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Preliminary CASTLE Report™

Objsotives and Preparation for Tests

/1n scoordance with AFOAT=1 Projest Authorisation A/419/¥BS thl
~—OdentraX tzdto-Peopagation Labhosateey-prepared Tor-and-vonducted olootro-

L€t mate Wy

nagnetie umronm.Adurm; Operation CASTLE., The major tasks undornbn

: undu._mn suthorizaticn ars-sutlined. balows S

e e e et

( 1) /(nndlrd donitoring equipment for use by the CRPL and other sgencies

during CASTLE was designed and coanstructed:- The following reparts, which
describe this equipment, its oponuan/dd)nlibrnuon. were preparsd and
distributed to the participating s /t’iom.

s) “*Equipment for Electromagnetic Measuremsnts to be Made by
CHPL during CASTL3", /

b) “"Notes on the c;u&-.u«: and Operstion of the CRPL Equipment
to De used at Remote Field Stations during Operstion CASTLL®, dated Fob. 8,
1654, ) /

¢} "Tixing®, ;_,ﬁ;norandua sugzesting terminology fcr reporting
the tine of arrival of pulus at all stations, dated Fed, 9, 1684,

d) "Proposed Schedule for Recording Peak Field Strepgth Values
fron Stations NSS, NPM, and GBR during Operationm CASTILE", dated Feb. 9, 1954,

o) Sugzested log sheets and additional memoranda wars prepared
as needed in ofder ta keep the varicus stations inforwed of the oversll
progrul./te.

(zi }.tmtu of rield strengths at remote stations were made and

distributed to the participatine stations before each eveatl

(3) /Aﬁ uuztublo/;iolo-i;‘ (330 lom or less) s
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Bikini Atolls, uumm nu poerforned . toE

‘amnm the trus stape of the entire electromagnetis pnm. 7
\pelate the pules amplitudes %o field strength nxuu. 4 oy ‘
/) ‘Getarmine the relsticuship betwsen electrossgmetis pulses asd i
bomd phnunoluc. ard -
5 to]_o:crdu the tine of arrival of the electromagnstio pulses
which sre emitted ab the time of s stasis detoustion
(4) Maing both brosd-bend and narrow-bend recording equipment, aessure-

ments were made at Ozems Maws, T. H.j Boulder, Colorsdos Pt. Barrow,

Alaskas P8, Belveir, Va. near Washingtos, D, C.; and Staaford, University,
ot Palo Alto, California tof”

q) deternine the trus shape of the sutire elsctramegnetic pulses
a8 received at ssch statiom, 77
}; relate saplitudes to field streugth values, 7./ (/ -/' .
7; (determine time of pulse arrival relsted te world c:- wv(

/5) A& anl the lmﬂn}mﬁnﬁ-w records af field ltron;th

received from lowsfrequemoy brosdsasting statiens sud distant atmospheries
are to be made to assist in determining propagetion attenuation as a fune~

tiom of time and distance,

A‘
d

t

Close=in Neasurements
Noasuremsnis were made using broad-dand squipment &t s distwes of
abowt 530 ko from groumd sero to determine thé trus pulse shape before

being altered materially by the effests of propagatiom. A six~foot vere—
toul anteuns was used to reseive the vertically pelarized electromagnetie

pulse, aad s suiteble brosd-bend esthode follower uad
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uate the aignal and to distridute it to sever
at different sweep rates and sensitivities.

Addftional equipment was used to determine the time of arrival of the
esleotranagnetio pulse, Also, an experiment was carried out using s long
wire sntenna and an Anmpex tape recorder, in sa attempt to record any pulses
occurring millisesonds or ssconds after shot time.

Sample reaords from RUMEO and XOOM are given in this report. The
logend with each figure gives the name of the event, the propagation dis-
tanoe in kilometers, the sweep rate in usec/om along the x-axis, and the
sensitivity in volts/meter/cm slong the y=sxis. The plus and minus signs
o each figure indicate the polarity of the elestric vector; a minus sign
represents a dowuward eleotric vector and s plus sign an upward ons, A
pro-smplifier, which reverses the polarity of sigoals, was used to record
the wave_foras shown in Figures 2, 4, 7, and 8, ALL of the fnitisl half-
cyslss observed at the close~in stations Auring CASTLE are negative; this
fact was also observed during UPSHOT-ANOTHOLE.

. PMgure 1 is a ROMEQ waveform cousisting of a ground wave pulse and
a pulse that was reflectsd from an fcuospheric layer hodght of about 92 k.
The peak amplitude of the pulse received along the surface of the earth
was about 22 volts/meter, end the pesk amplitude of the pulse received
after reflection {rom the ioncsphere was about 12 volts/meter. FHence, the
ionospheric reflestion coefrisient for this mode is about 0,8.

