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The Watson Lahorateriee of Air Materiel Command arranged for' one (1)
of its sonic balloon teams to participate in the FITZVWILLIAM. project as |
mobile team to operate in the. Central Pacific, at KWAJALEIN, GUAM and HICK.MI 5,
FIEID, HAWAII,. in thet order, changing location fer each oi' the three (3)

expleaions | RO A
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The purpoee or th;l.e exploratory teet. wao as. follmre: firet, to deter- . §
SRS o es i mine if an atomic explosion's compressional waves are genernted in the sound -
Gt s channel existing between 50,000 and:70,000 feet: (such waves would conceinbly e
ki Tha) Ce i lre T travel unimpeded for long distances in this channel without: touching. the - , ,‘;
CowThes 7 earth's surfsce); second,. to determine ‘whether a sound' pick-up unit. euepended
e from a floating balloon eould detect compressional waves:(possibly undeteeted
g e o by similar sound units at: the earth!'s surface) by virtv et‘_ the,decreeeed e ,.';;
R S .hackground noiee :I.n ‘the high-level sound channel. S L W s R
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ST P Belloone were made of high grade plaetic, were of tear-drop ehape, end
' were twenty-five (25) feet at their largest sea-level diameter. The sonic

| unit was a combination microphone-transmitter which was suspended from the . |
balloon and picked up sound waves, transmitting them to a ground directional A ol e
antenna connected to a radiosonde receiver (standard SCR 658 air weather o TN Pt et Dy
radio recoiver). The transmitted eound impuleee were recorded .on two (2) D R e e

'~5 Eeterlinqungus recorders..li -_ S _*,;-_j.eg~ 5 a;-_ .;'fﬁa?ﬁﬁ;n~'
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A dribble conatructed of a five (5) glllon tin 1ncorporating a notered i .
jet to allow a : predetermined epillage rate of high grade kerosene-~ethylene=- {' KR
glycol mixture was attached to the balloon. This was designed to counteract .. .- "« '.:"
the helium gas seepage thru the surface pores of the plastic balloon., This ... . -[: . -~
metered loss of ballast and controlled the rising rate ef the balloon at 500 T

. .-. g . R - - " A ‘. 3 +t:
<+ . to 600 feet a minute. R T s e S et S et s el C o e S RS e
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Ground eonie equipment censiet.ed of World Tar II eound ranging dev:lcee g sl
i L utilized to pick up sound waves from an exploeien traveling along the eerth's AN PO D
Sy e gurfaces f'=~* P a0 RRET ey ALER 7 R '~T“rr¢ftf;*rg *a;u .-& R e

. LS A radio receiver was ueed to obtain exploeion time notif:lcat.ion code N |
e 0 gignals from the ENIHEI‘OK radio etet.ion. | F o 3 i

- o The balleon lnunching site had to have a dovm-wind clearance of gbout
~ 1000 feet to lay out tho 100 feet risers and cables to which were attachod

the microphone-transmitter and dribbler units. Also the site had to be
sheltered from the wind to prevent damage to the balloon while 1t was boing
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Time notification eignale were required and provided 1n order to afrord "

sufficient time to make necessary launching preparations, and to position the

: | | balloons just a few minutes prior to the predetermined arrival of the explo- .
s - sion sound wave, Heedquartere FITZVILLIAIN FCRUARD furnished ARPACAS 3-1 and ° SRR AR
| ' 3=2 by officer courier, The team experienced no difficulty in obteining the hfﬂ;f';'?"
time signals. TP I L L R B LT gt X A e }

o o @0
'

- T at ; LI - i - I, = g " * & - - iy a =
s . - ’ [ - LB
- ) . : Py . 1 . “a . o' 4 *u L}
o - - -
. sy

Roports required of the team were s brief atatement as ‘to poeitive op iR L
negative results of the tests, and notification of team movement to it's f“fﬁﬁ}hlznvufu Skl
several locations.  Reports qf reeulte were made to Heedquartere FITZYILLI&H NG N
PORWARD and t0-AFMSHelo oo o ooop o0 0 ede gl SR

Reeulte of the KHAJALEIN teet.were as followe: balloon-borne equipment S Ty
results were positive and ground equipment results were questionable. An iMoot o
accurate final analysis and evaluation report will be submitted upon Dr. . &%l Gyt .
Crary's return to natson laboratories, including an accurnte determinntion o G -1
results, ‘

; . .1‘:: ¥ 1
| Due to time limitation nnd pending a thorough evnluntion of reeulte, the S )
. following recomnendations, of noceeeity, should be considered tentatme: e
! 1. Before departing for fleld locatione a survey should be rade bo gL X
determine the best balloon launching sites,. giving due consideration to L3 ST S e
shelter from high velocity and gusty winds, and sufficient clear space to gt A e U TR 4
lay-out shroud lines and control cables thus affording clear passage of the - - |
instruments which are euepended about one hundred (100) feet below the bnlloon.fe;' _

2, That an SCR 658, radioeonde receiver be included in the team equip= ij;;_“_;fi;fga;f .
ment list., For these teete, & receiver had to be borrowed from the air Tk R R !
weathor station at each location. This presented a.problem because each sta- ks (g LS piF
tion had only one (1) receiver and it was needed by the station personnel for ... .. = . . .. o
upver air sounding operations. This necessitated selecting the best. possible '-;ﬂ;;'f%if;-'u, 1
launching site adjacent to the weather station. Also, this precluded selection . : =" .-
of a site without a weather station, | e % e I LA T .
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inflated. At KWAJALEIN a wind-bronk was conatructad through the CmJ:'t.aay of
- the 1slard commander, Captain Vest, USN, At a predetermined time, the balloon
- wag inflated with a fixed amount of helium gas to raise it to an lltitudo of ._r i S
- from 50,000 to 60,000 feet where it floated at a constant level, The balloon e AP o
was cnut.iounly launched and guided until it cleared all ground obstacles. - A
-~ Electrical power for the microphone=transmitter was provided through wet-cell - SR A% =
. batteries, especially constructed to prevent freezing., The balloon was tracked = - - o L h
visually by use of theodolites. Prior to the actual test on KWAJALEIN on X-day - 7
(15 April 1948) two (2) practice runs were made to minimiza chanco cfthiluro D - ® 8 i et

~ and to improve operating toohniqueﬂ. - e iy, o '-‘*,....,:h f.;“ P o j.

The transportation requ:lrement was for air lift to transport the team of .

six (6) scientists end twelve (12) ‘thousand pounds of equipment from BEIMAR,

NEV. JERSEY to KWAJALEIN, GUAM, HAWAII and then back to BEIMAR, NEW JERSEY. Tho
Air Materiel Command provided three (3) aircraft, a C=54, a B-29, and a B-17, |
and crows, under the direction of Captain Stanley C, Lewis, from the 411.91;}1

AFBU, MIDDLETCWN, PENNSYLVANIA. The C=54 was also utilized in carrying .
- Trlcerlab p-eraonnel and equipment to KWAJALEIN and GUAM, Haintennnce nsaiat- e

ance was afforded by the local ‘bage and tactical orgnnizationa. el \

| The mcbila tea:n personnel was asrem‘bled and pnrtially trained at Wataon R o
Laboratorles. The team arrived at KWAJALEIN 31 March 1948; departed for

- NCRTH FIEID, GUAM, on 16 April 1948; for HICKAM FIEID on 3 May 1948: and R R AN
- acheduled to depart frcm HAWAII for ita home atauion on Z plua one 1) QRY .1/t v s et 2t LR F

The balloon team nnd aircrai‘t. crew personnel were as follou:

[ 'S ~
c i ol e T
s e i

Dr. Albert P, Crary i | "Q® clearance Physicist R PN

Mr. Charles S. Schneider "Q" clearance Meteorological &gineor

Mr. John K, Alden | "P® clearance Radio Engineer : b

Mr. John A, Moulden "P® clearance Radio Repairman il

Mr. Murry Haclkman = - . "P# clearance Meteorological Engineer

Mr., James Smith "P" clearance | Hotam'ological Engineer

B=29 CREW . S ) bl

Captain Stanley C. lewis | Pilot. (Flight Gommnnder)

- let lieutenant Randall S. Kane Co=Pilot .

lst lieutenant Wm,., L, Adams Navigator |

M/Sergeant ¥, L., Halliday Engineer

M/Sergeant R, A. Kabaste Radio Operator S ' : S
T/Sergeant R, A. Cox - Ass't Radio Operator | Rl i
T/Sergeant L. D. Moon Ass't Engineer PRI L
o n 3 | o] ' 5y g |
Captain John P, Clowry ~ Pilot

1ot lieutenant Richard Mesher Co-FPilot - | | Ve T T
lst Lieutenant Chas. A. Lamana " Navigator =~ = A Do Ay ey
S/Sergeant James Brau Engineer R L o e e
S/Sergeant L. H, Campbell - Radio Operator

Sergeant George L. Fretwell Ass't Engineer
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[. INRTRODUCT ION

Ao OUJQCt-

" The object of Operation FITZWILLIAM was to obtain from the atomic

i weapons tests at Eniwetok in the Spring of 1948 the maximum amount of
scicntific data and the maximum testing of all available oquipment and
methoda bearing on the detection of an atomic oxplosion at long rangou.

Be Authority.

By memorandum daped 16 Septembor 1947 from the Chief of Staff, U. Se
Army, the Commanding Gencral, Army Air Forces, was chargod with the over—
all responsibility for dotecting atomic explosions anywhere in the world,
which included the collection, analysis and evaluation of tho required
scientific data and the appropriate dissemination of the resulting intel-
ligence. The Commanding General, Army Air Forces, was directed, in car-
«* rying out this responsibrility, to utilize to the maximum existing person-
/ nol and facilities, both withir and without the War Department; to
¢ egstablish appropriate arrangements with other interested agencles for
! necessary assistance; and to effect and maintain liaison with all par-
/ ticipating organizations.
|
In a memorandum dated 9 December 1947 to the Secretary of the Air
Force, the Secretary of National Defenso emphasized that "it is essential
3 that methods be pursued with full vigor on the dotection of atomic explo- .
¥ & slons, and tried out at the time of the next test in the Pacific". t

Ce MCkI.’rOW-

On 1l March 1947 the Director of Central Intelligence addruossed a
letter to the Departments of the Army and Navy, the Atomic Energy Commls-
sion, and the Joint Research and Development Board, in which he stated
that "there exists an urgent ana high priority, in the interests of
national intelligence, for the developmont and coordinated employment
of equipment capable of locating and measuring foreign experiments of
large scale puyclear explosions or other dotectable activities in the
nuclear field". As a result of this letter, a Committee on Long Range
Detoaction of Atomic Explosions was formed, composed of ropresentatives
of the Army, Navy, A:'iy Air Forces, Atomic Energy Commission, Research
and Development Board, Armmed Forcos Special Weapons Project, and Central :
Intelligence Group, to survey the entire problem, and to make recom- %
mendations for its solution. '

~ e WP T .

