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The Commanding General

u Researoh and hvelopnkt Commend
-ff

Post OfficeBox 1395
Baltimore3, Maryland LOS RLfll’10S

Attention:RDDll [1111111111[ -‘;:C’YTCF::S”+-
Dear ColonelIsbell$ 02016314

Thankyou for yoqr letterof 12 January. Pleaseamuse the delayin answering
it; I am in the middleof ~ving our researehprojeotto the HawaiianIslandsand hSXV8
not, untilnow, had an opportunityof givingundividedattentionto the very important
topicruisedby your letter. The priorityof the topic,indicatedin the aticondpara-
graphof your letter,justifiesboth the infozmd styleof my answerand its length.
I feel that I shouldqilore as thoroughlyas possiblethosepointswhioh,in the
interestsof brevity,had to be omittedfrommy report.

First,I must give the pcmitiveevidencewhlohled me to assumethatthe mu~
cloudlay in the tropo*ere. Withina few minutesof the detonation(I forgothow
many now, ad I have kept no tites)we made a verticalanglemeasuranenton the edgeof
the mushroomof 92°, in otherwords,we were at that time justunderthe edgeof the
Sxlxlopy.The detailsof the oloudoverheadwere very plaln. It oonsietedof liquid
water,at least in all partswhiohwere visible; the edges were hard and brightad, in
placeswherefragmentswere detaohed,it had the atxmture of altoommlusmixedwiti
altcmtratus.Since It remainedin this oonditionfor a considerabletime,long after
~ intrinsicupwardmotiondue to clifferencesin temperaturebetweenit ad its en-
vironmenthad ceased,it couldnot have had its base at 60,000feet but rathersomewhere
in the layer25,000-45,000feet. At 60,000feet,the temperaturein the C1OM wouldbe
very much below-40° C and the wholeclod wouldconsistof ice particles. The appeeranc
would be qtitedifferentfrom that observed. I watchedthe mushroomoloudfor almost
two hours afterthe explosion;the variouspartsof the deformedcloudwere readily
distinguishedfrom naturalolouds,wMoh formedb the vicinity,by theiroolour,charae-
teristicsllypink or, ratherpeaoh-oolourad.Altho- 60mepL!@t6of th8 bpS Of fr~-
ments had been transformedto cirrus,most of the derivativesof the C1OW3assumedtypi-
cal tropicsleltostratuaform. Moreover,rain oontlnuadto fall frompartsof the olcnd,
and, in @oflle and exaeptfor the oolourof the parentaloud,the rainlookedsimilar
to altostratusprecipitationtypicalof the MarshallIslandsin disturbedweather. In
additionto this,bothMajor Stopinsldad myselfhad observedcertainfragmentsof
naturalcirrus (certainly~ withinthe troposphere)whiohwere almostoverheadjust
beforethe explosion. The advancingedge of themushroomcloudstoppedin sucha posi-
tion as to Ulxhrlappart of thisnaturalclod. Severaloompetentobserversagreewith
me in s@ng *at the edge of Me nmhroom was lowerthanthe naturalcirrus,whioh
was, Mead, relativelyundisturbedby its advsnoe. So RU* for the grossobse=able
structureof the cloud.

How we come to anotherMM of evidence. The wimisfor the day are verywell
Imown up to ad abovethe tropopause. If the bulk of the olotd had been in the stratis-
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phere as it has to be by the dternatlve theo~, the movementof its severalpartssome”
hourslaterwouldhave been quitedifferentfmm whattheywere. As far as my informa-
tion goes,thereis littledoubtthat thesederivativesmovedwith the windsin the leve~
betweenabout35,000feet ad 40,000feet. On the otherhand,as the sunsetobservetion
ahou~the plumedid penetratethe stratosphere,@ movedwith,and was defo~ed by, the
wimis appropriateto *at region;It may well have reached134,000feet.

Now let us considerthe alternative@otheais basedon unspecifiedmeasurements:
that the base of the mush.r~ cloudwas at S0,000feet d the top, apartfrom the plume,
was at 120,000. Of course,I do not ~w the natureof the measurements,kt someof
th-, at least,were probablyof the type usuallymade on suchoccasions,the interpre-
tationof whichhas in the past led to considerableerrorin the esttiateof bomb clod
heights. Angularmeasurementsalone,whetherwith theodoliteor sextanton the grouxdox
by bubblesextantfrua aircraft,are subjectto tie ●me erroneousinterpretation.U
the cloti,on reachingsamelimitlngheight,advancesnot verticallybut laterallytoward
the obse~er, therewill be a very rapidincreasein verticalangle,whichif interpret~
as verticalmovement,will led to grossover estimatesin the heightof the top. ‘his
errorvaa made with GEORGE~ot during OperationGREENHOUSE.On the baaisof the mis-
interpretationtie heightof that cloudwas announcedas over 85,OOOfeet,whereastie
true heightas measuredfrom photogra@s long afterwardswan considerablyless tianthis.
Owing to the enoxmoualateralextentof the MIKE‘aloudthe chancesof thiskld of mis-
interpretationhave been greatlyenhanced. For example,if I had made this interpretati
of our own anglemeasuranents,crudeas they were,I wouldhave had to conclde thatwith
In a very few minutesafterthe detonation,the mushroomcloudhad reachedto an Infinit
distancefrom the surfaceof tie ●arth.

