiom § is
dafined as magnitude of the angle between the bezm of X-rays and the morml to
the surface of the most directly exposed detector.
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2.1.2 Predictions

These mumbers are now calculated to show vhat I-ray energy would be expected
to reach the stations under the gecoetric situation which actually existed at

zero tize which, of course, is quite differeat froo the placned geocoetry because

. \

-



of the failare of the Redstone to program iuto its plazaed trajectory and fail-
wid of e Insim=acnz Tockot of Statisa
of about 230,000 feet.
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2.1.3 Analysis of Data

Angular orientation 3 for Teak Station 252 vas deteraioed to be 10 degrees,
vhere the ratio R, {see previous sectiom for definition) obtaimed from Tadle 2.1
and the curves of Fig. 2.7 are used.

In Eq. 1 the oomber m appears as a parxaeter for air demsity. Figures
2.11 and 2,12 show the ratio .2 wversus effective case temperature for dif-
ferent values of the parzmeter m and vith 3 = 10 degrees and 3 = 50 degrees,
respectively., Figure 2.13 shows trancaittance from air zero to the calorimeter
of each detector versus m for the effective case tamparature indicated by Figs.
2.11 and 2.12 wvben 12 from the data of Table 2.1 {s used.

" ’ Pﬁcs 5T 7‘1’»4.7[,
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Accuracy of the telemetry system is estisated to be better than 5 percent.

v Seat capacity of the datectors is known to about 3 p‘tcc;n:, aod the relative
b ! g \ ) locations of the stations vith respect to air zaro are known, from HDOT,. to
> |

) \ The ratio !2 from which the effective temperature is calculated is less
= 5 dependent omn errors in location and in absorptica. This ratio is givenm by:

“"‘1"1’1“‘2’2’2“"3"3‘3’ Pty
5 ™ ._ Gﬁolﬁmzpaia) = e .

The ervor in !2 for l-perceant exrur in y3 is less than 0.5 percent. 4 l-percent
error in distance gives an insignificant error in ratio .'1'

Combining the errors for telemetry, for heat capacity of two dc:ccszs,
and for the attemuation coefficients, gives a §.5-percent error in mc-tn;
perature measurements; the errors in telemetry, beat capacity, distance, and
attenuation coefficients, give a 6.7-percent error for x-n.y yield sessurements.

S DNH .
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2.2 INSTRUMENTATION , D g}
2.2.1 Design Criteria (D y

Most of the desizn requiredents for transducers used in the aeasuremest

of enerygy appearing as i-ray or Fber:nl radiation vere exacted by the operat-

ing envirom=ent.

.‘/

space in the instroent nose cones Of the carrier vehicles dictated thac these

instrunents operate in an unpressurized midsection and also that traasaission
. []
pillx
— ( B

M* 7o ;" J(./-V-J.




2.2.2 Instrusent Description, Calibration, and Raspouse

Both X-ray and total thermal i{nstrussots were designed to operate as
ballisctic calorimeters; upon absorbing a largze pulse of radiant eoergy in a'
short time interval, the instruments reach thermal equilibrium soms time later.
The xaount of energy absorbed by such a ulo‘ftm:er is directly proportional
to the product of the resulting texperature rise tises {ts theraal sass.

Each X-ray transducer consisted of a pair of these calorizeters mounted
behind appropriate filter windows as shown in Figz. 2.16. These filters served
thres egually iaportaant purposes:

(1) They rejected radiation of longer wavelenzth than desired;

{2) They attenuated incident X-ray eserzy in such a macner as to preveat

vaporization of the calorimeter surface and a conseguent loss of eoergy;

(3) They yielded inforzation on the spectral distributica of X-ray eaergy
from which the effective radiating tezperature could be obtaiced.

‘ 7
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X-ray detector
"A"

N

X-ray detector
I\Bn

Flg. 2.15--X-ray transducer.
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Th: ¥ezap calosioweace concicted of aliminua discs i which tesperature-

sensiing elemxzts 07 2ickel wice were ésbedled. These were =ountad in fooowed

plasric for tier=al insulation and shock resistance. The Deat capacity of each
calovizoter w35 assumd 0.5 cal/dezree Centigrade amd was coowd ta witala J et~
cent froa laburatsry calculation. These caloriowters required abuut 12 seconds

€Y reach tieraal equilibriwa.

Figure Z.17 represents a3 sectional view of the theraal radiation zaloriz-
eter. Since these instrudents were subjected to high iatensities of X-ray
eneryy, as well as all radiant energy of longer wavelengths, the absorbiag sur-
faces were pecessarily sore elaborate than in the case of X-rays. TYoe coome in
the Fig. £.17 is o¢ spun, polished aliminua. The outer shell is also of spun
alizicun, but processed to a dull black surface. These were buth soldered ta

a copper base containing an ecbedded temperature-sensing ¢leaent.

Cpoz entering the port, thermal epergy reflacted by the polished alumimm
cone is preferentially absorbed by the blackened side walls. Noareflectizg
wavelengths and X-rays are absorbed a: the poiat of Iincidence. Tbe high- -
te=perature gradients produced ip the absorbing surfaces prooote heat trar.st"e:
into the body of the metal, resulting in rapid surface coolingz. Tais, in con-
junction with the geometry of the cavity, ninizizes beat losses by radiatioa -
and surface vaporizatica. The thermal radiation calorimmters were designed
for a beat capacicy of around 20 cal/degree Centigrade, and the beat capacity

of each wvas aeasured to an accuracy of about 5 percent.

Prior to the operation, both types of transducers vere exposed to neutroa
and gaym dosazes exceeding those experienced fron the ouclear burst. Yo de-

tectable te=perature increase or other chanze in characteriitics was ooted.

Calibration sheets on each of the tezperature-sensing elements were fur-
nished by the =acufacturer. Resistance-versus-tézperature checis <which were
ricroed 2fter the elesents were exbedded ia the caloriseters failed to siow
any discrepaacies from the orizinal calibration.

The 20sL exacting aJeasuredxnts perforoed in the calidratiza of both tipes
of traxsducers were the >easurazents of their t2er=al =ass or hcat capacity.
These were Ceterniaed scpaiaivl. (v &ach falorizoror iz izs fias) onemtad

pusitioa.



Steel missile skin
' Cuter calorimeter skell
of aluminum with inner
surface high temperature
black electro-filmed
Q Inner calorimeter cooe
: of polished aluminum

Lockfoam insulation
& shock mount

Linen-base pheaalic
mounting biock

Copper calorimeter
base

Palystyrene seal ring

Temperature sensircg
probe .

Fig. 2.17--Sectional view of thermal radiation calori=eter.
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Standard water calorisetry = taoous were suificiently accurace (i 5 peiceuni)
for the larger therzal radiation instrumats, but this asthod was ruled out for
the X-ray iastromnats because of the need for greater accuracy ia these awasure~
2:ents. The bheat capacity of these calorimters wvas seasured to within 3 percest
by sioultanecusly eaploying the eabedded sensing elements as electrical beaters
and thermumeters, recording teaperature rise versus tine as a function of eoergy
input. Upon reaching steady-state conditions, the time rate of emergy input
equals the product of beat capacity times the tine rate of tesperature increase.
Actually, beat losses became significant about 2 minutes after reaching the
steady-state condirions, 30 that values recorded after this time were cever

used for deriving beat capacirty.

The tvo upper instrument rockets carried X-ray and thernal transducers of
the types showm in Figs. 2.16 and 2,17 with the exception of a change In X-ray
filters on the lower rucket, as previously moted in Sectiom 2.1.2, due to lower

predicted X-ray intensities at this position.

Since these instruments wvere mounted in the carrier midsections and the
carriers were spin stabilized, a problem was izmediately evideat. Examinatioa
cf the planned positions of these twoc rockets at burst tize reveals the diffi-
culties aore clearly. In the case of the uppermost carrier {Station TK-252,‘.
Fig. 1.1), the transducers had to face radially outward from the midsection aod
see equally well around the midsection circunference. Six dual X-ray traas-
ducers and eight thermal radiation calorimeters accomplished chis satisfactorily,
as discussed previously in Section 2.1.1. Since a limited ouaber of telemeter-
ing subchannels were available, a total of Z0 calorimeter outputs bad to be
monitored by three subchannels. This was accosplished by employing readout cir-
cuits of the type shown in Fig. 2.18. This circuit consisted of a sisple
Wheatstone bridge which monitored the temperature of six calorimeters and
supplied four voltage calibration steps each second by subcocutation; eight
calorineters were donitored by the saze circuit by sacrificing two of the cal-
ibration steps. The fixed bridze resistors and calibration resistors used were
Dotadiy insensitive to temperature. It was pecessary to have the "read"” posi-
tioo separated by zround positions, as sl;own in the illustratioa, to prevent
overdriving the subchaonel durirg the "=ake-beiore-break™ intervals of the sub-

comutating cycle.

Instruoents in the secoad rocket (Station TXK-209, Fig. 1.1) bad to face

upward along tae rockat axis a=d had to be located about 8 izctes cutside the



Eg 30- or 45-voit Supply

Ry b c - Fixed 20,000 N Precision Resistors

C; -

Ca - Fixed Calibrate Precisioa
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20,0003t TI°F
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Fig. z.13--ieagoue circuit.
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rrieciizg the transzducers ~ur on daors which, when closed, tormxd arcs o7 tre
2idsectisn circumrerence.  TWo such Joors wore used Jdirectly- opposite eaca
dt3er 2o 3 circu=ference and each projected one et Of fraasiucers. ISes the
jtaciza TX-209 rocket used a tstal of six calorimeters and reguired caly one
readout circuit and one teie=ecering subchannel. A second sudchunnel was used

Iar baciup, since it was availabie.

The instru=ent ports 3¢ the Station TK-252 rocket were xept covered and
the projecting Jdoors of e Staticn ZO09 rocket were kept closed by tight spring-
steel belts. The belts were releasad at predetersined aleitudes by =wans of

squib-fired retaining boles,

2.2.3 Operational Probleas

Tvo problems concernicg these instnoents were revealed in Toowpah test
firings involving one of each type of carrier vehicle. In the case of the.
£52,000-focot rocket, it w@s ooted that che temperature of the theraal raliation
caloriaeters rose approximately 30 degrees Centigrade abuve azbient upon igni-
tiox of the second stage. An exanination of the gevoetry iovolved showed th.';t
upon assembly of the vehicle a portion of the second-staze igniter ptor.n.-ded‘.
into the instrusented aidsection and was free to radiate heat into the base
of these calorineters. The {nstrumented Teak flights showed that corrective
mDeasures taken to elininate radiation beating helped only slighely. It =usc
be assued that this trouble arose iroa another cause. Evideace of bot igniter
gases leaking into the aidsection cocpartment of a rad-chea sampler recovered

from the Teak shot has caused iome speculation that this could have caused the

trouble in the instnumented aidscceions.

. In the Tonopah test of the 09,000-foot rocket, it was found tkat, in
assebling the vehicle for Ziring, the imstrument doors wvere: used as access
purts td facilictate the =akiag of oechanical couplings. It has been established
that one or dore lead wires were severed because of this sitvation, but the dif-
fis%.’lll}' was elininated 5y plicing the lead wire conpéctors inside a protective

ali=iioua box.
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Resistance versus tioe of the expused X-ray detectors of Station TX-252

is shown in Figs. 2.19 through 2.22.

2.2.3 Data

iulsmcc versus time of detectors ‘l and l1 of Station TX-209 is shoyn
in Figs. 2.23 and 2.2k. The energy rscieved by each detector is given ia
Table 2.1. Ooe door seems to have been partially in the nose cone shadow.

Resistance versus tioe of the Station TK-252 21 detector is shown in
!‘l‘. 2.25. The rise in temperature prior to zero ix discussed in Section
2.2.3. Table 2.2 gives the energy received by each thermal detector.

Resistance versus tioe of Station TK-209 Z1 {s sbown in Fig. 2.26. The
energy received by each of the thermal detectors of Station 209 is given in

Table 2.2.

The resistance versus tiae for thermal detector Zk of Orange Station 125§
is shown in Fig. 2.27. The eoergy received by each thermal detector at Orange
Station 1255 is given in Table 2.2. '

The instruoent arranzesent and the enerzy received by each detector (both
X-ray and thermal) for Teak 5Station 252 and Orange Statiom 1255 are shown in

Fig. 2.15.

2.2.5 Summary of lnstrument Performance

The large erxor in burs:-;ui;:: positioning considerably exceeded allovw-
ances zmade for positioning errors ian the desizn of these instru=ments;

- Plf-e: 7% Fhrcoey
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consejuently, the degree of accuracy of data collected by the fostrents suf-
fered to 3 grear extenz, =d oo umceinl Y.rsy daza wore Sbialnid 7o Tead
Statico z09 as noted in the previous section. Under these circmastances tle
ballistic calorineter system prubably functicoed more satisfactdrily than
wvould have any of the other systemas under consideraticn for the —masurexent

of X~-ray and total theraal energy.

Heat leakage into the calorimecer compartaent after secood-stage firing
vas unfortunate. This beating effect wvas 20st evident in aidsections where
the {nstruments were desizned to look radially ocutward, which lends support
to the theory that the beat came froe an internal source ratber than from skin
beating, since these were better insulated against skin heatirg than were the
transducers mounted ou the projecting doors. The instruments perforwed quite
satisfactorily from an evaluation standpoint. This techaique should prove
useful in future tests of this oature. 4lso, no beating ocaurred before second-

stage firing in the higher den-ity air.
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Chapier 3
XEUTRONS

3.1 TEEORY AND ANALYSES
3.1.1 Introduction

The objectives of this project were twofold. Tbe first of these vas
measuresent of neutrcn spectrun from the wvarhead. Such seasurements have
previously beeno made of high-energy neutrons. At sea level, vhere mtasure-
ment aust be made at & distance from the detonation, interpretation of low-
energy data in teros of weapun output 1is nearly i=possible beczuse of the
complicared neutror trazsport through air to the detectors. On Teak, neutron
detectors at Stations 252 and 209 directly measured the case spectrua since,
with the low air deosity at this altitude, esseantially wo scattering occurred
out to the detectors. Station 252 was located at G0 degrees to the warhead
axis and Statioa 209 at an angle of 45 degrees, so that an estimate of the
variation in output vith angle can be made. These ceasurements are compared
wvith calculated values of the output.

The second objective was to measu~e neutron flux at such pusitions that
data from neutrons which had passed through considerable amounts of air could
be compared with transport calculations. Only data from oce Teak rocket is
of value to this comparison and its value is questicoable, since the data
were gathered in a direction which did pot receive an unshielded view of
the output peutrons. Fortunately, one good set of data was obtained for
comparison from the Orange event.

3.1.2 Discussion of Teak Experioent

Good data were obtained frum the two highest reckets, Stations 209 and
252 (Fig. 1.1) which define the ceutron spectrnaa froa the .varhud. 1a the
origizal plag, at burst tise one of these rockets vas to be on the wartead
axis and tie other vas to bde perpendicular to the axis. A cocbication of
placeoent and orientation errors tesullied in positisas at angles of 55 and

A



GO degrees from this axis. Ooe of the Redstone pods, lnsuu:nn;ed by Project
8.61 and vhich carried me:rroo dezosisns, wes do<aisd a2 A au;h‘?. iess than
15 degrees from the Redstone axis. Thos the sceutTon output Was measured at

three different angles from the Redstone axis.

Neutron data obtained from all Samdia rockets are given in Tadble. 3.1.
Aogular dependence of the nentron cutpot frum the burst is shown graphically
in Fig. 3.1; these values were obtained by lz extrapolation of the data to
the source. Corresponding quantities czlculated by Bing and Lcsslu3 are in-
cloded in this illustration for comparissu. An independent calcalatica by
salter Gcnd~ gives the spectrum averaged ower all directions but does oot give
the angular deperdence. These asverages are also incloded in Fig. 3.1. Ac-
curacy of these calculations has been estimated to be a factor of 2.

- -

An uncertainty difficult to evaluate obtains wvhen a comparison is made D(\)H

between calculated and measured oeutrom flux. The absolute calibration of
the activation sample-seasuring system is oot well-known. Furthersore, this bﬁ)
absolute calibration depends on the neutron spectrua, since activation cross < :
sections are oot ideal step functions with energy. This calibration error d

is perhaps 25 perce=nt,

*Letter cited states that final peutr=n data of Project 8.6 is unchanged .
from ITR-1652. Angle of pod to Redstome axis is stated to be less than 15
degrees (ABMA calculations yield value of 13.5 degrees and MSQ tracking data

give 1.3 degrees).
50 -
/“ﬁ-l P/, P2 cnmd 3
are deletd.
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Low-alticade rociets, Teak Statisas 3 tarough &, were & pliced that cal-

c=latisas af meulten tnas;.:rts'o could e eaperimentally checsed. Carortunatels

data cbiaioed at these pousitisos were serixmsly degradad

;! {i \ Because of this Tow flx, the
‘ ) )g ' ¥ activatioa sazples which had sufficieat activity at recowery to yield flux
) A M .

o values were the sulfur and gold samples at Station 59. Of these two measure-
wents ouly the sulfur saaple offers a check on 1

TABLE 3.2--COMPARLSON

o e e




3.1.3 Discussion of Orange Experioent
Data fr>m Orange Statica T2 provide a good check on peutraa traniport
ulculatians.o'7 Station 1255 data are good; however, this rocker was too

close to the burst to allow a critical check of the calculatioas (see Fig. 1.2).

Station T2 was located at an angle of 30 degrees to the weapon 2xis, and
thus vas aay from the shadow region so troublesome to interpretation of Teak
results. Based on wapon cutput measured on Teak, :nn.fport @lculations
wvere made of flux at both of these Orange stations. Accuracy of calculatious
is estizmated to be a factor of 2 for Statiom T2. At Statiom 1255 the calcula-
tioual errur is estizated to be 10 percent for zirconium, increasing to a fac-
tor of 2 in the plutonium flux. Calculated values are cumpared in Table 3.3.

TABLE 3.3--COMPARISG OF CALCULATED AND MEASURED FLUX ON ORANGE

3.1.% Scxary

Data obtained oo Teak for the warhead sutput at GO degrees to the axis

agree witd calculated values within stated calculational accuracy. NMeasured

A -
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valoes -how LA v.riaf:sn Wwila angla, 2€ ledst Slaven ) a0 =) Solifezs, is
about as <caloulaced,

Orange data substantiate transport <aleulaticns ehroccl the ata g

about the estizated accuracy of the calozlaticas.

DSTRNMENTATION

e

3
3.2.1 Desizn Criteria

Instnentation design was iniluenced by space armd w2izir lioitations ia-
posed by the instruoent carrier. In selectinz systems amd components, prefer-

ence was given to those which were si—ple and caopact.

Tise-ui-flight techniques wera considered far 2easuring the neutroo energyy
spectrua at the two highest Teak staticns, 209 aad 252 (Fig. 1.1); bowever,
such a systez would have required a record-plarback aeawry device because of
both sarly-time radiofrequeacy blackout and frecuency-response lizitations of
the telesetry system. This would have resulted in a very complex sysfem for
developwent within the liaitatioons iposed by the instrueat carrier and tize
scalea. AU the lower Teak stations, 39 through €0, peutrun transport woula
bave complicated time dependence of the flux eperzies to a2nm extent thar spec-
tral deteraination from a time-oi-flight oeasurement would have been practicall,
impossible. Fur these ceasons it was decided that a modified forms of the coan-

veational threshold-detector technique should be used.

This systea io principle has two major advantagzes over a time-of-flight
system, nazely: (a) activation samples themselves act as a m=owry device in
that their activity decreases slowly wita tioe so that counting may continue
during the entiie time of the rocket's descent, and (b) activation sazple meas-
ureneots give an enerzy spectrua independent of the tize depesdeace of meutrton
flux. Disadvantages of activation techaiques will be apparent in the following

sections.

3.2.2 Iostruent Description and Calibration

Conventional threshold activation sa—ples, i.e., zirceniwa, suliur,
uraniva 236, oeptunius 237, and plutonium 235, were usad. 3eta catzer than
gazaa activity of the sulfur and fission foil sa=ples was counted, sizce it

was expected that za=mrma backzround from the detonation would fateriare wita



Sy

sale ccutting. Sespite the Aiga bera-to-jimma seasitis

tor,

sa=ple countiag was, Laerefofe, contizied Jiler the pariociles

O | . N . . . .
suspermed nUse cone dropped out oI the rezica of nigh ga=a flux ozl izpact

wild tze dccan.

Teo views Of the peutron-detector asseably arz2 shown in Figs. 3.2 amd 3.3.
The detestor comsisted of a photomultiplicr tide having a terphen:l activated-
plastic scintillator, 0.030 inch thick by 1 inch in Jdiaoeter, an iotcgrated
countiag-rate azplifier to drive a subcarrvier vscillator, ard 2 wheel ts hold
the activation sa=ples. The sacples were stepped past the scintillator by
Geneva st>p =xchanisa driven by a small electric svtor. The sazple wheel,
except {or an access hole for the photomultiplier and vheel-drive shaft, was
surrounded by Z cencioetars of powdered boron 10 in a 1/ 3T~inch-thick steel

container.

In addicion to the activation sasples, a blank (background) position was
included in the wheel. To extend the range of peutron flux wbich aizht be
detected, each sample was counted on different semsitivity ranges of the detac-
tor on alternate revolutions of the wneel. Samples were calibrated by expo-ing
the entire detz2ctor assczbly to the flux froa the GCaliva Il and Cockroit-walton
facilities at Los Alamvs. Nominal calibratioo data for a fission foil are

given in Fig. 3.4.

Figure 3.5 shows two views of an instrument mose cone with location of
major c¢omponents indicated. Additional sulfur sazples on all stations and
fissiop foils in a boron 10 canister on the two hizhest statioas of both Teak
and Orange were included for lsboratory counting. These were locatzd oa the
shelf iooediately below the neutron detectar but are not visible in the

illustcration.

3.2.3 2ata and Inscruoent Perfor-ance

Results of neutron data obtained froa Teak and Orange are s=—=arized in
Table 3.1. Four of six instru—ent nose cones oo Teak and twd out of tirez on
Oranze wéra racovered, perzitting laharator: svaluarinn af the arvivseian fail;,
The recoverad f{issica and zirconiua f5ils were czunted at Joknston lsland; the
sulfcr sazples «were flown td Enlvetok. Laboratory analxsis of thase r2cTiered

sa=pl2s @3s 2ericr=ed by Project z.-. - All a—plss from Teak 3taticn; 275 and
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AT
-




Ty

ke
AN
4y o

#X
&Y

Fiz. 3.2--%eutrco detector, tap view.
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Fig. 3.3--Neutron detector, side view.
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232 and Jrange Stations T2 aod 15335 were sufdiciently active to nielld sand
data. Those Irom Teak Stations 35 amd 56, with the exceptisn of scliur trma
3tation 52, had decared to near bacaground levels. Thersai zevtroo Qita were

obtained rroa gold and cobalt saaples which were {lown to 3aadia for evaluation.

Telesetered records showed tlat all neutron detectors fuzctiooed =kchani-
cally fi.2., the sazple wheel was turning) uatil izpact. There w3s an elec-
trical malfuaction on Station 39 during the enrire tize of 7fall; also, Station
80 data were lost because its traasmitter went off the air at 5 secoods; after
launch. Station 252 operated properly until 175 secoods after burst at which
tioe there wvas an electrical malfunctica. The background was still sufiiciently
high to =ask foil activity duriaz the time Station 252 was functioning. All
other detectors functionmed until impact. Backzround count zasked sulfer data
on the Teak stations and all data on the three Orange statiocons. Telexeterud
data were obtained from fission foils at Teak Stations 38, 59, and 209. For
reasons given im Section 3.2.4, the uncertainty in values given in telemetered

data is at least a factor of 3.

3.2.4 Conclusions and Recoocndations

Background caused oere difficulty than vas anticipated in the evaiualiovu
of telenetered data. There is evidance that an appreciable portionm of this

interierence activity came frco aterials outside the detector itself.

When instruoents at Godiva 11 ue”re calibrated, access to the exposed
detectors was not allowed until approximately 20 minutes aftir Burst because
of radiation bazard in the vicinity of the machine. Since all initrument oose
cones i=zpacted l2ss than 20 micutes after burst, it wvas pecessary to extrapo-
late the calibratioa curves backaard in time. As a result of different induced
background activities at calibration and in the actual event, the slopes of the
observed decay curves difiered ia the two cases. The flux as read froa the
data would, therefore, depend upon the time at which it was read out. This
cause& tde uncertdinty cited in Section 3.2.3. The puzbers given in Table 3.1
represent tbe averaze of telzamecered data 'rud out at 200 seconds and 1000

seconds aftar burst.

Because of the high probability of recovary ot i1nstr—e=r packases {ruva
the ocean, laboratory counting of recovered activation sa=ples is probably the

sizplest ard certainly the oost accurate teciaique for —ea,uséxat of geutran
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Ilax spectra {roa burats simdilar to Teax or Omange., 3zall rocxets and samole
Packag2s could Se used.

Thae feasidility of telemtering reutron-flux Jaca has been . established.
This aight be desiradle for bursts at locations where recovery Of =<a=ples
wxild be unlicely, at regions of low flux where sample activity decay aight
preclude the possibility of obraining data after recovery, or as a backup

:w2sure for unrecovered sazples.

Accuracy of telenetered data could be izproved considerably by the iol-
lowing means:

(a) Us2 of a ouse cooe designed prizarily for aeutron =easurements and
baving low-activation materials throughout;

(b) Selection of threshold darectors with balf-lives of the order of a
few minutes and thresholds at energy levels of interest {if these can be
found); this would increase the sample-activity-to-backzround rutis and also

aid i{a isolation of desired activity froa recordad data;

(c) Use of separate pulse-height channels ior each type sa=ple to dis-

erizicate against w==moted activities.

i

. oy

*
Based on work performed by 4. H. Buckalew, Sandia Corporation. \)Q
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3.1 TEEORY AND ANALYSIS

h.1.1 Intrxduction

It is the purpose of this scction to coopare experizental data on gaooa-

ray iotecsiry versus tine with a calculational adel of fission-product attenu-

arion amxd tioe dacay. Table 4.1 outlines the principal variadbles which enter

the mod2l and gives the sources of data on the variables.

TABLE 4.1--VARLASLES AND DATA SOURCES

Variabies

Assucntioas

Spétial distributicn of grma-
ray activity

Eperzy distribution of fission-
product zz=m rays

Attepuation and buildup of
pbotons of various enpergy

Ti=e depeodence of fission-
product gxxm-radiatioo source

Point source with a rate ot
rise approximately that

Motz Water Boiler Spectnm,
Phys. ®cv., 1&6, 753 (1952},
and 1A-1620, Fig. 5.3, p. 867

m-ls.zo,l Fiz. 7.10, p. 117

L\-16EO,1 Fiz. 5.2, p. 6

the right are assusptions regarding the nature of the variables.

On the laft are the quantities which we oust know to salve tle problea. Ono

LA-1520

provides the basis for these assu=ptions, but osodifications have been asde
and are discussad in this chapter.

An adjustoent was oade in the attenuatioa and buildup curves of lA-1£20.
That an adjustoent was necessary was obsarved and pointed cut 5 J. Marcs of
RA'D Corporation aad is basaed on considerations of the coavirsisn betwizn

photoa builidup a=d energzy buildup. Tablz 4.2 shows the results.

SO



TARIE 8.2--XOSMALIZED FISSION-PRUDLCT GAMMA-LAY
IXYICY VERSCS RAMGE IN AIR

Racge (s—--'az)
SN 0 10 z0 40 80

L-1&0 | 1.00 0.846 o.657' 0.361 0.150
Adjusted 1.00 0.548 0.656 0.3% 0.200
Range {g=/ca’)
N 100 120 140 160 180
1A-1620 0.55TS 0.0225 0.0099 ragsi073 181073
Adjusted 0.0573 0.0:81 0.0251 ‘0.0126  6.3m1073
—

Since a point-source geamtry is used, gecmetrical l/l’2 divergeace of
energy =ust be inserted. The Jdistance between the source apd the instrument
carriers can b2 found 1s a fimction of time. A cloud-rise rat
was used for Teak a or Orange, as deterzined from preliainary

pbotograpbic datz. The rocket trajectory is accurately known for most instru-

ments flown by Sandia (see Chapter . §j.

Results preseated below are based on calculations which pruoceeded as fol-
lows. First, the spatial distribution of gamma-ray iatensity at zero time vas

found from Table 4.2,

The tine dependence of the spherical spreading tera was then found by
cooputing the tioe-d¢pendent distance between the rocket and the fission-
product debris as explained above. This distance was then converted into an
appropriate n.u::ber of ;z:lc:::2 of air by using the ARDC 3odel al:::sphere.a 1he
assunption that the inhomogzereous atmosphere cao be treated in this way is in-
plicit bere and is legitiz=ate according to Monte Carlo calculations done by
Marcaus? Fim‘lly, the tize decay gi the intensity of the source was treated
according to Fig. 5.2 of LA-1£20.

V(4
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Results of calcularions cutlined above aTe presented i A serics Jf grapas

+.1.2 Resules

and ia Tadlie -.3. Figures <.l through 5.5 give comparisons of computed valees

LN

. L e i ieeg— o s leieas o & . ok a . cdwd icala o die
ad Teis zeasuIemenis. FijuTesd <.0 LATSUSS ~.8 & si=zilar -‘..‘r!-:o et the

Orazge evenr. Table 5.3 sumzmarizes the resulrs.

TA3LE 5.3--ST0MA3Y OF GAMMA~RAY ZAIA FRM IEAKX AD ORANGE

Intezrated dose /roentzens)
Calculaced

“Under the experioental values, F sunz‘
for fila badge; C means the reading was obtained
with a zlass dosioeter; T oeans a dose obtained
by integration of telemetered dosa-rate-versus-
ti> data ca all Teak stations and OR-TZ. On
Orange Stations 115R aad 12535, data with T desiz-
pations cooe froa telesetry recordings of total
gxxa-~dose transducers. All calculated total
doses are tim integrated:

16 4
Proes (07 HHrouys
11 are delated,
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M.1.3 Disczisiom

Preshot calculations siailar to those presented bere were aade at Sandia
Laboratar .3 The differences between the present effort aad preshot work are

as follows:

(a) accnraze, ratier than predicted, rvocket trajectories were used, to-
gether with accurate positioning of tbhe warbead at zero tize.

(b) Qood-rise rates were inserted on the basis of observations; in ITR-
1601 they were ceglected.

(c) 3o effort vas made in this analysis to include the effects of ganma
rays produced by oeutrons upéurtd in nitrogen. This is & defect in the present
treatment. However, the large mass of material in the Redstone missile between
the wvarhcad and the earth prevented a good fraction of ¢he peutrons which other-
wvise would have escaped f{n that direction from so doing. Moute Carlo calcula-
tions by C. R. !c.hl.h of Sandia indicate that the frequency of (n, 7) reaction
{s somewbat lower than had been estimated.d Furthét, ‘tde (n, 7) source is ex-
tended in space. For thase reasons, it is felt that {a, y) contributions were
oot significant, and no indication of this cqon’gnt‘_,l_.s,‘found in the data.,

There i3 more information available from the model. From Table bh.2 one
can find a guantity proportional to the energy deposited per unit path length
in the armosphere. This is dome ia a straightforwvard wvay by coaverting the
mmber of pl=2 of air traversed to an qdﬂlen#&l‘bt {n the atwosphere.
This results in the integral curve shown in Fig. %.9.

B
Actually, the intensity is given by wsv.

W
I(r) - Io't A 2
T

and Fig. 8.9 is, as indicated, a plot of lu'r2 I(r)ll; versus r. The derivative
of this function is also plotted in Fig. 4.9. This curve is, together with the
integral corve, a meisure of energy deposition per unit path length in the at-
mosphere. The caximm of the derivative in Fig. b.9 occurs at about 21 to 23
ka above the earth's surface. This is in rouzh agreement with more sophisti-
cated calcalations of the beight of maxizam erergzy deposition. LASL resultss
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give 25 ka adove the earth as the place of evergy dc?osition for fission-

product gaxma rays.

flux. Estimates of such intensity, togetber with the inclusion of p
radiation, indicate that the pet effect would be to increase measured fission-

prouct ga==a dZoses by cnly a few Dercent at wmost. There exists the possibility
that film badges and glass dosimeters are thexselves sensitive to peutron radiz-
tion. Experiments perforsed by J. A. Beyeler of s»du' indicate, howeve

that under a flux of > 3.5 x 1013 neutna:slt:la

-frm the Godiva reactor at lASl, oo effect on either

film packs caa be detected.

4.1.5 Conclusious

) The assumed model bas been clpa:ed vith seasured dose rates and doses
for the Teak and Orange event

*see Section 4.2 of this report.
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According to E. !ork; it is pcssible that most of the ad-
ditional enzrgy is coocentrated in relatively iow-energxy gamma rays. Because
the experinments wentioned above are not completely mlrzed,e the point will
be pursued no further beyond mentioning that there is a possibility that the
discrepancy between the model of this report and the experiment can be explained

vhen analysis is complete.