L

The Committee on Long Rango Detoction of Atomic Explosions concluded
that:

ii- a. The instrumonts and methods needoed .... are availabls, actu-
ally or potontially, and possess adequrto sensitivity,




be Tho problem could be solved by:

(1) Locating large exploslons by a combination of sonigc,
sub-sonic and selsmographlc methods.

. (2) Obtaining samples of the explosion products by an
’ aorial sampling techniquo as near thoe scone of the

explosion as practical.

(3) Detormining the atomic nature of tho products of the
explosion by radioassays and radiochemical analygses.

Ce The Army ALlr Forces should be aassigned the overall titular
responsibility for long rango detection provided that, in the analysis
and evaluation, tho Armed Forces Special Weapons Project, Atomic Encryy
Commisaion, and other appropriate agencies were included.

On 30 “June 1947 the Director of Central Intelligence, in a memorandwn
to the Socretary of War, the Secretary of the Navy, tho Chalrman of the
Atomic Energy Comnission, and the Chairman of the Resocarch and Develop-
mont Board, submitted the conclusions and recomnendations of the Long
Range Dotection Committee, and recommondod that:

"The conclusions of the Coomlittee be accepted, and
implemented forthwith by appropriate directive to
the Army Air Forces for overall responsibility,

: supported by roquest to other interosted agencies
1 for necessary cooperation and assistance to carry
’F 3 out the program.™

Concurronces in the recommendations of the Director of Central Intol-
ligence wero obtained from the Atomic Energy Commission (MLC) on 2L July
1947, the Socretary of War on 5 September 1947, and the Secretary of Navy
on 15 September 1947; and the basic diroctive (sce Section B, Authority)
was issued on 16 September 1947. Concurrence of the Secretary of Defense
is implied since Mr. Forrestal concurred on 15 September 1947 in his then

capacity as Secretary of the Navy.

De Codowords.

Atomic Weapons Tost. The codeword CROSSROADS (Unclassifled) referred
to the atomlc weapons tests conducted at Bikini Atoll in 1947. Tho codo-

word SANDSTONE (Unclassified) roferrod to the tests conducted at Eniwotok
Aloll in tho spring of 19L8. |

Lony Range Detection of Atomic Explosions. The codeword WHITESHITH
(Sucregj was used durlng the period covered by this report to designate
the overall problem of Long Range Detoection of Atomic Explosions. The |
codeword FITZWILLIAM (Secrot) refers to that portion of WHITESMITH (Secret) ;
carried out in connection with SANDSTONE (Unclassified). Operation }

FITZWILLIAM (Secret) terminated on 30 June 19L8.
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ITZWILLIAM (Secret) Projects.

F !
portation and supply for

tive participating agencies:

Afencz

Air Matericl Comnaand
Air VWecather Service
Signal Corps, Ues S. Army
Signal Coips, U. S. Anmy
Signal Corps, U. Se. Army

rnaval Ordnance lLaboratory
Naval Electronics Laboratory
Naval Hes<2arch Laboratory
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To facilitate administration, trang-

IAM (Secret) the restricted codewords.
were assipned as indicated below to desipgnate the efforts of the respec-

Codeword

BIACKHEART
FIIGTHATE

B IRTHROOT
CRIMPED
CHIKESECLOIH

TENSOR
VIECTOR
SCALAR

Scientific Field

Balloon acoustic

Nuclear

Acougtic net

Nuclear Instruncnto

Light roflection frum
the moon

Acoustic an+d seisnic

Acoustic

Nuclear
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IV. DEVELOPMENT OF TEST PHROGRAM

In accordance with the directive of 16 September 1947, to utilize to Ly
the maximum existing personnel and facilities, inquiry was made of all 2
departments of the National Military Establishment, and of various other *
aencies of the government, as to the extent to which each agency was 3
prepared to participate in FITZWILLIAM (Secret). Through a series of
conferonces held under the sponsorship of the Special Weapons Group,
DCS/Materiel, Hoadquarters, USAF, it was determined that contributions

could be made as follows:

Scientific _
Field DnEartment onc IXEU of Contribution

Nuclear le Air Force Air Materiel Coamand Furnish aircraft filter
units, ground dust
sampling units, ioniza- i
tion chambers and wrap-
around Geiger counters.

RARE AR
i __llr__ ‘_'l"l = v .

2. Alr Forco Alr Weather Service (a) Oporate ground 3
radloactivity measure- |
ment instrumaents; .
(L) Operate aircraft
filter detection
systum.

e et b T e B NAY

3. Anmy Signal Corpas Furnish ground dust
sampling units and
wrap-around countoers.

1’-'.‘.,‘-‘* ."-\-‘."‘I"'.I‘..I

L. Navy Naval Resoarsch Lab, (a) Furnish ground 6
dust sampling units R
and radiological
counters, and opgrate
cortain ground radio-
logical stations, 2|

(b) Test balloonborne &
radlological counter 2
methods., -

LT e

Acoustic Ce Alr Force Air Matcrlel Command Test balloonborme
acoustic detection

instrument.

: 4
g
.

6o Army Siypnal Corps Teust ground acoustic
dotection instruments
in a six-station not-

- work covering northern

hemlsphera.
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V. PREPARATIONS FOit THE TESTS

On 1 December 1947, Major Gencral Albert F. Hepgenborgor, USAF, wag
assipgnod to the Special Weapons Group, DC3/M, Headquarters, USAF, to
organize the long range detection program. Asgisting him in the orpani-
zation of the sclentific effort wero Colunel Benjamin G. lHolzman, USAL,
one of the principal sclentific members of the oripginal Long ltange De=-
toction Committee, and Dr. Ellis Johnson, formerly associated with the
Carneplie Institute of Technolopgy and the Naval Ordnance Laboratory.
Shortly after 1 January 1948, Brigadier Qeneral Morris R. Nelson and
Colonel Herbert W. Ehrpott were assigned to the Special Weapons (iroup
to agsist in the organizational, operational and genural administrative
agpects of Lhe programe. During this same perlod the technical gtafl way

auzmented by the addition of Mr. De. L. Horthrup, Deputy Technical Dircctor,

bre William De. Urry, Chicf Nuclear Pescarch, and Mre. Je. Allen Crocker,
Chief Goophysica. This small group, together with a few airmon and
clerical and administrative civilian employeesa, formed the nucleus of
AFMSW=1, the¢ subdivision of the Special Weapons Group which directed the
long rango detection program during SANDSTONE (Unclassified).

January and February of 1948 were spent in analyzing the misslon and
its backpround; obtaining poersonnel, working cspace and funds; establish-
ing security standards nd procedures; becoming familiar with the status
of the preparation of the various participating apgencies; scettling upon
locations of test stations; establishing close liaison with Joint Task
Force Seven, the agency respongible for the conduct of the SANDSTONE (Un—
classified) tests; and making detailed arrangements for the deployment of
personnel and equipment. |

by February 1, it became apparent that the majority of the radio-
logical equipment would not be completed in time to permit adequate cali-
ration and familiarization by operating: personnel. The problem was
intensified by the fact that equipment procured by the various partici-
pat iy agencles vy contract or ty manuiacbuie willhitn Lhelr owa laboita-
torics wonld, in many cascy, have Lo be opereted by persomnel of other
participating agencies to it the overall plan. To provide a partial
solution to the problem a contract was effocted with Tracerlab, Ince,
lvaton, Massachusetts forr the cstablisliment at Fairfiovld=Suisun Alr
Force Lase of a two weeks training coursce in operation of the various
instrwnentse Officers and onlisted personnel of Air Weather Sorvice
dutuchnents tlaoyhout the Pacific, Army and Alr Force offlicur graduatey
ol radlolopical defense schools at the Army Chemical Conter, Edgewood,
Miayland, and Us . Navy Installation, Treaswoe Jslund, California, and
officor and civilian scientitic pursonnel furnished by the Officu of
Naval Hesvarch, U. S. Navy, attended the cowrsee Although the time
available was fnoufriclent for completely satisfactory training, all
cquipment was placed in operation by praduates of tho cowrse in time for
Lthe rirast explosion on 1Y April 19L. For doetails of this training

courte, suve Tab C, Volunu 1l1.
' 4
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Adequate testing of some of the equipment required its cotablishmont
and operation in the Marshall lslands area, at or close to Eniwetok Atoll.
Since, for sccurity reasons, complete authority over all activities in
that arca was vested in the Commandor, Joint Task Force Seven (Lt. Gene
John Ge Hull), it was necossary to requost Lhe Task Force to provide
certailn operational and lopglstic support.e Joint Task Force Suven under-
took to render all possible assistance which would not interforo with
thoe accomplishment of its principal mission, which was to support the
sclentific tests of the atomic weapons by the Atomic Enerpy Comnission.
Speclfic assistuance was requested of, and granted by, Joint Task Force
Seven ag follows:

a. Permmission to establlsh lonpg ranpe detection testing stations
at. Eniwetok, Kwajalein, Majuro, longerik, and a nuaber of smaller atolls,

be FProvision of loplitic support to such slations,.

Ce Comslriuction of foundalions and shelters for five selismo-
praphic gstations on Eniwelok Atoll.

de Notification to outlying stalions ol the anticipated times
of the exploslions.

0. Mctooroloprical information furnished throupgh the Staf'f
Weatber Officer, Joint Task Force Scven by thoe S1Lth L. He Hecornumissanco
Squadron, operating ag Task Unit Tolieli.

Preliminary arrangements with Headquarters, Joint Task Force Suvon
cffered no difficulty since that hoadquartcers was adjacent to AFMOW=1 in
the Pentapon. Cloge llaison with Joint Tausk Force Seven was maintained
throupgh Coloncel Nelson Peo Jackson, FITZWILLIAM (Seeret) Project Officer,
Joint Task Force Suvune On 12 February 1lyLb, lHeadquarters, Joint Tauk
Force Seven moved to Schofleld Barracks, TeHe, in preparation tor the
further move to thoe Marshall Islands. On 2l February 19YL8, Coloncl
Ehrpott, accompunied by Major Stuphen Pournaras ol the Alr Woeather Scervice,

_ procecdoed to Hawall to brief Genoral Kepner and hiy gtall on the statun of
preparation for Operation FITAWILLIAM (Secret). In a gseries of comfurences
Lhe tollowing: unsiettled points were resolved:

de Dotuils of time notification proceduro.

be Doelailed arranyunents ffor transportation ol Naval Omdnance
laboratoury porsonnel and cquipment. Crom the West Coast to Enlwutok, and
for lopiotic support to Naval Omdnance laborstory stationy in the Jouint

Task FoIlce Suvun arvie

ce Additional radio sets and batturies tor Naval Ordnuance

’ laboratory stations.

