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‘MBUBIECT, 2(Confidential) -Meight ef IVY (Restricted) Mike Cloud

ie ‘At the time ef the IVY Mike Operetion two airereft designated
WPSaltahaker” flew sace-track eeurses, ens de
approximately 70 nautical miles, the ether due east ef ground sero st
~appreximately GO smutical miles. The planned mission of these flights
was te secure a photograph of the IVY Mike eleud each minute fer ene hour
.“following the explosion. This mission was requested by Headquarters USAF
‘APOAT-] for after-the-fact cloud height saleulations have

. “at yet been received, and may not be ef much value fer the intended putpose
wpeceuse of poorly defined er ebsent herizons.

2,  -Mmacheduled bubble sextant reedings sere made by Dr. WEEE
in the airereft to the south and Celene] Gp ef Headquarters USAF, APOAT-)

fin the aircraft to the east. <Airereft leren positions were provided by the
mavigator ef the aircraft who alee checked some of the angle ebservations.

siaheight and heights of various outstanding features ef the loud. The obser- |
iLaqations ef angle, distance to ground zero, and aircraft altitude sre believed |».

‘to be such that the calculated heights are ast in error ons may
agrate believe thet aanee enze Consideretion cf seme points wou

to believe thet no large errers were introduced by “edge” sighting and
obtaining erroneously high angles. Firet ef all, there can

=9f this kind ef error in sighting en the rether eharp-pointed plume which
-“myleléed en altitude of 135,500 feet. The difference between this altitude

top of the eleud at around 120,000 feet was in the serrect proportion
athe the thickness of the sloud (120,000 ~ 67,000 © 43,000 feet) as judged
eat the tine.niu, a ei on the far right edge ef the cloud
aebe at 11.75 minutes in Table I) gave 104,000 feet and this san hardly be
‘fn error by 40,000 feet due te erroneous sighting arising fram edge and
thickness effects, as it would be if the cleud did not rise above the trepo-
pause. Thirdly, the main shear layer meesured at 15.2 minutes in Table 1

_ gave an altitude corresponding exactly to that of the prognesticated principtd
@hear altitude for the event and we again judged te be at the sorrect pro-
portional altitude for a top at around 120,000 feet. Feurthly, the altitudes
of 110,000 and 112,000 feet at 2.66 and 3.42 minutes ere not explainable on
-false base line because of laterel movement of the cloud; air movements sre
not that rapid cempared with @ plane to ground zero base line of 66 aautics!

ailes.
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~epparent that sampling was conducted some thousands of
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The hypothesis put ferwerd by
-sgecond letter ef 2 February 1953 for the secondary
-sZarge cloud appears to the suthor to be plausible but

column ef miclear debris, if indeed this did

~#gertain that the bulk of this main cloud ended up in the stratosphere betusen - .
“»>@@ and 120 thousand feet. The maintenance of its shape and fexm sare believed ;
“to be due to its internal turbulence and weqqual heat distribution. -
——getinate of the degree of mixing of the sesondarily farmed large

if
formation ef the main

Professer C. BE. Palmer in his
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“sthe lapse of ambient air temperature with altitude. The effect of inversions and

is damped out. It is therefore preferable to measure the rate of rise st the earliest

a.  -M@pexationSASTOE,
. ‘Wise and dispersion of the SANDSTONE elouds in an AFSWP publication, "Classified -
, ‘Selentific Meteorological Information, Operation SANDGTONE.” His data vere obtained

o ERIALREM@BED “Auta UskPRIVACY ACT MAT Hiner sehenaeUSAT

SUBJ: -The Relationship Between Rnergy and Rate of Cloud Rise

—<= FROM: POR «40s DATE 12 Dee 52 Ga}

de As you suggested last week, I have gone over all available dats on the
-s@pates of rise of cloucs from U.S. atomic tests and have plotted values for the
 wates of rise againstzpmezgy in EKT, es show in the sccompanying graph, togethe=
«ith the empirical equition of rélationship.

