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SUBJECT: =f * Melght ef Ivy ( ** pike Cloud

de “AL the tine ef the IVY ike Operetion two abrereft designeted
pee\tshaker® flew rece-track courses, ene due South ef ground sere at
“enpproximetely 7O aautical miles, theether due eset ef ground perc at
~iapprexinately 80 mmutical alles. The planned mission ef these fiights
ams te ecure a photograph of the IVY Mike sleud sech minmte fer ene hour
siafollowing the explosion. This mission was requested by Headquarters UséF,
“SAFOAT~] for eftar-the-fact ¢loud height esleulations but the pictures have

Saat yet been received, and may act be of much velve for the intended pirposs
‘saubeesuse ef poorly defined or absent harizons.

2g +@inecheduled bubble sextant readings were made by —
.-Gin the alreraft te the south and ef Meadquarters WEAF, APOAT-:
>ain the aircraft te the east. Alrereft leren pesitions were provided by the
“wmavigator ef the alreraft who alee checked some ef the angle ebservations.
“mkttached hereto is Table I giving the ebservations and esleulations of eloud

 diaight and heights ef various ovtstanding features ef the cloud. The obser-
“yetions ef engle, distance to ground sero, and alrereft altitude are believes —
*+%0 be euch thet the salculated heights are ast in error ens way or the ether
Aaya Mann a fou thousand feet. Consideretion of seme would lead

, to believe that no large aerrers were introduced by "edge" eighting and
ebtaining erronscusly high angles. First ef all, ‘there can be Litt).

."Sef this kind ef arrcr in sigvting en the rethex sharp-pointed plume which
~“eplelded an altitude of 135,500 feet. The difference between this atitude
aed the tep of the ¢leud at around 120,000 feet was in the serrect proportic

: age the thickness of the sloud (120,000 ~ 67,000 ® 43,000 feet) as fudge
amt the time. Secondly, a sighting on the far right sdge ef the cloud
debe: at 21.75 minutes in Table I) gave 104,000 feet and this ean hardly
fin exror by 40,000 feet dus te erroneous sighting arising fram edge end
thickness effects, os it would be if the cleud did not rise above the trepe-
peuse. -Thirdly, the mein shear layer measured at 15.25 minutes in Tabis !
agave an altitude cerresponding exactly te that of the prognosticated principi4
‘awehear altitude fer the event and wee again judged te be at the earrect pro:
“portional altitude fer a tep at around 120,000 feet. Fourthly, the altitude:
of 110,000 and 112,000 feet at 2.66 and 3.42 mirartes are not explainebis or
~failse bese line because of latare) movement ef the cloud; sir movements are
not that vepid compared with s plane to ground zero bate line of 66 meutics
miles.
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at the tine of Ivy King test are shown on Pigure I for scaperison. _

“npertain that the bulk of this main eloud ended up in the
“»@O0 and 120 thousand feet. Ihe maintenance of Sts shape and fora srebelieved |;

-mupatinate of the degree of mixing of the eesondarily farmed large main pn

3. ‘The constancy ef the mea
_s@vex a period of one hourhourin Table 1 is consistent with
of the cloud. ‘Meseurements by
weground sere axe not eo eonsigcent and ealculated heights apneax te deczesse
~mith time, prebably due te enincrease in true base
werd Movement efthe eloud, data place the top ef the sloud
augeriously between 127,000 and 99,000 feet. ,

4, She rate of rise of the cloud can be ebtained from Figce I.
<It ds to be aoted thet a marked vartical deceleration eccurred at tuo my
dminutes, at which tine the eonspicueus lateral spreading eccurred. This | {
is in agreement with the observations of C, BE. Palmer exeppt that ectusl a)

s@eagurement indicates the "aplashing” eecurred aguinst s barries between *
00,000 and 110,000 fest, which may be ef significance in conection with =!
the usual increase in temperature at sround 7000 feet, Some ebuervetions «~

_bagiven te by i in the &8/%6 jumpling eentro] aircraft are |
plotted also in Figure 1. *s ebservetion at 40 seconds as the <.);-gloud went by his altitude is in fair agreement with | "@eurve ss
‘wimleo is his observation some tine after 20 mimtes. At five nf . ae “y

“s ebservation is eonsiderebly lower than “a but the tt

‘meep is well within the stratosphere, eo, Rp

Be iegeme ebservations by of Neadquarters USAF, APOAT1
perder einilar eenditions, but st 30 te 40 neutical alles from ground ez0

be "The hypothesis put feeward by Professcr C. H. Paluer in his a4
mecond letter ef 2 February 1953 for the secondary fermation ef the mln '*
‘sdarge cloud appears to the author to be plausible but it aleo appears equally

botunen

-
,

At
e

m
a
e
O
e

a
e
s
p
i
n
,
”

*
a

n
y

at
e

.
’

m
e

o
t

a
?