T e ——

de Arriuyementy betwoon Stal'l” Weatlor Otfficor, Jolnt Task Forco
seven (Colonel Holzman), and Navy and Alr Weathor Sorvice units for the
supply ol meteoroloplcal information neodod for tha proper conduct of the
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VIe DUNNARY OF WbLGULTG

JPhe piime poocpane Gl el taon P U LLLIAL (Geerot) was Lo explore '
alLl poosible oo cnr vy whith an ateate explosiion coule be dotecled atb
long: rampres loeedd Lhvs end, o the $ix wooeks permatlod Lor proparition,
& roprd evalwe oo o yeesmible melleslya, Lechniques and ingtruentsbion
wis o made, ame! Licoa which were considered Lo be al all fecasible were ;
implemented Lo oan cztent consistent with avatlable cquipment, personnel, 1z
and the tino gchedules The moang of detecting and locat inge an atounic ¥
oxplosion which were wwestipated in Uperation FITZWILLIAN (Scecrebl) can f:
be classified inlo two proups, namely (1) thosce which depend upon tho it 4
tramendous enerpy releascd by such an explosion, and (2) those wihich LR
depend upon the radioactive atomic debris released by such an explosion, RO
Into tte first group falls acoustic and geismic instrunentation as a R,
means of dotection and location. The acoustic uxperimentation indicated ik
that tho maximum range of detection for test XhAY, YORE and ZELBHA of A
Operation SAHDSTONE (Unclassified) ranpged between 1000 and 1700 miles, e b
with gignal periods greater than 10 geconds and a gsignal duration of @ if[
several minutes. Before an accurate estimate of the reliability of iy
acoustic measuraients ags a means of detecting large scale enorgy reloeuses 'gg;aﬁf?{
in the atmosphere can be made, much rescarch must be dono with respect 'ﬁ%wi;ﬁé;
to the phenomena of sound transmission in the upper atmogspherce Follow- st [
ingg this rescarch, it might well be poscible to pive an accurate evalua=- ?:%?iig’
tion of the effectivencss of long range acoustic detection and location }%:Eé £
of atomic explosions. f%ﬂi?“ﬂ}
Pwiaas
The seismic data indicated thal existing geismopraphs are incapable : 7}:£U;§
of detecting an air burst at long range. Signals were observed on seismo= ﬁhiﬁﬁéQ;
graphs within 500 miles of the atomic explosione. Those sipnals had a wl%ﬁ%ﬁ&g
velocity which corresponds with transmission throuy:h water. Seismic data féﬁﬁiéfii
shiould bo quite useful for the long: range detection and location ol an @%ﬁ%@ﬁﬂﬁ
at.emic bombh provided that it ig exploded under water or under ground. Rayiae ¥
I'mfortunately, as to date, there would be no way of muking certain identi- '§g§? -”
fication of the event as an explosion rather than as a small earthquakc. po il
It is possible that a research program involving detailed study of the IR
characteristics of seismic waves from larpge scale explosions and earth-
Guikes will lead to the development of instrumentation and techniques
which will penrit this distinction. [urtler, it is conceivable that re-
scarch on seismic instrumentation mipht well lead to apparatus that will
render it posuible to record air bursts through seismic means at long .

I‘am_:e.

Detection dependent upon the release of radioactive debris following
atomic explosions can be sub=divided into two classes, namely (a) those
methods which involve the direct measurament of tho BEI'A and GAMMA radia-
tion in the 'neiphborhood of an atomic cloud, and (b) those which involve
the concentration of atomic debris from larpe volunes of air by methods
such as f'iltration or rainfall scavuping. Procedures (b) are inherently
mor'e sensitive since they are capalble of detecting about 1000 fold lower
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concentrations of disperced radicvactive material. Moreover, it 1y ordy
this procedure which regults in sanples of flssion products which can bLe
subjected to detailed radiochemical and physical studies, and it 19 only
throuph thege studles that unquestionced proof of an atoumic cxzplotion can
result, .

Duriry: Operation FITZWILLIAM (Socret) tho direct moasurement of the
increase in the radioactive lovel (Frocodure (a)) at any location due to
the presence of an atomic cloud in the vicinity wiu Llrnvestipated at
nunerous land and ship based installations stratepically placed throapyh-
out the northerm hemisphere. These lnstallations ranged ag far westward
of Eniwctok as Japan and as far castward as pBermuda. These mcecasurcmenlo
were carried out on the pround by autornatic recording instrunentation
which either involved the usape of pamma ray sensitivo Celpor tubes plus
the roquisite awdliary clectronic equipmient, or hipgh presgure lonization
chambers and their associated electronic oquipment. These studies indi-
calted that pround detectors of this Lype are unguitable at lonpg rango.
The maximum limit of detection wuas approximately €00 miles. Unlikeo tho
acoustic and gelamic experimentation, the limits of detection were not due
to the instrumentation por se, but to the small concentration of atomic
debris which reaches pround lovel at distances preater than 600 milos

from an explosion.

Long ranLL detection of an atomic cloud was aldo carried oub in tho
air by means of aeria counters and atmocpheric conductivity apparatus.
In gencral, these studies showed that acrial monitoring: at altitudes
ranging from 25,000 to 35,000 fect were capgble of detecting atomic
clouds which resulted from the SANDSTOME (Unclassified) Operation at
distancos rarg'ing up to 2000 miles from the gite of the explosion. It 1is ’
to be concludod that the prime importonce of properly sngincered apparatuu
of this type ig to delineato an atomic cloud, aince during: the acrial
flights acrial filtration to collect fisgion product activity can be
carricd out with the utmost ease. Balloonborne counters were relcased
from certain strateplce locotions followings cach of the thrcee SANDOSTOMNE
(Unclassified) explosions and the pertinent data were telemoterced back
te Lhe pround monitoring: station. These studies showod that a balloon—-

' | tornc counter released G000 miles (rom the site of the explosion and
which passed through the atomic cloud trajoctory is probably capable of
detecting the pregence of siaid cloud up to altitudes as hipgh as 80,000

f'cot.

- —r

All of these monitoring means of detection, both ground and alirborno,
lrrespective of tholr sengitivity have the obvious limitation that they
only meesure the increase in the radioaclive background over that due to
coumic radiation and natural activity. ‘They do not result in the un=—
questioned proof of the: presence ol igsion productse This can only be '
dune thruwyh the collection and ccnoentration of figssion products in Lhe
vicinity of an atomic cloud trajectory throuph acrial filtration at hipgh
altitudes, by air filtration at a pround monitoring stztion, and/or
thivugh the collectiovn of rainwatcr,

> R T e o S

T el

Acrial filtration at hiph altitudes by moans ot ffiller boxes, which
contained Chracical Wartare typee V=4 tilter paper, atlachod Lo (=298 was
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Derartment of tho Alr Force
][’;‘:‘D';Uj‘i:u"'l;; U:-I'f.nb LJ‘T‘JiIJH-; 'nnl i"LitCi.;
casndnprton, DLC,

<0 lureh 1945

e DI nemorendws from Lhe Chicef ol Steff, U. &, irwee, to the Con-
mding Genernd, Ul L. Adr Foree, dated 16 Sentenber 1927, 4he U, 2, Air Force
wies oiven bLne u-:.g-ornmlulltj for delLecting atonic ex nlo.mn._. rncnenera in the
Vot lcl and vt cirected to utilize to the maxinum criastinge nersonnel sna
Ll itlu.., both within end wilthout the Var Derirtment.

Le In nenormndun from Lhe leerctery of lation:] Lefense to the ..ec-
retary of the Ul &, Lir Foree, dated 9 Decembier 1947, the innortince of trying
out all vousiible ncthods for the deteclion of atomic o::-:]o.,..m..., L the tine of
the nesst Leats in the lucific sws enphasized,

ce In acecrdance wilh the foregoing dircclive and ozmression of
policy, the U, &, Air Forece has orranired in the Speciel Veunons Grouu,
D(auﬂu.LLLI'JL] U. . 4ir Force, an of ficc (LF10, -1) to cerry out the UL, Air
Force rt."':on...il:iJ Lty for long runge detectlcen of ufortic oxnlocions,

de &Hlter reviewing nll instrnunents and technioues which arpcar to be
i"u..::.:.:.:iLJc for deteceting physical vhenomena ensuing from an atonic e:mwlocion,
Grlon =1 supervised wid coordinaled the desirm of u test nrofem prcyraod in do-
Leil by various agpencies concelmncd; sunervisced the develojpment, vrocurcment,
enc wllocntion of ecuirment; nd coordir:ted the cssipnment of resnonsibility
for Ticld olwicrvr Licns ancn: Lhe oncreting «oencics.

4. The U, O, i£ir Force will investipate possible techniaues and
cauiiments for the detection of ntemic exnlouians, -by observing geovhysical
phenonene resulting fron Ireject SANDSTCLE, vtilizing to the musdoum existing
fucililics boin within and without the armed servicos, This phase of the
long wrimye deteelion vropaun Lo celled FITZAVILLIAN end is the cubject of this
pl-n., The 'uu":o:.:c of M11e. . ILLIAT is to oblain Lhe me:zinuwa of observuticnal
deta censistent with the time schedule established for SALDSTCME,

L. The cnd objective of the U, O, adr Force progrin is to establish,
asssoon as roussible, « cyctem of .J.LI'VE:J.U.IIICC wvideh will permit delecticn of
atonde ouwnlonions wr ;n.lnrxc in Lho wvorld. The overull profaim to ecccomplish
this objective is call RITEELTIH.  Only that pert of VHTTESMITH which will
utilizo dnte frem C[‘cr:(-kbn s )ATCHE, 15 coverod in thdis plan.
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Jubjoct:

Operitions Plan - FITZ)ILLIAM 20 Uarch 1948

Ce _I_:‘_I_TZTJ IILLH‘.*!'.I FOZ:_VE; nr! I:i ! I;

(1)

(2)

(4)

(5)

(6)

(7)

Arranpe with Commending Officer, Air Veather Detaclment,
at Enivetok for acsictance to the two ceientists conduct-
ing donospheric observations and arronge authority for.
these scientistc to be furnished vmrning of the explocionas.

