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steeeT: R oicht of v (P ile Cloud

T0: Cemzucnding Gunersl o
Alr Rescarch ard Develcpment Command
ATU: Cele Do e IShill
Test Cifice Lox 1300
Baltimcre 3, Yaryland

le feference your corriunication of 27 February 1953, sitbject as
zsbove, and telephcne corzuniczticn betvecon Cole Iskell end Dre Urry cof
this cffice delayiny reply until further discussicn vith Lt. Cole
lulejian, reply tc your request i3 altsched &s Inclosure 1 hereto.

2 As this subject is scmevhat cutside of the scepe of the mission
of this office, the data transmitted and the views erprissed by Dre Urry
zre not necessarily official views of Vezucvarters US/F, ATCAT-1, —
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HEADQUARTERS USAF

OFFICE FGR ATQ.IC ELERGY,DCS/C .
AFOAT-] ’ ot 1773
4 MAY 1353

24 April 1953

MELORAKDUL: FCR RECORD
stasect: (NI toicht of IVY (Regugg) ke Cloud

1. At the time of the IVY Mike OUperation twc eircraft designated
»Sal{shaker™ flew race-track courses, one due scuth of ground zero at
aprroximately 70 nautical miles, the other due east of ground zero at
eprroxinztely €0 nautical miles. The planned mission of these flights
vas to secure a photegraph of the IVY Mike cloud each minute for cne heur
following the explosion. This mission was requested by Headguarters USAF,
AFQLT-1 for after~the-fact cloud height calculations but the pictures have
not yet been recelved, and may not be of much value for the intended purpose

beczuse of pocrly defined or 2bsent horizonse

2, Unschezuled bubble sextant readings vere rmade by Dre ¥, D. Urry
in the aircrait tc the scuth and Colonel Fee of Headquerters USAF, AFUAT=1
in the aircraft to the ecaste Alrcraft loran positions were provided by %he
nzvigator of the aircraft who also checked some of the angle observations,
Attached heretc 1s Takle 1 giving the cbservations and calculations of cloud
heicht end helghts of various ocutstanding features of the clouds The obser=-
vctions of angle, distance to ground zero, and aircraft altitude are belicved
tc be such that the calculated heights are nct in error one way or the cther
by mcre than a few thousand feet. Consideration of some points vuld lead
one tc believe that nc large errors were introduced by “edge®™ sighting and
thereby obtaining erroneocusly high angles. First of all, there can be little
cf this kind cf errcr in sighting on the rather sharp-pcinted plume which
yielded an altitude of 135,500 feets The difference between this altituce
and the top of the cloud at around 120,000 feet was in the ccrrect properticn
to the thickness of the cloud (120,000 = 67,000 = 43,000 feot) as judged
at the time, Seccndly, 2 sighting on the far right edge of the cloud
(cbs: at 11,75 minutes in Table I) gave 104,000 feet and this can hardly be
in error by 40,000 feet due to erronecus sighting arising from edge and
thickness effects, as it would be if the cloud did not rise above the tropo-
peisve inirdly, the m2in shear layer measurcd at 19.20 rminutes in Table I
geve an altitude corresponding exactly to that of the prognesticated princl
shear azltitude for the event and was again judged to be at the ccrrect pro-
periienzl altitude for a top et around 120,000 feets Fourthly, the altitudes
c7 116,000 and 112,000 feet at 2.66 and 3.42 minutes are not explainzble on
false base line because of lateral movement of the cloud; air moverents are
nct that repid coopared with 2 plane to greund zerc base line of 68 nautical

riles,
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KN The constancy of the measured helght of the top of the ¢loud
over o period of one hour in Tcble I is consistent with the slow movement
of the cloud, Leasurencnts by Colonel Fee in the aircraft to the east of
ground gzero ere not 6o consistent and calculated heights eppear to decrease
vAth time, prcbebly due to an increese in true base line ouing to 2 vest-
ward movement of the cloude Colonel Fee't datz place the tcp cf the cloud
Vmous’.y betveen 127'000 and 99’000 feet.

4, The rate of rise of the cloud can be chtzined frem Figure I.
It is to be noted that a2 marked vertical ceceleration cccurred at two
rinutes, at vhich tirce the conspicuous lateral spreading occurred. This
is in agreement with the cbscrvations of Co E, Falmer except that actual
teasurement indicates the “splashing™ cccurred acainst 2 barrier betveen
100,000 and 110,000 feet, vhich may be of significance in connection with
the usuzl increase In teoperature at arcund 100,000 feet. Scome chsarvatiens
given to Dr. Urry by Ccls Merris in the B/36 sampling control asircraft cre
plotted also in Figure l. Col. Lcrris's cbservation at 40 seconds as the
cloud went by his altitude 1s in falr agreement with Dr. Urry's curve as
also is his observation some time after 20 minutes. At five minutes,
Col. Mcrris's observaticn is considerably lower than Dre Urry's but the
top is w2ll within the stratosphere.

Se Sonme observations by lire Singlevich of Headqucrters USAF, AFCAT~-]
under sinilar conditions, but at 30 to 4C nautlcal mlles frem ground zero
at the time of IVY King test are shown on Figure 1 fcr ccrmperison.