.2 INSTRIMGENTATION
M.2.1 Design Criteria

The gapma dose is caused by both fission-product decay and peutron capture
by nitrogen in ?ie atmosphere. At sowe stations the fissiom-product cootribu-
tion was upccte"d to predominate after several seconds., Exrrapolating this ]
fission-product contribution backward in time and subtracting it from the éﬁ?ﬁ

K Ay duts)
would then give the dose arising from capture of neutrons by nitrogen. » -:T-w'

In ovder to follow the garra-~dose rate for a tize sufficient to accamplish

this, a detector capable of covering several orders of maznitude was required.

4.2.2 Instruoent Description and Calibration

The garma-dose-rate-versus-time instnment for the four lover Teak statiouns
and Orange Station T2 consisted of an RCA 6139 pbotomultiplier tube with a

-
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terpbenyl-activated plastic scintillator. The curreat to the phata-.;ltipli;x
divider wvas controlled through a 103. The scintillators were 1 inch in dixmeter,
with thicknesses of 0.250 inch for Station IX-39, and 0.050 inch for Scatioms
-39, ™-55, aod T™X-80. (See Figs. 1.1 a=d 1.2 for station locaticns.) Active
of the circuit (Fig. 4.10) is such that the current through the 104 is saximm
with oo excitation of the photocathode. The ICA current decreases with in-
creasiog slgnal.9 Voltage developed across a resistor in the plate circuit of
the 1CA is used to drive a subcarrier oscillator.

A plot of the ratio of output voltage to po-signal voltage versus light-
eoergy input {s lipear on log-log paper over four orders of magnitude in eneryy
input.

The DASA cobalt 60 source at Sindia wvas used to calibrate thase instruaents.
Typical calibration data are shown in Fig. 4.11. The plotted points correspond
to data obtained from the cobalt 60 source. Extrapolaticn to higher dose rates
is justified by the fact that the instrument is linear to vlv° = 0.32 vhen ex-
cited with a calibrated pulsed-light source.

At the two highest stations on both Teak and Orange the Jdose rate wvas
expected to be high enocugh for selenium photovoliaic cells to mcmitor the
light produced in a sodiua iodide crystal. Transducers for these stations
vere l-inch cubes of sodium iodide with a photovoltaic cell optically coupled
to each face vith silicone fluid. The assembly wvas bersetically sealed in a
thin aluminus case by the Barshav Chemical Company of Cleveland. The series
voltage generated by the photovoltaic cells wvas used to drive a subcarrier
oscillactor directly. These units were calibrated with a kilocurie cobalt €0
source at Sandia lLaboratory. Typical calibratioun data are shown in Fig. b.12.

Total garxm-dosa transducers were included in the pose comes at Stations
209 ard 252 on Teak and 125R and 1155 on Orange. These transducers consisted
of glass, which darkens under gamma radiation (Corniog #9762), placed between
a2 tumgsten light source aod a seleniua photocell. The decrease in photocell
output is then a measure of the ga=ma dose seen by the by the glass. Calibra-
tion was accomplished by insertion of glass which had been exposed to known
axounts of cobalt 60 tradiation. Boainal calibration data are shown in Fiz. 4.13.

In addition to telemetered instrientation, passive elemats, including
filw badzes and chemical dye dosizecers, were installed for evaluaticn aftar
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DOje~¢one recovery. Provision wvas also aade to evaluate the gama glass dosiz-

eters in the ladoratory.

4.2.3 Data and I=mstrument Performance

Gamma-dose-rate-versus-tize Jdata were recorded from Stations 39, 45, and
55 oa Teak and Station T2 on Orange. A typical record {Station TK-59) is showm
in Fig. 4.15. The cyclic dips in the record are produced by varying shielding
of the detector which is caused by mose-cooe rotation. The 'curves sbown in
Fig. 4.15 are plottad by taking readings at the maximm points of these cycles.
do data are available from Teak Station 50.

Total gamaa doses received at each station as measured by the various
types of detectors are summrized in Yable A.4. The total dcose as seen by
dose~rate-versus-tinme (nstruments wvas obuh;ed by graphical integration to a
point where the rate had decreased to 0.0l percent or less of its original
valce.

The gauma-dose-rate Instruments recovered from Teak and Orange, and a
spare wvhich had oot been flown, were recalibrated on the ssme cobalt 60 source
used for preshot calibration. There were no significant differeasces in the
two sets of calibratious after correction for the interim decay of the source
strength.

Slight indications were noted on the recording chaumel allocated to the
total gamma dose transducers at Teak Statiouns 209 and 252, but these vere so
close to noise level as to be unreliable. The lower detection threshold of

. these units wvas in excess of 20,000 roentgens. Results frams the total gasaxr
transducers at Orange Stations 115R and 1255 are given in Yable. Lk.4. A zero-
level shift occurred in thess twvo telemetering channels; therefore, the inte-
;:rated dase vas read out as of the tine of the postshot calibration sequeace

vhen a zero-leve! reference wvas available.

Fila badgis used were unshielded triple packs of DuPonr emulsions 502,
834, and 1290, and packs of unshielded Eastzan double-coated emulsion 548-0.
The approxicate upper linits of measurecent for these emulsions are 20, 1000,
10,000, and 38,@ roentzens, respectively. Class dosizeters were Corning
#5762, Locations of the various coupopents are shown in Fiz. 3.5.
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3.2.% Cooclusions and Recamxmeniatiosns

Inforoation was obtained from each type of detector exposed except
chemical dye dosimeters which suffered age deterioration, and gamma—dose-rate
instruments at the two hizh stations on each shot wvhich were apparently below
their detectiocn thresholds when radio propagation wvas resumed after sevenal

tens of secouds.

Most film emulsions show a msarked increase in sensitivity to gamma rays
of low epergies (less than about 0.15 Mev), while the sensitivity of many or-
ganic fluors decreases in this region. One would, therefore, expect bare fila
badges to indicate considerably higher doses if u appreciable portion of the
incident gamma were in the lower end of the spectrum.

1. Malik, J. S., Summry of Information oo Gawma Radiation from Atomic Weapoas,
1lA-1620, Los Alamos Scientific Laboratory, Jamuary 1954.

2. Minzer, R. A., Champion, K. S. W., and Pond, H. L., The ARDC Model Atzos-
« phere, Air Force Cambridgze. Research Center, 1959.

3. Cock, T. B., et al., Bigh Altirude Measurements, ITR-1601, Sandia Corporation,

January 1959.

4., Private communication from C. R. Mehl, Sandia Corporatica.

5. LASL-DIR 1436, Monthly Prograa Status, Los Alanos Scientific Laboratory,
March 1959. .
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Chapter 5
RBAD IOCEEMICAL SAVPLING

5.1 SAMPLER DISICN
§.1.1 Inrroduction

therefore, to attempt to obtaian a
analysis as a yield check. Additionally, if future tests are forced to high
altitndes by political pressures, sampling technique development will have
been started.

ris sample or radiochemical

Los Alxmos Scientific Laboratory (J-11 Division) indicsted intexest also
in obtaining a sz=ple frum the rhodium labeled Orange shot. Sandia agreed to
attempt to obtain a sx=ple, provided spare rocket motors were left over from
a successful first Teak shot. later there was widespread interest in obtaio-
ing a sample from Orange; plans for the shot were expanded to inclode three
sampler rockets on Orange at the expense of losing the complete repeat capa-
bility om Teak. .

. These developments, together with 1ASL calculations on the debris bebavior
of Teak shot, necessitated revisions of the sampling prograa. The final plan
allocated two sampler rockets to Teak and four to Orange, vith one spare sam~
pler for a secoud Teak syot. One Teak sampler wvas to be at apogee above the
burst at zero tize; the second vas to rise from beneath the burst to pass
through burst point twventy seconds sfter tine zero. The sampler placed above
the burst wvas intended to sample debris carried upward by an i=mediate large-
scale flow. A calculation by LASL {J-10 and T-5 Divisions) indicated that
such a flow would occur. The second wvas a "hedze™ in case debris behavior
wvas sizilar to that for sea level dztonations.

Such early sawpiing was Ocicasaly, Oul Ouly becsuse vi Civud fise uuces-
tajinties, but also because winds at burst altitude can be high and wapredict-
able. A wind survey was conducted bdefore the test to determipe pecessary vixd

corrections. Data on winds near Teak altitude are given in Section 5.3.

[ 24
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Early sampling of .Cruge shot did oot sees feasible, since the debris
clousd vas expected to be fairly dense, and because of rocket lisitations sam-
pling at burst altitude would have been difficult st the placned range. It
vas decided to sample the claud 35,000 feet above the burst point. Sampler
rociets were to pass through this elevation above the burst at 40, 80, 90, and
120 seconds after burst time.

5.1.2 Debris Characteristics at 250,000 Feet .

Beiore exploring sampler designs, certaio aspects resulting from the
detonation of the device should be examined, Of particular interest are de-
bris clood dixmeter, clood rise, aond particle size. In cousidering these
effects in conjunction with sampler desizn, calculation results are summrized.
SC-MT72(12) gives a wore complete mlysts.l

Ambient conditions at various altitoudes were coansidered, By this is
meant the values of pressure, density, and temperaturs assigned to the various
elevatious.

Clood Diameter. Several authors have already counsidered burst effects at
the 250,000-foot elevacion.??3 Their treatments of the possible dimeter
achieved by debris frowm the burst are incomplete, since they consider debris
bebhavior ouly until it bas mized with a wass of air equal to that of the bomb
itself. This corresponds to radius of about 1000 feet fram the burst point
at 250,000 feet. '

Their treatments overlook the momentum associated with device expansion.
It is troe that the kinetic energy which the expansion represents is rapidly
dissipated as the material countacts the surrounding air. The momentun, how-
ever, is conserved. A study of the conmsequences of this mowentum conserva-
tion is carried ocut in the nbonqnention':d report by the author, Jhe result
is a prediction of a spherical lyyer (ze;:aed "shell”) of material expanding
from the burst point. This shell is msde up of t.hc bowmb debris and the air
which wvas originally between the ‘'shell surfsce and the burst point. Analytic
expressions may be writtan for this shell velocity, for the time required to
achieve a particular radicy, and for the kipetic energy remaining in the
directed motion of the shell particles. These are:



.‘\ .
¢

i

é
v 5. 2 3 Velocity in ft/sec (5.1)
r .
1- xr_\)o)
t = 1 [r + 250 _!_.)k] Time ip seconds (5.2)
h.ssx.log 1000 .
KE = 1 3 Kinetic encrgy in ergs (5.3)
r
1+ 1000)

where r is the sbhell radius in feet.

The expanding shell wvas expected to =aintain its ideatity until the speed
of sound within the sheil was about that of the directed shell motion. Since
the radiation loss was high, the late shell temperature was expected to be
about loh degrees Kelvin. This corresponds to a sound speed of 10,000 feet
per second. At a radius of 7500 feet the shell should lose its ioward in-
tegrity, and debris, together with encompassed air, was expected to start
filling the void within the shell. This turbuleat phenomenon was e~pected
to accomplish dispersion of the debris fragmeats throughout a volume baving
a radius nearly tiat which was init{ially obtaired. An eveatual bydrodynmaic
expansion of the beated air wvas expected. When these processes were coxpleted
the debris wvas expected to be situated in a sphere having a radius of about
15,000 feet. The dabris cloud wvas expected, of course, to become even larger
as the hot gas budbble lofted.

Cloud Rise. The possible initial debris cloud diameter achieved has
been examined, sioce it is an {mportant parameter in estimating the effective-
oess of the sgmpli~g program. The second parameter, also of f[zportance, {is
vhether the debris rises with the heated air after the burst. By approximate
argu=ents it can e shown that, for a given gas-bubble size and a given tem-
perature ratio betwezn the gas of the bubbnie and amOieDl, Lue >aws siaé Li-

bavior can be expected. Such an arzumeat does not take account of atzosphere
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stracture consilerations, but it is oone the less a useful “toe-bold™ I3z
applyirg scali=z. 3uch scalicg caa be accaoplished, ooce a ratber arditrary
dizmecer to the 2oC bubble {s assigned. For the 250,000-{00t test a dixmrer
tazen. This dizension seenmd phystnlly'rusomle, sisce
Tit corTesoods 13 the OuLeIDOST range at vhich the tesperazure of the hizhe
altirude fireball compares with that of the sea level firedall (6000 dezrees
Kelvin).

At 250,000 fext it wvas further assumed that the expected cloud rise
would be the same as that for a sea level fireball of the same dixmeter.
Using the curves given in IM 23-2@,“ the cloud rise can be predicted. This
procadure prediczs an eventual cloud rise in & tize of adout
8 minutes. The izitial rise velocity was expected to be abou

The previoos cloud rise discussion could be termed conventional, si::n;d
the prediction is based cu sea level experience. A LASL (J-10, T-5 Divisioums)
calculacion indicatas that buoyant loftirg of debris shozld aot ocaur, bar,
instead, hydrodyzazic forces should accomplish a much oore rapid elevation.
Physically, chis effect should occur, since the pressure gradieant is suddenly
increased manyfold by beatizg, wvher=as the demsity {s unchanged. LASL's
calcolation indicazas that about 2 seconds after the burst the debris shoald
achieve an upward velocity o

—

Particle size. The last important paradeter which needs to be consilered
for a saxpler design is possible particle size. Mowmentun analysis has suz-
gested an early cloud dianeter so large that the debris from the device is
_widely dispersed. Since this dispersion is achieved while the gas is bot,
it seens unlikely that significant particulation should occur. On the otter
hand, should the initial debris cloud be s=all until it is cooled, as sugzgested
by the other aralysis, considerable particulation, such as is exparienced in
lower elevation air bursts, could be expected. From the uncertainty of par~
ticle size, it is apparent that the filterinz arrangedent should be able to
sacple a large range of particle sizes down to =olecules.

5.1.3 Filter Desiza for 250,000 Feat Altitude

Fionre § 1 As~irve the fmmaxcenr coomelsy. Th2 air flow is deviated o5

the i=pactor vazes, w»hile particles, by virtue of their larger inertia,



=13"
Ve ) G
: 12PACTCA HOUSI,
Yo /)./—

~§ '

L -.'7777‘E
=

0

WIPACTORS
— 1 80 i1 a0

%7

\
\

’ [
/60° s\ @* __-S10z sCRTS

V4
V] \ 15 sQ :x EaCH)
’ \ C
_ 1, T /

PLASTIC FOMM

—== DASHED LINES 1NOICATE SPECIAL
ATTACHMENTS FOR APGGEE
SAMPLING ROCKET

IMPACTOA VANE DETAIL
tCm

A

Fig. S.1--Schematic diazras of {=pact sa—pler.




B

travel through this daeviated air to be collected oo the vanes. - T3 insure
collection, the vanes are coated with a grease. For mlecules, the impector

collects by diffusion to the vapes.

Physical laws. Before consilering details of fapactar performance, the
physical laws covering the forces on particles, diffusion pbenaoena, and flow
bebavior must be exzained. At 350,000 feer, instead of having a wiscous flow
slowing particles as at sea level, slowing is a bombard=ent process, since the
particle Jdiameter i{s szmall compared with the mean free path of the gas aoie-
culu.s The relation is

Fe-1.3x *3— x wpadv , (5.5)

vhere F is force, v is average therml velocity of molecules, p Ls air den-
sity, a is particle radius, and V is the relative velocity of the particle.

The diffusion process is well enough known that detailed discussion is
unpecessary. Computing the flow through the filter requires two steps.
First, stagnation cooditious in froant of the sampler are calculated from
sampler speed and air paramaters. This may be easily accooplished by the
use of MCA-D!-I#EG.S Ooce cooditious in front of tha szapler are kn;wn,
the mass-flov rate through the fmspactor may be computed, since the side ports
are at about side-on pressure. The flow through the impactor may be considered

the flow hetween phces.s

The expression for the mass flow through the fapactor per unit length

(q) is
v

Q- '115 (xxinL (°+6 5)(91 - P, (5-5)

vhere R is unit mass gas constant, T is the absolute teoperature, W is the
plate separation, 7 is viscosity, L is plate length, ; is averaze pressure,
t is the slip coefiicient, and (p1 - pa) is the pressure drop across the
systea. '

Teo sbowz rzlitics i velid fve viscous riow woen tlow velocity does

not exceed acoustic. The flos through the ipactor is considered isotherzal,



since diffusion arguments show that the gas rapidly acquires the wvall tem-
perature. Furtberzore, there is oot enough p.s flowing through the impactor
to appreciably heat it. For the lowest elevatiocas (220,000 feet), flow
velocity, according to Eq. 5.5, would exceed acoustic. In this case the
relation is still used but, instead of using the total pressure difference,
a condition of acoustic flow velocity as it leaves the iwpactor bas been
applied. ‘

Calculation of Impactor Performance. By use of the laws just discussed,
impactor performauce for a variety of cooditions has been calculated. In
these calculations, certain ranges of perfornmnce becoms apparent. First,
for very samll particles down to the diameter of molecules, the collectiorn
is effected through diffusion which, in nearly all cases, collects all debris
carried by air flowing through the impactor. Next, for the range of particla
sizes above molecular, impaction becames important and, in most cases, a 100~
percent impacticn efficiency is achieved for dizmeters above 5 x 1.0°3 micron.
There exists between these cases a transition range vhere muecdon is ef-
fected partly by impaction and partly by diffusion. Finally, for still larger
particles of the order of above 10°2 aicron, a third process becomes impor-
tant. This process, which bhas been terzed "gathering,™ results from particles
penetrating the stagnation region in front of the impactor and striking the
impactor or crossing strexmlines leading to the impactor. Figure 5.2 shous
the range of these various phenomena at 250,000 feet, where the sampler rocket
velocity is 2000 ft/sec and smbient conditions are assumed. In addition to
efficieacies for the various phencmens, a curve representing overall perfora
ance is also shown.

Impactor perforuance at 220,000 and 280,000 feet bave also been exanined
in order to evaluate the variation of efficiency with altitude and :peed..
Overall performance curves are presented in Fig. 5.3. Purther, to exaaine
the effect of the ambient temperature, overall performaace bas been calcu-
lated oo the assuaption that the temperature is 1000 degrees above axzbient
at 250,000 feet, while the pressure is adbient. The curve representing this
overall performance is also shown u: Fig. 5.3. Finally, in ordar to exanine
tne effect of tha constituents Of Lhe gas, 1t N4s Deen AssuDwd COat Tne air

‘Itmse calcalations are based on a rocket apogee of 315,000 feet. The
actual expected haizht was about 295,000 feet.
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is atomic rather than wolecular, and calcclations which asscoe aabiest pres-
sure and temperature at 250,000 feet have been repeatsd. Again the owverall
performance curve is presested in Fig. 5.3, which is based oo 100~percent
efficiency, pruvided all debris swept out by an area of the iwpactor wers
collected. CUonder all ciramstances the collection is substastially the same
for particles baving disseters lLyrger thaa 15 x 10 3 micrm. Below this
value there is some variation becanse of speed and air coonditions. At low
densities, the impaction and diffusion overlap in effectivenss to allow
collection of all debris passing through the impactor. On the other haod,
less air flows through the impactors under these conditions. At higher a=-
bient densities, the flow through the impactor is large, but izpaction and
diffusion are less effective. On t™= whole, the inpactor performance is
murkedly insensitive to conditions under which it samples.

The above cousiderations vere based on a sampler rocket passing upward
through the debris. Should the LASL debris-rise calculitiom be correct, the
sampler rocket would never overtake the debris cloud, since the upward speed
of this cloud exceeds that of the rucket by a factor of 2.5.

Since the LASL calculaticn seemed reascuable, a sampler rochet equipped
with deflectors on the sidas ports wvas positioned to be at apogee above the
burst at zero time, Performance of this arrangement could oot be predicted
with accuracy. It vas believed probable that debris would be molecular be-
cause of the rapid expansion accompanying the rise. In this case collectioa
would be accomplished by diffusion. About balf the debris of the diverted
flow would be collected ou the impactor plates. The remminder would diffuse
to {nternal chamnel walls before reaching the impactor plates.

Sampler Effectiveness. In determining expected izpactor performance
under various cooditions, maximm sample size must be considered. Debris

is assumed to be uniforaly distributed in a sphere vhich bas a radius of
15,000 feet. It is further assumed that the debris is of sufficient particle
size to insure 100-percent collection. If the sampler rocket travels ocu a
sphere diameter, a volume of 214 would be swept cut by the izpactor, wvhere r
is cloud radius and A 1s impactor area
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It wvas apparent that if the sampler rocket struck
the cloud volume, te sxmple would be obtained. (The estinated CEP
for the rocket sas 5000 feer.) In fact, sxmples could be so larze as to

recuire hot recovery techniques.

Tims far, szmpler size hased on couventional cloud-rise assmptions has
been considered. A smaller sample would be obtained by the apigee rocket if
the abrupt hydrodynamic debris rise occurred, since the cloud diszmeter would
be larger (about 30,000 feet), and the sa=zpler less effective.

5.1.8 Debris Characteristics at 125,000 Feet

A device identical to that planned for the Teak 250,000-foot burst was
planned for detooation st 125,000 feet. Since it wvas planned to label the
debris from this weapon, LASL (J-11) requested that Saniia aiso obcain a
sample frow the lower Orange burst. Teak burst actually occurred at 252,000
feet and Orange at 141,000 feet.

Barst Phenomenology for 125,000 Feet Altfitude. A different sampling
technique was used for the lower Orange shot, since it did mot seem feasible
to sample a bot, relatively dense cloud. Furthermore, rockets used in smwpling
could be deviated from the vertical only by a limited amount. Therefore, it
was determined to launch the sampler rocket at an angle which would allow
sampling of the debris cloud at an elevation of 160,000 feet, or 35,000 feet
above planned burst point.

Details of debris behavior in the burst vicinity were of less concern
chan the eventual cloud-debris diameter and the rise behavior. This vas
fortunate, sicce the burst at 125,000 feet had received less intense theoret-
ical consideration than its higher coopanion shot.3 It is koown that epergy
radiated froo the veapoo {s deposited relatively close, so it wvas expected
that the eventual hydrodyanamic behavior should be closer tu Lhat at sea 2552l
than for Teak shot.
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At the same tize, it was tbought that sufiicient emergy might be lost
throuzh radiatisn in the first thermal pulse that a reduced yield shxld be
used. Therefore, an effective yield of 2 at wvas asscaed aad Sachs' scalicg
was used to estizate the bubble size. By tiis aethod, mpplenented by ap-~
proxiaate scalizg of rise for i2eziical clowd size and temperature ratids,
cloud dianeter and rise were estimated. It vas assumed that thea clocd dixa~
eter corresponded to the dizmetar of the fireball; the clxd-rise curves of
™ 23-200 were nsed." Results of this analysis indicated ‘that an evextual
clocd rise of about 120,000 feet could be expected. The cloud cemter should
achieve an altitoude of 160,000 feet at B0 seconds after burst, while the
fireball zop should arrive at 150,000 feet in about 25 seconds. Accordingly,
the ruckets were sent through a point above the burst, corrected laterally
for winds at 40, 60, 90, and 120 seconds after zero. The first three sazplars
were to penetrate the cloud at 160,000 feet altitnde and the 120-second sam-
pler vas to pepetxate at 170,000 feet. The first sampler wvas expected to
strike the clcud, but it vas also intended as a bedge in the event of more
rapid cloud rise than predicted. The expected cloud dixmeter was of the
order of 50,000 feet.

Debris particle size vas again of concerm. With the wide dispersion im-
plied by the scaling, it was believed probable that the debris would be molec-
ular. Oa the other kapd, particulate is oftem collected after air bursts in
instances vhere dispersion should have been great, Eitber possibility was
expected.

5.1.5 Filter Design for 125,000 Feet Altitude

A check calculation of Teak-type [mpactor performance indicated that this
type instrument would be unsatisfactory for Orange, since high air densirty,
together with the acoustic limitation of flow speed prevented its effective

operation. Furtherwore, diffusion is less significant at high air densities.
Fine screen, zOO-mesh made of stainless steel, which can use the izpac-
tion pbepomenon to collect debris was available. Analysis of the effective-
ness of this type screea icpactor was lesslt.borcu;h than for the icpactor
used on Teak. An aralysis of sazpling efficiency at azbient conditionas for
2= elzvatisn of 180,50 el wich a venicle speea ot 1560 ft/sec appeared
sufficient. This vehicle speed corresponds to Mach 1.5. Such a linited

—
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analysis range seeoed justified, since the samplizg wvas to be accomplished at
substantially this altitude, and teperature effects were expected to be small.
Furtteraore, the percentagze flow thro:zh the screen pruved quite insensitive
o Mack ==Her. r:.m=puu the flow through the filter, an .acau.suully e~
stricted flov through the holes of the screen vas assumed. This yields about
the sane flow rate as does a friction analysis, axd wvas accepted as deing
somevhat simpler and more pbysically realistic. ’m rel:auan associating the
mass flow per mnit area (Q.) and reservoir comditioa is

et @) 6]

Bere P, and p, are reservoir pressure and density, while 7 is the ratio of
specific beats. The ratio p/po has a value of 0.52 for acoustical limiting.

Use of this equationm, together with the values of stagnation cooditions
in front of the sampler rocket, indicates that the flow throuzh the filter
unit area is about 40 percent of the flow per unit area of the free streaa.
Impaction of particulate on screen wires proves very affective. Also, dif-
fusion becomes effective vell before the cutoff of impaction efficieacy.
Accordingly, of the material which flows through the scxeen, 66 percent is
collected vhile the remainder passes through the openings. (This is pes-
sinistic for debris molecules.) Cathering is still significant. It takes
a particle with a dianeter of § x 10-2 micron to penetrate the stagnation
layer, here assumed to be 25 cm thick; therefore, the gathering effect causes
variation of the overall efficiency for a large particle-dizneter range. The
overall performance of the screen izpactor is presented in Fig. 5.%.

The screen has favorable characteristics for impaction collection but
suffers from one weakness: the screen wire is rapidly beated by the flowing
air. A rough computatiou demonstrates that it should reach azbient stazna-
tion tesperature in a few seconds at the 125,000 foot elevation. Therefore,
late sacpling at a higher elevation was found to be necessary. 4As a pre-
cautionary measure the screen was sounted on the frount of the f=pactor
arrangepent, a8s backup in case of screen failure, and to collect fragzaeats
of grease which, on overheating, would flake off the screen.
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Fig. 5.%-~Collection efficiency of 200~mesh screen at azbient condi-
tions for 160,000 feet. Spherical particles are assuned to have a
specific gravity of five, Eificiency is based on flow in the free
stream through the noraal screen area.

e
Sample Size. Maximm sawple size may be computed by use of the same -/ /:"9

equations are were used for Teak. It will be recallxl that the radius of

the Orange cloud was expected to

debris should be gaseous rather than larger than 1/2 aicron, only about 40
percent of this amount would be collected. In eithar case, it wvas apparcnt
that if the saopler struck the cloud an adequate sazple would be collected.

5.1.6 Results and Analysis

No sa=ples were obtained on either Teak or Oranze shots. On Teak shot
a pu=ber of =easures, including lightar rocket fins, had been eaployed to
achieve greater than desizn altitudes. Apparently these fins failed during
or after second-s;tage burning, and the sanplers fell within a nile of the
launcher. Ironically, bad they flown successfully, they probablv would mat
have had a chance to sa=ple, since cetonation was about 35,000 feet norta

of the intended position.
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Teas. The behavior of the Teak shot Jdebris 2as beens Jdocumeszted by

Edjertoa, Geraeshausen, aad Crier photography, vaile the very early bedavior
was recoraed by 2 streax cawra operated by LASL,

Fig. 5.5--Cooparison of observed and predicted early —7™7mm—m— —
Teak debris expansion.



Oranze. Altaough no sasple wvas obtained, the four Orange samplers per-
foraed satisfactorily. [Iapact poiats were close to those predicted, assur-
ance that the intended trajectories were achieved., 7ke rociets used on this
shot were equipp<d with heavier fins than those used on Teakx. The first
sazpler rocket (40 seconds) did show an activity suggesting a sasple of

but a careful analysis by J-11 of LASL yielded no debris.
Lndoubtadly the activity observed ig the field was neutron-induced.

It pow appears that burst wvas 15,000 feet above the intended altitude
as well as 11,000 feet beyond the intended range and that the debris rose
more rapidly than was predicted. The situation is dexonstrated graphically
in Fig. 5.6. The observed behavior was obtained from EGAG photographs t=ken
by cameras pcinted specifically at the request of LASL (J-10 Division). It
is evident that all sazpler rockets passed well below the debris, although

the first rocket skirted the lower edge of the fireball.

5.1.7 Discussion and Conclusions

No sa=ples were obtained on either Teax or Orange. On Teak the vehicles
failed because lighter fins were used than on the trial shots in an effort ta
achieve higzher altitudes. On Orange shot the hardware perforoed perfebctly
but tha saspler rockets passad below the debris cloud. The debris was aissed
because it rose =ore rapidly than wzas e:‘:pec:ed and because the detonation

:) above tie e.\PG\Lc\i butal wicitude,
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An icteresticg questico is whetier an Orange sx=ple would bave deen
obtained if the burst had been at txe intended pusition. If the ri<e rate of
debris had beea tte observed rate, oo sa=ple wauld have been obtaiacl. The
first sazpler would have passed below the lower edze of the debris even irc
it had passed throuzn the fireball center. The debris rise rate wold, of
course, have been less had the burst been at intended altitude. Howewer, it
is still questionable whether the earliest saspler would have intercepted the
debris; certainly all later samplers would have passed below it. Ia retro-
spect, if less depemitoce had deen placed on predictiosn, positive results
probably would have been obtaiped, because the saspler array would hawve been
deployed to allow for a wider spectrum of debris rise rates rather thin hav-

ing been concentrated on obtaining a late cool sasple.

While the rise-rate prediction method was unsucceéssful, the estinate of
the Teak debris-expansion behavior is more satisfyinz. There is detailed
agreemeant in the early expansion, and even ultizate size, before cozsiderable
elevation, is about what was expected (30,000 feet diimeter at 4 secoands).

In both Teak and Orange the debris appeared to be selectively elevated
with respect to the fireball and it actually emerged above this ball c¢f sur-
rounding beated air. Certainly the debris was different in its bydrodyvamic
bebavior frowm that of the heated air. 5Such a preference would be expected
if debris presence sooehow heated the surrounding air above that of tke re-
maining fireball. It may be that the presence of debris enhances deactivation
and molecular recoobination, since local beta-particle beating seems izplaus-

ible because of the loog mean free path, particularly at the Teak altitude.

In conclusion, it is pointed out chat althouzh a sample was not obtained,
the sample vehicle systea was proven out. Should sa=pling under these shot
conditions be attazpted again there would be an excellent chance of success,
since mire is koown pow about debris rise rate and cloud shape. The task
will not be small, however, as either a very early sa=ple of the hot debris
c.loud aust be obtaiced or the difficult tarzet of the expanding torus zust

be pierced.
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3.3 EQUIPENT LD RECLATRY PROCESLRES
$.2.1 Introduction

The iampling elesents which were to have been carried to Teak burst al-
titude are housed in owse cones having the sase external coafigurations as
those carrying iostrumestation and are propelled by the sam type rocket
motors. LUnfortunately, both rad-chem rockets on Teak went unstable at the
appraxizate tioe of secood-stage burmout, broke up, and fell into the sea
about oone mile from the launchers. The four sampler rockers fired on Orange
flew their plannea trajectories and were recovered. They did oot, however,

contaia sazples.

In operation, just before the rocket enters the radicactive cloud, the
wind screen (the forvard 24 inches of the nose cone) and two side-vent ports
are ejected; exposing the sampling elements to the debris. At apogee the
saxpling elesents are enclosed in a vatertight compartment, aod an RF haming
beacon sod a flashing light are actuated. During descent the nose cone
separates from the second-stage rocket motor and a paracbute is deployed
to lower the nose cooe to the sea. A search-and-recovery operation is then
initiated for the sampler nose cones as well as for the instrumentation nose
cones.

[
5.2.2 Saopler Nose Cone

The extermal configuratioa of the sampler nose cones is identical to
that of the instruoentation nose cones (Fig. 5.7) and consists of a Zh-iach
wind screea, a 25 1/2-inch main body, and a 5-inch aft parachute ring. The
wind screea is automatically ejected in flight to expose the filter just
before the rocket enters the radioactive cloud. The parachute ring contains
the parachute which is packed in a doughnut-shaped container, twu dye-marker
containers, and the flight-programing junction box'.. be =ain body contains
twvo filters, a filter container having two separate watertizht compartoents,
saopler-actuating oechanisas, a beacon transditter actenna, a flashing
lizht, two ejectable vent ports, a dye-carker container, and a watertizht
coopartaent containing the remaicder c;f the beacoa and flashing lizat

cooponents (Fig. 5.06).
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Filter. The filter asiesdly is shown in Fig. 5.5. aden the squib-
acTzated restraiziag bolts are blown out, the iprizg-laaded sazplers are
sdowend toward toe vocaet axis izta the center cospart=mnt. A wateartizht seal
is mintaized b5 a silicon-ndber "O" ring on the insilde face of the suzpler

eni plare.

