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This report presents results optained [roa high altitude seasuremects

made oo Teak ami Orange shots of Operation Eardtack oa July 31 and Avgest ll,

1955, respectively, Johnston Island time. (The dates in cootinental Cnire’

States were, therefore, August 1 amd August 12, respectively.) Originally

scheduled and ser up for launch frow Bikini during April, the two Redstom-

boroe warheads with Launching equigment and associated instmmentation wre

moved to Jotostoc Island because of the intéernstivosl situation and ccocern

over the possidilicy of retinal turns om the eyes cf islanders within line

of site of the 3ikini-launched bursts. Teak shot was burst at an altitade of

approxizately 252,000 feet, Orange at approximately 152,000 feet.

The reader will note departure from conventional report foraat in chapter

Creataent in chat each is a separate entity with author or authors shown in

the Table of Courents. References are listed at the end of each chapter

which, together with illustrations, may be considered separately from others

in che report.

All chapters of this report were coupleted by early Spring 1961, with the

exception of Chapters 7 and 9. These were delayed until completion of an ex-

perimental program to derersine rocker trajectories.
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Chapter 1

INTROOCCTION AND SCOMARY OF PROGRAM

1.1 SCIENTIFIC OBJECTIVES AND KESULTS

Qn August 17, 1956, Sandia Laborarssy received a request from the AEC ta

make recommendations for tests at wery high altitodes. At that time major in-

terest centered around the detectability of bursts abowe 100,000 feet. Long-

rasge detection of such bursts could opt be guaranteed and detection ranges of

U. S. intelligence equipment for sach bursts had to be reasonably well deter-

mined before the United States could seriously comsider a test-dan agreement

and an appropriate monitoring system for enforcing such a ban. In the spring

of 1956 while Operation Redwing was under way, efforts vere made to add a

missile-carried burst to the end of the Redving program. Because of opera-

tional problems such a burst was not accomplished, but Sandis Laboratory, as

well as many other agencies, had pot auch thought into consideration of desir-

able experiments which should be perfoumed on any high-altitude test. Thus

Sandia answered AEC's request by sobsitting In October 1956 s proposal for a

\ bigh-sltitude test programs. This proposa] suggested that two shors be fired:

ww ~ Gn: 250,000 feet altitude ~~: 100,000 feet. Teak and
Orange shots of Hardtack bear considerable sinilarity to the program outlined

ia 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 on:

(1) United States detection amd inrelligence capabilities;

(2) Unexpected phenowens;

“(3) Feasibility of very high altitude proving grounds; and
(4) Weapons effects at high altitides, in particular as they affect

{a) design criteria for decreasing the vwulnerabilicy of U. S.

ballistic warheads;

omer "

ofl



am,
‘b) design of C. S. ballistic aissile defense systems and optinn

warteads for use in these systens; ant

tc) werizication of the Simla=p concept” ani Zgesign of optina

wassead for this application.

The objectives stated abowe were used by Sandia throcgout all stages of plao-

nicg and isplemececation of the prograa cescribed in this report. Sandia

Laboratory's program as carried out on dardtack has conrribiced toward all

the objectives given above in spite of the extremely short tine for instm=meat

developaeot, theoretical calculations, and hardware procurement, and io spite

of difficulties generated by the april 9, 1958, decision that caused Teak and

Orange shorts to Se moved froa Bikini to Johnston Island.

1.1.2 Sioecary of Technical Data

A summary of instrmentation is given in Figs. 1.1 acd 1.2 and ia Tables

1.1, 1.2, and 1.3.

Brief swemry statements oa major technical aspects of the program follow:
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Tae use of cultimezgaton air-defense weapon bursts above the at=nspktere
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Seapon Diazmostics. A bigh-resslurion, S-kilooegacycletelesetry systez

was incorporated in the Redstooe payload for the purpose sé transaitriag  
satay

were “obtained waich prove.‘theusefulness ofthis technicve on rocket

delivered nuclear tests in the upper ataosphere.

eotical Measurements. Useful data were obtained oo Teak, but cloud cover

megated the Orange experiment. Data on optical phenomena produced by

Teak and Orange are adequate only to demonstrate the complexity of these

pienogena and the wery strocg need for mich heswier investment in these

prograxs on any future test. Data oocained on Teak suffer from the fact

that instruments were looking toward the intended burst point which was

missed by over 6 niles.

Warhead. Teak and Orange used the first muclear warheads to be muclear-

detonated from a missile. Warhead functioning was successfully monitored

and accomplished; no outstanding problems were encountered. Safery was of

extreme importance in this unprecedented test and was successfully handled

without incident.

With reference to the first objective, it is now clearly understood that

bursts such as Teak and Orange cannot be hidden. They were seen for 1000 niles,

detected around the world by EM signals and radazs, showed unique magnetogranms

at asgnetic observatories around the world, produced radiofrequency transmission

difficulties throughout the Pacific Ocean area, and in general were more detec-

able chan nearly any other ouclear event that can be specified. The Sandia

microbarograph projece (34.4) successfully gathered data on acoustic disturbances

frog stations on Johnston Island, French Frigate Shoals, aod Oahu. Prior to

these shots, there was doubt by some groups that any detectable acoustic signal

would be present at the earth's surface. Data on decay of acoustic signal

strecgth with horizontal distance and data on expected asy=metry of acoustic

sigeal strength were oot as complete as would have been the case had Teak been

fired frou Bixini. This is because of lack of suitable land sasses around

Jobnstzn Island for aicrobarograza stations.

Many phenovena were observed which fall into the unexpected category. In

Chis connection it is appropriate to pay tribute to the lace Dr. Mark Mills of

Lawrence Radiation Laboratory whose enthusiastic interest in the “urexpected"

had a strong influence on Sandia's prograa for the Teak and Orange shots.

nePeRaL, 2



Optical seasuresents cescrided in Chapter hl were cade primarily to record un- ; |

expected optical phencmesa. lnsees, estes the six lO-isape-peresecsai caseras \) \ \

with resning tices of 2.5 aicuctes and ~5S-degree fields of wiew were iscluded “ ay

in Prograa 3, there were oo predictions chat interestizg optical phenomena (D

would secur at such a late time and over such a large part’ot Che ssy. However,
“vo.

it is sow obvious that spectacular, scientifically interesting, and possibly
  

milicarily significacet optical phenomena were present

  

    Written descriptions o t various people saw arethe sole existing peraanent

record of saany of the peculiar phenomena which toox place, and for this reason

such descriptions are included in che appendix to this report. A considerable

fraction of optical coverage on Teak was lost because of the appraxi=zately 35-

kilcfooct displacement of the actual burst froma intended burst zero; cloud cover

on Orarge caused aany data to be lost. However, optical data which were obtained

are of auch interest.

In addition to the spectacular and unexpected optical display, many un-

expected phenomena occurred in radiofrequency propagation, acoustic signals,

rise and spread of bowb debris, thermal radiation on the ground, gamma-ray out-

put froa the warhead, thersal neutroa output froma the warhead, and cany others.

Nearly every Sandia project gathered scoe “unexpected"™ data the potential sig-

nificance of which, in many instances, is not clear. It is obvious, certainly,

that Teak and Orange uncovered more problems than they answered.

As to che third objective, the feasibility of telemetering certain infor-

mative diagnostic data on device perforaance has been demonstrated (see Chapter

9). Ic is self-evident thac testing in the upper atmosphere is feasible and,

even further, the experience gained on Teak and Orange show that it is feasible

to carry out proof tests of warheads in space as well as in the high atmosphere.

Space tests will, initially ac least, lack the advantages of detailed optical

coverage and recoverable instrimentation.

Much was learned pertinent to radiochenical sacpling of bursts such as

Teak azd Orange. In view of the many estimates of a debris radius for Teak of

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

 

e

For as exceilent unclassified article on the optical display in Zavaii,
see "Photographs of the High Altitude Nuclear Explosion ‘Teak’,Jourzal of
Geopaysical Research, Vol. 65, No. 2, Febcuary 1560, p. 535. °

A
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the cebris was spread ower a radius Rate of rise of

 

the debris was measured fros Edgerton, Germeshausen and Grier (E545) pbotograpas

=.
dicate Chat radiockenical samplings by rocket penetracicn are mot pearly as dis-

ficult as was believed before Teak, when cany estizcates gave the cebris a 10Q0~-

foot radius and a rise velocity of ower 10,000 feet per second,

Based on early estimates of a very somll debris radius and possibly 200-

to 500-kmot expected winds at Teak burst altitude, a system was ceweloped for

ejecting chaff at up ta 300,000 feet altitude to obtain wind daca at ani above

Teaz burst altitude. These wiads would allow radiochemical sampling rockets to

be aimed to intercept the moving debris. After experience with Teak, it is ap-

parent, because of the tremendous debris volume, that a wind correction is not

needed in ordzr to intercept the cloud. However, the 15 pre-Teak firings of

bigh-altitude chaff rockets gathered data of mich scientific interest per se,

and rhese observations, together with those which followed, are summarized in 2

report by L. B. saith.?

Om Orange shot the radiochemical sampling rockets and associated instmmen-

tation worked with aloost 100-percene success, and there is Little doubt that a

sample would have been obtained had the rockets intercepted the rapidly moving

debris (see Chapter §). Interception would probably have taken place had the

burst point not been about 3 ailes higher than planned.

Recovery of aissile-carried instrumentation from the open ocean has been

demonstrated to be a reliable and practical means for gathering data on hizh-

altitude tests (see Chapter 5). Of the 15 nose cones for which recovery was

atte=pred, 12 were successfully retrieved. During initial plaming for the Teak

and Orange shots, chances for such a recowecy record were believed to be nearly

impossible. Limitations of telemetry from instrumented structcres in the air at

burst tine are reasonsbly well established (see Chepters 7 acd 9).

Optical data froe ground stations appear to offer such diazgzostic evidence,

aod air-borce >easuremects of neutron, gamma-ray, and I-ray yieles of hizh-

alticude bursts cao pow be attempted with high lizelihood of success (see Caspters

2, 3, acd &). Thus it seems feasible co test many aspects of coproven warheads

at high alcitudes where fallout of radioactivity is neglizg:die. Ic is intereat-

ing to cote that Teas acd Oranze shots were actually fired ca the scheduled cays.

Tais bas seldom been accomplished with segatcn-yield devices.

  



" Data from Teak and Oracge indicate auch sore clearly the advantages and

disadvantages of testing devices at hizh altitudes as compared to steocpisric

OT underground testing. It is clear thar lack of cetecradility is not one of | .

the “advaotases.” | ‘ “\

Chapters 2, 3, 4, 7, and 11 discuss measurements relatirg to the fourth oh

objective. Displacement of the burst point relative to Program 32 instr=ment

carriers caused serious degradation in quality of Yeray data.’

 

Improper angular orientation between burst and tocal theraal detectors

at Teak Stations 252 aod 209, together with a narrow field of view (about 15

degrees) over vhich theranl detectors approximate blsc«-body absorbers, com- ; \

plicaced analysis of these data. Much rime aod postcalibration bave allowed |* 1 \

significant results to be extracted.

 

Fila badges wereusedon alllover stations, acd data

from these, together with cotal dose data from other stations, are giveo in

Cuapter 4. * Gamma-yay dose-rate records from the logarithmic detectors at the

lower altitude stations gave excellent time-dependent daca. In view of the

complexity of gamma-ray dose calculations in such aa extremely inhouogeneous

gropazation oediua and for such highly uncertain source characteristics, these

, \
6
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@ata are extremely aseful in the proof of a calculational aodel to produce

reasonably accurate predictions. Gaama-ray dose-rate data vere lose at the

two high stations because of the low geuma-ray lewel caused by burst position

error ) Toe com

binacion of bork e effects, p possibly rapi2 ras lon products

debris, caused the dose rate to be below detectability at the tise telemtered

data began to be recorded after burst. On Orange, dose-rate data were gathered

at Station OR-GO, and total gamma-ray dose data were gathered at Stations OR-Go

and 08-1255 (see Chapter 4).

Microbarograph data are adequate to allow estinates to be made of blast

parameters at any point in the atmosphere beneath burst altitude with sufficiest

accuracy for most practical probless. Blast phemmena are noticeable at air-

craft altitudes for a burst such as T

 

 

Radio-frequency attenuation data gazherec by Project 32.3 are given ino

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 Sy many groups and analyses are not repeated here.

A one-week meeting was held in early 1960 which exphasized che need ro

wake a vigorous atte=pt to decermine the position of Sandia's Bi-Lo rockers

with as much accuracy as possible.” Work on rocket posirioning was funded by

DASA” This included eight sea level firings of Deacon-Arrow rockets which were

as nearly as possible like those used on Jobnston Island. Numerous statistical

data on the variabiliry of impulse for these motors were also exanined, as were

the specific Johnston Island records. Johnston Island time-of-ilizht data,

coupled with understanding gained by intensive analysis of rocket perforaance,

have given considerable improvement in knowledge of the location of the rockets

during the Teak ard Orange bursts. Their altitude history in particular is

mow known with good confidence. This is the sost critical aspect of their

flight trajectory froe the standpoint of attemation of radiofrequeacy trans-

missions. I: is unfortunate that the tine allwed for execution of this project

was insufficient co persit procurement of traczing facilities on Jocnscon Island

for these Hi-Lo rockets, However, ~wch vas learced which warraces prediceioas

of radiofrequeacy blackout tises to a greater degree of accuracy Lhas pre-Teas

“order So. HT Hi-Lo Yr. 1, dated July 12, 1560.

a,



 

estimates; In wiew of the’

critical peed for radiofrequency attenuation data in design of cocmmnications

and anti-IC3M defense systems, and because of the short tine available, the

hish degree to which rhe dara satisfy technical objectives is particularly ca-

plimentary to all vbo were engaged in this project.

1.1.3 Conclusions ,

Io summary, Program 32 wet its technical objectives to an extent greater

than it was reasonable to expect. The program gathered over 75 percent of the

information 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

wide-angle optical coverage should be included, and the world-wide scienrific

commanity should be alerted. Recowerable instrumentation proved wery practical

and would receive sore emphasis in future test designs of shots similar to Teak

and Orange.

1.2 Stpmary OF EXPERIMENTAL PROCRAMS

1.2.1 Development of Techniques for Teak Shot

The original intent of Program 32 was to measure neutron, X-ray, total

theraal, and gamma-ray enission from a wegaton-range mcclear dewice burst at

an altitude of 250,000 feet. Additional measurements were incorporated in the

program as techniques became available for attempting them. These were sampling

of radiaactive debris, optical coverage of the burst, and measurement of radio-

frequency attemation and refraction caused by ionization of the atmosphere.

Techniques desizgzed to accouplish the aission of the program and specific

measurements involved are discussed in the following paragraphs. Positions

of the Redstone and Sandia's rocket-Launching Stations can be seen from photo-

graphs in Figs. 1.4 and 1.5.

Stations for aeasuring osutroa, gamma-ray, X-ray, and total theraal exis-

sious were piaced at specified locaticns (s2ee Figs. 1.2 and 1.2) by ome- acd

Cwo-staze rocket-propelled instrimest carriers. The propulsion units vere

sodigzied LaCrosse solid-propellant ootors. Auxiliary hardware was desizgred

° lay 39
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Fig. 1.5a--View co west of Sandia Hi-Lo rockets on

launchers ou southern edge of Johnstoa.
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Fig. 1.5b--View to east of Sandia instmment carriers

on lavncoers on souchern edge of Johostot.
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Specifically for these tests. The carriers were unguided, rail-Launched bal-

listic rockets, with variations of weight and drag ‘for altitade control (see

Chapter 6).

Each carrier had a 226- to 235~ec band telemetering systen aboard equipped

with from four to eighr scbcarriers. The FM-FM receiving and recording station

was located near the launch site oa Johnston Island (see Chapter 9}. All six

carriers contained transducers for measuring neutron and gamma-ray fluxes. The

meutron transducer consisted of activation foils counted by a scinrillometer

circuit during the fall time of the noose. Gamma-ray dose rates vere measured

by scinrillometers and total dose by silwer-activated phosphor-glass and fils.

In addition, the two rocket stations nearest the burst attempted measure-~

went of X-ray and total theresl inputs. Both transducers utilized ballistic

calorimeters containing resistance wires comnacted in a four-are bridge. Total

thermal radiation was absorbed by a polished alumimm cove mounted inside a

truncated cone. Y-rays vere filtered by aluminium and beryllium filters. These

six carriers also contained film packs for measuring gawum-ray dose. Hoses

were designed for parachute retardation and for recovery from the ocean.

The Redstone carried two h-kec diagnostic systems for weasuring high ex-

plosive transit time and early alpha of the primary bomb. This system and the

warhead fuzing system vere sonitored by 226-ec telemetry equipment.

All six instrument carriers and the Redstone vere tracked by two MIDOT

(radio interferometer positioning system) stations for postshot deteraination

of the position of transducers relative to the burst. The transmitters aboard

each carrier served as beacons for MIDOT to follow. ,

Two radiochemical sampling ooses vere to be carried through the Teak debris

by two stages of the modified LaCrosse motors. These vere tohave sampled,

sealed, and lowered tc the water a collection of the burst residue for labora-

tory analysis. .

4 system for ceasuring wind welociry at 250,000 feet alcirude was designed

to perait adjustment of the rad-ches sampler trajectories to increase the like-

lihood of sending the sacpler through the densete debris. This seasurenent was

made by utilization of 5-ca chafi, carried to altitude on a@ Deacon-Arrow II

rocket, ejected, ard tracazed by MSQ radar.

 



Radio-frequency attezmuation measurenents were atte=pted by che exployment

of 225-ac and 1500-ec transuitters, czrriad aloft on two-stage rockets, and

the recording of received sigaal strength at two separate locations.

Cetical ‘astrumentation included high-speed and longer Cime photograzhy

through three different narrmrband filters, a high-resolsticn spectral record,

location of burst position by plate cameras located at each MIDOT station, and

black and white and color documentary photography. ‘

Warbeads used on the high-altitcce shots were ecdified, installed, checked

out, and areed by Program 32 personnel.

1.2.2 Teak Conclasions

All equipmenc used on the Teak experiment operated as designed with the

following exceptions:

(1) The evo rad-chem samplers appeared to suffer structural damage at the

time of second-stage burning, became uustable, and fell back to the reef near

Jotmston Island. Many of the parts were recovered by skin diving, ami the type

of failure, if moc the primsry cause, was deduced.

(2) Two Viper Li-arrow I transmitter-carrying rockets failed at first-

stage burnout and fell back on the western part of Johnston IslanB. These vere

to bawe been above the burst at burst time, and their failure thereby resulted

in no data on radiofrequency attenuation through the “fireball" region. A sub-

sequent test firing verified this failore, although the assembly was flown suc-

cessfully in ove pre-Teak test firing. Three of the transmitter-carrying

rockets prodaoced good data.

(3) The displaced burst point vas outside the beam of the antenna receiving

the h-tac diagnostic sigral and no {aformtion was received for this reason.

The signal, though weak, was seen at the ceceiving station, act sporeticn cf

the system was verified by c00-ac acnitor telemetry.

(4%) Two of the instrument carriers, those planned for the 50,000- and

80, 000-foot stations (K-48 and TMK-80) were not recovered. Radio-frequeacy

Signals {odicated that the K-48 chure operaced satisfactorily, but che length

of time consumed in searching for orher nose cones and pods nay have pernitted

this pose to fill wich wacer and sink. The RF signal frow TMK-€O indicated

failure of either che IM transmitter or tie rocket shortly afcer launch.

aE 43



  

The displaced burst caused the stations to be substantial distances occ-

side the inteoded areas of interest, bur auch of the desiret asia was recowered

fcsom tha records anid fram the four reccwereid aoses. Supe oftical data wre alia

lost because of burst-point displacenert.

1.2.3 Orange Measuresecrs

After che Teak shot it was deterained that Sandia would participate in the

Crange shot to a greater extent than was originally planned. F3 atremation

measurements nor instrusent carriers were originally scheduled for Orange. Ia-

sUrweentation used om the test was as follows:

(1) Four rad-chem samplers.

(2) Three inserawent carriers (see Fig. 1.2 for location).

(3) Eight Deacom-drrow LI BF atteqmustiog rockets.

(%) MIDOT cracking of the three instroment carriers, two of the RF at-

temation rockets, and the Redstone.

(5) The &-kmc diagnostic measurement.

(6) Photo coverage as on Teak in addition to documentary coverage from

Freach Frigate Shoals. Wy
(7) Warbead preparation and monitoring. (\)<

7

\

1.2.4 Orange Conclusions D

(1) Four samplers were recovered

 

The fact that che burst point was 16,000 feet higher than was planned is possi

the reason that Sandia samplers aissed the debris.

(2) Telemetered data from the three instrument carriers appear to be satis-

factory. The station 40,000 feet oorth of the burst (OR-115R) was not recovered.

(3) Only seven BF ettem:ation rockets were fired. The three 225-nc systess

recorded good data.

(%) MIDOT tracking was good.

(5) The b-xmc diagnostic aeasurement gave transit cine act early alpha.

(6) Phoco coverage was lost because of cloud cover.

(7) The warhead operated as expected.
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CGuapter 2

X-RAY AMD THERMAL RAD LATION

2.1 THEGRY AND AxZALYSIS

2.1.1 Ineroducciaon

X-ray measurements vere made on the Teak event and chenm! seasuresects

were usde on both the Yeak and Orange events.

The rocket-borne stations, TK-252 and TK-209, were plamed to be 30,000

feet from Teak air zero with Station TK-252 in a direction perpendicular to

the Eedstone axis and Station IX-209 in a direction parallel to the Redstoue

axis as shown in Fig. 1.1. As it turned out, at rero time Station TK-292 was

at an altitude of 252,000 feet and at a radial distance of 63,600 feet frum

air zero, Station TK-209 was at an altitnde of 205,700 feet and at a radial

distance of 58,600 feet from air zero. The instrumere rocket of Station IK-

252 wes exposed side-on to the detonation as planned; however, the rocket

statiou, TK-209, was oct exposed exactly nnse-ca as planed but tilted aboct

55 degrees from planned orientation with an uncertainty of about 5 degrees.

Air zero of the Orange event was at an altitude of 140,965 feet. The

*rocket-borne station, OR-125S, located at an altimde of 124,700 feet and at

a@ radial distance of 42,100 feet, carried thermal detectors. The station vas

in a direction perpendicular to the Redstone axis and the instrument rocket

was exposed to the detonation with a side-on attitmde.

The instruments are described in Section 2.2; however, designations will

be given here to the X-ray detectors to clarify references to them. Each I-ray

instrument consists of a pair of calorimeters each shielited by a different X-ray

filter. A calorimeter and the thin filter are designated detector 4, and calorin-

eter and thick filter are designated detector B. The filters of these detectors

aze designated filters A and B, respectively. Subscripts going from 1 to 6 are

used to indicate the angular position of the decectsr on the rocaet.

In a sea level atoosphere, l0-cew X-rays are attemiated to one-balf isten-

sity in about 1 meter, whereas in a 250,000-foot ataosphere a half-chickoess is

, aie.

od

iow



abouc 30,000 meters. In either case the half-thickness is roughly proportional

to the third power of the photon energy. Bence, at Teak altitude, X-rays pere-

trate to an extent sufficienr to hswe a direct effect om materials expos.d muy

thousands of feet from the burst point. This effect is expected to be quite

severe for an intense beam of soft I-rays, sicce it becomes absorbed in 2 surface

thickness of a few microns is wost dense materials. Thus X-ray damage potectial Jk

has produced much interest in the X-ray yield of muclear varbeads. ‘There are p
certainly situations where the X-ray yield of a dewice would hawe a strung in- ,

fluence ow its effectiveness as an anti-ICEM warhead. (b

 

 

After emission frow the case, the X-rays propagate to the measuring stations

with consequent absorption in the intervening air as well as absorption in the

detector filters. Energy E of X-rays reaching the unit ares of the calorineter

surface is

2

0) p,(r)dr- (4.0P2e£,%3(P)0535) seca]

E =» cos F ¥(0) e ap, (2.1)

es; ,
77. HBand 4%
/ oe deleted.

 



where 7(Sj)co is X-ray ecarsgy in 3 freqeeccy incremene dO about D; we is a mmter

used bere to accommodate discrepant standards for air density-beighe arofile;

R is radial distance froe alr zero to the station; 0, is air density which is a
function of alcitude; Woe Pos and Xp are the mass absorption coefficient, densiry,

and thicksess of the beryllisa part of the filter; and 5, ey aod 5 are the

sane paramters for the aliuimm part of the filter. The orientation 8 of the

detector takes into account the effect ofthe projected area of the detector

aperture as well as the effective filter thickness on E. Orientation A is

defined as magnitude of the angle between the bess of X-rays and the normal to

the surface of the most directly exposed detector.
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2.1.2 Predictions

 

These mobers are now calculated to show what I-ray energy would be expected

to reach the stations under the geometric situation which actually existed at

zero tise which, of course, is quite different froa the planned geometry because

s aaa

-



of the failare of the Redstone to program into its plamed trajectory aod fail-

wie Of thet Lastremass roobss of

of about 220,000 feet.
ee

Coeoctian TW.Steric= TE-20) to reach its plamed altinde

men  
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Ga
2.1.3 Analysis of Data

Angular orientation 3 for Teak Station 252 was deterained to be 10 degrees,

where the ratio R, {see previous section for definition) obtained from Table 2.1

and che curwes of Fig. 2.7 are used.

In Eq. 1 the cumber m appears as a paraseter for air density. Figures

2.11 and 2.12 show che ratio % wersus effective case temperature for dif-

ferent values of the parameter wm and vith A = 10 degrees and 3 = 50 degrees,

respectively. Figure 2.13 shows transaittance from air zero to the calorimeter

of each detector wersus w for the effective case temperature indicated by Figs.

2.11 and 2.12 wheo x from the data of Table 2.1 is used.   

ss quam Popes 5c Phroseg by

ESore deleted.
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Accuracy of the telemetry system is estiaated to be better than 5 percent.

. Seat capacity of the defectors is known to about 3 percent, aod the relative

1) ! “ \ , locacions of the stations with respect to air zero are known, fros MDDOT,” to

a” |

 

 

/ \ The ratio % from which the effective temperature is calculated is less

~ 34 dependent on errors in location and in absorptica. This rario is given by:

- x x.)e (41>)MPQ%yP35 «UPS|

The error in % for l-percent error in Hy is less than 0.5 percent. A l-percent

error in distance gives an insignificant error in ratio R-

Combining the errors for telemetry, for heat capacity of two detectors,

and for the attenuation coefficients, gives a 6.6-percent error in case-ten-

perature measurements; the errors in telemetry, beat capacity, distance, and

attemuation coefficients, give a 6.7-percent error for X-ray yield measurements.
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2.2 INSTRUMENTATION D 's.)

2.2.1 Design Criteria
L, ’

Most of the design requirements for transducers used in the seasuresect

of energy appearing as i-ray or theraal radiation were exacted by the operat-

    

  

ing enviroment.

space in the instrment nose conesofchecarrier vehicles dictared chat chese

instruments operate in an unpressurized midsection and also chat cransaission
. 4
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2.2.2 Instrument Description, Calibration, and Respoose

Both X-ray and total thermal instruments vere designed to operate as

ballistic calorimeters; upon absorbing a large pulse of radiant energy in a

short time interval, the instruments reach thermal equilibrius some tise later.

The anount of energy absorbed by such a calorineter is directly proportional

to the product of the resulting tesperature rise tises its therasl onss.

Each X-ray transducer consisted of a pair of these caloriseters aounted

behind appropriate filter windows as shown in Fig. 2.16. These filters served

three equally iaportant purpeses:

(1) They cejected radiation of longer wavelength than desired;

(2) They attenuated incident X-ray enerzy in such a manner as to preveot

waporization of the calorimeter surface and a consequent loss of energy;

(3) They yielded inforzation on rhe spectral distribution of X-ray enerzy

from which the effeccive radiating teaperature could be obcairced.

=a nl
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SP . Window

we Kona:calorimeter face

Temperature sensing probde
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X-ray detector
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Flg. 2.15--I-ray transducer.

 



CG
The Z-rsy cabrrimecec< consisted of aluminca discs in weich cex=perarure~

seasing elements of aickel size were esdedled. These were scented ia fom

plastic for trersal insulation and shock resistance. The Deal Capacity of each

calorimeter was arcumd 0.5 cal/degree Centigrade and was Gan Co witaia j per-

cent froma laboratory calculation. These calorimeters required about le secools

Co reach theraal equilibriua.

Figuce 2.17 represents a sectional view of the cheraal radiation caloris-

eter, Since these instruments wre subjected to high intensities of X-ray

energy, as well as all radiant energy of longer wavelengths, the absorbing sur-

faces were oecessarily sore elaborate than in the case of X-rays. Yoe cone ia

the Fig. 2.17 is o€ spun, polisbed aliminum. The outer shell is also of spun

alisicun, bit processed to a dull black surface. These were both soldered ts

a copper base containing an ecbedded teaperature-seasing eleaent.

Upon entering the port, thermal energy reflected by the polished aluzina

cone is preferentially absorbed by the blackened side walls. SNonreflectiag

wavelengths and X-rays are absorbed ax the poiat of incidence. The high-

te=perature gradients produced ip the absorbing surfaces promote heat transfer

into che dSody of the mecal, resulcing in rapid surface cooling. Thais, in con-

junction with the geometry of the cavity, nininizes beat losses by cadiation .

and surface vaporization. The thermal radiation calorineters were designed

for a beat capacicy of around 20 cal/degree Centigrade, and the beat capacity

of each was measured to an accuracy of about 5 percent.

Prior to che operation, both types of transducers were exposed Co neutroa

aod gaya dosages exceeding those experienced from the ouclear burst. Xo de-

tectable texperature increase or other change in characteristics was ooted.

Calibration sheets on each of the tecperature-sensing elements were fur-

nished by che =asuiacturer. Resistance-versus-te=perature checcs ~chich were

sicraed 2fcer the elements «ere exbedded ia rhe calorisecers failed to stow

any discrepancies from the original calibration.

The ast exacting seasurepents perforoed io che calidratiaa of beech t: pes

of transducers sere the seasurarents of their thercal sass or dcat capacity.

ics Fissl soustedThese were ceteraiogd scpateici, ive each ca

pusitioa.



Steel missile skin

Outer calorimeter skell
of aluminum with imner
surface high temperature
black electro-filmed

a5 Inner calorimeter cone
f of polished aluminum

Lockfoam insulation

& shock mount

Linen-base phenalic
mounting biock

Copper calorimeter
base

Polystyrene seal ring

 

    
  Temperature sensirg

probe .

Fig. 2.17--Sectional view of thernaal radiation calorizeter.
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a
Standard water calorimetry aecnous were sufficiently accurace (= 5 pesccui)

for the larger therzal radiation instrm=ments, but chis aethod was ruled our for

the X-ray instrioents because of the need for greater accuracy ia Chese oeasure~

ments. The heat capacity of these calorimeters was measured to within 3 percent

by sizulraneously eaploying the eabedded sensing elements as electrical beaters

and chermumeters, recording teaperature rise versus tine as a function of enerzy

input. Upon reaching steady-state conditions, the time rate of energy input

equals the product of beat capacity times the time rate of tesperature increase.

actually, beat losses became significant about 2 minutes after reaching the

steady-state condirions, so that walues recorded after this time wre cever

used for deriving heat capacity.

The two upper instrument rockets carried X-ray and thernsl transducers of

the types shown in Figs. 2.16 and 2.17 with the exception of a change in X-ray

filters oa the lower rucket, as previously noted in Section 2.1.2, due to lower

predicted X-ray intensities at this position.

Since these instruments were mounted in the carrier aidsections and the

carriers were spin stabilized, a problem was iamediately evident. Examinatioa

cf the planned positions of these two rockets at burst time reveals the diffi-

culties wre 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 circumference. Six dual X-ray traas-

ducers and eight thermal radiation calorimeters accomplished this satisfactorily,

as discussed previously in Section 2.1.1. Since a limited oumber of teleneter-

ing subchannels were available, a total of 20 calorimeter outputs had to be

monitored by three subchannels. This was accocplished by eaploying readout cir-

cuits of the type shown in Fig. 2.18. This circuit consisted of a sinple

Wheatstone bridge which monitored the temperature of six caloriseters and

supplied four voltage calibration steps each second by subcoceatation; eight

calorineters were sonitored by the same circuit by sacrificing tso of the cal-

ibration steps. The fixed bridge resistors and calibration resistors used were

potaoiy insensitive to temperature. It was necessary to have the “read” posi-

tion separated by ground positions, as shown in the illustration, to prevent

overdriving the subchannel during the "make-before-breax” intervals of the sub-

commutating cycle.

Instriments in the second roczet (Station TK-Z209, Fig. 1.1) bad to face

upward along the rocket axis and had to be located about 8 isches outside the
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s rojecting the Cransducers suc cn dscns ehich, when closet, :ormd arcs of tre

aicsectisn circumference. Deo such Jcors were used directly: cppesite eaca

otser on a circusferesce ami each projected one set of transducers. Toes the

Statica TX*205 rocket uses a estal of six calorimeters and reguirecd caly one

Freatoue circuit and one Ceiezecering subchannel. A second sudchunadl sas used

ior bacaup, since it was availabie.

The instmment ports of the Station TK-252 rocket were kept cwered ani

the projecting doors of the Station 209 racket were kepe closed 5: tight spring-

steel beles. The belcs were released at predeterained aleitudes by seans of

sguib-fired retaining boles.

2.2.3 Operational Probleas

Teo problems conceraizg these instmments were revealed in Tooopah test

firings involving one of each cype of carrier vehicle. In che case of the.

