APPROVED FOR PUBLI C RELEASE

IR W | & :
SpeciAL RE-REVIEW

b L — FINAL DETERMINATION
Lo N UNCLASSIELED, DATE:M?
v §’=‘ FOR REFan.ucr. - 7

’ AT — N

L;‘\ NOT TO BE TAKEN FROM
{ CAT. NO, 1935

S

e\
i

LU
| &
VERIFIED UNCI7.A7$SIVFIEVD “
WA( JUN 1 2 197 C i g
L2 7 30/79 oL
——— . - . '“
4
OO HOTLIRCULATE  Gomsemin om0 NS
- e 4...%.4.95?1 ot M A L_".Z_:é_:_zz.
: - it %@zﬁ.@?iﬂ%

.y Burusl Libranl

. "\ pon S
=2 " p o7 CRCULATE PUBLICLY RELEASABLE _

- §_jg,L COPy Per £ M, Sudpn), ¥$8-16 Date: 2/5S

. =3 By_Madus Lusam CIC-14 Date: £/ 76

! §28‘ -

% == o0 | N
=g & P pee

_' =0 \ -k I Y
= i7 K See

ooooq‘i

o
¢

=4

SR L g e TR ED
Jiagsees N *c@wc'mzmd




S om o
Foag v &L

APPROVED FOR PUBLI C RELEASE

x t‘-,}f&":& s

VERIFIED UNCLASSIFIED

OA (0-1Q -9

b]
1

~

&L

-
L - <

Pnis donumert 2untains 22 ThleSe

FHITION CF THE oTMOSPUERE WITH NUILLAR 30MRS

il

|

LOS ALAMOS NATL. LAB. LIBS.

|

e ve ¥iemoninad
~ .. -3

Ly o uarvin

I3

VP pecil
-'..v\'\-"!" ~;}‘:yi

3 9338 00329

Tﬁﬁ LR

M



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED

JACLASSFED

ABSTRACT

FOR PUBLI C RELEASE

mey 7y i

It is shown thet, whatever the temperature to which a sectiom

of the a‘mo phere may be heated, no seli-propagating chain of nuclear reuactions

is likelvy to be started.

the gains due to the reactions.

sssumntions concerning the reactivity of the nitrogen nuclei of the air.

The snergy losses to radiation always overcompensate

This is true even with rather extravagant

The

only disguieting feature is that the "sarety factor™, i.c. the ratio of losses

to zains of energzy,

& value o only about l.a just beyond a 10.Mev temperature.

decreases rapldly with initial temperature, and descends to

It is impossibls

to rsach such temperatur=s unless fission borbs or thermonuclear bombs are used

#hish greatly sxceed the bLombs now under consideration.

But even if bombs

of the required volure (i.e., greater than 1000 cubic meters) are emploved,

susrgy transfsr from electrons to light quanta by Compton scattering will pro-

vide n further safety fgctor and will make a chain reaction in air impossible.
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IGKITION OF THE ATMOSP:ﬂﬁ}-'"LI.‘:H.}DM“I,#,&'H“*OMBS

1, Introduction

The dstonatisn of a Tisslon or thermonuclear bomb praduces a high
tomperature winich will stimulate the reaction of atomlc nuclei of the air
with each other. If an ignition point exis%s and is surpassed, the thermo-

nuclear reuztion mey be propagated to all parts of the atmousphere.

Propagation nf the rsasztion demands that the enerpy production in
esch newly entered region exceed the losses from that region. The snergy
appears ia the form of the kinetiz enorgy of partisles which are products of
ex@ergic.nuclear reastions. The product particles, through collisions, share
their energy with the particles of the air and help maintain the temperature.
On the other hand, the share of the energy viven the electrons is rapidly
radiated away. <+his constitutes the chief energy loss. The radiation can-
not help to maintain temperature because of the great transparency of air,
and because, even if the heated volume is great enough to "ocontain" the radia
tion, the heat, capacity of space Por‘radiation is so great that the energy

produced in the reaction is many orders of magnitude too small to maintain the

neaded radiation temperature.

