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Prelindnary CASTLE Report™

Objeatives and Preparation for Tasts
71n acoordanoe with AFOAT=1 Projeot Authorization A/419/4Bs m

—entral Redto-Propagation. Lahoutorrprcptrcd'mmmduotod olantro-

ol e ey
magnetic mmreuuntlAdurin; Operaticn CASTLE, The major tauks undortlkan

‘undu._thil _suthorization aro-outlinad.balew— " .. ;

(1)/(tmdlrd oonltoring equipment ror use by the CRPL and other Agencies

during CASTLE was desigued and sonstruoted;~ The following reports, whioh
desoribs this equipaent, ite cperation calibration, wure preparsd and
distributed to the partioipating s ’t/ionl.

&) "Squipment for Elsofronagnetic teasursments to be Mads by
CHPL during CASTL3, /

b) "Hotes on the Cnli‘antim and Operstion of the CAPL Equipment
to be used at Renote Fisid Stgﬁims during Operatlion CASTLE", dated Feb, 8,
1654, , !

o) "Tiaing”, a remorandun sugiesting terminology fecr raperting
the tire of arrivel of pulsu at all stations, deted Feb, 9, 1954,

d) “Proposed 3ohedule for Heoerding Peak Fiold Strepngth Values
fron Stations HS3, WPM, and 0BR during Opsratiocn GASTLE", dated Fab, 9, 1954,

¢) Sugrested log sheats and additional memorsnda wore propared
as needed fa order to keep t);o various stations inforued of the overall
prozress,sto,

(2i ‘/dltl.utu of risld strengths at remote stations were made and

distrituted to the partiaipating stations before anch svent]
(3) /Aﬁ |uitablo/t;iou-ié’* (330 ¥ or less) s
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Bikini Atolls, muurucatc vers performed. to];

d.tcruh;o the tm shape of the sntire alutrm.p:oth pulul, £
b)\ relate the pulse asplitudes to fleld -tnn;th nluu, /o oy
J dotorninc the relaticship between olletronn;uﬂio pullu and

bomb phmmolug, 247

d to determine the time of srrival of the eleotrmagietio pulees

which are eﬂtttd a8 the time of an atomis d-tonuon}
{4) l{llng both broad-band and nerroweband recording equipment, messure~

Dents wers aade at Guwm) Naui, T. H.j Boulder, Colorsdo; PH. Barcow,
Alasiny F¢, Belveir, Va. near Weshington, D, C.j snd Stanford, University,
as Palo Alto, California tod™

-0 detersine the true shape of the entire elsofTcmagnetio pulaes
Y mum at each station, o

b) rolate mmplitudes to fisld strength valuas, ﬂ--(/ /e

g ‘determine time of pulse arrival related to world eiu_J A»v-a(

/6) At a1l the 1meson}mmmnm{ records of field strengtbs

received from lowefrequenoy broadessting stations snd distant atmospherios

are to be nade to aseist in determining propagation attenuation ae & fune-
tion of time and distance,

.,
s
i
i

Close~in Vessurements
Neasurements were xade using broad-band equipment ab & digtanee of

about 330 Jm from ground tero to deterains thé true pulse shaps before

being altered anterially by the sffests of propagation, A six-foot vert—
ioal anteana e used to receive the vertically polarized sleotronagnetie

pulse, and & suitsdle broad-bend cathode follower und
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uate the signal and to distributs it to seversl , g

at different sweep rates and aensitivitiss.

Addgbiona) squipment was used to detersine the time of arrival of the
slectronagnetic pulse, Also, an experisent was aarried out using » lobg
wire sutenna and an Ampex taps recordsr, in an attexpt to record any pulses
odourring milldseconds or sssonds after shot tine.

danple records from RUUED and XOOM are given in this report. The
logend with emeh figure gives the name of the sveat, the propagation dis~
tanoe fo kilanetors, the sweep rate in usso/em along the x-axls, aud the
seusitivity in volts/meter/om aloag the yesxis, The plus and minus signa
on each figurs indioate the polarity of the slectris vestor; a minus sign
represents » downward eleotric veotor and m plus sign sn upward ons, A
pre=saplifier, whioh reverses the polarity of sigonls, wes used to record
the wave forus showm 1o Figures 2, 4, 7, and 8, ‘1\11 of the initial half-
oycles observed at the olote~in stations Auring CASTLE are negative; this
faot was also observed during UPSHOT~ANOTHOLE,
- Figurs 1 is a ROUBO wavelforn conslsting of s zround wave pulse and
A pulye that was reflected rr}:- an ionoapheric layer hodght of about 92 Lm,
The pesk aaplitude of the pulse received aloog the swrface of the sarth
waa about 22 volts/meter, and the peak amplitude of the pulee reowived
sfter reflection from the Lonosphere was about 12 volts/mter, Hencs, the
ionospherio reflection coelriolent for this mode is about 0,8,