€52,000-foot rocket, it was outed that che temperature of the theraal ratistioa

calorimeters rose approximacely 40 degrees Centigrade above ambient upon izni-

tion of che second stage. An examination of the geometry involved showed thac

upon assembly of che vehicle a portion of the second-stage igniter protrided

into the instruvented sidsection and was free to radiate heat into the base

of these calorineters. The instrumented Teak flights showed that corrective

measures taken to elininate radiation beating helped only slighely. Ie suse

be assumed thac this trouble arose from another cause. Evidence of bot iszniter

gases leaking into che aidsection compartment of a rad-chea sazpler recovered

from the Teak shot has caused some speculacion thac this could have caused the

trouble in the instmmented aidscctions.

In the Tonopah teste of the 209,000-fouor rocket, it was found that, in

asse=bling the vehicle for firing, che instrument doors were used as access

ports to facilicace the sasing of mechanical couplings. It has been established

that one or more lead wires were severed because of this situation, Sut tne dir-

ficulty was eliminated dy placing the lead wire connectors inside a protective

alisisua box.
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Resistance versus tine of the exposed I-ray detectors of Station TX-2$2

is shown in Figs. 2.19 through 2.22.

2.2.4 Data    

 

J:

     
‘Resistance wersus Cime of detectors 4) aod By ef Station TK-209 is shown

in Figs. 2.23 and 2.24. The energy recieved by each detector is given in

Table 2.1. Qne door seems to have been partially in the nose cone shadow.

Resistance versus time of che Station TK-252 a detector is shown in

Fig- 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 time of Station TK-209 a is shown 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 tine for thermal detector zy of Orange Station 1255S

is shown in Fig. 2.27. The energy received by each thermal detector at Orange

Station 1255 is given in Table 2.2.

The instrument arrangement and the energy received by each detector (both

X-ray aod thersal) for Teak Sration 252 and Orange Station 1255S are shown in

Fig. 2.15.

2.2.5 Sucmary of Instriment Performance

The large error in burst-poiat positioning considerably exceeded sllos-

ances aade for positioning errors in the design of these instruments;

73 [a pipes 79 threes }
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aay
consésuently, the degree of accuracy of cata collected by the fnstriments suf-

fered to a great extent, smd oo useicl Y-rsp dste were sbtaini’ fron Teak

Staticn 209 as noted in the prewious section. Under these ciremstances che

balliscic calorimeter system probably fimctioned sore satisfactorily than

would have any of the other systems under consideration for the maeasurezent

of X-ray and total cheraal energy.

Heat leakage inco the calorimecer compartment after secoud-stazge firing

was unfortunate. This beating effect was sose evident in aidsecctions where

the instruments were designed to look radially outward, which lends support

to the theory that the beat came frow an internal source rather than froma skin

beating, since these were better insulated against skin heatirg than vere the

transducers mounted on the projecting doors. The instruments perforzed quite

satisfactorily from an ewaluation standpoint. This technique should prove

useful in future tests of this nature. Also, no heating occurred before second-

stage firing in the higher density air.
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Cuapter 3

NEUTRONS

3.1 TSEORY AND ANALYSES

3.1.1 Introduction

The objectives of this project were twofold. The first of these was

measurement of neutron spectri from the warhead. Such measurements have

previously been made of high-energy neutrons. At sea level, where stasure-

ment mist be made at a distance from the detonation, interpretation of low-

energy data in terms of weapun output is neariy Lopessible beczuse of the

complicated neutror transport through air to the detectors. Om Teak, oeutron

detectors at Stations 252 and 209 directly measured the case spectrm since,

with the low air density at this altitude, essentially oo scattering occurred

gut to the detectors. Station 252 was located at 90 degrees to the warhead

axis and Station 209 at an angle of 45 degrees, so rhat an estimate of the

variation in output with angle can be made. These ceasurements are compared

with calculated values of the output.

The second objective was to measure neutron flux at such positions that

data from neutrons which had passed through considerable amountsof air could

be compared with transport calculations. Only data from one Teak rocket is

of value to this comparison and its value is questionable, since the data

were gathered in a direction vhich did not receive an unshielded view of

the output neutrons. Fortunately, one good set of dara was obtained for

comparison from the Orange event.

3-1.2 Discussion of Teak Experiment

Good data were obtained from the two highest rockets, Stations 209 and

252 (Fig. 1.1) which define the seutron spectma from the “varbead. In the

origical plan, at burst tise one of these rockets was to be on the warhead

axis and che other was to be perpendicular to the axis. A cocbination of

placement and orientation errors resulted in positions at angles of 45 and

ap



GO degrees from this axis. Qoe of the Redstone pods, instrumented by Project

8.6) and vhich carried neutrce detectors, wes located at 4a augie®” less than

15 degrees from the Redstone axis. Thos che oeutroa output was measured at

three different angles from the Redstome axis.

Neutron data obtained from al] Samlia rockets are given in Table. 3.1.

Angular dependence of the neatron outpet from the barst is shown graphically

in Fig. 3.1; these walues vere obtained by r extrapolation of the data to

the source. Correspomding quantities calculated by Bing and Lessler> are in-

cloded in this illusrration for comparisou. An independent calcnlaticn by

d@alter Goad* gives the spectrom averaged ower all directions but does not give

the angular deperdence. These averages are also incloded in Fig. 3.1. Ac-

curacy of these calculations has been estimated to be a factor of 2.

   
 

=

An uncertaintydifficult to evaluate obtains vhen a comparison is made pide!

between calculated and measured seutron flox. The absolute calibration of

the activation sample-measuring system is not well-koown. Furthersore, this by)

absoluce calibration depends on the neutron spectrima, since activation cross ( ;

sections are oot ideal step fonctions with energy. This calibration error ‘

is perhaps 25 percezt.

"Letter cited states that final neutron daca of Project 8.6 is unchanged .
from ITR-1652. Angle of pod to Redstone axis is stated to be less than 15
degrees (ABMA calculations yield value of 13.5 degrees and MSQ traczing data
give 1.3 degrees).
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Low-alticate rocaets, Teak Stativas 35 through GU, were 6 placed coat cal-

selatisas of aeuttson transport??© could be eaperimentally cdecaed.

2ata obizsion? ac these positicns were seriously cegraced

Carortunmately

   BecauseofthisTow fling, tbe

y activation samples which had sufficient acriviry at recowery to yield flix

   

walues were the salfur and gold samples at Station 59. Of these tvo seasure-

weots only the sulfur saaple offers a check on

  
—————

———_——

TABLE 3.2--COMPARLSON
 

 



3.1.3 Discussion of Orange Experizent

Data irom Orange Station 72 provide a good check op peutroo transport

calculatians.°*! Station 1255 daca are good; however, this rocker was too

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

Station 72 was located at an angle of 30 degrees to the weapon axis, and

thus was aeay from the shadow region so troublesome to interpretation of Teak

results, Based on weapon output measured on Teak, transport ca loulacions

were made of flux at both of these Orange stations. Accuracy of calculations

is estimated to be a factor of 2 for Station 72. At Station 125S the calcula-

tional error is estizated to be 10 percent for zircenium, increasing ta a fac-

tor of 2 in the plutonium flix. Calculated walues are cumpared in Table 3.3.

TABLZ 3.3--COMPARLISGN OF CALCULATED AND MEASURED FLIX ON ORANCE

  
3.3.4 Simeary

Daca obtained oo Teak for the warhead output at $0 degrees to the axis

agree with calculated values within stated calculational accuracy. Measured

wy ¥5
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vaices -now Cat wariatsen wita angle, at least Wleecna Wane ~5 Sccress, is

about as calculated.

Orange dota substantiate transport caleulaticns threwck the atar-prere te

about the estimaced accuracy of the calcslaticas.

INSTRMENTAT [ONho3

3.2.1 Design Criteria

Instrmmentation design was inilvenced by space and weigher Linitaticas ta-

pesed by che inserumene carrier. In selecting systems and cooponents, prefer-

ence was given to those which were sizple and compact.

Timge-of-flight cechniques wera considered for seasuring the neutron energy

Spectrea at the teo highest Teak stations, 209 and 252 (Fig. 1.1); hnever,

such a systez would have required a record-pla,back meowry @evice because of

boch early-cime radiofrequency blackout and frectency-resowunse lisitarions of

the telemetry system. This would have resulced in a very complex system for

developwent within the linzitations imposed by the instmmest carrier ani cine

scales. At the lower Teak stations, 29 through G0, neutron transport woula

bave complicated tise dependence of che flux energies to an extent that spec-

tral determination from a time-of-flignt aeasureseot would have been practicall,

impossible. Fur these ceasons it was decided that a modified fora of rhe con-

ventional threshold-dectector technique should be used.

This systea in principle has two aajor advantages over a time-of-flight

system, nacely: (a) activation samples thenselves act as a mecwry device in

thac their activity decreases slowly wita tise so that counting ary continue

during the entire cine of the rocket's descent, and (b) activation sazple aeas-

urements give ao energy spectrum independent of the time depesdence of neutron

flux. Disadvantages of activation techaiqces will be apparent in che following

sections.

3.2.2 Instrmment Description and Calibration

Conventional threshold activation samples, i.e., zirconica, sulfur,

uranita 226, neptunius 237, and plutoniim 235, were used, 3eta cather than

gamma activicy of the sulfur and fission foil sacples was counted, sizce it

was expected chat gazea background from che detonation would interfere wita



ay
sammie ccurtieg. Desaite the Aisa dbeta-to-g-me seasitis  

  
tor,

   Sa=ple counting was, Cherefore, Contimed after the puracaule=
° i . . -o :
auspermed move cone dropped out of tne resica of nish sama flux caril ispact

wilaA Bae Occsn.

Teo views of the oeutron-Jdetector assembly ara shown in Figs. 3.2 am 3.5.

The detector consisted of a pbotomultiplicr tube having a terphen.] activated-

plastic scintillator, 0.030 inch thick by 1 incd in diaseter, an integrated

counting-rate amplifier to drive a subcarrier oscillator, and a wheel ts hold

the activation sasples. The sazples were stepped pase the scintillatsr by 1

Geneva stop oaechanisa driven by a saail eleceric aocor. The sanple steel,

except for an access hole for the photomultiplier and wheel-drive sbait, was

surrounded by 2 cencizeters of powdered boron 10 in a 1; K-inch-chick steel

container.

Ta addicion to the activation saaples, a blank (background) position was

included in the wheel. To extend the range of neutron flux wnich aight be

deteceed, each sample was counted on different sensitivity ranges of the detec-

tor on alternate revolutions of the wneel. Samples were calibrated by expo-ing

the entire detector assembly to the flux from the Galiva II and Cockrofit-walton

facilities at Los Alamos. Nooinal calibratioo data for a fission foil are

given in Fig. 3.4.

Figure 3.5 shows two views of an instrus>ent aose cone with location of

major components indicated. Additional sulfur samples on all stations aad

fission foils io a boron 10 canister on the two highest stations of both Teak

and Orange were included for laboratory counting. These were located on the

shelf impediately below the neutron detector but are not visible in rhe

illustration.

3.2.3 Data and [nseriment Performance

Resules of neutron data obtained froa Teak and Orange are scmarized in

Table 3.1. Four of six instresent nose cones on Teak and teo oct of three on

Oranse were recovered, sersitting lahoratory evaluarian of ras arriverian foil:

The recovered fission and zirconius foils sere csunted at Jonn>oton Islaxc; the

sulfur sasples sere flown t> Eniwetox. Laboratory anaissis of these racreered

saxples eaa> deriorved by Project c.-+. All sacples from Teak Statiras 27% and

ay N
a
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252 and Jranse stations TE and Liss sere survicicathy active to sield sx

data. Those froa Teak Stations 35 ami 56, with the excepticn of sclrur trsa

Station 52, bad cecayed to near Sacaground levels. Thersai seutroa Jaca vere

obtained froa gold and cobalt saaples which were flwa to saaiia for evaluation.

Telemetered records showed that 31] neutron detectors Fusctiooed aechani-

cally fi.e., the sample wheel was turning) catil impact. There was an elec-

trical salfuaction on Station 20 during the entire tine of ‘fall; also, Statioa

GO data were Tost because its transmitter went off the air at % seconds after

launch. Station €52 operated properly until 175 seconds after burst at which

tine there was an electrical malfuncticn. The background was still sufficiently

high to sask foil activity duriag the tine Station 252 was functioning. All

other detectors functioned until impact. Background count aaskea sulfur data

on the Teak stations aod all data on the three Orange stations. Teleaecered

data were obtained from fission foils at Teak Stations 38, 59, aol 209. For

reasons given in Section 3.2.4, the uncertainty in values given in telemtered

data is act least a factor of 3.

3.2.4 Conclusions and Recoomcodations

Background caused oore difficulty than was anticipared in the evaiusliuu

of telemetered data. There is ewidence that an appreciable portion of this

interference activity cam from aaterials outside the detector itself.

When instruments at Godiva LI were calibrated, access to che exposed

detectors was not allowed until approximately 2O minutes after burst because

of radiation hazard in the vicinity of che machine. Since all instrument nose

cones ispacted i2ss than 20 minutes after burst, it was necessary to extrapo-

late the calibration curves backeard in time. As a result of different induced

background activities at calibration aod in the actual event, the slopes of the

observed decay curves differed in the two cases. The flux as read from the

data would, therefore, depend upon the tire at sbich it was read out. This

caused the uncertainty cited in Section 3.2.3 The mucbers given io Table 3.1

represent the average of telemecered data read out at 200 seconds and 1000

seconds after burst.

Because of the high probability of recovery or instrmece pacaages firua

the ocean, laboratory counting of recovered activation samples is probabl; the

sicplest acd certainly the most accurate technique for ceasuzsemeat of neutron

ay 102

 



flax spectra troa bursts sinilar to Teas or Orange. Saall rockets and saaple

pacaze2s could de used.

The feasibilicy of telemeteriag neutron-flux daca has been estadlisacd.

This aight be cesiradle for bursts at locations shere recovery of sazples

would be unlicxely, at regions of low flux where sanple activity decay aight

preclude the possibility of obtaining data after recovery, or as a bacasup

measure for unrecovered sasples.

Accuracy of telepetered data could be improved considerably by the fol-

lowing means:

(a) Use of a ose cone designed primarily for aeutron seasurepents and

having low-activatioa saterials throughoct;

(b) Selection of threshold detectors with half-lives of the order of a

few minutes and thresholds at energy levels of interest (if these can be

found); this would increase the sauple-activity-to-background ratio and also

aid ia isolation of desired activity froa recorded data;

(c} Use of separate pulse-height channels tor each type sample to dis-

eviminate against woowted activities.

AS

te aay

  

*

Based on sork perforned by Wd. H. Buckalew, Sandia Corporatioa. JA
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$.1  TEEORY AND ANALYSIS " .

RLL.L lntroduction

Ic is the purpose of this section to compare experizental dita on gasma-

ray intersiry versus tine with a calculational andel of fission-procuct attenu-

ation amd rime decay. Table 4.1 outlines che principal variables which enter

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

TABLE &.1--VARLASLES AND DATA SOURCES

 

Variabies Assucptioas

Spatial distribution of gaoma- Point source with a rate of
ray activity rise approximately that

observe!

Energy distribution of fission- . Motz Water Boiler Spectnn,
product gamma rays Phys. Rev., 85, 753 (1952),

and 14-1620) Fig. 5.3, p. 87

Attenuation and buildup of 1a-16z0, | Fiz. 7.10, p. 117

photons of various energy

Tise dependence of fission- La-1620,? Fiz. 5.2, p.
product gamma-radiation source
 

Oo the left are the quantities which we oust know to solve the problea. On

the right are assucpcions regarding the oature of the variables. LA-120

provides the basis for these assumptions, but aodifications have been asde

and are discussed in chis chapter.

An adjustment was sade in the attenuation and buildug curves of LA-1E£20.

Thac an adjustoent was necessary was observed and pointede cut 5. J. Mare of

RAND Corporation and is based on considerations of the conversion between

photon builtup and enerzy builzza. Tabl2 4.2 shows che results.

za
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TARE &.2--NOGMALICED FISSION-PRUDLCT GAMMA-2Y
EXERCY VERSUS RANGE IN AIR

Range (gw a®)

ee 0 10 £0 40 éo

 

 

 

LA-1820 1.oo 0.046 0.657 0.361 0.160

Adjusted 1.00 0.845 0.656 0.354 0.200

Range [gma/ ca)

ee 100 120 140 160 180

La-1620 0.0575 0.0225 0.0099 k.2@s10°3 1.b8xta74

Adjusted 0.073 0.0551 0.0251 "9.0126 6. 33x10
a
 

Since a point-source geumetry is used, geometrical Viet divergence of

energy mist be inserted. The distance between the source amd the instrument

carriers can be found as a fiction of time. A Cloud-rise rat

was used for Teak a or Orange, as determined from prelininary

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

ments flown by Sandia (see Chapter -9).:

Results preseoted below are based on calculations which proceeded as fol-

lows. First, the spatial distribution of gacma-ray intensity at zero time was

found from Table 4.2,

   

  The tine dependence of the spherical spreading term was then found by

computing the tise-dependent distance between the rocket and rhe fission-

product debris as explained above. This distance was then converted into aa

appropriate number or ga/oné of air by using the ARDC aodel atoosphere.* ‘Ibe

assuaption that the inbomogereous atmosphere can be treated in this way is in-

plicit bere and is legitimate according to Monte Carlo calculations done by

Marcu! Finally, the cize decay of the intensity of the source was treated

according to Fig. 5.2 of LA-1&20.

(OC
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Results of caicslarions sutlined above ave presented tn a serics of grapas

a.l.z  iesules

apg ia Tagie ~.5. Figures +.1] through 4.5 sive comporisons of commetcd valkes

. ee eee imeage 2 wae ot - sei beta . oe
on2 Teak cbasuretenis. Figures 4.6 through 2.5 are sisilar Sisptsss ter the

Ovranse ewerr. Table +.3 susmarices the resulrs.

TABLE 3.3--STOMARY OF GAMMA-RAY DATA FROM TEAK AND ORANGE

Intezrated dose ‘/roentzens)

Calculated

 

 
     

"under the experinental values, F stands
for fila badge; G means the reading was obtained
with a glass dosisecer; T means a dose obtained

by integration of telenetered cose-rate-versus-
Cice data ca all Teak stations and OR-7é. On

Orange Stations 115R and 1255, daca with T desiz-
mations com froa telemetry recordings of total

gmma-dose transcucers. All calculated total

doses are time integrated.

106 aay
fies 107 throay}
1+ are deleted,
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R130 Discossisn

Preshoc calculations sinilar to those presented bere were made at Sandia

Laborate: 3 The differences berween the present effort ami preshot work are

as follows:

(a) accorate, rather than predicted, rocket trajectories were used, to-

gether with accurate positioning of the warbead at zero tice.

(>) Clood-rise rates were inserted on the basis of ‘observations; in Im-

1601 they were ceglected.

(c) Bo effort was made in this analysis to include the effects of gamma

rays prodoced by neutrons captured in nitrogen. This is a defect in the present

treatment. However, the Large mass of material in the Redstone missile between

the warhbcad and che earth prevented a good fraction of ¢he neutrons which other-

wise would hrve escaped in that direction from so doing. Monte Carlo calcula-

tious by C. RB. Hebi* of Sandia indicate that the frequency of (n, 7) reaction

is samewbat lover than had been estimated.> Further, ‘the (n, 7) source is ex-

tended in space. For these reasons, it is felt that (n, 7) contributions were

not significant, apd no indication of this compovenotis found in the data.,

There is more information available from the model. From Table 4.2 one

ean find a quantity proportional to the energy deposited per unit path length

in the atmosphere. This is done in a straightforward way by converting the

mumber of ga/es* of air traversed to an equivalentheight in the atmosphere.

This results in the integral curve sbown in Fig. 4.9.

actually, the intensity is given by Pbate

ett
I(r) = i s 2

ar

 

and Fig. 4.9 is, as indicated, a plor of har? 1(r)/1, versus r. The derivative

of this function is also plotted in Fig. &.9. This curve is, togerher with the

integral carve, a mezsure of energy deposition per unit path length in the at-

mosphere. The caximm of the derivative in Fig. 4.9 oceurs at about 21 to 23

km above the earth's surface. This is in rough agreement with sore sophisti-

cated calculations of the height of maximm erergy deposition. LASL results?

Cy, 115
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give 25 kay abowe the earth as the place cf enerzy deposition for fission-

product gamma rays.

    flux. Estimates of such intensity, together with the inclusion of p

radiation, indicate that the net effect would be to increase measured fission-

preccct gacou Scses by cooly 2 few percent at wost. There exists the possibility

chat film badges and glass dosimeters are themselves sensitive to neutron radic-

tion. Experiments perforsed by J. A. Beyeler of Sandia’ indicate, howeve

that under a flux of > 3.5 x 1073 peutrccs/ca"

a: the Godiva reactor at LAS], no effect on either the glass or

film packs cana be detected.

  
    

  

  

&.1.% Conclusions

. The assumed model bas been copared with seasured dose rates and doses

for the Teak and Orange event

  

"see Section 4.2 of this report..

“Sali, “117
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According to E. York, ic is pessible chat most of the ad-

ditional energy is concentrated in relatively iow-energy gamma rays. Because

the experiments wentioned above are not completely analyzed,? the point wil!

be pursued no further dDeyood menrisning that there is a possibility that the

discrepancy between the model of this report and the experiment can be explained

 
when analysis is complete.

h.2 INSTRUMENTATION

&.2.1 Design Criteria

The gamma dose is caused by both fission-product decay and neutron captire

by nitrogen in ee atmosphere. At sowe stations the fission-product cootribu-

tion was expected to predominate after several seconds. Extrapolating this .

fission-product contribution backward in time and subtracting it from the oar
, a “a site)

would then give the dose arising from capcure of neutrons by nitrogen. » oa Js

In order to follow the garma-dose rate for a time sufficient to accagplish

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

&.2.2 Instrument Description and Calibration

The garma-dose-rate-versus-tize instm=ment for the four lower Teak stations

and Orange Station 72 consisted of an BCA 6199 photomultiplier rube with a

-

1/7



—wSTCRE~
terpbenyl-activated plastic scintillator. The current to the abotomltiplier

divider was controlled through a IC3. The sciotillators were 1 inch in diameter,

with thicknesses of 0.250 inch for Station IK-39, and 0.050 inch for Scacions

Tr3, K-55, ant MSO. (See Figs. 1.1 and 1.2 for station locaticus.) actisa

of the circuit (Fig. 4.10) is such that the current through the 104 is mazximm

with no excitation of the photocathode. The U4 current decreases with in-

creasing signal.? Volcage deweloped across a resistor in the plate circuit of

the 10% is used to drive a subcarrier oscillator.

A plot of the ratio of output woltage to no-signal wolrage wersus light~

energy input is linear on log-log paper ower four orders of magnitude in energy

input.

The DASA cobale 60 source at Sandia vas ased to calibrate these instrusents.

Typical calibration data are shown in Fig. &.11. The plotted points correspond

to data obtained from the cobalt 60 source. [Extrapolation to higher dose rates

is juscified by the fact thac the instrument is Linear to wv, = 0.32 vheo ex-

cited with a calibrated pulsed-light source.

At the two highest stations on both Teak and Orange the dose rate was

expected to be high enough for selenium photovolraic cells to monitor the

light produced in a sodium iodide crystal. Transducers for these stations

were l-inch cubes of sodium iodide with a photovoltaic cell optically coupled

to each face vith silicone fluid. The assembly was hermetically sealed in a

thin alumimo case by the Harshsw Chemical Company of Cleveland. The series

woltage generated by the phocowolraic cells was used to drive a subcarrier

oscillacor directly. These units were calibrated with a kilocurie cobalt 60

source at Sandia Laboratory. Typical calibration data are shown in Fig. &.12.

Total gacmm-dose transducers were included in the pose cones at Stations

209 ard 252 on Teak and 1252 and 1158 on Orange. These transducers consisted

of glass, which darkens under gamma radiatiou (Corning #9762), placed betveen

a tungsten Light source aod a seleniua photocell. The decrease in photocell

output is then a weasure of the gaa dose seen by the by the glass. Calibra-

tion was accomplished by insertion of glass which had been exposed to known

xmounts of cobalt 60 radiation. Seainal calibration data are shown in Fig. %.13.

Im addition to telemetered instrimentation, passive elemeots, including

fila badges and chemical dye dosimecers, were installed for evaluation after

“=hGha llg



LLG

120

a
c
a

 

i
V
S
v

-
i
v
E
R
g
a
o
Y

@
0
0
0

e
r
v
i
v

+
t
v
i
a
c
a
o
r
y

w
a
s
?

O
0
0
v

=
B
e
e

f
v
B
R
E
A
O
Y

©
4
0
a

 

 

e
2=

«

  
Li

aig

ty
-
-
-

»
C

5:
so

w

ba
ne

 

 
 
 

6

  
 
 

 

mp,

 
 

L:
w
y

S
e
er
ve
y

 
 

 

 
 

 

~
=
mh

  
CO
NT
IN
EN
TA
L

Co
nt
iN
eN
TA

c
a
-
s
0
P

c
e
-
2
0
8

‘
 

eo
=
Ad

C
O
N
T
I
N
G
N
T
A
L

R
E
L
A
Y
,

P
U
T
E
R

S
e
a
P
i
e
s

@
-
8
0
P
F

(W
GL
ay

CL
Oe
UR
G)

es
=
iy

G
u
t

A
E
R
O
T
O
N
S

1
7
8
0

@
)

T
H
R
U
A

1.
6
m
E

b B
R
I
O

A
i
R

+
O
O
K

M
O
M
I
N
A
L
,

M
A
Y

B
E
C
H
A
N
G
E
D

T
O

B
I
V
E

D
E
D
I
A
E
O

W
O
-
B
I
E
M
A
L

O
U
T
P
U
T

| ceaseare

 
 

 
.
>

F
i
g
.

4
.
1
0
-
-
C
i
r
c
u
l
t

d
i
a
g
r
a
m

o
f

l
o
w
-
a
l
t
i
t
u
d
e

g
a
m
m
a
-
d
o
s
e
-
r
a
t
e

i
n
e
t
r
u
m
e
n
t
.

e



/
/ Q&

Pog es J22+123
are deleted.

(
.
)
\) \\

b)

 e
e
a

\
geerae es

eotga ad a
=
e

 
1
k
d

1
L
e
t
t
t
t

i
f
b

a
t
y

_
_
i
a

o
n
e

e
l

i
a

oe
oe
e
e

|
c

rr
)

10
0

10
00

0
!

1
?

C
O
R
E

A
A
T
E

r
e
e
n
t
e
o
r
e
/
n
e
w

é

 

fad PETAR af Wuelrs-ORs 787ATON Ue

F
i
g
.

&
.
1
l
-
-
C
a
l
i
b
r
a
t
i
o
n

of
l
o
w
-
a
l
t
i
t
u
d
e

y
a
m
m
a
-
d
o
s
e
-
r
u
t
e
,
G
a
u
g
e

No
.

10
0.

a
 

 
 

 

F
i
g
.

4
.
1
2
-
-
C
a
l
i
b
r
u
t
i
o
n

o
f

h
i
g
h
-
a
l
t
i
t
u
d
e

g
a
m
m
a
-
d
o
v
e
-
r
a
t
e
,
G
a
u
g
e

N
o
.

y
9
7
!
.



“ECR.
Bose-cone recovery. Provision was also aace to evaluate the gama glass dosic-

eters in the ladorarory.

4.2.3 Data and Inseroent Performance

Gamma-dose-rate-versus-tice data were recorded from Stations 39, 45, and

59 oa Teak and Stacion 72 on Orange. A typical record (Station IK-59) is shan

in Fig. 4.14. The cyclic dips in the record are produced by varying shielding

of the detector which is caused by nose-cooe rotation. The'curves sbown in

Fig. &.15 are plotrad by taking readings at the maxiweoe points of these cycles.

Mo data are available from Teak Station 50.

Total gamma doses received at each station as measured by the various

types of detectors are summmrized in Table &.8. The total dose as seen by

dose-rate-versus-tine instruments was obtained by graphical integration to a

point where the rate had decreased to 0.01 percent or less of its original

walce.

The gauma-dose-rate instruments recovered from Teak and Orange, and a

Spare which had aot been flown, were recalibrated on the same cobalr 60 source

used for preshot calibration. There vere no significant differesces in the

two sets of calibrations after correction for the interim decay of the source

strength.

Slight indications were noted on the recording channel allocated to the

total ganma dose tramsducers at Teak Stations 209 and 252, but these vere so

close to noise lewel as to be unreliable. The lower detection threshold of

_ these units was in excess of 20,000 roentgens. Results from the total gamr

Joh

transducers at Orange Stations 1152 and 1255 are given in Yable. 4.4. A zero-

level shift occurred in these two telemetering channels; therefore, the inte-

grated dase was read out as of the tine of the postshot calibration sequence

when a zero-leve! reference was available.

Fils badges used were unshielded triple packs of DuPont emulsions 502,

834,° aod 1290, and packs of unshielded Eastman double-coated emulsion 548-0.

The approxicate upper limits of measurement for these equlsions are 20, 1000,

10,000, and 38,000 roentgens, respectively. Class dosimeters vere Corning

#9762. Locations of the various components are shown in Fiz. 3.5.

ity Peper 125 and 12a

are deleted *
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4.2.4 Conclusions and Recameendarions

Inforaation was obtained from each type of detector exposed except

chemical dye dosimeters which suffered age deterioration, and gamma-dose-rate

instruments at the two high stations om each shot which wre apparently below

their detection thresholds when radio propagation was resumed after several

tens of seconds.

 

Most film emlsions show a marked increase in sensitivity to gamma rays

of low energies (less than about 0.15 Mew), while the sensitivity of many or-

ganic fluors decreases in this region. One would, therefore, expect bare fils

badges to indicate considerably higher doses if an appreciable portion of the

incident gamma vere in the lower end of the spectrus.
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Chapter 5

BADIOCEEMICAL SAMPLIGG

5.1 SamMPLE2 DES ICY

§.1.1 Inrroduction  
   therefore, to attempt to obtain a

woalysis as a yield check. Additionally, if future tests are forced to high

altitodes by political pressures, sampling technique development vill have

been started.

ris sample or radiochesical

Los Alamos Scientific Laboratory (J-1l Division) indicsted interest also

in obtaining a saexple from the rhodicm Labeled Orange shot. Sandia agreed to

attempt to obtain a sample, prowided spare rocket motors were left ower from

a successful first Teak shot. Later there was widespread interest in obrain-

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-

biliry on Teak. ,

_ These developments, together with LASL calculations on the debris behavior

of Teak shot, necessitated revisions of the sampling prograa. The final plan

allocated tvo sampler rockets to Teak and four to Orange, with one spare saz-

pler for a second Teak shot. Ome Teak sampler vas to be at apogee above the

burst at zero cine; the second vas to rise from beneath the burst to pass

through burst point twenty seconds after time zero. The sanpler placed above

the burst was intended to saaple debris carried upward by an ismediate larze-

scale flow. A calculation by LASL (J~-10 and T-5 Divisions) indicated that

such a flow would occur. The second was a “hedge” in case debris behavior

was siallar to that for sea level detonations.

Such cariy aempiing was Gecesnety, Ovi vuly Ueceuse vi tiv Lise unese

tainties, but also because winds at burst altitude can be high and mapredict-

able. A wind survey was conducted before the test to determine necessary viod

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

[2Q2s
 



Early sampling of ‘Orange shot did not sees feasible, since the debris

clad was expected to be fairly dense, and because of rocket liaitations sa

pling at burst altirude would have been difficult at the planned range. It

was decided to sample the cloud 35,000 feet above che burst point. Sanpler

rockets were to pass through this elevation above the burst at £0, 6&0, 90, and

l@) secoods after burst tine.

5-1.2 Debris Characteristics at 250,000 Feet :

Betore exploring sampler designs, certain aspects resulting from the

detonation of the dewice should be examined. Of particular interest are de-

bris clood disseter, clond rise, and particle size. In cousidering these

effects in conjunction with sampler design, calculation results are suumrized.

SC-h172(TZ) gives a more complete analysis.!

Ambient conditions at warious altitudes were considered. By this is

meant the walues of pressure, density, and temperature assigned to the warious

eievatioas.

Cloud Diameter. Seweral authors have already considered burst effects at

the 250, 000-foot elevacion.“3 Their treatments of the possible diameter

achiewed by debris from the burst are incowplete, since they consider debris

bebswior only until it has mixed with a wess 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 treateents overlook the momentum associated vith device expansion.

Ir is trve that the kinetic energy which the expansion represents is rapidly

dissipaced as the material contacts the surrounding air. The mowentuz, hov-

ever, is conserved. A study of the consequences of this momentum conserva-

tion is carried out in the above-mentioned report by the author, The result

fs a prediction of a spherical lgyer (teraed "shell"} of material expanding

from the burst point. This shell is made up of the bowb debris and the air

which was originally between the ‘shell surface aod the burst point. Analytic

expressions may be written for this shell velocity, for the time required to

achieve a particular radics, and for the kinetic energy remaining in the

directed motion of the shell particles. These are:



_
~

‘ t

ay
6

v= s. 2 3 Velocity ia ft/sec (5.2)
Tr .

+ 336)

ts 1 |: + 250 iE)| Tiae ip seconds (5.2)
552100 1000 .

KE = 1 3 Kinetic energy in ergs (5.3)
r

ad is00)

where ris the shell radius in feet.