Dve Marker, One dye-marker container is located in the vent passage
just below the sampler contaiper; two more are located on the bottxa side of
the base plate. The marker compound consists of equal parts by weizht of
polsethylene zlycol (carbovax) aod fluorescein disodius salt. Flwrescein
is aldied to the melted carbovax and this mixture is poured intd the contain-
ers. (Water solzble carbovax dissolves slowly in salt vater. These con-

taioers coatioue to meter dya for Z4% hours.)

Flashioz Lizht. Siace recovery; =f the pose cones from the ocean was
schadnled to be made at cight, the flashing light was added to aid recovery.
Dhis is a 30-vol:, 3JO-watt bulb, potted in plaitic ard mounted ou top of the
sx=pier container. Its battery supply and flasher circuit are located in a
watartight box oo the top side of the base plate. The light flashes once
eachh second and lasts for 35 bours.

BF Hominz B2acon. Prizary aids to reccvery ars UHF beacon transaitters

in the 266.5-ac to 264 .5-mc grequency range. Specifications of the beacon
are:

Size 3 x 1-5/8 x 7/8 inches

Weight T ounces

Power Supply two 33-volt, 3-acp/bour aercury batterias

Peak Power 1 vact

Averaze Power 100 nilliwatts

Audio 1000 cps

Life 40 hours

Operation of the beacon is based on AM reception. However, during the ap-
proxi=ataly lOO-aicrosecond period of each audio cycle that the beacon is
traasaitring, the carrier will shifc 150 to 1500 ke. A shift of at least
150 kc is necessary, since the direction-finding equipoent used in conjunc-
iz itk INe Yeecva I3 <rystai-controiied ana tunable in 100-xc steps. It
was deteroined that cthe additional weight, cost, and tine rejuired to develop

a crvstal-contrclled beacon was oot warranted., Whan used with the aizborze

Ve
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X

AN ARCST feceiver, the effective D.F razge of tre beacom is 15 =iles; wita

tae :aipboard (XD~ receiver, t2e range is j les. 3Jeacon aad dattery are

M.
located ia tae Sase-plate cozpartoxent with the flashizg-lijhnt dattery and

cave=3 >

circuit is showm ia Fig. 3.10.

Isocvarate foas. lsocyazate fouma, rather than satertigit cozpartaents,

vas used for buuyance because of the relative ease of fabirication and because
structural dasage that would ruprure watertight compartoents will oot aateri-

ally affect the foax.

5.2.3 Flizght Sequence

All pose cone functions, which are controlled by an electrical timer
locatad in the aidsection between the second-stage rocket and the nose coae,

are actuated by explosive squibs,

The first oose cone function is eje:tion of the wind screen and side-
vezt ports just before eotry into the cadiocactive cloud. The vent ports are
blowa out radially by squibs acting against pistoas attached to the inside
face of the ports. The wind screen is held in place by a four-section split
ring. The sections are first assemblad in pairs. One section of each pair
has a cylinder block containing a squib per—anently attached to one end,

The other section has a piston on one end which fits ioto the cylinder block
attached to the first section; thg_piston is locked to the block by a shear
pin. These tvo pairs are thea fitted‘aro:.md the oose cone-wind scre2en junce
tion and are bolted together. When the squibs are detonated, the lock pins
shear, and the split rings are thrown froo the oose cone with considerable

force. A coapressed spring then tilts ‘up one side of the wind screen which
is separated by the centriiu;al' force oi the rocket's spin (3 rps) about its

own axis.

At the ti=e of sa:pler-doo.r closure, ;shich cccurs at fligzht apogee, the
RF boaing beacon and flashing light are turped on. This is done by squib-

acruated switcies in theevatertizht compartoent on the-base place.
L ]

AU approxi=ately 150,000 f2et, the nose cone separates froa the second-
stage rockat ia much the sane =aacer as the wind screer leaves the nose cone.

A statric line is connected to the froct acd of t=e rocket sotor; it deploys

izoy; thy amzazma i3z moustad on otop of the gamoler contaiser. The beacoa



annnl

$12-02-2001€ -NY

e pp 1N )Y uedeaq N U [raejA--01° 6 "W 4

11v¢ 20V0 NO ONe
AN0—%IAHD MiIm BLINN 0214I00W

L LG Rl [ [l BTl [ Tols[ufol ]

u[e[«u[]o]

0 -01-v2234

SR
e - . AP-0-¥1024
— q | ufo]
i
1 |
===
22| —
H N [«]a]ufofu]
Llo_ n “ djeju|jojw tu
' 1 d9-01-¥2030 9NV
= L
]
«EP-0-¥90%4

-.-..o.cds 034)

4198 -¥8 IN)

BATTEXY &

(waLLZAY)

SA-.43)

WhLLINONYN)
AOO +

LI

(OMIVd 9) ONOVe AMDLLYVE
¥ bEI-NL

T =7

L

&

A 09 lal.
am on»l_d

oy

LAWS- 24V
TYPE IWL@]

PN

-

SI0NLINGD Q2IVTY = AVI2N

49€-v8 ONL

’

/




15

g

the paraziute wvhen the two units are well separated. Dejcext tize from this

algieuda 15 apgproxizately 25 aioutes.

5.2.% Recovery Plaaning

Alter buth Teax and Orang shots, it wvas planned that tie Xaval Task
Croup (TG-7.3) wuuld conduct recovery operaticns for the sa=pler aod instru-
>entation oose cooes and the WADC (Project 8.€) pod.

For Teak, the units to be employed were the destroyer escort laasing,
the salvage tug Safeguard, and two PzV aivcraft. H-bour stations {or the
lansing and Safeguard were to be on a bearing of 080 degrees frua Johnston
Island at a distarce of 20 and 25 aautical ailes, respectively. At H bour
both ships were to depart for the impact area. The laasing vas to begin
wonitering the telemetering freyuencies of the instrumentation cones with
URD/4 direction-finding gear for the dual purpose of obtaining time to in-
pact and relative bearing at impact. During this same time jinterval the
funsing's air-search radar was to obtain as many fixes as possible oa the

descending objects.

The recovery controller in the Combat Information Ceater (CIC) aboard
the lLansing was to use this informaticn io conjunction with predicted tises
and positions of izpact to give initial search directions to the PzV air-
craft which were to take off froa Johnston at H » 30 minutes. The Lansing
CIC was to maintain a continuous radar track on the Y2V, =arking its posi-
tion at such tizes as it reported being over a recovery object in the vater,
An order of priority for search and recovery was set in the following order:
(1) WADC pod, (2) samplers, and (3} instrunentation nose coves.

Initial air search for a given unit wvas to cover thoroughly the probable
izpact areas. Lf the search vas unsuccessful, it was to be switched to an
object in the same or lower priority category. The aircraft were to drop
flares on sighted objects to enable ships' personnel to recover thea. The
Lansing was schecduled to retrieve the WADC pod and the instn—entation nose
cones; sa=plers vere to be picked up by the Safeguard, It wvas considered
necessary to use the Safeguard for sazpler recovery, since possible radia-
tion levele pe hizh 22 €0 /b 22 222 21207 Wil capuiled, am the 1300~
pound lead-lined pizs which were to house the radiocactive sa=plers could
oot be bandlad safely on a destrojer havinz linited deck space ard hsndling

-y
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egquipnent. The bedcon used can be received by the P2V on ARC/2T-ARA 15 Saaiaxg
¢ar up to a razge of 15 ailes, URD/% boming sear used by the Laasing to a .
range of 3 ailes, and by both the lansiing and Safeguard oo the Saadia purwable

D/F sets to the same range.

The Lansing was scheduled to returnm the pod to Johaston by LOM mo later
ttan 3 + 10 bours, regardless of the mmber of instrumentatioo cooes still
in the water. The Safeguard was to return to Johnsitod as sooo as all sxmplers
were aboard. If any objects had not been recovered by daylight the PzV, ailed
by helicopters frum the Baxer, was to make a systematic search of the izpact
area for dye-zarker slicks. Objects found by this method were to be picied
up by beiicopters at the discretion of the Recovery Operations Oificer. Sandia
was to have one reprisentative in the lansing CIC, and a D/F set operator-
advisor to the recovery party aboard both the Lansing and the Safeguard. There
were to be rad-safe mnitors aboard both ships.

For Orange the recovery plan was esseatially the same as for Teak, with
the following exceptions: (1) the floating dry-dock, the Belle Crove, was
scheduled to search for the 72,000-foot inst;naenntlon nose cone which wvas
programmed to impact 27 miles porth of thke main irpact area; (2) the portable
D/F set on the lansing was to be transferred to the Belle Crove; aod (3) if
all objects were oot recovered by daylight, the WADC pod was to be transferred
from the laosing to Jokaston Island by helicopter nthér than by ship, thus
saving the Lansing from making the &i-mile round trip to Johnston,

[N

5.2.5 Results of ‘tuk and Orange Recovery Operauo;u

On Teak, as previously stated, the sazpler rockets appareantly broke uwp
shortly after second-stage burnout. Boath oose cones were recovered from the
water within one mile of the launcher. Exanination t;f the debris shows that
oo flight functions had occurred. Both wind-screen split ring;, and possibly
the vind screens themselves, failed before i=pact. Futt:her,discussion of
these failures will be found in Section 8.1.4. With these exceptions, the

oose cones appeared to bhave been intact on izpact. .
' .
Four the the six instrumentation nose cones were recovered, and all but

Station 39 were —onitored by URD/4 until i=pact. The P2V found a0se cooes
from Stations 55 and 39 by means of the honing beacon and zarked thea witl

o
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Slares. Traza=issioa {roa the 35,000-{act umit waE EO0 wedk IOT t2e IV to
2o more tmaa isdicate it gemeral lacatiza. After off-laadisg tie pad, tie
Lazsizg Somed i3 on amd recowerad 35 azd 33,0 Oyeé marxers from Stat.ozxs L0y
ani o3l were spotted by rhe 227 shortly after dawn; both Of thése were re-

coverad By belicopters and rztuiroed € the laasing.

A [orougd daylight saarch was made for vaits wvhich were at £0,200- nd
53, 000~1o0t apogee attitudes, dut with po success., The P2V crew stated that
it was izpoussidle for a it which was e=iticg d-,-e-:.:rke.r co=pound still to
have beep within the search arza.

The beacons on all cooes recovered were operating preoperly, bul the
ccoes tfloated approxizmtely 30 deagrees to the water surface, thereby causing
the antaz=a pattern to be distortad and the antenna itself to be imundaced
about 70 percent of the tiza.

Oa Orange the recovery weat much as planned. Nose cones of Station.
T2 aod L1255 were tracked by UZD/4 ta izpact, and radar fixes obtained on
both of these wnits indicatid Izpact within two 2iles of the predictad.

The PzV searched for the RADC pod for Z0 ainutes witdout success, then
spotted a saapler light. Witkin the next 30 ainutes the aircraft identified
by beacon frequency, found, and zarked all four samplers. One beacon was
weak and provided bowing for only two miles; the others operated pto.perly,
bowavaer, and provided homing to 15 oiles.

The lansing and the PV than cootimued to search for the WADC pod until
the Safeguard arrived at the izpact area at H + 5 hours. At that time the
beaccn and lignt on one unit had failed, and a light had failed on another.
The PZV dropped flares oo three sacplers, but by the tioe the Safeguard had
recoverd two, the beacon on the third failed. Recovery was delayed until
daylizght, at which ti=e both remaining units were promptly found by dya

sarker and recoverad.

While sezarching for the pod during darkness, the PzV fourd Stacion 125§
by oeans of the beacoun. The unit was picied up by the Safegzuard as it re-
turned to Johnstoo. The parachute on Station 1135R appareatly did not oper-
ate; this unit was pever fxmd. The portable D/F gear aboard the Belle
Crove failed, vhich prevenotad search for tke Station Jc nose coane; bowever,
it was spotted shortly after dzan and recovered by helicopter withia two

ailas of its predicted impact.
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Of t=e fifteea rocker ases waich were objects Of search, twelve were
recoverz3. Thus recavery in opea ocean was ore successful tian tie aost
optizistic predictisas indicated at the tize tie prograa was plaamed. Such
success ia recavers allows expaasion of (astrmwentation tesizmijues whidh
can be uscd oo future operations of this cature. It also prives the feasi-
bility of rad-chea saxmpling, provided seans are found to juarantee penetra-

tiono of tie radioactive debris by the saszpler. .

5.3 W3 BETZ=N 100,000 and 300,000 FEST ALTITUDE
5.3.1 Introducticon

The ability to obtain a cloud sa=ple froa either Teak or Orange was de-
pendent upon the sxzpling iastrcaeatation within the carrier and the capa-
bility of the rocket to hit the debris. This capability of penetration, in
turn, «as dependent upon the accuracy of the Redstooe in positioning the
device at its predeterained position, the accuracy of the sa=pling rocket
in bitting its tarzet, and the ability to progmosticate the cloud's coordi-

nates with tixe after burst. The latter ability requires accurate inforzation

on size, rate of rise, and lateral movedeat of the cloud with winds. Initial
plannirz for Teax eveat called for penetration of the debris at burst plus %0
seconds and burst plus B0 seconds. These tizes, resulting froa original
estimates of the cloud size, were based on qualitative extrapolation from

low-level burst daca

discussed in Section 5.1, indicated rescheduling of the sazples so that
rocket would be over the burst at zero time and the second rocket would pass
through the burst area at zero plus Z0 secondi. The first rocket would be
approxizatealy 30,000 feet above anticipated burst. The chanze in ‘tining
obviatad the oeed for a wiod forecast on T2ax, since the ZO-second interval
between burst axd penetration would reduce the wind influacece on the cloud
to a neglizible value. ‘

Although faitial justification for a higa~altirude wizd-seasuring
systex was L0 d2lernlne tDe WVesenL wi tue fediwaciivs sloud from Teab,

the »izd projras at Teax altitude was contizued for the followf3 reasons:

S




¥.

). wiad igformation would be required in pustsaut aaalysis-of the tra-
Jectories of CLhe instnraent carrier rxxkets.

“imi informatica would be helpiul in postsdor analysis of acoustic

sigrals raczived 3t grRmd statiocs, in the longer tize aowemnts of cloud

wi

drift, and in the behavior of possible unexpected phenaoena at altitude.

3. The development of a capability for obtaining wind data at these al-
titudes and for acarmmlating at lesast a linited climatalogy based on actual
observazions for pussible future hizh-altitude tests, particularly in the
Pacific arca, is oeeded.

&. The very scarcity of information available reveals the pced for ob-
servations at high altitudes, particularly in equatorial regiosns, to be used
in basic research and in the design and operation of =amned and umnanned

vehicles at these heights.

5. The requirement for wind information at Ovange-shot altitudes and
above is obvious,

To estimate the effect of wind errors on cloud sovement, and thus the
wvind influence on successful pepetration, cooputatiouns of the probability of
hitting a solid circular cloud were =adz2. 1t was assumed that the cloud
would =ove with the speed of the wind, that a large torus would pot forn
rapidly after the burst with below-ainiam density of debris in the center,
and that vector errors in hitting the cloud would be randamly distributed
and could be represented by a normal bivariate distribution, vhere the sun
of errors in each orthogonal direction are equal, i.e., a circular distri-
bution. In polar coordinates p and ~, with standard deviation 7 of these

errors, the probability of penetration is:

X R 2
- EE .
.La e 7 pdpds . (5.7)

~
"

n
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Integration, aiter substitution of total error wvariance,

2 2,2 2 2
a 'avt *Ra T hH

where individual teras represent, respectively, wind uncestainties, Redstone
trajectory errors, and Doorknod saxpler trajectory errors, gives the result:

P=1-¢ - (5.8)

Bere R is cloud radius and t {5 tine between launch and penetration.

Deflecticn errors, all at the ooe standard deviation level, vere esti-
mated to be 2 mils for the Redstoue missile, 45 mils for Teak, and 62 mils
for Orange rockets. The Redstooe value wvas furnished by the Army Ballistic
Rissile Ag=ocy, Hontsville, Alabama. In no-wind couditions, the Doorknob
szoplers vere estimated to have a 15-ail error. Addition of the 24-bour
August variation vector for Johnston Island increased this no-wind value to
the 46 and &2 mils indicated. Resulting probabilities, vhen these estimates
are used, are provided by Figs. 5.11 and 5.12.

The curves in Fig. 5.11 show the negligible sffect of the wind on the
cloud, since even a large wind error produces a samll change in probability
of penetration at early times. Ounly as revealed in curve ¢, showing an 80-

second-after-burst penetration, would there by any appreciadble improvement
in probability by an accurate wind forecast. The curves in Fig. 5.12 per-
tain to the Orange event and are based on & cloud rise rate extrapolated
from ™M 23-200 and cloud size qualitacively estimated by modified Sachs
scaling from sea level..'

Section 5.1 gives a more detailed explanation of these
estizates. The slopes of all curves in Fig. 5.12, except that which refers
to the LO-seconds-after-burst penetration, reveal that s significant improve-

ment can be obtained by a wind forecast of gooa accuracy.
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Measurement of winds at desired altitudes required 2esign of 2 lumpletely
oW System, since reliable icstrumestation for this purpose vas wwavailadle.
Because of low fall rate, good radar reflecting gqualicies, 'and an excelleat
bistory as an ataospberic tracer, chaff or vindow was ccusidered the best
available targetr, although, for precision measurements, its hizh dispersive
qualities are a disadvantage. A Deacon booster and Arrow 1l sustainer proved
tie acst suitable delivery vehicle fn terms of low cost, availabiliry, amd
reliabiliry. Experiments wers conducted with the Viper as a substitute for
the Deacon and wvith the loki-Dart as a complete unit. Results of such ex-
perizentacion were incounclusive within the limited development tize.

5.3.2 ILostnmeatatiso

The assembled unit on the launcher is shown in Fig. 5.13. Ia Fig. 5.1%,
close-ups of the nose scction are shown. System specifications are prowided
in Fig. 5.15, vhile a more detailed description of the entire system is fur-
nished by }‘orce.-l

The oose cousisted of four sections: a forvard nose cone, a cylinder
bousing chbaff, a battery-timer cylinder, and a nose adapter. The last pro-
wvided the link between the nose section and the Arrow. Three bundles of
chaff comprised a customary load. Each bundle contained approximately 2 x 51°
individual alunimm~coated plastic strips, 2 inches in length, correspouding
to one-balf wavelength of the S-band frequency radar. Average width and
thickoess per dipole vere 15 and 0.73 mils, respectively; total weight per
load wvas 0.9 pound. Tbe three bundles provide a cross-sectional area upon
initial dispersion of approximately 8000 square feet.

Fall rate vith altitude of these particles is depicted in Fig. 5.15.
Bere a best fit to a parabola was made by the method of least squares. TYotal
data points used were 760, observed at altitudes between 100,000 and 300,000
feet. (These were predominantly between 130,000 and 160,000 and 210,000 and
250,000 feer.) Observatious from Toocpah, Nevada, White Sands Missile Range,
and the Marshall Islands, made during the suzmer mouths from May through
August, were utilized. Vertical lipes represent mean and standard deviatioos
of distriburions over 10,000-foot layers. Number of data points per layer
are shown.



Fig. 5.13--Photo of system on launcher.

Fiz. 5.14--30se section <lose-ups.
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Since trajectory accuracy wvas not a crucial factor, & zer>-length
launcher ws employed because of its sizplicity. Wich this launcher, eleva-
tion-angle setti=gs of 50 t> 90 degrees and arizuth changes of 15 degrees
were possible without resetting the base plate. Camputed di.r;:‘ntcn =1
error of the 20 firings in the Pacific wvas 35 ails, vith a mszimm of 68

mils.

Same system aerodynamical characteristics are shown by Fig. 5.17, pro-
viding plots of altirude and velocity versus tize, and Fig. 5.13 sbowing
variation of maxizms altitude as a function of second-stage weizht and lauoch
angle. Second stage bere {s the sum of Arvov and nose section weizht., These
curves result from calculations on the IBM 7OM and are predicazed om a ses
level launch, a total unit waight of 228 pounds, aml a second-stage weight
of M1 pourds, including 1l pounds pose assembly plus 5 pounds ballast. Since
ballast vas added to decrease apogee altitude, target ejecticn occurred near

minimun speed.

Firing of the booster at launch results in an initial 27-g acceleration
ov the unit. This closes an acceleration switch vhich requires 18 g to actuate;
the latter starts a mechanical timer. After booster burmout, differential
drag separates the stages prior to sustainer ignition at 22 seconds. The
second stage continues oo a ballistic course to altitude, vherse the dusl-
purpose timer fires a squib which expells the nose cone and chaff cylinder
bousing, exposing the chaff for dispersal by air drag and ceatrifvgal forces.

Cround instrusentation employed im followiag the target consisted of two
MSQ-1lA radars, furnished and sanned by the Air Force. These radars operate
at frequencies near 2900 megacycles with peak power ocutput near 1 megawatt
at sea level. They have s range in excess of 10 feet. Rawv data from the
radar, consisting of slant range and elevation and azimuth angles, were fed
through a computer to a plotting board, vhich provided a horizontal plan
plot of the target movement. Altitudes, correspooding to time zarks every

30 seconds, were noted manually on this plot.

5.3.3 wind Prediction

From ooservations made in tropical and tesperate latitudes, liaited
wind data are zvailable upward to the aaxzi=am temperature layer near 154,000
feet. During the suzmer aonths the layer extending from 60,000 ta at least

e
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180,000 feer shows persistent easterly winds. Extrapslatiza of these data td the
Johrnston Island regicn, plus two pre-Jrange messuremats, p;avi.:!ed data for
forecast winds., Verification was provided by interpolation between the chaif
vind soundings approxiomtely 13 hours before and 12 bhours after shot tize. The
resulting prediction for Orange wvas a =¢an wind from Q05 degrees at a spewd of
60 knots. This represents a mean wind for the layer betweea 135,000 and 145,000
feet. The actual wind was interpolated to be OE5 degrees and T8 unots.

S0 vind measuresents have been made in equatorial r;glons for the beight
interval from 200,000 to 300,000 feet. Some limited and inconsisteat data bave
been derived from observation of moctilucent clouds at high latitudes and from
reflection of radio waves on meteor mils.e'g'lo These data did oot appear to
be suitable for a point location forecast. Sams data have been obtained from
observations in this altitude range by following chaff, smoke puffs, and sodium
as targets. These were taken at White Sands and Tonopah test ranges; the Touopah
data represents three test rounds of the Sandia Deacon-Arrow systea described
here. These observations were taken in May with easterly winds of 50 to 100
knots observed, although variations from these values were quite apparent.
Direct extrapolation of these mid-latitude measurements would be bazardous be-
cause of uncertainty as to latitude variation.

Studies of atwmospberic radiation balance indicate the peak temperature
region pear 160,000 feet with a minizam near 260,000 feet (approximate Teak al-
titude). The area between is thought to be characterized by turbulent sotions

and large diurnal, seasonal, and geographical variations due to the negative
temperature lapse rate with height.u These studies indicate that the probable
top of the lower altitude easterlias is near 260,000 feet, but for equatorial
latitudes this is mcrified.a

Theoretical explanation of ataospberic tides requires that the forces
exerted by these oscillations on the high-altitude circulatioo increase with
altitude, accompanied by decreasing latitude, Resonance between a free period
in the earth's atmosphere and the gravitational and thermal influence of the
sun result in a strong semidiurnmal periodicity. It bas been postulated, on
the basis of winds derived from radio probing of the ionosphere, that this
semidiurnal force at 330,000 feet (100 km) cooprises as much as 4O percent of
the total wind vec:or.n’ If this is true, considerable variacioo would exist
between day and night winds in direction and speed, with a clockwise turning
during the diurnal period.
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Although the abuove factors were cousidered, the apperent persistence of
the easterlies fram appruximately 230,000 to 260,000 feet was tie main toul
used in making the forecast. THhe actual Zd-bour prediction for Teax was a
vind from 060 degrees with a 60-Imot speed. Interpolation betiseen winds
masured 13 hours before and 12 hours after shot tize provides a wind for
zero time from 106 degrees with a 33-kmot speed.

5.3.0 Observed Data

A total of 15 rocket-wind soundings were made before the Teasx event; coe
observation vas mads at 100u bours cu D + 1 for postanalysis. Table 5.1 lists
these observations covering the period July 11 to August 1, in addition to
vinds computed from four observatiouns made between August 5 and August 12 in
counection with predictions for the Orange svent. Most observations were
made at 1000 and 2200 local time to obtain 12- and 2h~-hour wariations from
schadulad Teak zero time of 2200 LST. Altitudes (EHH) are expressed in thou-
sands of feet, speeds (VVV) are in kmots, and directions (DDD) are those from
which the wind wvas blowing on a 360-degree compass scale, with Sorth at 360
degrees. Local time at Johnstoo isiand can be obtained by subtracting 1l bours
from indicated Greemwich (Z) time. Winds are computed ounly om that portion of
the plot wvhich reflects automatic tracking of the target. Uhen it wvas necessary
to track manually, data were taken on the size of the chaff cloud, but oo winds
were cosputed.,

5.3.5 Summary of Results

On the basis of these data cunly, several proninent features can be noted
in the wind structure between 210,000 and 280,000 feet. Reights given as
dividing one zome from another are only approximate.

(1) A typical profile of vind versus altitude through the layer between
230,000 and 255,000 feet shows persistent easterly winds. Some winds with
important north-south components are observed, but no appreciable vesterly
flow is apparent in this layer. In the mean, a speed maxizmm appears to be

centered pear 240,000 feet.

(2) The layers above 255,000 feet and below 230,000 feet, the yartical
extents of vhich are unknown, are characterized by cons{darable variabilicy.
Westerly winds of appreciable magnitude are observed in these zones., Chaff

~~



TABLE 5.1-- WIND OBSERVATIONS PRIOR TO TEAX

Observation: RW-43 Observadon: RW-44
Time-Date: 2i00 Z - 11 July 1958 Time-Date: 2036 Z - 18 July 1938
HHB DDD vvv HHH DDD Vv
264 140 143 262 143 112
260 128 122 258 110 137
256 135 80 254 103 125
253 146 43 250 106 133
250 167 47 248 088 137
248 178 62 242 080 132
246 177 66 240 092 101
244 178 78 218 089 6l
242 179 70 238 093 57
241 201 60 235 100 83
238 208 60 2135 100 85
237 203 49 234 094 62
228 243 98 232 262 132
226 218 93 227 254 226
226 240 80 223 235 197
225 209 55 219 240 99
: 217 123 52
216 170 43
Observation: RW-47 Observation: RW-48
Time-Date: 2135 Z ~ 23 July 1958 Time-Date: 0300 Z - 24 July 1958
HHH DDD vvv HHH DDD YvVVv
251 C 072 103 261 058 108
248 ° 067 117 258 058 122
246 069 . 109 254 068 110
244 073 102
242 082 109
240 0381 100
238 066 90
. 235 066 85
230 053 60
233 045 58
232 03i 33
231 330 48
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TABLE 3,1 (cez?)

serTaz=za: RW-21 Observazian: RW-93
Time-Daze: 2100 Z - 5 Azg. 1233 Tim:-Daze: 0900 Z - 10 Aug. 1958
HH ! DpDD Wy HHH DDD vy
1 077 82 151 087 64
170 085 83 149 071 61
177 037 62 16 013 61
176 101 60 143 136 16
174 08s 74 140 102 50
173 089 76 139 062 80
137 132 62
136 109 55
134 061 16
131 080 70
Observation: RWV-94 J Observation: RW-103
Time-D=ze: 2100 Z - 12 Aug. 1838 Time-Date: 2300 A - 12 Aug, 1358
HHH DDD VvV HHH DDD vvv
157 083 94 156 032 70
155 083 65 154 083 a3
153 173 41 152 033 20
151 134 64 150 093 80
119 0e2 73 148 094 73
147 080 65 146 092 75
143 082 74 144 090 69
142 085 48
140 084 58
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TABLE 5,1 (ccnz)

Observaton: RW-9 Observaticn: RW-30

Time-Date: 2137 Z - 27 July 12358 Time-Date: 0830 Z - 28 July 1953

HHH DDD vVvv ZHH | DDD vvy

282 031 56 269 046 08

233 084 123 262 139 24

250 084 120 258 060 23

248 083 114 255 019 33

242 087 80 252 013 70

240 063 5 250 358 §C

239 061 68 248 348 103

236 061 62 2435 352 83

243 0:3 70

241 0235 82

238 017 53

236 320 25

233 106 60

Observaticn: RW-51 Observation: R\WV-32

Time-Date: 2100 Z - 28 July 1938 Time-Date: 0830 Z - 23 July 1933
HHH pDD \'A'A'% HHH DDD vvv

272 204 95 270 013 64

266 190 107 263 004 74

262 168 80 262 345 33 .

255 146 5 258 274 27

249 103 108 254 188 47

239 094 93 251 128 72

238 095 78 248 095 73

237 087 58 247 095 93

2335 063 55 244 099 97

234 042 70 242 094 74

232 021 70 240 091 83

231 011 68 239 084 82

230 017 53 ' 238 082 12

229 023 34 236 089 +

228 082 59 234 ubli ol

: 233 030 43



TABLE 5.1 (cont)

Observazon:; RW-33 Obserrazonx: RW-80

Time-Date: 1500 Z ~ 31 July 1958 Time-Daze: 1915 Z - 3i Jaly 1958
ESH DDD v HHH DDD L aat
261 341 64 %1 . 220 s
235 023 M 253 212 24
252 023 73 256 189 2
213 032 82 253 032 31
246 061 86 250 034 14
244 065 95 248 028 95
242 061 91 246 024 106
241 054 87 244 030 100
239 054 87 242 043 93
236 o045 73 240 044 t 1]
235 058 62 9 043 82
233 062 S5 237 044 81
232 079 64 s 047 4
228 089 95 + =T 062 T
28 069 95 2 071 12
223 061 82
227 068 [
226 063 18
224 067 60

Observatica: RW-89 Observation: RW-90

Time-Date: 2100 Z - 31 July 1958 Time-Date: 2330 Z - 1 Aug. 1938
BHH DDD yVvv HEH DDD Vv
269 343 93 284 078 43
264 337 &9 74 143 40
260 136 =Y S 287 248 40
256 032 8 . 262 280 60
254 050 72 259 300 70
251 057 65 254 291 67
250 063 81 . 252 184 29
243 0176 90 . 248 135 82
241 090 80 - 46 126 121
240 092 ° 58 R 77} © 129 122
233 081 48 242 124 107
231 098 91 . 240 116 110
228 106 (1] * 219 11 1=
226 08s &5 237 100 112
226 on 65 235 088 112
224 068 ° 68 )
221 089 *13
219 090 11
&13 081 72
213 065 56
212 046 58

-
.
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TABLE 5.1 (cont)

Cesermazton: AW - Observazon: RW-353
Tize-Date: 2100 Z - 29 July 1938 Time-Date: 0830 - 30 July 12838
HHH DDD \AA HHH 9]a}s] Wy
265 144 12 282 174 13
2650 t99 47 272 267 47
249 084 15 266 278 31
248 0o 82 26! 187 32
245 069 102 258 177 33
243 070 103 255 169 23
241 069 106 252 106 32
239 on 107 249 067 45
236 o2 o4 247 036 54
2315 076 61 245 033 60
233 on 60 243 053 47
227 004 70 242 - 058 316
224 357 67 241 072 N
219 104 ke 240 089 26
239 107 24
237 090 22
2315 0s8 17
224 023 25
233 027 23
230 067 25
o 229 085 13
228 066 25
228 082 20
Observation: RW-36 Observation: RW-57
Time-Date: 2100 Z - 30 July 1938 Time-Date: 0900 Z - 31 July 1958
HHH DDD vvv HHH DDD \AAS
266 012 92 259 061 26
261 350 43 257 055 66
256 2 3 253 058 95
252 103 37 250 061 105
249 116 12 247 061 89
247 118 58 244 017 m
246 108 82 242 090 82
244 107 121 240 078 86
242 106 90 2319 063 87
241 107 133 ' 237 083 132
238 106 139 235 081 125
237 foyered pRid 23z aan 1?a
2356 094 142
231 113 110
2235 111 112
224 112 96

/"
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OBSERVATIONS OVER 20-DAY PERICO I1-3 ALY 53
u s=——=0900-1800 LST
a8 27y ~—-—18C0-0500 LST N
v =—=—0900- 1800 LST
—x—|8C0-0500 LST
&-3 270" / ' 2 -
808 265 A
792 260 B
777 255 4
Ezgz;_o i
£E 3
7475235 i
731 240 -
716 235 -
70.1 230 i
686 225 .
671 220 -
] 1 i) _

— d !
-80 -60 -40 -20 0] 20 40
SPEED (KNOTS)
Tis. D.iF--Hean cast-weal ju) aNG NOrLa=south !v) wind compunent for dastis

ard nichttize periods. Nuber of data points used to vompute =30 values
shoet at 3-xit iatervals along curves.
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vas expelled at 350,000 ieet and had larze fall rates in the first several
thousand feet, wita the result that horizontal speeds can be showm to be less
reliadle in tais zoome t2ao in otters. Direccion sbould be accurate except ia

cases Of extr=x [all rates.