Even radarmeasurement are not freefrom this objection,sinceit ia difficultto
be surewhat part of the cloudia beingmeasured: is it the aative@me or is it the
edge of the mushroomclod? Is it perhapsa knot of reflectingmaterielburledsome-
where in the cloud? I asnnotanswerthesequestions,sincethe originaldata are not
availableto me, but I suggest,in view of the importanceof tie topic,that theybe
asked. The only reliablewsy of directlymeasuringthe dLoudheightis to triangulate
all partsof the explosionproductby means of a networkof specialcameras. The dlff$-
cultywith MIKE was that no one seemsto have anticipatedthe greatsizeof the final
C1OU3or the fact that it would set up so much secomlarynaturaldloul@ precipitate.
that completetriangulationwould be difficult- it is had to recognizethe sameparts
of the clouddifferentphotographs.This apartfromthe fact thatve~ specialwlde-
anglelensesoughtto be used on all cameras,and that this,apparently,was not done.

I venturenow to suggestcertaintheoreticalreasonswhy themushroomC1OUIlay in
the troposphered not in the stratosphere~ chieflybecauseI thinkthesemay $elp In
solvlngyour operationalproblem. It seemsto have been generallyassumedthatthe MIKE
cilouddifferedIn no essentialway from that formedby conventionalshots,except,of
coursethat it was much larger. My own hypothesison this is, thatMIKE was so large
thatqualitativelydifferentgeophysicaloffectowere producedand that it is erroneous
to extrapolatefrom the Bevadashots,say,or even fromprevioustestsin theMarshall
Islauio. A conventionalair-drop,for e~~, resultsin the formationof a fireball,
which,afterbeingtransfoznmdinto a ring-vortex,aseexdsto the tropopause.The vorte
ring or mushroomhead eonslstsof originalbombmaterialplus water,etc.,entrained
into it by turbulentmixingj the stem ia largelysecondaq althoughit too containsradio
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activematerialleft behind= the ‘wakewof the asoading vortex-ring.Comparedwith
tho scaledistance(groundto tropopause,about55,0CKlfeet)the fireballis not large
ad the bmb gaterialand heatedgaseshave a ohame to form a structure,the zuahr~
top, thathas a relativelylong life. It is quite otherwise ulth MIKE tiot. he fixv
ball diameteris mu an appreciablefractionof the scaledistanae,its top, at foxa-
ationextenda into the middletroposphereand its energy oontentis huge. It iS qnidd

transformedinto a fierycolumn(I oalledthisthe ~ stem)uhlchimmediately~
tratesthe tropopauseand does hot ocuneInto equilibriumwith its enviro~nt untilit
has reaohed134,0CX)feet or, as I suapeet,greaterheights. Probablyno ringvortaxIA
fomed, but only a ‘pluaeg uhloh later hangs and is deformedin tie stratosphere.b
that regionit probablybemmes veqy stablein atratifioationami has a longlife=?istox

The greatu energyof *is fiery cataract set=up a seoondary clroulationIn *e
surroundingetisphen below the tropopauae.Huge volumesof outsideair are entrained
in this circtiation,comparable now in size,thoughnot in intensity,to an Incipient
typhoon. The reddenformationof the thickoeootiarystem and its streamlined
featureaimliuatethat It end the mushroomtop oonsistof condensedwaterfrom air out-
side the primarystem,oonstitut5mga circulationIzihmed~ the latter. In themuahm
there are othermaterialsbesideair andwaterwaporof course. Coralfragmentsardl
condensedsteamfrom the ocean are probablysweptup initiallyad laterheavybomb
particlesmay fall from aboveor be incorporatedIn otherways. A very elementary ,
calculation,however,shownthat *e mushroomoonsistsof materialthat oouldnot
possiblyhave all oomefrom these sourcesor from the originalbombmaterial..It ie
preciselybecausethe mushroomcloudis not prlmaq, but is the tiaiblepertof a
seeondarycirmilation,that It is confinedto the troposphere;this explainsalsouhy,
it appearsto advanceso rapidlyIn a lateraldireation.

The operationalimplicationsof thishypothesisare interesting.The dangerous
part of the total dloud will be in the atratoaphere, but here the oolumn should be rea-
sonablynarrow. An aircraftflyingabovethe tropopauseoughtto be able to avoidtoo
closeproximityto the plume,providedappropriateparachutesare developedfor the dro
Thereremainsthe hazed fian the mushroom,uhiohunderaertainconditionscouldbe gre
chieflythroughseooxds@y contamination.If the abovehypothesis10 sound,-thebeet
operationallevel for the drop aircraftwouldprobablybe 65,ooOor 70~000feet. This
beingdiffimiltto arhieveat present,it wouldprobablynot be seriousif the alroraft
was overtakenby the loweredge of the mushroomat, say,30 miles and 40,000feet,for
if the hypothesisholds,the major concentrationof contaminantsoutsidethe primary
stem and plume,wouldbe in the mushroomjustbelowthe tropopauae.I presumeyou have
informationon this.

W you can see,the evidenceuponwhichthe reportwas baaedis simplythatuhioh
any observerof MIKE shot oould colleut. In the lightof @r more detailedknowledge
you shouldnot put tm muoh weighton it. I Xave seenno photographsand am rel~ en
tlrelyon memoryof the events,a notorioudy unreliableprocodng. However, the theo
reticalreasonsfor believingthatMIKE was altogethera different and new geophysiael
phbrioxnenonare well founded.

Sincerely yuurs, >.

/s/ CIARENCEE. PALMER,-

cEP:ehm

‘Frofessorof Geophysics
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