The expanding shell was expected to saintain its identity until the speed

of sound within the sheil was about chat of the directed shell motion. Since

the radiation loss was high, the late shell temperature was expected to be

about 10% degrees Kelvin. This corresponds to a sound speed of 10,000 feet

pex second. At a radius of 7500 feet the shell should lose its inward in-

tegrity, and debris, together with encompassed air, was expected to start

filling the void within the shell. This turbulent phenomenon was expected

to accomplish dispersion of the debris fragvents throughout a volume having

a radius nearly that which was initially obtaized. An eventual hydrodynzic

expansion of the beated air was expected. When these processes were coupleted

the debris was expected to be situated in a sphere having a radius of about

15,000 feet. The debris cloud vas expected, of course, to become even larger

as the hot gas bobble lofted.

Cloud Rise. The possible initial debris cloud diameter achieved has

been examined, sicce it is an important parameter in estimating the effective-

pess of the samplizg program. The second parameter, also of importance, is

whether che debris rises with the heated air after the burst. By approximate

arguzeots it can de shown chat, for a given gas-bubble size and a given ten-

perature ratio berseen the gas of the bupoie and ambient, tie mews cist i-

havior can be expected. Such an argument does not take account of atmosphere

332
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way
Strocture consiceracisns, but it is mone the less a useful: “toe-boli® far

applying scaling. Such scalicg can de accomplished, once a rather arbirrary

diamecer to tbe boc Subble is assigned. For the 250,000-foot test a dizcer

tazen. This dimension seemed physicallyreasonable, since

Wit corresoods to Che outeraost range at which the temperature of tbe hizsh-

alcicude fireball compares with thar of the sea level fireball (6000 degrees

Kelvin).

4t 250,00) reece it was further assumed that the expected cloud rise

would be the same as that for a sea level fireball of the same diameter.

Using the curves given ion TM 23-200," the cloud rise can be predicted. This

procedure predicts an evencual cloud rise in a tine of aout

8 mimites. The initial rise welocity was expected to be abou

The previous cloud rise discussion could be termed conventional, siace

the prediction is based on sea level experience. A LASL (J-10, T-5 Divisions)

calculation indicates that buoyanr lofring of debris shezld not occur, bar,

insteac, hydrodycasic forces should accomplish a auch core rapid elevation.

Physically, chis effecr should occur, since the pressure gradient is suddenly

increased sanyfold by beatics, whereas the density is unchanged. LASL‘s

calcolation indicates that about 2 seconds after the bursr che debris should

achieve an upward welocity o
—

Particle size. The last important parameter vhich needs to be consitered

for a sampler design is possible particle size. Momentum analysis has s2z-

gested an early cloud diameter so large that the debris from the device is

widely dispersed. Since chis dispersion is achieved while the gas is hot,

ict seems unlikely that significant particulation should occur. On the other

hand, should rhe initial debris cloud be saall until ic is cooled, as suggested

by the other azalysis, 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 filtering arrangement should be able ta

sacple a large range of particle sizes down to molecules.

5.1.3 Filrer Desig for 250,000 Feet Altituce

Biowre SY deniers the tmescesr gcometzy. Th2 air flow is deviated 5;

the ispactor vazes, enile particles, by virtue of their Larger inertia,
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Tey
travel chrocsh this deviated air to be collected on the wanes. ‘Yo insure

collection, tbe wanes are coated with a grease. For molecules, the impactor

collects by diffusion to the wanes.

Physical Laws. Sefore consizering details of iapactor performance, the

physical laws cowering the forces on particles, diffusion phenmomens, and flow

behavior mist be exenined. at 250,000 feer, instead of hawing a viscous flow

slowing particles as at sea lewel, slowing is a bombardcent process, since the

particle Giameter is saall compared with che mean free path of the gas wole-

cules.? The relation is

Fe- 1.352 7 x way, (5.4)

where F is force, w is average thermal velocity of molecuies, p is air den-

sity, a is particle radius, and V is the relative welocitry of the particle.

The diffusion process is well enough known that detailed discussion is

unnecessary. Computing the flow through the filter requires two steps.

First, stagnation conditions in front of the sampler are calculated froa

sampler speed and air parameters. This may be easily accooplished by rhe

use of NACA-TN-1428.9 Once conditions in front of tha sampler are inn,

the mass-flow rate through the impactor may be computed, since the side ports

are at about side-on pressure. The Flow through the impactor my be considered

the flow between places.”

The expression for the mass flow through the iapactor per unic length

(q,) ts

w
a z (RY}qL (p +6 S)(p, ~ Pa) (5.5)

where R is unit mass gas constant, T is the absolute temperature, Wis the

plate separation, 3 is viscosity, iL is plate length, P is average pressure,

€ is che slip coefficient, and (Pp, - P,) is the pressure drop across the

systea. ,

The shows Toletice 12 veliss ive viscous riow woeo tlow welocity does

not exceed acoustic. The flow through the inpactor is considered isotherzal,



since diffusion argumenrs show that the gas rapidly acquires the wall tea-

perature. Furtheraore, there is noc enough gas flowing through the iapactor

to appreciably beat it. For the lowest elevations (220,000 feet), flow

welocity, according to Eq. 5.5, would exceed acoustic. In this case the

relation is still used bot, instead of using the total pressure difference,

&@ condition of acoustic flow welocity as it leawes the impactor has been

applied. ‘

Calculation of Impactor Performance. By use of the laws just discussed,

impactor performance for a wariety of cooditions has been calculated. In

these calculations, certain ranges of performance become apparent. First,

for wery samll particles down to the diameter of molecules, the collection

is effected through diffusion which, in nearly all cases, collects all debris

carried by air flowing through the impactor. Next, for the range of particle

sizes abowe molecular, impaction becomes important and, in most cases, a 100-

percent impaction efficiency is achiewed for diameters above 5 x 1073 sicron.

There exists between these cases a transition range where collection is ef-

fected partly by impacrion and partly by diffusion. Finally, for still larger

particles of the order of above 10°? micron, a third process becomes impor-

tant. This process, which has been termed “gathering,” results from particles

penetrating the stagnation region in front of the impactor and striking the

impactor or crossing streamlines leading to the impactor. Figure 5.2 shows

the range of these warious phenomena at 250,000 feet, where the sampler rocket

welocity is 2000 ft/sec and ambient conditions are assumed. In addition to

efficiencies for the various phencmens, a curve representing overall] perfora

ance is also shown.

Impactor performace at 220,000 and 260,000 feet have also been examined

in order to ewaluste the wariation of efficiency with altitude and speed.”

Overall performance curves are presented in Fig. 5.3. Purther, to exanine

the effect of the ambient teuperature, overall perforaance has been calcu-

lated on the assimption that the teuperature is 1000 degrees above ambient

at 250,000 feet, while the pressure is ambient. The curve representing this

overall perforcance is also shown in Fig. 5.3. Finally, in order to exanine

tne effect of che constitenrs Of tne gas, it has Deen assumed Coat tne air

 

*mese calculations are based on a rocket apogee of 315,000 feet. The

actual expected haighr was abouc 255,000 feet.
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ly
is atomic rather than molecular, and calcclaticns vhick asscoe sabiest pres-

sure and temperature at 250,000 feet hawe been repeated. Again the overall

performance curwe is presested in Fig. 5.3, which is based oo 100-percent

efficiency, prowided all debris swept cut by an area of the impactor were

collected. Under all circumstances the collection is substantially the some

for particles having diameters larger then 15 x 10? microm, Below this
walue there is some variation becamse of speed and air conditions. at low

densities, the impaction and diffosion owerlap in effectiveness to allow

collection of all debris passing through the impactor. Om the orber hand,

less air flows through the impactors under these conditions. At higher a-

bient densities, the flow through the impacror is large, but izpaction and

diffusion are less effective. On tt= whole, the inpactor performance is

markedly insensitive to conditions under which it samples.

The above considerations vere based on a sampler rocket passing upward

through the debris. Should the LASL debris-rise calculation be correct, the

sampler rocket would never overtake the debris cloud, since the upward speed

of this cloud exceeds that of the rocket by a factor of 2.5.

Since the LASL calculation seemed reasonable, a sampler rochet equipped

with deflectors on the side ports was positioned to be at apogee above the

burst at zero time. Performance of this arrangewent could oot be predicted

with accuracy. It was believed probable that debris would be solecular be-

cause of the rapid expansion accompanying the rise. In this case collectioa

would be accomplished by diffusion. About half the debris of the diverted

flow would be collected on the impactor plates. ‘The remminder would diffuse

to internal chanel walls before reaching the impactor plates.

Sampler Effectiveness. In determining expected impactor performance

under various conditions, maximm sample size mist be considered. Debris

is assumed to be unifornly distributed in a sphere which 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 ou a

sphere diameter, a volume of 2r4 would be svept out by the impactor, where r

is cloud radius and A is impactor area
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     It was apparent that if the sampler rocket struck

the cloud voluae, te sample would be obtained. (The estinated CEP

for the rocket was 5000 feer.) In fact, samples could be so large as to

require hot recowery techniques.

   

Thus far, sempler size based on conventional cloud-rise assumptions has

been considered. A smaller sample vould be obtained by the apogee rocket if

the abrupt hydrodynamic debris rise occurred, since the cloud disaeter would

be larger (about 40,000 feet), and the sampler less effective.

 

5.1.8 Debris Characteristics at 125,000 Feet

& device identical to that planned for the Teak 250,000-foot burst was

planced for detonation st 125,000 feet. Since it was planned to label the

debris from this weapon, LASL (J-11) requested that Sandia aiso obcain a

sample frow the lower Orange burst. Teak burst actually occurred at 252,000

feet and Orange at 141,000 feet.

Barst Phencuenologyfor 125,000 Feet Altitude. A different sampling

technique was used for the lower Orange shot, since it did not seem feasible

to sample a hot, relatively dense cloud. Furthermore, rockets used in smmpling

could be deviated from the wertical 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 wicinity were of less concern

than the eventual cloud-debris diameter and the rise behavior. This was

fortunate, since the burst at 125,000 feet had received less intense theoret-

ical consideration chan its higher companion shot.? Ie is known that energy

radiated from the weapon is deposited relatively close, so it was expected

that the eventual bydrodyaanic behavior should be closer tu tiat at sea icval

than for Teak shot.



AC che same cine, it was thought char sufficient energy aight de lost

through radiation in the first thera) pulse that a reduced yield shold be
used, Therefore, an effective yield of 2 ue was assumed and Sachs’ scalizz

was used to estinuate che bubble size. By this aethod, sipplemented by ap-

proximate scalicg of rise for icentical cloal size and temperature ratios,

cloud diameter and rise were estiasated. It was assumed that the cloud dizm-

eter corresponded to the diameter of the fireball; the clacd-rise curves of

TM 23-200 were used.” Results of this analysis indicated that an evestual

clocd rise of about 120,000 feet could be expected. The cloud cester should

achieve an altitude of 160,000 feet at GO seconds after burst, while the

fireball cop should arrive at 160,000 feet in about 25 secowds. Accordingly,

the rockets vere sent through a point above the burst, corrected laterally

for winds at 40, 60, 90, and 120 seconds after zero. The first three samplers

were to penetrate the cloud at 160,000 feer altitade and the 120-secood saa-

pler was to penetrate at 170,000 feet. The first sampler was expected to

strike the cloud, but it was also intended as a hedge in the event of more

rapid cloud rise than predicted. The expected cloud dizmeter was of the

order of 50,000 feet.

Debris particle size was again of concern, With the wide dispersion im

plied by the scaling, it was believed probable that the debris would be molec-

ular. Oa the other band, particulate is often collected after air bursts in

instances where dispersion should have been great. Either possibility was

expected.

5.1.5 Filter Design for 125,000 Feet altitude

& check calculation of Teak-type impactor performance indicated that this

type instrument would be unsatisfactory for Orange, since high air density,

together with the acoustic limitation of flow speed prevented its effective

operation. Furthermore, diffusion is less significant at high air densities.

Fine screen, cOO-mesh made of stainless steel, which can use the impac-

tion phenomenon to collece debris was available. Analysis of the effective-

uess of this type screen icpactor was less thorough than for the impactor

used on Teak. An analysis of sampling efficiency at ambient conditions for

ac elovetisa of 165,Q0 fect with a venicie speea ot 1560 ft/sec appeared

sufficient. This wehicle speed corresponds to Mach 1.5. Such a linited



any
analysis range seemed justified, since the sampling was to be accomplished at

substantially this altitude, and teaperacure effects were expected to be saall.

Furthersore, the percentage flow through the screen proved quite insensitive

to Mack mober. To cospure the flow through the filter, an acoustically tTe-

stricted flow through the holes of the screen was assumed. This yields about

the sane flow race as does a friction analysis, acd was accepted as being

somevhat simpler and more physically realistic. The relation associating the

mass flow per unit ares (Q,) and reserwoir condition is

were)| 8
Here Py and p, are reservoir pressure and density, while 7 is the ratio of

specific beats. The ratio P/P, has a walue of 0.52 for acoustical limiting.

Use of this equation, together with the values of stagnation conditions

in front of the sampler rocket, indicates that the flow through the filter

unit area is about 40 percent of the flow per unit area of the free streaa.

Impacction of particulate on screen wires proves wery effective. Also, dif-

fusion becomes effective well before rhe cutoff of impaction efficiency.

Accordingly, of the material which flows through the screen, 66 percent is

collected while the remainder passes through the openings. (This is pes-

Simistic for debris molecules.) Gathering is still significant. It takes

a@ particle with a diameter of 5 x 10 micron to penetrate the stagnation

layer, here assumed to be 25 cm thick; therefore, the gathering effect causes

variation of the owerall efficiency for a large particle-diaseter range. The

overall performance of the screen impactor is presented in Fig. 5.4.

The screen has favorable characteristics for impaction collection but

suffers from one weakness: the screen wire is rapidly heated by the flowing

air. A rough computation demonstrates that it should reach ax=bient stagna-

tion temperature in a few seconds at the 125,000 foot elevation. Therefore,

late sampling at a higher elevation was found to be necessary. AS a pre-

cautionary measure the screen was sounted on the front of the inpaccor

arrangement, as backup in case of screen failure, and to collect fragoeats

of grease which, on overheating, would flake off the screen.
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Fig. 5.4--Collection efficiency of 2OQ-mesh screen at azbient condi-
tions for 160,000 feet. Spherical particles are assumed fo have a

specific gravity of five. Eficiency is based oa flow in the free

Stream through the noraal screen area.

t

Sasp /le Size. Maximo sazple size may be computed by use of the sam

equations are were used for Teak. It will be recalled chat the radius of    

 

the Orange cloud was expected to  

  debris should be gaseous rather than larger than 1/2 aicron, only about 4o

percent of this amount would be collected. In either case, it was appurcnt

that if che sampler struck the cloud ao adequate sazple would be collected.

5.1.6 Results and Analysis

No sa=ples were obtained on either Teak or Orange shorts. On Teak shot

a ocmber of aeasures, including lighter rocket fins, had been enployed to

achieve greater than design alcitudes. Apparently these fins failed during

or after second-stage burning, and the samplers fell within a nile of the

launcher. lLronically, had they flown successfully, they probably would mc

have had a chance to sazple, since cetonation was about 35,000 feet norta

of the intended position.



[ih
Teas. The bedavior of the Teas shot debris bas Seen docmested by

Edsertoa, G¢roeshausen, aad crier photography, waile the very early bedavior

was tecoried by a streax camera operated by LASL.

 Fig. §.5--Cocparison of observed and predicted earl———-—_—_— —~
Teak debris expansion.



 

Oranze. Alraough no sample was obtained, the four Orange samplers per-

foraed satisfactorily. Iapact poiars were close to those predicted, assur-

ance that the intended trajectories were achieved. “Tke rockets used on this

shot were equipp<cd with heavier fins than those used on Teas. The first

sampler rocket (40 seconds) did show an activity suggesting a sample of

but a careful analysis by J-11 of LASL yielded no debris.

Undoubtedly the activity observed in the field was neutron-induced,.

It now appears that burst was 16,000 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 demonstrated graphically

in Fig. 5.6. The observed behavior was obtained from EG&G photographs tzken

by cameras pcinted specifically at the request of LASL (J-10 Division). It

is evident chat all sacpler rockets passed well below the debris, although

the first rocket skirted the lower edge of the fireball.

 

§.1.7 Discussion and Conclusions

No sa=sples 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 higher altitudes. On Orange shot the hardware perforned perfectly

but the saspler rockets passed below the debris cloud. The debris sas aissed

because it rose sore rapidly than was expected and because che detonation

ay escré thc sapected Busat aicicude.

I
Gas hee bps” tf deleted,

 



a
An interesticg questicn is ebether an Orange sample would hive deen

obtained if the burst Sad been at che intended position. Uf the rise rate of

debris bad beea the observed rate, oo sacple would Sawe been obtainc2. The

first sampler would have passed below the lower edze of the debris etn if

ic hod passed throuzgn the fireball center. The debris rise rate woul, of

Course, have been less bad the burst been at intended altitude. iimewer, it

is still questionable whether the earliest saspler would have intercepted the

debris; certainly all later samplers would have passed below it. In retro-

spect, if less depemience had been placed on prediction, positive results

probably would have been obtained, because the saopler array would have been

deployed to allow for a wider spectrum of debris rise rates rather than hav-

ing been concentrated on obtaining a late cool sazple.

While the rise-rate prediction method was unsuccessful, the estinate of

the Teak debris-expansion behavior is more satisfying. There is detailed

agreement in the early expansion, and even ultimate size, before coxnsiderable

elevation, is about what was expected (30,000 feet diameter at 4 seconds).

ln both Teak and Orange the debris appeared to be selectively elevated

with respect to the fireball and it actually emerged above this bali ef sur-

rounding heated air. Certainly the debris was different in its bydraiynanic

behavior from that of the heated air. Such a preference would de expected

if debris presence somehow heated the surrounding air above chat of the re-

maining fireball. Ic say be that the presence cf debris enhances deactivation

aod molecular recogbination, since local beta-particle beating seems izplaus-

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

In conclusion, it is pointed out chat although a sample was noc obtained,

the sample vehicle systema was proven out. Should sampling under these shot

conditions be attempted again there would be an excellent chance of success,

since mre is koown pow about debris rise rate and cloud shape. The task

willnor be small, however, as either a very early saxple of the hot debris

Cloud cust be obtained or the difficult target of the expanding torus must

be pierced.

 



way
5.2 EQCLPMENT 2D RECLNTRY PROCESLRES

5.2.1 Introductioa

The sampling elements which were to have been carried to Teak burst al-

titude are housed in mose cones having the same external configurations as

those carrying instrimestation and are propelled by the sae type rocket

motors. Unfortunately, both rad-chew rockets on Teak went unstable at the

approximate tine of second-stage burnout, broke up, and fell into the sea

about one mile from the Launchers. The four sampler rockets fired on Orange

flew their plannea trajectories and were recovered. They did not, harver,

contain samples.

In operation, just before the rocxet enters the radioactive cloud, the

wind screen (the forward 2& inches of the nose cone) and two side-vent ports

are ejected, exposing the sampling elements to the debris. At apogee the

sampling elesents are enclosed ian a watertight compartment, and an RF homing

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 cope to the sea. A search-and-recovery operation is theo

initiated for the sampler noose cones as well as for the instrumentation nose

cones.

8

5.2.2 Sampler Nose Cone

The external configuration of the sampler nose cones is identical to

that of the instrumentation nose cones (Fig. 5.7) and consists of a 2h-iach

wind screen, a 25 1/2-inch main body, and a 5-inch aft parachute ring. The

wiod screen is automatically ejected in flight ta 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, two dye-oarker

containers, and the flight-progracming junction box. be sain body contains

two filters, a filter container having two separate watertight compartoents,

sanpler-actuating mechanisas, a beacon transmitter antenna, a flashing

light, two ejectable vent ports, a dye-aarker container, and a watertight

compartment containing the renainder of the beacon aad flashing light

components (Fig. 5.0).
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Filter. The filter asseably is shown in Fig. 5.9. erea Cre ssuib-

actcated restraiziang boles are blown out, the spring-loazed sazplers are

saowed Coward Coe rocaet axis into the center comparteent. A eatertishe seal

is minataised b3 a. silicon-mdber "OW ring on the inside face of the sunpler

eas place.

Dve Marker. Ome dye-oirker container is located in the vent passage

just below the sampler container; two moore are located on the botton side of

the base plate. The marker compound consists of equal parts by weizht of

pelsechylene glycol (carbowax) and fluorescein disodium salt. Fluorescein

is acded to the mited carbowax and this mixture is poured into the contain-

ers, (Water solcble carbowax dissolves slowly in salt water. These con-

taizmers continwe to meter dye for 24 hours.)

Flashing Lizhe. Since recaw-r; cf the nose cones from the ocean was

schaduled co be made at cight, the flashing light was added to aid recovery.

This is a 30-volt, JOwatt bulb, potted in plastic ard mounted on top of the

Saspier container. Its battery supaly and flasher circuit are located in a

watartight box oa the top side of the base plate. The light flashes once

eaca second and lasts for 35 hours.

BF Homins Beacon, Primary aids to recovery are UHF beacon transaitters

in che 266.5-ac to 2G4.5-me grequency range. Specifications of the beacon

are:

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

Weight T omces

Power Supply two 33-volt, 3-amp/hour aercury batteries

Peak Power 1 watt

Averaze Power 100 nillivatts

Audio 1000 cps

Life 4O hours

Operation of the beacon is based on AM reception. However, during the ap-

proxi=ataly l0O-aicrosecond period of each audio cycle that the beacon is

traamitring, the carrier will shite 150 to 1500 ke. A shift of at least

150 ac is necessary, since the direction-finding equipment used in conjunc-

tise with the beacon is erystai-concroiied ana tunable in 100-‘c steps. It

was tecerained chac the additions] weight, cost, and tine resuired cto develop

a crxstal-contrclled beacon was not warranted, when used with the aizsSorae

/
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WATERTIGHT
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CLOSURE
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VANES

RESTRAINING
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FRONT VIEW OF
SAMPLER ELEMENTS

Fiz. 5.9--Filter and plate assecbly.
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AN. AMG] receiver, tre eilective D.F range of tre beacon is 15 sile>; vita

tae saipbourd UND. ~ receiver, the raase is 5 ailes. 3eacon ani battery gre

located in the Sase-alate compartocne with the flaswisge-lisht Battery and

circuitry; the as =

cireait 15 shown ia Fig. 5.10.

Isocyanate Foas. Isocyanate fom, rather thin satertisat compartoents,

was used for buvyance because of the relative ease of fabrication and because

strucrural damage that would reprure watertight compartoents will oot ateri-

ally affect the faan.

5.2.3 Flight Sequence

All pose cone functions, which are controlled by an electrical tiner

located in the aidsection between the second-stage rocket and the nose cone,

are actuated by explosive squibs.

The first aose cone function is ejection of the wind screen and side-

vest ports just before entry into the cadioactive cloud, The vent ports are

blown 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 assembled in pairs. Ome section of each pair

has a cylinder block containing a squib peraanently actached to one end,

The other secrion has a piston on one end which fits into the cylinder block

attached to the first section; the piston is locked to the block by a shear

pin. These mo pairs are thea fittedaround the aose cone-wind screen junc~

tion and are bolted together. when the squibs are detonated, the lock pins

shear, and the split rings are thrown [rom the oose cone with considerable

force. A compressed spring then tilts ‘up one side of the wind screen which

is separated by the centrifugal force of the Tocket's spin (3 eps) abour its

own axis.

Ac the time of sazp ler-door closure, hich occurs at £lizhe apogee, the

RF boning beacon and flashing light are turned on. This is done by squib-

acrusted switches in the watertight coapartoent on the-base place.
e

AU approxizately 150,000 feet, the nose cone separates from the second-

stage rocket in such the sane suacer as the wind screer. leaves the nose cone.

A stacic line is connected to the front end of tee rocket saoror; it deploys

sotesma is moucted on top of the sacpler contaieer. The beacia
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Tay
the parachute when the two units are well separated. Descezt tire froa this

aleicuts: is approxisately 25 aioutes.

5.2.93 Recovery Planning

Altec both Teak and Orang shots, it was planned that tte Naval Task

Croup (TG-7.3) mould conduct recowery operaticns for the sa=pler and instru-

sentation nose cones and the wADC (Project 8.6) pod.

For Teak, the units to be e=ployed were the destroyer escort Laasing,

the salvage tug Safeguard, and two PeV aircraft. H-bour stations for the

Lansing and Safeguard were to be on a bearing of O80 degrees from Jobaston

Island at a distarce of 20 and £5 aautical ailes, respectively. At H bour

both ships were to depart for the impact area. The Lansing sas to begin

wonitering the telemetering [rayiencies of the instrumentation cones with

URD/4 direction~finding gear for the dual purpose of obtaining tine to in-

pace and relative bearing at impact. During this same tiae interval the

Lunsing’s air-search radar was to obtain as many fixes as possible oa the

descending objects.

The recowery controller in the Combat Information Center (CIC) aboard

the Lansing was to use this inforaaticn io conjunction with predicted tines

and positions of impact to give inicial search directions to the PeV air-

craft which were to take off from Johnston at H + 30 ainutes. The Lansing

CIC was to maintain a continuous radar track on the ¥2V, zarking its posi-

tion at such tines as it reported being over a recovery object in the water.

Ao order of priority for search and recovery was set in the following order:

(1) WADC pod, (2) samplers, and (3) instrumentation nose coves.

Initial air search for a given unit was to cover thoroughly the probable

impact areas. Lf the search was unsuccessful, it was to be switched to an

object in the save or lower priority category. The aircraft «ere to drep

flares on sighted objects to enable ships’ personnel to recover thes, The

Lansing was scheduled to retrieve the KADC pod and the insem=mentation nose

cones; samplers were to be picked ua by the Safeguard. It was considered

necessary to use che Safeguard for sampler recovery, since possible radia-

tion Jevele ec bish ac 60 s/he ot ons acter sive capected, acai tie 13>

pound lead-lined pigs which were to house che radioactive samplers could

oot be handled safely on a destroyer having linited deck space and handling

=
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ecquigaent. The beacon used can be received by the PzV on ARC/ET-ARA 25 Soniag

gear up to a ranse of 15 ailes, URD/+ bowing gear used by the Laasing to a .

range of 3 ailes, ami by both the Lansing and Safeguard og the Sandia porcable

D/F sets to the same rane.

The Lansing was scheduled to return the pod to Johaston by LOY om Later

than 3 + 10 bours, regardless of the mmber of instrumentation cones still

in the water. The Safeguard was to return to Jobnstod as soon as all sxnplers

were aboard. Lf any objects had not been recovered by daylight the PzV, aiced

by helicopters from che Baxer, was to make a systematic search of the impact

area for dye-earker slicks. Objects found by this method were to be piczed

up by helicopters at the discretion of the Recovery Operations Officer. Samiia

was to have one representative 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 monitors aboard both ships.

For Orange the recovery plan was essentially 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 instrementation nose cone which was

programed to impact 27 miles north of the nain impact area; (2) the portable

D/F set on the Lansing was to be transferred to the Belle Grove; and (3) if

all objects were not recovered by daylight, the WADC pod was to be transferred

from the Lansing to Johnston Island by helicopter rather than by ship, thus

saving the Lansing from making the Gy-mile round trip to Johnston,

.

5.2.5 Resulres of Teak and Orange Recovery Operations

On Teak, as previously stated, the sampler rockets appareatly broke up

shortly after second-stage burnout. Both nose cones were recovered from the

water within one nile of the launcher. Exaninsution of the debris .sbows that

po flight functions had occurred. Both wind-screen split rings, aad possibly

the wind screens themselves, failed before i=pact. Further, discussion of

these failures vill be found in Section 8.1.4. With these exceptions, the

mose cones appeared to have been intact on impact. .

. «
Four the the six instrumentation nose cones were recovered, and all but

Station 39 were sonitored by URD/4 until ispact. The P2V found aose cones

frog Stations 55 and 39 by means of the honing beacon and aarked then vith

LIC



flares. Trasmissioa froma the 35,Qe-face unit was too wean for tre PV ro

go more tana inticate ics general locatica. Arter off-loading the pai, the

Lassisg numed ia on and recowered 55 and S35. Oye markers froa Statics oy

aai 25: were spotted by cae 22V shortly after dawn; both of these were re-

covered dv belicopters ani rateroed to the Laasing.

A thoroegs davlight saarck was aade for unics which were at 50, 200+ and

5,0foot apogee attitudes, but with no success, The PZV crew stated that

it was ispossibdle for a wit which was eciccicg dye-narker comoeml scill toa

have been within the search arer.

Tne beacons on all comes recovered were operating property, but the

ceoes tloated approximately 3O degrees tao the water surface, thereby causing

the ante=ma pattern to be distorted and the antenna itselé co be imindaced

about 7O percent of the cine.

Qo Orange the recovery went zuch as planned. Nose cones of Station»

T2 aod 1255 were tracked by (20/4 ta impact, and radar fixes obtained on

both of these units indicatéd impact within two ailes of the predicted.

The PEV searched for the SADC pod for 20 ainutes without success, then

spotted a saapler light. Within the next 40 ninutes the aircraft identified

by beacon frequency, found, and marked all four samplers. One beacon was

weak and provided bowing for only two miles; the others operated properly,

bowever, and provided homing to 15 niles.

The Lansing and the PzV¥ then contimed to search for the WADC pod until

the Safesuard arrived at the impact area at H + 5 hours. At that tine the

beacon and light on one unit had Failed, and a light had failed on another.

The P2¥ dropped flares on three sacplers, but by the tive the Safeguard had

recoverd two, the beacon cn the third failed. Recovery was delayed until

daylight, ac which tice both remaining units were promptly found by dye

caarker and recovered,

While searching for the pod during daraness, the PzV found Station 1255

by means of the beacon. The unit was picked up by the Safeguard as it re-

turned to Johnston. The parachute on Sracion 115R apparently did noe oper-

ate; this unit was oever fmmd. The portable D/F gear aboard che Belle

Crove failed, which prevented search for the Station Jz nose cons; however,

it was spocted shortly after casa and recovered by helicopter withia two

ailes of its predicted impact.
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Of tre fifteen rocket asses waich were objects of searca, Ceelve vere

Tecoverz3. Thas recovery ian open ocean was aore suctessiul than the aost

Optisistic precictisas indicated ac the time the programa waspluaned. Such

success ia recwers allows expansion of instrimentation fechnigzues which

can be uses on Sure operations of this aature. It also prives the feasi-

bility of rad-chea sazpliang, provided seans are facnd fo sarantee penetra-

tion of the radioactive debris by the sazpler. .

§.3  WDOS BETsESN 100,000 and 500,000 FEET ALTITUDE

5.3.1 Introduction

The ability to obtain a cloud saxple from either Teak or Orange was ¢ce~-

pendent upon the sampling iastriceaotation vithin the carrier and the capa~

bility of the rocset to hit the debris. This capability of penetration, in

turn, sas dependent upon the accuracy of the Redstone in positioning the

device at its prezeternined position, che accuracy of the sa=pling rocket

in bitting its target, and the ability to prognosticate the cloud's coordi-

nates with tine after burst. The Latter ability requires accurate inforsation

on size, rate of rise, and lateral movement of the cloud with winds. Initial

plannizg for Teax event called for penetration of the debris at burst plus 40

seconds and burst plus 80 seconds. These tines, resulting fron original

estimates of the cloud size, were based on cualitative extrapolation fron  
low-level burst daca

 

   discussed in Section 5.1, indicated rescheduling of the samples so that

rocket would be over the burst at zero tise and the second roccet would pass

through the burst area 2t zero plus <0 seconds. The first rectzet would be

approxizately +0,000 feet above anticisated burst. The change in tining

obviated the meed for a wiod forecast on Teas, since the £0-second interval

between burse and penetration would reduce the wind influence on the cloud

to a neglizgible value.

Althoug> initial justification for a higs~altinide wird-measuring

systen eas CO Celeraine toe soverzenc vi tue fedivactive cisce from Tesk,

the wisd progras at Teak altitude was contisned for the follawM&tz reasons:

 



¥
\. Stod information would be required in pustsaor aaalysis-ol the tra-

jectories of Che instrument carrier ro<kets.

2. simt informatica would be Selpful in postsaoc analysis of acoustic

signals raceived st grim station, in the longer time aowements of cloudv
i

drift, and in tht behavior of possible unexpected phenomena at altitude.

3. The development of a capability for obtaining wind data at these al-

titudces and for accraulating at least a limited climatology based on actual

observations for possible future high-altitude tests, particularly in the

Pacific area, is needed.

&. «The very scarcity of inforastion available reveals the eeed for ob-

servations at high altitudes, particularly in equatorial regions, to be used

in basic research and in the design and operation of sanned and unmanned

wehicles at chese heights.

5. The requirement for wind inforsation at Orange-shot altitudes aod

above is obvious,

To estimate the effect of wiod errors on cloud sovement, and thus the

wind influence on successful penetration, computations of the probability of

hitting a solid circular cloud were =ad2. le was assumed that the cloud

would aove with the speed of the wind, that a large torus would pot fora

Tapidly after the burst with below-miniam density of debris in the center,

and that vector errors in hitting the cloud would be randanly distributed

and could be represented by a normal bivariate distribution, where the sup

of errors in each orthogonal direction are equal, i.e., a circular distri-

bution. In polar coordinates 9 and -, with standard deviation 3 of these

errors, the probability of penetration is:

2t g 2

- &

1 o* * :P=—5 e pdp d= (5-7)
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Say
Integration, aiter substitution of total error wariance,

2 2 ,2 2 . 2
bd =a ¢ hea 7?

where individual terms represent, respectively, wind uncestainties, Redstone

trajectory errors, and Doorknod sampler trajectory errors, gives the result:

 

Pel-e . (5.8)

Bere & is cloud radius and t is tine between launch and penetration.