(3) Most observations were terainated between 220,000 and 230,000 feet;
the longest fell to 211,000 feet. Below 230,000 feet, radar operators muted
an apparent rapid disparsion of the chaif target. This accelerated dispersican
may result from strong turbulence and vertical shears in this zone, or it is

concaivable th=t it is a relatively constant function of time after release.

[5) Although it is pussible to prove the existence of 12- and Zi-buur
periodicities in these measuremments, their correlation with atmospheric tides
basidifficult to substantiate bacause of data scarcity. This lack of obser-
vations precluded use of harmonic analysis which would have allowed a direct
deteraination of phase and aoplitude of possible oscillations. Ina.tead, a
sioe function of two harmonics was fitted to these data; its significance
vas proven by the F test, and thes2 cooputed pericdicities were then coapared
with semidiurnal theoretical tidal motioas as provided by Stolov.‘3 The
west-to-east components (u) and the south-to-north compooents (v) of the
winds were thus fitted at 240,000, 250,000, and 260,000 feet. Cocparison
with theoratical coaputations indicated an'average phase difference near 30
degrees and an axplitude ratio of approximately two to ooe, with the fitted
curves larger. Since theory is not well verified at lower latitudes, this
agreenent is considered good. Also, theory omits lunar influence, which
tends to decrease the difierence in phase by an unknown amount. Justification
for belief that thaoretical asplitudes should be great;r is found in recent
observations in equatorial regions which show larger.tidal'effects thao an-

ticipated in the E and F layer virtual height variations.l‘

(5) A plat of altitude versus averaze u and v components for the lZ-hour
periods begianing and ending at 0600, local standard time, is given io Fig.
5.19. Here all observations within either 1Z-hour perI;d were summed to ob-~
tain the averagze. This plot indicates;a saall but apparently definite de-
crease nocturcally in speeds and the.mea;erness of the cross-latitudivnal
flow v. Finallv. short period variation: of less than & hours 2pp2ar 2z B2

szall on the basis of the three observations of July 31,




\

(6) Toe zreatest ohserved vertical shear wvas 260 koots i 3I00 feet.

T™he su=me observation and alticilde of ZZT,000 feet indicated 2 zaxiza wiad

af

%0 mots Irco 6w degrees.

In the zome from 130,000 to 130,000 feet, winds were relazively stable

easterlies vith avderate speeds, generally 30 to 100 kmots. Turdulezce ap-

pears to be at 2 minizum and wertical sbears are very saall. 2oth of these

variables are lési than those usually recorded in the tropusphere (below

40,000 to &, 000 feer). These data seem to substantiate the usual concept

of this layer; i.e., it is of great stability vhere texperature iocreases

with beight. Based on these data, extrapvlation upward froa winids dcuraiﬁed
from ballovs cbservations at their maxia=s altitude (120,000 to 150,000 feet)

‘would provide ao accurate wind estizate to approximately 160,000 feet.
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Chapter §
MICROBAROCRAPH

6.1 TEEQRY AXD AXALYSIS
6.1.1 Introdoctica

One primary purpose in conducting the Teak test at the 250,000-foot alti-
tude level wvas to establish detectability of acoustic or other signals at large
distances from high-altitude tests.! Research by Shelton® om bursts to 100,000-
foot altitudes indicated a vast decrease in energy contained in the blast wave
with increased burst altitude above 60,000 feet. Blast from 125,000 feet alti-
tude vas expectad by Shelton's second approximation to contain 18 percent of
the sea level burst blast emergy. Extrapolation of this reasocuing showed that
uearly all mltrahigh-level burst epergy would be radiated thenally, and the
pressure vave generated by Teak would be negligible and impossible to detect

by acoustic observatica.

Subsequent calculatioans by Budsou3 gave an altervative mechanism for blast-
wvave generation i the ozooospbere from Teak from which could come pressure
smplitudes that could be easily datected within a fev miles of ground zero (GZ)
but pot at any large distance. A later study by lcr.l:g~ indicated {n additicn
that about one-fourth of bowb yield would remain in the form of kinetic energy
of the warhesd materials. The result would be a blast, in the ordinary sense
of the word, that could be scaled in the oormal manner.

Sound-ray calculaticns for a point-source blast wave begimming at the
-sopausc' level (250,000 feet) showed that nearly two-thirds of the initial
point source acoustic-uave energy could be ducted between the merodecline and
the lov ionosphere (ducted between 150,000 and 300,000 feet). Blast energy
emitted at declination angles below -35 or -30 degrees strikes the ground at
ranges out to possibly 100 ailes. This wave is reflected frum the ground and,

as {t nasces through the fonosphere, a portion of its surface could be refracted

.Bigh-amspbzn teraiwlogy from Good? is used throughout this chapter.
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back agata tonvard che zround at ranges from IO to 3 atles. .3ep€t;tians of
this ionospoeric ducting process could lead to detectadility at great rapges.
Past experience has showm, however, tlat attenuation fs very great Ior sound
propagatad in the extremely low-density ionvsphere, and po identifiable signals

have been recorded beyond the second or third cycle strike.

A possibility existed that strong sound signals Jucted near the Teak source
level would scatter or diffract detectable signals to the groumd. Th2re is oo
adeguate theory nor any previous observatioo td check this phepocenon; quanti-

tative predictions of long-range noise froa this source wér: pot attezpted.

Pressure-wave recordings were planned in the aicrcbarography of Operation
Hardtack at various ranges to oeasure and obierve detactability and to prove or
qualify the inconclusive theories which existed for ultrahigh-altitude bursts.
Sandia microbarographs were located on Johastan lsland. and at stations SO0
and €00 piles away. Soce airborne pressure Deasuredents were made by other

projects. AFIAC attempted pressure recordings at zany puints around the world.

Since each station consisted of two or more sensing units planned to be
about a mile apart along a line from GZ, the incidence angle of each sound-
wave iront couid be established. Witd aeasured cesperature amd winds along
sound-ray paths to various stations, it was anticipated that soome definition
of a source size, shape, and locarion could be calculated by acous;ic;ray trac-
ing to blasit-wave source.

With equipoent in place for the Teaak event, microbarograph measureaents
were also made on the Orange event. It was hopaed that results would give an | .
interoediate point for interpreting Teak data and checking the Shelton theory.

Long-range detectability estinates could also be verified.

6.1.2 Predictions

Obvivcusly,

»
Johnston lsland stations were planned at T ailes froa intended G2, but
burst-positicn error placed cluse stations <nly one-hali aile iruﬁ'ac:uJL cz.

Y1t is realized that application of this theory tv Teak i» 3 gross vver-
extension af ehe theory and) 25 poliiied ool by 3leiton, the tacury Zust be sus-
pect by the tine ambient density at burst altituie i+ upe-vne hundredth orf that
at sed level. TeaX density was less than une ten-thousandtn v sea level Jdunsit..



uzder tais lioe o0f redsonizg 2o detectsbie DIdsl wave woull fescit from ads
sbhot.

aud.;aaa developed a adel for a shock geoerated in tie ciinusphere woere
ultraviolet radiatiza is coopictely absorbed in the ozZooe laryzr. He reascoed

that this echanisa could gemerate a plane~wave shock wviich eculd travel oo

the zround with little divergence

It vas speculated Surchzr t od concentraticas of Jzone at Llese
higher altitudes could be burmed out by high radiatioa irtexsities and made in-
effective as a blast source, thereby lowering the overpressure predicted by
soze indefinite factor. Arrival tine at GZ for sound gemerated in the ozone
layer would be between 70 and 1€0 secseds, as comparad with gver 200 secoods

for sound generated near the burst,
Hydrodynaaic shock gaperation in the vicinity of thes ultrahigh-altitude

bocd was estinmated by Senhch to give pressures vhich would be the same a; those

from one-fourth the yield of a sinilar detonation at sea level and at the saoe

distance.

Considerationa was given to a possible third wave, diferent from that

foroed in the ozooe layer and from that produced by kydrodynazic ootions at
the burst point. The mechanisa was that of absorption of X-rays in air at
sooe distance from the burst. If a pressure gradient could be produced in
this way, a wave mizht start at scoething like 2 or 3 kilameters froa the
burst and outrun the 233ip hydrodynamic blast to the earth. although no efiort
was made to praedict its probable strength, because of the possibility of derec-
tion, it was ooted that such a wave should precedea the wave produced by bocb
material sotion by about Z to < seconds. XNo such vave could be produced'by a
shot at se2a level deasity, sizce the X-ray cean ffee patd &35 less than orze

o>2ter, and any disturbance would coalesce with the hydradi=asic shock.

Sizeal predictions for Fr2ach Frigate Savals and Hoooluly were =ad: unly
to the extent necessary for establishing sicrobarograph set ranges. Only wvery
small azplitude sounds were =pected because of the icooszzsric Juct, but set
ranges were fixed to contain signal a=plitudes followiag t2= :ne-isurth-;icld

l.~

. . P oairneY Uips - . : P .
hrpotzesis of Sethe with 2 * 3 scaling, found exzpirililly fr.m mwdsarsd
< 4

. . - . I
—axizu= xmplitude, dozonespherz2-luctad signals bevornd 197 iz=z.°

“ 131
ﬁ’c.. 192 /s J,

feted,
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Orange ihot at 131,000 feet was expectad ta give b!;ﬁu results avre in
accordance with noraal scaling predictions. Bowever, a reduction in imitial
blast yield by the mechanisa of early radiation proposed by Sbelton was expected.
Tsing Shelton's theory, cnly G percent of raliochemical yield should be maifest
as a blaset wave. Modified Sachs scaling yielded a prediction of 0.2 psi. Mo
separate buob material, ulzravioler or X-ray, absorption sbocks were expected

from this event.

6.1.3 Recorded Results

Teak .

- Peak positive and vegative phase pressure amplitudes, together with

pertinent wvave time characteristics observed on Johnston Island, are shown in
Table 6.1 and are plotted in Fig. 6.1. Preliminary data points from BRL very-
low-pressure gages at Johnston Island and on the USS Boxer and USS lan.singa

are also shown in Fig. 6.1.

Arrival times from the synchronized recordings at Johnston Island show no
detectable (= 0.0l second) difference in shock-arrival time, since the burst
was ooly balf a mile from directly overbead from the sensing array. Figure 6.2
depicts the blast wvave pressure-time history as recorded by the CH-1 gage. In-

cluded ia this illustration are marks showing the average and ¥ 1 g fiducial

linits of the main blast




Results from recordings made at French frigate Shoals (FFS) and at
Lualualei, Oabu, are shown in Table 6.2. Good records were obtaioed at FFS.

The Hawaii observatioos are of questionable accuracy; the radio blackout inter-

fered with planned range-setting procedure, acbient moise was recorded which
may have cbscured the blast records, and the aicrobarogriph equipment did cot
periorm properly in all respects. However, the i~purtant points were adequat-

ely covered by FFS records.

entry of characteristic velocity, sooetimes called apparent velocity, is the
speed of the wvave-front intersection traveling alozg the ground. It is in-
variant under rafiraction and so represeats horizoztal soucd velocity

at the altitude level where the blast vave was turzed by reiracticn back
toward the ground.

Oranze. Pressure recordings aade at Joknsiton Islamd from Orange shot
are summarized in Tadle 6.3. Data puints of vverpressure distance are also

shown in Fig. 6.1. An average pressure-tize history is olott:zd in Fig. 6.3.

%/},‘, W Hooph

19/ ere delated.
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TAMLE 6.7--ASDC MODEL ATMOS?TEERE, 1959

Altitude Pressure Sound speed
{kfr, MSL) (millibars) {fe/sec)

60 T2.3 o68

8o 27.8 955
100 11.1 1003
120 4.71 1082
140 2.13 1078
141 2.05 1080
160 1.2 1106
180 0.592 1093
200 0.226 1039
220 g.50x10™2 981
280 3.58x1072 %0
250.2 2.07x10°2 837
260 1.17x1072 855
260 3.5kx1073 8s6
300 1.01x1073 8h6
350 7.54x1072 986
400 1.80x1072 1493
500 396108 2180
600 2.35:10'6 2512
800 6.89x10™1 2706
1000 2.37x10°7 2861
1200 g.21x10~° 3000
1500 3.95:10-8 3135
1600 1.842100 258
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Off-site records from Orange in Table 6.3 are quite similar to recordings
made at comparable distances from other large shots. Arrival times are vhat
would be expected for blasts ducted by the ozooosphere. Incidence angles are
oot shown, sizce they are very close to zero degrees. Some of the apparent
velocities were calculated to be less than local sound speed, and bave there-
fore probably been affected by prevailing strong bortheasterly trade winds at
that location. There may also be errors from the survey of the seasor loca-
tions. There are no detailed wind observations available, so this peculiarity
{s being ignored. Experience has showm that this condition does not arise
vhen precise survey, wind, and temperature data are svailable.

6.1.0 Explanatiom of Results

With the viewpoint conditioned by Shzltonz and Bet!::eh and quantities of

data from lov-aldtndz.tuts, blast propagations from Teak and, to a lesser

degree from Orange, were astounishing. Everything appeared to be ancmalous,
but a relatively straightforvard application of modified Sachs scaangl's

brings nearly everything observed into agreement. The main unknown wvas the
strength of the equivalent initial point-source blast vave as a function of
burst height.

Modified Sachs scaling shows that, independent of burst height, a scaled

overpressure,

AP = (P/Powo >

is observed in an ambiernt atzospheric pressure P at a scaled rapge

R (w/wo)”3 (PDIP)1/3 R

from a yield W. Zero subscripts refer to values in & referenced stacdard

[



condition. Several stanmdard relatfons for P a2 R, and W) have been sub-
lished; the ISM Problems 317 for theoretical blast-vave calculations, as s=-
marized by Broylesls has been used here as a corvenient referecce stamdard
out to ©000 feer from a l-kiloton free-air burst. "\r. this range, incilezt
overpressure is 0.37 psi. Beyood this range, it is assuoed that overpressure
decays in proportion to range,. R-l'e. This nonacoustic decay expooent was
found by experiodent at Sandia with l-pound high explosives in Jume 161 axd
verified by prelisjisary analysis of Project Banshee data. The latter experi-
ment was with 500-pound pentolite spheres, exploded pear 60,000 feet NSL ~wer
White Sands Missile Range, New Mexico, in the swwxer of 1361. Reports and

references for these test results are not yet published.

Ambient atmoepheric conditions at various altitudes observed by the JI7-7
westher service radiosoode bslloons are shown in Tables 6.5 and 6.6. Early
calculatfons were made with an upper at.n:;sphere oodel suggested by analysis
of sounds refracted back to ground from the ozoousphere from several atomic
9
However, differences between the atmospheric model and standards preseated by
the Rocket Plnell'2 or by the A.P.DC,19 as shown in Table 6.7 and used bere, da

test operations. .'n:.Is oodel now seems to be inmaccurate and is oo longer usad

oot greatly influence the calculations in this report.

The ground-reflected overpressure recorded on Johaston Island froa Teak
and Orange would be observed from a l-mt surface burst at ranges shown by the
scaled curve in Fig. 6.1. Since Johnston Island air pressure was 10!3 =b,
(!’c’/l’)l/3 =1 W= (1 nt)(RlRo)3; for Teak, R = 250,230 feet, and for Orange,
R = 197,713 feet. Three significant overpressure values froa each sbot have
been used to infer the apparent yields shown in Table 6.8.

Calculated arrival times at Johnston Island in Table 6.8 were obtained by
wodified Sachs scaling to pressures and shock speeds at approxizate 10,000-fou
intervals along the line from burst to recorder. Calculated tioes are close t
observed values shown previously in Tables 6.1 ard 6.3. Tioe of arrival at T¢
GZ is 190.14 seconds, - 0.02 second, nearly the sa-e as at the recorder. Orar
bowever, was at an appreciable horizontal range, and GZ tioe of arrival =ax b4
estizated from the 1656.71 seconds observed at gzage CH-1, to zive the best esti
mate as 103.1 seconds. In view of the many acsimntinnc msds in vhic ralevtans

this GZ tioe of arrival may easily be in error by seconds.

-y
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If finite=azplitude propagaticn of small a=plitule saves i aszoed, :a
accordance vith the derivation of DuMond et al.‘o ratter thaa the Jssustic as-

tion, a4 =uch larger source yield is indicatsd.

Since ordinary Sachs scallng,zz based on azhient conditions at burst al-

titude, gives much lower than observed pressures, results would i=ly zuch
more than true yield; therefore, this scaling will not be considered further.
It appears that random errors of observation and the small data sa=ple ob-
tained by BRL for Plumbbob John23 may have been respoasible for their con-
clusion that ordinary Sachs scaling worked best, in contrast to the sodified
Sachs scaling superiority shown by Sandia deasuresents of Teapot HA.;‘*

Apparent-yield-to-true-yfeld ratios have been plotted versus a=bient pres-
sure at burst altitude f{n Fig. 6.4. Ratios predicted by Shelwn2 and a.etheh
are also shown. Measureoents near ground zero from Teapot P‘\Eh and Plu=bbobd
John23 have been used in the sase way to calculate apparent yield. This ratio
is so pearly proportional to the 0.177 power of burst-level azbient pressure
that no regression was derived., The line indicates that a curve necessary to
arrive at a uait ratio at sea level b.‘.xrst altitude is prizariiy dependent on
data from shots at less than z0,000 feet MSL. This appears to conflict with
25 that the enerzy partition does not vary with burst al-
titudes to 10,000 feet MSL. .

previous observations

A review of air-burst data collected in"the past, usinz sodified 3ach.

scaling, should be made for.co—parison with I3M Prodlea M. [t is possible

5

that the lover P-D curve recomendied after Lpshot/Xnctzole®? zay also mave

resultad froa use, for the oost part, of air-burst data.
*

The early Teax siznals ®racorded at French Frigate $hoals, shown 1a Tadle
0.2, arrivea at nigh incidence azgles. This izplies that sound speed at turn-
over altitude is high and in tura =ust be at cxtremels high altitude. A si=pls

approxization for calculating turmover altituls: was found previcusly™ for

- Wy . 1975 deletad



sarface bursts to bde
h.xlo.ﬁes-o.';eg%-],
P

vhere h {s turpover altitnde in feer, R is distacce in feet from shot to re-
corder, t is recorded arrival tize i{n secoods, and vP is the ray characteristic
welocity in feet per second. By assuaing a straight-line T2-degree ray below
Teak beight of burst, a virtual ground source has been estimeted in Fig. 6.5
for use in the equatiom at R = 2,827,000 + 250,200 cos T2* = 2,50k,000 feet.
As voted in Sectiom 6.1.3, the acoustic vertical arrival would have been 234
secoods pear Teak ground zero. Thus, along the T2-degree ray, travel vise
would be 234/3in 72° = 246 seconds, 30 an arrival at FFS from the virtual
source would be (see Table 6.2) appruximately L, =5+ 246 = 1171 seconds.
Purther,

b = (2,50%,000) [0.865 - 0.78%9 ﬁ%] = O44;000 feet MSL.

That this characteristic welocity is higher than sound speed (Table 6.7) for
this turnover level is mot surprising, coosidering the sany approximations msde.

250,200’
Teax ‘
23Q.200/ sie T2
\ r2°

z 827,000° ]
250, 200 cos 72’
VIRTUAL BURST POINT FRENCHM FRIGATE SHOALS

i .

¥ig. 6.5--Teak shock ray gecoetry.

As a Further projection, vith the concept of rays traveling to 106 foot

altitudes, acoustic ray calculaticns shown i{n 7igz. 6.6 have been made tirough



the assumed atmosphere model. The pcaluiic a2y emnating originally at 5.5
degrees from Yeak burst point lands very close to French Frigate Shoals and {s
in fair agreement with the T2-degree {ncidence angle observed.

But application of modified Sachs scaling for shock stremgth
using source estimsted from Jobnstou Island GZ blast cata,
together with asbient pressure altitudes, gives shock speeds along the rzy path.
Integration of shock speed along this path gives an arrival t

for comparison ﬂq&uned. Arrival tises calculated for the

12 1 o yield range in Table 6.8 are T52 and 827 secouds. These calculated arrival
times are all smsller than those observed, but the errur is pot nearly as great
as acoustic travel time would produce. Observed arrival would requ

rent source strength. Two factors could cause smaller
shock strengths along a path to FFS. First, a portion of the shock energy was
lost by radiation since it wvas observed to be of still glowing intensity as it
passed over FFS. Additionally, refractive couovergence vhich ducted rays into
FFS, as shown in Fig. 6.6, is sccompanied by s relatively ‘silent region above
the turnover point, and a cousiderable upward diffraction of epergy could bave
taken place. In summary, calculated arrival tises

The Teak shock wave was photograpbed from Bawaiil at irregular intervals up
to 2 mimutes after zero tht.zs From these picture.s approximate positioms and
shock speeds have been calculated as shown in Fig. 6.7. 1In, addition, the field
of shock speeds calculated by modified Sachs scaling for a
yie}d, together with a=bient atoospheric pressures am.i ta;;e'ratutes, are saown.

1%




ining for each pboto was possibly

izaccurate and the scale factors may e been errvaecus, since these were not
taken in a carefully plamned manmer and the persistent spectacle bad oot been
predicted. Further, and possibly more important, is the geometTric error in as-
soming the glowing blast wvave pictured wvas in a vertical plane through the burst
peint. A successive aporuximation solutioo for the correct geametry does not
appear to be justified in view of the other uncertainties in the measurements.
Finally, if shock speeds were actually only balf the scaled values, as the
pbotos indicate, the rough agreement between shock arrival-time calculatioos and

observatious and incidence angles at French Frigate Sboals could be negated.

On the USS Baxer, many faint pops and bangs were audible from Orange
about 10 to 15 mimutes after zero time. These are believed to be similar
to ooises recorded at Eniwetok from Bikini megatoun-class shots. Shock rays
from the burst originating at high elevaticn angles above the l;orizou suffer
energy reduction by spherical expansion at first and become nearly acous.tic.
Then, as they travel to extreme altitudes (60 to BO miles), they again be-
come sbock rays io the wery-low ambient atmospheric pressure, travel super-
sonically (to Mach 2 to 3), and are thus turped back to ground by refraction,

vhere they strike at high incidence angles.lo '

6.2 INSTRDENIATIN
6.2.1 Instrument Description

The aicrobarograph instrumentation system wvas first used during Operaticn
Dpshot/Knothole. Since this system, designated 3-PEM-2, has been ‘described in
detail in Sl':-2‘990('11)27 and WT-9003, 10 it is described only briefly in this
report. .

The change of pressure resulting from nuclear detonation is s.en.sed,
together vith undesirable high- and low-frequency moise, in a cross-shaped
bose array leading into a Wiancko sensing head. The general theory of opera-
tion of the system {s diagrazmed fa Fig. 6.8. The bose array has an upper
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Rali-a=plitude Sotoli {requeney of <3 cps. A filter volume with a bleeder
provides a low-frequency cstoff [2alf power) of 0.0073 ¢ps om the sensing
head. Sensing is 2ome DBy 2 tWiszed Bourica tude carrying an arsature ja tte
{iel2 of a reluctance briize havizg four active ar=s. Q.m;ea: i t2e armature
axjulate a G795—¢cps carrier whiclh i3 tramszitscd through a four-cooiuctor cable
to the receiver up to 3 mila away. At the receiver, the =odulated signal is
iopressed across a sensitivity-razge attemuator with eight full-scale settings
froa 4 to 12,000 jicrobars. After range attemation, the sigrnal is azplified
to about 50 volts by a cooventiocal four-stage, resistance-coupled axplifier.
A phase-sensitive demxlulator denxdulates the signal and sends it to an ad-
justable band-pass filter, which attenuates a0st of the ooise while maiotain-
ing most of the signal at mearly full anmplitude. The filtered signal is oext
anplified by two DC axplifiers in parallel, ooe of which has four times the
gain of the other. These =plifiers drive the pens of two Brush recorders.

A side pen on the recorders marks b-, 10-, and 130-second intervals on signal
from a tise-mark generator. 3Since the ranze setting of the attenuator aad
the tiaing on the racord are knoown, the record can be interpretred for ampli-
tude and period.

This tioe-oark geoerator has been added to the system since the reports
referred to abovem’27 were writt2a and is therefore described in some dertail.
The time-mark generator drives the marker pens oo both Brush recorders at a
l-second rate and identifies by lenzth every tenth and hundredth l-second
pulse. The equipaat aaking up the time-aark g2nerator consists of a Type
2001-zD frequency-standard tinse box manufactured by American Tioe Products,
Inc., four Type TOOA Berkeley decade scalers, phase-inverting amplirfiers,

monostable cultivibrators, and a power supply.

The output of the ZOO1-ZD tine box is taken froma the grid circuit of the
cathode iollower output tube in tae fora of negative-going, GO-volr pulses at
100 cps. This output drives a Thpe TOQA decade scaler, the 10-cps output of
which drives a second decade scaler. The l-cps output froa the second TOOM
drives both a third TOOA and a phase-inverting amplifier stage whica trigzers
a ownostable oultivibrator. The output of this =ulcivibrator is a pusitive-
gouing volrage, 0.1 second wide, that enerzizes a relay coil for 0.1 second.
Tue i1eig) CUNLACES Connect a o-valt DC puwer supply to the sice-marking pens

on buth Brush recorders which are, in turn, deflected for 0.1 second to record




the l-second tizing 2aris. The 0.1 cycle-per-second sutput froa the third
TOM Zdecade scaler drives a fourth TOOA decade scaler aad aa aspliiviag pease-
igverting stage that trigiers a acoustabla sultivibratar set to give a O.--
second, positive-going woltage output. This output defiects Le sice-marser
pens [or 0.4 second every tenth time 3ark. Siamilarly, the 0.0l-cps wutput

of the fourth decade scaler drives a phase-inverting aaplifier stage that
triggers a2 oultivibrator, the cutput from which deflects the side-parker pens

for 0.8 second every one bundred l-jecond time mark.

The electrenically regulated power supply is capable of supplying -275
volts at 180 milliamperes with = ) percent regulation for AC lipe variations

of 105 to 130 volts.

6.2.2 Operations

Microbarograph stations were located om Johnstoa Islaod, French Frigate
Shoals, and Oahu, Hawaii, at positions shown in Table 6.9. The notation used
is explained in Fig. 6.9. The sensing baads at each aicrobarograph station
were placed about 1 mile apart in order to separate signals, since diifarence
in arrival ti=ses at the two beads was necessary for complete data reduction
and signal cooparison. Tbe relative pusitions of these stations aod Teak G2

are shown oan the map in Fig. 6.10.

Since no experience existed oo which to base predictivns or pressure from
the very-high-altitude burst of Teak, the sensitivity range at each station
could pot be predicted accurately, and thus ranges could not be fixed before
the shot. However, since it was kpown that the signal would be received at
Jobnston Island well before it would be received at the other stations, a
procedure was 2stablished for resetting ranges on advice froa Johnsitoa. la
order to avoid rebalancing owre than one aoplifier, the two azplifiers at .
each outlying staticn began operations on different range settings established
by predictions as accurate as could be mde. One or the other of the settinss-
was to be changed, as described in the procedurz below, in accordance with

radio instructions from Johnston lsland. .

All D1CTODArOZTrapn IECUTUCTS UPCliley dl o pupi 3pCcu Wi C. var ool
(x=dica speed setting). With this paper specd and the maxi=ua necessary
recording periods (H - 5 minutes to berveen H - 10 and H - 120 =ainutes), each
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Fig. 6.9-~Microbarograph dual station arrargement.
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Operator ieternioed puper-roll size oa t2e basis of 3 tadle Jesisnating signal
arrival tizes $or each shot. These arrival tioes were cacputed (roa approxi-
aute shot-to-station distances. Each paper roll had WalH tioe ducs eveny 3
ainutes, except during recording of shot signals. Simce analysis regquires
synchronszation of station pairs to 9.01 second, a iingle button was provided
on the time-mark generator which marks calibdraticas (three-fourths of full Jde-

flection) at hack tiaes sioultanevusly on the four channels of the two recorders.

The top channmel (Fig. 6.11) oo ore recorder (time-marker pen at the bottoa)
records the high-sensitivity trace from the mear head, i.e., the head closest
to the shot; thz lower channel records the low-sensitivity trace fros the far
head. The other recorder shows the far-bead, high-sensitivity trace ia the tcp
channe! and the near-head, low-sensitivity trace ia the lower chammel. This
recorder arrangement provides accurate diiferences in arrival tizes from which
the incidence angles can be computed. It was adopted to enable the operator

to obsarve approxinmate travel-tizme differences on one recorder.

The Johnston Island station maintained ooe pair of sets (ooe near, one

far bead) on the 12,000-set range, and the other pair (one near, ope far head)
on the 4000-set range. According to irrtructions, ii the recorded signal from
Teak exceeded 6§ millibars, the operator wads to transmit the instructioa UP ONE,
and the otber stations would immediatcly change their lower range microbarographs
to the bigher range already on the other set. If the recorded signal at Johaston
Island was less than a 6-aillibar amplitude, the operator was to transait the
instruction DOWN ONE, and the other stations would immediately step down the
range settings of their higher sets to agree with the range on the lower range

set.

In the event that Johnston pressures exceeded 3+ amillibars, an U? T«0 in-
struction was to be sent. Stations set on 120 and 400 initially were instructed
to put both sets on 1200 range. Finally, if the Johnston recording showed less
than 2 aillibars of pressure aoplitude, a DON T«0 instruction was to be trans-
mitted. The operators were instructed to change first the satting farthest froam

set ranze, then the setting nearest ser range.

e
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Time-Mark
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Note: Recorded Data Should be Read from Recorder #2

Fig. 6.11--Cabling diagras.
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6.2.3 Instnoeat Performance

Toe aicrobarographs located at Jjobmszoa Islamd 2id pot experience any tech-
nical difficulty. The French Frizate 3hoals station incurred a Jefective time=
aark-generator output but aaintaioed l0-second time marks. This establisbed
sufficient reference for deteraining travel time of the blast wave. The atm
reccrdiags did oot furnish internmally coasistent pressure anplitudes or arrival
times, but observations by other agencies gave enough inforzmatioa o that a

reasooable interpretation could be =ade.

The sensing beads were all calibrated prior to their being positioned at
their reipective survey points, and they posisessed balance~-dowm capability
throughout the tests.

A. H + 5 ainutes during the Teak event, an U? Qi instruction was trans-
mitted from Johnston Island to French Frigate Shoals and Gahu. This meant that
operators at these stations were to change from their 120 microbarograph sets
on the 500-nicrobar range. The French Frigate Shoals atation received the in-
struction UP OXE, but instead of changing the 130 range to 40O, the operator
changed the 400 range to 1200. This decision was based on the blast intensity
as te saw it, wvhich resulted in a wider r;nge of blast wave-recording capability
but zade analysis sooewhat more difiicult. The Oahu station did not receive the

instruction because of coamunications blackout.

Freoch Frigate Shoals and Oahu were ziven 400 set ranges for the Orange

event with no provision isr changes.
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Chapter 7
RAD IO~-FREQUENCY ATTNCATIN

7-1 EXPERDMENTAL PLANNING AND INSTRIDMENTATION

Several missile and antimissile systems depend wholly upon radio-{reguency
transmission for guidacce. Counsiderable concern bhas tharefore been expressed
co the effects that very high-altitude muclear detonmations might have om such
transpission. Radio-frequency sigoals undoubtedly suifer severe attemuation
in the highly ionized atmosphere containing a nuclear explosion. Appareat
shifts in pbase of the transaitted signal because of refraction could con-
ceivably result. Radio-frequency effects studies were undertaken by Sandia
Corporation in an attempt to measure these effects as a functionof distance,

frequency, and time. The Sandia effort was begun at the request of the DA in

December 1957, only four months before the scheduled Teak firing date.