Arrunge wilh Commending Cfficer, Lir Tecther Detachnent,
at Eniwetok to furnish two observors for operuition of
mametoneters, Obtain marmetometers from NOL detaclment
at Enivetok end circiaft battories from Air Tenthor

- Detac!ment (furnishoed by Air Lateriel Command). Arronge

for insiruction of ALS observers in oncrution of marneto=-
meters by LICL technicinn. Arrenpge authority for observers

‘Lo be furniched warning of Lining of explosions.

Notify CTU 7.../ at twelve hour intervals of position of
radio active cloud for information of Air Liateriel Command
scicntists conducting atmospheric conductivity observations

- from special B=29 based at Kwajalein.

Direct Commanding Officer of Air Weather Dectachment at
Kwajalein when to rclease "Rawin" 658 equipment at Kvaj-
alein Air Vecather station for use of scientists of the Air
Linteriel Commond balloon sonic project during a five hour
period at the proper time after the first o:mlosion. Issue
similar instructions to the Commanding Officers of Air
Woathor Detachnents at KwmjaToin, Guam cnd/or liclem Ifield,
as required, for subscquent e:mlosions.

Vector weather reconnnisczance and cloud chasing airerait
of TU 7...4 at Kwnjolein to the radiolopical cloud as

renuired, and direct a3 necessery the colloction of air-
craft filters and gascous scnnles from aircraft based at

Ky jaloj.n ®

Vector Destroyer-liine-lvceners UQuick and Davison, under
oncrutionnl control of CTG 7.3, to positicns to insure maxdi-
mum probability of intercenting the radiolopiczl cloud with
ballcon-borne rudiological counter:. Inform NRI. FITZUILLIAM
Stations on the two D'S*'s and at Ronjerik, liajuro and Pearl

Horbor when to launch bolloons.

Direct Commanding Officers of apnroporiate Air \leather Ser-
vice reconnaissance unjits to move aireraft with radiological
filters, from home bases to FITZIILLILUL stations in accord-
ance with .S Plan Doubleday, to be furnished FITZ:ILLIAL
Advenced by Air Vienther Uervice before Anril Ath, 1948.
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Operntion FITZVILLIAM - Annox A" 20 March 1948

d.

(2)

(3)

(4)

EXr

will actuate the Esterline-Anrus recorders of each micro=-
barograph thus providing an accurate synchronization of
data from all stationz. A single station comprised of one
100-unit array will be installed at tho NOL, Vihite Oak.
This array should have the loweut oimal to noise lovol of
any sonic station. |

NEL arrayg. The NEL will operate three (3) sonic arrayg
composed of HRL microphone stations described abovo. The
location of these stations is given on Annex D=3. Time
notificution for theso stations and in fact for all remoto
sonic stations, will be achieved by spocial arrangoment
boblvocn JTF-7 and AFMUW -1,

ANC Acoustic balloong. The Evans Signul laboratory of the

U. S. Signal Corps has ostablished a network of six (6)
stations locauted as indicated on Annex D=3. A 2/,-hour con-
tinuous surveillance schedule 1s currently operating on all
aix (6) of these stotions. No time signals or other notifi-
cations of the events will be required. Yersonnel of the
Signal Corps will strive to effect ldentification of acoustic
anomalies received on their notworks and notify AFSVi-1 of
all such anomalous behiviour according to a schodule apreed
to separutoly betwcen U. S. Signal Latoratory and ARMSI-1,

ALIC acoustic balloons. ‘i‘he Watson Laboratory of AMC will
launch balloon borne ruclological equir~ment described above

at the sites indicated on Annex D-3. Since there will beo
only one party from Vatcon Laboratory in the Pacific, the
three (3) stations will be sequentially manned depending on
favorable results from tho proceding event. Ground level
sonic mecsurements will be mede by Vatson laboratory person-
nel at each of the stetions indicated. Equipment for the
ground level measurements consists of converted Viorld Var II
gun ranging equipment. The conversion is essentially one of
increasing the time-constant of the instrument to approxi-
mately 30 seconds.

1t rrojects. Three (3) additional Investigations of a

preliminary typo will be conducted as outlined below:

(1)

ACS/UCL muvmetie.  AVS will onerate two (2) NOL high gensi-
tivity magmetometers ut the loecation indicated on Annex D=4,
The NOL will onerate one (1) high sensitivity mapgnetometer
at a nosition shown on Annex D-4. "ith those three (3)
mymotometor stations it is howed to determine the feasi-
bility of a future study of electromugnetic effects of
atomic explosions due to dymamo action in the lonosphere
resulting from the sonic or hydrodymumic waves,

—

LN = 12

- x ul T | PR e i e B
® i TR LT el F i '
i g I T L ol AN L U L e
- - %’.*. N Gw =Y g o A i W TRy . 1
re T, T Y o T Ty
(Xies T

Lo
T, )
b1 - s ¥ o -
'\.rr i .‘._r“'i “'j_:,*l sk’
j- al § olan
Wt '
| |

L F
e "‘ .‘-:,: 3

TR "y
|
s . - N

-

- —




Oporation FITZ7ILLIAL - Annc/"C" 20 larch 1948

L]

w2 T 2 ; DE_& I10lGITUDE OIYRATING AGEICY
Albr C. 2, (5-923) 08 59 N 79 3, W Air Vieathor Service
RO TRRENTS

Q. Homo T & C

1 LG Ground Filter Unit A1l equipment flovm from vright Field to Al-
brook Flold by ATC. (ID No. CR-USR-1I1-2/08-AF2)

1 ANC \irap-Around Countor (ID llo. CR-USR-111=2546-0F3)

1 iliC Precipitation Equip- _
ment . -

PATLITENANCE - Tracerlab maintenancoe man stationed at Boaton, llacc, (5-500)
and Fairfield-Suizun (5-493)

OPEMATILG JURSOINLL - Lt. J. Smith (Stht!. Gp.) \

[
N o5 (B P

Alr Materiel Commnd

1 ANMC Llicrobarograph All cquipment 111 be flowvn from Rod Bank to
Alamagordo by AMC plane

! ALIC Sonic Balloon

L

| ML llodified Gun Range-

ing Yonic Equipmont

2 T

L Ju\ICE

- Oporating personnel will supply all maintonunce necods.

G TERTOIND

- Dr. Peoples
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nir Viealhoer Service
air llateriel Comaand
Signal Corpa
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ST RN
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1l WO ecromd JLiber wnlts "rlohb Lo Guen by L1C

(€8

G vrinaarotnd econbers (2) rirht to Guen by .TC (1) . right to Trucerlab
by .. TC. Truacerleb to Fairficld=Uuisun by LTC.
Frirlicld<Uuisun to Cuznm irr ATC, (1D llo. WP-USR-
1H-2554-AF3) wnd (2553)
1 ol satiborsitie 1idio- wochinston Lo U'rlpht by ATC. right to Guam by
losicil cownter AU, (IIJ o, " P=UC=1A-8163-.F3)

1 AlC micvobarogmunh
l L microbazorm:ph Lew Torl: City to Guam by IUTS

1 ALC conte Y lloon

-
]

1 cibic ] covturlab o eandomend

1 ALC rrodtetelive nreelcoitbion
coutrpent

IR e et

1 LG lonlwtion chucber  Ureirnt Lo Guun Ly ATC.

bt 0 = Honrest Trmwcoeorleh mainteirince nn located at sane stotion (..’,,-{392).

Lt. C. V. "ilson ( ) g Chirles 5. Schneider (I7YU)
Georpe L. llowser (27Lh L.0,) Trucerlab Cwrey Ikeloen "

It Com "..in. Greene CIR iroj. Cff Juges Re Onith "

Dr. Gilbest M, Curl (in eiye Vocior 13) [21tin Koeniy "

. B, lnlo Cleirles icoore, Jr. L

Jo f. Strong

G. w. sones * Danicl F. Comstock  (Trucerlab)
br. Jemes o, Peonmles (Tation) Slton . Turk i
L1bert Crury (" ) Don C, itlidns "
Joim V. Llden ( " g Emil L. Bernier .
Join 4. owdden ( n George C. Houser L
Jocerh M. Clsen (" ) Danicl M. Elkstein "
Yetur !, “eloft ( * ) . Vvillianm (ICII) Kerp .
e Donaeld J. centhnrd  (Simel)
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VII. LIST OF SENIOR PEHSONNEL

AlMOW=-1

MaJe. Gene Albort F. Hepgenborpgor, USAF
Brige Gone Morris H. Nolson, USAK
Col. lerbert W. Ehrpott, USAFK

Col. Bonjamin Ge Holzman, USAF

Col. Nolaon P. Jackson, USAF

Dre Kllls Johnaon

Mr. onle Lie North-r'UP

Dre Wme Do Urry

Dre. Donald He Hock

Mr. J. Allen Crocker

Geophysica Resoarch Directorate of Watson Laboratory = Air Materioel Command

Dre PFPe W. “kaOff
Dr. James Ae. Peoplua
Mr. Albert P. Crary

Air Heductlon Roscarch Laboratorx (under contract to AMC)

Dr. Fred C. Balcor (Technical Director)
Dr. lloke S. Miller (Group Leader)
Dre. FFrank McKenna

Dr. Claﬁon e Wynn
Columbia University (undor contract to AMC)

Mr. Joseph M. Johnson

Tracerlab, Inc. (under contract to AMC)

' DI‘._ F'e Co Hﬂnrj.QUGS, Jre
Mr. D. W. Atchley, Jr.
Dre Le Re Zumwalt,
Dr. We C. Percock

| Now York Univoruitx (under contract to AMC)

Mr. Charles B. Moore
Mr. Charles S. Schneldor

Air Weather Sorvice
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I,  ABSTRACT

This report deals with acoustic detection tests on Project "Fitz-
william" conducted by the Geophysical Research Division of Watson
Laboratories in April and May of 1948. The efforts of this group,
using balloon-borne microphones and a radio telemetering system, were
directed toward detection of acoustic disturba.nces‘ near the tropopause
in the atmosphere. Two field parties monitcred each of the three ex-
plosions, One party remained at Alamogordo, New Mexico for all tests,
and the other was stationed at Kwajalein for Test X, Guam for Test ¥, and
Oahu, E, I, for Test Z.