Deflecrion errors, all at the one standard deviation level, were esti-

mated to be 2 mils for the Redstone missile, 46 mils for Teak, and 62 mils

for Grange rockets. The Redstone walue was furnished by the Ammy Ballistic

Missile Agency, Hontsville, Alabama. In no-wind conditions, the Doorknob

smeplers were estimated to have a 15-ail error. Addition of the 24-hour

August wariation wector for Jobaston Island increased this no-winod value to

the 46 and G2 mils indicated. Resulting probabilities, when these estimates

are used, are provided by Figs. 5.11 and 5.12.

The curves in Fig. 5.11 show the negligible effect of the wind on the

cloud, since even a large wind error produces a saell change in probability

of penetration at early times. Only as revealed in curve c, showing an 80-

seconud-after-burst penetration, would there by any appreciable improvement

in probability by an accurate wind forecast. The curwes in Fig. 5.12 per-

tain to the Orange ewent and are based on a cloud rise rate extrapolated

fram IT 23-200 and cloud size qualitacively estimated by modified Sachs

scaling frou sea leve1.*

  Section 5.1 gives a aore detailed explanation of these

estizates. The slopes of all curves in Fig. 5.12, except that which refers

to the 40-seconds-after-burst penetration, reveal that a significant improve-

 

ment can be obtained by a wind forecast or gooa accuracy.

159

JIS
  



 

160

2
2
6
-
 

1
7
a

i
e
o
k
-

i
2
6
-
-

(S108)

»
w
o
o
l

o

  
  
  
  

2
0

B
E
C

P
E
N
P
T
R
A
T
I
O
N
,

R
e

1
6
,
0
0
0
F
E
E
T

4
0

G
E
C

P
E
N
E
T
R
A
T
I
O
N
,

R
e

1
0
,
0
0
0
F
E
E
T

8
0

B
E
C

P
E
N
E
T
R
A
T
I
O
N
,

R
e

1
0
,
0
0
0
F
R
E
T

4
0

O
£
C

P
E
N
E
T
R
A
T
I
O
N
,

R
e

1
0
0
0
0
F
E
E
T

  

 
i

10
60

6
0
7

«
4
8
0
8
0

PR
OB
AB
IL
IT
Y

(P
ER
CE
NT
)

_
—
!

F
i
g
.

5
.
L
L
-
-
P
r
o
b
a
b
i
l
i
t
y

o
f

c
l
o
u
d

p
e
n
e
t
r
a
t
i
o
n

o
n
T
e
a
k

s
h
o
t
,

[SC

 a
u



 

161

(Sima) %9

 

t
2
o
r

2
0
0
r
-

1
7
6
-
-

1
6
O
F
-

10
Q/

--

   
   

 
«©

40
6€

C
PE

NE
TR

AT
IO

N,
®

6
O
8
E
C

PE
NE

TR
AT

IO
N,

»
12
0
GE
C

PE
NE

TR
AT

IO
N,

©
IZ

08
EC

PE
NE

TR
AT

IO
N,

2
0
,
0
0
0

r
e
e
t

2
0
,
0
0
0

F
E
E
T

2
0
,
0
0
0

F
e
e
t

1
6
,
0
0
0
F
E
T

7e
F-

       
 

}
j

J}
J

“7

 
 

‘
to

6
0

6
0

7
O

#8
0

6
0

w
s

v
e

P
R
O
M
A
B
I
L
I
T
Y

(
P
E
R
C
E
N
T
)

.
F
i
g
.

5
.
l
2
-
e
P
r
o
b
a
b
i
l
i
t
y

o
f

c
l
o
u
d

p
e
n
e
t
r
e
t
i
o
n

o
n

O
r
a
n
g
e

s
h
o
t
,



a
Measurement of winds at desired altitudes required design of a completely

pew system, since reliable icstr=mentation for this purpose was imavailadle.

Becamse of low fall rate, good radar reflecting qualities, and an excellese

bistory as an ataospberic tracer, chaff or window was considered the bese

available target, altsough, for precision measurements, its hizh dispersive

qualities are a disadvantage. A Deacon booster and Arrow II sustainer proved

the most suitable delivery vehicle in teras of low cost, availability, aod
reliability. Experiments were conducted with the Viper as a substitute for

the Deacon and with the Loki-Dart as a complete unit. Results of such ex-

perimentation were inconclusive within the limited dewelopment tine.

§.3-2 Instrmentation

The assembled unit on the Launcher is shown in Fig. 5.13. In Fig. 5.14,

close-ups of the nose scction are shown. System specifications are prowided

in Fig. 5.15, while a more detailed description of the entire system is fur-

nished by Force.¢

The vose consisted of four sections: a forward pose cone, a cylinder

housing chaff, a battery-timer cylinder, and a nose adapter. The last pro-~

wided the link between the nose section and the Arrow. Three bundles of

chaff comprised a customary load. Each bundle contained approximately 2 x 510

individual alumimm-costed plastic strips, 2 inches in length, corresponding

to one-balf wavelength of the S-band frequency radar. Average width and

thickness per dipole vere 15 and 0.73 mils, respectively; total weight per

load was 0.9 pound. The three bundles provide a cross-sectional area upon

initial dispersion of approximately 6000 square feet.

Fall rate with altitude of these particles is depicted in Fig. 5.16.

Here a best fit to a parabola was made by the method of least squares. Toral

data points used were 760, observed at altitudes between 100,000 and 300,000

feet. (These were predominantly between 150,000 and 160,000 and 210,000 and

250,000 feec.) Observations froa Tonopah, Nevada, White Sands Missile Range,

and the Marshall Islands, made during the sucmer months from May through

August, were ucilized. Vertical lines represent mean and standard deviations

o£ distriburions over 10,000-foot layers. Number of data points per layer

are shown.



 
Fig. 5.13--Photo of system on launcher. 1

  
Fig. 5.14--Sose section close-ups.
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Since trajectory accuracy was not a crucial factor, # zera-length

launcher wis employed because of its sizmplicircy. With chis lamcher, eleva-

tion-angle settizgs of 60 to 90 degrees and arimuth changes of 15 degrees

were possible without resetting the base plate. Camputed dispersica =e.23

error of the 20 firings in the Pacific was 45 ails, vith a mszimm of 6&3

nils.

Same system aerodynamical characteristics are shown by Fig. 5.17, pro-

widing plots of altitude and velocity versus tize, and Fig. 5.15 showing

wariation of maximo altitude as a fimction of second-stage weight and launch

angle. Second stage bere is the sum of Arrow and nose section weight. These

curwes result from calculations on the IBM 70% and are predicated on a sez

level launch, a total unit weight of 228 pounds, aml a second-stage weight

of 41 pounds, including 11 pounds nose assembly plus 5 pounds ballast. Since

ballast was added to decrease apogee altitude, target ejection occurred near

minimus speed.

Firing of the booster at launch results in an initial 27-g acceleration

ov the uit. This closes an acceleration switch which requires 18 g to actuate;

the latter starts a mechanical timer. After booster burnout, differentia:

drag separates the stages prior to sustainer ignition at 22 seconds. The

second stage continues on a ballistic course to altitude, where the dusl-

purpose timer fires a squib which expells the nose cone and chaff cylinder

housing, exposing the chaff for dispersal by air drag and centrifugal forces.

Ground instrumentation exployed in following the target consisted of tvo

MSQ-1La radars, furnished and manned by the Air Force. These radars operate

at frequencies near 2900 megacycles with peak power output near 1 megzwatt

at sea level. They have a range in excess of 10 feet. Raw data from the

radar, consisting of slant range and elevation and azimuth angles, were fed

through a computer to a plotting board, which provided a horizontal plan

plot of the target movement. Altitudes, corresponding to time sarks every

30 seconds, were noted manually on this plot.

5.3.3 wind Prediction

Feom ooservations made in tropical and te=perate latitudes, linired

wind data are available upward to the aazisam teoperature layer near 164,000

feet. During the summer sonths the layer extending from 60,000 ta at least
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Fiz. 5.17--Altitede and velocity versus tine of chaff rocxets.
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Fig. 5.18--Variation of maximum altitude of chaff carriers

with sustainer weight and launch angle.
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160,000 feec shows persistent easterly winds. Extrapslatisa af these data to the

Johnston Islani region, plus two pre~Orange peasurenents, provided data for

forecasc winds. Verification was provided by interpolation between the chais

wind soundings approximately 14 hours before and 12 hours after shot tine. The

TFesulting prediction for Orange was a mean wind from 005 degrees at a speed of

60 knots. This represents a mean wind for the layer beteea 155,000 and 165,000

feet. The actual wind was interpolated to be 065 degrees and 70 xnots.

So vind measurewents have been made in equatorial regions for the beight

interval from 200,000 to 300,000 feet. Some limited and inconsistent data have

been derived from observation of noctilucent clouds at high latitudes and fros

reflection of radio waves on meteor trails.6:9+10 These data did not appear to

be suitable for a point location forecast. Sama data have been obtained from

observations in this altitude range by following chaff, saoke puffs, and sodius

as targets. These were taken at White Sands and Tonopah test ranges; the Tonopah

data represents three test rounds of che Sandia Deacon-arrow system 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 hazardous be-

cause of uncertainty as to latitude wariation.

Studies of atwospberic radiation balance indicate the peak temperature

region near 160,000 feet with a ainimm 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 wariations due to the negative

temperature lapse rate with height.!? These studies indicate that the probable

top of the lower altitude easterlies is near 260,000 feet, but for equatorial

latitudes chis is unverified.©

Theoretical explanation of atmospheric tides requires that the forces

exerted by these oscillations on the high-altitude circulation increase with

altitude, accompanied by decreasing latitude. Resonance between a free period

in the earth's atmosphere and the gravitational aod thermal influence of the

gun resulc in a strong semidiurnal periodicity. It has been postulated, on

the basis of winds deriwed from radio probing of the ionosphere, that this

senidiurual force at 330,000 feet (100 ka) couprises as mich as 40 percent of

che total wind vector. If this is true, considerable variation would exist

bercween day and night winds in direction and speed, with a clockwise turning

during the diurnal period.
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Although the abowe factors were cousidered, the apparent persistence of

the easterlies from approximately 230,000 to 260,000 feet was the main tool

used in making the forecast. The actual ce-bour prediction for Tear vas a

wind from 060 degrees with a 60-kmot speed. Interpolation between winds

masured 14 hours before and 12 hours after shor tine prowides a wind for

zero tine from 106 degrees with a 33-knot speed.

5.3.4 Observed Data

& total of 15 rocket-wind soundings were made before the Teac event; our

obserwation was made at 10Qv hours on D + 1 for postanalysis. Table 5.1 lists

these obserwations cowering the period July l to Auguste 1, in addition to

winds computed from four observations made between August 5 aod August 12 in

epunection with prediccions for the Orange event. Most observations vere

made at 1000 and 2200 local time to obtain 12- and 2h-hour wariations from

scheduled Teak zero time of 2200 LST. Altitudes (HHH) are expressed in thou-

sands of feet, speeds (VVV) are in knots, and directions (DDD) are those from

which the wind was blowing on a 360-degree compass scale, with Sorth at 360

degrees. Local time at Jobnstoo island can be obtained by subtracting 11 bours

from indicated Greenwich (Z) time. Winds are computed only on that portion of

the plot which reflects automatic tracking of the target. When it was necessary

to track mamally, data were taken on the size of the chaff cloud, but oo winds

were couputed.

5.3.5 Summary of Results

On the basis of these data only, several prominent features can be noted

in the wind structure between 210,000 and 260,000 feet. Heights given as

dividing one zone from ancther are only approximate.

(1) a typical profile of wind wersus 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 maximcs appears to be

centered near 240,000 feet.

(2) The layers above 255,000 feet and below 220,000 feet, the rertica!

extents of which are unknown, are characterized by considerable wariability.

Westerly winds of appreciable magnitude are observed in these zones. Chaff

=



TABLE 5, 1-- WIND OBSERVATIONS PRIOR TO TEAK

Observation: RW-43 Observation: RW-44

Time-Date: 2100 Z - 11 July 1958 Time-Date: 2056 Z - 18 July 1958

HEH DDD VVV HHH DDD VVV

264 140 143 262 143 12

260 128 122 258 110 157

256 135 80 254 103 125

253 146 45 250 106 133

250 167 47 248 0&8 137

248 178 62 242 080 132

246 lT7 66 240 092 101

244 178 78 238 089 61

242 179 70 238 093 57

241 201 60 235 100 85

238 208 60 235 100 85

237 203 49 234 094 62

228 243 98 232 262 132

226 218 95 227 254 226

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 BHH DDD VVY

251 " 072 103 261 058 108
249 ° 067 117 258 058 122

246 069 . “209 254 068 110

244 073 102

242 082 109
240 081 100

233 O66 90

. «236 066 85
230 053 60

233 046 58

2352 035i 55

231 330 48
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TABLE 5, i (cent)

Observation: RW-~9 Observatica: RW-50

Time-Date: 2137 Z - 27 July 1958 Time-Date: 0830 Z - 28 July 1953

HHH DDD VVV EHH | DDD VVV

282 031 56 269 046 08

253 084 123 262 139 24

250 O84 120 258 060 25

248 083 114 255 019 353

242 087 80 252 013 70

240 063 75 250 358 &&

239 061 68 248 318 105

236 061 62 245 352 85

243 0:3 70

241 025 82

238 017 55
236 320 25

235 106 60

Observation: RW-51 Observation: RW-52

Time-Date: 2:00 Z - 28 July 1958 Time-Date: 0830 Z - 23 July 1958

HHH DDD VVV HHH DDD VVV

272 204 95 270 013 64

266 190 107 265 004 TA

262 168 80 262 345 53

255 146 75 258 274 27

249 103 108 254 188 47

239 094 93 25st 128 72
238 095 78 248 095 73

237 097 58 247 095 95

235 063 55 244 099 97

234 042 70 242 094 74

232 021 70 230 091 83

231 O11 68 239 084 82

230 017 53 238 082 72
229 023 34 236 089 4

228 082 59 2354 us! do)
233 030 48



TABLE 5,1 (coat)

Obserwatoa: RW-38 Obtservazonm: RW-80

Time-Dare: 1500 Z - 31 July 1958 Time-Oace: 3915 Z - Ji Jaty 1958

HEH DDD WvVV HHH DDD vvV

261 341 "64 263 _ 220 63a
235 023 uM 253 212 24
252 023 73 23% 189 2
243 032 82 233 032 31
246 061 86 230 ox 14
244 O65 95 248 028 95
242 061 9} 246 024 106
241 054 87 244 030 100
239 054 87 242 043 93
236 O45 13 240 O44 95
235 058 62 29 043 82
233 062 $5 237 O44 81
232 079 64 zs 047 Pe
228 089 95 m4 062 7
228 069 95 2 o72 72
228 061 82
227 068 a4
226 063 78
224 067 60

Observation: RW-89 Observation: RW-90
Time-Date: 2100 Z - 31 July 1958 Time-Date: 2330 Z - 1 Aug. 1958

BHH ppp WvV HHH DDD vvv

269 343 93 284 o78 43
264 337 69 274 143 40
260 336 MON 267 248 40
256 032 81 262 280 60
254 050 72 259 300 70
251 057 65 254 291 67
250 063 81 : 252 184 29
243 075 90 . 248 135 82
241 090 80 - 2486 126 121
240 092 * 5a 7 2ge ‘429 122
233 081 48 242 124 107
231 098 ° 91 . 240 116 110
228 106 65 ° 239 Vi viz
226 oss 65 237 100 112
726 O71 6S 235 088 112
224 068 ° 68 ,
221 089 °73
219 090 71
413 os: 72

213 065 56
212 046 58

fie
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TABLE 5.1 (coat)

Céservaton: RW-+ Observation: RW-55

Tize-Date: 2100 Z - 3 July 1958 Time-Date: 0830-30 July 1958

HHH DOD Vvv HHH DOD Vv¥

265 144 12 282s: 13
260 cs 47 272 267 47

249 Oss 7 266 278 31
248 ovo 92 26! 187 32

245 069 102 258 1T? 33

243 o70 103 255 169 25
241 06s 106 2352 106 32

239 ov71 107 249 067 45
236 oT2 94 247 056 Es
235 ov6 61 245 035 60
233 071 60 243 053 47
227 coe 70 242 058 36

224 357 67 241 072 33

219 104 Bs 240 089 26

239 107 24

237 090 22

235 658 17

24 023 25

233 027 23
230 O67? 25

8 229 085 13
228 066 25
228 082 20

Obserwation: RW-56 Observation: RW-57

Time-Date: 2100 Z - 30 July 1958 Time-Date: 0900 Z - 31 July 1958

HHH DDD VVV HHH oop VvV

266 012 92 259 061 26

261 350 43 237 055 66

255 222 3 253 058 95
252 103 37 250 061 105

249 1ié 72 247 061 89

247 118 58 244 / OFT V7

246 108 82 242 090 82
244 107 121 240 O78 86

242 106 90 239 069 87

241 107 133 237 083 132

238 106 139 235 081 125

<3? ors 2c? 235 nan 19a

235 O94 142
234 119 110

225 111 112

224 112 96

f.
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OBSERVATIONS OVER 20-DAY PERICD 1-3) Ly 5a
u=0900-1800 LST

838 275- ~~-—18C0-0900 LST 7
v =—=—0900-1800 LST
—x—|8C0-0300 LST

823 270b ] 17 a

808 265 J

792 260 J

77.7 255 4

76215250 .

gry
7473245 Z

731 240 4

71.6 235 4

70.1 230 4

686 225 ,

671 220 4
' __! l } { _t _f

-B0.-60.-40.-20. O20. 40
    

SPEED (KNOTS)

Sig. GeeHean east-west (uy ana nortassouth tv) wind compunent for da;tioe
and nighttine geriods. Nucber of data points used ty compute aan values
shoe, at 5-xit intervals along curves.
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was expelled at 260,000 feet and had Largefall races in che firse several

thousand feet, wita che resule chat horizontal speeds can be shown to be less

reliadle in this cone thao in otters. Direction should be accurate excepr ia

Cases of extreme fall rates.

(3) Most observations were terainated between 220,000 and 230,000 feet;

the longest fell co 211,000 feet. Below 230,000 feet, radar operators aoted

an apparent rapid dispersion of the chaff target. This accelerated dispersion

may result from strong turbulence and vertical shears in this zone, or it is

csncaivable chet it is a relatively constant function of time after release.

{&) Altbougb it is possible to prove the existence of 12+ and 24-hour

periodicities in these measurements, their correlation with atmospheric tides

was difficult to substantiate because of data scarcity. This lack of obdser-

wations precluded use of haraonic analysis which would have allowed a direct

detersination of phase and amplitude of possible oscillations. Inoatead, a

sioe function of two harmonics was fitted to these data; its significance

was proven by the F test, and these computed pericficities were then conpared

with semidiurmal theoretical cidal motions as provided by Stolov.'3 The

west-to-east components (u) and the south-to-north components (v) of the

winds were thus fitted at 240,000, 250,000, and 260,000 feet. Conparison

with theoretical computations indicated an average phase ditference near 50

degrees and an amplitude ratio of approximately two to ome, with the fitted

curves larger. Since theory is not well verified at lower latitudes, this

agreement is considered good. Also, theory omits lunar influence, which

tends to decrease the difierence in phase by an unknown amount. Justification

for belief that theoretical anplicudes should be greater is found in recent

observations in equatorial regions which show larger tidaleffects thao an-

ticipated in the E and F layer virtual height variations. !*

(5) A plot of altitude versus average u and v components for the Mé-hour

periods begianing and ending at 0600, local standard cise, is given in Fiz.

5.19. Here all observations within either lé-hour period sere sucmed to ob-

tain the average. This plot indicates a saall but apparently definite de-

crease nocturcall,y in speeds and the eagerness of the cross-latitudiunal

flow ve. Finally. short period variations: of less thas @ cers sppesr ts $s

small on the basis of the three observations of July 31.

 



we
(6) Tse greatest observed wertical shear was 260 knots ih 300 feet.

Tne sase observation and aleirule of 227,000 feet indicated a sazxins viol

of 2t6 maots Irce icv degrees.

In the come from 150,000 to 150,000 feet, wimis were relarively stable

easterlies with aoderate speeds, generally 50 to 100 kpots. Turdulesce ap-

pears to be 20 2 minicom anid wertical shears are very saall. Poth of these

wariables are less than those usually recorded in the troposphere (below

40,000 to 60,000 feet). These data seew Co substantiate the usual concept

of this layer, i-e., it is of great stability where temperature increases |

with beight. Based on chese data, extrapolation upward froa winis deterained

frou ballooa observations ac their maximo altitude (120,000 to 140,000 feet)

“would provide ap accurate wind estimate to approximately 160,000 feet.
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Chapter 6

MICEOBAROGRAPH

6.1 THEEGRY ASD aNaLlysIs

6.1.1 Introdaction

Que primary purpose in couducting the Teak test at the 250,000-foot alti-

tude level was to establish detrectabilicy of acoustic or other signals at Large

distances from high-altitude tests.! Research by Shelton” on bursts to 100,000-
foot altitudes indicated a wast decrease in energy contained in the blast wave

with increased burst altitude abowe 60,000 feet. Blast from 125,000 feet alti-

tude was expected by Shelton’s second approximation to contain 18 percent of

the sea level burst blast energy. Extrapolation of this reasooing showed that

nearly all altrahigh-lewel burst energy would de radiated thermally, and the

pressure wave generated by Teak would be negligible and impossible to detect

by acoustic observation.

Subsequent calculations by Hudson? gave an alternative mechanisa for blast-

wave generation ia the ozonosphere from Teak from which could come pressure

amplitudes that could be easily derected within a fev miles of ground zero (GZ)

but not at any large distance. A later study by Bethe* indicated in addition

that about one-fourth of bomb yield would remain in the fons of kinetic energy

of the warhead materials. The result would be a blast, in the ordinary sense

of the word, that could be scaled in the normal manner.

Sound-ray calculations for a point-source blast wave beginning at the

mesopause level (250,000 feet) showed that nearly two-thirds of the initial

point source acoustic-wave energy could be ducted between the merodecline aod

the low ionosphere (ducted between 150,000 and 300,000 feet). Blast energy

emitted at declination angles below -35 or -40 degrees strikes the ground at

Fanges out to possibly 100 niles. This wave is reflected from the ground aod,

as {t nasces through the fonocvhere, a sortion of its surface could be refracted

 

*aigh-ataosphere terainology from Goody? is used throughout this chapter.
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back again Card che ground at ranges froa 200 to 500 ailes. “‘Repetitions of

this ionmospoeric ducting process could lead to dececeadility at great ranges.

Past experience has shown, bovever, that attenuition is verygreat for sourd

propagated in the extresely low-density ionosphere, and pwidentifiable signals

Rave been recorded beyond the second or third cycle strixe.

A possibility existed that strong sound signals cucted near the Teak source

level would scatter or difirace detectable signals to the ground. There is po

adequate theory nor any previous observation to check this phenocenon; quacti-

tative predictions of long-range noise froa this source were not attexpted.

Pressure-wave recordings were planned in the aicrcbarography of Operation

Hardtack at various ranges to peasure and observe detectability and to prove or

qualify the inconclusive theories which existed for ultrahigh-altitude bursts.

Sandia aicrobarographs were located on Johastan Island” and at stations 500

and G00 piles away. Soce airborne pressure seasurenents were nade by other

projects. AFTAC attempted pressure recordings at aany points around the world.

Since each station consisted of two or more sensing units planned to be

about a aile apart along 2 tine frou Gz, the incidence angle of each sound-

wave front couid be established. With oeasured ceaperature am! winds along

souod-ray paths to various stations, it was anticipated that some definition

of a source size, shape, and location could be calculated by acoustic-ray trace

ing to blast-wave source.

With equipment in place for the Teak event, microbarograph measureaents

were also sade on the Orange event. [t was hoped that results would give an

intermediate point for interpreting Teak data and checking the Shelton theory.

Long-range detectability estimares could also be verified.

6.1.2 Predictions

Odvicusly,

 

 

 

2

Johnston [sland stations were planned at 7 niles froa intended CZ, but
bucse-position erroc placed close stations cnls one-halr aile fret’ actual c2.

Tie is realized chae application of this theory ty Teak i» 2 gross over-
extension af eho choory snd, o3 pointed wil by Sueitun, tne tacury Turt be sur-

pect bys the tine ambient densicy at burse aleitude is oneeune FundredcA of that

at sea level. Teak density eas less than one ten-thousandta of sea level dense...



under chis line of reasonisg ao cctectabie Slas€ wave wouls resuic from tais

shot.

2udsoat develsped a aolel for a shock generated in the ci:mosphere wtere

ultraviolet ctadiatica is compictely absorbed im Che osooe iaver. He reascoed

that this sechanisa could generatea plane-wave shock waica eculd travel to
  

  
the ground with little divergence

 

fe was speculated further t oe Concentraticas of ssune 320 Glese

higher altitudes could be burmed out by high radiatioa iztesities and made in-

effective as a blast source, thereby lowering the overpressure predicted by

soze indefinite factor. Arrival cine at @ for sound generated in the ozone

layer would be between 7O and 160 seconds, as compared with wer 200 seconds

for sound generated near the burst.

Hydrodynaaic shock generation in the vicinity of the ultrahigh-altitue

bomb was estinated dy Sethe* to give pressures which would Se the same as those

from one-fourth the yield of a similar detonation at sea lewel and at the sasze  

 

distance.  

Consideration was given to a possible third wave, difcerent from that

foraed in the ozone layer and from that produced by kydrodynanic oocions at

the burst point. The omchanisa was that of absorption of X-rays in air at

some distance from the burst. If a pressure gradient could be produced in

this way, a wave might start at sooething like 2 or 3 kilometers froa the

burst and outrun the sain hydrodynasic blast to the earth. Although no effort

was made to predice its probable strength, because of the possibility of derec-

tion, it was moted that such a save should precede the wave produced by bomb

material sotion by about 2 to + seconds. No such wave could be produced by a

shot at sea level density, sizce the X-ray rean free path £3 less than ore

oeter, and any disturbance sould coalesce with the hydrodveanic shock.

Signal prediccions for French Frigate Shoals and Honolulu sere sade wnly

Co Che extent necessary for establishing sicr-barograph set ranses. Onl. vers

small asplituce sounds sere axpected because of the icnospicric duct, bet set

ranges sere fixed to contain signal a=plitccdes following tre cne-fourth-.ield

bupotsesis of Sethe” with ? = gl scaling, found expiricali. trea meaeared
& 7. . ~ - f

maxicus mplitete, oronespher2-luctad signals bevond 10 fee!

a tok

fage IF2 43 de lekd.,

JIT
 



 

Orange sbot at 141,00) feet was expected to give blast results ore in

accordance with morsal scaling predictions. Sowever, a reduction in initial

blast yield by the aechanisa of early radiacion proposed by Shelton was expected.

Using Shelton's theory, only 9 percent of raiiochemical yield should be maifest

as a blase wave. Modified Sachs scaling yielded a prediction of 0.22 asi. No

Separate boob material, aleraviolec or X-ray, absorption shocks vere expected

from this event.

6.1.3 Recorded Results

Teak.

|Peak positive and oegative phase pressure amplitudes, together with

pertinent wawe time characteristics obserwed on Johnston Island, are sham in

Table 6.1 and are plotted in Fig. 6.1. Preliminary data points from BRL very-

low-pressure gages at Johnston Island and om the USS Boxer and USS Lansing?

are also sham in Fig. 6.1.

Arrival times from the synchronized recordings at Johnston Island show no

detecrable (= 0.01 second) difference in shock-arrival time, since the burst

was only half a mile from directly overbead from the sensing array. Figure 6.2

depicts the blast wave pressure-time history as recorded by the CH-] gage. Ia-

cluded in this illustration are marks showing the average and x 1 g fiducial

linits of the main blasc

 



 

Results from recordings sade at French frigate Shoals (7FFS) and at

Lualualei, Oahu, are shown in Table 6.2. Good records were obtained at FFS.

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

fered with planned range-setting procedure, amblent mise was recorded which

may have cbscured the blast records, and the aicrobarograph ecquipaent did cot

perform properly in all respects. However, the important points were adequat-

\\ —™ ely covered by FFS records.   

  

entry of characteristic velocity, sooztiaes called apparent velocity, is the

speed of the wave-front intersection traveling alozg the ground. It is in-

variant under refraction and se represents horizontal soued velocity

at the altitude level where che blast vave was turced by refracticn back

toward the ground.

Orange. Pressure recordings asde at Jobnston Island fron Orange shoe

are sucmarized in Table 6.3. Data pointes of overpressure distance are also

shown in Fig. 6.1. An average pressure-tire histom is glotesd in Fiz. 6.3.
       

aNothromh
/9/) ove deleted.
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Off-site records from Orange in Table 6.4 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 ozonospbere. Incidence angles are

pot shown, sicce they are wery close to zero degrees. Some of the apparent

welocities were calculated to be less than local sound speed, and bave there-

fore probably been affected by prevailing strong northeasterly trade winds at

that location. There may also be errors from the survey of the sensor loca-

tions. There are no detailed wind observations available, so this peculiarity

is being ignored. Experience has shown that this condition does not arise

when precise survey, wind, and temperature data are svailable.

6.1.4 Explanation of Results

With the viewpoint conditioned by Shelton® and Bethe* and quantities of

data from lov-altitode fests, blast propagations from Teak and, to a lesser

degree from Orange, were astonishing. Everything appeared to be ancanalous,

but a relatively straightforward application of modified Sachs scaling-©

brings nearly everything observed into agreement. The main unknown was 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,

OP = (P/PJOP, )

is observed in an anbiert atwospheric pressure P at a scaled range

R= (we,)'/3 (pyp)*/3 R,

from a yield W. Zero subscripts refer to walues in 2 referenced starcdard



condition. Seweral standard relations for Py a?yr Ry and iw tuve been >

lished; the TM Probles wT for theoretical blast-vave calculations, as s-

marized by Broyles!® has been used here as a cocvenient reference stantard

out to 9000 feet frea a l-xiloton free-air burst. At this ranze, incizest

overpressure is 0.37 psi. Beyond this range, it is assumed Chat overpressure

decays in proportion to range, pts? This nonacoustic decay exponent uzs

found by experizent at Sandia with l-pound high explosives in June 166] ani

verified by prelisioary analysis of Project Banshee data. The latter experi-

ment was with 500-pound pentolite spheres, exploded near 60,000 feer MSL over

White Sands Missile Range, New Mexico, in the sumer of 1561. Reports and

references for these test results are not yet published.

Ambient atmospheric conditions at various altitudes observed by the JIF-7

weather service radiosonde balloons are shown in Tables 6.5 and 6.6. Early

ealculations were made with an upper atmosphere model suggested by analysis

of sounds refracted back to ground from the ozonusphere from several atomic

9

However, differences between the atmospheric modeland standards presented by

the Rocket Pane1!* or by the apoc, 19 as shown in Table 6.7 and used bere, do

test operations. ‘This model now seems to be inaccurate and is no longer used

mot greatly influence the calculations in this report.

The ground-reflected overpressure recorded on Johnston Island from Tesk

and Orange would be observed from a l-mt surface burst at ranges shown by the

sealed curve in Fig. 6.1. Since Johnston Island air pressure was 1013 =b,

(pofe)'/3 z= 1ws (1 st)(R/R,)3; for Teak, R = 250,230 feet, and for Orange,

R = 197,713 feet. Three significant overpressure values from each sbot hive

been used to infer the apparent yields shown in Table 6.8.

Calculated arrival tines at Johnston Islaod in Table 6.8 were obtained by

wodified Sachs scaling to pressures and shock speeds at approximate 10,000-fou

intervals along the line from burst to recorder. Calculated tines are close t

observed values shown previously in Tables 6.1] and 6.3. Tize of arrival at Te

GZ is 190.14 seconds, - 0.02 second, nearly the same as at the recorder. Ora:

however, was at an appreciable horizontal range, and CZ tise of arrival sax bw

estizated froma the 166.71 seconds observed at zase CH-1, to give the deat esti

mate as 103.1] seconds. In view of the many accimnrinne ade in whie ralentaes

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

Ey



4

If finite-anplitude propagation of small asplitute eaves is assed, ia
. . . <0 .

accordance with the derivation of DuMond et al. rather than the accustic as-

tion, a meh larger source yield is indicated.

 

Since ordinary Sachs scaling,“ based on a=bient conditions at burst al-

titude, gives auch lower than observed pressures, results would i=ply such

more than true yield; therefore, this scaling will not be considered further.

It appears that random errors of observation and the suall data sa=ple ob-

tained by BRL for Pliumbbob Joba“3 may have been responsible for their con-

clusion that ordinary Sachs scaling worked best, in contrast to the modified

Sachs scaling superiority shown by Sandia seasuresents of Teapot HA.<*

Apparent-yleld-to-true-yfeld ratios have been plotted versus acbient pres-

sure at burst altitude fn Fig. 6.4. Ratios predicted by Shelton@ and Bethe*

are also shown. Measurements near ground zero from Teapot pact and Plu=bbob

Jobn=> have been used in the same way to calculate apparent yield. This ratio

fs so nearly proportional to the 9.177 power of burst-level ambient pressure

that no regression was derived. The line indicates that a curve necessary to

arrive at a unit ratio at sea level burst altitude is prisariiy dependent on

data from shots at less than 20,000 feet MSL. This appears to conflict with

25 that the energy partition does not vary with burst al-

tituces to 10,000 feet MSL. .

previous observations

o

A reviews of air-burst data collected in‘the past, using sodified Sach.

scaling, should be aade for.cocparison with 13M Problea M. [t is possible

2that the lower P-D curve recomcemed after Upshot/Xnothole’? aay also have

resulted froa use, for the most part, of air-burst data.
e

The early Teak signals recorded at French Frigate Sheals, shoen ia Tadle

0.2, arrivea at o1gn incidence angles. This ixplies that sound speed at turn-

over altitude is hish and in tura sust be at cxtresmely hisa altitvze. A sicple

approximation for calculating tsrmover altitule was found previcusl. for

With, for. 19715 deleted.



surface bursts to be

r ebef 0.665 - 0.789 = ,

P

where h is turnower altitode in feet, R is distance in feet from shot to re-

corder, t is recorded arrival tize in secouls, and ‘> is the ray characteristic

welocity in feet per secood. By assuming a straight-line 7o-degree ray below

Teak beight of burst, a wirtua] ground source has been estimated in Fig. 6.5

for use in the equation at R = 2,427,000 + 250,200 cos 72” = 2,904,000 feet.

