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AJEMORANDUM FOR RECORD
MBUBJECTs ={Confidential) .Meight of IVY (Restricted) Mike Cloud

le At the time of the IVY Miks Operetion two airexsft desigmated
Mgaltahaker” flew Sace-track eosurses,

ons due
-sgpproximately T0 mautical miles, the ether dus sast of ground sero at
sapproximtely 60 mautical miles. IThe planned mission of these flights
~was to secuxre a phetegraph of the IVY iike sloud cash mimute fexr ene

hour
. «following the explosion. This mission was yequested by Headquarters USAF,
ons

~AFOAT=]1 for after-the~fact sleud height saleulati

have
. "ot yot been zeceived, and may not be of much value fer the imtended purpose

wbecause of peoxly defined er sbsent harigons.

2, ~Unscheduled bubble sextant zesdings were made by Dr. W
4n the aizcruft to the south and Colensl @D of Headquarters USAF, AFOAT-]
-1in the aizcraft to the ssste Alrersft learen pesitions were provided by the
avigatoxr of the aircraft who alee chesked soms of the angle sbservations.

~wheight and heights of varicus owtstanding featurss of the eloud. The cbser-
“~yations of angle, distance to ground gero, and aircraft slititude axe believed .
way

- t0 be such that the calculated heights axe met in exyor ons

‘-,sztv—nwnalnwfut. Consideration of seme points wou

to believe that no large errers were introduced by “edge” sighting and
Mmlynﬂmlm Fixet of all, thare can
this kind of exzor in sighting en the yether sharp-pointed plume which

"e.
- «yielded an uum of 135,500 fest. The diffezence between this altitude
~and the

top of the elsud at arcund 120,000 feet was in the sexrvect pwoportion
>%e the thickness of the eloud (120,000 ~ 67,000 & 43,000 feet) as Judged
mmu— Iocomny asd on the far right edge ¢f the cloud
w( at 11.75 minutes in Yable I) gave 104,000 feet and this san hardly be
- An exroxr by 40,000 feet due te erronsous sighting arising from edge and

thickness effects, as it would be if the cleud did mot xise above the tropo-
psuse. Thirdly, the main shear layer measured at 15,25 minutes in Yable I
. gave an altitude csrresponding exactly to that of the prognestieatsd principdd
~gheay altitude for the event and wae again judged te be at the ecxTect pro-
portional altitude far a top at around 120,000 feet. Feurthly, the altitudes
of 110,000 and 112,000 feet at 2,66 and 3.42 minutes are not explainable on
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that actual
30 to 4C nmstical miles from ground sexo
on »

oscwzzed, Thia
excppt

f xise of the cloud can be wbtained from Figuyse I.

»up 1s wll within the stratosphere.

Pigure I for comparison.

. «“Some ocbesxvetions by gl of

Mot ew

Pigure I

Table 1

-aiycrart, appears ts confirm.
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‘=the larse of ambient aix temperature wdth altitude. The effect of invexrsions and

Be oy
- Tise and dispersion of the SANDSTONE .
- ‘Sclentific Ustecrological Information, Operation SANDGTONE.™ His data were obtained
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SUBJ: -The Relationship Between Energy and Rate of Cloud Rise |

70 ov. GG FROM: PONMENSEERN 2 DATEs 11 Dec 52 - O, )

de As you suggestad last week, I have gone over all avallable data on the
- wipates of rise of clauds from U.S. atomic tests and have plotted valuss for the

wates of rise sgal mezgy in EXT, ss shown in the sccompanying graph, togethe=
-wdth the spirical equation of rélationghip.

22 The pate of Tise changes with time, ncreasing to a maximm during the |
“first minute and decreasing thareafter to essentially zaxv after about 10 minutss. ‘
‘The data available to us are not good encugh to show the meximm rate dus to poor
tining and infrequent measurenents, but may be used to cbtain the average rete of¢
‘xise over a period of mimutess The svezsge over the inl
#this graphs In 8ll cases except IVY Jiike the clouds wezo still rising rapidl

) 4
~and weze still in the troposphere after the third alnute, The Mike cloud was
““ireated in a special mamner as indicated below.

