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Attendance:

in

F.

E.

The meetingwas heldat k Alamoson January17, 1949. Those

attendancewere: Dro G. Gamow,Chairman;Drs~ Do Hall,J. Hall,T. Hill,

de Hoffmmn, F. M% Lure,h!.Metropolis,E. plesset,~.

Te~er, LOTOE.ThomFsonand S. WUE.

The grouptookas its premisethatan effective

deliveryof nuclearbanbshad to be available. Thereare

Reines, B. Sage,

methodfor the

essentiallyfour

methodsavailablefor this purposeindicatedby the foil.owhgdiagram:

TABLEI

CHEKICALPLANE

CHEMICALROCKET

NUCLEARPLANE

NUCLEARRC(XEX’

a. Nuclearmotor b. Nuclearmotor
becomesbomb on with extrabomb
landing. carriedalong.

The presentdiscussionconcernsitselfessentiallywith the dis-

cussionof the bottomtwo squares,and theirrespectivead&ntages and

dfiadvantages.

The groupfirstconsideredthe possibledevelopmentproblemin

chemicalrocketswhich couldcarryan atomicwar-head. For’thesake of

canparison,the assumptionwas made thata laboratoryof the Inyokerntype

involvinga cmmunity of about8,000peoplewoulddevotefull time to the

clevelopnent.In this c.a:e the fdlowhgtgblemight apply:

b
!: .,..
WAJ’GAM-LL D
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TABLE11 F ‘ -
,. .

Rangeof Rocket= 5,000miles

Bombweight

Banbdiameter

Rocketweight

Likelydollar
cost

Likelyyears for
development(not
prcxiuction)

* 3 stage

10,OOO Ibs 5,000lbs 2,000lbs 1$000lbs

60 in. lk5in. 30 in. <30 in.

140,CO0 lb@ 70,000~s# J$0,000hS# 25,000lkm%!

5.lo~ 2.108 1.108 <If+

5-10 1+-8 4-6 4-5

rocket g 2 Stage rocket # 1 Stagerocket

TableII assumesthat the difficultyin cherdcalrocketsb

definitelyincreasedby goingfrom singlestageto multi-stagerockets,but

that the minimumtimewouldbe requiredto lickbasicpoblems. It appears

that M one limitsoneselfto a one stagerockettheweightof the atmic

war-h- includingthe guidancesystemmay not exceed1500 Ibs.and 30

inchesin diameter. Of these1500 lbs. onemay have to countabout 500 lbs.

for the guidancesystem. Thw for the sake of a singlestagerocket,it

seemsthatthe atomicwar-headmust probablybe about 1,000lbs.,but that

there is no significantgain in goingbelowthat figuresincethe guidance

systemitselfis liableto

~ canparingthe

up TableIII. (Detailsof

explanatory. )

CD2 - The larger

be fairlyweighty.

two bottansqyaresof Table1,

TableIII are explainedbelav,

stie has two disadvantages:

the groupdrew

unlessself-

. (a) The rocketis p~ical.ly difficult

A

to build.
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CD3 -

NA1 -

NA4-

(b) The rocketis more:vuhy~able to any interception.,.,.

Withthe very largesize of chemicalrocketsit may be

possibleto interceptthem evenif they travelat a

high speed.

A chemicalrocketwouldhave to be of a very highmulti-

stagetypeto escapethe earth’satmosphereand have the

rocketfoldawa celestialtrajectory.More likely,

therefore,a chemicalrocketwouldremainwithinthe

earth’satmosphereand thus havea gliding

In consequence,a ratheraccurateguidance

have to be devisedfor a chemicalrocket.

that this guidanceproblemcouldeasilybe

trajectory.

systemwould

It is unkikely‘.’

solvedby

guidancefrom the origin;more likelyit would haveto

rely on an ideasuchas beaconsin enemyterritory.

Obviouslya nuclearrocketmight,as far as the earthIs

surfaceis concerned,have essentiallyunlimitedrange.

It wouldalsobe feasibleto shootat the moon and thus

obtaininteresting physicsdata.

The guidanceproblemcouldin essencebe solvedas follows:

The rocketis fired;the nuclearmotor stopsworkingafter

a few minutesand the rocketis now outsidethe atmosphere.

It is stillover friendlyterritoryand its trajectoryis

observed. Therocketcarriesa small.explosivedevice,

designedto alter its trajectorydue to the ejectionof a

s~ll amountof mss sideways. At a signalfrom the

groundthisdevicewill be triggeredsu’thatitifiresat

a time shortlypreceding inpact,thus causingits trajectory

to hit the target, It was PointedQut that thoughtWOU~
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haveto be givento dangerfromradiationto the.,

‘itrajectoryadjusti&l’‘equ@&nt due to the nuclear

mo’tor.

The develcqmwntof the nuclearrocketis liableto yield

othernuclearinformationof considerableinterest. An

eocampleof such incidentalbenefitis the Dragonprogram

discussedbelow.

One of themajordraw-backsof the nuclearrocket;as

realizedby the Lex5ngtonProject,is that heat resistance

studiesas we31 as heat transferstudiesin a completely

new regionwouldhaveto be made. The heat transfer

problemis clearlydtiferentin nuclearrocketsthan in

chemicalones,sincein the chemicalones the heat is

developedin the materialwhichis burning(therefore

indicatedas an advantage- CAl)o

It was agreed,thatwhile it appearedadvantageousat firstsight

to combtie motorand bomb,thismight l-d to a very inefficientoveralluse

of fissionablematerials. ‘Ibisis so, becausea bcfnbassembledout of a

nuclearreactoris likelyto be exceedinglyinefficient.Thus it seemsbetter

to go to type 5, i.e.,nuclearmotorwhich carriesalonga nuclearbomb. It

mightbe feasibleto havethe nuclearrocketdrop off

thereforehave the rocketreturnto its hme base.