As ooted in Section 6.1.3, the acoustic wertical arrival would have been 235

seconds near Teak ground zero. Thus, along the Te-degree ray, travel cine

would be 234/sin Je” = 266 seconds, so an arrival at FFS fros the virtual

source would be (see Table 6.2) approximately t= 5+ 246 = 1171 secomis.

Porther,

b = (2,905, 000) [ 0.265 - 0.789 metas | = 94,000 feet MSL.

That this characteristic welocity is higher than sound speed (Table 6.7) for

this turnover level is not surprising, considering the many approximations made.

Mie
 

25Q,200/sie 72

 

2,827,000°

250, 200 cos 72°

VIRTUAL BURST POINT FRENCH FRIGATE SHOALS

Fig. 6.5--Teak shock ray geometry.

As a further projection, vith the concest of rays traveling to 10° foot

altitudes, acoustic ray calculations shown in Fiz. 6.6 have been made through



the assuzed atwosphere wodel. The acoustic Tay emanating originally at 5o.5

degrees from Yeak burst point Lands wery close to French Frigate Shoals ani is

in fair agreement with the Te-degree incidence angle observed.

 

   But application of modified Sachs scaling for shock stre=zth,

using source estimated from Jobnston Island GZ blast data,

together with asbient pressure altitudes, gives shock speeds along the rsy path.

Integration of shock speed along this path gives an arrival t

for comparisoncry». Arrival times calculated for the

41 yield range in Table 6.6 are 752 and &7 seconds. These calculated arrival

times are all smaller than those observed, but the error is not nearly as great

as acoustic trawel time vould preduce. 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 rediation since it was observed to be of still glowing intensity as it

  

  

passed ower FFS. Additionally, refractive convergence which ducted rays into

FFS, as shown in Fig. 6.6, is accompanied by a relatively silent region above

the turnover point, and a considerable upward diffraction of energy could bave

taken place. In summary, calculated arrival tives
   

   
The Teak shock wave was photograpbed from Bawaii at irregular intervals up

to 2 mimtes after zero time 76 From these pictures approximate positions and

shock speeds have been calculated as shown,in Fig. 6.7. In addition, the field__
of shock speeds calculated by modified Sachs scaling for a

yield, together with ambient atmospheric pressures and temperatures, are saown.

 

ly”



   iming for each photo was possibly

 

inaccurate and the scale factors my e been erronecus, since these were not

taken in a carefully plamed manner acd the persistent spectacle bad oot been

predicted. Further, and possibly more important, is the geometric error in as-

soming the glowing blast wave pictured was in a wertical plane through the burst

point. A successive aporozimatioa solution 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 half the scaled walues, as the

photos indicate, the rough agreement between shock arrival-time calculations sod

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

Qo the USS Barer, many faint pops and bangs were audible from Orange

about 10 to 15 mimites after zero time. These are beliewed to be similar

to noises recorded at Eniwetok from Bikini megaton-class shots. Shock rays

from the burst originating at high elevation angles abowe the horizon suffer

energy reduction by spherical expansion at first and become nearly acoustic.

Then, as they travel to extreme altitudes (60 to &O miles), they again be-

come sbock rays in the wery-low ambient atmospheric pressure, travel super-

sonically (to Mach 2 to 3), and are thus turned back to groumd by refraction,

where they strike at high incidence angles ,!°

6.2 INSTROMENTATION

6.2.1 Instrument Description

The microbarograph instrumentation system was first used during Operation

Dpshot/Knothole. Since this systes, designated 3-PEM-2, has been ‘described in

detail in sc-2990(m2)*? and WT-9003, 10 it is described only briefly in this

report. °

The change of pressure resulting from ouclear detonation is sensed,

together with undesirable high~ and low-frequency noise, in a cross-shaped

hose array leading into a Wiancko sensing head. The general theory of opera-

tion of the system is diagramed fn Fig. 6.8. ‘The hose array has an upper
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Sy
halfeanplituce cutoli frequency of +S cps. a filter volume with a dleeler

provides a low-frecuenmcy cutoff (half power) of 0.0079 cps on the sensing

head. Sensing is ome Sy a teisted Sourdca etude carrying an araatere ia the

fiel2 of a reluctance Sriczsge bawing four active arms. Changes ia the araature

modulate a O75-cps carrier whica is tramsziticd through a four-coacuctor cable

to che receiver up to 3 2aile away. At che receiver, the sodulared signal is

inpressed across a sensitivity-rasyge attemuator with eight full-scale settings

froa 4 co 12,000 zicrobars. After range attemoation, the signal is amplified

to about 50 volts by a conventional four-stage, resistance-coupled aaplifier.

A phase-sensitive dematulator cemodulates the signal and sends it to an ad-

justable band-pass filter, which attenuates aost of the poise while agintain-

ing most of the signa! at mearly full amplitude. The filtered signal is next

amplified by two DC aaplifiers in parallel, one of which has four times the

gain of the other. These azplifiers drive the pens of two Brush recorders.

A side pen on the recorders marks I-, 10-, and 1W-second intervals on signal

froma a Cise-maork generator. Since the range setting of the attenuator aad

the cising on the record are known, the record can be interpreted for ampli-

tude and period.

This time-aark generator has been added to the system since the reports

teferred to above 19727 were writtaa and is therefore described in some detail.

The time-nark generator drives the marker pens on both Brush recorders at a

l-second rate and identifies by length every teoth and hundredth l-second

Pulse. The equipment sazing up the time-aark generator consists of a Type

2001-2D frequency-standard time box manufactured by American Tine Products,

Inc., four Type 7OOA Berkeley decade scalers, phase-inverting amplifiers,

monostable cultivibrators, and a power supply.

The output of the ¢O001-2D time box is taken from the grid circuit of the

cathode follower ourpuc tube in tae form of nezative-going, GO-vole pulses at

100 cps. This output drives a Type 7OOA decade scaler, the 10-cas output of

which drives a second ececade scaler. The l-cps output from the second JOOA

drives both a third 7OOA and a phase-inverting anplifier stage whica triggers

a oonostable saultivibrator. The output of this culcivibrator is a positive-

going volrage, 0.1 second wide, that energizes a relay coil for 0.1 second.

Tue seisy cuntaccs connect a O-volt DC power supply co the side-asrking pens

on beth Brush recorder? «nich are, in turn, ceflected for 0.1 second to record

 



the l-secomi tining auras. The 0.1 cycle-per-secood output froa the third

TOO decade scaler drives a fourth TOA decade scaler and an amplifyiag pease-

inverting atage that triggers a aonostable aultivibraterset to give 2a 0.=-

second, positive-going voltage output. This output defiects Ure sice-mircer

peos for 0.4 second every Centh time aark. Siailarly, tre 0.0l-cps output

of the fourth decade scaler drives a phase-inverting aaplifier stase chit

triggers 2 aultivibrator, the output from which deflects the side-marker pens

for 0.8 second every one hundred l-second time mark.

The elecercnically regulated power supply is capable of supplying -275

voles ac 16) milliamperes with =] percent regulation for AC line variations

of 105 to 130 volts.

6.2.2 Operations

Microbarograph stations were located on Johnston Island, French Frigate

Shoals, and Oahu, Hawaii, at positions shown in Table 6.9. The notation used

is explained in Fig. 6.9. The sensing heads at each aicrobarograph station

were placed about 1 mile apart in order to separate signals, since difference

in arrival tises at the two beads was necessary for coaplete data reduction

and signal cooparisop. The relative pusitions of these stations and Teak CZ

are show on the sap in Fig. 6.10.

Since no experience existed on which to base predictions or pressure from

the very-bigh-alritude burst of Teak, the sensitivity range at each station

could not be predicted accurately, and thus ranges could not be fixed before

the shot. However, since it was known thar the signal would be received at

Jobnston Island well before it would be received at the other stations, a

procedure was established for resetting ranges on advice froma Johnston. La

order to avoid rebalancing moore than one asplifier, the two amplifiers at °

each outlying staticn began operations on different range settings established

by predictions as accurate as could be made. One or the other of the settings —

was to be changed, as described in the procedure below, in accordance with

radio instructions from Johnseton Island. .

ALL BicfooarograpoO recorders uperated ul a pupes specu vl 2.5 vaacd

(aediua speed setting). With this paper speed and the aaximus necessary

recording periods (H - 5 minutes to berseen H - 10 and H - 120 ainutes), each

3

FO



<«

T
A
B
L
E

6
.
9
-
-
I
L
A
R
D
T
A
C
K
M
I
C
R
O
B
A
R
O
G
R
A
P
H

S
T
A
T
I
O
N

L
O
C
A
T
I
O
N
S

 

|
S
t
a
t
l
o
n

h
u
a
d

d
e
y
r
u
c
s

n
o
r
t
h
)
|
(
d
e
g
r
o
o
u

wu
st

)}
|

(
f
o
c
t
)

O
-
T
e
n
k

(
f
o
o
t
)

(
f
u
e
t
)

U
-
0
r
a
n
g
u

H
i
t
w
e
t
)
,

16
°4
4

"1
7.
38
"

[16
9°

31
°3
6.
03
"

3,
09
5

IN
4O
*
03
'3
5"
W

16
28
.2

|

13
8,
59
7

[9
01
9
17
'S

4'
s

1
8
8
.
4

o
v
e
l
u
a
d

Cl
os
e

2
1
g
e
a
e

e
p

a1
3
5
.
9
"

3,
10
3
N
B

2
2
°
3
1
1
6
2
5
.
0
]

13
8,
59
8
y
o
?

18
!
Lo
te

1U
We

yy
Ku
r

1
16
°4
3
"5
6.
80
"

16
9°

31
'
36
,0
3"

4,
57
3

[N
30

13
'2
T"
W]

oe
13
6,
71
4

Jy
ol
*
ly
to
u"
a]

+
Fo
r

2

|

16
°4
3'
58
,6
0"

[1
69
°
31
'3
5.
92
"

4,
57
8

N3
O°

20
'2
T"
W]

oe
13
6,
71
5

Jy
Ol
*
1g
'1
6"
%@
]

+e

 

F
r
e
n
c
h

e
o
.

"
oa
r

1
23
°5
1'
56
,8
4"

{1
66
°
17
'2
8.
93
"

|2,
62
6,

01
4

|s
22
°3

4
'3
8"
W

[2
17
0.
6

2,
89
2,
85
6

|yc1
®
3
0
1
3
"

e1
40
.)

Sh
ow
n,

[F
ar

23
°S
ot
og
sl
o"

16
6"

16
"5
8.
30
"

(27
828

,2
h0

laz
e"
37
"1
6"
M

|

Le
[or

Bos
'o

se
We
lr
au
ta
se
n|

Soe

‘3

 
T.

W.
je

l
2
1
°
2
6
'
4
0
,
0
3
"

[1
58

°
0
8
'
0
6
.
8
5
"

(4
,2
91
,

5
2
h

[9
64
°
3
9
'
4
O
"
W

(5
26

6.
4

|b
,

30
3,

7
1
5

19
63
"
O
O
T
g
]

S
o
5
h

u
m

T
t

r
u
e

1°
26
"9
9.
23
"

15
8"

07
"1
4.
8"

is
,
29
6,

B0
0

[3
64
° 3

9'
50
"W

|-
--
|,

32
8,
96
8
G
S
OU
Y"
U]

oe
 

 
 

 
 

 
 

 
 



 
Fig. 6.9--Microbsrograph dual station arrangesest.
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operator Jetermined paper-roll size oa the Basis of 2 Cadle Jesisnating signal

arrival times for eaca shot. These arrival tines were cocputed [roam appreri-

mute shot-to~station distances. Each paper roll had be\H tine pices every 5

minutes, except during recording of shot signals. Since analysis requires

synchronacation of station pairs to O.0] second, a single buttcoa vas provided

on the Cime-aark generator which marks calidracions (three-fourths of full Je-

flection) at hack times sicultaneously on the four channels of the tev recorders.

The top channe) (Fig. 6.11) on ome recorder (time~oarker peo at the bottca)

records the high-sensitivity trace froa the near head, i.e., the head closest

to the shot; the lower channel records tbe low-sensitivity trace from the far

head. The other recorder shows the far-head, high-sensitivity crace ia the tca

channe! and the near-bead, low-sensitivity trace ia the lower channel. This

recorder arrangement provides accurate differences in arrival cises from which

the incidence angles cam be computed. It was adopted to enable the operator

to observe approxinate travel-time differences on one recorder.

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

far head) on the 12,000-see range, and the other pair (one near, one far bead)

on the 4000-set range. According to instructions, if the recorded signal froa

Teak exceeded 6 millibars, the operator was to transoit the instructioa UP ONE,

and the otber stations would immediately change cheir lower range aicrobarographs

to the bigher range already on the other sect. If the recorded signal at Jobnston

Island was less than a 6-millibar amplitude, the operator was to transait the

instruction DOWN ONE, and the other stations would immediately step down the

range settings of their higher sats to agree with the range on the lower range

set.

In the event that Johnston pressures exceeded 34 sillibars, an UP TsO in-

struction was to be sent. Stations set on 120 and 400 initially were instructed

to put both secs on 1200 range. Finally, if the Johnston recording showed less

than 2 aillibars of pressure anplitude, a DOAN TsO instruction was to be trans-

micted. The operators were instructed Co change first the setting farthest froa

set range, then the setting nearest set ranse.

VO”
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Note: Recorded Data Should be Read from Recorder #2

Fig. 6.11--Cabling diagraa.
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6.2.3  Instroment Performne

Tse aicrobarographs located at Jonestoa Island 2id mot experience any cecd-

nical difficulty. The French Frigate Shoals station incurred a defective time-

mark-generator output but aaintained 10-second tise aorks. This established

sutiicient reference for deteraining travel time of the blast wave. The dot

Teccrdings did oot furnish iorernally coasistent pressure anplitodes or arrival

Cimes, but observations by other agencies gave enough inforsatioa so that a

reasonable interpretation could be aade.

The sensing beads wre all] calibrated prior to their being positioned at

their respective survey points, anid they possessed balance-dan capability

throughout the tests.

A. H + 5 ainutes during the Teak event, an UP Gie instruction was trans-

mitted from Johnston Island to French Frigate Shoals aod Oahu. This meant thar

operators at these stations were to change from their 120 microbarograph sets

on the 500-microbar range. The French Frigate Shoals station received the in-

struction UP OXE, bur instead of changing the 140 range to 400, the operator

changed the 400 range to 1200. This decision was based on the blast intensity

as te saw it, which resulted in a wider range of blast wave-recording capability

but aade analysis somewhat more difiicule. The Qahu station did not receive the

instruction because of communications blackout.

French Frigate Shoals and Oahu were given 400 set ranges for the Orange

event with no provision for changes.

Vor
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Chapter 7

RAD IO~FREQCENCY ATTOCATION

7-1 EXPERIMENTAL PLANNING AND ISSTREMENTATION

Several missile and antimissile systems depend wholly upon radio-frequency

transaission for guidacce. Considerable concern has therefore been expressed

en the effects that very high-slritude quclear detonations might have on such

traospission. Radio-frequency signals undoubtedly suffer severe attemustion

in the highly ionized ataosphere containing a ouclear explosion. Apparent

shifts in phase of che transmitted signal because of refraction could con-

ceivably resule. 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 efrort was begun at the request of the DOD in

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

7-1.1 Method of Measurement

Several methods for making the measurement had been considered. The tech-

nique used was based on establishment of four transmitting starions so spaced

at altitude to enable receiving stations to look through the center of the

burst as well as through the fringe areas. Each station io space consisted of

two missiles each of which carried a transaitter, ome operating at a frequency

of about 225 m, che other at a frequeacy of about 1500 ac. Two receiving

stations were used. Each housed eight receivers, four of which were high-

frequency and four low-frequency. The output of each receiver, proportional

co signal strength of the received signal, was recorded on both paper and a3g-

netic cape. The 60-ke I-F of che low-frequency receivers was directly re-

corded on magnetic tape to perait detection of large variations in phase. An

attespt to measure phase shifts of less than 100 cycles per second was made by

first oixing che 60-%c I-F with a stable and manually adjustable local oscil-

Latics Getuce recoraing on the paper oscillograph. The range of attenuation

measurable by the celemetry system was calculated co be approxinately 35 db at

225 m and 40 db at 1500 2c.

al



25

P
L
A
N
N
E
D

A
L
T
I
T
U
D
E
S

D
E
A
C
O
N
/
A
R
A
O
W
1
-
1
0
0

Kr
e

A
T

B
U
R
B
T

T
I
M
E

V
I
P
E
R
A
R
R
O
W
Z
-
3
0
0

Kf
t

A
T

M
U
R
B
Y

T
I
M
E

S
T
A
.

NO
.
3
2
3
0
.
0
)

   

S¥aLiinsuyy, mn
z

¢,
%

ROW/azai,

6

Sin

  
 

.O
7
.O

8
.O
3
0
4

.0
6
0
6

ee!

aw0isGau  

BE
LL

E
oR
OV
g—
~

©
S
T
A

N
O

3
2
3
0
.
0
2

F
i
g
.

7
.
1
-
-
P
l
a
n
n
e
d

t
r
a
n
s
a
i
t
t
e
r

m
i
s
s
i
l
e

a
r
r
a
y
,

T
e
a
k

s
h
o
t
.



BELLE GROVE
S¥a. mw. 323002

 

2- COEACON/ARROW I-88 Kit AT BUAST TIME

(th @ ILO TRARSMITTER)

t~ DEACON/ARROW D -10 KN AT BURST TIME

(1 LO TRANSMITTER)

f— DEACOM/ARROWE -250 Kft AT BURST Time
(tna TRANSMITTER)

4— DEACON/ARROW E -150 1 AT BURST TIME
(2b @ 210 TRANSMITTERS)

R
E
D
S
T
O
N
E

1
9
0
° 

Fig. 7-2--Planned transmitter missile array, Crange shot.
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T-12 Site Geometry

Toe transaitter missile array for Teak sbor is sbown fin Fig. 7.1, and

for Orange in Fig. 7.2. Eigat cwo-stage missiles, either the Descon-arrow

or the Viper-arrow combinatisa, were set for launch on each shot. Their

laumch times were variously related ta Redstone launch as tabulated below and

in Tables 7.1 and 7.2. Launch azimuths of the missiles were carefully deter-

zioed in an attempt to optimize their positions im space consistent with the

following Sbamdary coalitions: .

(1) Line-of-sight transmitter stations to receiver stations mist pene-

trate the center of the burst as well as the anticipated fringe areas of total

 

Slackcur.

(2) Plamaed point of detonation:

Teak Orange

Range 36, 122 feet 125,000 feet

Altitude 250,063 feet 125,000 feet

azimth 18 from Jobnston 180° from Johnston

Flight Tine 170.5 secords 154 seconds

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

the nearest transmitter missile trajecypry and the Redstone trajectory.

¢ (4%) Antenna beam widths to half-power points:

225 wc transmitting 60°

1500 wc transmitting al

225 wc receiving She

1500 wc receiving 2T

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 Laumcher mounted on each pad was used to direct the missiles along

the calculated trajectories. Identification of launchers, launch azimuths, and

frequency of each transmitter aissile are tabulated in Tables 7.1 and 7.2.

° Receiving Stations. One receiving station was located on Johnston Island

(Station Yo. J ~ 3250.01). The other station was located in a trailer on the

USS Belle Crove (Station So. J-3230.02). The ship was positioned approziastely

° on an azimuth 080” IN from Johnston Island, 30 miles away, during Teak, and

030° TS, 25 miles avay, during Orange.
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Tinize Siszals. EG&G tining signals indicating seconds before Surst are

shown below:

 
7.1.3 Missile Configuration

The transmitter carrier-missile system was selected from available com-

ponents in an attempt to meet the primary requirement of lifting a 10-pound

payload to an altitude of approximately 500,000 feet. The susllest possible

rockets were selected in order to reduce problems of handling and procurement

of metal parts.

System Description, & combination of Deacon booster and Arrow sustainer

was believed capable of satisfying design requirements. Somewhat inconsistent

flighs cese data indicated chat this system would reach an altitude of only

about 250,000 feet. A typical trajectory of the system is shown in Pig. 7.3.

To obtain desired data at higher altitudes, a combination of Viper booster and

Arrow sustainer was tested, with initial indications of a maximum alrircude of

about 500,000 feet. a calculated trajectory of this combination is illustrated

in Fig. 7.4. Details of both rockets are given in Fig. 7.5.

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

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

bose cone fastens directly to the transmitter canister and contains the second-

stage firing circuitry.

Firing Cirenitry. The first stage of both aissile systems is fired by

Sivect ccunectica through « safing plug to the EG&G timing relay and theo cra

a Ga-vole battery pack. The Arrow II second stage is fired by the circuit

shown in the block diagram of Fig. 7.6. Yhe arm-safe switch is magually ac-

tuated before launch. The acceleration switch senses a fractios of aissile

acceleration and fires the timer squib. The timer rums a preset 22 seconds

and fires the second stage which carries the transmitter canister to desired

altirude at burst tine.

 

 
 

      
  

 
 

   
   

Arm-Safe AccelerationBatte -
ry Seitch | Switch

"eet, acrooc > . .
o . ter
> Timer

     
 

Fig. 7-6--Arrow Il firing circuitry.
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7.1.4 Description of Transmitters

Both the 223- to Sc5-ac acd the 1e50- 03 1500-mc transmitters are pack-

aged in a canistar 3-1/2 inches in diameter Sy 15 ioches long. Tie saproxni-

mate weight of either canister is 91/2 pacds. Nickel-cacoic battery pwer

supplies were selected ta prowide approxiaarely 50 misutes of cperatisnu. The

transmitter power supply is switched om ami off, as required, before launch by

a magnetic holdiag relay cootralled by samally actuated signals. Signals are

sent to the transmitter canister through an explesively actuated disconnect

plug and cable assembly. Antennas for both bigh- and low-frequency Cransmitter:

are trailizg dipole whips.

Low-Frequency Transaitrer.

Schesatic: Fig. 7.7

Transmitter: Bendix IXv-13

Frequencies: 222 wc, 223 we, 224 mc, and 225 wc

Power output: 2 watts cw, noainal

Modulation: None, grounded grid input

Power requirements:

Filament: 18 w DC, 400 ma
Plate: 200 v DC, 100 m e

Power source:

Filament: 18 vw, 500 mah capaciry
Plate; 200 v, 160 mab capacity

Antenna: Trailing dipole whips, 1/%-wavelength,
hS° to missile longitudinal axis

Beam width to
half-power points: &

Gain: & db

High-Frequency Transmitter.

Schematic: Fig. 7.8

Transaitter: Cavity resonator, tube type 2C39

Frequencies: 1450 ac, 1875 we, 1500 wc, and 1525 om

Power output: 2 kilowatts peak, nominal

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

‘ QD) /
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Fiz. 7-0--Sigh-freqvenev Cransaitter.
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Hizh-Frecuency Transaitter (cont).

Power requirements:

Filsnect: 7-2 v7 DC, 1.0 «ap
Plate: 2.5 kv, 500 sicrsanps

Power source:

Filament: 7-2 v, 1.5 ab capaciry
Plate: Transistor power supply, 7.2 v ta

2.5 kv, 250 ma input

Antenns: Trailing dipole whips, 3/% wavelength,
20° to missile longitedinal axis, vith
reflectors

Beam width to

half-power points: 42°

Gain: 4 @d

7.2.5 Receiving Station Description

A block diagram of the two receiving stations is shown in Fig. 7.9.

Basically, the transuitted signal is received by a high-gain helical antenna,

amplified by an BF amplifier, Jziected in a receiver, and recorded on both

paper oscillographs and magnetic tape recorders. 4n ASCOP prezuplifier and

multicoupler are used at 225 mc for amplification and coupling; a traveling

wave tube amplifier is used at 1500 mc. The signal from the cathode of the

S-weter tube of the National 300 low-frequency receiver, through a cathode

follower, is recorded on a Miller paper oscillograph in parallel with an

aupex G00 magnetic tape recorder. This recorded signal varies in proportica

to the received signal. The 80-kc I-? 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,

the 80-ke I-F is also mixed with a local oscillator, which is stable ami aan-

wally adjustable, and is sent through a cathode follcower to the Miller oscil-

lograph for recording. From a differential amplifier ac the detector end of

the hoO-mc I-F in the high-frequency Polarad receivers, a signal proportional

to the peak power of the transmitters is fed through a DC amplifier to borh

the Miller aod the Ampex recorders.

Low-FrecuencyReceiving Ecuiscmect:

Antenna: Helix, J-turn, 14 db gain, 44° beas width

RF amplifier: ASCOP mlticoupler, Model AMC-2, 9-<b gain,
9.5-db noise figure
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Fig. 7.9--Receiving station diagran.

 



Low-Frecuency Receiving Ecuipaent (cont).

RF sreaaplifier: ASCOP, Motel APA-2, I$-db gain, 2.5-2d mise
figure ;

Receiver: Naticnal 500, with coawerter; sensitivity
0.1 micrcwolts at 50 obms; 10-db ovoise figure

Recorders: Miller, paper oscillograph, with 230-cps

galvanseters; Ampex 600, with FM recording

aaplifiers, 13.5-ke 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=plifier: RCA 4-1056 traveling wave tube, 32-2b gain,
7-db aoise figure

Receiver: Polarad Model RB, sensitivity, minus 60 dba,
8-db noise figure

Power divider: Admittance, Namco Corporation Model C3-3,
3-db splic

Recorders: Miller; Ampex 600

Measurable Range of Attenuation. A calculation incorporating antenna

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

and transmitter power produced the following results:

Frequency Rance Measurable

225 ax 35 db

1500 mc ko db

7-1.6 Transaitter Positioning

The Sandia MIDOT system! was used to track the 222-mc and 224-ec trans-

mitter missiles on both Teak and Orange.” The MIDOT system functions in a

manner similar to the Michelson light interferometer. Two high-gain helical

antennas, separated a measured oumber of wavelengths at the received fre-

quency, are fed into a single summing point (T connector). The single output

of the T goes to an ASCOP milticoupler, then to a Nems-Clarke receiver, and

thence to a Miller paper oscillograph recorder. A oll] occurs at the suming

 

®
In addition to the above referenced report! which gives a complete de-

scription of the MIDOT systes, further information appears in Chapter 9 of

this report.
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mT;
point any time a 150-degree phase difference is produced as a result of differ-

ence in arriwal time of the BF signal at the rwo antennas. 4 mathematical re-

lationship can be derived which relates the angle between the line of sight to

the transaitter and the antema base line to the wavelength of the received

fTequency as follows:

Oo = cos “(kK ~ V/2n ,
DA

where a = angle between line of sighr to the transmitter and the antenna base

line when a mull occurs, K = an interger, \ = wavelength of received frequency,

aod D = mmober of vawelengths in the antenna base lice. An accuracy of 2 mils

in an angle in trajectory determination can ooraally be expected. Wirth the

sbort base lines used at Jchnstcn Island, the theoretical accuracy is somevbat

less than 2 mils in angle. Extremely accurate placement of two receiving sta-

tions, each with orthogonal base lines, is a minimm requirement. A common

Cim base, 1000 cps, is recorded on the Milier oscillograph similtaneously vith

the data.

7-2 EVALCATION OF SYSTEM PERFORMANCE

Six Deacoo-Arrow wissiles and two Viper-Arrow missiles were fired on Teak.

The Deacon-Arrow missiles were placed at 96,000 feet at burst time (see Figs.

8.5 through 8.8, Chaprer 8) along warious azimuths. It was anticipated thar

these would bracket the fringe areas of ionization. The Viper-Arrows were dis-

patched along a 185-degree azimuth with the intention of allowirg the trans-

mitters to be wiewed through the center of the fireball. Four high- and four

low-frequency transmitters were used. Both Viper-Arrows suffered first-stage

instabilities and fell to Jobnsteo Island priscr to burst time. Some data were

recorded on fiwe of the six transmitters functioning at burst time. As a re-

sult of jacming of the Miller recorder in the Johnston Island receiving station,

po data were recorded from the sixth transaitter. The Deacon-Arrow aissiles

flew in accordance with a predetermined trajectory. MIDOT trajectory data were

obtained on the 22kh-mc transmitter. ,

Eight Deacon-Arrow aissiles were in place for laumch on Orange. Four

were launched at a 7O-degree angle and were to have been approximately at

apogee at burst time to permit viewing through the fireball. Two more were to

ay

aA



bawe been on the same trajectory, as were the first four, but at adour 58,000

feet at burst time. The remaining two were oa the Teak O6—egree trajectory,

One at apogee at burst tine, the other at 110,000 feet om the ascending por-

tion of Elight. Four high- and four low-frequency transmitters vere used.

The 2ca-ec transmitter was off at burst tine as a result of che probable fail-

ure of the second stage of the sissile to igzite. There are some marginal in-

dications that one high-frequency transmitter was functioning at burst tine;

two failed before burst; one was not launched because of frequency duplication.

Good qualiry data vere obtained on three low-frequency transaitters the trajec-

tories for which are shown in Fig. 7.10. The recorded signal lewel was too low

to be cseful on the one high-frequency transmitter working at burse tine.

7.3 TABULATION OF Datla

Launching pad identification, launch azimuths, trajectory characteristics,

and transmitter frequencies are itemized in Tables 7.1 and 7.2. Coordinates of

launching pads and receiver stations are presented in Table 7.3. Yo enable

system gain calculations to be made, antennas arrays used at borh receiving sta-

tious on boch shots are shown in Figs. 7.1] ani 7.12. Plots of signal strength

versus time of the various received frequencies are reproduced in Figs. 7.13

through 7.28.

Burst cise is noted on each curve in the series. Figure 7.13 is a plot

of signal strength versus time received at Jobnston Island from a 224-ac trans-

mitter missile fired during the Teak rehearsal. Data recorded is typical of

the signal expected (with no ionization present) from a Deacon-érrow missile

flying the bigh-angle trajectory depicted in Fig. 7.10. Superimposed oo the

actual signal received is a plot of the signal as it would be expected to vary

as a result of increasing path attenuation with distance alone.

Variations in phase of the received signals from the low-frequency traos-

mitters are shown in Pigs. 7.25 through 7.32. Because of the greater resolu-

tion of the phase-seasurement circuitry, nicute observation of signal variations

pear receiver noise level can be made.

Low-frequency signal strength records are normalized to the curve of free-

Space stteacatisa versus distance and are compared in Figs. 7.33 chrough 7-25.
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Signal strength records of stations IX-209 and IK-252 of Project 32.8 are

presented in Figs. 7.37 and 7.38, since the similar frequencies, 233.5 mc and

235.0 wc, and zero-rime positions contribute significaatly to interpretation of

che atteoguation data.

Figure 7.39 is a composite plot of borizontal rarge from ground zero, alti-

tude, aod RF signal attemiation versus time of TK-205, MK-252, and the Teak Hi-

Lo rockets. Figure 7.40 is a representation of these same data with attenuation

at given times tabulated on the flight trajectories. Figure 7.41 is a plot of

Orange trajectories with attenuation at given times plotted on ths curves.

7.% CONCLUSIQNS ©

The difficulty of reduciog the MIDOT tracking data for the Hi-Lo rockets

required that additional test rounds be fired in orlcur ta give better theoreri-

cal estimates of the trajectories. A series of Deacon-Arrow rockets were firzcd

at Poict Arguelio, California, early in 1961. These sea level lauachings re-

sulted in the trajectories used in Figs. 7.39 and 7.40 and agree well with the

attemuatioa data.

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

variations within these limits should not be interpreted as significant.

Attenuation due to ionization as a function of time must be determined

with regard to rocket position. To arrive at generalizations without entering

the physics of ion recombination is somewhat difficule. It appears that the

following statements can be nade>   

  

*

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

. Boos 249 hrese h

2L7 are deleted.

 



 
7-5 RECOMMENDATIONS

Recommendations which may be helpful in event future attempts are made

at measurements of this kiod are as follows:

(1) A carrier-rocket system having an altitude capability sufficient to

peraic a view through the center of the burst at tise of detonation should be

used.

(2) A transmitring antenna should be designed and used which radiates

uniformly in all directions; extraneous modulation of the carrier would there-

by be considerably reduced.

(3) If measurements at frequencies higher than 225 mc are desired, more

expbasis should be placed on design of an adequate high-frequency transmitting .

aod receiving system.

(4) Positions of transmitters at burst time, rocket firing sequences,

radiating frequencies, receiving antenna patterns--cthe measurement system as

a collective whole--should be optimized to yield aazisus usabie data versus

cost and effort involved.

JG ¢Y

 



1. Pace, T. L., Crawley, T. V., ami Hansen, J. W., Tre MDOOT S3iten,

SCT 7O-56(52), Samiia Corporation, December 12, 1556.

 



 

Chapter 5

INSTROSST Cage

8.1 SAMPLER AND ISSTSCMENTATION ROCKETS

6.1.1 Introductica -

Instmmect carriers for the Teak and Orange events! were fin-stabilized,

ballistic-type rockets. These vehicles are propelled by solid-fvel rockets

from a £4-foot rail Launcher. Each diagnostic rocket was launched so as to

be in position at its apogee point at tine zero. Of the two rad-chem samplers

launched for Teak, owe was launched so as to be at apogee at zero tine, while

tbe second sampler was progtacmmed to pass through air zero 20 secouds aiter

zero tim. For Orange, three samplers vere progra=med to pass through an al-

titude of 160,000 feet above the burse point at 40, G0, and 90 seconds, res-

pectively, efter rero time. A fourth was to pass through 170,000 feet 120

seconds after zero. Trajectory control was achieved by ballasting the carriers

aod varying launcher elevatica and azimuth angles. A total of six instmment

carriers and two rad-chem sampler rockets were launched for the Teak event.