The pulae, whioh is refleoted from the iouncsphere, is muoch smacther

than the ground wave pulse, indioating a loss of bigh=Crequenoy energy

in the ifoncsphers,
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The total attenustion of the surfsss wave over 330 lm of sea vmter
(= % 4 x 1071 cwn, and€® 80) 1s within 3 db of the laverss distance
sttenuation value a% frequenaiss up to spproxisately 1.0 o, Using this
inverse distanse relationship, the field strength 20 km from ground zere
vould be of the order of 350 volts/meter,

Angther ROUEO pules, reoorded using a swasp epsed of 10 useo/om, ia

shown in Flgure 2. The pre-msplifisr was waed in reocording this partioular
OSD pulse; therefaore, the first half-oyels, which appewrs as an upward osoillo=

Section 6.2 (a)
DCE

100pe defleotion, corresponds to a dowoward elsstrioc vestor,

Seation6.16)
Superinposed on this halfesyals are
three oyoles having a frequensy nesr 90 im,

Figure 3 shows the Cirat 18 useo of ths waveform in greater detail
than eithsr of the priceding (igures,

A train of pulses recorded from ROVEO 1a shown in Figure 4, Tihw
first pulse, which overloadsd the recording equipmwnt, is about 188 useo
longs The aucceeding yulses, in order of arrival, are the firat, segoad,
third, fourth, and fifth hop sky-wave nmodes, all of which were reflscted

OSD from an loncepherio layer height of shout 94 I,
Section 6.2 (a) Figure 5 is & pulse from XKOON dcmparable to the RCMEO pulse o Pig-
Doe
Se(,‘HMG«Z (_6:) Using the first half oyoles

of Plgures 1 and § a4 an indioaticm of the fundamental i'requency, it is
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found that for ROMZ0 the {requency is about 11 ko and for KGCK it is
about 45 ke,

In Flyure 6 it con be seen that the peak saplitude of the ground
wave pulse 13 about 13 volts/meter, and the curresponding valus for the
pulss raflsoted from the Lonosphere {s about 5 volts/faeter, The Lonos=-
pherio rollection coefficlent for thia particular mode is about o, 5,
Pizure § reveals the sxtent to which the ocharactsr of the original
pulse was prasarvyad aiter lonoaphsric reflesction. For comparison with
the ROMZO pulse, soe Fiqure 1, -

The sarly dotail assosiated with the atomsfc dotonu.ion -1: show in
Figura 7, whioh was recordaed u.stng.l swusp spoed of 12,8 useo/om,

A train of pulses sonsiating of the ground wave ~ulas followed by
otrers reflscted froa the ionosphare i1s showmn in Figure B. The lndivid.
ual rerlections ere not aw easily distinzuished as thoss in Figure 4,
the. corresponding ROMEQ pressntation.

In Fizure B & sweep rats of 1 useo/om and hizh gain were used to

discloss the initial portiona of the pulss,

Distans Measurements
A set of RMEQ pulses i shown in Flrgures 10 through 15 as recsivad

st Quas, Mui, Stanford, Barrow, Boulder, and \Yashinzton, The langth
48 well a8 the amplitude of the pulses ars related to the propagation
distence, and those facts were used at easy station to asaist fn logatine
the desired pulee on the film reoords.

A valus of (1eld strengh expected to be recorded a% oach statfon

wae lssued in advanoe of omch shot, The estimates of flald strent

T . o Rt
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for BRAVO mere based upon the predicted nlu: o ab yield & re
aation gained during IVY relating field atreagth and distanse from
negaton weapon, Fortunately, a}l CRPL stations exoapt coe  recorded
the BRAYO pulse, Using thess results, it wms dotermined that the fi4ld
strength attanuation boyond 4000 km varied as the inrerss squars raoot
of the diatance and an sdditional propagation loas at the rate of mbout
2 or 3 db per 1000 km.
The ROMED yleld mam satimated, as shown, to be 12 xegatons, veing
the valuas of leld strangth recorded at laui frem ROLEQ and BRAVO and m
Yiold of 14 megatons for ERAVO. Since all the svents took place at the
sons time relative to sunriss, the propagation attenuation was considersd
to be the seame for all events, 7
log Y. = En log ¥
R — B

g
Y = ROUEO yield

Yy 3 BRAVO yield

84 ® ROMEO pesk field strength

Bp = BRAYO ponk field strength

The zeximum conter to peak values of fleld atrength recorded at the

CRPL stations during CASTLE, which are avsilable at the precent time, are
plotted against distance in Pigure 17, The first lsttor of the name of
sach event is placed noar the appropriats value 8f fleld strength, The
attenuation rates between stations for the different svents are RPpPFOX=
ixately the sasse, with the oxception of Barrow, Alaska, At this tine it