7-1.1 Metbod of Measurement

Several metbhods for making the measurement had been comnsidered. The tech-
nique used wvas based on establistment of four transamitting stations so spaced
at altitude to enable receiving stations to look through the center of the
burst as wvell as through the fringe areas. Each station in space consisted of
two missiles each of which carried a transaitter, one operating at a frequency
of about 225 mc, the other at a frequeacy of about 1500 mc. Two receiving
stations vere used. Each housed eizht receivers, four of which were high-
frequency and four low-frequency. The output of each receiver, proportiomal
to signal strength of the received siznal, was recorded on both paper and =ag-
petic tape. The 80-kc I-F of the low-frequency receivers was directly re-
corded on magnetic tape to perait detaction of larze variations in phase. An
attezpt to measure phase shifts of less than 100 cycles per second was made by
firs: mixing the 80-kc I-F with a stable and manually adjustable local oscil-
235t Leiute recoraing on the paper oscillograph. Tbe ranze of attemcation
measurable by the telemetry system was calculated to be approxisately 35 db at
225 o and 40 db at 1500 oc.
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SELLE GROVE
STa. =0 323002

4 DEACON/ARROW X - 150 K1t AT BURST TNME
(2n & 21D TRANSMITTERS)

] 2~ DEACON/ARAROW II -88 KIt AT BUARST TIiME

' (L8 ILO TRARSMITTER)

} ~ DEACON/ARROW Q1 ~110 KN AT BURST TIME
{1 LD TRANSMITTER)

§ = DEACON/ARROWX -250 Kft AT BURST TimE
(I TRARSMITTER)

REDSYONE |
190°

Fig. 7.2--Planned transmitter missile array, Crange sbhot.
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T-1.2 Site Geomerry

The transaitter missile array for Teak shot is sbowu fa Fig. 7.1, and
for Orange in i‘i;. 7.2. Eigat two-stage aissiles, eitiar the Deacon-Arrow
or the Viper-irrow combinatica, were set for launch om each shot. Their
launch tizmes were varicusly related to Redstone launch as tabulated below and
in Tables 7.1 and 7.2. Launch azimuths of the missiles were carefully deter-
aioed in an attempt to optimize their positions in space comsisteat with the

followirg bx=dary coalitiocns: .
(1) Line-of-zight transmitter stations to receiver stations must pene-
trate the center of the burst as well as the anticipated fringe areas of total

Slackcur.
(2) Plamaed point of detomatiom:
Teak Orange
Range 36,122 feet 125,000 feet
Altitude 250,063 feet 125,000 feet
Azimith 180" from Jobnston 180° from Johnston
Flight Tine 170.5 secords 154 secoods

(3) For Teak, there wvas a minimm 5-degree separation in azimuth between

the nearest traasmitter missile mjec‘.ary and the Redstooe trajectory.

. (4) Antenna beam widths to half-power points:
225 wc transmitting &
1500 »c trazsmitting A1*
225 ac receiving 19 3
1500 mc receiving -4 o

Launcher Pads. Eight concrete launcher pads, 6 feet square and 6 inches
thick, were constructed along the southern shore of Johnston Island. A small
zero-length launcher mounted on each pad was used to direct the missiles along
the calculated trajectories. Identification of lauachers, launch azimuths, and
frequency of each transmitter missile are tabulated in Tables 7.1 and T.2.

¢ Receiving Stations. Ooe receiving station was located on Johnston Islaod
(Station No. J - 3250.01). The other station vas located in a trailer on the
CSS Belle Crove (Station No. J-3230.02). The ship was positioned approximately

. on an azizuth 080° T frow Johnston Island, 30 miles away, during Teak, and
030" TN, 25 miles avay, during Orange.
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Tinize Sizmals. EGAG tiaming signals iodicating seconds before burst are
showva below:

[ -
/

T7-1.3 Missile Configuratiom

The transmitter carrier-missile systes vas selected from available com-
pooents in an aitempt to meet the primary requirement of lifting a 10-pound
payload to an altitude of approximately 500,000 feet. The smallest possible
rockets were selected in order to reduce problems of bandling and procurement

of metal parts.

System Description. A combinatioo of Deacon booster and Arrow sustainer

wvas believed capable of satisfying design requirements. Sowewhat incousistent
fligke test data indicated that this systea would reach an altitude of ocaly
about 250,000 feet. 4 typical trajectory of the systea is shown in Fig. 7.3.
To obtain desired data at higher altitudes, a conbination of Viper booster and
Artow sustainer was tested, with initial indications of & maxi=rms altitude of
about 500,000 feet. A calculated trajectory of this cowbination is illustrated
in Fig. 7.%. Details of both rockets are given in Fig. 7.5.

An adapter section joins the first stazge to the second stage. The traas-

mitter canister is attached to the Arrow II with a second adapter section., The
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S

oose cone fastens directly to tbhe transmitter canister and contains the second-

stage firing circuitry.

Firing Circuitry. The first stage of both aissile systexs is fired by
2irest couaciica through & safing piug to the EGSGC timing relay and theo ta
a Zh-volt battery pack. The Arvow II second stage is fired by the circuit
shown in the block diagram of Fig. 7.6. The arm-safe switch is maoually ac-
tuated before launch. The acceleration switch senses a fractioz of missile
acceleratiocn and fires the timer squib. The timer runs a preset 22 secoods
and fires the second stage which carries the tram.i.:éer canister to desired

altitude at burst time.

Arm-Safe Acceleration
Batte *
i Switch el Switch
| Acmans fe] Arrowu
. \ iter )
v Timer Hud .
Fig. 7.6--Artow 11 firing circuitry. .
[ ]
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T7.1.% Description of Traasaitters

3oth the 223- 10 2Z5-2¢ and the 130~ t3 1500-w¢ tracsaitters are pack-
aged in a ;A;:u'.stu 3-1,2 inches in diameter by 15 ioches long. Tiwe spproxi-
mate weight of either camister is §-1/2 paxxds. Nickel-cadaiia battery power
supplies vere selected ta provide approxizmately 50 mimutes of cperaticu. The
transaitter power supply is switched on and off, as required, before launch by
a magnetic holdiag relay cootralled by mamially actuated signals. Signals are
sent to the transamitter canister through an explaesively actuated discounect
plug and cable assesbly. Antennas for bdoth high- and low-frequency traasmitter:
are trailiczg dipole whips.

Low-Frequency Transaitter.

Schematic: Fig. 7.7
Transmitter: Bendix YXV-13
Prequencies: 222 =, 223 mc, 2Z2% mc, and 225 mc
Pover output: 2 vatts cwv, noainal
Modulation: None, grounded grid input
Power requirements:
Filament: 18 v DC, 400 ma
Plate: 200 v DC, 100 ma 0
Power source:
Filament: 18 v, 500 mah capaciry
Plate: 200 v, 100 mah capacity
Antenna: Trailing dipole whips, 1/3-wavelength,

AS® to missile longitudinal axis

Beam width to
half-power points: 6

Gain: M D

Bigh-Frequency Tramsaitter.

Schematic: Fig. 7.8

Transaitter: Cavitry rescuator, tube type 2C39

Frequencies: 1450 ac, 1475 mc, 1500 oc, and 1525 o<

Power output: 2 kilovatts peak, nominal

Modulation: Pulse, 200 cps, 1/2 aicrosecond pulse
width

[ \Q’:) /
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Bizh-Frecuency Transaitter (cont).

PLwer requirements:

Filazezt: 7-2vDC, 1.0 =
Plate: 2.5 kv, 500 sicroamps
Power source:
Filxoent: T-2 v, 1.5 ab capacircy
?late: Transistor power supply, T.2 v to
2.5 kv, 250 ma input
Antenna: Trailing dipole whips, 3/ wavelength,
20" to missile longitudinal axis, with
reflactors
Bexm width to
bhalf-power pcints: M
Gain: MDD

T7-1.5 Receiving Station Description

A block diagram of the two receiving stations is shown in Fig. 7.9.
Basically, the transmitted signal is received by a high-zain helical aoteana,
amplified by an R7 amplifier, datected in a receiver, and recorded on both
paper oscillographs and magnetic tape recorders. 4n ASCOP presmplifier and
multicoupler are used at 225 nc for amplification and coupling; a traveling
wave tube amplifier is used at 1500 ac. The signal from the cathode of the
S-meter tube of the National 300 low-frequency receiver, through a cathode
follower, is recorded on a Miller paper oscillograph in parallel with an
Aspex 800 magnetic tape recorder. This recorded signal varies in proportica
to the received signal. The 80-kc I-7 of the National receiver is recorded
directly by the Ampex tape recorder to measure large phase variations in the
low-frequency transmitted signal. In measuring phase variation below 100 cps,
tbe 80-kc I-F is also mixed with a local oscillator, which is stable aml man-
uvally adjustable, and is sent throuzgh a catbode follcwer to the Miller ascil-
lograph for recording. From a differential amplifier at the detector end of
tbe LO-mc I-F in tbe high-frequency Polarad receivers, a sig=al proportiomal
to the peak power of the transmitters is fed through a DC amplifier to both
the Miller and the Ampex recorders.

lov-Frecuency Receivinz Ecuisme=e:
Aotemna: Belix, T-turn, 14 db gain, 334" beam width

RF aplifier: ASCOP multicoupler, Model AMC-2, 9-cb zain,
9.5-db moise figure

N
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Low-Frecuency Receiving Ecuipment (cont).
3T preamplifier: ASCOP, Wadel APA-2, 15-dd gain, 2.5-3b mvise

figure )
Receiver: Raticaal 300, with cooverter; sensitivity
0.1 micrcvolts at 50 obms; 10-db ooise figure
Recorders: Miller, paper oscillograph, with 230-cps

galvanometers; Ampex 800, with FM recording
amplifiers, 13.5-kc center-frequeacy; direct
recorders, 20~ to 100-kc response

High-Frequency Receiving Equipment. .

Antenna: Belix, 7-turn, 15-db gain, 27" beam width

RF a=xplifier: RCA A-1056 :raveling wvave tube, 32-1b gain,
T-db doise figure

Receiver: Polarad Model R, sensitivity, minus 80 dbw,
8-db ooise figure

Power divider: Adaittance, Namco Corporation Model C3-3,
3-db split

Recorders: Miller; Ampex 800

Measurable Range of Attenuation. A calculation incorporating antenna

gains, path attenuation, preamplification, receiver sensitivity and noise,

and transaitter power produced the following results:

Frequency Range Measurable
25 =c 35 4y
1500 mc ho db

7-1.6 Transaitter Positioning

The Sandia MIDOT systnl was used to track the 222-mc and 224h-mc trans-
mitter missiles on both Teak and On.nge.. The MIDOT system functions in a
manner similar to the Michelson light interferometer. Two high-gain helical
antennas, separated a measured oumber of wvavelengths at the received fre-
quency, are fed into a single suming point (T counector). The single output
of the T goes to an ASCOP multicoupler, then to a ¥ems-Clarke receiver, and

theoce to a Miller paper oscillograph recorder. A oull occurs at the summing

»
In addition to the above referenced reportl wvhich gives a cocplete de-
scription of the MIDOT systen, further information appears in Chapter 9 of

this report.

(1))
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point anmy tize a 130-degree pbase diiference is ;rndnccd as a result of differ-
ence in arrival time of the AF sigaal at the tvo antemnas. 4 mathematical re-
lationship can be derived which relates tie angle between the lioe of sigar to
the transaiifer and the antexma base line to the wavelength of the received
frequency as follows:

a = cos -1(x + 1/21 s

m

where o = angle berween line of sight to the transmitter and the anteuna base
line when a mull occurs, K = an intarger, A = wvavelength of received ireguency,
and D = mumber of vavelengths in the anteona base lize. An acairacy of 2 mils
in an angle in trajectory determination can ooraally be expected. With the
short base lines used at Johnstcn Lsland, the theoretical accuracy is somewbat
less than 2 nils in angle. Extremely acsurate placament of two receiving sta-
tions, each with orthogonal base lines, is a minimm requirement. A cimmon
time base, 1000 cps, is recorded ou the Miller oscillograph simultaneously with
the data.

7.2 EVALCATION OF SYSTEM PERFORMANCE

Six Deacoo-Artow missiles and two Viper-Arrow missiles were fired on Teak.
The Deacon-Arrow missiles were placed at 96,000 feet at burst time (see Pigs.
8.5 through 8.8, Chapter 8) along various azimuths. It was anticipated that
these would bracket the fringe areas of ionization. The Viper-Arrows were dis-
patched alung a 185-degree azimuth with tke intention of allowirg the trans-
mitters to be viewed through the center of the fireball. Four high- and four
low-frequency transmitters were used. Both Viper-Arrows suffered first-stage
fnstabilities and fell to Johnstoa Island prior to burst time. Some data were
recorded on five of the six transmitters functioning at burst time. As a re-
sult of jammirg of the Miller recorder in the Johnston Island receiving station,
no data vere recorded from the sixth transaitter. The Deacon-Arrow amissiles
flew in accordance with a predeterained trajectory. MIDOT trajectory data were
obtained on the 224-mc transmitter.

Eight Deacon-Arrow aissiles were [n place for launch on Orange. Pour
were launched at a TO-degree angle and were to have been approximately at
apogee at burst time to permit viewing through the fireball. Two more were to

Wy
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bave been on the same trajectory, as were the first four, but at adbout 58,000
feet at burst time. The remaining two were oo the Teak S5-legree trajectory,
ooe at apcgee at burst tise, the other at 110,000 feet om the ascending por-
tioa of flight. Four high- and four low-frequency transmitters were used.

The 2Zh-ax traasmitter wvas off at burst time as a result of the probable fail-
ure of the second stage of the missile to ignite. There are some marginal ia-
dications that one high-frequency transmitter was functioning at burst time;
two failed before burst; one was pot launched beciuse of frequency duplicatioun.
Good quality data vere obtained om three low-frequengy transmitters the trajec-
tories for which are shown in Fig. T.10. Tte recorded signal level wvas too low
to bc =seful oo the one high-frequency transmitter working at burst tize.

7.3 TABCLATION OF DATA

Launching pad identification, launch azimuchs, trajectory characteristics,
and transaitter frequencies are itemized in Tables 7.1 and T7.2. Coordinates of
launching pads and receiver stations are presented in Table 7.3. To enadble
system gain calculatioos to be made, antemns artays used at both receiving sta-
tiocos on both shots are showm in Figs. 7.1l and 7.12. Plots of signal strength
versus tizme of the various received frequencies are reproduced in Figs. 7.13
through 7.2%.

Burst time is noted on each curve in the series. Figure 7.13 is a plot
of signal strength versus tinme received at Johnston Island from a 224-mc trans-
mitter missile fired during the Teak rehearsal. Data recorded is typical of
the sigoal expected (with no ionization present) from a Deacon-arrow missile
flying the bigh-angle trajectory depicted in Fig. 7.10. Superiaposed oa the
actual signal received is a plot of the siznal as it would be expected to vary
as a result of increasing path attemuation with distance aloue.

Variations i{n phase of the received signals from the low-frequency trans-
mitters are shown in Figs. T.25 through T.32. Because of the greater resolu-
tion of the phase-seasurement circuitry, nimute observation of signal variations

pear receiver noise level can be made.

lowv-frequency signal streagth records are oormalized to the curve of free-

space stze=ustisza versus distazse a=d are ss=pared ia Figs. 7.33 throegh 7.36.
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Fig. 7.11--Teak antenna array.
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Signal streng:;h records of stations TX-209 and IX-252 of Project 32.\ are
presented in Figs. 7.37 axd 7.38, since the similar frequescles, 233.5 mc and
235.0 m»c, and zero-rime positions contribute significaatly -to ioterpretation of

the attenuation data.

Figure 7.39 is a composite plot of borizontal racge from ground zero, alti-
tude, and RF signal attesuation versus time of TK-205, IX-252, aod the Teak Hi-
Lo rockets. Figure T.M0 is a representation of these same data with atteouation
at given times tabulated ou the flight trajectories. Figure T.%1 is a plot of
Orange trajectories with attenuation at given times pl:nted on th: curves.

7. cnasSImS

The difficulty of reducing the MIDOT tracking data for the Hi-Lo rockets
required that additional test rounds be [lired in orluc to give better theoreti-
cal estimates of the trajectories. A series of Deacoun-Artow rockets were fircd
at Poict Arguello, Califormia, early in 1961. 1hese sca level lauauchings re-
sulted in the trajectories used {n Figs. 7.39 and 7.M0 and agree well with the

attemuatioa data.

The systems used for this project have accuracies of about 3 db, aod data

variations within these limits should pot be interpreted as significant.

Attenuation due to ionization as a function of tize must be determined
vith regard to rocket position. To arrive at generalizations without entering
the physics of fon recombination is somewhat difficult. It appears that the

following statements can be mader

*
Blackout is defined as receiver noise level, approzizatély 50 db down
from receiver saturation.

Wap; 22 3 Arcwe b
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T-5 RECOMMENDATIONS

Recomxendations which may be helpful in event future attempts are made

at measurements of this kind are as follows:

(1) A carrier-rocket system having an altitude capabil'ity sufficient to
perait a view through the center of the burst at tise of detonation should be

used.

(2) A traosaitring antenna should be gesigned and used which radiates
uniforaly in all directions; extraneous modulation of the carrier would there-
by be considerably reduced.

(3) If measuresents at frequencies higher than 225 wc are desired, more
e=phasis should be placed oo desizn of an adequate high-frequency traosmitting .

and receivinz systems.

(4) Positions of traasmitters at burst time, rocket firing sequences,
radiating frequencies, receiving antenna patterns--the measuresent systea as
a collective whole--should be optimized to yield maxi=ud usable data versus

cost and effort imvolved.

<\-7(c(/




. 1. Pace, T. L., Crawley, T. V., axd Bansen, J. W., Tie NDJT 5yite,
SCTM T5-3E(32), Samd:a Corporation, December 12, 1530.
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Chapter &
INSTRDEST CARRIERS

8.1 SAMPIER AND ISSTIDMENTATION ROCKETS
8.1.1 Introductica .

Instnuect carriers for the Teak and Orange evenul wvere fin-stabilizad,
ballistic-type rockets. These vehicles acte propelled by solid-fuel rockets
from a £4-foot rail launcher. Each diagnostic rocket was launched so as to
be in position at its apogee point at tioe zero. Of the two rad-chem sampless
launched for Teakx, ooe wvas launched 30 as to be at apozgee at zero tiae, vhile
tbe second sampler wvas programed to pass through air zero 20 secouds ailter
zero time. For Orange, three samplers wvere progra—masd to pass through an al-
titude of 160,000 feet above the burst point at 40, 80, and 90 secoods, res-
pectively, after zero time. A fourth wvas to pass through 170,000 feet 120
seconds after zero. Trajectory control was achieved by ballasting the carriers
aod varyiog launcher elevaticn and azimuth angles. A total of six instrument
carriers and two rad-chem sampler rockets were launched for the Teak event.
Four rad-chea sanplers and three dﬁpostlc rockets were launched for the
Orange event. Teak and Orange instrument locations are shown in Figs. 1.1
and 1.2 and more accurate locations are tabulated in Table 1.1,

8.1.2 Aerodyneaics and Design

The aerodynxaic configuration (Fig. 8.1) of the vehicles is oi two types:
a single-stage desizn which is essentially the same for all carriers used be-
low 80,00C feet, and a two-stage coufiguration for the high-altitude carriers
and rad-chea samplers. The second stage of the latter is identical to the
single staze except for a reduction in lergth of the midsection and the absence
of launcher shoes on the secood stage. The nose, which houses the instnowenta-
tion, is a 3.0-calider, ogive shape. Geometry of the fins is the sa=e for all

stages and is the result of a coopromise for sizplicity, stability, and aero-

elastic requiresents.
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For reasons of design sizpliciry a=d Icgistics, toe same engioe was used
for all stages of the vehicle. A aadified LaCrosse exgize, TX-52, danufactured
by the Thiokol Chemical Corporatiza, was found to best suit requireoents. Thia
engine delivers a toral of approxizately 65,000 1b/sec izpulse and bas a bura-
ing tize of 2.6 seconds. The second-stage units of t e rtwo-stagze carviers far
Orange were fired 15 seconds after launch; those for Temk were fired 19 seconds
after launch. The latter tiae was selected because it yields a zaxisua of al-
titude and misinizes variation of apogee for any deviation in secood-staze
ignition tizme. Also, this delay reduces the airloads and a;rodymi: Leating

of the second stage.

The carriers are rotated aerodynamically ita order to average out thrust
malaligoaent and tris errors. To accooplish this the fins are mounted at an
incigdence #.ngle of one-half degree. For the singlc-stage zarriers this pro-
duces a roll rate of approximately &-1/2 revoiutions per secood at burnout.
Two spin rockets are attached to the booster of the two-stage carriers and
serve to initiate a roll rate of 2-1/2 revolutions per second izmmdiately be-
yood the end of the launcher. The second stage reaches a maximum voll rate

of § revolutions per second at burmout.

Since it was pecessary to rectrieve a portioo of the Instrumentation for
analysis, a system wvas provided for recovery of the instrumented noses. The
pose is joined to tbe midsection and motor assembly by a split-ring, clamp-
type connector. At a specified tize, an electrical izpulse fires two squibs
which separate the two components. 4 l2-foot, solid-canopy parachute stowed
in the pose is then deployed by a 10-foot static line attached to the mid-
section bulkhead. The same chute desizn was utilized in recovery of all the
carriers; thus, strength requirenents were dictated by the 40,000-foot vehicle.
For the single-stagze carriers, separationm occurs approxinately S to 15 seconds
after apogee. For the two-stage carriers, it is necus.ar.y to allow the secood
stage to descend to a lower altitude where the descent rate after deployment
is pnear sonic speeds or less, yet not so low that the parachute could be over-
stressed. Therefore, altitudes in the region of 160,000 feet seeced to be the
best choice. Descent tioe of the recovery operation ranges from 11 minutes
for the 4L0,000-foot nose unit to 29 ainmutes for Lhe sa—pler mose. Lspact ve-
locities are 44 feec per second for the instrumected aoses and 32 feet per

second for the sazpler noses.




8.1.3 Mallistics

A prograa was devised vhereby trajectories for the izstromented carviers
are calculated om the M 7O4 D?.1.2 The progrx wvas flexible epnid ta accom—
=ocate both the sirgle- and two-stage carricrs aad td allow also for changes ia
vehicle parameters such as weight, i=pulse, aml launching cooditions. The same
prozrx= is used for predicting the trajectaory for a given wind structure.

Trajectory calsulations are based on equations of aotion of the wehicle in
a rectargular coordinate system oo a nonrotating earzh. Since all trajectories
are pearly vertical or short-ranged, error resulting fre= use of rectangular
courdinates is small. The effects of Coriolis were computed for theoreticsl,
no~drag trajeszsrias == are added as correcticns to the IBM TO% tesuils. A
wonthly averige for atmospheric temperature and density above Johnstoo Island
was used. This wvas sufficiently accurate, in that the difference in the effect
of two extreme ataospheres on the altitude is approxizztely 2 percent. Drag
coefficients were determined from wind-tunnei tasts aod have been corrected
with results obtained from several developmeatal single-stayze firings. Tte
earth's gravity potential is assumed to decrease with altitude from the local

value at the surface.

For a given rocket engine, pominal total izpul-e in the IBM program is
cortrected by a factor dependenr on the propellant weight of the rocket as com-
pared to a nominal propellant weight. Loss in impulse during the boust phase
of the two-stage rockets caused by early separation i{s allowed for, as {s also
the added impulse of the second stage caused by burning under lower z=bient
pressure conditions. The mass of the rocket is assumed to decrease lipearly
during burning. Effects of varying the parameters of wveight, launch angle,
and impulse are givean in Table 8.1.

The effect of winds on the trajectory is attributable mainly to the weather-
vaning effect and, to a lesser extent, wind drift. For the calculaticus, con-
sideration is given to the effect of weather vaning during burning, but drift
is peglected. Directiocn and magnitude of wind vectors at various intervals of
altitude are inserted in the IBM progras. The major portion of the wind effect
for the Johnston Island wind struccture was expected to take place in the region
just above the surface. In addition, consideration 13';1ven to the effect of
wind drift oo the parachute during tke recovery phase of the trajectory.

Wy &4.274 ’s /e/.ﬁ,,l, "
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Prelizmunary trajectories {or the carriers wvere calcuiated for aean sea-
sonal wizldi in order to estadlish initial orieatation of the lauacher: and
mininize the asount of fisal launcher adjustaent reguired i5 bours pri.ar to
sbot time. The preliaizary trajectories alio served (o ascertain carrier
gross weights and firing tises. Since winds predominantly atfiect the range
and azimuth of the trajectories, gross weights as calculated originally would

still »ld after the final computations.

Before each of both Teak and Orange shots, final Jlauncher settings (Table
8.2) were deterained from a Zh-bour wind forecast. Theoretical trajectories
based on these: forecasts are showm for Teak and Orange (Figs. 8.2 and 8.3).
A sumary of predicted apczee positions and sampling poiats of the diagnostic
and sampler rockets are given with respect to zero time (Table 3.3). Actual

pcsiticns are given in Yadie 9.1.

8.1.4 Postshot Summary of Performance

Of the six diagnostic carriers launched for Teak, all appear to have per-
formed sormally and, with the exception of TK-48 and TX-50, all were recovered.
Both rad-chen rockets failed in flight, and mo cloud sacple was obtaiced. The
exact cause of failure bas oot been determired; bowever, it is thought that
the second stages became unstable at the end of burning, with associated struc-
tural failure of the fins fomediately thereafter. Both sax=pler noses were re-
covered short of the inteaded impact points undiair 30 feet of vater.

Trajectories of the Teak and Orange diagnostic rockets as determined from
MIDOT records are includad in Chapter 9.

Although no cloud samples were gathered by the four rad-chem rockets oo
Orange, all units, including the diagnostic rounds with tke exception of Station
OR-1152, appear to have followed their intended trajectories. The units re-
covered vere within 2.5 mniles of the expected ispact points. Because of the
short teleoeter tioe (2 aimutes) the 115R unit either failed to separate or the
parachute failed at deployownt, allowing the unit to sick oo izpact. Parachute

failure would indicate a possible low-apogee altitude.
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8.2 ENGIXEZRING AND OPSATION OF SAMPLER AND ISSTRIMENTATION ROCIETS
8.2.1 vehicle Description

Figore 8.1 shows the priscipal feazures of otk the sizzle- a=d the two-
stage l1nstroment carriers. Both vehicles are 16 inches in dizoeter. The
single-staze vehicle is approximately 153.5 inches long averall. Of this
length, payload space is available aft as far as Station 65.5 The two-stage
vehicle is approxinately 233.3 inches long overall. Payload space is available
aft as far as Station 60.5. The single-stage vehicle 2ad the second stage of
the two-stage vehicle are ¢ach made up of four major assemblies: (1) nose as-
sembly, (2) midsection compartaeant, (3) rocket engine, and (4) tail assaably.

The recoversble mose assembly, which is identical on both instrumectation
vehicles, extends aft as far as Statics 53.5 4 bulkhead at Station 48.5 akes
the instrunent compartaent ahead of that station pressure tight. The compart-
meat betvesn che pressure bulxiead aod Station 53.5 houses parachute, dye-

wmarker coutainers, and electrical junctiom box.

The =idsection exterds frow Station 53.5 to Station 65.5 on the single-
stage veghicle. Ouo the two-stage carrier it exteods only to Station 60.5. This
compartment is used for carrying instrumentatics, ballast for altitude countrol,
or both. It is not pressurized and is not recoverable. Ou the single-stage
vehicles the midsection compartment is used for carrying ballast only. The
Tockets with predicted apogees of 222,000 and 242,000 feet (see Fig. B.2) bave
X-ray and thermal instrumentation as wvell as a small amount of ballast mounted

in this compartment.

The recoverable nose assenhly (s held to the midsection by a rinz which
engages a circumferential groove around each of the two parts. The ring is
held together st two dianetrically opposite locations by pins which, at the
separation signal, are driven out of the ring by pressure squibs. This leaves
the ring free to fall avay. The ring parts are thrown clear by centrifugal
force resulticg from the spin of the vehicle, leaving the nose free to fall.
Nose separation occurs as a result of aerodyparic and inertial loads. The
parachute is deployed by oears of a static lipe which is of sufficient lepgth
to assure that the nose {s clear of the remainder of the vehicle.

With the exception of aodifications made to the case and oonzzle to reduce

weight and adapt it to this particular application, the IX-52 (see Sectiom B.1.2)

.
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.is identical to the IM10 engizwe Jevelaped for the A.r:y by Thiokol. 4s a result
of this sinilariry, oo developmeat test program wvas required on toe exginme it-
self. The ecgize unit is 15 izches ia dixzeter, 77.5 fnches in lemgth, and
weighs approxizarely 730 pounds. It davelops approximazely 35,000 pounds of
thrust for 2.6 seconds.

" 4 mamually operated ara-saie device provides a means of shorting out the
electrically operated squibs in the igniter. When in tie "safe”™ poiition, b
ignitiono umit is also physically blocked off from the main propellant charge
so that, ¢vez if the igniter were fired, the main .pm?elh.nt charze would oot
be ignited. The TX-52 engine has a high resistance to all types of aaverse
environment and, aside from stamiard procedures for solid fuel propellants,
no special precautions are nmecessary ic handling or storage. Tuils, together
with the inberent simplicity of the solid fuel engine, made it idaal for this

application.

The skirt-fin assesbly fits over the engine mozzle and is bulted to a boss
on the engine at the aft eud of the fuel chamber. The four fins are bolted to
the skirt in a manner which permits adjustment of the fin angle anywhere between
approximately 1/2 and 1-1/2 degrees to provide the desired roll rate. Fin angle

~is accurately set by use of a specially designed aligning jig. Since altitude
is controlled largely by control of vehicle weight, fins, midsection, and launch.
ing slippers aay be made of either steel or aluminuam, as weight of the configu-

ration requires.

Engine and tail assembly for the booster on the two-stage vehicle are iden-
tical to those om both the single-stage vehicle and the second stage. A cooe-
shaped interstage adapter vhich fits into the pozzle of the second-stage unit
is bolted to the front end of the booster engine. At the high angles of firing
qecessar; to this program, the second stage needed only to be set oo the cone-
shaped adapter om the booster; no further physical comnzctions between the two
stages were required. At burnout of the booster, normal drag separates the
two stages. 5pin rockets are used cn the twvo-stage vehicles. These rockets

« . are attached to the interstage adapter on the booster and are fired by a svitch

oh the aft end of the booster as it clears the launcher.
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8.2.2 Elexirical Systea

The iztermal electrical systea for all curtiérs consists of two tiners, a
Timecs jusxtica bax, and caree cables. A fourth cable is required in the bouster.
The exterzal electrical system consists of a jertisonable control cable to each

stage of rie wekicle, laumchar junction box, and remote arzing box.

The tizmers are motor-driven and provide three separate times, adjustable
from zero ta> 220 seconds for tie instrument vehicles and f_nn zero to MO0 seconds
for the saxpler vehicles. XNormally closed coatacts are used in coanjunction with
a relay in thw tiner junctica bax to provide the required fourth tize. The
tizers are mounted on the bulkbead inside the pressurized nose cone op the in-
strument carriers and in the midsecticn on the sampler. The timer junction box
provides all tle circuits between the pressurized nose compartment and the aft
sections of the carrier, vith facilities for discomnecting these electrical
coupections at nose separation. Relays and fuses required for timer operation
are also enclosed in the box. Comections from tbe timer junc:;on box to the
control cabla concector, motcr igeiter squibs, and aft instrument coumpartments,
vhen used, are provided by threz cables. A fourth cable provides a control
cable conmectar to the booster igniter on all two-stage vehicles.

The countrol cabled providing circuitry from the launcher junction box to
the rockzt are furnished with a spring-loaded breakawvay connector. A small
steel cable between the counecror and the launcher trips the latch on the coa-
oector at first movenent of the carrier, allowing the spring to eject the
cable. The lamumcher junction box routes all circuits from the telemetering
control box, the EGAC timing relay used to fire the rocket motor, and the
30 VDC exteacraal power source to tha vehicle via the control cable. The launcher
contains the firing relay which provides a firing or safing signal for the ootor-
igniter and tiser-start circuits and a key interlock switch which prevents clos-
ing of the firing circuit except from the remote araing box. Also provided are
two lights to nomitor the timers in the carrier, one light to monitor positica
of the key iaterlock switch, and ope lap to irdicate safe conditiocn of the
ECAG tinirg relay.

The reoote arzing box is located a minizunm of BOO feet from the nearest
vehicle and is coonected to the launcher junction box by a four-conductor
shielded cable. The key from t:e key switch in the launcher junction box is

g



installed in the key swvitch on the remote araing bax. It is operated t3 ¢lose
the circuit to the fire relay after it i; Jater=ized that the safe lamp on tie
remote araing bax indicates that the EGAC tiaicg relay is open. A ready lxp
indicates that the key switch is operatirg. Closure of the ECAGC tiaing relay

will fire the carriers.

8.2.3 Handling Equipwent
The following six items of specialized bandling equip=ent are required:

(1) A castered assembly dolly whick bolds the engine while the oose and

tail assemblies on the interstage adapter are attached.

(2) A strongback for lifting the engine wnit from its shipping ccntainer
onto the assembly dolly. ’

(3) A cose-assechly stazd to facilitata assembly and checkout of the noie.

(k) A stroogback assembly for lifting the nose assexbly and bolding it in
positicz fcr attackoent to the rest of the vehicle.

{5) A stroogback for handling the midsection. (Although this szctica is
relatively small and is oormally handled by hand, wvhen fully ballasted for the
40,000-foot station, it weighs several hundred pounds.)

{6) A strongback for loading the assezbled wehicles on the lauacher. This
equipment has the capability of picking up the vehicle from a horizontal posi-
tion and rotating it to a pear-vertical position for loading onto the launcher.