Four rad-chea samplers and three diagnostic 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 Aerodynenics and Design

The aerodynasic configuration (Fig. 8.1) of the vehicles is of two cypes:

a single-stage design which is essentially the same for all carriers used be-

low 80,000 feet, and a two-stage configuration for the high-altitude carriers

and rad-chea samplers. The second stage of the Latter is identical to the

single stage except for a reduction in lergth of the midsection and the absence

of launcher shoes on the second stage. The nose, which houses the instmoenta-

tion, is a 3.0-caliber, ogive shape. Geometry of the fins is the saz for all

stages and is the result of a coapronise for si=plicity, stability, and aero-

elastic requiresents.
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For reasoas of design sizpliciry and [sgistics, the same engine was used

for all stages of che vehicle. A malified LaCrosse exgise, IX-52, aanufactured

by the Thiokol Chemical Corporatisa, was found ro best suit requirements. This

engine delivers a toral of approximately 96,000 lb/sec izpulse and bas a bura-

ing tise of 2.6 seconds. The second-stage units of the teo-stage carriers far

Orange were fired 15 seconds after Launch; those for Tasc were fired 19 seconds

after launch. The latter time was selected because it yields a matima of al-

titude and mininzizes variation of apogee for any dewistian in secood-staze

ignition tise. Also, this delay reduces the airlosds ani aerodynanic beating

of the second stage.

Tne carriers are ret2ted aerodynamically ia order to average out thrust

malaligoment anc trim errors. To accooplish this the fins are sounted at an

incidence angle of one-half degree. For the single-stsgse carriers this pro-

duces a roll rate of approximately 6-1/2 revoiutions per second at burnout.

Two spin rockets are attached to the booster of che two-stage carriers and

serve to initiate a roll rate of 2-1/2 revolutions per second immediately be-

yoo the end of the launcher. The second stage reaches a maximm roll rate

of & revolutions per second at burnout.

Since it was necessary to retrieve a portion of the instrumentation for

analysis, a system vas provided for recovery of the instrumented noses. The

nose is joined to the midsection and motor assembly by a split-ring, clamp-

type connector. At a specified tine, an electrical ispulse fires two squibs

which separate the two components. A l2-foot, solid-canopy parachute stowed

in the nose is then deployed by a 10-foot static line attached to the mid-

section bulkhead. The same chute design was utilized in recovery of all the

cartiers; thus, strength requirements were dictated by the 40,000-foot vehicle.

For the single-stage carriers, separation occurs apprexiaately 5 to 15 seconds

after apogee. For the two-stage carriers, it is necessary to allow che secood

stage to descend to a lower altitude where the descent rate after deployment

is near sonic speeds or less, yet not so low that the parachute could be over-

Stressed. Therefore, altitudes in the region of 160,000 feet seemed to be the

best choice. Descent tine of the recovery operation ranges from 11 minutes

for the 40,000-foot nose unit to 25 aimites for the sazpler nose. Ispace ve-

locities are 4h feec per second for the instrumented noses and 32 feet per

second for the sampler noses.

 



6.1.3 Ballistics

A program was cevised whereby trajectories for the instrumented carriers

are calculated on the T3M 704 EDPM.° The progras vas flexible enwwga ta accom

mocate both the single- and two-stage carriers aad to allow also for changes ia

vehicle parameters such as weight, impulse, ami Launching coodicions. The save

prozrzm is used for predicting the trajectory for a given wind structure.

Trajectory calculations are based on equations of motion of the wehicle in

a rectangular coordiaate system on a nonrotating earth. Since all trajectories

are nearly wertical or short-ranged, error resulting from use of rectangular

covrdinates is small. The effects of Coriolis were computed for theoretical,

no-~drag trajectsries and are added as correctisns to the IBM TOs resuils. A

monthly average for ataospheric temperature and Jensity above Johnston Island

was used. This was sufficiently accurate, in that the difference in the effect

of two extreme ataospheres on che altitude is approzicstely 2 percent. Drag

coefficients were determined from wind-tunnel tests and have been corrected

with results obtained from several deveicpmental singie-stage firings. The

earth's gravity potential is assumed to decrease with altitude from the local

value at the surface,

For a given rocket engine, nominal total impul-e in the IBM program is

corrected by a factor dependenr on the propellant weight of the rocket as com-

pared to a nominal propellant weight. Loss in impulse during the boost phase

of the two-stage rockets caused by early separation is allowed for, as is also

the added impulse of the second stage caused by burning under lower ambient

pressure conditions. The mass of the rocket is assumed to decrease linearly

during burning. Effects of varying the parameters of weight, launch angle,

and impulse are given 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 calculations, con-

sideration is given to the effect of weather vaning during burning, but drift

is neglected. Direction and magnitude of wind vectors at wariocus intervals of

altitude are inserted in the IBM progras. The major portion of the wind effect

for the Johnston Island wind struccure was expected to taxe place in the region

just above the surface. In addition, consideration is given to the effect of

wind drift on the parachute during tke recovery phase of the trajectory.

~ Roe274 ts deleted. ”
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Preliminary trajectories for the carriers were calcuiated for aean sea-

sonal wists in order to establish initial orientation of the lauachers and

mininice the amount of fisal Launcher adjustaent cequired i5 bours prior to

sbot time. The prelimicary trajectories also served co ascertain carrier

gross weights and firing times. Since winds predominantly affect the range

aod azimuth of the trajectories, gross weights as calculated originally would

still Sold after the final ecaputations.

Before each of both Teak and Orange shots, final launcher settings (Table

8.2) were dererained froa a G4-hour wind forecast, Theoretical trajectories

based on these forecasts are shown for Teak amd Orange (Figs. 8.2 and 8.3).

A summary of predicted apczgee positions and sazpling poiats of the diagnostic

and sampler rockets are given with respect to zero time (Table 8.3). Actual

positicas are given in Yabie 9.1.

8.1.4 Postshoe Sucmary of Performance

Of che six Ciagnostic carriers Launched for Teak, all appear to have per-

formed oormally and, with the exception of TK-48 and TK-60, all were recovered.

Both rad-chem rockets failed in flight, and no cloud sacple was obtained. The

exact cause of failure has not been determined; however, 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 sampler noses were re-

covered sbort of the intended impact points uniter 30 feet of water.

Trajectories of the Teak and Orange diagnostic rockets as determined frou

MIDOT records are included in Chapter 9.

Although no cloud samles were gathered by the four rad-chem rockets on

Orange, all units, including the diagnostic rounds with the exception of Station

OR-1152, appear to have followed their intended trajectories. The units re-

covered were within 2.5 miles of the expected impact points. Because of the

short teleseter time (¢ mimutes) the 115R unit either failed to separate or the

parachute failed at deploysent, allowing the unit to sick on ispact. Parachute

failure would indicate a possible low-apogee altitude.
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Fig. 8.2--Teak predicted trajectories. See
Section 9.3.4 for measured trajeccories.
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8.2 ENGINEERING AND OPERATION OF SAMPLER AND INSTRIMENTIATIN BOCETS

8.2.1 Vehicle Description

Figure &.1 shows rhe priscinal feacures of Soth the sicgle- and the reo-

stage instrment carriers. Both vehicles are 16 inches in dizeter. The

single-stage vehicle is approximately 153.5 inches long awerall. 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 svailable

aft as far as Station 60.5. The single-stage vehicle end the second stage of

the two-stage vebicle are each made up of four major asseublies: (1) nose as-

sembly, (2) midsection coapartaent, (3) rocket engine, and (%) tail asseably.

The recoverrble nose assembly, which is identical on both instmoectation

vehicles, extends aft as far as Staticu 53.5 A bulkhead at Station 48.5 cakes

the instrument compartaent ahead of that station pressure tight. The compart-

ment between che pressure bulxiead and Station 53.5 houses parachute, dye-

marker containers, and electrical junction boz.

The sidsection extends from Station 53.5 to Station 65.5 on the single-

Stage vehicle. On the two-stage carrier it extends only ta Station 60.5. This

compartaent is used for carrying instrumentation, ballast for altitude control,

or both. Ir is not pressurized and is mt recoverable. Oa the single-stage

vehicles the midsection compartment is used for carrying ballast only. The

rockets with predicted apogees of 222,000 and 242,000 feet (see Fig. 8.2) bave

X-ray and thermal instrumentation as well as a small amount of ballast mounted

in this cogpartment.

The recoverable nose assembly {s held to the midsection by a ring which

engages a circumferential groove around each of the two parts. The ring is

held together at two diametrically opposite locations by pins which, at the

separation signal, are driven out of the ring by pressure scquibs. This leaves

the ring free to fall away. 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 aerodynamic and isertial loads. The

parachute is deployed by oears of a static line which is of sufficient length

to assure that the noose is clear of the remainder of the webicle.

with che exception of aodifications made to the case and nozzle to reduce

weight and adapt it co this particular application, the IX-52 (see Section 8.1.2)
a
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is identical to the M10 engine developed for the arzay by Thiokol. As a result

of this sinilariry, no development test program was required on toe engine it-

self. The exgine unit is 16 inches ia dixoerer, 77.5 inches in length, and

weighs approximarely 730 pounds. It develops approximately 35,000 pounds of

thrust for 2.6 seconds.

A sacually operated arm-safe device provides a means of shorting =:t the

electrically operated squibs in the igniter. When in tie "safe" position, the

ignition uit is also physically blocked off from the main propellant charge

so that, eves if the igniter were fired, the main ‘propellant charge would oot

be ignited. The If-52 engine has a high resistance to all types of auverse

environment and, aside from stamiard procedures for solid fuel propellants,

mo special precautions are necessary in handling or storage. This, together

with the inherent simplicity of the solid fuel engine, made it ideal for this

application.

The skirt-fin assembly fits over the engine nozzle and is bolted co a boss

on the engine at Che aft ead 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 altitrcde

is controlled largely by control of vehicle weight, fins, sidsection, and launch-

ing slippers asy be made of either steel or aluminua, as weight of the confizgu-

ration requires.

Engine and tail assembly for the booster on the two-stage vehicle are iden-

tical to those on both the single-stage vehicle ami the second stage. A cone-

shaped interstage adapter which fits into the nozzle of the second-stage unit

is bolted to the front end of the booster engine. At the high angles of firing
necessary to this program, the second stage needed only to be set on the cone-

Shaped adapter on the booster; na further physical connections between the two

stages were required. At burnout of the booster, norzal drag separates the

feo stages. Spin rockets are used cn the two-stage vehicles. These rockets

are attached to the interstage adapter on the booster and are fired by a switch

on the aft end of the booster as it clears the launcher,

os? 77
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8.2.2 Electrical Systea

The istertal electrical system for all cattiers ccusists af two timers, a

times juoccica box, and chree caples. A fourth cable is required in the bouster.

The exter=ai electrical system consists of a jettisonable control cable to each

Stage of the webicle, launcher jumction box, and remote araing box.

The timers are motor-driven and provide three separate times, adjustable

from zero to 220 seconds for the instrimsent vehicles and from zero to ALO seconds

for the sampler vehicles, Wormally closed contacts are used in conjunction vith

a relay in the timer junctica box to provide the required fourth time. The

timers are munted on the bulkbead inside the pressurized nose cone on the in-

strumeot carriers and in the midsection on the sampler. The timer junction boz

provides all the circuits betwen the pressurized nose compartment and the aft

sections of the carrier, with facilities for disconnecting these electrical

connections af nose separation. Relays and fuses required for timer operation

are also enclosed in the box. Connections from the timer junction box to the

control cable conrector, motcr igniter squibs, and aft instrument compartzents,

when used, ave provided by three cables. A fourth cable provides a control ,

cable connector to the booster igniter on all two-stage vehicles.

The control cable# prowiding circuitry from the launcher junction box to

the rocket are furnished with a spring-loaded breakzway connector. A small v

steel cable between the connecror and che launcher trips the latch on the con-

pector at first movement of the carrier, allowing the spring to eject the

cable. The lamcher junction box routes all circuits from the telemetering

control box, the ECAC timing relay used to fire the rocket motor, and the

30 VDC extecaal power source to the vehicle via the control cable. The launcher

contains the firing relay which provides a firing or safing signal for the potor-

igniter and cizer-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 monitor the timers in the carrier, one light to monitor positica

of the key iaterlock switch, and one lamp to indicate safe condition of the

ECAG tinirg relay.

The resote arzing box is located a minizam of 800 feet from the nearest

wehicle and is comected to the launcher junction box by a four-conductor

shielded cable. The key from the key switch in che launcher junction box is

sens



installed in the key switch on the remote araing box. It is operated ta clase

the circuit to the fire relay after it is Jeterzizned that the safe loop on the

Temote arming bax indicates that the EG&G tiaing relay is open. A ready Leap

indicates that the key switch is operating. Closure of the ECAC tiaing relay

will fire the carriers.

8.2.3 Handling Equipment

The following six items of specislized handling equipeent are required:

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

tail assemblies on the interstage adapter are attached.

(2) A strongback for lifting che engine uit from its shipping ccntrainer

onto the assembly dolly. ,

(3) A sose-assecbly stazd co facilitata assembly and checkout of the oie.

(b) A strongback assembly for lifting the nose assexbly and holding it in

positica fcr attachment to the reste of the vehicle.

(5) A strongback for handling the midsection. (although this sectica is

relatively small and is noreally handled by band, when fully ballasted for the

40,000-foot station, it weighs several hundred pounds.)

(6) A strongback for loading the assezbled webicles on the launcher. This

equipment has che capability of picking up the wehicle frou a horizontal posi-

tion and rotating it to a near-vertical position for loading onto the Launcher.

The bandling equipment is used in conjumction with any commercial crane

with a boom of approximate 30-foot length and 5000-pound capacity. All assembly,

with the exception of installation of the spin rockets, is dom on the ground

before installation on the launcher. In the assembly of the two-stage vehicles,

the assembled booster is loaded onto the lancher, and the assembled second

stage is then placed on top of the booster. For safety reasons, the spin rock-

ets are not installed until both stages bave been loaded onto the launcher.

8.2.4 Test Equipoent

A PT-SO tester is used in the laboratory to hi-pot and check conrisuity

of all circuits im the tisver junction box and all cables. In the field a

tiser tester is used to check tiver setting, reset tisers, and siculraneously

Dy



ebeck al] tining circuits in the timer jumetion box. A firing-set tester,

which similares the vehicle, ami an EGAG telemeceriog siaulator are used to

check operation aod circuitry of the external electrical systea.

8.2.5 Launcher

Figure 8.4 sbows a launcher with a cwo-stage vebicle, loaded and ready for

firing. The launcher has a single rail to provide 24 feet of guided travel.

Two Launching slippers are used. Figure 8.1 shows location of the laiumching

slippers oo the vehicles. Depending on the alritude desired, the slippers

either remain on the vehicle or are jettissoed at the end of the Launcher.

If they are left on the vehicle, identical slippers are attached diametrically

cpposite to provide aerodynamic and static balance. Track and slippers are so

designed thar the frooct slipper leaves the rail at the same time as the rear

One. The same Lauocher may be used for either vehicle.

The guidance rail is supported, for rigidity, on a strucrural pezber.

The rail assembly is supported at the lower end of the triangular base of the

lasacher, at the center, and at the upper end by two sets of legs. Elevation

adjustsect is wade by changing the length of the support legs and by the addi-

tion of a fine-adjustment screw built into the base. Azimuth adjustment is

made by pivoting the launcher base from left ro right. The structure is mounted

on and is tied down to concrete pads at the corners of the base. A modifica-

ction of this launcher uses steel tubing in place of fabricated legs and rail

support. 8

Aiming of che 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 witb a mirror system mounted on the rail to set

the azicuth. Once the laun¢her bas been ained at a certain point, last mime

changes to correct for winds can be quickly and easily nade.

8.2.6 Operational Aspects
.

»

Preparation for firing «he instmment carriers consists of three separate

paases: (i) preparation of tne iauncning sites, (2) erection of the launcners,

and (3) preparation of the vehicles for firing.

Preparation of the launching site included the laying of electrical cable

and che pouring of concrete pads on which the Launchers are set. Pouring of
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the pads was dooe several weeks in acwance of launcher erection to perait the

concrete to obtain sufficient streagth. Locations of launcher stations are

given in Table 6.3.

Preparation of the Launcners included necessary preassexbly, erection,

and prelininary aligement. For preasseably and erection purposes, a crew of

five men took approximately two days per launcher. In addition to standard

hand tools, a crane of approximately 40-foot boom length and 10,000-pound

capacity, and a second, smaller crane or boos truck were required. after erec-

tion was completed, several hours were required to set aziouth and elevation

angles.

Preparation of the vehicles for firing, after instrumentation has been

checked out, consists of assexblying major subassemblies, described in Section

8.2.1, into the ready vehicle, loading onto the launcher, final checkout, aod

final Launcher alignment. A four-man crew requires one to tw. days to prepare

a vehicle for firing. During the assembly period, suitable protection froa

vain aod blewizg sand and dusc is required. After the vehicles are assembled

and Icaded on the launchers, they must remain for extended periods at tempera-

tures up to l2O degrees Fahrenheit with no protection cther than waterproof

tape over open joinrs and ports. Tape must be removed before firing. Launchers

and vehicles are painted white to minimize radiation teaperature effects and

as a protection against enviroment.

Final preparation for firing consists of removal of protective tape,

manual arming of the rocket engines, and electrical arming of launching circuits.

This requires only wimites, and final preparation time may be extended to several

bours, provided elevation and/or azi=uth adjustments are required.

6.3 PERFORMANCE OF RF ATTENUATION AND CHAFF ROCKETS

A rocket system capable of carrying either chaff or a transmitter to high

alrirtudes 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 tranos-

aitter configuration, designated as Hi-Lo, was designed to measure attenuation

of radiofrequeacy waves caused by fonization accoupanyicg the burst. A ¢coa-

plete series of rounds was available fer use as a backup on Teak. ‘shen these

were not required foc the intended purpose, a decision was sade in the field

to expend thea on Orange. The system was flexible enough to adapt to Orange

J).oOo



 

TABLE 6.4--LAUNCHING LOCATIONS

Scientific Grid Positicn

 

Station Nortn

{Redstone Pad )G00l 00,040

HEL. 199,<50

%El.0! 159, 367

300.01 199,40

ecu. 04 199,+61

360.06 199, 516

300.06 199,575

60.03 194,632

32€0.05 199, 669

East

<u, xu

199, Gs
200, 103

ew, <3!

200, 355

200,+70

200,€0¢

<00, Te5

200,09
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Surst, aad ene participacion there as sisilar to taut om Teak. Teo Jirterent

rwcet vesicles were actually ecsed: tne Deacon-arrow was the prizury syste,

v z i " a v
w ‘ formance but relacivels unproven Viper-Arrow bas Che sccomd

venicta. Thouc rosceS apsTeus Gave Becn descrided in etait am otner re-

fon7d Since design inforaation is of seconéary importance to the in-

formation presented here, it will aoe be repeated. Discussiun of perforaime

will Se orfenced coward ‘1) che perfornance as it iniluences analysis of the

@ata, and '2) a brief comparisen of predicted and accual performances.

8.3.1 Chaif Rocket Performance :

Chaff was ejected at the desired altitude and required wind data vere

Obtained froa each of che twenty rownds launched at Johoscten Island. One

point aay Se moced in retrospect: while the apogee aiticude and, consequently,

the upper aor baliiscic portion of the trajectory was estizacred correctly,

poracclers eich were used to obtain the trajectory were in error. First-

stage burmeut velocity, although unterestincted, had been compensated by

undgerestizacion of second-stage draz coefficient. ‘Nind data which were ob-

tained are presented aod discussed in Sectiun 5.3.

8.3.2 UWi-Lo Rocket Performance e

Estizating perforaance of the Hi-Lo rockets proved tu be the oust dif-

ficule problea encountered on this phase of the program. Because of late

entry of the Hi-Lo project into che programa, the MIDVT tracking system was

not equipped to track these addicicnal units. Enough equipment was added

to MIDOT, however, cto peroit Crackiag of two of the eight Hi-Lo rounds. It

was then ancicipated that the two knven trajectories sould be combined with

the theoretical perfornance parameters and used to estimate probuble trajec-

tories of the untracked units. For raasons which willbe discussed later,

MIDOT trajectories were obtained oa only one round eacn for both che Teak

and Orange shots. Estimates were then anode as planned of trajectories of

the untrackead vehicles.

6.3.3 Traiectary Analysis

During the year and a half fotiowing che bursts, as atte-pts were sade

to analvcze the radio-lrequency uftesiitiva Jatu, it Became apparent CAat svw



ratwer scrilcs discrepancies eristsos SeOeeen Cre trajecteries, born tneoretical

wed measures “NDDUT), and the -dS-erwes attenustion. In avdition, wither tne

Teas trajectory ‘maxims alzie.ce) sar the Orange trajectory [aaximea rance),

as Jctertined from NDOT, agreed wita Cheie respective Caeoreticai asminai

trajectories. In the intervening time interval, the rocket system hid been

asvated by other progras, ans thus comeiderable information and experience,

including three wind tunmel tests, wita the system had subsequently) been ace

Guired. Consequently, in earty 1oc0, this inforsation was used to re-estisute

the moet probable trajectories of the untracked units. However, in teras of

appiication in the attenuacion anah sis, results were qualitatively siailar

to those of previous estimates. Ales, daicscrcepuncies still existed between

theory and che two measured traiectories.

By March, 1960, it was cecicJed that a larger effort should be directed

twerd resolution of these discrepancies. A prograa was initiated for this

purpose. The progrosn was essentially a two-pronged attack on the prodica;

specifically, both analytical aod experiszental approuches were planned. The

aaz!vtical aporcach was an analysis of the various factors which dereraine

a trajectory. I[t atternrad co evaluste ouch the relative influences of the

various paraneters anJ the accuracy with which each was known. Work done

prior to the Teak shot had verified that the trajectory computational ctech-

nique yielded sufficiently accurate results. The experimental approach has

been out Lined.” Ic involved fabrication of eight rounds which were as iden-

tical as possible to the orignal Hi-Lo vehicles. They sere to be tracked as

Chey flew over Crajectories siailar to the Teak and Orange flights. These

vehicles were launched at Point Arguello, Califomia, in early July, 1660.

It should be noted here that, althoush a consiterable oumber of Deacon-Arrow

rounds had been flown by this tim, che configurations had differed from that

of the Hi-Lo and the shots bad been fired from Tonopah, Nevada, which has an

elevazion of 5300 feet MSL. Thus, ro use information obtained fron the

Tonspah rounds, it was necessary ty oormalize the data. Such nornalicacion

required use of parazeters Rich were Chemselves Seing questioned. It was

in order to eliminate this norsalization that the eight rount, duplicated

the original Hi-Lo rounds and eecre flxwn (ron sea level.

 

a

Furaling tor the trajectory analisis prograa was made available by DASA
through interagency cost reinberocent, Order Nucber 57 diebo Sr. 1, dated

July !2, seo.
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5 an
Tre prosraa co resolve che discrepancies is meaciy complete. Me aes

curacs ami degree of confizerce whica can be attacaed to tne Final esti cates

ef tae Teas and Orange aieLe Crajectories is comsiceradiv Detter Thea eas

Anticipated at ene tise of the nich-aitituce sats. Resubts of tais trajccton

eanuissis prograa will de rearted separatel,” ami will cherefere cal, bc sua-

suriced mere. Final crajector estisates are incivted at che end of Cais

seclicn.

5.3.+ Tine of Flight and Nasizmnm Altitude .

One extretely significaar and basic Fact was brought out bs che trajecterm

analysis chich greatly improves contidence in the alticude-versus-tine histery

of the rockets. This is the most critical trajectory paraaeter for attenuaticn

studies. Specifically, it was outed thac the cutal cise of fliyhe of a vehicle

was related to the aaxims altitude reached by thse vehicle. The relationship

was of che furah-a Bt where ho is smaxicam altituce, A amd B are constunts,

ani ct is total cise of Flighe. Thus, once A and 3 were deterained, only ¢

was required to evaluate h. Fortunately, the recorded Hi-Lo attenciion data

were in the fura of received signal strength versus tine and, consequently,

total cine of Elight could be determined from the signal cutofi. The isper-

tance of this relationship cannot be overe=xphasized. Fur exacple, te. vehicles

will Nave nearly identical cocal tines of flight even though one vehicte is

launched vertically bur attains only a relacivels low alcitude because of pour

rocket swtor performance, while the second vehicle is launched ever a low,

Flat trajectory to the sase soximo altitude with norsal rocket ater. ‘

performance.

Another way to peesent this relationship is to state that vertical motion

is independent of horizontal aocion. Although cais statasent is valid fur

Eligne in a vacuus, that it aisht also be etrve in the presence of sn atrophece

is far froa obvious. To the contrary, it can be shown thar, withthe action

of drag as a facter, horicontal aml vertical accion, are actually interdepem

dence. [f a coasting purtion of the trajectur: is considered, during which

drag is significance, the equation for che vertical oavciun is:

dv, ates

t

9
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where , is the wertical welociry component, av/at is wertical acceleration,

g is the acceleration of graviry, G is the drag coefficfest, 5 is atmospheric

density, S is the drag reference area, V is tacal welccity aagnitude, W is

wehicle weight, and 3 is the angle SetCveen the wenicle longitudinal 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 assime that if

aerodynamic forces are large enough that the drag is significant, they are

also large enough to hold the wehicle at zero angle of attack. Thus drag will

be the only aerodynamic force acting. This implies than sin @ = v/v. By

substituting this in the above equation, the relation becomes:

- = tw) (5) Gur +8

Note chat g and p are functicus of altitude, or Z, only; (3) is constant

during coasting flight; G is a fiction of Mach mmber which is, in turn,

a ferction of ambient temperature (again a functica of 2} and velocity;

welocity is obviously a function of both the horizontal and wertical velocity

components. Frou this, it appears thst vertical action fs coupled to hori-

zontal wotioa by G and Vv. . a

Boch theoretical and actual trajectories {ndicate that these motions

are approximately independent. Obwiously the product (c,¥) 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 is defined
 

 

   

by che following expression:

Ms y , .

hg.0o/T §
~~

where T is aubient temperature in degrees =

Bankine and V is welocity in feet per sec- $

ood. This tce=perature is again a function .

we te anf anleoimua Tec the dene mem fF Fi. £
—s we wenn —_—_—_—— Toe freee a

cient may be approxinated as the product

of a function of altitude and the recipro- °o t 2 3 4

cal of the welocicy between Mach mobers Mach Niober
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eft \ and 5. Another significant pointe 1s that west of tre £.

 

somsidie almesphere occurs at Maca mobers SDereeen Last 3.0 if is zricuriiy

tte accuragcs of Chis approximation wsicn Jctermines Che eccersecs oF tte tices

‘affl isne cachnigue. swever, because

wariablas snich determine trajectory, mo sisple step exists for soins trea

F gta moter ani walinegrtts cf tte

Cte known accuracy of tte soove approxisaticn to an estiratien of tre accuracy

of the tecnnicce in teras of erfece on tae Crajectom. The saajer effort of

tre trajectory analysis was devoted co estisacing this over-all accuracy,

The thrust phases of a trajectory are included bs considering cnis tho

they change the horizontal and vertical velocity components, ant chat the

magnitude of these chanses is independezt of the value of the velocity cons

penencs. altncugh not in reality correct, this statesenc aay convenientls

c

be assuzed to be valid by megleceting drag uring thrusting and using 2 pocuto

thrust tnuset will yield casired vaiccity changes. This approach is used for

analysis only, not for trajectory conputations.

6.3.5 Trajectory Coapitaticn

Uncil this tise, the effort had been devored only to the untracaed

wehicles, since trajectorics of Che teo tracked vehicles sere assunsl fo be

known. However, agptication of the time-vt-rlight technique to the tev

tracked vehicles indicated thac these trajectories were serfcusly in error.

AC the time of the saove to Johnston Island, it was realized chat local geo:

raphy did not perait installacion of a satisfactory MDOT sssten. Althoush

seme doubts were raised at the rine about che performance of MIDUT under th

restricted geometry, Chere was litcle chvice but to use it. The »3.fe7 was

used co track tne aain carrier so that ic couid be correlated with DOWA?

e

"Doppler determination of velocit; am! position), which was the privary track-

ing ssveten for che win carrier. In this correlation, MOOT cocpured ven

favorably with DWAP. The MIDOT trajectories cbtained on fifteen of tne

Deorkneb venicles also looked vers sant wnen compared with tnevretical tra-

jecturies. (There was a discrepancs en the sixtcenth reend anich Aas »ub-

aeguentl. been ressived.) le was prinaril. for tnese reasons tmut YD. aod

Never been guestioned on Adi-lo. However, there eas a basic difference Detecen

tne dielo venicles amd the other roevets: the veher ucnies aod a much bette c

antenna pattera chan did the di-Lo crits. The por antensa pattern cotbined



eitn tte relativels aign roil rate of tne siebo's reswitea in a teli anula-

tien on tre MDOT records: false mulls coused ds Bais roel aStiation ecre

etten cifficule to distingaren froa tree malls. The alin itecestiresreiliins

wo for coe of tins eita &= ¢ ems ~ on ceo “VIN? er: Meet . - eee’ :vlees sfeStie

the tneeretical ami tne experizental relation-asras tmuot it uprrare impossible

Trae trey are correct.

The approach which was used to obtain final trajectories presented here

was to Cumpute Crajectories using smwn Teak and Orange atesrological conii-

tions and launcher setcings, together with che present best estizate vf drag

coefficient anJ noa@inal rocket izmpuise values. Teak and Oranse di-bo trajec-

tory estimates are showm in Figs. €.5 through 6.5. Ispact tines were chen.

adjusted to the observed value by warying secunl-stage impulse. aAmilssis han

indicated thar only minor altitude differences result €roa tne varicus pus-

sidie techniques for controlling impact tise. Herizental meion (Figs. 6.6

and 6.8) resulting from this approach is that which would result for nv dis-

persion, since mo data are available on actual horizontal positions, Disper-

sion is essentially a come, centered about che mocinal trajectory; consequently,

borizuntal aurion liaics can be decarained by adding the signa or é-sigaa dis-

persion angle ‘dispersion cone hali-angle) to tne launch angle in the desired

direction and readjusting the impact tine. Dispersion liaits for this vehicle

are approviantels 3 degrees at the I-sigma level and 5 degrees at the 2-sigay

level. These trajectories have net been run, since the total mober of runs

involved would be rather large. Linits on horizontal oorion can be deterained

easily if the sigma level and direction are specified. The trajectory analysis,

to be published, will describe the technique in detail.

Accuracy Jlisits on the vertical aotion have not Scen cosplerely werimared .

However, thes are expected to be very close to _ 5000 feet for a 50-percent

confidence and _ 10,000 feer for a @-percent confidence. (These aumbers ‘

refer to variation in apogee aleitcde.) Three techniques sere finally avail-

able for computing tne aposee alcitude of the series at Poinr Arsuello:

“L) experivental “MDDOT was again explosed, although the geometry of the setup

was ver: good chis tire), °Z) time of flight, and (3) theurecicul. The thorct-

ical technicce is basically, independent of che experirzental aporeaca. Puint °

Arsuelio cesuits essentiall: verificd the input paraceters and secre not used

to derive thea. Fron the scatter of tne altitude points ubtained from each
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MORIZONTAL RANGE [FEET 210°")

Fig. C.5--Teak Hi-by trajecterios. It smuuld be noted true horicuntal

fFunge is trod the tain lounchn pad. Luoten tine wus aregrecmed fer -9U
seconds irc’ Darot. KSSL impact biew 038 27S. gecunls siker Hi-Le

dacnch; 3833 and Rus} impsct cites were 276.00 ana L7S.72 sca ards, Coes-

peclivels, stter dieby lasaea.
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vi tne Uhree tecnniques, it appeares taut Cae erree of eacawas c.cpurabdle

to the errors of the other tw oetnwis. Errors ia the theoretical techaicuc

are mt errors in computation, duet rater, encertuinties ia taper sata. ia

vtter words, it ma appears that Che Ciserof-fligne tecanique will siels as

accurate a vertical position-tice history as will MDOT for this rocket con-

figuration. Apogee altitudes of ine six Jehnston Island di-Lo rounds of

major interest, as determined by tae taree sethods, are coapired in Table 3.5-

~ *
TABLE 0.5--APUCEE ALTITLDES

 

Enpirical Theoretical MDOT

RW (feer) (feer) (feet)

81 242, 300 243, 620 --

83 240, 100 241,700 215,000

65 242, 300 £43,460 --

4 153, 700 156, Te0 --

100 258,400 258,550 --

101 154, 400 151,720 1g4, 000

 

* Johnston Island Hi-Lo reunds.