F
It is reasomable to believe there to be acme dependency of riss Fate on

~stable Jayers will, howsver, be & minimm in the earliest seconds of rise, increasing
dn importance ss the tempexature difference decreases between eloud and
-mtmosphere, When the clout reaches ambient aixr tamperzture, further vertical motion

<48 demped out. It is therefoze prefersble to messure the rate of rise st the earliest
npossible time, znd the maximm rate of rise should be mare indicative of -enargy than
=the mean 3-mimrte rate used hare. :

*8ince the msan lapse zate of temperature s markedly different in the
~stratosphere than in the troposphere, it is prefersble to meke all measurements in
~¢the troposphere until adequate coxxections ¢an be made foxr thise

3. Rate of rise data are svallable from the following sources: f;;,’

Me. Paul Humphreys, USNB, documented the
elouds in an AFSWP gublication, "Classified

»by theodolite and eze reascnsbly accurate over at least the first fow minuvtes of rise.

be Oepsxation CREFRIOUSE, The rise of the GREENHOUSE glouds were &b-
-tajined from an unpublished report on "Cloud Physics™, Pxoj. 4.6, by Dr. W.W.Kallogg,
Rand Coxpe dotion pictuxe photography were analyzed fcr cloud riss and cloud

dimsnsions, and the ra tes of rise over the first 4 or 3 minutcs are probsdbly good,
although weather clauis cbscured parts of the atomic clowds. The maximm altitudes

of the Dog and Gearge clouds are still fn doubt since the tops of these slouds weze
not visible from the camers positions,

Ce Qpsxations BUSTER-JANGIE, Two sources of cloud rise data are
available for thess operztions, one being that taken by myself (with your help in a

3 -
Incl 11 s of =% 7T
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~oouple of cases) by hand clinometer, and .. euer taken by Alr Weather Service
personnel by theodolites Thess two 36t8 wwewwew very well in all cases except
.Charlie cloud, On the graph, ths average of the two is {ndicated by the gixcled
-dot, with the outriggers showing the values themselves. oy

de Cosxation IVY, Three surface vessels and three aircraft were
~engaged 4n making cloud rise and height msasurements of Mils cloude Of these, one -
vessel failed to make any height measurements until H 4 8 atn,, end one airplane made
only one measuremont, at approxinctely H & 40 sec, before H ¥ 5 mine It §s not f
: bel that timing was very accurate on this measurement so it was discarded. . -
“The other measurements shored the ¢loud to have spizrcached maximm altitude at - ' °
3 minutes so in addition to the 3 mimrte sverage an sversge was cbtalned using
earlier measurements. Since there is reason to believe the rato to decrease in
~the stratospherv (above 58000 ft on Mike day) the sscond average was taksn of -
- ebaervetions beclow that heighte The twe avexrages are shown as haxizontal lines i

on the grephe
(1) Three minute heights:
U.S.S Qurtiss 100,500 fto
UsSeSeRendova 117,000 fte
Alrcraft Noe 2 (Cole QD) -J2Z.000 fte
- AVarage 414,000 fte in 3 min.
(Z) Extrepolation of troposphere rates:

UeSeSe Curtiss 46,600 ft. at 1 sdn, 199,800 ¥t/3 nd

UeSeSe Rendova No early measurements z

Alrcraft No. 1 58,200 ft. at 1% min, .116,400 ‘#¢/3 o

Alxcraft Moo 2 No early seamcements
Average + 128,100 #¢/3 o

Three surface vessels snd two aircraft made meamzements of the King sioud,
~and all data axe on hand except that frox ons surface vessel. e thres mimute -
heights are as foullows: .

UeSeSe Oak HEll 58,300
UeSeSe Rencova 56,100
Alrcraft No, 1 (Mr.CONpEEERS) 56,300

Aircraft No. 2 (Col, D) 53,000 (Doubtful)
Average 36,400

The average is plotted on the graph. ,
4. Considerable improvenent in this relstionship might well zesult fyom more

.accurate determination of the rate of rise and in particular of .the maximm rate,
and from develorment of a eoxrection factor for variations in the ambient alr .

lapee xate of temperature. ,,_’.’
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