The pulse, which is refleoted from the loucephere, is maoh smoother
then the ground wave pulse, indioating a loss of high-frequensy energy

in the joncsphere.
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The total -tnmtinortbou\wfmm.MSSOhotnn mter
(r = 4 x 10712 om, and€8 80) is within 3 db of the inverss distance

attenuation valus a8 frequenoies up to approximetely 1.0 e, Using this
inverse distance relationship, the fisld strength 20 Im from ground sere
would be of the order of 350 volts/metsr.

Another ROUEO pulse, recorded using a sweep speed of 10 useo/cm, s
shows in Figure 2. The pre-asplifisr was used in recarding this particular
pulses therefore, the first half=cyols, which sppears as an upward osaillo=
soope deflection, corresponds to a dowaward eleatrio vestor

Supsrimposed on this half-ocycle are
three oyoles having a frequency nesr 80 Xm.

Figure § shows the Lirst 18 uses of the wavefors in greater detail
than either of the preceding figures,

A train of pulses reccrded from ROMZ0 is showm in Fizurs 4. The
first pulse, which overlosded the recording equipment, is about 186 useo
long. The suscceeding pulses, in order of arrival, are the first, second,
third, fourth, and fifth hop sky-wave modes, all of which wers reflected
from ao fonospheric layer height of about 94 los,

Figure & is a pulse from XOON camparsble to the ROMEO pulse in Mg

Using the rirst half oyclms

of Pgures 1 and ¢ as an indicstion of the fundamental irequens:
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found that for ROMXO the frequency is about 11 ke snd ¢
about 48 ke,

or KUOK 1¢ 1

Ia Fljure & 1t can be seen that the peak smplitude of the ground
Weve pulse {s about 13 volts/meter, and the currssponding value for the
pulae reflected froa the Lozosphere is about 6 voluﬁntu-. The ionoa-
pheric reflsotion coefficleat for this particular mode is about o, 5,
Flzure 6 reveals the extent to which the character of the originsl

Pulse was preserved after ionospheric reflection. For comparison with

the RPE0 pulse, see Flmure 1,

vy

The early detail asscciated with the atomie detonu.ion {s shown in
Figurs 7, which was recorded uungll swosp sp2ed of 12,8 usec/em,

A train of pulses consisting of the ground wave ~ulse fo)lowed by
otiers reflected froa the ioaosphare is shown in Figure 8. The indivig.
ual reilections are not as eusily distinjuished as those in Figure 4,
the. corresponding ROMED presentation.

In Fizure 9 a« sweep rate of 1 usec/om and hizh gain were used to
disclose the initisl portione of the pulse,

Bistant Messurements

A sot of RWEO pulses is showmn in Flgures 10 through 15 as received
st Qusm, aui, Stanford, Barrow, Boulder, and Yashinzton, The length
8s well as the maplitude of the pulsss ars related to the propagation
distance, and these fagta were used at eaz) staiiom to asaist iz locating

N 5 ol B

the desired pulse om the £1lm records.
A valus of field strengh expested to be recorded at sach station

wes {ssusd In advanee of esch shot. The estimates of 24014 stremn
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for BRAVO wers buulv upon the predicted nlu; b yis

mation gained during IVY relating field strength snd distance from e
negaton wespos, Fortunately, all CRPL stations except ane recorded
the RRAVO pulse, Using these results, it was deterained that the FSTIT
streagth attemuation beyond 4000 lm varied as the inverss aquare root
of the distance and an sdditional propagation loss at the rate of about
2 or 3 db per 1000 km.

The ROUEO yield wus estimated, as shown, to bo 12 megatons, weing
the valuss of field strength recorded at Keui from ROMEO and BRAYVQ and
yiold of 14 megatons for BRAVO. Since sll the events took place at the
sane time relative to sunriss, the propsgation attenuation was considered
to be the sams for all events,

Ep
log Ynz __log YB
5y
Y ° ROUEQ yleld
Yg ® BRAVO yleld
8; = RONEO peak field strength
Bp = ERAVO peak field strength

The maximum center to peak values of field strength recorded at the
CRPL stations during CASTLE, which are available at the present time, are
plotted against distence in Pigure 17, The first lettor of the name of
each eyent is pPlaced near the sppropriate value of field strength. The
attemustion rates between stations for the different svents are Approx-
izstely the sans, with the exception of Barraow, Alaska, At this time it

is not kmown why the values of fleld stremgth recordsd at Guam are 18 low

a8 they sre.

S e S e N P 7
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In Pigure 16 is showmm & wave-form recorded from "

distance of 2200 im, The delay times between successive pulses suggest
that these individual pulses wore roflected fram an ionbspheric layer
hajght of about 90 lm. The waveeform consists of part of the ground wave
pulse, followed by the firat, second, third, fourth, and fifth hop sky-wave
nodes. It is of interest to note tis high frequsncy detail present st
this distance. Figure 1C i3 a pulse recarded fram ROMEO at Guam, and it
ia showmn for ccoparison with Figuwe 16. A reascnable fatrepretation of
Figure 10 may also be made sassuming the ionospheric leyer height of $0 km.
This cholice is mainly based upor the recognitable time delsy of 84 usec
which is thw calculsted delay between the first and second hop sky-wave
modes, The succeedirg reflections due to the third, fourth, and fifth
hops sre not clearly separated as in Figure 16. Ths first half-cycle
sesn in Figure 1C is taken to b part of the ground wave pulss, The one~
hop pulze received from KUON at Gusm 12 similsr to the first~hop sky~-
vave pulse seen in Figure 6 which was recorded at 330 lm; it contains
components at much higher frequencies than ths pulses received at Guam
from ROMEO., The ratios of peak sxplitudes of the ground wave pulses to
the peak smplitudes of ths first-hop sky-wave pulses suggest that the
{onospheric reflection coefficient for KCON was approxixzately twice the
value for ROMEO.