8.3.6 Rocket System Evaluation

The performance of the rocket systema was lower than that originally es-

timaced, The prisory reason was unferestiz=ation of the secomi-stage drag

coefficient. Specifically, the apogee altitude for a noasinal vehicle fluen

on 2 Teak-type trajectory dropped froa a preshot estimate of 272,000 feet

to a final value of 250,000 feet. However, the concept of a nominal trajec-

tory, which had been heavily relied on in the first postshot analysis, loot

its significance with the discovery of the time-of-flight relationship. Six

Deacon-Arrows were launched on Teas acd all flew noraally. Teo Viper-Arrows

were also flown in an atterpt to attain cwre alzritude; however, these units

doth failed acroelastically shortly acter Isuach. An earlier Viper-Arroe

flan on a Teak dry run at Johasten Sad been successful, and it wa. sud se-

gtently Jecersined that the Viper-Arrow eas targinal acrowlasticall. and

that the probable success rate 25 only 50 percent. One of theoe Viper units

was one vl the two vehicles tracned bs MDUT, enich accoents for the face



that only ote ai-bLo trajscter was catained on Teak. seven MeaONeATTIN -

were floam on Orange; an eishta wait was rescs Bee could Bot be lists RE

Cause of Srife in the transaitter frequency. Six of these Deacca-Arrnws tlow

meraslly; the seccood stage failed co rigaite on Cae sevent rocad. Ustertun-

ately, this round, which was the only failure aang the 55 Deacon-arrns

flown from Joonston, was one of the tev rounmls Seing tracked by MDOT tor

Orange. Im susmary, it appears that (1) the Deacon-Arrow units flew oraails,

but the noaginal altitude performance was abour & percent below presdor esti-

mates, (2) the Viper-Arrow system was unsatisfactory Because of an aero-

elastic weakness in the desiso, and (3) it is possible to anke a satisfactory

postshoet esticate cf a ziven trajectory by using only che cotal time of flighe

and the launch conditions.
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Coaster 3

RADI SFRECLENCY SYSTEYS

9.1 INTROCUCTIONSe

Principal aims of the radio-frecucncy (RF) sessuresents prosraa were three

fold: (1) ro prowe the feasibility of a aodificarion of the Sandia-developed,

SOW-ac high-resolution telemetering system to obtain diagnostic inforaation

ca tests at very high altitude; {2) to deteraine relative positions of the °

Redstone missile and the Sandia instrimentation rockets at burst tine; (3) to

transmit data gathered in the Redstone and in the instrusentation rockets to

ground recording stations; and (4) to record RF signal strength from the in-

strument carriers to supplement Project 32.3 RF attenuation data.

To accomplish these objectives the following three separate subprojects

were organized: {1) high-resolution telepetry, (2) positioning systea, anJ

£2) FN-FM telemetry. Equipment, operations, and results of the systems evolv

are discussed.

9.2 HICH-RESOLLTTION TELEMETRY SYSTEM

9.2.1 Design Criteria

In order to proof-test the 4000-mc system for rocket-borme nuclear shots

it was proposec to aake quantitative measurements of early alpha ‘nucber of

ed

e-fold increases in fission reactions per unit tine in the prisoary of the war-

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

action) of the warhead used in the Teak and Orange events. Conditions affecting

choice and desjgn of equipment were deternined as follows:

\

(3) Line-of-sight range frog the test venicle to the ground receiving

station was expecred to be approxisotely 50 ailes.

  

  



ay
(4) Position accuracies of the Redstone delivery system were predicted

to be:

(a) Burst point range error = 2 1300 feec

{b) Burst poice altitude error = + 1000 feet

(c) Burst point azimuth error = 7 350 feet

(d) Pitch and yaw error of Redstone = t 1 degree

(e) Roll error of Redstone = 7 5 degrees

(5) Peraissible size of the transmission equipment was liaited to a wolom

of about 8000 cubic inches in the Redstone.

(6) System weight should be less than 350 pounds.

(7) Time from initiation of design of transaission equipment to final use

was approximately one year.

her loss well-defined and less tangible requirements affected design of

the RF equipment for Bardtack. Development costs had of course to be held to

aminimm. To avcid loss of control of the development schedule, developaent

of any major portion of the equipment could not be contracted to a supplier.

The desire to use a minimm oumber of people in development and operations

tended to restrict development work to equipment with vhich available personnel

were familiar.

9.2.2 Description of Systea

In the following description a signal is traced from its origin in the

detector through the system to the transnitting antenna as outlined in the

block diagram of Fig. 9.1. A complete technical description of the systen

has been given by Brimley and Schultheis.!

Gamma radiation generated by the exploding bomb enters the detector case

causes fluorescence of

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

and one photodiode oounted within the fluor. The threshold levels of these

Cubes are so adjusted that the ratio of light inpuc necessary for initiation

of conduction of the successive stages is 1000 to 1. The outputs of these

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

ly so

   

 

sent to the minimazgnetcon.
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The pulses ceveloped by the Jifferentiatias circuitry (approxisutely 0

wslts) are anplied to the sininagnetroa asd cause a [regvencs froa the pre~

selected quiescent frequency (sanimally «000 -(iy

From the ainisagnetron oscillator, the aignal goes to the RF swnitoring

and isolation owowork which is composed of stasiard waveguide components. The

signal enters this systea Chrough 2 coaxial savesguide transition and hence to

a directions] coupler. The low-power sile of the coupler gees to an absurption

frequency meter acd Cerminates in a crystal Jetector. This portion of the sys-

tem is intended to monitor frequeacy and power output of the sinisggnetron

during precpersaticnn! set-up procedures. The high-power side of the coupler

feeds into a ferrite isolator which in turm feeds a waveguide-to-coaxial tran-

Sition. From this transition the RF is ccuducted by RG-9 coaxial cable through

the missile pressure bulkhead to the hora antennas at the rear of the Sedstore

guidance section.

The signal is nexe transaitted to the 3round receiving station where it

is amplified, demdulacted, and displayed oo a high-speed oscilloscope. The in-

ftomsation is permanently recorded by photograshing the oscrlioscope trace with

a moving-fila cavers.

A complete description of the receiving and recording equipzent [is given

by Brumley and schultheis! and Glass.?
s

9.2.3 “Hardtack Operational Plaa

“Equipsent apd personnel were transferred from Bixini to Johnston Island

to begin set-up and check-out about 35 days before che Teak event. The re-

ceiving station was installed on Johnston Island, and parabolic receiving

antennas of i-],’2 and 3-1/2 bvan widths sere placed on top of the station.

Assenbly and check-wul of the first airborne Cranszitting system eas started

after grount installations were completed. Planning called for this equip-

ment to be installed in the Redstone sissile Juls 19 on Johnston Island,

Following installation of celesatry equipnenc, the sissile was as:enbled aad

erected. Séveral s.stem checks were wade before the syotem was judged reads

for flishe.



A brief description of tre configurations of equipment adoure tie Redsteone

folicws. These are illustrates by Figs. 3.2 am 7.3. Sith the exception at

antescas and antesrra feed cables, all cxeponments were mounted ona large sie

ima place shich was attachea to Che Carysler Corporation 20 plate located

dDetweea the guicisce section and the warhead. The detectors were thus within

a few inches of tre rear dust cower of the warhead. [5 order to suurd asainst

radgiation-proeduced failure of electronic cocponents before the detector signals

had dcen EtCransaitted, none of the high-resolution relemetsy equipaent vas placed

closer to the warhead than were Che detectors. From the RAD plate, antenna

cadles went to feecthroughs in the sissile pressure bulahead and then to two

1d—5-zain horn antennas aouated in the skirt section of the top unit. These

anternas were merced in such a aanner chat their radiation would be directed

tcward che receivicg stations, provided the missile was in the prescribed posi-

tion aod attitude at burst time. Before separatiss of the threse unit and the

tep unit, the RF gxeer sent to the antennas was absorbed by aaterial inserted

in the antennas. aA line artached to the erust unit pulled this aaterial froa

the antennas at separation cise. Total weight of chis installation was about

246 pounds. Power was supplied by two 5-ampere-hour, 26-volt nickle-cadaiua

batteries connected in parallel. Average power consu=ption of the system was

about 1] azperes.® The FM system aboard the Redstone was equipped with one 5-

acpere-hour battery, drew about 6 azperes, and weizhed 66 pounds.

A sisilar procedure was followed for Orange shor.

9.2.~ Data

Teak. Teak detonation did not occur at the proper poine (see Fig. 1.1)

and oo inforsation was obtained, since antenna bean widths were such that the

burst occurred outside che region in which sufficient signal cou): have been

received, \ '

ce LT
Orange. The system operated well on Orange, and a good record of transit a

time was obtained on the low-resolution raster scopes. From these records a 7

: : — Ye      

Tae hish-cine resolution scopes either failed to trigger, of the cateras

failed to cecord the trigger. Therefore, no high-speed alpha record was

obtained.
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9.2.5 Samour of System Performuisce

Teas. Telemererea inforaiticn indicates that the azirdoine ssatea funce

tioned properly. The receiving station was manned amd opersted norsally.

lopediately follwics launch of the Redotone, a signal level vas chserved and

Tecorces at the receiving station, but as the sissile aoved farther frog its

prescridet trajectory, this signal faded so that at sero time no signal strensth

was presesc.'

do the sissile periormed properly, a record of transit tise amt alpha

wouldalaost 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 adjustoent of scope trigser levels or use of are sensitive

fila in the recording cxmeras.

 

9.3 POSITIONING SYSTEM

9.3.1 Design Criteria

AGequate analysis of data ob@a ined by the iastrucentation 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 system cost,

includiag design, development, and procurement, was not to exceed 2200, 000;

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

had to be determined to an accuracy of * ZOU0 feet; (c) in considerably less

than ope year from initiation of design, the systeo had to be operationl to

the extenc of being capable of tracking one test rocket at a tine at the Tunupah

Test Raaze; and (d) the systea had to be capable of operating remtely by

closure of a few relays.

9.3.2 Description of S)sten

Follwing is a brief description of the ssstem; for complete details

3refer t> Pace, Crosle:, and daasen.

Ca “4



 

aiter consizeration of several system types (ratar, Cotar, and ghase com

parison dewices such as Ninitrack Mz I and Microlock), ic was determined that

the systes most lizely to meet all cesign criteria was a motification of the

Minitrack “k LI.

MIDOT (Multizle Interferometer Deter=ination of TIrejectory), the system

that was evolved, is a passive, mill-recording, angle~-measuring device. A

radio interferometer using two crossed base lines, MIDOT operates from the

Celemetering sisual. A typical MIDOT installation coasists of two antennas

mounted on each of two orthogonal base lines. The base-line length chosen

Was approximately 100 wavelengths at the telemetering frequencies.

Signals frum antemmas at each end of a single base line are added together

at an RF tee Iccated midway between the antennas. From this tee the signal {s

sent to a staniard telemetering receiver when a record of signal strength is

made. When arrival tise of the transmitted signal is 180 degrees out of phase

at the two anteceas, a mill results at the tee. Through application of rela-

tively simple geometric relationships it can be demonstrated that, for the oll

to occur, the transmitter 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 is 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

transmitter aay be determined as the intersection of lines froma the stations.

The system is ambiguous, but the ambiguity can be resolved when the initial

condition geometry is known. Experimental data indicate chat the system in

the field will yield data accurate to about & mils, or approximately t 1000

feet at a range of 250,000 feet with a baseline between stations of 10,000 t

1000 feet.

Figure 9.% is a block diagram of a single base-line, seven-channel re-

cording station. The helical antennas feed Andrews Coupany Beliax cable to

the tee at the aiddle. From the tee the signal is fed to ASCOP milticouplers

and then to Sens-Clarke crystal-controlled receivers. Signal strength at

each receiver is recorded by a Miller paper oscillograph. Data reduction is

conplex and time-consuming and requires use of analog and digital computers.

Ok
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9.3.3 Eardtack Operatisual 2laa

Esuipoest and personnel were transferred ta the prowing ground in tine

to begin assembly and check-wut about 55 days before the Teak event. Four

MIDOT statious (two on each island) were established for the Teak and Orange

events on Jotmston and Sand Islacts (Figs. 9.5 ami 9.6). Electronic ecuip~

ment at each station was contained in a 9foot instrumentation trailer. Each

antenna was mounted on a pedestal, erected, and positioned by the field con-

tractor according to specifications.

At the requesc of the Arsy Ballistic Missile agency (ABMA), equipment

was cbtained to enable the MIDOT system to track MRL pods used on Orange shot;

however, the equipment was not used because of changed plans in the field.

9.3.4 Data

Position data from MIDOT aeasurements are estimated to be better than

design limits by approxinately a factor of 2, giving su accuracy of > iGGO feet

in any dimension. A comparison of the Orange burst pusition given by MIDOT

to the AKMA location determination, as specified in wr-1657," agrees within

1000 feet. It is therefore believed that instrimenration locations quoted are

within a 2000-foot-diameter sphere. Figures 9.7a through 9.7b are plots of

tange, altitude, and lateral displacement in feet versus time? 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 seconds

after lift-off, respectively. Table 5.1 is a tabulation of burst time co-

ordinates and slant range to the bursts. Burst positions are taken froa

wr-1657," other locations frow Sandia MIDOT data. Trajectories for RF atten-

uation measuring rocxets are presented in Chapter 7.

9.3.5 Summary of System Perfor=ance

Teak. Nine missiles were tracked during the Teak sbot, and satisfactory

Tecords were obtained on seven. The two records not reducible are those from

the 80, 000- foot instrmentation rocket and one of the RF attenuation Viper-

Arrow II rocsets (see Chapter 7). Transaission froa the 80,000-foor rocket

ceased 4.2 seconds after launch. Yo cause for this failure has been deternined.
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Fig. 9.To--Station TK-zO9: «x, y, % versus tine after Redstone lifroff.

Teas burst was 170.6 seconds after liftoft.
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Fig. 9.7d--Station K-33: x, y, z versus tine after Redstone liftoff.
Teak burst was 170.6 seconds after liftoff.
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TABLE 9.1--BCAST TIME POSITIQNS RELATIVE
TO REDSTONE LaLyai® :

 

Teak

Altitude South West Slant Range

Station (feet) _(feer) (feec) __(feer)

Barst 250, 360 ~3,170 2,260

¥-37-39 38, 600 32, 900 6, 000 214, B00

5-38-48 48, 000 33,900 4, TOO 205, TOO

3-36-59 59, hoo 3, 500 6, 100 . 195, 500

B-35-80 RF failed No data

S-34-209 206, 700 ¥, 300 5, 000 58, 700

3-45-252 252, 000 63, 300 19,200 6&8, 600

Orange

Burst 140, 985 136,715 3,060

x-41-72 71, 600 29,200 2,500 128,100

3-40-1158 115, 000 80, 600 -7, 200 €2, 700

B-46-1255 124, 700 117,200 36,600 ke, 100
 

2
For predicted positions, see Table 8.3.
 

The Vipet-arrow I aissile wes destrsyed shortly after leumch and oo dts

were obtained.

Orange. Of six missiles for which tracking was attexpted, five were suc-

cessfully tracked. The six were the Redstone, on-1152, OR-125S, and 08-72, in

addition to two Deacon-Arrow combinations. The second stage of one of the

Deacou-Arrows failed to fire and no trajectory was computed froa the MIDOT data

(224-mc Hi-Lo, see Chapter 7).

9.4 FM-FM TELEMETRY SYSTEM

9.4.1 Design Criteria

The FM-FM telesetering systea was the saost important endeavor of Project

32.4 but, since very little cevelopoent was necessary, it was probably tre



' )k

sisplest to accomplish. The system is intemted ta accept data frm— seutrca,

gamma-ray, thermal, and X-ray transducers ani transform such data to a fora

suitable for transmission ani recording. It also is to provide aonitoring of

warhead command fimctions and the high-resolution telemetry systea.

With the exception of radiation effects, couditions surrounding the

Bardtack tests were not greatly different from standard light-missile tesis.

accelerations experienced did not exceed 65 g‘s, and space was sufficient to

utilize standard components. The effects of radiation were not well under-

stood, but cests during Operation Plumbbob indicated that no great difficulties

sbould be anticipated at the ranges from burst which were planned for the

Program 32 instrument carriers.

9.4.2 Description of System

The system will not be described in great detail, since the techniques

are well known and couponents are commercially available. Figure 9.€ is a

block diagram of a typical instmomentation rocket installation. The principal

components in the system are as follows:

(1) Bendix TOE-31 subcarrier oscillators

(2) Bendix TXv-13 transmitter

(3) Rheem REL-09 power amplifier

(4) Carter Magnotor 250 v-250 na

(5) Ni-Cad ZHIO batteries

(6) Sandia-designed, nose-probe antenna

(7) ASCOP cocoutation switch

accuracy of the system was expected to be better than 5 percent from data

input to reduced data.

_ The receiving station was mounted in a 34-foot trailer van and consisted

of standard cocemercial equipment. Figure 9.9 is a block diagras of the FM-™M

receiving station. Its principal items are:

(1) ASCOP preamplifiers

(2) ASCOP sulticouplers

(3) Nems-Clarke Model 1400, erystal-coatrolled receivers

(4) Aapex F2 114 cape recorders

(5) Miller Model J, 30-channel oscillogragh
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9.4.3 Mardtack Operation Plao

Personnel and equigment were transferred ta the provirg ground in tine

to begin assembly and check-out about 35 days before the Teak shot. The re-

ceiving trailer was mowed from Bikini to Johnston Island, and all its elec-

tronic equipment was checked out. Ismediately following check-out of the

trailer, instrumentation rocket telemeters were brought into the trailer for

setup and calibration. As noose cones were completed, they were assembled in

the missiles and the latter were erected on their launchers. Seweral signal

dry ruas were conducted before shot dsy to assure proper operation of the

systems. Sufficient equipment was taken into tne field to support two Teak

shots.
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Chater 10

TEAK AND ORANGE WAREEADS

10.1 WARHEAD SYSTEM

10.1.1 Introduction —

 

  

 

warbeads to be

Orange evéhts, and addition-

Sandia's responsibility was to provide

carried by the Redstone missile for the Teak

ally co insure mechanical compatibility between the warhead and the aissile

as well as electrical compatibility berween the warhead and the fuzicg s7stea

provided by Picatinny Arsenal. Special equipment was installed on each war-

head to provide for maxicam prelaunch safety and to provide special firing-

signal circuics to the diagnostic telemetering system which was installed io

the Redstone missile. Final assembly of the warheads was accomplished at an

SEC productioa facility under the guidance of personnel from this project.

Bo difficulties were encountered in assembly or final preparation of the units

of the forward area.

®
Installation of the warhead in the missile-warbead coupartment was ac-

complished on Parry Island, Eniwetok Atoll, for the original Teak operation

which was to hawe been carried out from Bikini Atoll. Following postponement

aod relocation of the event from Bikini to Johnston Isl=sd the gissile was

returned to Parry Island from Bikini and the warhead was removed. The Teak

and Orange warbeads were later sent to the Waikele Branch, Naval Ammunition

Depot-Cahu, Catu, 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 ABMA mechanical group and Navy

personnel at the site.

Following assembly at Waikele, che units were airlifted by MATS from the

Naval Air Station, Barbers Point, to Johnston Island. The units actually used

Sere stored on Johnston Island until] they were expended, while the spare war-

heads remained at Waikele.

wa have I27 ks deleted.



10.1.2 wSarbead Description

 

(Fig. 10.1). The warhead and instrument compartuest were sealed before launch,

and thus the warhead was exposed to pressure during flight equal to or slightly

greater than ambient pressure of the launch site. Details of warhead descrip-

tion and operation are contained in Sandia Corporation document sc-3897(m).!

20.1.3 Warhead Preparation and Test

 

used. This equipment operated satisfactorily in all respects.

10.1.8 Fuzing Systea

The fuzing system is described in a joint DHA/DQD/DASA publication.* The

system consisted of two paralleled T-107 safing and arming devices, a 26-volt

thermal batrery power supply, and a timing device. As a result of changes ixn-

corporated following flight tests at AFMIC, the system was changed so chat

the primary fire signal was applied directly to the warhead trigger-circuit

thyratron grids, and the ‘backup fire signal vas applied -to che trigger-circuit

pulse transformers. .

The fuzing system was designed ‘by Picatinny Arsenal and vas based, where

possible, on use of already developed components. The T-107 devices were

similar to chose used in Che tactical Redstone missile, with modifications as

necessary to fit the trajectories. The tining device ucilized mechanical

escapement timers which had been used by the Ordnance Corps in other weapon

a,

applications.

? ,
DY
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The T-l97 dewices allowed arsing and firing signals to pass the warhead

only if the trajectory was correct; the timing dewice generated araing and

firing signals in proper sequence for warhead operation.

Toe firing signal was delivered by the missile progracmer in series with

contacts clased by the fuze timing device. This was done in order to provide

wore accurate control of the burst point. A backup firing signal was provided

for additizaal reliabilicy. Ome of the warhead arning signals was required to

be contimoms; if detonation did not occur om either firing signal, this signal

would hswe been interrupted by the fuze tizers, causing the X-unit to discharge,

and thus to "dud" the warhead.

10.1.5 Safery

A study was made of safety considerations involved in the Teak and Orange

tests.279 The conclusion reachec Sy this study was that probability of a muc-

lear detonatica at an altitude of less than about 90,000 feet was less than 1077,

Safecy against a ouclear detonation was dependent primarily upon the

T-107 safing 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 aissile accelerations be experienced at proper times, and that

certain signals 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 vill 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. The

circuit between the high-voltage battery and the X-unit was interrupted and

connected to two receptacles mounted on the external skin of the warhead. A

tuclear 2etouation could mot cceur under any circumstances unless the circuit

between these receptacles had been completed. This was accomplished at approx-

imately H - 55 mimites by means of a jumper cable installed by the arming party.

The warheads were monitored as necessary for personnel protection against

exposure to tritium gas in the event of a leak. A 1-269/336 installation was

used in the assembly buildings and was operated contimuously wherever a unit

was in che bay. At other times during warhead handling operations, T-290

portable air samplers were used.
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10.2 SYSTEM SON ITORDM AND RESTLTS

10.2.1 Preflight Safety Checks and Final Sarbead Araicg

Sandia was given the responsibility of performing final arming of the war-

bead prior t> missile Launch. This work was initiated at H minus & ainutes,

after assurance from the ASMA firing coordinator that radio-frequency silesce

was in effect on the missile and ia the area east of the Jobnston Island

aircraft-coctro] tower.

The first operation performed was a woltage-safety, check of the fuzing-

system output lines. This step was incorporated to assure that no voltage was

being supplied ou any of tbe lines to the warhead. A special test device con-

nected a multimter through a selector switch to the fuze-output connector.

Each wire in the output circuit was monitored individually by means of the

selector switch. The multimeter was set on the 2.5-volt range aod the meter

switched to the AC and DC mode ror each circuit. No voltage was detected on

any of the input lines.

The secood step was a warhead~contimity test performed with the T-304

wultiple-purpose test set. This test confirmed that the high-voltage thermal

battery had not been activated and that certain critical interosl warhead con-

nections were couplete.

Following these steps, permission was requested and received from the

Commander, Task Group 7.1, to arm the warhead. The cables between the warhead

and the fuze were connected, and continuiry checks of the warhead and fuze

were perforaed by means of che Picatinny prelaunch contro! and monitoring panel

in the firing bunker. All connectors on the warbead~fuze cables were than

safety-wired, and the diagnostic telemetering system was connected to the

vartead.

The last step to be performed was insertion of the high-voltage jumper

cable which was also safery-wired. Following this operation each meaber of

the arming party perforzed 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 Croup Comeander by the Project

Oiificer thac arzing was complete and a statement to the ASMA firing coordinaror

that radio-frequency silence could be liited.

ae



10.2.2 Inflight Monitoring of Warbead System

Four subcarrier channels of an FM/FN telemetering system were used to

wointor performance of the warhead and fuze electrical systea. Three charnels

were used to monitor the three cd-wolt signals which the furicg systee scpplies

to the warhead. The fourth channel was prowided by Picationy Arsenal. A cas-

mutated signal fram the adaption kit was imposed on this channel and was used

to indicate operation of the various AK components. The monitoring system

performed properly, and all functions occurred as expected.

10.2.3 Test Results

/

—
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Chapcer ll

OPTICAL 2AD LATION AND PSOTOCRAPHIC COVEREE

U.1 OBJECTIVES

Photographic cowerage on the ground for the Teak aid Orange events was

designed to record the time history of wisible radiation. Basically, three

types of coverage vere attempted: (1) high-speed framing cameras to record

absolute surface brightness in three narrow spectral bands, (2) lensless

streak cameras to record irradiance om the ground in three narrow spectral

bands, and (3) a spectrographic streak camera to record bomb spectrum versus

time. In addition to these, conventional framing cameras using color fila

were e=plosed to provide documestary comersge and scpplementary messuremest

of the warious fireball dimensions and phenomena at Late tine.

Objectives of the photographic coverage were seweral. As indicated t

above, the primary purpose was to gather data whica are descriptive of the

thermal pulse in quantitative detail. The bearing of this gforuation on

the problem of detection of high-altitude bursts is clear. In addition, the

information is of interest from the standpoint of weapon effects, e.g., the

flash blindness probles. It was furthermore intermled that coverage of optical

phenowena should contribute substantially to the general fund of dats perti-

pent to an understanding of the pbysics of e high-altitude fireball plasaus.

Quantitative measurements were needed for this purpose; qualitative informa-

tion about unexpected phenomena was also sought.

11.2 THEORY

The following discussion of fireball phenomenology at high altitude sua-

maxrizes, in part, the thinking of others .122 3,445 wv,

calculation are omitted here and only salient resclts are considered. hos

at sea level, sofcoyabsorbed - o

within a few meters of the boob, giving rise to a very hot isothermal sphere. ~

The tesperature is so high that energy radiated is largely in the spectral »

For brevity, details of

SY
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tegion and is strocgly absorbed by the ambient air. The growth of the ses

level fireball is priscipally by hydrodyaxaics which form wery cuicaly and

carry sway most of the energy yield of the weapon. Very little enerzy es-

capes the fireball before formation of the shock fronr which absorbs the

vadiant energy of the inper fireball, thereby decreasing the effective bright-

ness of the X-ray beated air. After breakaway, the expanding shock becomes

transparent and a second aaximm in the thermal pulse occurs which contains

essentially all the energy radiated from the burst. The fraction of the

yield contained in the thermal pulse is about one-third of the total yield

for a sea level explosion. +

Because of lower air density, X-rays is deposited

in a larger volume at higher altitude. The air tesperature of the fireball is

then somewhat lower than at sea level, and more of the radiant energy is in

the spectral region for which cold air is transparent. Bydrodynamic phenomena

do not form as quickly as at sea level, so that more energy is radiated before

the thermal minimm. This enhancement of the radiation constitutes a loss of

energy which would otherwise be carried sway hydrodynasically. The result is

that bydrodynamics become less important and thermal radiation is increased

with altitude. Depending on yield, there is an altitude at which there is no

second maxizam in the thermal pulse. This occurs below 200,000 feet for mega-

ton weapons. At still greater altituces, the portion of the yield that is in

thermal radiation begins to decrease again. This is caused by X-ray deposition

which is so diluted spatially that the fireball] air is not very bot and cannot

radiate effectively.

11.2.1 Crexge

Shot Orang S$ not expected to be substantially

different from sea level shots in sany respects. At this altitude, X-rays are

still absorbed in a rather small region around the bomb. Hydrodynaazic phenrca-

ena develop somewhat later than at sea level but still constitute the saost is-

portant mchanisa for transporting energy away from the explosion. As at sea

level, a minim in the thermal puise occurs, although later than at sea level,

and relatively more radiation escapes in the early stages of the explosica

before the miniam. Only a slightly larger fraction of tke yield is radiated

in comparison to that at sea level.
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11.2.2 Teak

Shot T Y expected to represent a aarked

departure framthe phenomenology of a Sea-lewel burst. At this altitude, air

density (a2, 3 1979) is such that X-rays are deposited fa a sphere of ap-

proximately 30,000 feet radius. Hydrodynamics are much less important than

at sea level ani develop very late compared to the time for radiation cooling

of the fireball. As a result, nearly two-thirds of the yield is radiated sway

in a single thermal pulse of sbort duration (about 10 msec). Because of low

ambient air density and relatively low temperature of the fireball, the heated

air is quite transparent, so that direct obserwation of the inner portions of

the fireball can be made.

11.2.3. Teller Light

Teller light is well known in the case of sea-level burses® as the in-

tense early light from the air surrounding the burst before formation of the

fireball. it is generated by gamma radiatisc a>sorded in the air by Cumpios-

collisions, Fast recoil electrons (a few hundred kew) rapidly transfer gamma

energy to excited states of air molecules, giving rise to a characteristic

emission spectrum in the visible frou Ny and ND:

AC Teak altitude the air can be sisilsrly excited by photoelectrons pro-

duced by absorption of soft X-rays at relatively large distances froa burst

point. Absorption of both gamma rays and X-rays can thus give rise to proupt

emission from excited molecules, and both radiations are therefore considered

.sources of Teller light.

Because of the long collision time cf mlecules at 250,000 feet (about

1 psec), the Teller light phase of the explosion is greatly enhanced. Since

the lifetice of an excited state is about 10% sec, wirtually all excited

molecules radiate before the excitation is traasferred to kinetic energy by

collisions. .

Because of che long mean free path of gama rays at 250,000 feet, deposi-

tion of gamma energy is much less than that from X-radiatign ac burse altitude.

At an altitude of about 100,000 feet, however, air density is such chat there

is a broad region of substantial gamca-ray absorption. Thus, oost of the

Teller light generated by gaauma radiation arises frow this lesser altitude.



 

Sy
Teller light from X-rays is mck mre intense aad occurs sch mearer rhe burst

point. Further discussion of the Teller ligtt pulse is preserred in a later

section.

11.2.% Thernal Radiation and Teaz Fireball Dewelopment

At 250,000 feet altitude, it is estimated that about two-thirds of the

      a large volume because of low ambient air density. Y-ray energy is rapidly

transferred to energetic photoelectrons and auger electrons which deposit

their energy locally by further ionization aaj excitation. The approximate

energy deposition in electron wolts per air atom is illustrated in Fig. 11.1

wersus radius. The omber of ion pairs produced per atom by energetic elec-

trons can be read directly from the graph as ¢/32, since it requires 32 ev to

forms an ion pair in air. Thus, for example, all air atoms are at least singly

ionized within a radius of about GO) feer. Esdistion emitted by excited air

depends on the state of the air imedistely following initial deposition. Ex-

cept for prompt Teller eaission already wentioned, the most important processe

which ow occur are those which bring about a statistical equilibrium!

The general characteristic of the air immediately after deposition % the

bomb's energy is the presence of an excess of mlecules, seutral and ionized,

for the energy content of the sir. In the closer region there is, in addition

an excess of electrons. In the outer region, dissociation of neutral molecule

by collisions is slow (approximately 1 to 100 msec). Thus, in the beginning,

at least, radiation from the outer fireball is predocinantly from molecules.

Closer to the boob, where there is substantial fonization, molecules and elec-

trons disappear together by a cocbination of two nouradiative reactions:

Np + @ = 2N and No +N” 2 yy +3. The first is dissociative recombination;

the second is charge exchange.

Both of these are sufficiently fast that equilibrium is attained in

about l psec, and as a result dissociation of all mlecules occurs, leaving

fonized air atoms and electrons. A sisple argiment shows that this will be

the case out to the radius for which € « 10 ev/atow (approxisarely), which

occurs at about 15,000 feet. This woluve is referred to as the ionized core

region in Fig. 11.1. The principal source of optical) radiation from the

33:

N S
a

 



  

t
e

|
T
T

r
e

T
I
T

TIT
T
T
T
T
_
T

      

30,00520,000

 

15,000

T
I
T
I
T
I
T
T
I
T
T
S
T

TIT) 
JL
 

6o-

40

o4~

a2

d
tawo

10

(
w
o
s
o
s
a
e
)

»

R (feet:

Fig. 11.1—Energy deposition versus radius frou air zero.

-)
Y



fireball arises in this regisa and is caused by the radiative recombination

of electrons and ateaic ions such as N7 +e eM - bv. Recombination tise L:

about 10 msec. Since apprasiaately one-half of the total seposited enerzy i

contained in the core Tegiou, covilng time for the fireball is sf che erder

of the recombination tice.

In addition to recombization radiation from the core, there is same

radiation caused by free-free (Breusstrablung) electron interactions in the

field of che atoms of the core and sooe line emission from excited atoms.

Got bomb materials will also contribute in some degree to radiation froa thi

region. Absorption of some of the radiation from the core in the outer

"“polecular™ region gradually fsochermalizes 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 K. Because ai

at this temperature and pressure is quite transparent,¢ the fnner portion of

the firebsll is observable, and the cooling rate decreases markedly.

  This energy is absorbed in a lar

region around the burst by photodissociation of oxygen molecules. Since re-

cocbination of neutral atoms to form molecules requires three body collision

which are extremely rare at Teac altitude, dissociation of 0, is essentially

persarent, and this energy of the bomb is effectively wasted.

   

   
11.3 INSTSLEMENTATION

As previously stated, quantities to be measured for the Teak and Orange

everts were: (1) absolute surface brightness in three narrow spectral bands,

 



S

(2) irradiance on the grount ia chree narrow spectral bands, ami (3) bomb

spectra versus tine. Tables 11.1 and 11.2 give specific camera Jita.

11.3.1 Frasing Cameras

Twelve cameras were centered on expected "air zero.” Six lé-om Fastax

cameras at 3000 to 6000 frames ptr second prowided a narrow azgle of view.