Dositive results were obtained at Kwajalein, and there is a pos-
sible return cn the Guam record, The remaining records generally indi-
cate disturbmc;s, but it is not possible to positively identify any of
them as due to the explosion, A comparison of these results with the
results on ground equipment made by other agencies may lead to more de-
finite conclusions., The evidence of these tests indicates that the
disturbances produced by the explosions are not unususal enocugh at ranges
over 1,000 miles to permit identificatlon without an array of three or
more microphones.

II, INTRODUCTION

In connection with the long range acoustic detection program of

Prcject "Fitzwilliam", the results of experiments conducted by the

Geophysical Research Division of Watson Laboratories are hereby submitted.,
At the time the ecoustic program was planned, a system for detec- |

tion on constant level balloons was being developed at Watson Laborato-

ries under project "Mogul" (now "Rockfish") and was due to be in a usable




form in time for the Fitzwilliam tests., This equipment was designed to
f£loat in the tropopause, where sound velocities are a minimum, in order
tc take adventage of the sound propagation characteristics of the at-
mospheric sound chennel. gince this laboratory was uniquely prepared
to investigate sound detection at high altitudes, the principal efforts
of the limited personnel available for the Fitzwilliam tests were

directed toward this end.
The possible advantages of the balloon-berne equipment for these

tests were:

a, That pressure waves generated by the blast which trans-
mitted in the sound channel without returning tc the earth could only
be detected by the balloocn-borme equimment;

b, That a é;ound which would not be distinguishable at a
grcund test station might be detected fram floating ballocns because of
the better signal-to-noise ratio at the balloon level. The ground
equipment which was used at the shorter ranges was reqtired for the pur-
pose of obtaining direct comparisons, Other agencies monitored the
blasts on the ground with a number of elaborate arrays.,

Because of a lack of time, personnel, and certainty that the eqﬁip—
ment would work satisfactorily, it was decided to operate at no more
than two locations-for each test, Ome group remained in the United
States to investigate long r-"a.nge detection, and the other group operated
in the Pacific area at a different range for each test. A summary of these
operations is given in Table I,




11I. TELEMETERING SYSTEM

1, Introducticr

The telemetering system described in this secticr was develored
under the direction of Mr, Joseph M, Jchnstan of Columbia University,
6n Contract W28-099-ac-82, It is ccrzidered to be a gocd example of the
advantages cof keepiﬁg wellocn-berne gear as simple as possible,

The ballocn-berne microphore is so designed that the motion of
a thin aluminum diaphragm varies a capacity in an oscillator circuit,
Frequency modulated transmissior is achieved with ocly one vacuum tube.
A frequency of 400 megacycles was chosen largely because suitable re-
ceiving equirment had previocusly been develored using this frequency.

’ The ground system uses the SCR-658 radicsonde receiver which

has a high gain directicnal antenna and means for determining the di-
rection of the arriviﬁg signals, ™40 cr more of these receivers placed
25 tc 100 miles apart may be used tc cttain a fairly accurate plot of
a balloor's course, Connections are made tc the receiver for special

oscillograph reccrders, tuning, meters, etc, The operation of the

system is jndicated in Figure 1,



TABLE I

S cf Cperations

M

Test Location Distance Type of Time Velocity Range
Naut. Miles) Equipment Operated* Ccvered (deg/hr**)

X Kwajaiein  353-3&C hirtcrae 20-53 17.8 = 6.7
I1sland 370 LF T, =21 34=56 16,8 - 6,6
Gh-3 Tri, 25=52 12.8 = 7.1
Altimeter 28=56 13,2 = Gob
X alamogordc, 5160 Airborne 379-699 15,6 = 7.4
New Mexico
e
Y Guam Island 1030 Airbcrne 29=94, 35,5 = 11.0#
' (rising)
Airbtorne Qh~124 11,0 - 8,2
floeting)
. LF,T.,=21 80-121 11,6 - 8.5
GR-8 Tri. G4-116 11,0 - 2.9
Altimeter 107=-122 9.6 - 8.5
Y Alamogerdo, 516C Airtcrne 387=552 13.3 -« 9.3
New Mexico
Z Cahu Island 2350 Airccrne 160=21% 14.7 - 10.7F
(risirg)
Airbcrne 219-264 10,7 - 8.9
(floating)

LFT,=21 2C5-268 11.4 - 8.9
Altimeter 2C7=264 11,3 - 8.9

Z Alamcgords, 5160 Airbecrne 343-536 15,0 - 9,6
New Mexico

Z Mentgomery, o©CCC Airbcrne 360-686 6.7 - 8.57#
Alabama

-

* Time in minutes after occurrence of expleosion.
W C??version factors: 109%hr = 10 naut, mile/min, = 309 m/sec = 1014
) g SeC,
'# Recordings mede with rising ballocns and with higher attenuations,
## Because of equipment trcuble, this data is nct considered significant,
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2, Airborne System

Figure 2, a combinatior schematic and pictorial diagram, shows

the essentials of the airborne system,

The acoustic frequency response of the entire system is largely

determined by the acoustic comstruction of the microphone, The spun
aluminum cup has a volume of approzimately 800 em?, The small bleed

hole ip the cup (number 69 drill) determines the low frequency cutoffs

of the system, (This hole was experimentally established to be about the

amallest which could be used without damaging the micropghcne on ascent,)

The high frequency cutoff 1is determined by the hole in the acoustic

plug in the bakelite head of the microphone and by the volume inclosed

between the diaphragmh and the head,
A type 955 tube is connected to two parallel lines in a modi-

fied tuned-plate tuned-grid oscillatcr, These lines terminate in two
small plates which are spaced ,005 to ,008 inches from the microphone
deaphragm so as to give a naminal capacitance of 15 mmfd, measured

across the two lines, Since the motien of the diaphragm varies the

capacity across the ends of the line, frequency mocdulaticn is produced.

Tt}‘e antenna, approximately one-half wave length,f is attached
directly to the plate lead of the vacuum tube,
_ Provision for altitude indication from the same transmitter
is achieved in the following manner: A standard baroswitch, type

ML310A, upon making the various contacts actuates a small relay which
ijs connected as a buzzer having a frequency of about 500 cycles per

second, The buzzer, connected as shown in the diagram, modulates the

transmitter at this frequency. This frequency is too high to be
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recorded on the oscillograph, but it can be heard on a loudspesker,
Recause it was found that the buzzer system did interfere with the micro-
phore signal, the system is normally used only up tc about 35,0C0 feet,
An accurate rate of ascent can thereby be determined, DBecause level=-off
time is clearly indicated by a great reductior of noise from the micro-
phone, the rate of rise curve can be extrapolated toc give the constant
level altitude,

The battery supply used on these flights consists of special
Burgess silver-chloride dunk batteries (A unit, type BA-256 and B unit,
type BA-257)., The A unit delivers 6 volts and the B unit delivers 110
velts, Two sets of these batteries, which are used in parallel or each
f1ight, ere sufficient tc keep the transmitter in operation for six tc
eight hours, These batteries are extremely lightweight for the power
delivered, end because they generate some heat uporn being activatéd
with water, their operation at low temperatures is maiptained., They
must be inclosed in a box which gives sufficient insulation tc keep them
from freezing, but not so much as to cause boiling.

Further details on the construction and assembly of this equip-

ment can be determined by examining Figures 3 and 4.

3. Receiving Equirment
The primary unit in the receiving equipment is the SCR-€58 radio-

sonde receiver shown in Figure 5. This receiver has a high gain, highly

directional antenna tcgether with an excellent FM receiver and means fcr

accurately training the anterna on the received signal, Only 2 general
description cf this equipment 1= given below, Detailed descriptioms

are to be found in Techrical Manual No, 11-11588.
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A conne.ction by-paseing the normal radicsonde audio circuits
js mede directly to the discriminatcr of this recelver, this cutput
i cornected directly to e Brush direct-inking oscillograph amplifier
and recorder, A vacuum tube voltmeter is connected tc the same ocutput
for tuning purposes, and a loudspeaker is used for jndicating the baro-
switch signels and for general monitcring purposes. The block diasgram,
Figure 6, shows the essentiale of this equipment.

A careful operator can train the receiver antenna tc an incoming
gignal tc within about + 0.1 of a degree, The jnstrumert itself 1is very
sccurate, Reflections from nearby buildings, towers, and terrsin
features, bcwever, nhay csuse the apparent direction of transmission to
shift several degrees fram the true direction to the transmitter, The
overall azimuth accuracy achieved in these experiments is believed'tc
be gooé to approﬁmately ¢ 3 degrees., Elevation readings below 15

degrees are unreliable because of ground reflections,

AP alibration
Considerable effort was made to maintain calibration information

as accurate as possible for these flights, Fach transmitter was call-
brated through the entire receiving and reccrding equirmént. This cali-
bration was accomplished by putting the transmitter in a closed vessel
and varying the pressure at known amplitudes over the frequency range
of the microrhone, Figure 7 shows the method by which this calibration

was done,

'The magnitude of the generated signsl 1s computed as follows:

Let V = volume of chamber, large in comperison tc the volume
of the microphone cup.
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A V = % the volume displaced by the hypodermic syringe piston
. in extremes of travel,
p = ambient pressure in dynes/cm<,
A p = signal amplitude in dymes.

Y = 1., for adiabatic conditions,

AD= AVV YP
AV and V can be measured in any unit provided the name units

are used in both cases,

For convenience, the field celibrations were conducted at ground
level pressure (approximately 1,000 millibars)., A very careful compe~-
rison of the resporse of a standard microphore at an ambient pressure of
1,000 mb, and at 146 mb, (approximate pressure at 45,000 feet) was made
in the laboratory. This relationship is indiceted in curves A and B of
Figure 8, where it can be seen that at low pressures the low frequency
response is extended and the peak sensitivity is somewhat greater, This
relationship and the field calibration was used in determining the
amplitude of observed disturbances,

Because of varicus factors including a variation of the cali-
bration constant with radio signal strength, precision in amplitude
measurements is not claimed, It is believed that stated amplitudes are
within ¥ 6 db.

IV, BALLOONS
1, - Introduction

The only known way of keeping a microphone at high altitude
and at rest with respect to the atmosphere is by means of a constant

level balloon, The techniques and operations of flying constant level
balloons have been carried out by New York University on Contract W28-

099-ac-241.
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2. Balloon Construction and General Characteristics

The ballocns used in this work were built and developed by

General Mills, Inc, The essential features of these balloons are:

Material: Extruded polyethylene .00l inch thick.
Volume: Approximately 43,000 cubic feet. 47—‘?0 At
Shape: "Pear Drop" - spherical section about 20

feet in diameter,

Construction: Twenty gores are heat sealed together and
a special acetate tape is applied over the

seams. The balloon converges to a 12 inch
load ring at the bottam. The acetate tapes

aid in distributing the loed from the ring
to the upper parts of the balloon fabric.