‘+o be due to its internal turbulence and unequal heat distribution. : we

with @ peimary column ef auclear debris, if indeed this did act intimately es
weccur during rise, is purely harardeus quesework. As far as is know, ne gts
tebeexvetions were made for guidance on this aspect of the proble. tt seems es
‘apparent that eempling was gonducted some thousands ef feet below the betten
-ef the min cleud, oe statements by some of the pilots ef the F-64 sampling

-yaizezeft, appears te confirs. ~

Te “are 4a sttadint hereto an an integral partOf Ode preblena
eemosendum from itr, Po MW. Allen to Dre %. De. Urry dated 11 December 1952,° =<‘
Glecuasing a well-defined eecctone OREFate of wine of the cloud
vend the energy ef a muclear explosion. “
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“SUBJ: -The Relationship Between Energy and Rate of Cloud Rise |

“S70; Dee Me De Urry «PRO We Allen “DATEs Al Dec 520 40M.

le <As you suggested last week, I have gone ever all avaliable datz on the
-gates of rise of clouds from U.S. atomic testes and have plotted values for the |
sapetes of risa agai Sy in BiTe #8 show Ain the sooompanying graphy Sogethe:
‘welth the empirical on of rélationsiiip.

2s the rate of rise changes with time, increasing to a maximum during the
@*#€ixet wirute end decreasing thereafter to essentially zero afters about 10 minutes.
aihe data available to us are not good enoughtoshow the maxim rate die to post
whiuding and infrequent measurements, but may be used to obtain the average rete off
qarlee over a period of mimtes, he sverege over the initial 3 minutes is used on
Mathis graph. In all cases axcept IVY Mike the clouds were still rising rapidly
gmand were still in the troposphere after the third alnute, The Mike cloud ws =
Skgeated in a special manner es indicated below. 4

“It is weasoneble to believe there to be acme dependency of Frise rate én
shah lapse of ambient alr temperature with altitude. the effect of inversions and
_watable layers will, however, be « minimum in the earliest seconds of rise, increasing
> jain importance ao the temperature difference decreases between Cloud and surreunding
“getmosphere. -Mhen the cloud reaches ambient air temperature, further vertical motion
ie damped out. It 46 therefore preferable to measure the rate of rise st the earlies’
‘appossible time, and the maxim rate of rise should be more indicative efenergy thar

. tthe mean Sainte rate weed hore. | 4

"Since the mean apse rate of temperature is markedly different in the
‘SBtratoephers than in the troposphere, it 4s preferable to make all measurements in
withe troposphere until adequate sarrections gan be made for this.

| B+ Rate Of rive data are available fron the following sources:oye

‘qarhee and dispersion @f the SANDSTONE €] = in an AFSHP publication, “Classified .
,MBolentific Metearolegical Information, Operation SANDSTONE," His data were obtained
aby theodolite and aze reasonably accurate over at least the first few minmtes of riw.

De ~QpexationGREENHOUSE. The rise of the GREENHOUSE elouds were @&:
sefained from an unpublished report on “Cloud Physics", Proj. 4,6, by Dr. W.W.Kellogg,
*Rand Carp. -Motion picture photography were analyzed fcr cloud sise and ¢loud
‘wiimensions, and the ra tes of rise over the first 4 or 5 minutes are probably good,
walthough weather clouds obscured parts of the etaxic clouds. The maximm altitudes
“Of the Dog and George clouds are etill in doubt since the tops of these elouis were
“Rot visible from the camars positions, .

ie QosrationsBUSTERSJANGLE. Two sources of cloud rise data are
savallable tor”these operstions, one being that taken by myself (with your help fin a
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weouple of cases) by hand clinometer, and weer token by Air Weather Service
«personnel by theodolite. These two setéwee very well in all cases except |
Charlie cloud, On the graph, the average of the two fa indicated by the sircled
‘wot, with the outriggers showing the values themselves. ad

 

Dpaxation ‘Three surfece vessels andi three sircratt were
iwengaged in making Cloud rise and height measurements of Mile cloud. Of these
cose? failed to make any height measurements until H + 9}OF nine, and one aixpiene ’made

Tete es measurement, at approxinttely H € 40 set, before HT 5 ming It is not ,
sibel that timing was very eccurate on this measurement so it wes discarded. * -
“The other measurements shored the sloud to have opurcached maximum sititude at - oe
3 minutes so in addition to the 3 minute average an eversye was obtained using —

m@pariiey measurements. Since there is reasan to believe the rato to decrease in ~:
the etratosphere (above 50000 ft on Mike day) the second average was taken of =.”
egbservations below thet height. The two averages are shown as horizontal lines — (

é,
T
e
s

son the graphs

(1) three ainute belghts:

U.5.5 Anmtiss 100,500 ft. ‘.

U.5.S.flendova 117,000 ft. - Co

-Adrersft Now _ 111,000 ft, Po
Aircraft Ros 2 | hBZ Pte eo

ahverage 314,000 ft. in 3 min. : x

(2) -Extrapelation of troposphere rates: se ;

UeSeSo Curtiss ~wi6,600 ft. at 1 ain. £99,000wt/2
UsSeSe Bendova ~o @erly measurements

 Mireraft No. 1 56,200 fte at 1¢ min. :216,800 $t/3
awhircrafit Moe 2 > early peasurements

~Average “28,100 tt/'3

“Three surface vessels and two alrersft made peammenents of the King @loud,
“and el] date are on hand except that frat ene curfece vessel. ihe three minste L
‘gheights are as follows: :

74
. x

UeSeSe Oak HLL BB,300
UsSeSe Rencovs — &6, 100

-sAlrervaft Ro. i 9200

vAdreraft Noe 2... 03,000 (Doubtful)
Average 356,400

‘4The average is plotted on the graph.

'@. ~Considerable improvement in this reletionship might well result from pore
repecurate determination of the rete of rise and in particular of the meximm rate, °
send trom development of a correction factor for variations in the esbientair 4
‘lapee rate of temperature. ee
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