The bandling equipoent is used in conjunction with any commercial crane
wvith a boom of approximate 30-foot length and S5000-pound capacity. All assembly,
with the exception of installation of the spin rockets, i{s dooe on the ground
before installation on the lauacher. In the assembly of the two-stage vehicles,
the assembled booster {s loaded onto the laimcher, and the assembled second
stage is then placed onm top of the booster. For safety reasons, the spin rock-
ets are oot installed until both stages bave been loaded onto the launcher.

8.2.4 Test Equipoent

A PT-80 tester is used in the laboratory to ki-pot and check conticuity
of all circuits in the tiser junction box and all cables. 1In the field a

tiser tester is used to check timer settizg, reset tisers, and sizultaoeously
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cebeck all tining circuits in the timer jumction box. A firicg-set tester,
vhich siaulates the vehicle, ami an EGAG telemeteriog simulator are used to

check cperation amd circuitry of the external electrical systea.

8.2.5 Launcher

Figure 8.4 shows a launcher with a two-stage vebicle, loaded and ready for
firing. The launcher has a single rail to pruvide 2% feet of guided travel.
Two launching slippers are used. Figure 8.1 shows location of the launching
slippers oo the vehicles. Depending on the altitude desired, the sligpers
either remain on the vehicle or are jettiscoed st the end of the launcher.

If they are left oo the vehicle, identical slippers are attached diametrically
cpposite to provide aerodynmmic and static balance. Track and slippers are so
designed that the front slipper leaves the rail at the same tine as the rear
one. The same launcher may be used for either vehicle.

The guidance rail is supported, for rigidity, on a structural oeaber.

The rail assembly {s supported at the lower end of the triangular base of the
lacmcher, at the center, and at the upper end by tuo sets of legs. Elevation
adjust=ent is wade by changing the length of the support legs and by the addi-
tion of a fine-adjustment screw built into the base. Aziouth adjustoent is
made by pivoting the launcher base from left ro right. The structure is mounted
on and {s tied down to concrete pads at the corners of the base. A modifica-
tion of this launcher uses steel tubing in place of fabricated legs and rail

supporet. R

Aining of the launcher with respect to a known base line is accomplished
by use of an inclinometer to set the elevation angle and by an engineering
transit used in conjunction with a mirror system mounted on the rail to set
the aziouth. Oace the launéber has been aized at a certain point, last minute
changes to correct for winds can be quickly and e'aslly nade.

8.2.6 Operational Aspects

.

L ]
Preparation for firing ¢he instrunment carriers consists of three separate
paases: (i) preparation of tne iauncning sites, (2) erection of the launcaers,

and (3) preparation of the vehicles for firing.

Preparation of the launching site included the laying of electrical cable

and the pouring af‘concrete pads on which the launchers are set. Pouring of
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the pads vas dooe several wveeks in advance of launcher erection to perait the
concrete to obtaia sufficzient stremzth. Locations of launcher staticas are

given in Tadle 3.5.

Freparation of the laurcners included pecessary preassedly, erection,
and preliainary aligzent. For preasseably and erection purposes, a crew of
five m2n tovk appruximately two days per launcher. In addition to standard
hand tools, a crane of approximately X0-foot boom length aod 10, 000~pound
capacity, and a secoud, smmaller crane or booa truck were required. After erec~

tion was campleted, several hours were required to set azimuth and elevation
angles.

Preparatioo of the vehicles for firing, after izstruaeatation has been
checked out, copsists of assexblying major subassemblies, described in Section
8.2.1, into the ready vehicle, loading ooto the launcher, final check.ut, aod
final launcher alignoent. 4 four-man crew requires one to tw. days to prepare
a vehicle for firing. During the assembly period, suitable protection from
rain 2nd bleowisg sand axd dust is required. After the vehicles are assembled
and lcaded oo the launchers, they must remain for extended pariods at tempera-
tures up to lZ0 degrees Fahrenheit with po protaction cther than waterproof
tape over open joints and ports. Tape must be removed before firing. Launchers
ard vehicles are gainted white to minimize radiation tesperature effects and

as a protection against engviromment.

Final preparation for firing consists of removal of protective tape,

mamual arming of the rocket engines, and electrical arming of launching circuits.
This requires only mimites, and fioal preparation time may be extended to several

bours, provided elevation and/or azizuth adjustments are required.

8.3 PERFORMANCE OF RF ATTENUATION AND CHAFF ROCKETS

A rocket systes capable of carrying either chaff or a transaitter to hizh
altitudes was developed for use in conjunction with the Teak shot. The pur-
pose of the chaff system was to measure winds at burst altitude. The trans-
sitter configuration, designated as Hi-lo, was desizned to seasure attenuation
of radiofrequeacy waves caused by i{onization accoopanyicz the burst. A coa-
plete series of rounds was available fcr use as a backup on Teak. when these
vere not required f3r tke intended purpose, a decision was dade ia tie field

to experd tles oo Orange. The systes was flexible epough to adapt to QOranze

)
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TABLE O.+--LAINCALNG LOCATIONS

Scientific Grid Position

Staticn Nortn
{Redsitane Pad)€001 200,040
K€l 159,50
¥E1.0! 199,347
360.01 199, vt
3C0.06 169,561
3:€0.06 199,518
360.02 199,575
3c60.03 195,632
32€0.05 199,659

East

200, 5e0
199, 5~
200, 103
200, 231
00,352
200,70
200, €0e
<00,Tc5
200,8~9

v 5::/
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burst, 2ad the participation there «as sizilar to txut om Teax. Two Jiflerent

r~iet veariclos were actually uvsed: tne Deacon-ArTow was the prizary syistes,

ot
(2
.c
n
i
4
'
3

icraaace but relatively unproven Viper-Arrow was the scoond

’> Since desizn information is of seconfary ispurtance o the in-
isrmation presentad Mere, it will mot be repeated. Discussion of periormance
will Se oriznced tovard ‘1) the periorzance as it ialluences analysi; of the=
data, ard ':) a brief cooparison of predicted and actual performances.

8.3.1 Chaif Rocker Performance -

Chaif was ejected at the desirsd altitude and required wind data were
obtained from each of the twenty rounds launched at Johaston Island. One
poinr aay be noted in retrospect: while the apogee aititude and, consequently,
the upper ar baliistic portion of thw frajectory was estizated correctly,
PIraidcters euich were used to vbrain the trajectory were in ecror. First-
stage burncut velocity, altheugh underestinsted, bad been compensated by
underestization of second-stage draz coefficicnt. Wiznd data which were ob-

tained are presented azsd discussed in Section 5.3,

8.3.2 Hi-lo Rocket Performance P

Estizating performance of the Hi-lo rockets proved to be the owst Jdif-
ficult problea encountered on this phase of the program. Baecause of late
entry of the Hi-Lo project into the program, the MIDUT tracking systea was
not 2quipped to track these additicnal units. Enough equipment was addued
to MIDOT, however, to permit tracking of two of the eight Hi-Lo rounds. It
was then anticipated that the two known trajectories would be combined wvith
the theoretical perioraance paraneters and used to estimate probuble trajec-
tories of tbe untracked units., For r2asons vhich will be discussed later,
MIDOT trajectories were obtained oa vnly one round each for both the Teak
and Orazge shots. Estizates were then aade as planned of trajectories of

the untrackad vehicles.

6.3.3 Traiectary Analvsis

During the year and 2 half fcilowing the bursts, as attespts wer2 =ade

to analyze the radio-Irequenc) Jtlez3tlon Jaty, it Bedime Lpparuinl tiat suw



rat>r ~cricus Jiacrepuandies evistand Setaeen tHe trajectorics, bota gacorctical
and wasares HDUT), and tze -dserved attenuation. la addition, avither tae
Teas trajotary ‘=maxizma aliircde) aor the Orange trajectorny Jsaximua ranse).
4y deterzined from MIDUT, ajresd wita their respective Lieoreticai amainai
trajectiries. In the intervening tioe interval, the rocxketl s)stem had beun
adepted by other progra=s, and thus considerable informution and experience,
ircluding three wind tunmel tests, wita the systea had subsequently buen ac-
Guired. Consequently, in early 13€), this inforsuation was used to re-estizate
the dust probuble trajectories of the untracked uwaits. However, in teras of
appiicativn in the attenuation anab sis, results were qualitatively siailar

to those of previous estizates. 4lsd, dizccrcpuncies still existed between

theory amd the two measured tralectories.

‘ By March, 1660, it was decilad that a larger effort should be directed
toesrd resolution of these discrepancies. A progrxa was initiated for this
p'.u'?-.wse.'l The progras was essentially a two-pronged attack on the probdlea;
specifically, both analytical aod experizental approaches were planned. The
2a~!vtical aporcach was an aasalysis ot the various factors which deteraine

a3 trajectory. It attemncad to evaluate both the relative influences of the
various paradeters and the accuracy with which e2ach was known. Work done
prior to the Teak shuot had verified that the trajectory computativnal tech-
nique yielded sufficiently accurate results. The experizental approach has
been outlined.u It iovolved fabricativa of eight rounds which were as iden-
tical as pussible to the orignal Hi-lo vehicles. They were to be rracked as
they flew over trajectories siailar to the Teak and Orange flights. These
vehicles were launched at Point Arzuello, Califormia, in carly July, 1560,
It should be noted hers thar, althouzh a considerable oumber of Deacon-Arrov
rounds had been flown by this time, the configuractions had differaed froa that
of the Hi~Lo and the shots bad been {ired from Tonvpah, Nevada, which has an
elevazion of 5300 feet MSL. Thus, ro use information obtained from the
Tonspah ruunds, it was necessary to oormalize the data. Such nor=alizatiovn
required use of parameters wiich were themselves being cuestioned. It was
in order to elininate this nor=alization that the eijht roumds duplicated

the original Hi-lo rounds and were flown froo sea level.

*

Fumding for the trajectory 3mal:sis progran was =ade available b DASA
thrsuegh interagjency €ost reizbersemxent, Order Number =7 Hi-Lo Nr. 1, dated
July 1z, l=co.
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T=e prozraa to resolve the discrepazcies is mwaliy compicil)

e A
curacy and Jdearee of confidézde whica can e arradaad o the final <0t ates

of tre Teax and Orange di-Lo trajectories is consideradis dotter 1a2n eas
anticipated at afte tize of the nizb-aititude savts. Resuits of tals Erajecton
anuirsls progran «ill be reported sep:r;tclyo and will thereicre caly do sun-
=urized nere. Final trajectory estizates are indicded at the end of tdis

sectisn.

5.3.+ Time of Flight and Xaxiaum Altitude .

One extre=ely significaat amd basic fact was brought out by che trajector:
analysis which greatly improves confidence in the altitude-versus-tise history
»f the rockets. This is the aost critical trajectory parazmter for attenuatica
studies. Specifically, it was outed that the tutal tize of flizht of a vehicle
was related to the aaximm altitude reached by that venicle. The relationship
was of the foro h - A est, wtere h is maxicam altitule, A amd B are constants,
and t is total tize of flight. Thus, once A ard 3 were deterained, only €
was required to evaluate h. Fortunataly, the recorded Hi-lo attenuation daty
wers in the fuvra of received signal strength versus tize and, consequently,
total time of flight could be detarminad from the signal cutofii. The impur-
tance of this relationship cannvot be overemphasized. Fur exazple, two vehicles
will have nearly identical total tioes of flight even though ume vehicle is
launched vertically but attains only a relativels low altitude because of puur
rocket mwtor perioraance, vhile the second vehicle is launched wver a low,
flat trajectory to the saze mximo altitude vitn norzal rocket soter . 4

perioraance.

Another way to present this relationaship is to state that vertical mptivn
is independent af horizontal sotion. Although tais statesent is valid far
flignt in a vacuun, that it 2ight also be true in the prosence ol un atmawsphece
is far froa obvious. To the contrary, it caa be >hown thar, with the action
of drag as a factor, horizontal anmd vertical =mwtions are actually interdeper
dent. [f a cvasting purticn of the trajector: is cunsidered, during which

the equation for the vertical outivn i%:

-~
=
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drag is signi
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viere Vz is the vertical velociry camponent, dvzldt is wertical acceleratiosn,
g is the acceleratisa of graviry, Q_‘ is the drag coefficiext, s is at=ospheric
density, S is the drag reference area, V is taral welccity aagnitude, ¥ i3
wehicle weight, and 3 is the angle between the wehicle lomgitudinal axis and
the horizontal plane. For a rocket wehicle such as the one under considera-
tion which has adequate static stabiiiry, it is reasonable to assume that if
aerodynamic forces are large eoough that the drag is significant, they are
also large enough to bhold the vehicle at zero angle of attack. Thus drag will
be the only aerodynamic force acting. This izplies than sin 8 = VZIV. By
substituting this in the above eguation, the relation becomes:

-%.(m)(%) CDVZV+;.

Note that g and p are functizus of altitude, or Z, oaly; (,.%) is constant
during coasting flight; CD is a furction of Mach mmber wiu:h is, in tum,

a fumction of ambient temperature (again a functica of T) and velocity;
velocity is obviously a function of both the horizontal and vertical velocity
compooents. From this, it appears th=2 vertical aotion f{s cocpled to bori-
zoutal motioca by CD and V, . ?

Both theoretical and actual trajectories indicate that these motions
are approxizately independent. Obwiously the product (CBV) is either con-
stant or a function of Z only. A typical drag coefficient curve is shown
at the right. In the region above Mach 1, the drag coefficient is propor-
tional to 1/M. The Mach mmber i{s defiped
by the following expression:

v

- 9. RVT ’

vhere T is ssbient temperature in degrees
Rankine and V i{s velocity in feet per sec-
ond. This te=perature {s again a function

~mles ~Af aleimoda o thae Avras ~nabffi.
cany e mmcae===. ———— =S cemgy v ceaa

cieat may be approxinated as the product
of a function of altitude and the recipro- ) 1 2 3 b
cal of the wvelocity between Mach m=bers Mach Mu=ber

Dray Coeffficient

291
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cf 0V and 3. AnotRer siznificant peist is tRat st of t=e fLt i the

<Umsidie ATACApRere ONcurs at Maca ms=bers Serween 1 and 3. I s primariay

t=2 accuracs of i aparoxitation weicn dotermings R odouradr o 1R titee

‘v

=Vt tachnique. Hwaver, hacauvsz 3F ga2 mosher and ;‘n|i1=1r‘l} AN
variablas which deteraine trajectory, mo >izple »tep exists Jor 2oing {ros
L3¢ RDUWT AICUracy of TRe aduve approxizaticn to an éstization of e accuracy
Of the technicue in taras of effect on Lae Crajecton . he =ajor elfcrt of

e rrajectory aralysis was Jdevoted to estizaring this over-all accuracy.

The thrust phases of a trajectory are included by considering coniy that
they change the horizoatal and vertical velocity components, and that the
aagnitude of these changes is indepemlent of the value of the velovity coa-
pernanes.  althcugh not in reality correct, this statement 2uy conveniently
be sssumed to be valid by meglecting drag during thrusting and using a psecudo
thrust that will yield dasired valocity changes. This approach is used for

analysis only, not for trajectory coaputations.

8.3.5 Trajectory Cocputarion

Uneil this tiae, the 2ifort had been devoted oanly to the untracied
vehicles, since trajectorices of the two trackad vehicles were assumad to be
knwn. However, application of the ti=me-oi-ilight technique to th: two
tracked vehicles indicated that these trajectories were sericusly in error.
At the time of the oove to Johnston Island, it was realized that local geoz-
raphy did not perait installation of a satisfaceory MDOT sxstea.  Althoush
scze doubts were raised at the tine about the performance 9f MIDUT urder the
restricted gevmetry, there was little choice but to use it. The s:-ten was
used O track tne oain carrier 50 that it couid be correlated with DOVAP
‘Doppler doternination of velocity and position), which was the prirary track-
ing svaten for the =ain carrier. Ia this correlation, MDIT cozparad ven
favorably with DWAP. The MIDOT trajectories cbtained on fifteen of tne
Doorznob venicles also looked very jood when co—pared witih tacoretical tra-
joctories. (There was a discrepanc: on the sixteenth round which has »ub-
sequently been resoived.) 1t was prizmaril. for these reasvns taut MDUT aad
never been gquestioned on Hi-lo, However, thare was a Sasic diifercnce betucen
the Hielo venicles arnd the otrer rociets:  the vtier Laits wd 2 —uch better

anterna pattera than Jdid the di-lo crits. The puur anten=a pattern combincd



eaitn t=e relat:ivels 1ign roil rate of the :i-lo’s resaited 114 roll ascuiae
tion oo t-e MDJT records: false nulls coused 5y Bads roil mcciaziig auere

crtea cifficalt o diatinzeish from tree rmllsl The altitace-ti-e~vicililng

-0 ¢ s 4 B e .~ s b A “ ..
rolagis for oLt 7 Ml eiln S

the tacoretical amd the enperizantal relation-aips tnut it appears 1=poasidle

That they are correct.

The approach which was used to cbtain final trajectories presented here
w3 I cxXmpute trajectories using known Teak and Orange amtecrdlogical condi-
tions and launcher setrings, together with the present best estizate vi Jdray
ccefficient and noainal rocket i=puise vaiues. Teaxk and Jrange Hi-lo trajec-
tory estiztes are shown in Figs. 8.5 through 8.5. I=pact tides were then .
adjusted to tho observed value by varying second-stage izpulse. Amalysis has
indicated that only ainor altitude difrerences result froa tne varicus pus-
sibie techniques for contrelling iopact tize. Horizuntal mwtion (Figs. 8.6
and 6.8) resulting from this approach is that which would result for nu Jdis-
persicn. since mr data ar2 available on actual horizontal pusitions, Disper-
sion is essencially a cone, centered about the mozinal trajectory; cunsequently,
borizontal sution limits can be detersined by adding the sigma or Z-signa dis-
persion angle ‘dispersion cone hali-angle) to the launch angle in the desired
direction and readjustin: the impact time. Dispersion liaits for this vehicle
are approxinately 3 dezrees at the J-signa level and § degrees at the 2-s5igma
level. These trajectories have not been run, since the total mcber of runs
involved would be rather lirge. Linits on horizoatal ootion can be deterindd
easily if the sig=a level and direction are specified, The trajectory analysis,

to be published, will describe the technique in detail.

Accuracy lizits on the vertical avtion have not Sien cozpletely gsrimarad |
Bowever, they are expected to be very close to _ 5000 feat for a 50-percuent
coniidence and _ 10,000 feer fuor a GO-percent confidence. (These au—bers .
refer to variation in apog22 altitode.) Three techniques were finally, avail-
able for corputing the apogee altitude of the series at Point Arguello:

“1) expari=wntal ‘MIDOT was again explored, although the geomtry of the setup
was ver: goud this tize), ‘Z) time of flight, and (3) theuretival. The thwrot-
ical technicue is basically independent of the experixntal aporoach., 2uint
Arguelio resuits essentially verificd the input parazeters and ecre not u-ed

to derive them. From the »catter of tae altitude puints ubtained from each
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Fig. €.5=--Teak Hi~-ly trajectotivs. It =zould be notod tz.t huricont.al
ranze is [ro3 the =ain lauaca pad.  Luewd tine was progromed [of -aV
SeCORds ITSM™ DUTst. RSl 17pact L1nw w35 :75.%% seCunes -Ifur Hi-Lo
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of tRe taree tecaniques, it appeared LAl Lae error of eaca was compuradic
1o the errors of the other twd Detavis. Errors ia the tleoreticdi teslaisue
Afe DL errors in computation, it ratzer, uacertsinties ia Izpur Zata. I
otaer wulds, il A Jppears L2at L3¢ Cime-of=-fiigac tectnigue «1ll yield as
accurate 3 vertical position-tise history as will MDOT {or t2is rocket con-
figuration. Apogee alzitudes of i3 six Jehoston Island Ai-Lo roumds of

aajor ingerest, as determined by tae taree sethods, are codpared in Table S.5.

~ *
TABLE 0.5--APUCEE ALTITUDES

Expirical Theoretical MDOT
RW (feet) {feet) {feet)
81 zk2, 300 243,680 --
83 240, 100 231,700 215,000
65 z42, 30 243,480 -
% 158, 700 156, Tz0 -
100 258, 400 258,550 -
101 154, 400 151,720 164, 000

‘Johnston Island Hi-lo rounds.

8.3.6 Rocket Systen Evalnationa

The performance of the rocket systea was lower than that originally es-
rimated. The prinary reason was underestiz=ation of the seconmi-stage drag
coefficient. Specifically, the apuzea altitude for a nominal vehicle flown
on a Teak-type trajectory dropped froa a preshot estizate of 172,000 feet
to a final value of 250,000 fect. However, the concept ofi a nvmimal trajec-
tory, which had been neavily relied on in the first pustshot analyaias, lust
its significance with the discovery of the time-of-flight relativnship. Six
Deacon-Arrows were launched on Teax acd all flew normally. Teu Viper-Arrows
vere also flown in an atte=pt to attain rure altitude; however, these units
Soth failed acroelastically shortly alter lauach. An earlier Viper-Arrow
flown on 3 Teak dry run at Joanston 2ad been successful, and it wa» subse-
guently Jeternined that the Viper-arrow was =arginal acroclastically and
that the probable success rate was only 50 pvreent. One of txere Viper units

wd> vne ol the two venicles trackad by MDUJUT, <hivh accounts Zor the fact




taat o=ly ome Zi-Lo triojzotorm was <dtained o0 Tedi. Sc\';ﬂ dealonedrr -
were flowm oo Orange; an eijita wail wua Texdy St dauld fot Oe lamitnes -
cause of Srift in the tramsaitter freguency. Six of these Deacsa-Arrns tluw
moraaslly; the seccod stage failed to 13aite oo the seventd round. LUzfortun-
ately, this round, which wvas the oaly failure aoong the 35 Deacon-arrans
flown from Johnston, was one of the twu roumds being tracxed by MDUT for
Orange. In summary, it appears that (1) the Deacon-Arrow units flew our=ails,
but the noainal altitude perjoraance was about 8 percent below preshot esti-
2ates, (2) the Viper-Artow s)ystea was unsatisfactory Because of an aero-
elastic weakness in the desizn, and (3) it is pussible to aake a satisfactory
postshot estizate cof a ziven trajectory by using oanly the total tioe of flight

and the lauxch conditions.
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Chapter 3
R I =TRICUENCY SYSTEMS

3.1 DNTRXCUCTTON

e

Principal aixs of the radio-frequency {RF) Tedsuredents prosjrda were thrce-

fold: (1) to pruove the feasibility of a =mwdification of the Sandia-developed,

30-ac high-resalution telenetertugiiysten to obtain diagnostic information
ca tests at very high altitude; [2) to determine relative positions of the ’
Redstone missile and the Sandia instrumentation rockets at burst tioe; (3) to
transait data gatherad in the Redstone and in the instrusentation rockets to
aruucd recording stations; and (%) to record RF signal strength irom the in-

stru=nt carriers to supplement Project 32.3 RF attenuation data.

To accomplish these objectives the following three separate subprojects
were organized: {1) high-resolution telemetry, (2) positioning system, and
{3) ™-FM teleetry. Equipment, operations, and results of the systems evolv

are discussed.

9.2 HICH-RESOLLTION TELEMETRY SYSTEM
9.2.1 Design Criteria

In order to proof-test the 40OO-mc system for rockat-borme nuclear shots

it was proposecd to aake quantitative measurements of early alpha !nucber of

ed

e-fold increases in fission reactions per unit tioe in the primary of the war-

bead) and transit tine (time berween fire signal and start of the chain re-

actlou) of the wvarbead used in the Teak and Orange events. Conditions affecting

choice and desjgn of equipment were deternined as follows:

\

(3) Line-oi-sight range from the test venicle to the ground receiving

station was expectrad to be approxizmately 50 siles.




Ty

(M) Positfon accaracies of the Redstove delivery system were predicted
to be:
(a) Burst poiant range error = * 1300 feet
{t) 33t gsist altitude error = 1000 ‘feet
{c) Burst point azimuth error = * 350 feet
(d) Pitch and yaw ertor of Redstoue = T 1 degree
{e) Roll error of Redstooe = T 5 degrees

(5) Peraissidle size of the transmission equipwent vas liaited to a volme
of about 8000 cubic inches in the Redstoce.

(6) System weight should be less than 350 pounds.
(7) Time from initiation of design of transaission equipment to final use

was approximately coe year.

her lcss well-defined and less tangible requiremeats affected design of
the RF equipment for Eardtick. Development costs had of course to be beld to
a minimm. To avcid loss of control of the developmeat schedule, development
of any major porticra of the equipwment could not be contracted to a supplier.
The desire to use a minimm mumber of people in development and operations
tended to restrict development work to equipment with vhich available persounnel
were familiar.

9.2.2 Description of System

In the following description a sigpal is traced from its origin in the
detector through the system to the transmitting antenna as outlined in the
block diagram of Fig. 9.1. A complete technical description of the systen
bas been given by Brumley and Sch.ull.heis.l

Gamma radiation generated by the exploding bowb enters the detector case

causes fluorescence of

‘the plastic fluor inside. This fluorescense is detected by two photamultipliers

and one pbotodiode ooumted within the fluor. The threshold levels of these
tubes are so adjusted that the ratio of light input necessary for initiation
of conduction of the successive stages §£s 1000 to 1. The ocutputs of these

tubes are sent to the modulating circuitry where they are differentiated acd

sent to the minimaznetzon.

301
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The pulseés developed by the differezciatizg circuitTy (approxizately 1o

velts) are anplied to the zinizagaetron azd cause 2 rejsency froa tle pres

selected quiescent frequency [amimlly <O x)_

Froo the ainizagnetron oscillator, the aignal goes to the RF ownitoring
and isolation oertwork which is compused of sta=dard waveguide cozpunents. The
signal enters this systea through 3 coaxial waveguide transition and hence to
a directional coupler. The low-power side of tke coupler soes to an absorption
frequency oeter acd terdinates in a crystal Jetector. This portion of the sys-
temo is intended to 0nitor frequeacy and power output of the ainimagnetron
during precperaticazl set-up procedures. The high-power side of the coupler
feads into a ferrite isolator which in turn feeds a& waveguide-to-cvaxial tran-

itizzo., From tais transition the RF is cczducted by RG-§ coaxial cable through

[

the missile pressure bulkhead to the hora astennas at thz rear of the fedstune

guidance sectian.

The signal iz next transaitted to the zround receiving station where it
is amplified, demdulated, and displaved oo a high-spzed oscilloscope. The in-
formation is permanently recorded by photographing the oscilioscope trace wvith

a moving-fila casera.,

A copplete description of the receiving and recording equipaent is given
by Brumley and Scbultbeisl and 01355.2

-

9.2.3 'Hardtack Operational ?laa

" Equipoent and personnel were transferred from Bikini ro Johnston lsland
to Segin set-u ?nd check-out about 35 davs before the Teak event. The re-
caiving station was installed on Johnston l:sland, and parabulic receiving
antennas Of i-1/2 and 3-1/Z bean widtds were placed an top of the station.
Assenbiy and czéci-vul of tke rirst airborne transzitting system «as starced
after groumd instal}ations were complzted. Planning called for this equip-
zent to be izstalled in the Redstone =issil2 July 15 an Johnston Island.
Following installation of telecetry equipnent, the zissile was as:emblzd aad

erected. 3Several sisted c2ecks were =alde befura the sy»tum wis judged reads

for ifligae.



-

A brief description 2 tze comiiguratians Of equipment a rd t2e Radstone
I0lirvs. These ars illustmated By Figs. 3.2 and 7.3. @it the exception ot
astezmas and antenra feed cabdles, all cwponents were :uuz:e& oz o2 large sl=-
iz plate w=hich was attaczea o tle Charyviler Corporation Rad plate located
bSétwewa the guiiicce sectism aznd the warbead. The Jdeteéctors were tius within
a few ipches of t=e rear 2ust caver of the warhead. 1o order to juurd 3ainat
radiation-preduced failure of electronic cocpunents before the detector signals
bad bcea transaittad, none of the high-resolution teleswtyy equip=ent was placed
clos:r to the wardead than were the detectors. From the RAD plate, antenra
cables went to ifewithroughs iz the zissile pressure bulahead and then td two
18—3-zain horn antennas avuated in the skirt section of the top uwnit. These
anterra;s were mourtad in such a manner that their radiation would be directed
toward the receivizg stations, provided the missile was in the prescribed posi-
tion and attitude at burst time. Bafcre separatiss of the thrust unit and the
tcp uait, the RF gwwer sent to the antennas was absocbed by material inserted
in t=e ant2rnas. A line attached to the Lirust unit pulled this material (roa
the anteanas at separation tize. Total weight of this installation was about
246 pounds. Power was supplied by two 5-azpere-hour, Z8-volt nickle-cadaiua
batteries connected in parallel. Average power consu=ption of the systea was
about 1] aoperes.® The FM systen aboard the Redstone was equipped with one 5-

a=pere-hour battery, drew about & asperes, and weighed 66 pounds.

A sinilar procedure was followed for Orange shot.

9.Z.s Data

Tcak. Teak datonation did not occur at the proper point (see Fig. 1.1)
and oo information was obtained, since ant2ana bean widths were such that the
burst occurred outside the regivn in which suificient signal coull have been

received,

Oranze. The siysted operated well on Orange, and a zood record of transit

time was obtained on the low-resolution raster scopes. From these records a

The hijh-tioe resolution scopes either failed to trigger, or the cawras

failed to record the trigger. Thereiore, no high-speced alpha record was

obtained.




aboard Redstore.

s

NG
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fig. 9.3--Equipzext aboard Redstoze.
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§.2.5 S=mury of Syitea Performunce

Teas. Teleoetrerca indormauticn indicates tat &8 2irdoine syaitea funce
tiored properly. The receivizg itation wis =anmed and operated rormally.,
Ixoediataly follawicg launch of tze Redstore, 3 signal level was chaerved and
recorced at the receiving station, but as the missile ooved farther from its

prescrided trajectory, this signal faded s0 that at Zerv ti=e no signal strength

was presext.
d the aissile perioroed properly, 3 record of transit tise amd alpha
would 3lawst certainly have been obtained. ‘

Oracze. With the exception of failure to record a high-resoiution alpha
display, the system operated satisfactorily. This failure can be rectified

in the future by adjuitoent of scope trigger levels or use of zore sensitive

filo in the recording cr—eras.

9.3 POSITIONING SYSTEM
9.3.1 Desizn Criteria

Adequate analysis of data ob®ained by the iastrumentation rockets required
that positicns of the rockets with respect to burst point be known more ac-
curately than could be ascertained by ballistic prediction. To meet this necd,
design of a positioning systea was undertaken by Sandia Laboratory. The prin-
cipal conditions governing this design effort were that (a) total systea cost,
including design, developoent, and procurenent, was not to exceed 2200,000;

(b) up to a range of about 250,000 faat, position of seven airborne vehicles

had to be determined to an accuracy of ! ZOU0 feet; (c) in counsiderably less
than ope year from initiation of design, the systeo had to be operational to

the exteat of being capable of tracking one test rocket at a time at the Tunupah
Test Ranze; and (d) the systea had to be capable of operating reawtely by

closure of a few relays.

9.3.2 Description of 3ystem

Follxing is a briaf description of the systen; for co~plete detalls

3

refer > 2ace, Crowle:, and H2asen,

—

3



Aiter consiieratioa of several systeas types (ralar, Cdtar, and phase come
parison devices such as Minitrack ¥a I and Microlack), 1t was Jetermined that
the systea mosit likely to meet all design criteria vas a axdification of the

Minitrack ¥k II.

MIDQT (Multiple Interfercmeter Deter=inaticn of Trrjectory), the system
that vas evolved, is a passive, oull-recording, asgle-seasuring Jdevice. A
radio interferometer using two croised base lines, MIDOT operates from the
telemetering sigmal. A typical MIDOT installation coasists of two antennas
mounted on each of two orthogonal base lines. The base-line length chosen
vas approximately 100 vavelengths at the telemetering frequencies.

Sigoals frum antemnas at each end of a single base lipe are added together
at an RF tee located midway between the antennas. From this tee the signal (s
sent to & standard telemetering receiver when a record of signal strength is
made. when arrival tize of the transmitted signal is 180 degrees out of phase
at the two antezras, a mull results at the tee. Through application of rela-
tively simple gacmetric relationships it can be demonstrated that, for the oull
to occur, the transaitter must be located on a cone the apex of which is at the
center of the base line. When double base lines are used, the transmitter loca-
tion {5 deternimed to be on a line formed by the intersection of two cones.
Therefore, given two or more double base-line stations, the position of the
tracsnitter aay be determined as the intersection of lines fr=m the stations.
The system is ambiguous, but the ambiguity can be resolved when the fnitial
condition gecmetry is known. Experimental data indicate that the systea in
the field will yield data accurate to about h mils, or approxizately t 1000
feet at a range of 250,000 feet with a baseline between stations of 10,000 %
1000 feet.

Figure 9.% is a block diagraa of a single base-line, seven-channel re-
cording station. The helical aotennas feed Andrews Coumpany Beliax cable to
the tee at the niddle. From the tee the signal is fed to ASCO? sulticouplers
and then to Sems-Clarke crystal-cootrolled receivers. Signal strength at
each receiver is recorded by a Miller paper oscillograph. Data reduction is
complex and time-consuming and requires use of analog and digital computers.