Also attached to the ring are the loed har-
ness and an appendix,

Pay Load Capacity: Seventy pounds to about 37,000 feet or 4
- pounds to 67,000 feet when helium is used

as the liftipg gas., Typical loads were
about 20 pounds which reached altitudes of
about 55,000 feet,

The balloons are partially inflated at the ground, As they rise
the gas expands, Then a balloen reaches its floating altitude, the excess
gas passes out through the open appendix until the 1lif% is just suffi-
cient to balance the load, Figure 9 shows a balloon just after a normal

release, and Figure 10 shows how a balloon appears at floating altitude,

3, Altitude Control
- Although equilibrium conditions are almost unstable, experience

has shown that for a period of two to four hours balloons with no alti-
tude control at all will maintain satisfactory flight characteristics,
This period can be extended until sunset by carrying a liquid ballas%

which is released at a constant rate, the rate being set to samewhat

over campensate for the expected rate of loss of gas from the balloon.




Under these circumstances, the balioon will rise very gradualily until
411 of the ballast is expended, A more positive altitude control uses
an aneroid beliows to operate & ballast valve whenever the balloon
descends below the ceiling altitude. In most of the flights for these
experiments, the fixed rate ballast flow wus used,

4. Qther Fiight Equipment

Figures 11 and 12 show typical pbailoon filight trains, The rlag,

~bout 6 £t. x 8 ft. is used to damp out pendulum-like oscillationms.
The inverted parachutes produce a drag which prevents the balloon from
rising too rapidly if the free 1ift of the balioon is greater than

expect ed P
On flights where there is a danger that the balloon may descend

into air lianes, a bring;&own device is used tr reduce the descent time,
This device is actuated by a baroswitch whenever the balloon descendé
below about <G,000 feet, The switch fires an electric squib (small deto-
'naﬁor) which cuts a line and drops the balloon load 5 to 10 feet,

pulling a rip cord in the side of the balioon. A part of the gas is

| thereby released so that the balloon descends more rapidly to the ground.

This device is shown in Figure 13,

5. Launching
In dead calm.conditions, the launching of a balioon is easy, but

special techniques are required if a wind is present, By using the
launching procedure described, balloons can be launched in winds up to

20 miles per hour,
A launching area is chosen where a building, truck, or canvas

shield can be used as a wind break., Two lead-shot bags are placed on the
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uninflated balloon at a point about 15 feet fram the upper end and so
that an inflation tube leading to the upper portion of the balloon
passes between them, The remainder of the balloon and the flight

train is laid out on the ground in a downwind directiocn, Gas is then
run through the inflation tube into the upper portion of the balloon

to form a bubble, which is protected by the windshield, When everything
is ready, two men simultaneously remove the shot bags and the balloon
rises freely in the uir and passes over the train of equipment (see
Figure 14). The person holding the bottom piece of equipment must get

directly beneath the balloon before releasing it.
In some cases, the balloon shot bags are placed on a plat-

form scale and the 1ift of the balloon is determined by weighing; but
experience has shown that the proper amount of gas can be determined just

as satisfactorily from the pressure and temperature of the gas in the

helium cylinders.

V. GROUND RECEIVING EQUIPMENT
Three types cf ground recording equipment were used in the Pacific

Area:

1. A standard T-2. microphone, modified to have frequency
characteristics similar to those of the airborne microphone, and a two
channel- Brush recorder;

2. A standard GR-8 Signai-Corps recorder (see TM 11-2568)
with T-21 microphones used in arrays so that the azimuth and elevation

angles of arriving signals could be determined;

3. A recording altimeter,
The recording altimeter, which was borrowed from the United
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Geophysical Company of Pasadena, Califcornia, is essentially a refined
aneroid barcmeter operating as a null type pressure indicator., A state
of balance between the pressure bellows and an opposing spriag is in-
dicated by a sensitive capacity bridge circuit, Bridge balance 1s
maintained ty means of a servo-motor which is mechanically coupled to
the bellows spring and to a spiral in the recarder, The angular posi-
tion of the recorder spiral is periodically indicated by means of a
ribbon and striker mechanism., After a turn of the spirel has been
campleted, the trace reappears on the opposite side of the paper, so that
the instrument 1s a s_ensitive indicator with a wide range. The sensi-
tivity of the instrument is about 52 dynes/cm® per cm of paper (30
dynes/cmz- per scale division of the recording paper). The speed of the
servo-motor limits the response of the system to rapid pressure changes
of about 4.2 ciyne'.'./c:m“'2 per second.

All recording equipment was calibrated from known pressure changes
so that all signals and noise levels ccﬁld be indicated in absolute

units, The frequency characteristicd of the different systems are shown

in Figure 8.
VvI. RESULTS

1, Test X at Kwajalein Island
Ground equipment was put into operation about 28 minutes after

the X zero time and continued to about 55 minutes after. The low fre-
quency T-21 recording on the Brush equipment did not function properly

at first and, as a result, the first 6 minutes of recording were only

partly usable, The GR-8 triangulation array consisted of three micro-
phones in an approximate equilateral triangle about 220 meters on a
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side. Because this equipment ran at fairly high speeds, several rolls

vere used and some recording time was lost changing rolls,

Compressional waves were recorded at Kwajalein for a periocd of
more than 3 minutes, from about X plus 38 to X plus 41 minutes, and were
picked up on all four types of recording equipment, At the time these
signals were received at Kwajalein, the balloon equipment was approxi-
mately 14 miles northwest of Kwajalein., Signals were received there

about 1 minute earlier,
Table II gives the results of the test obtained from the GR-3

triangulation equipment., The diagram of the field setup together with
the signal arriving at X plus 38.9 minutes is shown in Figure 15.

It is noted that the azimuths obtained ra;nged from approxi-
mately O to 1 degree 30 minmites greater than 298 degrees 55 minutes, |
the true azimith as calculated from positicms. The average deviation
indicates an average wind component of 9.5 miles per hour fram the
azimith 209 degrees, at right angles to the path travelled by the wave.
Tt is also noted that the angles of descent were quite uniform, and

apparent velocities ranged from 351 to 362 meters/second as coampared O

347 meters/second at the surface,
The recording obtained with the modified T-21 microphone (4

c.p.S.) operating into a Brush recorder very closely duplicated the
records obtained with the GR-8 triangulation array. Table III indicates
the signals received, The recording is reproduced in Figure 16,
Recordings from the altimeter are shown in Figure 17, Here
the evaluation of any signals is difficult because of general pressure

fluctuations in the lower frequencies. Same indicatlons of high-
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frequency signals, as recorded on the other instruments, are apparent
within the 39 to 40 minute interval, but because of the limitations on
speed of response jmposed by the servo-system, these indicaticns are

very small, Other possible signals are given in Table 1V,

nautical miles toward the test area from the ground equipment, showed

about the same pattern of signals as the ground equipment., A repro-
are the main signals received., Because a high signal strength was sn-

ticipated at this site, the attenuation was set too high for the signal

which was receilved.
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TABLE 11

Test X at Kwajatein

GR-8 Equipment

X Plius | Time Diff, Time Diff, Signsal
Time - Velocity in Sec, 1-3 1in Sec. 1-4 Azimuth Elevation Freg, Strength
in Min, Deg/hr¥ Mikes Mikes (North = 0) Angle Cy/sec Dymes/cm?

in Min, Deg/hr*  Mikes  FO8 O o -—

37.8 9.8 . 509 #4 Noisy 8 1.7
37.8 eD15 . 8 A
37.9 .516 » 10 8
33.0 498 " 4 3
38.3 521 " 10 ol
38 09 ' o/+97 " 11 6
38,9 ,509 ,016 299020" 1200" 11 7
39.5 1l ,006 300°30°¢ 110108 12 |
39,5 506 .009 300°00° 14005 13 8
39.5 495 009 300°10° 140051 8 9
39,6 210 010 300000° 12001 i ¥ 1 o1
39.6 o507 .013 2990408 13030°" 10

39.6 . 500 0ll 2999508 169208 5

39.7 .510 .013 2990408 11°10° 10

39.7 508 023 2980.,0° 139308 8

39.7 513 012 29990.40" 10035¢% 8

39.8 +J15 011 299950 g025¢ 9

(X plus 39.9 to X plus 40,8 lost changing paper rolls)

40,8 .530 #4 Noisy 1

40,9 507 . 9

40.9 .518 " 14

A 1 | 520 " 13

41,1 ' o1l " 14

41,2 9.0 528 " L

16
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Average noise level (Peuk Frequency) 0.6 dynes/cm?.-
% Conversion factors: 10°hr = 10 n.m./min, = 309 m/sec = 1014 ft/sec,



TABLE III

Test X at Kwajalein

Low Frequency T-21 Microphone

Travel Time Velocity Fredominant Amplitudes 4
Minutes Deg/hr Freq., cy/sec. Dynes/cm<
37.7 - 38.2 9.8 - 9.7 4 247
38.9 9.6 4 Tede
39.5 = 39.8 Qe = 93 4 4.0
40,6 9.1 % 7,6¥
40,7 - 40.8 Equipment inoperative.
40,8 - 41.2 9.1 - 9.0 A 2eds

¢+ Noise level was approximately 0.8 dymnes/ cm<.
% This disturbance is thought to be instrumental noise or of very local

origin, Nc corresponding disturbance can be found on the record fram

the balloon equipment, It may however correspord to the 24 second

period recorded on the recording altimeter.
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TABLE 1V

Test X at Kwajalein
Recording Altimeter

e e e e e—————————————

Travel Time Velocity Predominant Signal Strength
Minutes De Freq.,, cy/sec Dynes/cm<
37.6 9.8 1/12 25
38,6 9.€ 1/12 22
4045 9.1 1/25 30

e

TABLE V

Test X at Kwajaleir
Balloon-Borne Microphcne

F

Travel Time - Velcocity Predominsntv Signal Strengtn
Minutes Deg/hr Freq., cy/sec Dynes/cmz
e e ———————————————————————
36.3 - 37.8 2.8 = 945 1.5 = 2,0 1.0 = 2,2*%
38,0 9.4 1.4 | 8.1
3802 - 38.7 9.3 - 9.2 2-:0 1-9 - 3.8

¥ Noise level wes less than 0.5 c‘.ynes/cmz.