6e The hypcthesis put forward by Prcfesscr Co Es Palrer in his

] seccnd letter of 2 Februczry 1953 fer the secendary fermzsticn of the main

h large cloud zppears to the author to be plausible but it zlso appears equally
certain that the bulk of this main cloud ended up in the ctratosphere between
€0 and 120 thousand feet. The raintenance of its shape and fcrm are believed
to be due to its internal turbulence and unqqual heat distribution. Any
estimate of the degree of mixing of the secendarily fermed large main cloud
vith 2 primery column of nuclear debris, if indeed this did nct intimately
occur during rise, is purely hazardous guessvcrke As far as is known, no
cbservations were made for guidance on this aspect of the rroblem. 1t seems
spperent that sampling was conducted some thousands of feet below the bottem
of the main cloud, as statements by scme of the pilots c¢f the F-E4 sacpling
a2ircraft, appears to confirm,

Te There is attached hereto es an integzel part of this grctlex a
pemorandun from Mre Pe W Allen to Dre Ve Ds Urry dated 11 December 1952, °
discussing a well-defined relaticn between ezrly rate of rise cf the clocud
and the energy of a nuclear explesion.

% Do URRY
Assistant fcr Muclear Physics
Office of the Technical Director, AFCAT-1

3 Incls
Table 1 )
L Figqure I -
LA Vexo dtd 11 Dec 52 fm l're. Allen to Dr. Urry 2
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CLOUD MEIGHT DATA FoR “IKDL SHCT, U7 \TIUR IVY, Taken by Pr. #. D Urry AR
" {ime Dacimal Alrcraft Alrcraft Dilstanco frum Mike Elevation Calculated Correction . . Coordinates of
3 Local - Time Position Altitude Ground Zero Angle Height for Total Ground Zero
=1 Hov 52 M 4 Min Latitude Fect Naut, Mi. Peet Deg Kin Above Earth "Height Approx. 11-40.2 N
H Longi tude ) Alrcraft  Curvature .o 162-11.7 E
p L 4
o 10-36 N .
Q713 0 161-47 E__ 12200 60246 416000 - - - - - o
10-33 N ‘ - :
Q116.2 A 160=%0 E__ 1230Q 62,7 AL500Q _ 0%-1 42200 <000 58200 __Absolute Top, Hair
10-35 N ¢
' 2230Q. 0.9 . 412000 12-30 . 24000 4000 . 11Q000 : : :
‘ 10-34,90 .
Q71844 3.42 _ 101=-03.00 12390 Q7.9 412000 13-04 29300 . . 40C0__  JilgQQ . ° ol
- 10=34,5N . ‘
4 =9%.9E__ 12300 67,6 411000 _ 13-33 Q9000 4000 113000 " n -
. 10-31,25K . : Top of main cloud,
RZ20.8 . 273 _160=DT E__J230Q €l 30000 14-1Q 103200 - 4Q00  _ A19300 plume ghave lopof
. 10-37 N ‘ Point A, Picture |
OredS . 8.5 . 161= K 123U0 6.9 405500 16-28 _ 1M9500 4200 135000 Top of olune
: 10-39,5N Point B, Picture /
U225 . 10.% . 10J-43.2BE 15300 60,9 400000 Q7-18 1200 4000 67200 B;
10~40,%5H Point C, Picture L
W&.J%:Waﬁo 828 o 9TR0Q__ 12-30 _  _ _€CO0Q 40Q0 104000 Right side of ton
10-4}1,5 : Mair
QT28.4 _ 1Ja4 _16L=4lL.TBE2230Q _  59.9 399000  14-38 104000 __ 000 120000 Absqlute top, Clo
10-12,5H _ Point D, Plictr C
Q730a3 15,23 10L-39,55 12300 5049 400000 0)-35 11100 . 000 . 2700 Lowex sheex layer
10-38,5N .
QBlL 26 161-30 B 12200 Ul 332000 __14-00 103040 1000 2124200  Top af oxange clg.
10=38,5N
0812 oY 4 161-33 B 12300 12,5 4400Q0 1335 102000 Q00 ° 129000 Top of oranye Glay
10-33 N
0815 6Q 101=24 £___ 12300 1620 474000 13-17 112000 9000 J2000C Top @f ~a-e .«
_ 10-34 N Hgt ¢ ccoes Da- .
0818 63 161 =22 3E _ 12309 1.8 4T200G _ 16-3% 140000 «Q0Q 156000 gup %+ (s~ -
10-32,5N .
0820 63 . J6l=3L0E 1231 78l 479000 12-1Q.0 192000 -
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i Sw m.mlen/m{x/o'zm&mw.,,\
SUBJ: The Relationship Deticen Energy and Rate of Cloud Rise (3 //
" T0: Dre Ko Do Urry FRGIs P We Allen  DATEs 11 Dec 52  GfTo 1