In Figure 18, preliminary times reportad by sach statioa for the
first five events are tabuleted, Bettsr acremment between the wvalues of
T, (detonation time) may be achieved after more accurately caloulating

T (propagation delsy time for the pulse) and T, (propagation delay time

s RPN 0 P



DECLASSIFIED IN FULL
Authority: EQ 13526
Chief, Records & Declass Div, WHS

Pete JAN 112013

i R s b s i kg i

o —

o F e EN

L

e it

ki T L T




DECLASSIFIED IN FULL
Authority: EO 13526
Chief, Records & Declass3Div. WHS

Oate: jAN 1 1201

17

for the WV cr WNVH secands pulses).

The relatively low value of fisld strength recorded at Berrow for
ROMEO may be found to be relsted to a disturbance of the earth's magnetic
field whioh sxisted on that day. The attenuation of field strength in
db/1000 im from Maui to Barrow is sbout 3 db for BRAVO aad 5 db for ROMEO,
The Barrow, Alaska magnetic K figures for the three hour period contain~

ing the BRAVO and ROMEC detonation times are respectively 2 and §.

R S+ e o b e
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Ng. 10

ROMEO

Ouam, 2200 i path
Sweep rate 100 usec/om
Seasitivity lv/m/em

ROMEO

Maui, 4200 km path
Sweap rate 68 usec/om
Sensitivity 0.58 v/a/on

I‘is. 32

ROMEO
Stanford, 7400 i path
rate 125 \uu/nl

" Sensitivity 0,280 v/n/om

<>
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rg. 13
RONMEO
Yot available Barrow, 6800 km path
+ Fig. 14

N

I : ’ f[vwm ::ﬁor. 8500 km path

5 Sweep rate 100 usec/om
Sensitivity ,164 v/n/cn

L o

<+ rig. 15

ROKEC

¥ash, D. €., 11,100 Jom

Sweep rete 100 usec/om
Sensitivity 088 v/a/om ,

>
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rig. 18

xoo

Quam, 2200 Xm path
Sweep rate 70 useo/om
Seasitivity .28 v/n/oa
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THE NATIONAL BUREAU OF STANDARDS

Functions and Actlvities

The funictions of the National Bureas of Standsrds are set forth is the Act of Congress, March
3, 1901, as amended by Cougress in Public Law 619, 1950. These inciuds the development aud
tosintenance of the aational stendards of messuremeat and the provisios of means sad methods
for making messuremetsts consistent with these standarde; the detrrrsination of physionl constants
and properties of materisies the development of methods and inesruments for testing materiale,
devices, and strociures; advisory servieea to Goveramenmt Agouciss on scieatific snd techuicel
problems; invention and deovelopment of deviees 10-serve special needs of the Covernment; and the
develop of standard practioes, codes, and specifications. The work inclades basic and applicd
resescch, development, engineering, imstrumentation, testing, ‘evaluation, calibration services, and
various coansultation and information services. A major portion of the Burean’s work is performed
for other Government Agencies, particularly the Department of Defense and the Atomic Energy
Commission. The scope of activities is suggested by the Lsting of divisions snd sections on the
inside of the frout cover.

Reports and Publications

The results of the Buresu’s work take the forma of either actual equipment and devices or
published pspers snd reparts.  Reports are issued 10 the sponeoring sgency of » particular projeet
or progr-m. Published pspers appesr cither in the Burcau’s own series of publications or in the
journals of professional and scientific sorietics. The Bureau itselt publishes throe monthly pevi.
odicala, available from the Government Printing Office: The Journal of Research, which prossats
complete papers reporting technical investigations; the Technical News Bullotin, which presents
summary and preliminary reports on work in progress; and Basic Radio Propagation Predictions,
which provides dats for deteemining the best {requencios 1o use for radio communications throughout
the world. There sre also five series of nonperiodical publications: The Applied Mathematics
Series, Girculars. Handbooks, Building Materiale snd Structures Reports, end Miscellanecws

Information on the Bureau's publications can be fund in NBS Circuler 460, Publications of
the National Burcan of Standards ($1.25) and i Supplement ($0.75), availahle from the Superin.
tendent of Doruments, Covernment Printing Office.  Taquiries regarding the Hwresu's reports and
publieations should be sddressed to the Office of Scientific Publiontions, Nationsl Bureew of

Standards, Washingtos 25, D. C.
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