On » first avaluation of the daager of ignitiag the atmosphere, one
cun assume that the reactlon orsduct particles do not effectunlly diéperae
their energy out derosit it where they are sroduced. Then one can compare this
rate of deposition with the radiation rate. The temperature, if such exists,
at which the energy production rate equals the raciative loss rate will be the
temperature of ignition. Because of the uncertainties in the imowledge of

these procecses, the policy should be adopted of exaggerating the dangers

at any point which appears at all questionable. For this reason, it should be

assumed that since the rate of energy transfer frc@ praﬁac&,n;rtﬁclcs to nuclei

R
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is sffacted with an unknown cross seotion, and since the transfer between
rnuslei which hmve zcomparabls muss is usually more mapid than the transfer to
~lectrons, al) the energy goes first to esta®lishing a nuelear temperature.
The simaltanesus temperature »f the slectrons will be letermined by the Salarce
-1 transrer rate to electrons and radiation rate by the electrons. This tempera-
ture mey be consideradly lower thaa the nuclear temperature and thus increacse
the danger oé igniticn by inhibiting the rvliation loss rate.

The precedinsg considerations will yield an avaluation of the margin
af safety as u funstion of the temperature o ths atmosphere. & final section

%111 be devoted to the behavior of a het air mass of finite volume and to the

heating whioh a fission or thermocuclear tomb may actually be able to supply.

2. THE ENERGY PRODUCTION

The nuclear reactions most to be feared in air ars the rsactions cf
pairs of nitrogen nuclels Other notable constituents of the atmosphere, oxygen ,
carbon and rare gas nuzlel, ars much more stable than nitrogen, ylelding
comparatively 1ittle energy. There is perhaps one othar nucleus that should be
piven careful attention: the ﬁroton.A It is ordinarily much less mbundant in
the atmosphere than is nitrogen, buf clouds of steam raised over the oceans by
intense heating, mey radically slter that situation. This danger will be
~iven abttention after the discussion of the reactions of nitrosen nuclei with
such othser has been completed.

The nitrozen-nitropgen reuctions in which sufficient energy is
prodused to enable.the product partiecles to surmount each others Coulomb

barriers are the following:
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i -9 Si 2257 Hov.
N7 4 N7 -~ S u b N 1)4 4+ *? *C ev
- Sim27+ n+10.% Nev. (B~ 0)

41527+ p+16.0 Mev. (B R 2.7 Mev)

-2
- Mglf,zl*‘i' a +17.7 Mev. (B & 7 Mev)
..)

331 + cé’“’*m.c Mevs (B2 1L Mev)

In parenthesis following the reactions are éiven the heights o the Uoulomd
tarriers of the product particles. In accord with the policy of adopting ths
most dangarous assumptions, it will be sssuned that 17.7 Mev per remcticn is
relensed, as is characteristic of the alpha emission. (The cupture of nitrogen
by nitrogen, the {lrst reaction listed, is certainly infrsaquent combared to
ourticle emission, as reactions of thls type elways are. Morsover, energy in
the'fofm of y-rays will be unavailable for currying on the chain.)

The cross sectizn for nitrogen encounters is not known from observa-
tione. If the geometric cross section is adopted, and a reaction attributed to
every encounter, then certuinly the reactior cross section will be exaggerateds
The geometfric cross section amounts to just °k:=2 barnse. The assumption that
this is a constant cross section for all energies will be referred to as the
"econstant” assumption and will be denoted. by the subscript "k". Calculation will
alsn be undertaksn with the ussumption that the geomstric oress section Oy
is reached only at snergies surpassing the barrier height, B=8.56 Vev, between
nitrogen nuclei. For relative energies lowsr than this barrier height, a
croes section propsrtiona) to the Gemow penetration probability is assumed:‘

The subesceript G will denote this alternative set of assumptions:

G
i
(o]

n EXP< -98“62//« V),E<806M‘3Vo

(%]

o) = 2 barns » E >8.6 Mev,

FActually some reactions, for instance NILUF N’“-bcj”f'GTsu mgy pRodged with a lerger
cross section than given bv the Gamow factor. This is éue eren ﬁ*ocysso§imilar to

the ons which Philipps and Oppenheimer disecussed in the case of Tout¥r8t bombardment.

When, the two nitroren nuclei have aoeroachei sufflibgntlvoinﬁ'%9°
an K- nusleus which attaches itself to the other N dnd'“:rmg &1

W%Hﬁﬂﬂ’wu C RELEASE™"
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The exponential is the Gemow feztor, vopg:i.r;% e :‘ta}':!ti.x':: veloclity of the
nitrogen nucleie« E is the relutive enerpy, E ‘-‘(1/2\..‘ v2, as determinsd with
the reduced mass k= one-half the nitrozen mass. The constant O, is to be
deternined so that oy becomes 2 barns at E=8.5 Mev. This gives o, = 2(10)19
barnse.