A
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Fig. 9.4--MIDOT seven-cbannel recordicg statioa.
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9.3.3 Zardtack Operatiomal ?2lLia

Equipoest and persoznel were trazsferved to the provirng ground in tise
to begin assenbly and cteck-uut about 35 Jays befare the Teak event. Four
MDOT statixas (two oo each island) were established for the Teak and Orange
events on Jumstou and Sand Islaxds (Figs. 9.5 amd §.6). Electronic equip-
mnt at each station was contaioed in a 9-fout instruentation trailer. Each
antenna vas nounted on a pedestal, erected, and positioned by the field con-

tractor according to specificatioms.

At the request of the Arxy Ballistic Missile Agency (ABMA), equipzent
vas cbtained to enable the MIDOT system to track XRL pods used on Orange shot;
bowever, the equipment was not used becausz of changed plans in the field.

9.3.4% Data

Position data frow MIDOT aeasurements are estizmated to be better than
design limits by approxisately a factor of 2, giving am atcuracy of = IGOC feet
in any dimension. A cocparizca of the Orange burst pusition given by MIDOT
to the ARMA location determairation, as specifiad in Iﬂ’-1657,h agrees within
1000 feet. It is therefore believed that instrumentation locations quoted are
within a 2000-foot-diameter sphere. Figures §.7a through 9.7h are plots of
range, altitude, and lateral displacement in feet wersus ths! Ordinates are
referenced to Redstone launch coordinates and abscissas are referenced to
Redstone lift-off. The Teak and Orange bursts were 170.6 and 154.1 secounds
afeer lift-off, respectively. Table 5.1 is a tabulation of burst time co-
ordinates and slant range to the bursts. Burst positions are taken frow
Vr-1657,h other locations frowm Sandia MIDOT data. Trajectories for RF atten-

uation measuring rockets are preseated in Chapter 7.

9.3.5 Su=mary of System Perfor=ance

Teak. Xipe missiles were tracked during the Teak sbot, and satisfactory
records were obtained on seven. The two records oot recducible are those from
the 80, 000-foot instr.:nu‘tian rockat and one of the RF attenuation Viper-
Arrow II rociets {see Chapter 7). Transnission from the 80,000-foot rocket
ceased 4.2 seconds after launch. Yo cause for this failure has been deternined.
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X, ¥y, z versus tioe after Redstone liftoff.

Teak burst was 170.6 secoods after lifroff.

Fig. 9.T7a--Station IX-252:
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Teak burst vas 170.6 seconds after liftoff.
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z versus tize after 2edstone liftoff.
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Orange burst was 154.l1 seconds after liftoff.

Fig. 9.73--Station OR-115R
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TABLE 9.1--BLRST TIME POSITIONS RELATIVE

TO REDSTONE LALNCY®

Teak
Altitude South West Slant Range
Station (feet) (feet) (feet) (feet)
Barst 250, 360 -3,170 20m
X-37-39 38,600 32,900 6, 000 214,800
!-38-#3 wo 000 33:9m io?uJ 205:7m
!'36‘59 59' %00 ﬁo 5m 60 100 1950 5“’
x-35-80 RF failed No data
X-3h-209 206,700 36,300 15,000 58, 700
X-45-252 252, 000 63,300 13,200 68, 500
Orange
Burst 140,985 136,715 3,060
N-41-72 71,600 29,200 2,500 128,100
X-%0-115R 115,000 80, 600 -7,200 62,700
E-46-1255 124,700 117,200 36,600 42,100

*
For predicted positions, see Table 8.3.

Tue Viper-ArTtow 11 alssile was destrocyed shortly afters

were obtained.

asd oo 4o

2

Orange. Of six missiles for which tracking was attespted, five were suc-
cessfully tracked. The six vere the Redstone, OR-1152, OR-1255, and OR-T72, in

addition to two Deacon-Arvrow combinations.

The second stage of one of the

Deacon-Arrows failed to fire and no trajectory was computed from the MIDOT data

(2Z4-mc Hi-lo, see Chapter T).

9.4 FM-FM TELEMETRY SYSTEM

9.4.1 Design Criteria

The FM-FM teleoetering systen vas the oost {aportant endeavor of 2roject

32.4 but, since very little cevelopoent was necessary, it was probably tle
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sizplest ta aste=plisk, The system is intexded ta accept data from zeutrca,
gazma-ray, tiermal, and X-ray transducers and transform such data to a fora
suitable for transmission and recording. It also {s to provide aomitoring of

wvarhead compand functions and the high-resalution telemetry systea.

With the exception of radiation effects, conditions surrounding the
Hardtack tests were not greatly different from standard light-missile tests.
Accelerations experienced did ot excead 65 3's, and space wvas sufficient to
utilize standard components. The effects of radiation were not well under-
stood, but tests during Operation Plumbbob indicated that no great difficulties
sbould be anticipated at the ranges from burst vhich were planned for the
Prograa 32 instrument carriers.

9.h.2 Description of System

The system will not be described in great detail, since the techniques
are well known and cowponents are cxmwrcially available. Figure 9.8 is a
block diagraa of a typical instrumentation rocket installation. The principal

components in the system are as follows:

(1) Bendix TOE-31 subcarrier oscillators
(2) Bendix TXV-13 transmitter

(3) Rheea REL-09 pover amplifier

(4) Carter Magmotor 250 v-250 ma

(5) Ni-Cad ZH10 batteries

(6) Sandia-designed, nose-probe antenna
(7) ASCOP comutation switch

Accuracy of the system wvas expected to be better than 5 perceant from data
input to reduced data.

. The receiving station wvas zounted in a 33-foot trailer van and comsisted
of standard coomercial equipment. Figure 9.9 is a block diagras of ths FM-MM

receiving station. Its principal items are:

(1) ASCOP prea—plifiers

(2) ASCOP =ulticouplers

(3) Neas—Clarke Model 1400, crystal-coatrolled receivers
(4) Axpex F2 114 tape recorders

(5) Miller dodel J, 30-channel oscillograph
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9.%.3 Yardtack Operaticm Plan

Personnel and equipment were transferred td the proving ground in tine
to begin assembly and check-out about 35 days before the Teak shot. The re-
ceiving trailer vas moved from Bikini to Jobmston Island, and all its elec-
tronic equipment vas checked out. Immdiately following check-out of the
trailer, instrumentation rocket telemeters were brought into the trailer for
setup and calibration. As oose cones were campleted, they were asseambled in
the missiles and the latter were erected ou their launchers. Several signal
dry runs were conducted befors shot day to assure proper operation of the
systems. Sufficient equipment wvas taken into the field to support two Teak

sbots.

kKeFERENCES
1. Brumley, F. B., and Scbultheis, T. M., The Doorimob Wideband Telemeterizg
System, SCTM 3%8-61(72), Sandia Corporation, to be published.

2. Glass, R. E., A Wideband Microwave Link for Telemetering, ScI¢ 158-37(52),
Sandia Corporation, March 25, 1957.

3. Pace, T. L., Cravley, T. V., and Hansen, V. W., The MIDOT System,
SCDt 76-58(52), Sandia Corporation, December 12, 1958.

. Elliott, G. P., Kemnedy, B., Crau, D., Operstion of Missile Carrier for
Very-High-Altitude Nuclear Detonation, WI-1657, Army Ballistic Missile
Agency, May 20, 1959.
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Chapter 10
TEAX AND ORANGE RARSEADS

10.1 WARHEAD SYSTEM
10.1.1 Introduction -—

wvarbeads to be
Orange evénts, and addition-

Sandia's respoansibility was to provide
carried by the Redstone missile for the Teak
ally to insure mechanical compatibility between the varhead and the missile
as well as electrical compatibility between the wvarbead and the fuzizg s7stem
provided by Picatinny Arsenal. Special equipwent wvas installed on each war-
bead to provide for maximm prelaunch safety and to provide special firing-
signal circuirs to the diagnostic telemetering system which was installed ia
the Redstone missile. Final assembly of the warheads was accomplished at an
AEC productioa facility under the guidance of personnel from this project. '
50 difficulties were encountered in assembly or final preparation of the units

of the forwvard area.

4
Installation of the warhead in the aissile-varbead compartment vas ac- N

complisbhed on Parry Island, Eniwetok Atoll, for the original Teak operation
which was to have been carried out from Bikini Atoll. Following postponement
and relocation of the event from Bikini to Johaston Islzsd the missile was
returned to Parxrry Island from Bikini and the warhead vas removed. The Teak
and Orange warbeads were later sent to the Waikele Branch, Naval Asmunition
Depot-Cahu, Calas, Hawaii. This site was used, since oo suitable facility
existed at Johnston Island. In addition, trained personne! were available at
Waikele to maintain the warbeads. Warheads in the missiles for Teak and Orange
were installed at Waikele with the aid of the AEMA mechanical group and Navy

personnel at tke site,

Followingz assembly at Waikele, the units were airlifted by MATS from the *
Kaval Air Statioo, Barbers Poiat, to Joanston Island. The units actually used
wera stored on Johnston Island until they were expended, while the spare war-
beads remaiped at Waikele, -

ﬂ }9,._ 727 /:s deleted .
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10.1.2 &arbead Description

(Fig. 10.1). The varbesd and instrument compartaect were sealed before launch,
and thus the warhead vas exposed to pressure during flight equal to or slightly
greater than ambient pressure of the launch site. Details of wvarbead descrip-
tioun and operation are contained in Sandia Corporation doamest SC-339’7('B).1

10.1.3 uarhead Preparation and Test

used. This equipment operated satisfactorily in all respects.

10.1.% Fuzing Systea

The fuzing system is described i{n a joint DMA/DAD/DASA publicauon.a The
systes consisted of two paralleled T-107 safing and arming devices, a 28-volt
thermal battery power supply, and a timing device. As a result of changes i=o-
corporated following flight tests at AFMIC, the system was changed so that
the primary fire signal wvas applied directly to the warhead trigger-circuit
thyratron grids, and the ‘backup fire signal w;_s applied -to the trigger-circuit

pulse transforoers. .

The fuzing systea was designed .by Picatinoy Arsenal and was based, where
possible, on use of. already developed components. The T-107 devices were
siailar to those used in the tactical Redstone missile, with modifications as
necessary to fit the trajectories. The tiaing device utilized mechanical
escapeoent timers wvhich bad been used by the Ordoance Corps in other weapon

applications.

D .
N
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The T-1J7 devices allawed arzing and firing siZnals to pass the warhead
ouly if tx trajectory sas correct; the tining device generated amaing aod
firing sig=als in proper seguence for warbead operatiocan.

The firiag signal wvas delivered by the missile prograzmer in series with
contacts clased by the fuze tining device. This wvas done in order to provide
more accurate cootrol of the burst point. A backup firing signal wvas provided
for additi-ual reliability. Ove of the warbead araing signals was required to
be contimamus; if detonatiom did not occur on either firing signal, this sigoal
would have been interrupted by the fuze tizers, causiong the X-unit to discharge,
and thus to "dud”™ the warhead.

10.1.5 Safery

A study vas made of safety consideratisns involved in the Teak and Orange
tests.2'3 The conclusion reached by this study was that probability of 2 ouc-
lear detcnaticn at an altitnde of less than about GO,000 feet was less than 10'7.

Safety against a ouclear detonation was dependent primarily upon the
T-107 safiog and arming devices and upon a missile-generated signal indicating
that the missile trajectory is normal before warhead arming is allowed. The
'T-107 devices sense missile accelergtions and require that a predetermined
sequence of missile accelerations be experienced st prcper times, and tbat
certain sizgnals be received from the missile guidance and control system.
These signals include the guidance-check signal, which indicates that the
trajectory is such that the missile wvill be at a safe altitude at burst time,

The warhead electrical system was slightly modified to allow direct control
of arming by the Task Force arming coordinator prior to missile launch. Tbe
circuit betveen the high-voltage battery and the X-unft was interrupted and
counected to two receptacles mounted on the external skin of the n:bud; A
ouclear Zetouatica could mot ccecur under any citcims:ancu unless the circuit
between these receptacles had been completed. This was accomplished at approx-
imately H - 55 minutes by means of a juzper cable installed by the araing party.

The warbeads were monitored as necessary for personnel protection against
exrposure to tritium gas in the event of a leak. A T-289/336 installation was
used in the assembly buildinzs and was operated contimuously vherever a unit
vas in the bay. At other tizes during warbead handling operatioans, T-290
portable air sazplers were used.
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1.2 SYSTEM MNITRDNG AND RESTLTS
10.2.1 Preflight Safery Checks and Final karbead Araicy

Sandia was given the responsibility of perforaing final aring of the war-
bead prior ta missile launch. This work wvas initiated at H minus 65 ainutes,
aifter assurance from the AZMA firing coordinator that radio-frequency silezce
was in effect oo the missile and in the area east of the Johknstoa Island

aircraft-courrol tower,

The first operation perforaed wvas a woltage-safety check of the fuzing-
system output lines. This step was incorporated to assure that no voltage wvas
being supplied oo any of the lines to the warbhead. A special test device coa-
nected a multizter throogh a selector switch to the fuze-output coanector.
Zach vire in the output circuit was wmoanitored individually Dy means of the
selector switch. The multimeter was set on the 2.5-volt range aod the meter
wi::hz.d to the AC and DC mode tor each circuit. No voltage was detected oun
any of the input lines.

The secoud step was a warhead-continmuity test performed with the T-30h
multiple-purpose test s2t. This test confirmed that the high-voltage thermal
battery had oot been activated and that certain critical interoal warhead con-

nections were complete.

Following these steps, permnission wvas requested and received from the
Comsmander, Task Group T.l, to arm the wvarhead. The cables between the warhead
and the fuze were connected, and coantinuity checks of the varhead and fuze
wvere perforaed by means of the Picationy prelaunch control and moanitoring panel
in the firing bunker. All counectors oa the warbead-fuze cables were than
safety-wired, and the diagnostic telemetering systes was connected to the
vartead.

The last step to be performed was insertionm of the high-voltage jumper
cable which wvas also safety-wired. Following this operation each member of
the araing party perforaed a visual check of the installation, after which

the nissile-access doors were closed and sealed.

The fical step was a report to the Task GCroup Comcander by the Project
Ofiicer thact ar3icg vas cooplete and a statement to the A3MA firing coordimator
that radio-Irequency silence could be liited.

—



10.2.2 Iaflight Momitoring of warbead System

Tour subcarrier chacoels 3f an FW/IY telemtering system were used to
wointor periarmance of the wvarbead and fuze electrical systea. Three charmels
were used to mounitor the three z3-wolt signals which the fuzirg systea mgplies
to the varbead. The fourth channel was provided by Picationy Arsenal. A cam—
outated signal from the adaption kit vas imposed om this channel and wvas used
to indicate operation of the various AK componeats. The monitoring system
periormed properly, and all functions occurred as expected.

10.2.3 Test Results

/

—
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Chapter 11
OPTICAL RADIATION AND FSOTOGRAPHIC COVERLE

1.1 OBJECTIVES

Photographic coverage oo the ground for the Teak and Orange events wvas
designed to recard the time history of wisible radiation. Basically, three
tyses of coverage were attempted: (1) high-speed framing cameras to record
absolute surface brightness in thres oarrow spectral bands, (2) lensless
streak cameras to record irradiance cu the ground in three narrow spectral
bands, and {3) a spectrographic streak camera to record bomb spectrum versus
time. Ip additiom to these, couventicual framing cameras using color fila
were e=plojed to pruvide documeztary =—r-erage and s=pplementary messuremest
of the various fireball dimeasions and phenomena at late time.

Objectives of the photographic coverage wera several. As indjicated '
above, the primary purpose was to gather data which are descriptive of the
thermal pulse ip quantitative detail. The bearing of this infomtion on
the problem of detection of high-altitude bursts is clear. In additiom, the
information is of interest from the standpoint of weapon effects, e.g., the
flash blindness problem. It was furthermore intexdad that coverage of optical
phenowena should contribute substantially to the general fund of data perti-
pent to an understanding of the pbysics of & high-altitude fireball plasma.
Quantitative measurerents were needed for this purpuse; qualitative informa-
tion about unexpected phenowena was also sought.

11.2 THEORY

The followingz discussion of fireball phenomendlogy at high altitude sum-
marizes, ia part, the thinoking of omrs.1'2’3'b"5 .
calculation are cmnitted here and only salient resclts are considered. b'—'""

At sea level, sofc x-rays_au absocbed ..‘ -
within a few meters of the bowb, ziving rise to a wery hot isothermal sphere. -

The te=perature is so high that erergy radiated is largzely in the spectral »

For brevity, details of

TR
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region and is strongly absorded by the ambieat air. The growth of the sea
level fireball is prizcipally by hydrodyaxmics which form very quickly and
carry aay a0st of the eaerzy yield of the weapon. FVery little energy es-
capes the fireball before foraaticm of the shock fronmt which absorbs the
radiant energy of the ioper fireball, thereby decreasing the effective brighe-
pess of the X-ray beated air. After breakavay, the expanding shock becomes
transparent and a second maximm {a the thermal pulse occurs which coatains
essentially all the energy radiated from the burst. The fraction of the
yield countained in the thermal pulse is about ope-third of the total yield

for a sea level explosion. '

Because of lower air demsity, X-rays is deposited .
in a larger volume at higher altitude. The air teaperature of the fireball is
then sowmewhat lower than at sea level, and more of the radiant enmergy is in
the spectral region for which cold air i{s transparent. Bydrodynamic phenomena
do not form as quickly as at sea level, 30 that more epergy is radiated before
the thermal minimm. This enhancement of the radiation const{tutes a loss of
energy vhich would othervise be carried gway hydrodyoamically. The result is
that bydrodynamics become less important and thermal radiation is increased
with altitude. Depending on yield, there is an altitude at vhich there is no
second maxizm in the therzmal pulse. This occurs below 200,000 feet for mega-
ton weapous. At still greater altitudes, the portion of thz yield that is in
thermal radiation begins to decrease again. This is caused by X-ray deposition
which {s so diluted spatially that the fireball air is oot very bot and cannot
radiate effectively.

11.2.1 Craz=ze

Shot Orang s not expected to be substantially
different from sea level shots in =any respects. At this altitude, X-rays are
still absorbed in a rathar small region arcund the bomb. Hydrodynazic pheaoa-
ena develop somewhat later than at sea level but still constitute the =ost ia-
portant mechanisa for transporting eoarZzy avay from the explosion. As at sea
level, a ainizm in the thermal puise oscurs, altbhough later than at sea level,
and relatively more radiation escapes in the early stazes of the explosiocn
before the mini=am. Only a slightly larzer fraction of tkte yield is radiated
in comparison to that at sea level.
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11.2.2 Teak
ot T 7' expected to fv,ircunz a marked

deparrure from the phepmwnology of a sea-level burst. At tiis altitude, air
dezsity (;.’;a a3z 10'5) is ssch cthat X-rays ate a?uite:l' {a 2 szhere of ap-
proximately 30,000 feet radius. Hydrodynamics are much less important than

at sea level and develop very late compared to the tiae for radiation cooling
of the fireball., As a result, nearly tvo-thirds of the yield is radiated asvay
in a single thermal pulse of sbort duration (about 10 msec). Because of low
ambient air density and relatively low temperature of the fireball, tbe heated
air is quite transparent, so that direct observation of the inner portiouns of

the fireball can be made.

11.2.3 Teller Light

Teller light is well known in the case of sea-level burstsé as the in-
tense early light from the air surrounding the burst before formation of the
fireball., {1t is generated by gamma radiatisc adsorbed in the air by Cumpiouw -
collisions., Fast recoil electrozs (a few bundred kev) rapidly transfer gamma
enerzy to excited states of air molecules, giving rise to a characteristic

emission spectrum in the visible from Na and N;.

At Teak altitude the air can be sizilarly excited by pboto-.lectkm pro-
duced by absorption of soft X-rays at relatively large distances from burst
point. Absorption of both gama rays and X-rays can thus give rise to prowpt
emission from excited wolecules, and both radiations are therefore considered

~

sources of Teller light.

Because of the loog collision time of molecules at 250,000 feez {about
1 psec), the Teller lighz phase of the explosion fs greatly enhanced. Since
the lifetim* of an excited state is about 10—8 sec, virtually all excited
molecules radiate before the excitation is traasferred to Uneti;: energy by

collisions. .

Because of the longz mean free path of zaxa rays at 250,000 feet, deposi-
tion of gamxma emergy is much less than that froa X-radiactiga at burst altitude.
At an altitude of about 100,000 feet, however, air density is such that there
is a broad region of substantial gamrm-ray absorption. Thus, most of the
Tellar light zenerated by zxana radiation arises from this lesser altitude.




My

Teller light from XY-rays is =uch aorTe fatense asd occurs much nearer the burst
point. Furtler discussiocn of the Teller light pulse is presented in a later

section.

11.2.7 Theraal Radiation and Teakx Fireball Dewelopment

At 250,000 feet altitude, it is estimated that about two-thirds of the

a large volude because of low zmbient air density. X-ray energy is rapidly
transferred to evergetic photoelectrons and auger electrons wvhich deposit

their energy locally by further ionization and excitation. The approximate
energy deposition in electrom wvolts per air atom is illustrated in Fig. 11.1

versus radius. The mu=ber of iom pairs produced per atom by energetic elec-

trons can be read directly from the graph as ¢/32, since it requires 32 ev to
form an ion pair in air. Thus, for exazple, all air atoms are at least singly
ionized within a radius of about SO feet. Radiastion emitted by excited air
depends on the state of the air izmedistely foll.ov'i.ng initial deposition. Ex-
cept for prompt Teller smission already wentioned, the most important processe

vhich ouw occur are those which bring about a statistical equili.brim.l

The general characteristic of the air immedistely after deposition c" the
bomb's energy is the presenca of za excess of molecules, neutral and ionized,
for the energy coutent of the afr. In the closer region there is, in addition
an excess of electrons. In the outer region, dissociation of veutral molecule
by collisions is slow (approximately 1 to 100 msec). Thus, in the beginning,
at least, radiation froa the outer fireball is predocinantly froms molecules.
Closer to the boab, vhere there is substantial fonization, molecules and elec-
trons disappear together by a combination of two nounradiative reactions:

N; + e = 2N aod !la + N = !I; + ¥. The first is dissociative recocbination;
the second is charze exchange.

Both of these are sufficiently fast that equilidbrium is attaiped in
about 1 pusec, and as a result dissociation of all =wlecules occurs, leaving
ionized air atoms and electrons. 4 sizple arziment shows that this will be
the case out to the radius for vhich ¢ = 10 ev/atom (approxisately), which
occurs at about 15,000 feet. This voluse is referred to as the fonized core
region in Fig. 11.1. The principal source of optical radiation from the

33:
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fivmedall arises in this regism ani is caused by the radiative tec.lﬂu’un:inA
9f electrons and atmic ioms such as ¥ » ¢ = ¥ = bv. Recomdioation time i:
abaut 10 msec. Since appraxizmately ooe-half of the total deposited energy i
coctained in the core regiom, cwuilng time for the firaiall s of the arder
of the recombination time.

In addition to recambization radiation from the core, there is same
radiation caused by free-fres (Bremsstrahlung) electron interactions in the
field of the atoms of the core and sooe line emission from excited atoms.
Sot bowb waterials will also contribute in some degree to radiation from thi

region. Absorption of some of the radiation from the core in the outer
"wolecular” region gradually ifsothermalizes the fireball so that at about §
msec the fireball is an approxinate isotheraal sphere of about 20,000 feet
radius. The temperature at this time is about 10,000 degrees XK. Because ai
at this temperaturs and pressure is quite :nnsparent,7 the inner portion of
the fireh:ll is observadble, and the cooling rate decreases markedly.

This energy is absorbed in a lar
Since re-

region around the burst by photodissocistion of oxygen molecules.
cocbination of neutral atoms to form molecules requires three body collision
vhich are extrenely rare at Teak altitude, dissociation of 02 is essentially
per—arent, and this energy of the bomb is effectively wasted.

11.3 INSTELMENTATION

As previously stated, quantities to be measured for the Teak and Orange

everts were: (1) absolute surface brightoess in three carrow spectral bands




S

(2) irradiance on tie ground in three narrow spectral bands, asi (3) bomd
spectra versus time. Tables 11.1 and 11.2 give specific camera Zata.

11.3.1 Frxzing Capecas

Twelve cameras were centered on expected "air zero.” Six lS-=m Fastax
camras at 3000 to 6000 frames pear second prowided a narrow a=gle of view.
A second group of six 35-cm Fastax caveras at 600 to 4500 frxaes per second
covered a wider field. The Fastax, a high-speed canera of th rorating prisn
type, produces discrete frame izages. With these caseras, an attexpt vas male
to measure absolute surface brightness in three narrow spectzal bands: L4000 A,

5000 A, and 6500 A.

11.3.2 Streak Caneras

Three 35-== streak cameras vere operated. These are essentially normal
Fastax cameras except that the prisms have been removed, affording a contimus
fils transport mechanisws with no framing compensation. The cxmeras vere fitted
vith slits of the desired vidth to obtain necessary time resolution and expo-
sure, Zach slit was divided into fcur segmeats. To allow very wide exposure
range, three segments accommodated effective neutral deansity 3, 2, and 1 filrters,
respectively. The fourth segnent remained open, giving exposure at unity. The
three cameras were fitted with narrow-band pass filters at 3500 4, 5000 A, axd
6500 A, respectively. No lenses were employed with the streak cameras.

11.3.3 Recording Spectrograph

A Hilger l-meter quartz spectrograph wvas used to record spectn=: versus
time during the initial phase of the detonaticn. A 10-inch focal-length quartz
objective was used before the slit.

A fils transport mechanisa was designed and built to be accommodated by
the Hilger instrument. Filn vidth of §-1/2 inches allowved cocplete coverage
of the spectnm which {s available for the spectrograph. Tte ranze of the fn-
strument, 2000 A to 10,000 A, exceeds the spectral sensitivity range of the
esulsion (Eastman Kodak Tri-X Ar=coo Panchromatic) used. Tize resolution was
about 16.7 psec at 100 ft/sec. A reference markinz light was e=ployed to com~

pensate for errors caused by fils weave,

"
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D0 lfem Taslax comeras, izcorporatizg dsixmatic expesure corrral, were
used. These cameras, cperated at IO {raoes per sesiad, tuve a fila cagacity
of ~O) S2et. It Is characteristic of this oechaaisa to driext a=d fallsw alter
approxizatesy 10 .sec. Tre initial {ilter settizg ic =2ds It aderiate ex-
posure Zurizmg the first 100 psec. Additioral ta evaliatica 2f the exposure
contrel systen, resultizg fila records were intecded to provile early-tize radii

versus-tizme Jdata as well as docuseatary coverage.

11.3.% Mitckell Cameras .

Turee Mitchell 35-am bhigh-speed =ction picture caseras were located at
the canera statico on Johnston Island, Anscochreze color fila was used., Gen-
erally, expbasis vas on radii versus time and later ti-e phenooena, {n addition
to qualitative or docu=entary coverage. These cxseras afforded a wide field of

view {approxizately 36 by 48 degrees).

F3r tke Orange event, three off-site Mitchell 35-0 motion picture cameras
were odded. Two cazeras were located at French Frigate Shcals and one was
placed adoard the USS Boxer. Prioe interest was in very late-tize, large-
scale ptenocesna. EHere slso, Anscochrooe color filma was used. These cxmras

vere intended to provide qualitative data only.

11.3.5 Ballistic Plate Caneras

Two ballistic plate caneras, especially designed for obtaining zositica-
ing data cn 10~ by l2-izch sensitized glass plates were used. Four sets of
fiducial zarks vere exposed oo the plate for accurate and repeatable reference.
Lens focal length on these cameras is 12 inches. To assure precise positiocn-
ing, the ballistic camera incorporates a mount for lociticn of a theodolite
directly over the nodal point of the lens. One camera vas located at the vest
end of Jokmston Island and the second was established on Sand Island to obtain
as long a base leg as possible.

An explosive capping shutter vas designed to close while the mechanical
soutter wvas still in its Duch slower process of closing. Exploding the charze
vas accc=plisked by a photocell-controlled circuit triggered by the first ligac

of the test detonation. Effective closing time was approxi=ately 250 usec.
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11.3.6 Tiaiag Reference

One-brndred-cycle tine aarks were placed on fils records in the Mitchell
caxwras and coe-thousand-cycle ciaing was supplied ta all other high-speed
ca=cTas acd the spectrograpgh in the Joaniton Islanmd camera station. A sizple
tize zark generator vas used with the Mitchell caxzera (3low-speed) abuoard the
USS Boxer. It provided ooe tioe zark approxinmately every 7 seconds. This

cxaera was used during the Orange event only.

Syne marks were placed oa all fila records in the Fastax cameras during
the Teak and Orange events. These were supplied x.hru-agh two sync aark genera-
tors, each triggered by a photocell vhich was acruated by the first light of
the detonation. During calibration of these generators, a delay of approxi-
mately GO pusec was experienced between the first visible light froa an elec-

tronic flash lamp and actual lighting of the oivn flow lx=p.

11.3.7 Filters

Metal interference filters were used for the parrow-band pass filters.
These were generally secood-order filters characterizad by a width of half-
peak of 100 A and a base width of 1000 A. With the 5000 A and 6500 A filters
it was pecessary to use Mratten gelatin filters to suppress unwanted bands.
Figure 11.2 shows transmission curves of the narrow-band pass filters combined
with the Wratten filters vhere the combination was used. These curves are
measured with approximately the same angular spread (5 degrees) in the light
as was present in the field, The so-called neutral deasity tiiters {Wratten
No. 96) were calibrated at the wavelength used, Tabies 11.1 and 11.2 give

this effective pneutral deansity for the filters used,

11.3.8 Fila Recording

The quantitative seasuredent of light intensity using photegraphic emul-
sion requires establisioent of known relationships between exposure and result-
ing density produced in the developed emulsion. The reader is referred to
accepted sources such as !!.deslo or Jonesu for a Dore complete discussion of
the general problea. A thorough discussion of fila a=d camera calibration
techniques and data reduction metbods for this project is given in a report
by Paber.l‘?
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Lig>t transmission, T, of a developed filn generally ldecreases with in-
creased exposure. Deasity, D, of a film is defioed 23 D = l°!10 (1/1).
Figure 11.3 shows a typical relatizoship bectween D aad tie exposure, E. Evi-
dent are the toe, a more-or-less straight-line portise, and the shouller of
the curve vkere the density reaches a liaiting value. The relationship be-
tween D ani E is somewhat sensitive ta the wavelength of light used. The
teciprocity law (vhich states that density depends ouly oo total exposure,
E = It, ani not intensity, I, or tise, tr) bolds fairly well for exposure ti=es
of interesit, T to 200 usec. Fila cailibratioo procedures accounted for the
wavelength and reciprocity variations. D-log E calibration curves were ob-~
tained by exposing the film io mxdified Fastax streak cxmeras using the various
parrov-baod pass filters and several slit widths. The sun was used as a source.
Its inteosity, after passing through the filter, was aeasured vith a black-body
teceiver (Eppley thermopile). All fila wvas from the same emulsion oumber; pew
calibration films were made at the test site and received the same handling,
storage, and developing as the record filzs. As a relative processicg coatrol,
sensitometer step wedges were included at the beginning and end of each roll of
film. These wvere exposed on an EGAGC MX VI sensitometer at 10"‘ sec. Figure
11.4 shows typical D-log E curves for the four wavelength regions passed by the

filters.

