[
k]

APPROVED FOR PUBLI C RELEASE

IS W | &
SpeciAL RE-REVIEW

FINAL DETEREINATION
UNQLASSIEIE J A‘TE
%&‘ FOR REFL:\:.N\,L - RIS Y

k\\ NOT TO BE TAKEN FROM THJS R?;ikx
¢ ‘cmr NO. 1935 , __j_“.‘ ™

DN
" ~

lﬁ LI

VERIFIED UNCLASSIFIED m
W/(X( AN 4 2 9 C ' '
. oL

%mf( 7/30/79

Ci,ASSIFIFD
Do NOT{JR‘CK uTb Ceua-Girmion "5'3!"\!‘:‘ t: ';bef asc Wnergy Commissios,

h ”n' !

~ C‘?J N gwﬁ/{%f L _,._7_:&__1...

»
: | My BLFUAL MLRARY

DO nNor

-
BN e

gé oS! VCIRCULATE PUBLICLY RELEASABLE B

: i=0o Retenaon Copy Per £ M, Suxdn), F88-16 Date:

: =3 oo L Gio14 tn 11222
i=0O h

E( §??§§Li- ?’ T 5'5':*

| =T ‘ coa e .5““ et
SR '» i :.-: INCLASSIRES

é_:j:ﬁ_,‘ APPROVED FOR PUBLI C REDEAGE ° %+t eel




APPROVED FOR PUBLI C RELEASE

| ‘-< % NE. .:E .:.o o:.
1 Qt- R W H T S-S S
{‘\“.}ﬁa" ® et ves cee o oo

VERIFIED UNCLASSIFIED

OA (0-1Q -9

28D
la « &2

.:3

Y

)

ES

Aariut LG, A8L Pnis donuisent ~untains 20 .
) ~ :
AENITION O THE AToOSPUEKE KIT:i NUISLEaR S0MRS
TRE Ll BT RYPCRT "V ITTER
e we Wonininas
T Mhrvin
Lo Vallayp
= -
=O
———
3 (@]
- o E=
b
J N
e (a2}
3 ol
8 ol _
=8
g=n. .



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 FOR PUBLI C RELEASE

R R N
USSR e

ABSTRACT

It is shown that, whatever the temperature to which a section

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

is likely *o bs started. The snergy losses to radiation always overcompensate

tre gains due to the reactions. This is true even with rather extravagant

sssumntions concerning the rcactivify of the nitrogen nuclei of tre aire The
unly disguieting feature is that the "sarety factor™, i.o. the ratios of losses
t> zains of snerzy, decreases rapldly with initlal temperature, and descsnis to
& value »f only about led just beyond a 10-Mev temperaturee It is impossibls

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

#hi~h greatly sxceed the bombs now under consideratione But even if bombs

of the required volure (i.e., greater than 1000 cubie meters; are employed,
suargy transf'sr from electrons to light ijuanta by Compton scattering will pro-

vide n further safety fgctor and will make a chain reaction in air impossible.
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1, Introduction

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

nuclear reuction may be propagated to all parts of the atmospheres

o Propagation of the reaction demands that the enerpy production in
eéach newly entered region exceed the losses from that region. The snergy
appears ian 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. inis 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 volunme 1s 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 daagser of ignitiag the atmosphere, one
" cun assume that the reactlion oraduct particles do not effectunlly diéperae
- their energy obut 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 ol ignition. Decause of the uncertainties in the imowledge of
. fhese processes, the policy should be adopted of exagg;rating the danéers

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

assumed that since the rate of energy transfer frog praﬁae&(n;rtﬁclcs to nuclei
e® oo 999 ... ... ..
. oo
[
e o
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is sffected with an unknown cross seotion, and since the transfer hetween
ruzlei which “mve comparabls muss is usually more mapid than the transfer to
=lectrons, all the energy goes first to esta®lishing a nuelear temperature.
The simaltanesus temperature of the zlectrons will be letermined by the bslarce
S I” transrer rate to electrons and radiation rate by the electrons. This tempera-
ture mey be consideradbly lower thaan the nuclear temperature and thus increace
the dang:r o igniticn by inhibiting the rvliation loss ratse
Tke precediag considerations will yield an avaluation of the margin
af safety as ¢ funstion of the temperature o the atmospheree & final section

4111 be devoted to *he behavior of a hot air mass of finite volume and to the

heating whieh a fission or thermoguclear tomb may actually be able to supply.