The rate at whish the nuclear reactions will produce energy is
aB/ar =(1/2)8 oV Q

in energy units por second per nitroren nucleus. N is the atomic density of
nitrogen in air, N v [(10) 19 nuclei/cm . By oV is meaant an average over

the saxwell distribution of the product of cross sectinn and relative velosity:

3/2
@ = La ‘Z‘n’f; f e ovdv

off T is written for kx temperature. If ¢ is simply 2 barns at all energies,
(o’!)k = 2 8T/%  baras-cm/sece.

For gresat~enough temperatures also
(Mg 2 \]8’1‘/% tarnsecm’sec (T3> 8.6 Mev)

At low temperatures, with T in Mev,

wl/3
8‘149‘6/1-

(oV) 5 21.4,(10) 30 barns-om/sec (T L0.7 Mev}

Kesults for intermediate temperaturss were obtained by numerical integration.
The contribution of the collisions with energy greater t han the barrier height

can be given analyticully as

(:J-‘;)'G = 2 \‘BT/ilp (14 B/T) o~B/T tern - em/sec

[ ]
:":.
9

. . Q___\
This part by itself constitutes & lower estimate for 'foVr e ol mm‘ estimte
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fs (o), = 2 8T/M. . The upper and Aiwest »54imtEd cdincids closely when

the factor (1 + B/T) e'B/T ~1. Fer examnle: )

{l + B.!/T) e"B/T A 0076 for T = 9 Mev

203D for T=165 blev

Using the above results for (SV), one obtains the energy production

rate per nitrogen nucleus:

(dE/'dt)k = 0.2 \IT (Mev/paec) T in Meve

with the "comstant cross section " assumptlon. This is also the high-temperature

asymptote in the cass of the Camow-factor assumption. For low temperatures,

the latter ussumption yields:
1/3 .
(dE/dt)G’A‘!R.B(IO)zo a'hg'()/T (Mev/usec) (T Mev < 0.3 Mov.)

Fig. 1 exhibits the variation of the production rate with temperature for the
two assumptionse.

The possible contributions by reactions of protons with nitrogen
will now be discussed. <The only oness of these yielding enough energy to alluw

the produst particles to surmount the “Youlumb barrier are:

N';1u+ p = Cén 4+ a -+ 3.0 lYev (Bx2.7 Mov)

N-1% p 08]=, t n o+ 5.5 Mev (B= 0)

Tho smal) abundance cof N5 weigl: heavily a-ainst the second of these reactions.
The cross section of & proton ageinst nitrogen st high enorgies cannot exceed
the 2 barns assumed for N + N, since the geometrical cross section now is ex-
pected to be about 1 barn. The geometrical cross section shoulld persist down

to an energy at which the profon nane=lomg*nh 45 of thn’?r'd’&r':?j theseucd cur
[ [ ) °
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rmdlug o nitrogene this enorgy is about v13 Waleetel et ¥°8totonitroren barrier

erxternds up to about 1.6 Meve Accordirgly, the cross sestion of the proton
renctions™  is never ac lurge as that assumed here for tre N+ N reaction.

in additicor, the energy yisld from the proton reacti?ns is only about an eighth
trat escumed for Nt N. ‘hese facters, combined with the protable low sntundance
af pretens, makes it highly unlikeoly that tne protouns ere at all as dangercus

a3 the gssumed nitrogen-nitragen reactions;

Trhere remsins the possitility that the products of the N 4N

rencticns will themselves rcact with fresh N ruclei and contributs %o the energy
geinse This possitility is enhanced during the pariod ia whiek the primary
product narticles rave not yet lost a)l the energy with whioh they are oroduced,
Un the other land, the particles are preduced in greastly exoergic reactions,
which meens tret they themsslves are very stalble nucleil having fery little
epergy to contritute to fresh reesctions. fhe maénitude of the energy releasec

in such secondary reasctions will be of the same order as for the proten reactions
discussed in the preceding paragraphe As a matter of fact, one of the most
prowirect of the primary products are protons. The arguments of the preceding
parsgraph, which indlicated that the proton reactions cannot add significantly
t5 the energy producticn attrituted to the N+ N reactions, are valic alsc here.
Ore has available alsc these sdcitional faats: the cress section of nitrogen for
neutrens and for alpna particles (both typas cf particles are also preoducts of
the primery reactions) have been measured up tc energies of ~~1.” Mev, [The
rosults show widely spaced resonances which even at peek value are only of the
crder of an eighth of a tarn. This is much Jess than the two barns attributed to
the primary' N + ¥ process. |
¥ N + p cross sections should not differ much from N+ n cross sections, which have

beer measured up to ~ 1.~ Mev. The measurements indicate rescnances in the cross
section which even at pesk value are only of the crder of an eighth of a barn.
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1, THb ENERGY LOoSEs®*