is not kuown why the veluas of fleld strength recorded at Cuam are as low

as thsy e,

e,



BECLASSIFIED IN FULL
Authority: EQ 13526
Chief, Records & Dec!:isﬁ ﬂv. WHS

Dato: AN . 1




DECLASSIFIED IN FULL
Authorily: EO 13526
Chiel, Records & Declass Div, WHS

Dete: JAN 112013

15

In Figure 16 is shown a wavewlorm reccrd.cd from X At Guam, a
distunce of 2200 km, The delay timss betwwen successive pulaes suggast
that thess {ndividual pulaws vore roflected fras an ionosphoris layer
halght of about 90 km. The wave=form consiats of part of the ground ‘'wave
pulse, followsd by the first, second, third, fourth, and firth hop sky-mave
nodess It 18 of intersst to note tie high frequency detail present at
this distence, Flgurs 1C 13 & pulss racorded frox ACMEQ at Guam, and it
is shown for acoparison with Figure 16. A reasonable intrspretation of
Flgure 10 may also ta umade assuning the ionospherio layer height of S0 i,
Thiz cholos is mainly besed upon tiw ﬁoogninhl- time deley of 84 wsaa
which 13 tl# oalouleted dolay between tha {irst and second hop sky-wave
nodes, The sucoeedirg roflections due to the third, fourth, and rfifth
hops are not olearly separsted as in Figure 16, The first half-aycle
sean in Figure 10 is taken to te part of the ground wave pulse, Tha one=
hep pulse received Irom KiOM at Guam 1a rimiler to the first-hop sky-
vave pulss seen in Figure 6 which was reccrded at 330 km; it conteins
components at muoh higher froquancies than ths pulses received at Cuam
from ROMED, The raties of psak amplitudes of the ground wave pulses to
the peak amplitudea of the (irst-hop sky-wave pulses sugpesst that the
ionospherio raflection coefficient for XGOH was approxizately tviice the
value for ROMEO,

In Figurs 18, preliminary tires raported by ssch station for the
first five svents ars tabulated, Bstter arreement bstween the valuss of

Td {dstonation time) oay be achievad aiter rmore ncourately caloulating

TP (propegaticn delay time for tlws pulse) and Ty (propagetlion delay time
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for the W\ or WIVH seocnds pulses).
The relatively low value of (leld stron;:th regorded at Perrow for
ROMEO may Ye found to be related to a disturbance of the sarth's magnetie
field whioh existed cn that day. The attenuation of field strength in
db/1000 lam frem ¥aui to Barrow is sbout § db for BRAVO and 5 db for ROMEO
The Parrow, Alaska pagnetio K figures for the three howr pericd contain~

ing the BRAYO and ROMEQ detonation times are reapestively 2 and §,

A e A i ©

et e e
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Fig. 10

T ROMED

e, 2200 dm path
Sweep rate 100 useg/on
.y Sensitivity lv/m/om

Fig. 11

ROMEQ
\,_ ™\ u-l-=..__4|,_—_-_-.+_ Uaul, 4200 Jm path

Swesp rate 66 usec/om
Sensitivity 0.68 v/o/om

T

i
[y
{

{ T Flg, 12

!

T ROMEQ

11[ [\ |f\ P e v I Stanford, 7400 i path i
v ~ T Sweep rate 125 usec/om .

[ T " Sensltivity 0,280 v/a/om !
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F‘.I.g. 13

ROMED
Yot available Barrow, 4800 im path

F o Fig, 14
A
: ROMEQ
d I . ’ -[ fi P avtiy, .. Y Boulder, 8500 km path
f T A 4 B et { f v
V -+ Sweep rate 100 useg/on
i l Semaitivity 184 v/n/om
v
ﬂ -+ Pig. 15
= . ROHEQ
! AW | . Wash, Dy G., 11,100 Im

Sweep rats 100 useo/om
Sensitivity 035 v/m/om

<>

T i e st —————
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Fig. 18

KooK

CQuas, 2200 I path
Sweep rate 70 usso/om
Ssositivity .28 v/n/om

o ———m maim
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BRAVO = Mar. 1 HQMED - Xar, 25 KOCE = Apr. 6 UMICH - Apr, 25 YAHKEE = Muy 4
Id = 1845500.009 Td = 1830:00.376 Tq * 1820:00,409 T4 ® 1810200.689 Id = 1810:00.164
statica T, z, L T, T, N T T, T, T,
Close~in 359,996 100,009 (:00.363 ;00,376 F00.356 300,409 | :00.676 100.68% 00,141 500,154
Gunm 158,996  100.010{:00.263 100,377 100,388 100,412 | :00.877 :00.591_ 200,139 100.163
FOEKIN OO VG
Maut $0C.023 200,009 |No time record it e ¥eo time record| 100,170 :00.166
Stanford ¥o records 100.388 100,377 | :100.424 :00.413 | 300,703 :00.832
Barrow 99.96F 159,959 (200,384 100,380 | 100.394  :00.407
Boulder 300,024 100,002{100,401 100,379 | 200,430 :00.412 10C.T13 :00,691} 00,161 100,150
Wushizgton 100.047  :00.00% 200,418 100380 | :00.45.  :00.41% | 100,731 700.693 | 100,158 00,160