2+ THE ENERGY PRODUCTION

The nuclear reactions most to be feared in air ars the rsastions cf
pairs of nitrogen nuclele Other notable constituents of the atmosphere, oxygen ,
varbon and rare gas nuclel, are much more stable than nitrogen, yielding
comparatively 1ittle enorgy. Thsere is psrhaps one other nucleus that should be
piven careful attention: the ﬁroton.A It is ordinarily much less abundant in
the atmmosphere than is nitrogen, buf clouds of steam raised over the oceans by
intense heating, mey radically slter that situatione This danger will be
~iven abttention after the discussion of the reactions of nitroren nuclei with
such other has been completed.

The nitrozen-nitropen reuctions in which sufficzient esergy is
produced to enable.the product particles to surmount each others Coulomb

barriers are the following:
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-) Si]h n+]0.6 Veve. (on)

1,27+ p+16.0 Mev. (B R 2.7 Mev)

16

-
- M5132h+ a +17+7 Meve (B & 7 Mev)
¥ 050 T C 941006 Meve (B2 1L Mev)

In parenthesis following the reactisns are éiven tha heizhts o the Uoulamb
tarriers of the product particles. In accord with the policy of adopting ths
most danga2rous assumptions, it will be ussuned that 17.7 Mev per reamcticn is
relensed, as is characteristic of the alpha emission. (The zcupture of nitrogen
by nitrogen, the flrst reaction listed, is certainly infrsaquant comb&red to
ourticle emission, as reactions of thls tvpe always are. Moreover, energy in
the'fofm of yerays will be unavailable for carrying on the chain.)

The cross sectisn for nitrogen encounters is not knowr from observa-
tion. If the geometric cross section is adopted, and a reaction attributed to
every encounter, then certuinly the rea:-tior cross section will be exaggerated.
The gecmefiric cross section amounts to just ck:=2 barns. The assumption that
tnis is & constant cross section for all energies will be referred to as the
"eonstant” 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=8.5 Vev, between
nitrogen nuclei. For relative ensrgies lower than this barrier height, a
croes section propsrtiona) to the Gumow penetration probability is assumed:‘

The subescript G will denote this alternative set of assumptions:

G
i

s EXP< - 98 n 32//« V), E <8.6 Meve

(%]

o) = 2 barns » E > 8.6 Mev,

Fhctually some reactions, for instance NIL+ h’“-bcj"tGTsu mgy pgoeed with a lerger
cross ssction than given b" the Gamow fauctor. This is ciue sren p?*oc:sss-§imilar to

rhe one which Philipps and Oppennheimer discussed i{n the case of dout¥r88 bombardment.

¥hen, the two nitrozen nuclei have aoeroachei suf‘i‘zihem:}v. in’-‘-"ﬂ"?hvg mesy split off
an K- nusleus which attaches itself to the other N a?nri “:rmg ¢}
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The exponential is the Gemow fector, v-‘og:;,z;% ..'ae m?!tnfc veloclity of the
nitrogen nucleie E is the relutive enerzy, E =(1/2)x vS, as determined with
the reduced mass = one-half the nitrogen mass. The constant o, is to be
Jeternined so that oy becomes 2 Varns at E=8.5 Mev. This gives o, = 2(10)]9
barng.

The rate at whizh the nuclear reactions will proiuce energy is
aB/at =(1/2)8 oV Q

in energy units per second per nitrogen nucleus. N is the atomie density of
; in ai ; B = .
nitrogen in air, N v }(10) 19 nucltei/cm . By oV is meant an average over

the ¥axwell distribution of the product of cross sectinn and relative velocity:

3/2
"‘b"t ‘Zﬁ‘f‘) f °9v2/2'r ov v

off T is written for kx temperature. Iif ¢ is simply 2 barns at all energies,
(o‘!)k = 2 8T/%  baras-cm/sece

For great~enough temperatures also
(Vg 2 \]8’1‘/% tarns-cm’sec (T3> B.6 Mev)

At low temperatures, with T in Mev,

wl/3
8'149‘6/&

(oV) 5 21 o6'4(]0)30 barns-om/sec (T L 0.7 Mev)

Kesults for intermediate temperaturss were obtained by numerical integratione
The contribution of the collisions with energy grester t han the barrier height

can be given analyticully as

(:J-‘;)'G = 2 \38'1‘/6!;; (1+ B/T) e"B/T barn“- ::m/sec

. : Q___‘.
This part by itself constitutes a lower estimate for *fo¥ee ete e uhm‘ estimte
A
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is (oV')kz 2~N8T/% . The upper and NAwert 254 imtEYS ¢dincids closely when

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

{l + B.:/T) B‘B/T A 0076 for T = 9 Mev

203D for T=16 bMev

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

raete per nitrogen nucleus;