The main enerpy loss is due tc¢ Bremsstrahlung by the elsctrons, which
)
has the rate:
hd 25

- (aB/et)y = (16/3) Nz =2

e
med v(1+ E/met)

erergy units per gecond per nitrogen nucleus 2=7, the atomic number of ni*ropgen.

The average indicated in v{1t E/ms“) is to be carried out cver the relativistio
~

Muxwell distributicn, ir zenersl. (1Y i/me") is an apgroxim&te* relativistic

correction factor, E being the kirnetic energy of the electron. For luw sncugh

tempere bare -

s A
v {1 +5/mc) = \IBT/Jm , Af T <¥me™.

- (dE/dt’)E = 1.7 \‘I' Mev/psec (P in Mev € 1,2 Mev)

In general,

Lhe D+ 30 + 203 0~1/®

v(1+E/ me“) = e
" (/) Bt (1/e) -2m (M) (i/8)

in which 8 =7/me® and, Ho‘:l) , Hl(l) are Hankel functions of the first kind,
of zero anc first order, respectivelv. Zhe Bremsstranlung rate is shown -in Fige 1,
az & function of the electron temperature. A distinetion is made hers tetween
electron and nualear temperatures ss cun be seen by comparinr the scales, wnich
put the cqrrasponding electron an? nuclear tamperature at the same abscissa.

The elsctrorn temperature may te erxpected to be lower than the nuslear

temperature for the following reason. ‘The energy precduced by the nuclear reascticns

% The ccerrect formula gives a more racid increwse of radistion with snersy than
givern heree The added racdiation is difficult to teke irtc account, espewsinlly since
the exact amount depsnds on screening effects. (Heitler, Juantum Theory of Radia-
tion, p.172) . In any case, the neditional.resdirtion is neglizidle unti) the electron

Lempsrature surpasses 0.7 Med, S itawid)) E‘a}: a~en that such electr tyres can-
. ® (1] [ ] L X )
not be expected until nuc]u%g bangargtires LG Moy are reachade
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ts in the form of kinetic erergy ol°n8cless $ierfitles, aluminum nuclei and nro-

tons, fur example. <~ince energy interchanges are much more rapic bebween particles

AT comnergble m;ss, ths atemic nuclei will tend first to sherc Lhe ernergy with

stcen other, estacvlishing a nuclear temperature. Somewnat telatedly, the electrons

recelva cnergy which they radiate. The electron temperature for a giver nuclesr

temperature is determined by the balance of the energy transfer from nuclel to

elecurons with the radiation rate of the electrons. Actually, some energy is

trensferred cdirectly by the fact reaction oroduct particles to the electrons but

2t will be in eccora with the policy set dcwn Lo nsgleet this, since enargy

siven ko electrons is radianted and macde uruvallatle for propapating the reaction.
Tne re~e at whish tne nitrogen nuclel transfer erergy Lo electrons is

glven by:

. T . T —
(cE/at) o= b (2Tel)  (16+an 1) —Bo—t (1/%)

Te

Here ¥ iz the nitrcgen nuclear mass and Tn’ T, are respectively nuclear and

8

elecyron temperatures in Mev. (l;v) is the inverse of the electron velocity

averagec over a Maxwell distribution of temperature T . For low temperstures,

{1/%) 2 ym/a Te » (T, 1/2 Mev)

For higher temperatures, the relativistic Maxwell distrituticn must be used, giving:
2] s
[ +2e roed] &1/

L) v
(1,/6}}{.) (i/@) 28, (1/8)

(1% = (/e ) (2/e) e=1,/rok 7,/0.51

The nuclear and electron temperatures which will co-exist will be given by the

eju.tion sf the trensfer rate to the RBrcemsstrahlunsz rate. This yields:

- z2 2
T «T ¥ 317 1+ =8t 719:) T Moy
1+ 2¢ roe 14An Te

e o o [
s ~ [ ] [ d
Fige £ shows thedestron tehipgrajercseien
e 900 000 00 000

v

e
® L. a .
‘givition of nuelear tempersturs. Lhis

een 000
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sets the scale of electron tempafa.drgs Qg.:% L 8:8 with the unifers nuelecr

Femperature scale in rig. 1.