Figurs 18. Freliuinary, tines

five sventa.
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THE NATIONAL BUREAU OF STANDARDS

Funetlous and Aetivitice

The functions of the National Bureau of Standands are set forth ia the Act of Congress, March
3, 1901, 18 amended by Congress in Public law 609, 1950, Thess Includa the development snd
taintenance of the nationsl standsrds of messurement and the provision of means and methods
for making measurements consistent with these standards; the determeinasion of physionl constants
and propertics of materiabe the development of methods and instruments for tesling materials,
devices, and structurest advisory secviees to Government Agencles on scieatific and tochnios!
problems; inventlon and developrment of devices to serve sprecial needs of the Government; and the
davelopment of standard practices, oodes, and 1pecifications. The woek Includes basic snd applied
research, develapment, engineering, instrumentation, testing, ‘avaluation, ralibration secvioes, and
varlous consultation and information serviees. A major portion of the Burean's work Is performed
for other Government Agencies, particularly the Depariment of Defenss 1nd the Atomic Energy
Commission. The scope of activitien is sggested by the lintlng of divislons and sections on the

indde of the front cover.

Reports and Publications

The results of the Bureau's work take the form of dther actusl equipment and devices or
published papers and repocts, Reports are [ssued to the sponsoring agency of & particuler profect
or progr=m. Publithed papers appear cither in the Bureau's own secles of publications or in the
journals of professional and sacientifie socictien.  The Nurcau itseli publishes three monthly peri.
odicals, available from the Govemment Printing Office: The Journsl of Rescarch, which prosents
complete papers reporting technical investigations; the Technical News Bullotin, which presenta
sumamuary and preEminsry reports on work in progresst and Dasie Radis Propsgation Predictions,
which provides dats {or determining the best frequencios to use for radio communications throughout
the warld. There sre abso five series of nonperiodical publieations: The Applied Mathematics
Series, Girculars. Handbooks, Muilding Materiale 1nd Sirnctures Reports, and Miscellameous
Publications,

Information on the Burean's publications can be feund in ¥BS Clreular 460, Publications of
the National Durcau of Standards (§1.25) 1nd its Supplement ($0.75), available from the Superin.
tendent of Documents, Government Printing Office.  Toquiries regarding the Hirean's reports and
publications should be addressed to the Office of Sclentific Publications, Natloaal Bureaw of

Standarde, Washingtoa 25, D. C.
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DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1 1556

B o 2012

Subject: OSD MDR Case 12-M-1572

Dear [N

We have reviewed the enclosed document in consultation with the Department of Energy
(DOE) and have declassified it in part. OSD and DOE excised information is exempt from
declassification under Executive Order 13526, section 6.2(a). Section 6.2(a) protects
“Restricted Data” and “Formerly Restricted Data” information in conformity with the provisions
of the Atomic Energy Act of 1954, as amended, and regulations issued under that Act.

OSD stands as the appellate authority and will coordinate any appeals regarding this case.
A written appeal must be filed within 60 days explaining the rationale for reversal of the
decision. Reference should be made to OSD MDR Case 12-M-1572. Letters of appeal should
be sent to the following address:

WHS/ESD Records and Declassification Division
Attention: Robert Storer

4800 Mark Center Drive

Suite 02F09-02

Alexandria, VA 22350-3100

If you have any questions, contact me by e-mail at Records. Declassification@whs.mil or by
phone at 571-372-0483.

Sincerely,

/me 8\t%~-

Robert Storer
Chief, Records and Declassification Division

Enclosures:
1. MDR request
2. Document }




DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

FER 14 01

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
(ATTN: DTIC-OQ INFORMATION SECURITY)
8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVIOR, VA 22060-6218
SUBJECT: OSD MDR Cases 12-M-1572 and 12-M-1573
At the request of ||| ||| | . v < have conducted a Mandatory Declassification
Review of the attached documents under the provisions of Executive Order 13526, section 3.5,
for public release. We have declassified the documents in part. We have attached a copy of our
response to the requester on the attached Compact Disc (CD). If you have any questions, contact

me by e-mail at storer.robert@whs.mil, robert.storer@whs.smil.mil, or robert.storer@osdj.ic.gov

or by phone at 571-372-0483.

Robert Storer

Chief, Records and Declassification Division

Attachment:
CD