M
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2. Test X at Alamogordo
There were three ground receiving and recording stations in

the Alamogordo area: 1, The main station at Holloman Air E;orce Base;
2. Walker Air Force Base near Roswell, New Mexico; and 3, A station
about five miles south of Carlsbad, New Mexico., Because the winds at
50,000 feet were generally westerly, most of the balloons launched at
Alamogordo or near Hot Springs, New Mexico passed between the Walker
Air Force Base and the Carlsbad receiving stations. Figure 19 shows the
locations of the receiving stations and several of the balloon flight
trajectories, Balloons which were launched upwind in the Rio Grande
Valley remained within receiving range of the telemetering system for
at least one hour longer than those launched at Holloman Air Force Base,
At the t:m:e these tests were made, there was speculation that
transmission velocities might be higher than 12 degrees per hoﬁr, but
there was also good reason to expect velocities as low as 9 degrees per
hour. In order to cover this interval adequately and to obtain same
undisturbed noise level -Jdata., it was necessary to monitor contlnously
for at least four hours., Also, because there were three receiving
stations, it was planned to obtain simultaneocus data from two balloons
during as much time as possible, This program would make it possible
to determine roughly an approximate west—east propagation-velocity
component and would make identification of the source much more certain,
The plan was to launch two balloons in the Rio Grande Valley,
<ith an interval of about 1% hours between launchings. As soon as
Walker Air Force Base and/or Carlsbad were getting a good record from

the first balloon, Holluman was to shift to the second flight.
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TABLE V1

Test X at Alamogordo

Balloon-Borne Microphone -
Iravel
Time Velocity Amplitude Predominant Duration

Minutes Deg/hr Dynes/ cm< Freq,, cy/sec Minutes Notes *

/

379 13.6 First at level recording,
385 13.4 11 0.2 1 )
388 13.3 1 0.2 o3 3 "
424, 12,2 15 15 3 )
) Db.
75 . 3 )
442 11.7 1.1 0.1 to 1.0 1.5 )
452  11.4 2.2 1 2 3 o
497 10.4 3.4 .5 to 2 & d.,
611 8.4 3.4 5 tol 1 )
616 8.3 3.4 .5 to 1 1 ) -
699 7.4 End of recording.
* Notes:

a. Good correlatiocn between ground stations recording the same
flight, but it could be the ballocn settling off. Also velocity is toco

high to be due to expected source,

b. This disturbance locks similar to results obtained in Test 2,
but shows up only on the Alamogordo record. In considering effects
observed on tuning meter, it is difficult to disregard this part of the
record as due only to instrumental troubles,

c. Velocity high, if previocus disturbances were due to natural
disturbance, these could be also,

d. There was simultanecus recording on two flights at this time and
this shows only on the first flight., The disturbance must be of local

ocrigin.

e. Very low velocity,

25




The weather was perfect and the balloons were launched accor-
ding to plan., Records from at least one balloon cover the required
period of time, but simultaneocus recards on two balloons cover only the
velocity range between 10.6 and 9.4 degrees per hour. The only indica-
t1on recorded in this range shows only the record for ocne of the balloomns.
The noise level is generally very low (from 0.8 to less than 0.25
d;rnea/cmz). A1l of the indications of reception of campressional waves

are summarized in Table VI,
The three sets of extensive recoards taken on this test and the

results outlined in Table VI were obtained only aftier very careful and
detailed comparisons of all of the records. It is believed, however,
that reproduc'ﬁion of the records in this report is not justified. The
records are available at the laboratory to qualified persons.

3, Test Y at Guam Island

Test ¥ was recorded from Guam Island in the Marianas Islands,
approximately 17.2° west of the test area, The rate of rise of the
balloon was lower than was desired because 1t was launched during inter-
mittent showers. Launching time was 29 minutes after Y zero time and
recording at floating altitude lasted for about 30 minutes, from 94
to 124 mimutes after Y zero time,

The low frequency ground equipment was operated fram about 90
to 120 mimites after the Y zero time and consisted, as befcre, of the
low frequency T-21 with a Brush recarder, a triangulation setup with
the GR-8, and the recording altimeter. The triangulation consisted of

four microphones in an L formation, spread about 172 meters on each
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side. The recording altimeter lost about 15 mimutes, the first half of

the operation, through failure of the recorder to print legibly.

Because average velocities for the signals received at Kwaja-
lein were fram 9 to 10 great-circle degrees per hour, recordings at Guam
for Test Y were made especially to cover this pericd. The recordings
from Guam are shown in Figures 20, 21 and 22, No triangulation signals
vere obtained on the GR-8, It is believed that the frequency response
of this equipment was too high to be effective for the longer distances.
Consequently, although same signal-like impulses were received on other
equipment, they cannoct be positively identified. Correlation between
airbarne and ground equipment is not conclusive, Positive identifica-
tion of reception of the compressional wave from the source was obtained
on the low-frequency ground array operated by the Navy Electronics |
Laboratory on Guam for this test, It is probable that the disturbances
indicated on the balloon-borne recard for a velocity of 9.2 degrees/hour
are of the same origin, but since at that time the radio signal-to-
noise ratio was poor, this part of the record is not considered reli-
able. The recording altimeter for this tést shows nothing above general

noise level at the lower frequencies,

L, Test Y at Alamogordo, New Mexico

- Because of the security situation, it was impractical to com=-
pare the results of the two fileld parties between tests, and, therefcre,
modifications in prodedure for subsequent tesis were based only upon the

information gained by each party., It was first strongly suspected that
the high-amplitude high-velocity signals received at Alamogordo on Test

X were due to the explosion; and the plans for Test Y were modified to
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verify this indication and to obtain contimuous records on at least two
balloons throughout the interval.

Two ballcons were to be launched in the Rio Grande Valley., The
launchings were spaced approximately 1} hours apart. A balloon having
a reduced sensitivity microphone was to be launched at Hollaman Air
Force Base at the same time as the first launching in the Rio Grande
Valley. Initially, Hollcman Air Force Base was to monitor the first
Rio Grande Valley balloon, and Walker Air Force Base and Carlsbad were
to monitor the balloon launched at Holloman.

As a rasult of high surface winds, two attempts at launching in

the Rio Grande Valley failed, and it was not considered wise to expend

The first flight was launched at Hollcman as planned, and & éecond flight
was launched approximately 14 hours later. The Walker Air Forcé Base
station lost the signal of the first balloon just before it leveled off.
It was discovered later that the signal was lost because a truck trailer
which had been used for a-' balloon wind screen was in the path of the
ragio transmission. Carlsbad and Walker Air Force Base obtained a poor
quality recording on this flight for one hour. The Hollaoman Air Force
Base record on the second flight is very good and shows generally a

very low noise level. There were no similtaneous recording of two dif-
ferent flights in this oi:era.t.ion. ihe results of this flight are given

in Table VII.
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TABLE VII

Test Y at Alamogordo

Balloon-Borne Microphone

T‘i‘.:;:l Velocity Amplitude Predominant Duration

Minutes Deg/hr  Dynes/cm< Freq., cy/sec Minutes Notes *
387 13.3 First at level recording,
411 12.5 60 .2 to .6 2 (
424 12,2 18 .5 to 1 2 E -
458 113 | 5 tol 1 b.
533 9.7 1 1 0.5
538 9.6 1 1 W
552 9.4 ﬁEnd of all reccrding.

* Notes:

a. Records at this time were of poor quality., Amplitudes believed
exaggerated due to probable slope detection, During the period between
408 and 448 minutes, the noise level appears to be very high.

b. This could be due to final leveling off disturbance on seccnd
balloon. The noise level between this time and 514 is generally less
than 0,5 dymes/cm2 on an excellent record.

c. This appears at the last part of a pocr record.

ﬂ
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5. Test Z at O Is
Test Z was reccrded from the Oshu Islands in the'Hawai:Lan group,

about 39,2° east of the test area, Recordirg at the floating altitudes
1asted from 219 to 264 minmutes after the Z zero time, Ground equipment
for this test consisted of two low frequency T-21 microphones with a
Brush recorder, and the recording altimeter. No triangulation equip-
ment was used because ground reception within the frequency range of

the equipment was improbable,
The recordings obtained at Oahu Island are shown in Figures

23, 24, and 25, No signals were obtlained above the general noise level
during the floating pericds of the balloon. A period of increased

noise level lasting for about three minutes was received dm'ing_ ascent

of the balloon, corresponding to an average velocity of 11.7 degrees/
hour. Signal strengths averaged about 60 dynes/cm?, If this increase
n noise level was due to the explosion, then the disturbance clearly
recorded at Alamogordo with the same average velocity must also have
‘been due to the expiosion. At that time, ground recorders were not in

operaticn,

6, Test Z at Alamogordo, New Mexico
Between Tests Y and Z, two experimental flights were made with

considerably reduced payload which leveled off at approximately 65,000
feet, The upper winds at this level were very low and the balloons
remained within range until long after the radio transmitter batteries ba g

given out, The plan for Test Z was to launch three balloons from Hollaman

Air Force Base: One standard altitude (45,000 foot) balloon and a 65,000
foot balloon to be launched simultaneocusly, and a standard balloon to




be launched about two hours after the first two, It was expected that
the first standard balloon would float over the Walker-Carlsbad area,
and that the high altitude balloon would remain within the Holloman
area. The third balloon would cover the latier part of the test.

The high altitude balloon tock off normally, but burst just
after leveling off, The first standard balloon ripped in the winds at
launching, but anocther which was launched immediately, performed satis-
factorily, A time switch was used on the second standard flight to
turn the transmittier on after it had reached altitude; this was done to
prevent the second transmitter from interfering with the flight which
was in progress. It appears that the batteries on the last flight froze
before they were turged on so that only a few mimutes of records were
obtained and the value of this record is questicnable.