Tha "safety factor" us defined ty

,.‘_.ar.’ J E
D - ar

it plotted in Fige 3¢ It has a flat minimum in ths neiglborhesd of 100 Yev,
murlear temperaiurs. Bsyona that noint the prucuction inrreases snly asIVJT“

. . : % /0 . . .
wheroas the radiation increases as AITCJ/“ dr. T with Tc inereasing abaut ac

P
-~ 1/

» Accordingly, the present calculations indicate that no' ignition pecint exists,
n

O the other hand the margin of safety tecomes only ~v1.%. It seems degirable to
obtain a better experimental knowledge of the resction cruss section even though

termperatures approaching 10 Mev seem hardly impossible.

L. Bomb Heating In Air

The temperature to which air can Le heated by a bemh depends on the
volure of alr to te heated. One can seek to estimste the slze of this volume by
examining the mechanism of energy transfer from bomb to uir. It will be suffia-
clent, and mich less difficult, to discuss the possibilities of heating the minle
rum volume.which must be brought up t» a high temperature in order tc insure
rropegation of the reaction.

The heating cf too sma)l & volume will add enormously to the drains on
the energy, because of enargy trensfer to neighboring volumes. <“he chief agents
or. this transfer are the rroduct particles themselves, wnich start in cossession
«f a1l the rroduced enerry, then dispsrse it widely. The produect particles which
#ill ve first azsumed tc huve all the eneryy ar: the 15-Mev alopha particles. No
perticle produced in air is more energetic than they.

The rate of enerzx.]oas,.,g £ path, by particles of chargs ze

'b———/l

T ol
Ll .

$ 3, 33
and mass ¥, to the eleotrom o" ng"a;z‘. Bk, h&toerature Te is:
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N F AL ls the electron demsity in the uir. This corresponds to the "energy-loss

covss secsion” per air etom:

2

5;:_?‘.,*(. [.%.}j'._[: S.032 "'p—""‘/";j'r?—"& (16 + 2n T,) tarns, (T,» B in Mev)

This has a maximum for B £ (92) T_ at whizh

- 101'”.1. T, ) . N
L = 0.7 —— tarns (T in Mev)
ST 9P I ~ ®
2
A= 0L Mev, which is the lewst electrin *or cerature (Tn 210 Mev) u% which

b

“he saretv factor has its low value. o E<] bar.
The rate of energy luss of the alphs rartizles to the air nuclei

Larsugs Gaalonb collisions is given by the "cruss section”:
.
(u/mq) (15+Qn 8} = 7.2 D]?*In E)/E?] baras, (E in Mev)

This forxula is good only as long as the alpun psrtizle is more sneargstic than the
2itrogsn aucleis The welue of o_ 4rops rathsr suddenly when E <K Tu' its value

a2

w:ll never bpe more than

S Ted {13 +8n 'I'_,l)/"l‘av‘3 baras (= 1.2 barns for 'r'“:}o Mev)

Ta

Thus, throah “culomd intaractions alone the nroduct slpna particle
Innes energy with an energy loss cruss section o no more than about ¢ barnce.

The surely nuclear s:sttering of alpnas by nitregen is unkicwn. The
guimstrical cross section is only about Je% burns. The concern is witn energatica
sresuzh collislons for the geometricul cross section to have siznificance. To be
sufe, howmver, we assume that 1.7 barns is the energy-loss cross section, ieo.,

that it will give collisio: 1So}. eyehiichegrugseit?tly 811 the alpha energy is given up.
[ ] [
° o

J
[ 4
L]
L

L d

L 4

. . [
Aarwunlly, of course, culy am.. oo Fed. Tree crserg

3 is given up per collision.
aiobdnedy rir Poser ¢ RENGEASSIFIED
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In the wuy 1nd1que¢5 iE adriyt: sitean energy-locs cross sestion which
* eoe o ose Gee e’

is not more than %.% barns. 7This correspcids to a mesn free path in air of
wiout 57 meterss Only a sphere of 57 meters radius can retuin a substantisl part
of the energy producede At least such a velume must be heated in order that the
theraonuclear reaction be sustained.