A second group of six 35-cm Fastax cameras at 2000 to 4500 frases per second

covered a wider field. The Fastaz, a high-speed casera of the rotating prisa

type, produces discrete frame images. With these caveras, an atte=apt was uae

to measure absolute surface brightmess in three narrow spectral bands: 4000 a,

5000 A, ami 6500 A.

11.3.2 Streak Cameras

Three 25-=> streak cameras vere operated. These are essentially normal

Fastax cameras except that the prisms have been removed, affording a continuous

fils transport mechanism with no framing compensation. The caneras vere fitred

with slits of the desired width to obtain necessary time resolution and expo~

sure. Zach slit was divided into fcur segments. To allow wery wide exposure

Fange, three segments accommodated effective neutral density 3, 2, and lL filters,

respectively. The fourth segment remained open, giving exposure at unity. The

three cameras were fitted with narrow-band pass filters at 3500 A, 5000 A, and

6500 A, respectively. No lenses were employed with the streak cameras.

11.3.3 Recording Spectrograph

A Hilger lemeter quartz spectrograph was used to record spectm= 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 accocmodated by

the Hilger instmment. Film width of 9-1/2 inches allowed complete coverage

of the spectra which {fs available for the spectrograph. Tbe range of the in-

strument, 2000 A to 10,000 A, exceeds the spectral sensitiviry range of the

esulsion (Eastman Kodak Tri-X Arecon Panchromatic) used. Tine resolution was

about 16.7 psec at 100 ft/sec. A reference marking light was e=ployed to con-

penssate for errors caused by fila weave.
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Deo lg-nm Fastax coneras, incorporating actoamatic expeosere ccetrsl, vere

used. These cameras, cperated at 2X0 frames ger second, Save a tila capacity

of ~OO fence. re ia characteristic of this sechanisa to orlese acd folisn alrer

approzisate:y 100 usec. The initial iiiter setcing fe made for aderuate exe

posure S:rizng the firse 100 psec. Additional ta evaluation of the exposure

contre] systea, resulticg fila recores sere interded to provice early-tise radi:

versus-Ltize data as well as documeatazy coverage.

11.3.4 Mitchell Cameras .

Three Mitchell 35-cam high-speed sction picture caseras were located at

the camera staticn on Johnston Island. Anscochrese color fila was used. Gen-

erally, eaphasis was cn radii versus time and later tice phenomena, in addition

to qualitative or doc.mentary coverage. These caceras afforded a wide field of

view fapproxicately 36 by 48 degrees).

Foz che Crenge event, three off-site Mitchell 35-com morion picture cazeras

were edded. Two caseras were located at French Frigate Shoals and one vas

placed aboard the USS Boxer. Prine interest was in very late-tizne, large-

scale phenocena. Here also, Anscochrese color fila was used. These cameras

were inteoded to provide qualitative data only.

11.3.5 Ballistic Plate Cameras

Two ballistic plate cameras, especially designed for obtaining positioa-

ing data on 10+ by l2-icch sensitized glass plates were used. Four sets of

fiducial carks were exposed on the plate for accurate and repeatable reference.

Lens focal length on these cameras is 12 inches. To assure precise position-

ing, the ballistic camera incorporates a sount for lccatisn of a theodolite

directly over the nodal point of the lens. One casera vas located at the west

end of Joimston Island and the second was established on Sand Island to obtain

as long a base leg as po:sible.

An explosive capping shutter was designed to close while the mechanical

smtter was still in its ouch slower process of closing. Exploding che charge

was acccoplisked by a photocell-controlled circuit triggered by the first light

of the test detonation. Effective closing time was approxizately 250 usec.
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11.3.6 Timing Reference

One-bindred-cycle time saarks were placed on filo records in the Mitchell

ca=eras and cne-thousani-cycle Cining was supplied to all other high-speed

Cameras and the spectrogragh ip the Jodostoo islam) camera station. A sispie

Cine sack generator was used with the Mitchell casera (slow-speed) aboard che

USS Boxer. It provided one tive sark approximately every 7 seconds. This

Caoera 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 through Cwo sync sark genera-

tors, each triggered by a photocell which was acruated by che first light of

the detonation. During calibrarion of these generators, a delay of approxi-

mately 60 psec was experienced between the first visible light from an elec-

tronic flash lamp and actual lighting of the séon flow Le=p.

11.3.7 Filters

Metal interference filters were used for the narrow-band pass filters.

These were generally second-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 & filters

it was necessary to use kratten gelatin filters to suppress unwanted bands.

Figure 11.2 shows transmission curves of the narrow-band pass filters combined

with the Wratten filters where the combinarion was used. These curves are

measured with approximately the same angular spread (5 degrees} in che light

az was present in the field. The so-called neutral density filters (Wratren

No. 96) were calibrated at the wavelength used. Tabies 11.1 and 11.2 give

this effective neutral density for the filters used.

11.3.8 Fila Recording

The quantitative ceasuresent of light intensity using photographic emul-

sion requires establistment of known relationships berseen exposure and result-

ing density produced in the developed equlsion. The reader is referred to

accepted sources such as nee sl? or Jones} for a more complete discussion of

the general problem. A thorough discussion of fila acd camera calibration

techniques and data reduction methods for this project is given in a report

by Palser.1*



=;
Lighe transmission, T, of a deweloped file generally 2ecreases with in-

creased exposure. Density, D, of a filw is defined as D = 10815 (l/r).

Figure 11.3 shows a typical relatisashia between D and Cae exposure, EL Evi-

dent are the toe, a more-or-less straight-line portisn, and the shouller of

the curve where che density reaches a liaiting value. The relationshia be-

tween D ami E is somewhat sensitive co the wavelength of light used. The

teciprocicy law (which states thar density depends only on cotal exposure,

E = It, ami not intensity, I, or tine, ©) bolds fairly well for exposure tines

of interest, 7 to 200 psec. Fila calibration procedures accounted for the

wavelength and reciprocity variations. D-log E calibration curves were obd-

tained by exposing the film in modified Fastax streak cameras using the various

garrow-band pass filters and several slit widths. The sun was used as a source.

Its intensity, after passing through the filter, was seasured with a black-body

receiver (Eppley thermopile). All file was from the same emulsion oumber; new

calibration films were made at the test site and received the same handling,

storage, ani developing as the record files. As a relative processing coatrol,

sensitometer step wedges were included at the beginning and end of each roll of

film. These were exposed on an ECG ME VI sensitomter at 10 sec. Figure

11.4 shows typical D-log E curves for the four wavelength regions passed by the

filters.

1L.4 RESTLTS

Curves plotted from control wedge densities indicated that processisg was

reasonably constant for any one roll of fils (Fig. 11.5}, but vas not as con-

sistent as would be desired from fila to filo. These differences usde direct

comparison of test records and calibration records inadvisable. In addition,

the step wedge densities do not extend to as high densities as the actual

records. To make the data meaningful, a sethod for obtaining a density-versus~

relative-exposure curve was developed which used only the control step wedge

densities, che known exposure difference between the four separate channels on

each streax cecord, and the density versus time of these records. The absolute

scale was obtained from calibration records, This method is described in de-

tail in Palver's report 12 In brief, for the calibratisn fils, che average

gtadiext over an exposure interval of 1.5 log E units is tazen so that the

line taragh the end points is tangent to the D-log E curve at the toe eod

(Fig. 11.2). The intersection of the extension of tais line with rhe exposure
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axis is called the inertia point. It is found that the inertia point position

is quite insensitive to variation in development processing. The inertis

point from the calibration filw was therefore used to place an absolute energy

scale on the O-log E curves obtained as follows. The exposure ratio berween

any two channels of a streak camera is known from the relative filter trans-

missions. Tous at any fixed time, four points on a density-versus-relative-

exposure curve are obtained. By going to other times, other groups of points

can be obtained, and thus a complete curve san be built up. It-was found chat

data from chaonels with ainimm exposure (and to a such saaller extent the one

with che next greater exposure) did not fit well with che higher density chan-

nels. Subsequent laboratory tests have shown that there is suificienc scatter-

ing in the fils and cazera to cause a distortion of rhe channels which have

been attenuated factors of 100 to 1000 as were the mo least Zense channels.

Therefore, only data froa the two aost danse chacnels on each fila sere coa-

sidered reliadle and used ia subsequent asalysis. The autocalidrated curves
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Fig. 11.5--Control step wedges, film T-11.

axis is called the inertia point. It is found that the inertia point position

is quite insensitive to variation in developoent processing. The inertia

point froa the calibration film was therefore used to place sn absolute energy

scale om the D-log E curves obtained as follows. The exposure ratio between

any two channels of a streak casera 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 times, other groups of points

cao be obtained, and thus a complete curve can be built up. It-was found chat

data from channels with ninicum exposure (and to a such saaller extent the one

with the next greater exposure) did not fit well with che higher density chan-

nels.) Subsequent laboratory tests have sbown chat there is sufficient scatter-

icg in the fila and casera to cause a distortion of the channels which have

been attecusted factors of 100 to 1000 as were the two least dense channels.

Therefore, only data from the two most dense channels on each fila were con-

sidered reliable acd used in subsequent analysis. The aucocalibrated curves

ay



ey
matched well with che control-step wedge curves in Che region of overlap, ani

together give a Jeasitveversus-exposure curve over the eatire range of interest.

Table 22.3 sccmurises results obtained from photographic instmmeotacion.

ll.s.1  Fraaing Caaera Data

Good quality hizh-speed frasing camera data are lacking for boch sbors.

The loss in the case of Orange is due to cloud cover at shot tive which obscured

the burst from the ground. Burst position error caused the loss in the case of

Tesa. Aliinugh exposures were obtained on the narrow field records, the fire-

ball is mot included ic the frzme. Exposures obtained presumably represent

light from the fireball which was scattered into the field of view by atcwospheric

haze. While the scztrered light is, in fact, data, an attempt to carry out aa

acalysis hae nor been nade. This same consideration applies to exposures frou

the wider angle framing cameras. These include a small portion of the fireball

near the edge of the frame. The Fastax ehutter action is such that this is the

portion for which the exposure is uncertain. Radius-tioe data from these cameras

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 exposure for the 4000, 5000, apd 6500 A bands for the first 10 usec

from these records. This requires only the assumption that exposure reduction

caused Sy shutter action is che same 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). In addition, a few frases demonstrate the aurora emanating north-

ward from the bomb debris as a source. Of course, because of the cloud cover,

no data of this kind were obtained for Orange. A Mitchell canera aboard the

CSS Boxer provided excellent coverage to several minutes after detonation for

the Orange evect (Fig. 11.8). Two additional Mitchells located at French

Frigate Shoals produced no significant data. This was at least partly attrid-

utable to cleud cover.

11.4.2 Streak Camera Records

Except for the loss of one (fila breakaze, 3500 A, Yeax), the streak

camera records are the sost reliable quantitative data obtained on both Teas

and Orange. The data obtained are of good quality out ta about 700 asec.
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Secasse of uncertain traasaission through the cloud layer, ‘absolute irradiances

measured for Orame are probably of lessened interest; relative spectral ir-

radiances are also degraded by uncertainties in the spectral depentesce af

Clad Cransmisaion.

11.3.3  Specrrography

The spectrograph was, for both shots, directed toward air zero. Because

of the Teak burst error, the wery narrow field of the spectrograph did not in-

clude the fireball proper. The spectrographic record does show a distiace

Teller spectrums as outlined below. For Orange, the cloud layer seriously re-

duced exposure, so that little caca are discervible. A light leak in the fila

transport oaechanisa seriously fogged film records for both shots, making an

estimate of contimnm radiation, for example, very difficult.

11.4.4 Automatic Exposure Camera Results

Teak filas from the automatic exposure control cameras show a few good

early frames. Because a greater part of the luminescence was over in so short

a tine, the filter mechanisa followed late, resulting in gross underexposure.

Due Co erroneous shot position, only a portion of the fireball was within the

field of view. Because of cloud cover during the Orange event, initial phases

of the detonation were underexposed. At later time, the images are diffuse,

again because of clouds, but exposure is more nearly correct. This would seen

to indicate that che filter oechanisms functioned properly. However, mininal

data recorded during both Teak and Orange is rot considered gigaificant.

11.4.5 Ballistic Plate Camera Results

During Teak, one ballistic plate cazera recorded excellent data. A

shutter failure occurred with the second capers and po data vere obtaised.

Both caneras functioned during Oracge, but because of the cloud cover and re-

sultant diffuse images, accuracy of the data is seriously limited.

11.5 IRSAD LANCE MEASTREMENTS e

11.5.1 Teak Measurements

Figure 11.9 shows data from the narrow band-pass filter streax cazeras.

Tae irradiance is that iccident on the camera, having had no atmospheric

aly bay ex. IS3 1s
deleted.



S
atrtem-ation correction applied. At the measured wawelengths cois would be a

small correction and oearly the same for both chacmels. Trassaiasions of the

tarrow band-pass filter were calculated for a l-ew dlack-body source; brever,

temperature is not an zaportant factor here. The fraction of the black-body

radiation in the band pass thar is transmitted by the filter waries caly j

percent while the temperature waries frow 0.3 to cO ew. Figure 11.10 shows

surface brightness wersus time taken from the framing camera records Chat ssw

only the edge of the fireball. The brightness is tazxen at a poine about | ka

from the edge. Again oo correction has been made for ataospheric transaission,

and che absolute scale is uncertain because of the approximate mature of the

correction for camera transmission near the frame edge.

 

 
 



Seweral gross features are ispediately obvious.

 

As an indication of decay race at different tives, streak records aay be

analyzed as a sum of exponential decays. Although this type of analysis is

adaittedly arbitrary and somewhat ambiguous because of experimental uncertain-

ties, it may oevertbeless be ingtructive, 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 tine.

Intensicies at small tives, of course, do not actually eroroach extrapolated

values for wery short decay times. The decay of intensity versus tine is quali-

tativeiy consistent with predictions, slrkov ts derails do not give quantitative

agreement. A curve calculated frou LAns-2453° ponochromatic contours is shown   
on an arbitrary scale for comparison.

~

TABLE 11.%--EXPOKENTIAL ANALYSIS OF TEAK

re ae ome) os
eehoheEe tal
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‘

Filter transaissions were calculatsi for a l-ew black-Body spectros for

the wawelergeds intervals +450 ta S70 A anal S12 to GOGO A. The integral of :

energy iscitent on the cameras was chen calculated ani is shown io Fig. 11.11].

Fig. 11..1 Energy versus tine, Teak shoz.

Figure 11.12 shows the calculated ratio of the irradiances of 6500 A and

5000 A versus tezperature of the fireball based on a black body and on the cal-

culations given in ‘ 3 This latter calculation neglects line enission.

a hoes 357 + 758

for d deleted.
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From Fiz. 11.15 it can dbe seen that ebe Light fs exitted from an eflective

spoere Tais radius aad a height of Surst

of 250,000 veet are used to calculate che irradiance om the ground (1) for

black-body eaission, and (2) for esissivities fraa Laws-2453. These are shun

in Figs, 11.16 ami 11.17 for 5000 A ani 6500 A, respectively, Exper‘meotal

curves shown in chese graphs are obtaised from aeasured {rradiances (Fig. 11.9)

and inferred tenperacures (Fig. 11.14).

 

11.5.2 Orange Measuresents

Results of streak records at 3500 A, 5000 A, and 6500 4 are shown in Fig.

12.15. As "befuce, Irepresests irradiance of the fila plane in watts/ca’ a.
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Ll.s  FIREEALL ROLE

Varsess ratsi cbvemes a. 2a faneticn of tim froa cooler camera records

are sana ia Fig. Ll.15. The Sricne fireball proper, cbsetwed aa a diacines

ia freSrisnt Sisc from the sreuru ferred to in tne illustration as the X-ray     

spnere,

11.7 SPECTROCRAPHIC DATA .

11.7.1 Teas Data

As described previously, the spectrograps was aligned toward the planned

burst point. Because of error in the point of deconarion, the actual line of

sizht passed through a point 28,000 feet south of air zero at 250,000 fet.

resent seriously exoosed the fils, the fils record I[n-Although light leakaze



 

The Tec. cs wae amaisied 3. means of a SACO recordins ticrepmliewtir.

A C.picol trece .Ver a mrt. a of Cw spectre is seem ca Fig. Lh. it

is seen ressils tut tre -pectria is sate wp of mwilecalar Sun) caissi.n.

Toe cbsetecd wevelenstas of several grosimat bands have xa noted. The

por cqualit,s of che trace is Jue in pare to tae light leak oa tne fila.

iJentificaticn are susmariced in Table 11.5. The   Results of a complete

    
Time histories of several prominent bands were found by obtaining aicre-

photometer craces along the fils time axis. Results are stom in Fig. 11.21.

The tise origin in *ach case was arbitrarily selected as the tine (on the fila

record) at which detectable density was recorded, Because of the limite? cim

resolution (17 psec) of the spectregragh, this time does ave correspoml aeces-

sarily to actual zero time for light reaching the groune sles the lize of

sight. The ordinate is the approximate film exposure as obtzined from the

characteristic curve and an estizate of the film sensitivity. Because of un-

certainty in the fila spectral sensitivity, relative exposures of the various

bands are accurate to only about 50 percent. The absolute exposure at any cne

wavelength is certain within less chan an order of magnitude.

A sore cucplete discussion of this time dependence is given by Proud,

where ic is shown that the tise dependence is approximately accounced for by

the lizshte transit tines froa various positions along the liste of sight.

11.7.2 Oraage Data

Because of cocbined efiects of light leacage and clad cover, apectro~

graphic daca for shot Orasze eas mot very useful. A cootiszum was apparent,

Bowever, ia shich sere seen woe of the 93 absorption Sands. The qualit; of

otCae racore Sces mot earrast aa anal,sis the type carriz3 coe in the caie

TEE er
wes 3242 Haromeg

370 are deleted.
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Pec. TAMARars vllered 2109 he inte rli.a wt precerins BTe eat Pp .ete Sata.

Vl.c.) Pmotoelectric Recorsaing

The possibility of usin; pnotemultialicrs ror absvlote measerement. of

radiant enersy as described tn this report warrants consicerat:co. The cer-

tuints of calibration, relative sinplicity of data reductica, iamewiacs of data,

and the eugse of hendling this type of equipsent in the field are teviting quli-

ties, imleed.

11.8.2 Diaseter versus Tix.

The use of high-speed streak cazerus with lenseS is recugemed to record

high-resolution diameter versus time. A writing speed of 150 ft/sec to 200

ft/sec, in combination with a narrow stilt (U0.Q8 iach), could cbesin cime reso-

lution of the order of 1 ysec.

11.6.3 Motion Picture Coverage

The use of several high-speed 35-mm ovtion picture cameras in the ranie

of 1000 to 2000 trames/see is suggested for mre adequate early-time color

photograpiia. Instrumentation should continue through 3 range of cameras lo

equiarzent of the “pulse” txpe which could record extrene late-tise phenomna.quip P

.
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Cwupter le

CLECLUSIONS AND RECOMMENDATIONS

Teac amd Orange shots are only the opening rounds of aany which will be

required before adequate umlerstanding is achieved of fiuclear burst outputs

and of their interaction with the ambient envirorment above 100,000 feet.

Recummendations and conclusions are included in each of the separate

chapters and represent the views of the individual authors. Many of the par-

ticulariy pucsling itezs which remain unsolved are gathered together in

Chapter 1 and will not be restated here.

There are broad regioes of potentially important phenocena which are yee

alsost completely undocumented experinentally and which require bursts at al-

titudes above lov kilometers. As a general récoamendatiuon, any well-instrupented

and well-planned burst at an altitude of 100 kilometers (350,000 fect) or higher

would be extrezely valuable in providing facts and understanding sf the physical

phenomena produced by burst outputs and of the potential application of these

Oulpuls.

Many engineering, scientific, and operational probleas were net during

the tests covered by this report which had never been encountered before in

nuclear testing. If the United Scares plans to develop a capability to do

rocket-borne delivery ant diagnostics on nuclear device tests, a cuntinusus,

long-tera effort cust be established in order to efficiently meet che chal-

telenge of these unt w2 Lest reguiremenrts.

 



EVEeeITSSS ACCUNTS OF TEAS RO ORAME SORTS

A.l TEAX OSSERVATIOAS 5. ¥. 3B. Coon, Jr.

This is wo narrative Cescription of Teak burst as transcribed on Ausust

19 froa rough notes ade the mming atter Teak burst.

Tes‘ was decomated July 31 at 25:50 Johnaton {~land Tise. The original

atmeduie called for detunation at 22:00 Johnston time. The firse deluy of

about one hour ws becau-e of trouble in telemetry froa tev of the Redstone

pods assigned to neutron oeasurements, There es ainther slight delay to ad-

just tne celesetering on the pods.

Tne view which we had a5 observers was free the USS Boxer, an aircrait

carrier locaced 50 ailes to the north of Johnston Island. For three or sv

minutes before burst tine Johnston island looked as though the natives were

celebracing the Fourth uf July. The Redstone rockee stood out from all others

ts long steady glow, siarlar co a cwil oetevr moving slowly but surely up-C
o v

ware. Se were instrocted mor co look as the burst and co have long clothing

covering 311 of the skin area. After burst we turned toward the burse and

took of f our dark glasses. Within three seconds after detonation our xlas.es

were reaoved and che sost obvieus thing in the sky wus a dasviing, large,

yellow core. Surrounding rhe yellow cure was a bright, intense bluish glow,

Overhead, and slisntiy co cur right, were long purplish-red streaks--aurural

stresmers--extending on over us to the morth. One could qut observe ay

auroral streamers going to tae south. One of the first things tnat, preased

you when you CouK vit sour gizsses was tne faint, fed gine enicn ss . ali

arcend ant extendcd dam to che horicon for a fall BO degreyws around our

ebserwaticn point.

Toe men was full ant eall abvve che borizun a@o>vut 55 desrees and, in

spit2 of tre full awn and ratner Lisat Sace«zround which we tad before the

bur-t, Cae anteaoics of the illiepinuaticn for many seconds, wven sainules,

aiter tte Durst was Wer premuncid. Evea lO rimess after Teak one coals

 



MaWe Tend 2 TA NR? ot Tea ee cee UTE 2 Stas ek CNL. 8,

Poses Ah. SD eae, Ctr beTeokte raed Chad Che AS. Le ase

tebe Aels cae ck Ly times tre Le te a Tee eee feed wooed be.

slaw irea tre rail meal Teese eas beret cndy ome Sas Alike Leki cas. 1

large Pessian-perple streamers edict ontemed Co the Brlwasl Aad a Siete

terainus. There secre fingereliae projections on thw Srtiem oo of th. wer ra

am iteec Finger-lise srojections ccacizucd to crow spoureatls Coeurs gr. lr ond

as tise went on, and thes grew for ~wre than a ainete atter the Teak detoo tia,

witnin a téw bene oi secomis after Surat, the intense blue glow in the arca ot

the burst disappeared and the oky was filled then wita the wery yellow ccatral

core whicad reaaiaev Sehind and the large aurural streamers running to the

Dortnazast.

imacdiately aiter oor glasses were taken off, ome could see a doughnut-

shaped white cloud which aushroomed out from the dSurse point, gzew larger am

fainter aad by one nimuce was pretey sich invisible. There were nm sounds

heard which could Save originated from the ozone Taser and would chereby have

taken something lixe 120 seconds or so to reach the Boxer. At that tine no

sounds were heard. Yowever, aboard the Boxer and alsv on Johnston I[.land

there was a sharp crack heard at sero tine. On the Boxer we hod speculaced

that there was an electromagnetic sigcal injected ist. the iF) system; however,

since the crack was also heard on Johnston, there was appurently some sound,

a sharp, low-intensity crack az zero tise. The prisary shock wave arrived

at the Boxer at about 6 ainutes; its a=plitude was abut 0.05 psi and it indeed

startled everyone, since awst people had expected mw acoustic disturbance from

Teas. The auroral phenocens srsdilized within a few ainutes after burst. The

bright yellow core continued to grow whiter as time went on, and it appeared

to remain fixed in the sky. The surora became less distinct and sharp streamers

diffused our. It was apparent tuat the source of the auroral phenomena was the

burst point. There had been speculation chat auroral phemmena sisht be pio-

Guced by neutrea 2ecay from acevtrsas which had sone many tChouwods of fect into

the alcwsphere aad decayed aareralls with 13 sinutes aslf life, ints protons

amielectrans. This eas apauristl, aut the source of tre auroral pnenecena

which were chserved. at about 1] simices after Soret cversure eas in tae

 

miést of suny wild speculative sisccosicns sttommeing te eraluin the auresra

ant the wees Tsay istensi€: of Sl laalaucion whieh nas Deen wBeerved, the ine

temed ord eave, ami -o Torts. As tass ticw ever ime aas acai to tind, in

S se
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les auts lp te tre sayy baat taere eae a caresiar wreeOa avin. cbr eran

Cc. deretl point cn avers suarp domi ney Ete nl. il eds Afee em Tope. Det Re

w2B GO Gera reeseON Dade deos os Lf Ne Ce Pt aleeSe Dart Arla,

E.d.sanation ot Ltrs pnemaenon has we ek Deen sakissasteesd, meee. altteuss

fl obs Guite possible Chat tnis was a avarodsninic stock propoiatid up ints the

Al aspmere Co sud a point onal Che seca slrenced Aad inemossad Co Cue ree

quired to proeiuce radiation from che stuck front. Zetecen lo ani lp ainutes

we Sesan Lo see svar very unusual white clouds fora in a nortreasterls sirece

fion, They were very spotty and paten., and thes crow with five; that is,

mere pucches appeared. They also seemed to glow or losinesce aml were far to

the nerth. Pevple wer2 speculating chat this was caused bs debris froo the

bunb chat had been ejected up into the atamwoaphere to such an altitude thor sun-

Lignt, even though it was almost nidnight in tise, was illuainating the debris.

Sone observers who happened t2 wander up to the deck four hours after Teak

detonation reported there was still at that cime a visible, but very faint,

red giow covering the sky, and that the glow had relutivels intense streaks

Tunning in an east-west direction across the sks. The vsellows ch, very persise-

tenc core which stayed relatively fixed in space has avt yet been explained.

Ie leohed like it was about 15 soon diameters.

An estizated 10 percent of the birds on Sand Island (a bird refuse) were

killed; many others had scorched wings. The ooming akter burst there were

many birds sitting out on the water. Their wings were soggy with water, whereas

ordinarily their oily proteccion keeps them from getting wet. The birds ap-

peared to be blinded; they sould not fly when vou case up to thea. The would

even waik right up co you on Juhnston Island, not run froa you as thes usualls

did.

A.Z ORANGE OBSERVATIONS by T. B. Cw, Jr.

This is a description of the Orange detonaciva of Oseratica sardtaca

transcribed on Acssust 1F from roust aces aide within tes hours alter -d-erva-

ticn of the Oranse burst. Oranse was detonated at 23:59 Jvanotea Telami Tirw,

August Il, 1535. The cbservation point was from -be2: 2 Vos Zuvie, an aire

erait carrier, ich was 50 ailes an.rth of Sotaot.a Tviawd. Tecalcd

burst point for Oranrse was abvut 25 tiles sect al Sonm-t.m ass at ad sititace

sft abvut 25 ailes. Tovre eera many delays ca Oratce and, Ie om eerie 25.27

772

 



meV RE Doses eres Ce cede were coaurentls, encalica for, dk sublives

fo ww. that bs tae tice the burat actcall, t.vn place, clouds sere obscurins

tre view froa the Boxer, ami also the view was obscured troa Johnston I.lan.

It eas alzowst a simete atter detomation berore we began to set a distance view

or the Orange phenoacna above che cloud cower. At about two ainutes we aide

estizates of che debris diameter enich indicated that the doughnut-shaped,

white cedrisa cloud must have been 50 ailes or so in diameter.

when the rireball cirst began to appear above the clouds there was a

reddish glow all around it, but act that ti>e there were mo aurorac. The glow

was mre or less uniformly distributed around the cloud. Shortly before two

minutes after the burst we began to see some auroral streamers start to grow,

This was about the tise expected for this phenucena after auch discussion of

Teak aurorae. The streamers were very diffuse compared to those of Teak,

but there were about four streacers running toward the north an estimated dis-

tance of three to four fireball diameters--not nearly as Far as Teak nor as

intease nor 35 well defined. By two minutes one could see through the clear

bole in the white doughoue and also see aurorae extending out to the south very

clearly. It seeoed from the Boxer that the aurorze could not have extended

more than about to Boxer distance from the burst, or about 75 nautical miles.

At about three minutes after burst there was a large, clesr hole inside the

whitish doughnut froa Orange and a small, red cloud puff appeared, very small

and distinct; sbortly rhereafter, a very transient white cloud appeared. Its

nature was somewhat similar to those which we had seen act 10 to 15 sinutes

after Teak burst. It was very transient in nature and seemed to glow and .

luminesce just like che Teak clouds, but ic disappeared within a ainute or soa.

By five minutes the edge of the doughmuc appearcd to be about over the Soxer,

a tremendous thing, with a large, clear hole in the center. Through this hole

at five sinutes, we begun tu sce some turbulent, high-velocit: acions, ap-

parcatly very biga up in the atewspdere, aloo sumeenat sisilar co the Teas

Burst. .

A distinct Irent, prebably a swese trent, aoved out frum eitnin the dough-

Bur. AC seven aitures after Cetoratisa tre prinary shock ‘eave arrived at to

Boxer. It eas a omiiled shoca comato chit of Teak. After the first

scene arrived, Chere camtimued to be a Sarrace of sufiled sounds, as Cr0u.7

woe eere war a di,taseg Surtle f:el4. Teese seemts uit have minbered berecen

“7M
 



29 3% LW ans, even at 315 minutes after Orange, Chere was a very distinr

dsr.

Soe preple clais trey neard these svemis as late as 20 tinutes arter

Setestien. At lo simues after burst one could easily read a newspaper troa

tre lisse ires Orange detonation, aleacugh the acreral display was alnose sone

ami Siisesed wot to where it was very Jin am’ indistinct. Ag mine or ten ain-

ules Ciere were also seill sooe rapid weions taking place in che upper at-

Dospaere--very Curbulent processes taking place near the center of the large

Govgaut. By 30 oinutes after Orange-~aal Orange was detonated ona dark

nisht--che lignting produced by che residual glow in the atousphere would be

esticated to be equivalent to that of a half soon. It was still possible to

read a newspaper, but you would consider it poor Lighting.

Asain, within an hour after Orange, a heavy rain set in. There has been

a lot of speculucion as to whether Orange aad Teak had anything to do with the

Trains which occurred after both bursitis.

All in all, the Orange detonaticno was not as spectacular as Teak. All

indications were that the Orange burst point wos in the proper place, alchoush

in Teak che Redstone apparently went straight above Johnston Island. No birds

were injured at the Sand Island refuge. There was a very effective savke screen

over Sand Island, although, in view of the very intense clouds which apparently

cut down the acoune of light transmitced to about six percent of that which

would have gotten thre om 2 clear aight, the smoke screen was not needed tu

protect tre birds.

A.3 TEAK OBSERVATIONS TROM FRENCH FRIGATE SHOALS by H. E. Bell

At zero time, of course, I was insite the timerhouse at the Loran »tati-s

in order to give a zero-nmour tise Aack, etc.; but at zero, even thouga the

light was om in the rows, I could »ce at of the corner of ay eye that the

wavle ram fxek on aa instastaoeous Sricte slw. Then [ towe a fast glance

outside; the wimle airfield laacd a Sribiiane anite, chen quical, dicd our.

This mse “uve taken at least irom cit to ersnt cevomls.

wea LT left tne reesriers For a couple of sinutes, expecting ta «se Hs

sidip a wabll amstrearm, gelsiae from pest wt perivtce. The fir-c tains | we

 



was this waite Sass bursting enfcouga the cloud layer trat ba Remaii. mverinc

over Che sea af abvut COO) feet aleitece, 2 DAW rect. Rise ca tea or tte

white atca was this brilliant ved, fan--nuped Jircaall.. Ax ue rose axwe Ore

Cloud sass, it, of course, became 3 ball wich the usual white stwal [he +15

scesed to de ore white thaa usual.

The red glow continued to cise and grow larger, ducing waich time ve

Noticed che aurora at the lower cishe hsod corner, at abvut five ofclack,

It look as a rain cloud does during a beavy sucmer shaver, of as a clacd lo.

sometines with the sun shining tarough the edse (light streaks).

By this time everyone was awe-stricken because the sight was auch ore

than anyone--and particularly, the Coase Cuard personnel--had anticiaared.

The fircikell was about two chirds its full size at this point and I expected

it to subside as usual. When it kept righe on expanding larger and larger,

1 don’t mind adaitting we were all begicning to woler if it was suing to

stop. By this tise about eight to ten sinutes had elapsed, and it looked

to us as if the fireball--xnowing the geography of che Pacific, Homsluly,

Johnston, and French Frigate Shoals--we judsed the glow to be ar least 500

miles across. It gave us the feeling that we should somehow put cur hans

up to stop it from rolling over us like a huge, pink balloun.

The aurcra bad stayed about the same condition as before, a little Jdi<-

sipated by this time, of course. It drifted off co the west several degrees

and finally faded our. We judzed the fireball lasted nearly 20 animes. I

judged that the reason it spread so far and so rapidly is that being up so

high, there was nothing to stop itr.

Standing here looking ac the ball as it grew and grew, [ could oc help

but wonder how Johnston and the people on it, particularly the barrac«s,

could possibly survive such a terrific blast of heat, oot to section the con-

cussion chat sust have follmea.

I Sad checsed the recorcers several tices already, as you will sote on

the records, we received your sessage “up ome” and, as we received the oea-

Sage statics that you were senting ic “bliad,” we dita't caw tar sure shat

to chink ac first. 3ut when ,ou dida'e elaborate, ve doped it act taut zou

could not ceceive sessases, bur thceghi sou were able to traaosit. ec tear

you Losi asd clear "5 x 5," as sell as Su %MO, bur we, tov, were «ff Lee



air for at least LE hours. I beliewe chis condition vas due to the cosaic

ras disturbances in tne air caused by the blast. The Aray is here aeasuring

this theory ami comiition. Immediately after sero, the nvise level sent don

to almost cero and did not come back up co noraal again until abouc H - 50

hours.

Maybe this theory is risnt; aasbe not? That about covers everything. I

wm sorry that I didn't know “wre about what to expect. We would hive been pre-

pared at least with some piwto coverage and by some crude oeans of measurenents.

NEXT THE! °

  