The record obtained with the successful high-altitude balloon
is exceptionally g‘ood. A very marked disturbance is indicated between
435 and 445 mimutes, an average velocity of 1l.7 degrees/hour which seems
rather high., All of the detalls on records made at the Hollaman Air Force
Base and Walker Air Force Base receiving stations correlate, The
record showing this disturbance is reproduced in Figure 26, and Table

VIII summarizes the results for the entire test,
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TABLE VIII

Test Z at Alamogor
Balloon-Borne MicroEone
Travel
Time Velocity Amplitude Predominant Duration Notes *
Mimites Deg/hr Dynes/cm< Freq., cy/sec Minutes
343 15.0 Reccrd starts, No detectable
noj-seo
440 1.7 9 3 to 5 10 a.
A82 10,7 End of reliable
record.
536 9.6 8 o3 to 5 12 b.
560 9.2 End of all records.,
* Notes:

a., There is no doubt that this is due to change of pressure'.
Every detail of wave form is duplicated on the Walker Air Force Base
record. Although made with a bad recorder, the Carlsbad record shows
similar disturbances, This is the only disturbance reccorded on this

flight in which noise level was below 2 clyne:a/m2 at all times,

b. This was recorded on the flight in which the batteries froze
and finally partly thawed ocut, The signal was very weak and the vali-

dity of this disturbance 1is very doubtful.

————__—__——
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7. Test Z at Montgomery, Alabama
Because there appeared to be a possible confirmation of a high

velocity disturbance in Tests X and T at Alamogofdo , it was felt that

additicnal indications obtained at another station within the United

States would be of great value, A third party operated a station at

Maxwell Air Force Base, Montgomery, Alabama,
The only recording station was the Rawin station at Maxwell

Air Force Base. Three bailoons were to be launched at Selma, Alabama
(40 miles west of Maxwell Air Force Base) at 14 hour intervais, |

The first balloon flew successfully, passing within five miles
of the reccrding station; the second balloon burst on ascent; and the
third balioon which was launched sbout one-half hour early because the
second had failed, flew normaily, Because of recelver troubles, the
records obtained fram these two flights are very unsatisfactory.

In this test, there is no evidence of the disturbance recorded
in 'the Alamogordo flight, but it is probable that such a disturbance
would not have been recorded if it did occur, It is believed that the
Maxwell Field records should not be considered as evidence either way,
VII., GENERAL DISCUSSION

A1l indications of reception of compressional waves during the
monitoring intervals have been given in the tables above, It is be-
lieved that many of the listed phencmena are not due to the explosioms,

and for the most part conclusions must be largely speculative.

There is no doubt that the effects observed in the air and on the
ground at Kwajalein on Test X were due to the explosion, The amplitude

of the wave received on the balloon was not significantly greater than
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the amplitude received on the ground equipment, but there was a slight
advantage in signal-to-noise ratio in favar of the airborne equipment,

Under conditioms of high surface winds, the advantage would probably be

greater,
If the observed amplitude of 8 d:fne.*.’./c.m2 in the Kwajalein reception

is assumed as representative, then an amplitude of 0.6 dynes/cm? would be
expected at Alamogordo if it is assumed that the intensity of the dis-
turbance varied inversely with the square of the distance, ocr an am-

plitude of approximately 2 ':];mea.-./c:m2 would be expected if it is assumed
that most of the energy was trapped in the atmospheric socund channel so

that the intensity varied inversely with the first power of the distance,
A factor of at least two should be allowed for uncertainties in cali-
bration, etc,, giving a reasonable range of 0,3 to 4 dynes/cm? of am~

plitude to be expected at Alamogordo,

The propagation velocity observed at Kwajalein on Test X was
aprroximately 9.4 degrees/hour, and, about 9.2 degrees/hour at Guam
on Test Y., Since the directicn of propagation to these two places
differed by mare than 90°, the effects of winds seem to have been

within 0,1 to .3 degrees/hour, One would, therefare, expect this ob-
served and identified disturbance to be propagated toward Alamogordo

at & velocity between 9 and 10 degrees/hour,

Experience has shown that when the radio telemetering signal is above
background, compressional wave disturbances with amplitudes above 1
dyne/cm? are clearly indicated., The atmospheric noise level appears to
vary fram approximately 0.3 dynes/cm? to above 1 dyne/cm?, It is, there-
fore, concluded that there is about a 50% probability that the
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disturbances could be observed on the records, but that positive lden-
tification cannot be made wvithaut reception on two cr more balloons

flying in the same general area, because natural disturbances of com-

parable frequency and magnitude do seem to occur,
Within the recorded velocity range of 9 to 10 degrees/hour at

Alamogordo, there 1s a possibility that one cr both of the recorded
disturbances at 9.7 and 9.6 degrees/hour on Test I and the recorded
disturbance at 9.6 degrees/hour in Test Z were due to the explosion.
The observed amplitudes are reasonable,

The disturbance recorded in Test Z with velocity 11.7 degrees/hour
i3 the most ocutstanding recarded., Strong disturbances were also re-
corded at times corresponding to high velocitlies for Tests X (13.3 to
13.4 degrees/hour) and Test I (12.5 and 12,2 degrees/hour). Even
though such high velocities can be rationalized as due to propagation

mostly at very high altitudes vhere velocities are high, there seems
to be little reason to expect such a wide variation in velocities.

The flights made in comnectiocn with this experiment were the first
successful telemetering flights., Since th;t time, the signal-to-noise
ratio of radio signal has been improved by 10 to 16 db., -and mich
operational experience has been gained which has greatly improved the

reliebility of the data obtained om such flights,
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Airborne Microphone-Transmitter Ready for Flight
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Figure 25-2 To - Balloon-Borne Microphone Record




Charles B. Moore
1011 Cassity Street, N. W.
P. O. Box 1333

Socorro, NM 87801-1333
505 835 0975

June 11, 1994
Col. Jeftrey C. Butler
— Lt. James McAndrew
SAF/AA
1720 Air Force Pentagon
Washington, DC 20330-1720

Gentlemen:

Enclosed for you are copies of the first papers published in the open scientific literature by Albert Crary
on the Watson Laboratories investigation of the propagation of explosion-generated pressure waves. Also
included are copies of pertinent pages from the 1983 Smithsonian Press book, Krakatau 1883, by Tom
Simkin and Richard S. Fiske.

After your visit, I examined the Signal Corps Drawing # SC-14407 (PILOT BALLOON TARGET
ML-307C/ AP ASSEMBLY) more carefully and discovered several interesting and significant features in
the notes on the right side:

The drawing was first made on June 9, 1944 to describe a ML-307 /AP target. It was modified on Nov.
21, 1944 with Revision B and the figure was redrawn. After the revision, the target designator was
changed to ML-307-B/AP.

Revision C was made, without change of designator, on March 12, 1945 when components #17 and #21

- (whatever they were) were deleted. At this time, item #23 (a bracket at the vertex of the three corners)
and the "Enlarged View J" (in the upper left) were added. The incorporation of this bracket in the target
design on March 12, 1945, so close to the end of the war, suggests that few targets with this feature
could have been procured and then distributed for use before the end of hostilities. This note 1s of par-
ticular interest because the targets we flew from Alamogordo had such a center bracket.

The ML-307-B/AP nomenclature apparently was continued until January 8, 1951 when Revision D was
made. At this time, the "CENTER SUSPENSION [was] REMOVED" from the design, two or three in-
decipherable features were deleted, a material specification was added (but not given on this drawing),
and the target was renamed the ML-307C/AP.

In 1953 (February 18 and 4[?] March), revisions E, and E, were made to specify the glue, the tolerances
on the dimensions and the elimination of glue in foil-to-foil joints. The targets that we have, apparently
procured under the March 1953 revision, were manufactured in December, 1953, so there was a fairly
long time lag in the 1950's between design changes and the manufacture of new targets.

It should be noted that this drawing is not an accurate depiction of the ML-307 C/AP targets manufac-
tured in 1953. In the sketch on panel B (View V[?] just below the center of the figure), item 22 (Scotch
Acetate tape) is shown as holding the turning vane to panel B. There is no tape in the 1953 model C tar-
gets either on the vanes or associated with Faces B, C or D. Similarly, "Enlarged View J" 1s not applica-
ble to these targets and the metallic surfaces are not the specified aluminum foul.

In view of the subsequent revisions, it is unlikely that Drawing SC-D-14407 is an accurate description of
the ML-307- B/AP version of the targets. The important information conveyed by this drawing, however,
is that the ML-307- B targets with the bracket were manufactured after March 1945 which suggests that




these targets could not have been distributed widely during the war. However, since the targets we used
in 1947 had such brackets, from the preceding, it seems probable that they were the ML-307-B/ AP
version.

In September, 1993, Edwin J. Istvan (who was a lieutenant on Col. Duffy's staff in 1944 responsible for
aiding the development of radar targets to be used in wind measurements with a SCR-584 radar) told me
that, when production models of the improved design corner reflectors (apparently the ML-307-B) were
first flown in late 1944 or early 1945, they failed and had to be reinforced. He also told me that, after this
problem arose, he had devised the vertex bracket to strengthen the targets. His memory is consistent with
the revisions made to the B model on March 12, 1945. The identifier for the Scotch acetate tape on the
drawing 1s #22, near the end of the list. The bracket is identified as #23, the vane 1s #24 and the last item
(the swivel) is #25. The location of items #24 and #25 in the list suggests that they were added on or after
March 12, 1945.

Istvan's current address is 1216 Swan Harbour Circle, Fort Washington, MD 20744. His telephone number
1s 301 292 2342. He probably could add more information if his memories were refreshed by looking at a
ML-307 target and at the assembly drawing. From the notations on this drawing, it appears that the Signal
Corps personnel produced other, more detailed drawings such as the Exploded View #SC-D- 17239, #
SC-D-14408, #SC-D-14409 and Drawing List # SC-DL- 20560, all of which might be informative.

On June 10, I sent you (via UPS) the ML-307(C) target that we examined here. After shipping it to you, I
found the eyelet/hook used to attach the horizontal cord that keeps the target erect. The eyelet is enclosed in
the attached polyethylene bag.

I would appreciate your finding a suitable home for the target when your need for it has ended. Perhaps one
of the museums at Fort Monmouth, the Smithsonian or at Fort Sill might wish to add it to their collections.
If none of them do, I'd appreciate its return here for storage at Langmuir Laboratory.

Carl Day, at WDTN -TV in Dayton, recently produced a television program on the "Roswell incident" that
was entitled "Alien Encounters: The WPAFB Connection". During a telephone conversation with me in
preparation for the program, Day told me that he had been in school during the 1950's with one or more of
Col. Dufty's children. Since Col. Duffy remembered their interest in his identification of the UFO, perhaps
they might have a more vivid memory of the late night visit to Col. Duffy in his quarters at Patterson.

Probably the best contact with them might be through Emily Duffy at 4 Collins Court, Barrington, RI
02806 (Telephone in 1993: 401 245 2839).

I wish you success 1n reconstructing the events that led to the "incident". If I can help, please let me know.

Sincerely,

C hanbea @ //Mﬁf

cc. Lt. McAndrew
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