21

An air sphere of 57 meters raiius contains about L(10) ° nuclel, ani
3(10}39 elsctronss For it to bte heated to & nuslear temperaturs Tn = 10 Mev
{To:: Ouly Mer) requirss about 7.8(10}%2 Mev of snergy.

A Tisaion bomb produces about 3(10)56 Mav per kg of active materlal,
when working with 100% efficiency. If also all the produced energy goss to
praduce the air tempersturs, then 1.%(10)6 Fg of material would have to be
turned up in order to obtain the dangerous 10 Mev temperature. snctually at most
1 Yoor the bomb enerpgy may be available to produce the tempersture; the resg
goes into useless radiation.

A super-bomb, burning deuterium, may be more dangerous then s fission
boml: because its energy is net put into radiation as it is within the fission-
vomd» The deuterium nuclei have toc smell charpe to cause efficient radiatione.
In the bursing of & deuterium nuclieus ut most about bl Mev can be proluced,
and that only if every sscondary triton and Ha3 nusleus also reacts. Thus
about 2.5 times &5 wmeny deuterons must te burnad as there arc air nuclei to te
heated to the 10 Mer tewpsraturs. To heat the S7.meter sphere of air, at
lea:t an d-matereradius sphere of liquid deuterium mus% be burnsd.

Tha assumption muade here thur far, that the N+ N reackisn ensrgy is
mainly released 3in the form of alpha oarticlq kinaetie energy, mayv in one respact

lead to an andarestimete of the danrers I, as mentizzed in the footnote an

vere , tha reastion N + N — O 4 U 4 310.6 Mev is tne most frequent ol

tne N 4 N reactions, then the situstion is wmade more dangerous by the shert

coe o eve eee 00

. L J . - °
rundgs of the 0 ard C* 3u8led . ixr. Ee;.?*,:;ri;‘-:e similar to the one mads for the
[ [ ] (3]
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sipha particles shows that LR gfprey 'g:.’! E ne§ @etosited within a radius of
o o0

vuly 7 meters instea? of teing spread over & %’-mster-radius sphere, ac is the
alphieparticle enersy. To neat a Temeter-radius sphere of alr to the dangerous

iD=Mev nuolear tempsrature rejquires the enargy relsasz? in the tission of uhout

",

¢ tons of antive material., If & superabiont is used, & sphere ol liguid deuterium
227¥% 1 to 1.5 meters in recdius may suffice.

The apparently dangerous situatien discussed in the preceding parfe
s*aph nAs ons redeeming feature, as compsred to the case in which ¥ -t I reastions
produce mirly alpha perticles. The total ensrgy evolved is only Q.6 as greut.
This means that the minimun safety factor 1.6 which applies teo an energy release
of 1747 Msv per resction, is now inoreased to 1.5/0.6 = 2.€7. There is thars
Jore 25 much less chance that the sstimates here are'in sufficient errcr to
slfeet our oonclusions. .

Severa) further effects exisct whinch may make less of the snargy
releused by bombs availadble for csrrying oﬁ & reaction in the aif. Thers may be
various hindrances to the transfer of the energy from the bomt to the air nuclei.
There also can te expected varjous hydrcérnamic effects; a limited heated
volune will expane apainst cold surrcundings and thus lose energy -to them.
making resctions within itself more difficult. However, &}l thess additional
avenues o enerpzy loss are difficult to ca1cu]at§ with certainty; if oze goes on
with the volicy of making the most dangerous assumption wherever auy uncertainty
exicts, then the effects in question must ve left out of consideration for the

time boing.

"e INVERSE COMPTON EFFECT

There is one further effect which increases radiution losses: the
iaverse Compton affects We cun present here only crude sstimaites on the

quantitative sonsequences sgfedtiys eﬂ?e??.§°ﬁut even u qualitative discussion
..::.::o:
[
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shows that the inverse Compton effect acts to quench nuclear disintegration of
the atmosphere as soon as this reaction has extonded over a radius of a few
hundred meters.

If 2 relatively small air mass is heated, the radiation emitted will
simply escape. But if & greater sphere of air is hsated, the gquanta of
electromagnetic radiation are likely to make Yompton collislons with tha elece
trons before lsaviug the sphere of hot sair. In such collisions the quants will,
oni the average, galn energyv from the het e)estrons. The end effect is that
mare energy is going into radiation and more energy will hecome unavailable t§
the thermonuclear reaction, It can be shown” thnat the ratio of the Compton losses

to the bremsstrahlung losses for en electron at tempersture Te.in air is
(15/3)  (T,/m2) R/

if the electron is subjected to the radiastien of the air electreons at temperaturs
Tn contained within g8 radius R. A is <he Tomnton mean free puth in air,
umounting to 42 meters.