2. The sate of rise changes with time, increasing to a mniximam during the
‘first minute and decreasing thereafter to essentially zero after about 10 minutes.
‘The data available to us are not good enough to show the maximum rate dus to poor
wejming and infxequent measuxenents, but may be used to obtain the average rete off
*wise over a period of mimites. The everage over the ini
‘this graph. in all cases except IVY like the clouds were still rising rapidly
and were still in the troposphere after the third ainute. The Mike cloud was
“~*eected in a special manner as indicated below

jh
Xt is reasonable to believe there to be scme dependency of rise rate on

~etable layers will, however, be a minimm in the earliest seconds of rise, increasing
<4n importance es the temperature difference decreases between cloud and
s@tmosphere. When the clo reaches ambient air temperature, further vertical motion

possible time, and the maximm rate of rise should be more indicative of-enargy than
=the mean S-minute rate used hore. ;

"Since the mean lapse sate of temperature ie markedly different in the
~etratosphere than in the troposphere, it 1s preferable to maxe all measurements in
~the troposphere until adequate corrections can be made for this.

Je Rate of rise data are available from the following sources: a

Me. Paul Humphreys, USHB, documented the

\by thaeodolite and eze reasonably accurate over at least the first fer mintes of rise.

be GREENHOUSE, ‘The rise of the GREENHOUSE clouds were eb-
‘tained from an unpublished report on “Cloud Physics", Proje 4.6, by Dr. W.Wf.Kellogg,
Rand Compe Motion picture photography were analyzec fcr cloud vise and cloud
dimensions, and the ra tes of rise over the first 4 or 5 minutes are probsbly good,
although weather clouds obscured parts of the atomic clouds. The maximm altitudes
of the Dog and George clouds are stil) im doubt since the tope of these ¢louds were
not visible from the camere positions,

Co BUSTERWJANGLE, Two sources of cloud rise data ere
available for these operations, one being that taken by myself (with your help in a

3 c
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~oouple of cases) by hand clinometer, and “sever taken by Air Weather Service
personnel by theodolite. ‘hese two seté-v...~08 very well in all cases except
‘Charlie cloud. On the graph, the average of the two ies indicated by the circled —
Mot, with the outriggers showing the values themselves. ag

de Gpezation

TV¥,

‘Three surface vessels and three aircraft were
~engaged in making cloud rise and height measurements of Mile cloud. Of these, one -
vessel failed to make any height measurements until H + 0} atne, ond one airplane made
only one moagurement, at approxinstely H © 40 sec, before H +5 mine It is net

‘bel that timing wes very accurate on this measurement so it was discarded, (|
‘The other measurements shored the cloud to have opproached maximum altitude at - «”
3 minutes so in addition to the 3 minute average an avereye was. Obtained using
earlier measurements. Since there is reason to believe the rato to decrease in ~~
“the stratosphere (above 56000 ft on Mike day) the second average was taken of .°

- observations below that height. The two averages are shown as hexizontal lines :
on the grephe t

(1) Three minute heights:

U.S.S Crtiss 100,500 ft.
UsSeSeRendova 117,000 ft.

Aircraft Noe 2 (Cole MP) -127,000 fte
Average 414,000 ft. in 3 min.

(2) Extrapolation of troposphere rates:

UeSeSe Curtiss ~i6,600 ft. at Laine 199,800 20/3 a
 

UeSeSe Rendova No early messurements rt
Aircraft Noe 1 58,200 fte at li mine .2116,400 ‘£t/3 ni
Aircraft Ho. 2 Wo early measurements

Average 228,100 #¢/3 mi

Three surface vessels and two aircraft made measurements of the King eloud,
end all data are on hand except that from one surface vessel. The three mimte =
heights are as follows:

UeSeSe Oak HEll 5B,300
UsSeS. Rencove 56,100

Aircraft Ro. 1 (ix.GSNjUN) 56,200
Aircraft Noe 2 (Cole §9NB) 53,000 (Doubtful)

Average 56,400

The everage is plotted on the graph.

4. Considerable improvenent in this relationship might well zesult from acre

-aceurate determination of the rate of rise and in particular of the maximm rate, -
and from develepment of a correction factor for variations in the ambient air ;

lapee rate of temperature. a
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