11.4 RESCLIS

Curves plotted from control wedge densities indicated that processicy was
reasonably constant for any one roll of filw (Fig. 11.5)}, but vas not as con-
sistent as would be desired from fils to filn. These differences made direct
comparison of test records and calibratioo records inadvisable. In addition,
the st2p wedze densities do pot extend to as hizh densities as the actual
records. To oake the data neaningful, a oethod for obtaining a density-versus-
relative—xposure curve was developed vhich used only the control step wedze
densities, the known exposure difference between the four separate chaanels on
each streax record, and the density versus time of these records. The absolute
scale wvas obtained froa calibration records. This method is described in de-
tail ia 2aloer's report.lz In brief, for the calibratisa fils, the average
gradiezt Jver an exposure interval of 1.5 loz E uvaits is taczen so that the
line t2r>zh the end points is tangent to the D-15z E curve at the toe eod

(Fig. 11.Z). Tbe intersectioa of the extezsiom of tais lioe with tte exposuse
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axis is callad the inertia point. It is found that the inertia point position
is quite irsensitive to variation in development processing. The lnertiz
point from the calibration film was therefore used to place an absolute energy
scale on the D-log E curves obtained as follows. The exposure ratio between
any two chanoels of a streak camera is koovn from the relative filter trans-
missions. Thus at any fixed time, four points on a density-versus-relative-
exposure curve are obtained. By goinz to other ti=ws, other zroups of points
can be obtaimed, and thus a complete curve can be built up. It-was found chat
data from channels with ainiam exposure (and to a =uch szaller extent the ooe

with the next zreater exposure) did oot fit well with the higher demsity chan-

nels. Scbsequeant laboratory tests have shown that taere is suificient scatter-

iog in the fils and cazera to cause a distortion of the chanpels which have
been atteauated factors of 100 to 1000 as were the two least Zease channels.
Therefore, culy data froa the two Dost danse chaznels on each f{ila were coa-

sidered reliadle 3nd used ia subsequent azalysis. The autocalidrated curves
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Fig. 11.5--Control step wedges, fila T-ll.

axis is called the inertia point. It is fcund that the inertia point position
is quite insensitive to variation in developoent processing. Tte f{anertia
point from the calibration fila was therefore used to place sn absolute energy
scale on the D-log E curves obtained as follows. The exposure ratio bet.een
any two channels of a streak camera is known from the relative filter trans-
missions. Thus at any fixed time, four points on a density-versus-relative-
exposure curve are obtained. By going to other tines, other groups of points
can be obtained, and thus a couplete curve can be built up. I1t-was found that
data fruvm channels uitl.: niniom exposure (and to a much smaller extent the one

with the next greater exposure) did oot fir well with the higber density chan-

pels. Subsequent laboratory tests have shown that there is suificient scatter-

icg in the #ila and cacera to cause a distortion of the channels which have
been attecuatad factors of 100 to 1000 as were the two least dense chacnels.
Therefore, only data from the two =ost dense crhannels on each fila were con-

sidered reliable ard used in subsequent analysis. The autocalibrated curves
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catched well vith the control-step wedge curves in t3e regicn of overlap, aad

togetter give a lJeasity-versus-exposure curve Jover the eatire ranze of izterest.

Table 1}.3 si==arizes results obtaiped from photographic instrumentation.

11.54.1 Frxming Camera Data

Good quality high-speed frasing camera data are lackiog for both shots.
The loss in the case of Orange is cdue to cloud cover at shot time which obscured
the burst from the ground. Burst position error caused the loss in the case of
Teea. Allicuzh exposures were obtained on the narrow field records, the fire-
ball is oot includad iz the fr—me. Exposures obtained presuz;.nbly represent
light from the fireball vhich wvas scattered into tke field of view by atospheric
haze. While the scsttered light is, in fact, data, an attempt to carry out aa
drcalysis has not been made. This same consideration applies to exposures from
the wider angle fraaing caneras. These include a small portion of the fireball
near the edze of the frame. The Fastax chutter action is such that this is the
portion for which the exposure is uncertain. Radius-timze data from these cammras
add very little to data obtained from the wide-angle color records. Because of
loss of the 3500 A record on Teak it was believed useful to attempt to secure
relative axposure for the 4000, 5000, and 6500 A bands for the first 10 msec
from these records. This requires only the assumption that exposure reductioz
caused by shutter action i{s the saze for all wavelengths.

The color framing cameras provided excelient qualitative and quantitative
data about the fireball structure up to about 3 seconds for Teak (Figs. 11.6
and 11.7). 1In addition, a few frases demoustrate the aurora emanating porth-
vard from the bomb debris as a source. Of course, because of the cloud cover,
po data of this kind were obtained for Ora=ge. A Mitchell canera aboard the
USS Boxer provided excellent coverage to several minutes after detonation for
the Oranze eveaot (Fiz. 11.8). Two additional Mitchells located at French
Frigatz Shoals produced no significant data. This was at least partly attrib-

utable to clcud cover.

11.8.2 Streax Caoera Racords

Except for the loss of one (fila breakage, 3500 A, Teak), the streax
cxera records are the sost reliable quantitative data obtained on both Teax
and Orazge. The data obtained are of zood quality out to about 70O =sec.

péru 798, 2,
Gnd I5O Lie deleted.

2y

\tl
-~



e ‘aslem) sen)jp JuEIA

1Y sane

Qrea yriys ‘syep swpy sjep Jueppe
ois=ey) (4q)
4 j000] 10 sen einyjeq °
Popinres ston namel) aej ¢ Ljup '®)
ofenye elefjag yiuesg I8 cosemey oAl (@)

0N preng
‘

‘pelju)] AdQennyiee @

camjeusy ying 4q

10 £r0103

pue jeand pnajd

30t ollowy

*(pusiel uolsuyor) pej1e) 1e33Aye
*(puspeg pueg) sisp JuS[{eINe pepin3el

co1op 0N
Jeowny sug (g
20003 SuQ -W

unryrfand joup

e imerr
03102 Isfq(en

‘persjesInt-m)y
o pe
*10an3 praf2r @

me SnTnav 2
planad 2eung
o1qeINg) 2
swey yree 4q
wesrjulje

(* 4190 3j0ye sPuesip uo pesp)

IR
(410 uemninp)
s3ep sajyerjjenh

00 18me
AL AL
LA LAS ] [

164ta) ae) » pus epnngd ul sesuyRjaq p
*10ANY panly |0 eanereq SI10p ([0g

o0 o)

[IR17E)

*20103 Uy eflesea0 Liejuemning
pool o9 [{0A o9 ‘smp) sie] O} deem | Ljermmivosdde

913130184 Y304 pus JIpel 105 ISP (uejjerng

gy ey

f{420 ucmnanp) syep
sajInljendh ‘e

. LR
enelsA JIpYy

—

(£9f *eg)

(LI T X
119418

41910330 esrm poanging ®10i(f) ‘e
18] smyiy Aerep R 0

S8 ‘l1eAnt pAnje |n sensteq FPp |[9q0If) NN

Snjea pevsses| N 018
¥ N9 pue ‘Y xi ‘Y 0nGE 10 peujeiIqo

*3sany pnng
tey

*18ang )0 Uo))

«100d snoRUOIIe SO seneied emsi] uj [[Pqe1)] JO JivY

seu® 19AD jenp

-*Agonnyaes pe

o] swejuTyIBm IPI|I4

‘wemnag OF 10113 Ageyvmjenidde 1039 o10p oy

(£2mjusmnsop) mivp
eafioyygonh 2
[T}

enm oA Jipey ‘|

of 20111
ojqejiep

TRANAGE TAU PYIP pUB URD JA UATIR|IINY 10 w[1)

oyniq wrfusjeasa yo

¥ 005C 19 1emm)

coyyfueg

~vasa yood ¥ 00C9 Pus v 00OC 19 poujeiIqo #18p ponD

[ IR}
sneaeA (punnif
ur) eauepriag

w'UOTII® J0YINye

wejad weyou,

Aq peydejje o) Lyjeuep 93] eiaya elipe wmei} 100u

sofl oftwwy

‘uojyjecd I04E enceiolie Jo esensleq

119q911) jJo unjisod (yeus » {jun pepioIe] SBIeme)

om] ) ONGIGA {®
011 Jo AU LA R
®awjiIns e Injnaqy

‘unl 0] ejeidmny Ay peiey pus pesmef

‘aeany pangiy ja sa

oq 0)op Ay

pessjm £je1ejduny Aeja )n ot
onoy Aq Refa )n plej] ajuy pe

Laea o) g

‘em]) snsjea

‘lieqeaqy
ansieN ‘esmjdersye
eI Ry L{qeqned
130p yIjya ‘emea) Aq

smedg ‘Lyjous S10A0 Am® spinses peendue L(jase
3 r It r L t 4

jonm eosyL

suatifend 10ys ennsusise Of eap Slep Ny

e02f} jo
s30j1ne e n{reqy

nejaey
antioy

L] 1.3
T10ANY panlY |4 sensreq peINped

1 .1} vy yeep iy
‘injean Ajrue

1 Aq peliwmep
It ulje 0w
inendng

weyele ys0devesy wiy) uy yee] YWy
Aq pefwmep Ljenojiee pindey
pus uajifend Jeanq Jo sensreq Ljun JyN|| Jej{eL Aeg

‘aeja Jo eojtys Antiwu

sap) aneimA
os3veds qung

ydeiRniyrade
Rugpiniey

— Ty

wanl

pRIIeIqe 210p )0 seesIng

AViHAG viva--£° 11 F1avl

Sjep ell]

[1a]




-y
™.

[v1]

)

Secause of uncertain traasaissisn through the elxad layer, ‘absolutes irradiances
»asured for Orazge are probably of lessened interest; relative spectral ir-
radiances are also degraded by uncertainties in tke spectral dependlexace of

clad tranimisaion.

11.3.3 Specrrography

The spectrograph was, for both shots, directed toward air zero. Because
of the Teak burst error, the very marrow field of the spectrograph did mot in-
clude the fireball proper. The spectrographic record do-es show a distiact
Teller spectrua as outlined below. For Orange, the cloud layer sericusly re-
duced exposure, so that little daca are discernible. A light leak io the fila
transpaort aechanisa seriously fogged fila records for both shots, =aking an
estinate of costimnms radiatiom, for example, very difficult.

11.5.4 Automatic Exposure Cammra Results

Teak filas froa the sutomatic exposure control cameras show a few good
early frames. Because a greater part of the luainescence was over in so short
a tine, the filter mechanisa followed late, resulting in gross underexposure.
Due to erroneous shot position, only a portion of the fireball was within the
field of view. Because of cloud cover during the Orange event, initial pbases
of the detonation were underexposaed. At later time, the images are diffuse,
again because of clouds, but exposure i{s more nearly correct. This would seem
to indicate that the filter sechanisms functioned properly. However, minizmal
data recorded during both Teak and Orange is ot considered ;ign.lficant.

11.5.5 Ballistic Plate Camera Results

During Teak, oce ballistic plate camera recorded excellent data. A
sbhutter failure occurred with the second cadera ané no data vere obtaized.
Both cameras functioned during Oracge, but because of the cloud cover and re-
sultant diffuse iaages, accuracy of the data is seriously limi.ted.

11.5 TIRRADIANCE MEASTUREMINTS )
11.5.1 Teak Mecasureoents

Figure 11.9 shows data from the nmarrow band-pass filter streax caseras.

The irradiance is that iccident ou the canera, baving had po atmospheric

w p‘»c‘a 3573 s

deleted.
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atteraticn correctism applied. At the measured wawelengths tais wauld be a
small correcticn and oearly the same for buth cha=mels. Trazsaissions of the
carrow band-pass filter were calculated for a l-ev black-boiy source; bowever,
teerature is pot an impurtaatr factor here. The fractiom of the black-buody
radiation in the band pass that is transmitted by the filter varies culy 3
percent while the temperature varies from 0.3 to 2O ev. Figure 11.10 shows
surface brightness versus time taken from the framing camera records that saw
ounly the edge of the fireball. The brightness is taken at a point about 1 k=
from the edge. Again Do correction has been made for atmospheric traasaission,
and the absolute scale is uncertain because of the a?p'mi—u oature of the

correction for camera transaission pear the frawe edze.




Several 3ross features are immediately Sbvious.

As an indication of decay rate at different tives, streak records may be
analyzed as a sum of expooential decays. Although this type of analysis is
adaittedly arbitrary and somewhat azbiguous because Of experimental uncertain-

ties, it may oevertheless be instructive, pointi imilarities and differ-

ences at tha two wavelengths,

Table 11.4 gives decay con-
stants found in this manner as well as extrapolated intensities at burst time.
Intensities at small tizes, of course, do not actually e=rproach extrapolated
values for very short decay times. The decay of intensity versus tioe is quali-
tatively consistent with prédictisns, =lthon ® details do not give quantitative

agreement. A curve calculated from uHS-2k539 sonochromatic contours is shown

on an arbitrary scale for comparison.

o~

TABLE 11.4--EXPORENTIAL ANALYSIS OF TEAK
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Filter transaissions were calculatsd Sor a l-—ew Dlack-dady spectr= for

the vavelerzth ictervals 5533 ta SATO A aad £120 to 6560 A.  The iategral of :

e¢2ergy incilent on the camerad was thea caloclated and 1s shown in Fig. li.ll,

Fig. 11.11 Epergy versus tize, Teak sho:.

Figure 11.12 shows the calculated ratio of the irradiances of 6500 A and
5000 A versus teoperature of the fireball based on a black body and on the cal-

culations given in z .9 This latter calculation neglects line emission.
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From Fig. 11.15 it caa Be seen trat the light {3 exitted {rom an effective
spoere Tais radius aad a heizht af burst
of 250:;20 {eet are used ta calculate the irradiance ou the ground (1) for
black-body emission, and [Z) for emissivities fram !A—".S-E-'bSS. These are shonn
in Figs, 11.15 ami 11.17 for 5000 A aad 6300 A, respectively, Exper meatal
curves shown in chese graphs are obtaized froa aeasured irradiances (Fig. 11.9)

and inferred tewperatures (}'(;. 11.13).

11.5.2 Orange Measurements

Results of streak records at 3500 A, 5000 A, and 6500 4 are shown in Fig.

12.18. “as-befure, L represests irradiznce of the fila plaze in vatts/ca® a.

wer 3L 0 Wouph
§ ere deleted.
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Var:ice<s Fadil ob emied 35 2 Zamit:ion OF ti=ne €702 dolor caomra records
are saova 1 Tig. d1.13. The brilsng fireball proper, Jhrefved aa 2 Jdiatinc
farred to in tne illuatration as the X-ray

Srizht Jdisc from the srowng, 15 re

spaere.

11.7 SPECTROCRAPHIC DATA )
11.7.1 Teax Data '

As described previvusly, the spectrograpy was aligned toward the planned
burst point. Because of error in the point of deconation, tde actual line of
sizht passed through a point 28,000 feet south >f air zero at 250,000 fect.

resent seriously exposaed the fils, the fila record in-

Although lizht leakagze




The FediTd wds aTaixied D WANa 0P 2 JACD recording nirepnulie~tor.
A Lipicol TTiil LVer A porliia o LA spaedTa3 iy NTWWD 13 Fig. MLLZO. 1t
is seen fuadtl: (700 €3¢ ~podtras Qs 2ade op ol awlevalar 30y esisaion.

The obsetved wavelengtas o7 several prominmnt bandas Mave baua nuted. The

povur quality of the trace i> due inm part to tae light lais va tne fila.

itdentificaticn are <susmarized in Table 11.5. The

Results of a complete

Tioe histories of several preminent bands were found by obtaining aicre-

photometer traces along the fils tine axis. Results are sdown in Fig. 11.z21.
The ti=e origin in sach case was arbitrarily selected as the tize (oo the fila
record) at which detectable density was recorded. Because of the linmited tioe

resolution /17 usec) of the spectregrash, this tice does not correspond pecas-

sarily to actual zers tize for light reaching the grsund aloxg the lise of
sight. The ordinate is the approxinate filn exposure as obt:iined from the

characteristic curve and an estizate of the filo sensitivity. Because of un-
certainty in the fila spectral sensitivity, relative exposures of the various
bands are accurate to only abuut 5_0 p2rcent. The absolute expusure at any caé

wavelength is certain within less cthan an order of ragnitude.

A Dore cuozplete discussion of this tioe dependence is given by Proud,
where it is shown that the tioe dependence is approximately accounted for by

the lizht transit tizes froa various positions along the lize of sight.

11.7.2 0Oraaze Data

Because of cocbined effects of light laakage and cliud cover, spectro-
zraphic data for shot Orazce «as not very useful. A cootizuio was appareat,
wever, i3 «dich were sees »voae of tde 03 absorption bandi. The quality of
af

t3e r2ca:d Ses mot wafrast aa analgsis the type carrizd ot in the caik

‘p %7

wes ILEZ ‘f‘vq’.
370 ave 1¢J¢.+¢L
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11.2.1 2noteelectric Recanding

The puasibility of Q‘-in_:, pnotomultiplicrs tor absolale xasarfemmnts of
radiant enurgyy a» Jdescribed in this repurt warrants ¢onsideratico. The cor-
tainty of calibration, relative sioplivity of data reductica, iaomndiacy ol data,
and the ease of haendling this type of equipaent in the field are isviting quali-

ties, imleed.

11.8.2 Diaaeter versus Ti-

The use of high-speed streak cameras with lonset is recomemdad to recourd
high-resoluticn diameter versus tise. A writing speed of 150 it/sec to 2OV
ft/sec, in coobination with 3 narrow slil (0.2 iack), could cbtziz time reso-

lution of the order of 1 upsec.

11.86.3 Motion Picture Coverayge

The use of several highespeed 35-mm ootiovn picture cz=xras ia the ran_e
of 1000 to 2000 frames/sec is suggz2sted for mure adequate early-ti=e culor
phorograpia. Instrumentation should continue through a ranmje of camras to

equip=ent of the “pulse” tvpe which could record extrem late-tiz== phenomwena.
quip P

~
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Chapter 12
CORCLUSIONS AD RTLXDEMDATIONS

Teax and Orange shots are only the opening rounds of many which will bde
required defore adequate understanding is achieved of fiuclear burst outputs

and of their interaction with the achient enviromment abuve 100,000 feet.

Recumendations and conclusions are included in cach of the separate
chapters and represent the views of the individual authors. Many of the par-
ticulariy puzzling ite=s which remaln unsolved are gatherced tagether in

Chapter 1 and will not be restated here.

There are broad regioes of potentially important phenorena which are yot
aloost coopletely undocumeated experimentally and which require bursts at al-
titudes above 10U kilooeters. As a general recoamendation, any well-instrusented
and well-planned burst at an altitude of 100 kilooeters {350,000 fect) or higher
would be extrezely valuable in providing facts and understanding of the physical
phencoena produced by burst outputs and of the potential application of these

Outduts.

Mazy engineering, scieatific, and operational probleas were pet during
the tests covered by this report which had never been encountered beiore in
nuclear testirg. [If the United Stares plans to develop a capability to da
rocket -borme Jdelivery and Jdiagnostics on nuclear device tests, a vontinuous,
Iong-tera eifort —wst be established in order to efficiently oeet the chal-
T

lenge o7 these uni

2 L3St Tejuirements.




DT-eITIS33 ACCAUNTS F TREAN A ORANWE 3URSTS

A.l TEAX OSSERVATIONS 5. Y. 3. Couw, Jr.

This is 4 narrazive doscription of Teax burst as transcribued on Aulust

13 irxa rough nutes aude the =oming atter Teak burst.

Teas wa< ddetonated July 31 at 23:30 Johnaton l<land Tizme. The original
schedule called for Jdetumation at Z2:00 Johnston fime. The first delay of
abuut one hour w s becau~e of treuble in telemetry froa teu of the Redstone
pxis assigned to neutron mmasureoents, There wes dincther slight delay to ad-

just tne teleoetering on the puds.

The view which we had as observers was froa the USS Boxer, an aircraft
carrier located 50 =iles to the north of Johnston Island. For three or s
minutes before burat tize Johnston island looked as though the natives were

celebrating the Fourth ol July. The Radstone rocket stoud out from all athers

o

y its Jong steady glow, simtlar o 3 ¢wwi weteor moving slowly but surely up-
ward. ‘we were instructed mor to look ag the burst and to have long clothing
covering all of the skin area. After burst we turned tau:rd. the burst and
took off our dark glasses. Within three seconds after detonation vur glasses
were resuved and the aust obvicus thing in the sky wvus a'd:.:-‘_'lin,;, large,
yellow core. Surrounding the yellow core was a brighe, fntense bluish glow,
Overaead, anmd slightly to cur right, were long purplish-red strecaks--aurural
stresaers--extending on over us to the rorth. One could gut observe Ly
auroral streamers 3oinz to the south. One of the ’first things that,  prosacd
sou vhen dou Eouk I rour glisses was tne fuiint, .fcd stse enilcn w . alld
arcend amg extended dowm o the horizun for a full 3¢0 dejrees atound our
cb.ervati:n puoint.

The owun was full and w2ll above the h..;ri;.m #>out 35 degsrees and, if'l
spitz of the full =avn and rataer lijat bacszround «Aich we 2ad before tse
bur~t, tae 1nteasitd of the illmisation for =any second s, vven ainutes,

sitzr t=e Dur-t wds ¥er: promvunced. Evea 10 mimitues 2iter Teas cne coala
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sl zroa tne tail acalr Teda was DTl oCndy oM S AIRST 1Zdd casa. L
larje rosdianepurplie SLreamwfs w0idt adloenwiod B IO A TT WA Nad A diazioat
termainus.  Thete werfe fingjere-liae ProjcecClicns on o TN ood vl IDC Lafofa
arad Uhiae finger-lile 2rojuvtiona coazizudd to irow Zpearenatldy towarg tno orownd
33 tize went on, apd taey jrew for =wre than 3 aiawte atter the Toah dot.o.tioa,
Within 3 (ew Lens wi secomds after burst, the inteae blue jlow in the arca ot
the burst Jdisappeared and the >xy was {illed then witd the very yellow ccntral
core which remaiaed dehind and the large aurural streamers running to the

purtn2ast.

imxcdiazely aifter our glasses were taken off, ocex could see 3 Jdoughnut-
shaped white cloud which mushrovmed out from the burst puint, Jew larger amd
faioter aad by ocoe minute was pretty ouch invisible. Thert were no sounds
heard which could have originated frua the vzone larer amd would thercby have
taken something liie 120 seconds or s0 to reach the 3uxer. At that time no
sounds were heard. However, aboard the Boxer and also oo Johnston Island
there was a sharp crack heard at zero tise. On the 3uxer we had speculatad
that there was an electromagoetic sigzal injected izt the ?5 system; however,
since the crack was also heard on Johnston, there was apparently some soumd,
3 sharp, low-intensity crack at zero tize. The prizary shock wave arrived
at the Boxer at about § ainutes; its a=plitude was about 0.00 psi and it indeed
startled everyone, since awst peaple had expected ™ acoustic disturbance from
Teak. The auroral phenocena stsbdilized within 3 fow ainutes after burst. The
bright yellow core cuntinued to jrow whiter as tizme went un, and it appearcd
to remain fixed in the sky, The aurora became less distinct and sharp streamers
diifused out. It was apparent taat the source of ti« Juroral phenvrwna was the
burst point. There had been speculation that auroral phemxmna sight be pio-
cuced by neutrca 2e¢cay {ro3 ocvuiroas which had gone many taousamds of feet into
the atawsphere and decased aarurally with 13 ainutes aulf life, inta prutons
and electrons. This was apparuztl: not the source 9¢ tae auroral phenucsna
whnich were chserved. A2 about 1l simutes after B.r.t wweriura w@s in toe
=idst of zany wild specalative Sl ucrsicns SELaFRizg s ¢+dlain toe auryra
and the very lizg iztensil; of dllamindtion whilh a2 Swxn (B.erved, the in-
Tetre sound wave, and <0 Jor=. A2 L35 LiTR OVeS (e a@s azazud L0 1ind, in

S | i
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Lo s1m2 03 Lo Lo sa), Laul L00Te eds 4 €1F0SidF oTowBY BVII. 1 f e T eow
L2 2erel auint 10 a vers soarp lomines 1ront. (L eds JTiaanl T onicl. B0l e
SeT 0D LU Fooso e 0] Tade dwd) W Lt AWVLd kel I Jdfies e Dar et ar.a,
Z.oaamation ot 11is pavTwnun has 2 Dol been satisiactoril; weo, alttouid
¢3 is gquite possidle that this was a nsarodinamic ~nodk propelated op o into the
4 asprere £ ~udh a2 pointl £hal the »20Ca »Lrenity Aud incfeasad Lottt re-
cuirad to priivce radiativn from the ok (ront.  3etweon 1 ana 1) ainutes

wC Dugan Lo see suom very unusual white clouds for3 in 2 nortneasterly direc-
tion. They wuere very spotty and patcay, and they iriw with ti=; that is,

aure patches appeared. They also séemxd to glow or leainesce amd were far to
the north. Pevple wer2 speculating that this was caused by debris froa the
bunb that had becen ejected up into the atmwasphere to such an altitude that sun-
lignt, even thouuh it was almost nidnight in tize, was illuainating the dobris,
Sooe vbservers who happened to wander up tu the decx four hours after Teak
detonutivn reported there was still at that tize a visible, but very faint,

red giow covering the sky, and that the glow had relatively intonse streaks
running in an east-west direction across the sky. The yeljowith, very periis-
tent core which stayed relatively fixed in space has aot et been explained.

[t looked like it was about 15 =oon diamecers.

An estizated 10 percent of the birds on Sand Island (a bird refuze) were

killed; many others had scorched wings. The urmning after burit there were

2any birds sitting out un the water. Their wings were soggy with water, whereas

ordinarily their oily protecrion keeps them froo zetting wet. The birds ap-
peared to be blinded; they would not fly when rou caza up to thea. They would
even walk risht up to you on Juhnston Island, not run frva >ou as the:y usually

Jdid.

A.Z ORANGE OBSERVATIONS by T. B. Cwwk, Jr.

This is a description of the Orange detonatica of Operatica Zardtaca
transcribed on Acgust 15 from roush notzs made within tes bours alter d.erva-
tisn of the Orange burst. Orange was d:2tenated at :3:3) Juhnsten [hlamd Timw,

3

< 2 Z,v:C, 40 Jir-

August 11, 1553, The chservation poing was fro= b0 33

craft carrier, <Ahich was 30 siles nortx 3¢ Jo=nstim Jalamd, T ohedulsd
burst point o Oranse was abuut 23 <ilzs sootd s Jlamet.n 293 a2 23 sititedc
RS T §

s abeut 25 ailes. There were many dzlans on Ddrascz 2=,

N

’
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MVE DL Jisaed o wies L8 ccddia weTe 20funtly wncalica for. It Sdlltows
Lo ~3: taar by the time the bur~t actmally took place, clouds were obacyring
Lo View Iroa toe Soxer, amd alsd the view was obscured froa Johnston Island.
It sas alou~t a2 ciacte after detonation betore we began to jot a distinet viaw
Of the Urange phenusxna abuve the cloud cover. At about two ainutes we aade
estizates Jf the debris Jdiameter which imdicated that the doughnut-shapad,

white debria cloud =it have been 30 ailes or so in diameter.

ahen the fireball first began to appear above t.he clouds there was a
reddiah glow all around it, but at that tize there were nu aurorae. The glow
was oore or less unifornly distributed around the cloud. Shortly before two
minutes after the burst we began to see sooe auroral streamers start to grow.
This was about the tize expected for this phenucena after much discussion of
Teaak aurorae. The streaders were very diffuse compared to those of Teak,
but there were about four strea=wers running toward the north an estimated dis-
tance of three to four fireball diaseters--not nearly as far as Teak nor as
intease nor as well defined. By two minutes ore could se¢e through the clear
bole in the white doughout and 3lso see aurcrae extending out to the south very
clearly. It seeoed from the Boxer that the aurorae could not have extanded
more than about to Boxer distance from the burst, or about 75 nautical miles.
At about three minutes after burst there was a laryge, clear hole inside the
whitish doughnut froa Oraoge and a small, red cloud puff appeared, very saall
and distinct; sbhortly rhereafter, a very transient white cloud appeared. Its
nature was somevhat similar to those which we had seen at 10 to 15 minutes
after Teak burst. It vas very transient in nature and seened to glow and .
luminesce just like tbe Teak clouds, but it disappcared within a ainute or so.
By five minutes the edge of the doughmuc appearcd to be about over the Boxer,
a tr=meodous thing, with a largze, clear hole :n the center. Through this hole
at five ainutes, we begun to »d2 some turbulent, high-velocity mwrions, ap-
pariatly very high up in the atwsddere, al.o sumuwhat sisilar 19 the Teax

burst. .

A distizmet Jromp, prebably a aaswx frint, awved wut iron witdin the dough-
But. At seven aimres after detoratisa the pri=ary shock '.a.'ve arrjved ai tom
Boxer. It w5 3 wiiled shoce cxputed Lo that of Teak. After the first
shwwe arTived, there cmtitued to S 2 Barrage of rwiiled sounds, as LHouL?

vhe weTe wal 2 Jdirtas=g dartle f:eldl Theie »oumdsy =it Rawe modored bulazun

al




$2 232 100 ang, even at 13 minutes afier Jram.e, CREFE wWds A very Jistindt
FSSER

Sme pecdle claim trey neard thesc seunis as late as 10 =inutes arter
Setomotiin. An 10 minutes after durst Jone cowld easily read a rewspaper troa
tre lizae iro= Orange detonation, alrscuzh the acroral Jdisplay was al~oat ome
A Ziziused oLt to where it was very Jin amd indistinct. Ar nine or ten nmin-
Ules there were also still sooe rapid =wotions taking place in the upper at-
Asddere--very turbulent processes taxing place near the center of the large
dovgamit. By 30 minutes after Orange--and Orange uas-de:smted on a Jdark
nizit--the ligating produced by the residual glow in the atousphere wuuld be
estizated to be egquivalent to that of a half 2oon. It was still possible to

read a oewspaper, but you would consider it pour lighting.

Azain, within an hour after Orange, a heavy rain set in. There has been
a lot of speculacion as to whether Orange and Teak had anything to do with the

raircs which occurred after buth bursis.

All in all, the Orange detonaticn was not as spectacular as Teak., All
iodications werz that the Orange burst point was in the proper place, although
in Teax the Redstone apparently went straisht above Johnston Island. No birds
were injured at the Sand Island refuge. There was a very effoctive smoke screen
over Sand Island, although, in view of the very intanse clouds which apparertly
cut down the asvunt of light traasmitred to about six pe‘rcent of that which

would havz gotten thare o~ » clear aijht, the sooke screen was nat aceded to

protact tze birds.

A.3 TEAK OBSIRVATIONS TFROM FRENCH FRICATE SHOALS by H. E. Bell

AT ze2ro time, of course, I was iaside tie tiaer house at the Lloran stati-a
in srder to jive a zero-huur ti=me hack, etc.; but at zero, even thuugh the
1igat vas va i the rowa, 1 could »ee oot vi the carmer of 3y eye that the
vaole raxz o0k on a2a imstactaoevus briltt jlow. Then I towk a faat glance
cutside; toe whwle airfield lovieed 3 drililunt wnite, then quicaly dicd out.

This =ast “wve Lak2n 2t lea,t irom iv to ersnt <evomds.

ea @ laft toe rocsTiers f0r 2 coxle wf Tinutes, oxpecting L ~ce pue

$:50 3 =all wkroem, jaizime (o pael vvpericvie. e fareg thung [




was tRis wiile =ass bursting tarougd the clodd larer ti'-;.:t s oomail: aovering
over the :ed af about €OO fuet allitode, .o 1AW rect. R1i3L va top o1 1

white sted was tais brilliant sed, fan-~muped Jircdall.. A~ ar rove Sdove toe
cloud =ass, it, of course, became a4 ball wich the usual «aite ~tia. [he 1=

scemed to be oure whits than usual.

The red glow continued to tise and grow larger, during wiich time we
noticed the aurora at the lower right haod cormer, at abuut five o'clack,
It lovk a5 a rain cloud does during a3 beavy summr showwr, or a: a clocd lovks

sometimes with the sun shining tarough th: &adge (li;ht streaks).

By this tiae everyone was awe-stricken because the sight was auch oure
than anyooe--and particularlv, the Coast Cuard persoanel--had anticipated.
The fircbwell was about two thirds its full size at this puint and 1 expected
it to subside as usual. Whea it kept rizght vn expanding larger amd larger,
I don't =ind adoitting we were all begicning to wonder if it was guing to
stop. By this tioe about eight to ten ainutes had elapsed, and it lovked
to us as if the fireball--knowing the geography of the Pacific, Hoouwlulu,
Johnstoo, and French Frigate Shoals--we judged the glow to be atr least 500
miles across. It gave us the feeling that we should somehow put cur hamds

up to stop it f-om rolling over us like a buge, pink balloun.

The aurcra had stayed about the same condition as before, a little dis-
sipated by this tize, of course. It drifted off to the weit several degrees
and finally faded out. We judzed the fireball lasted nearly 20 ainutes. 1
judged that the reason it spread so far and so rapidly is that being up so

high, there was pothing to stop it.

Standing here looking at the ball as it grew and grew, [ could oot help
but wonder how Johnston and the people on it, particularly the barracss,
could possibly survive such a terrific blast of heat, oot to =<=ti.n the con-

cussion that must bave followed.

I 2ad checked the recorders several tises alre.\&}', as you will oute on
the records. e received your aessage ™:p oo™ and, 3s we received tle xa-
sage stitizyg that you were ,ending it "dliad,™ we dilda't coww 237 »ure sTat
to thizk ar first. 3ut vhea jou dida't eladorate, we doped it <t taat 3o
could not zeceive essages, but tiIighi aou were adble to traa.asil, We Seat?

you loud a3d cleaz ™5 x 3,7 a5 well 25 X=u MO, But we, ta, were LI L3



air for at léaat LI hours. I belicve this conditicm was due to the cosaic
ray disturbances in the air caused by the blast. The Aroy is here aeasuring
tais theory and comdition., I-oedistely after zero, the nvise level went down
to almwst zero and Jdid not coax back up to nuraal azain until about H - 30
houts.

Maybe this theury i» right; adaybe noll That about covers everything. I
xa sorry that I didn't know mure about vhat to expect. We would have been pre-
pared at least with some piwto coverage and by sooe crude oeans of measureoents.
NEXT IDE! :