The dangerous electron temperaturs is 40O Kev, making To/hcegfo.e.
At thls temperature the abvove, usrelativistic, formuls for the Compton loss
iz nnt strietly valid. We may use it neverthelecs as a cruis estimate since
t418 =lectron gas is not strongly ralativistie, ‘

In & heatel sphere of T7-meter redins (discussed in the previous
rectinnd  tne loases dus to radiaticn are multiplied by L.& through the Yompon
sf'ect e This makes the safety fuctor L.d x Ye& =7.. against detonating air

i <he alpha-producing N + N reacters are relied upone In s heatei sphere

of only 7 meters redius the radiastion logses are iacreased only sbhout LOY, by

SR LL IS L A 1
B IEE UNEL?&SS’F 1&,
* See LA=40] ®ee ooe ces oo cee i
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the Comptun effect. Thus, ig%y >4 % Sesctions predomirate, the
' e o0 o 948 oee .’

safety is increesed only tc loi x 2,67 = 3.9,
In spite of the considerable nugnitude of these safety factors it
15 not lrecnceivable that ous estizates are greatly in error sng thermcnuclear
reaction may actually start to propagate. In that event the Compton offent
will quench the resction as socn as a sulficiently grest air mass l1s afffscted
by the reactizn.
1% t5 cleser thet the guenching becomss sericus es snon ag the
reacting regicn becomes greater than a sohers of 450 neter raciuse Zfhe reacticn,
however, may stiil proceed in a spherical shell with a thickness smaller then
50 meters. after some time this shell oan bs trasted es a plane detonation
‘WA VE s
According to the Chapmar-Jdouguet relations ths velocity of Uhis detors-
}iun wave 8 EY 4—1)5?] CS where y is the ratio of Lhe specifiic heats; i.e.,

v =577 for & complstely icnized gas and C, 18 the sound velocity in the hot

S
gavec hehind the Cetonation front. Arsuming &T =10 Mev for these hnt pases
the Charman-douguet velocity will be = 107 em/sec. It is not clear that
the Chapman-Jouguet relation 1s ap:licazle in the present case, But if we
apply It we obtain the minimunm velceity of propupation consistant with ths ctorne
gervaticn laws for 8 uniformly moving plane disturbance.
Thus the detcnation veleclty is grester than = x 109 en/rec of C/4.
Ever if lipht escapes from such & reaction zone the detonation front will catch
vp with the radiaticn, which spreads by aiffusicn and therefore propapates with
3
2 decressing velocitrye In fart radisticn needs s time ¢ = (2/2) Nh (»¢) in
order that +re mearn square diffuvsicn distance frem the nlane of originr should
3
becomse N 4im=s the square of the mean free path A« For the diffusicen velocity
wa may write @N/dt = C/7N. Setting thic velcelty egqual to %the minimum velozity

o e [ [ .
with which tre dekcration wave propleeteds ~42 oond the ¢,7N = 5/6 or h = 4w
: J

. :. .:: .:. .:: P :’ “
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With A = LZ meters one seeg stii* $he Giudtcile oy Uompton effect muat be-

cone important as soon as the detunaticn wave has travelled ~v 100 meiers.

Sirce this length is quite smal) compared +t¢ the depth of the atmosphers,
thore ia ro danger that rsdiation can escape from the atmosphers as a whole
and thus become unusable ir ths Compton sffect.

While the stove numbers may ve 3omewha£ in ervor, the qusnching must
everitunlly teke place as lcng as the detonation weve is a simple plane perturs
bautiorn. There remains the distunt srotsbility that soms other less simple
mode of burning may maintain itself in the stmosphere.

Even if the reswction is stopped within a sphere of a few hundred
meters radius, the rssultant earth-shock and ths radioacbi&e contsmination of
the atmosphere might hecome catastr:phic on s worli-wide scale.

One tay ccnclude that the irguments of this paper make it unreseson
sble to expect that the N+ N reaction could propegate. Ap unlimited propage-
tion is sven les:s likely. Howevar, the complexity of the a}gumcnt and tha
absence of “satisfactory experimental foundations makes further work on the

subject highly cesirable,
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