If the nuclearreactorU separated,it may

the nuclearbcmband

be of the slewneutron

type,thusreducingthe

if the nuclearmotoris

to be greaterthan that

amountof fbsile materialconsiderably.Thus even

expended on impact,the overallefficiencyis likely

in typeA. 4,, ,.,... ..
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c Saneremarksconcerning,othqr.sc@a~es

NuclearPlane

It was poi&ed out that the shielding

as bad aa assumedin the kxington report. For

possibleto finda havy isotopehavhg a large

.*
-. ..

..

. ..-....-’. ,.. . . . ,’, !.<

“of Table1 were

problemwas not

mde:

necessarily

instance,it mightbe

inelasticcrosssection

whichwmld slowdarn neutronsto 50 kv fromwhichpointconventionalmethods

couldeasilystopthcmwithoutthe emissionof gammarays.

aspectof the problemwould shiftto thatof manufacturing

NuclearPlanevs. Nuchar Rocket.

In this case the

suchan isotope.

Notewas takenof the fact thata nuclearpoweredaircraftWOUki,

by pesent estimates,weighabout70 tonsbecauseof shielding. For a SU~

sonicplanethiswouldrequirea thrustof about 5 tons● Howevera subsonic

planeis hasdy likelyto meet futurebattleconditions.A supersonicplane

on the otherhandwould needabout20 tons of tlmust. This is an enormous

figureccmparedto that neededfor a rocketmotor.

It was statedthatthe nuclear

a few minutes,whereasthe nuclearplane

a greatmany hours. Thusthe probla of

rocketremainsin the air for only

would have to remainin the ah for

materialsunderhigh radiationmight

be considerablyless in the nuclearrocket.

Sug~e9tedImmediateProgram

The groupfelt thata one to two year programmightbe indicated-

dividedintoan experimentalphaseand a theoreticalevaluation.Thisprogram

shouldbe plannedin sucha way that the outcomeis of consiierablevaluefor

~ phasesof the delivery~oblem and not onlyfor the nuclearreactorone.

In consequence,the follmtingexperimentalprogramshouldbe

initiated:
.. ‘

.
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A. Heat Studies ,.

(1) Heat transferstudies‘&&’‘vari&s’materialsto hydrogen.

It is clear that if a nuclearrocketis to be chosen,all its

advantageswouldbe practicallywipedout if the molecular

weightof the gas were higherthan hydrogen.

(2) Studiesconcerningthe structuralresistanceof materials

to hydrogenat high temperatures.

The heatstudiesare essentiallya non-nuclearproblem,and

couldbe carriedout,for instance,by makbg mock-upswhere

the heatis supp~ed by electricheating. The experiments

shouldbe set up so

of perhaps$100,000

mightsupplyof the

to experimentwith.

as to use liquidhyirogen. A totalcost

for the liquidhylrogenis envisaged. ‘IMs

orderof a cubicmeter of liquidhydrogen

It is recognizedthat liquidhydrogenis -

a dangeroussubstance. It is hopedthat if an earlystart is

made on using liquidhydrogenin the experimentsa well trained

grap of expertswillbe availableby the time full scale

operationdemandssuchpersonnel.

It is believedthatprogramA couldbe carriedout by a laboratory

Inyokernwith the costamountingto severalhundredthousanddollars

upperlimitof onemilliondollars. It shouldbe notedthat program

A can be carri~ out ent~~ apartfran a nuclearkboratory since it does

L.”:! not involvefissionablematerialand onlydeclassifiednucleardata are

m needed. However,some liasonwith a nuclearlaboratoryshouldbe provided

e so that the proper”materklsfrom a nuclearpointof view are chosen.
w?

B. Criticality.Studieson DraoonType Reactors.
L

Specificstudiesshouldbe made of Dragonswheremost neutrons

4 are in the l,OUOto 10,000electronvolk region.””Hydrogencould I
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8 be usedas part of the moderatingmaterial. Expulsionof the
.,,.

hydrogenwould be a fast.and Wfkctive~W’chanismto shutoff

the reaction. It is believedthat littlewouldbe lostfrom

the pointof view of physicalinterestby decidingto build

such a Dragoninsteadof a completelyfastneutronDragon.

As a matterof fact,the spectrumavailablein the moderated

Dragonwouldbe more easilyseparatedby time of flightmethcds.

The Dragonitselfneed’not be dangerousif the follluwingpre-

cautionsare taken:

(+) It b

particular

(2) There

designedso thatan explosion would not be of

dangerbecauseof the explosiveforceproper.

is no plutoniumin the systemso that an

explosioncouldnot cause

(3) It is neverrun long

fissionproductsbuildup

plutoniumto be dispersed.

enoughso that significant

whichwouldcauselethalcon-

taminationh case

It is recognizedthata

criticalrespeots. The

promptcriticality- in

of an accident.

Dragonaxl nuclearrocketcliffer in two

Dragonwill operatein the regionof

the rocketwe want to avoid this condition.

4.

The rocketwould involvethrust;the Dragcmwould not measure

this. Neverthelessit seemsof interestto compromiseon the

aboveDragonin otierto accomplisha wider job.

It is recognizedthat TableIII is by no means canpleteor accurate,

and it is recommendedthatan immediatefuJl studyof thistypebe undertaken.

!I’heRand Corporationwas suggestedas a possiblegroupwhich couldperfom
...

thistask. Aid from Ios Alamosto guidethem in theirpointof view with

respectto nuclearmatterswas suggested.
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