1. As you suygested last veek, I have gone over all available data on the
rates of rise of cloucs from U.S. atomic tests and have plotted values for the
ratas cf rise against enexgy in EKT, os shown in the accozpanying graph, togethew
vith the empirical equailion of rilctionsiipe

2 The rate of rise chonges with time, increzsing te 2 maxiram during the
£ixst minute and decreasing thereafter to essenticlly zero aficr zbout 10 minutes.
The data availzble e us zre not good enough te shoy the maxirrm rate due to poor
timing and inficquent necouraacats, bul ney Le used to obtain the average rate of¢
rise over a pericd of ridmutes, The everage over the initizl 3 rinutes 1s used on
this graphe In zli cases excesl IVY Idke the clcuds were stlll rising ropidly
and vere still in the treoposphexre after the third rinutes Tas Like cloud vas
treated in a special manner as indicated below,

It is reascnable to believe <here {u be some dependency ol rise rate on
the lzpse of arbient air temperature 1ith altltude. The affect oi inversions and
stairle leyers will, however, be 2 ninirmma in the earliest secends of rise, increasing
In impertance es the temperature difference decrcascs betuwzen cloud and surrcunding
ctmcephere, When the cloud reaches ambient air tespercture, further vertical motion
is damped 2ute It is therefore preferable to iacasure the rcte of rise at the earlie:
pessible tine, ond the moximm rate of rise should be mere indicative of energy than
the mean 3-mimrte rate used here.

Since the mean lapse rate of temperature is markedly different in the
gstratosphere than in the troposphere, it is prelerable to make all measurements in
the troposphere until adequate corrections can be made for thise )

3. Rate of rise data are avallable from the following sourcess

ae Ooeration SAIDSTO'E. lre Paul Humphreys, USIDB, documeated the
rise and dispersion of the SANDSTCIE clouds in an AFGWP publication, “Clessisfled
Sclentific lisieorolegical Jnformation; Cperation SANDGTGIZ. ™ His data vere cbteained
by theodolite and are reasonebly accurate over at least the first few minutcs of risc

b. Coeration GREEITIOUSE, The rise of tne GREEIHOUSE clouds were ob-
tained {rom an unpublished repcrt on “Cloud Physics™, Proj. 4.6, by Dr. W.l.Kellogg,
Rard Cerpe tiiction picture photiczraphy vere anzlyzed fer cloud rise arnd cleud
dipensions, and the ra tes of rise over the first 4 cr 5 riiutcs are probaoly good,
although weather clouds obscured parts of the atomic clouds. The maximum altitudes
of the Dog and George clouds are still in doubt since the tops of these clcuds were
not visible from the camera positions,

Ce Opoxations BUSTER-JAIGIE. Two sources of cloud rise data are
avallable for these operations, one being that taken by myself (vith your help in a
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couple of cases) by hand clinometer, and the aer taken by Air Weather Scrvice
personnel by theodolite. These two sets checked very vell 4n all cases except

Charlie clouds On the graph, the sverage of the two is indicated by the circled
dot, with the ouiriggers shoving the values themselves.

de Cperation IVY, Three surface vessois and threec alrcraft vere
engaged in making cloud rise and heilght measuremcnts of l4le clouds Of these, one
vesse! failed to make any height measurcments until H + & mln., and one airplane mad
only one measuretwniy at approxinctely H ¥ 4C scc, before H + 5 mine It is not
belleved that timing vms very accurate on thls measurcpment so 4t was dlscarded,
The cther measurements shoved the cloud to have :::yrcached maxirum altitude st -
3 nirutes so in addition to the 3 pinute averige an cverage was obtalned using
earlier measureiiciiise Since ilicre is reason to Lelieve the rate to detrease in
the stratosphere (abuve 56CCC 7t on liike cay) the second average w.as icken of
ohsexvations below thot heights The 4w averages are shovm as herizontal lines
on the groph, :

(1) Three minute heightss

U.S5.5 Qurtiss 100,5C0 ft.
U.S«SeRendova 117,000 ft.
firerafl lios 1 (Dre Urry) 111,000 “t.
Afxcraft No. 2 (Cole Fee) 127,000 i%e

Average 114,000 fte in 3 mine

(C) Extrepclaiion of iroposphere rates:

U.S.Se. Curtiss 46,600 fte at 1 mine 139,800 ft/C
Us5eSs Rendova lle eaxrly necsurements
Kreraft lio, 1 £8,200 fte ot 1 mine 11€,40C £1/2
Afrcreft oo 2 No early reasurements

Average 128,100 £t/

Three suxriace vessels and {wo aircraft made measurenents of the King clou
and all data are on hand excert that from one suriace vessele The thres minute
heights are as icllouss

UsSeSe Ozk 1111 5€,300
UsSeSe Remcovi ‘56’100
Aircraft No., 1 (Mr.Singlevich) 55,300
Fircraft tioe 2 (Col, borris) 53,000 (Douktful)
Aversge 00,00

The average is plotted on the graph.

4. Considerable improvement in this relationship might well result from wmcre
accurate determination of the rate of rise and in particular of .the maximum rate,
and from develepment of a correction factor fer variations in the acblent eir
lapse rate of temperature,
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