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

with the "constant cross section " assumptlone 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%R.B(IO)zo 0-1;9.(;/'1' (Mev/usec) (T Mev< 0.3 Move)

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

The possible contributions by reactions of protons with nitrogen
w:1) now be discussed. <The only on=ss of these yielding enough energy to alluw

the produst particles to surmount the “oulumb barrier are:

N"?lu‘b P ‘) C611 -4 a -+ 300 Yav (B ~le? MBV)

N-1% p = Oalc' t n o+ 5.5 Mev (B= 0)

o Tho smal) abundance cf N5 weigh: heavily a-ainst the second of these reactions.
The c¢ross section of & proton agarinst nitrogen at high energies 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 proton nwiew=long i 45 of the®sriddr®d” thegeuideur

DNCLASSIFED. =7 14 -
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radlus of nitregene this enorgy is about®iS’al.ete’hes ¥*¢icti-nitroren barrier

ertends up to about 1.6 Meve Accardirgly, the cross sestion of the proton
rnuctionsa‘ is never ac lurge as that assumed here for tte N+ N reactione.
in additicor, the energy yisld from the proton reacti?ns is only about an eighth
trat escumed far Nt N. dhese facters, combined with the protable low sntundance
af pretens, makes it highly unlikoly that tne protous ere at all as danpercus
a3 the qssumed nitrogen-nitragen reavtions;

Trere remsins the possitility that the products of the N 4N
rencticns will themselves rcact with fresh N nueclei and cuntributs %o the energy
geins. This possitility is enhanced during the psriod ia whiek the primary
product narticles rave not yet lost all the energy with whioch they are oroduceds
Un the cther land, thu particles are preduced in grently exoergic roactions,
which meerns tret they themsslves are very stable nuclei having fery littdle
epergy to contritute to fresh reectionse fhe maénitude of the energy releases
in such secondary reactions wil) be of the came order as for the proten reactions
discussed in the preceding paragraphe As a matter of fact, one of the most
promicect of the primary products are protons. The arguments of the preceding
parsgraph, which indlicated that the proton reactions cannot add signifieantly
t5 the energy producticn attrituted to the N+ N reactions, are valid alsc here.
Ore has aveilable alcce these sdcitional fscts: the cress section of nitroper for
noutrons and for alpnm particles (both typns of particles are also preducts of .
the primery reactions) have becn measured up tc energies of ~~“1.” Mevs, The
rosults show widely spaced resonances which even at peak value are only of the
crder of an eighth of a tarn. This is much less than the two barns attributed to
the prinary' N + N prosess. | |
¥ N + p cross sections should not differ much from N+ n cross sections, which have

been measured up to ~ 1.~ Mev. The measurements incdicate resonances in the cross
section which even at pesk value are only of the crder of an eighth of a barne
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z, THb ENERGY LCLSES

The main energy loss is due tc¢ Bremsstrahlung by the elsastrons, which

has the rate:

. 2 4

- (dB/et) = (16/3) Nz —= ; =
m ¢

v(1+t L‘/mcz)

erergy units per second per ritrogen nucleus 2=7, the atomic number of ni‘rcper,

The average indicated in v{1 ¥ E/ms“) 18 to be carried out cver the relativistie
~

Muxwrell distributicn, ir zenersle (1Y &/mo™) is an apgrc-xim&te* relativistic

correction factor, E being the kiretic energy of the electron. Far luw sncugh

tempere tare -

ot A
v {1 +5/me”) = \IBT/Jm , 1If T<¥me ™.

- (df}/dt’)E = 1.7 \‘I‘ Mev/psec (T in Mev € 1,2 Mev)

In general,

he [+ 30+ . 0~1/®

" (1/0) BNV (1/6) 228 (1) (1/8)

viit g/ mc.‘?) =

i which 8 =T/me® and Ho(l) . Hl(l) are Herkel functions of the first kind,
of zero an¢ f'irst order, respectively. <“he Bremssiranlung rate is shown in Fige 1,
uat & function of the electron temperature. A distinction is made hers between
electron and nunlear temperatures ss cun be seen by comparinr the scales, which
put the sorrespending electron an? nuclear tamperature at tne same abscissa.

The elsctrer temperature may te expected to be lower than *he nuzlear

temperature for the following reason. 'The energy precduced by the nuclear resctizns

% The cerrect formula gives a more rasid increwse of radistion with enerzy Fharn
giver here¢e The added racdiation is difficult to teke irtc account, especinlly since
the exact amount depsnds on screening effectse (Heitler, Susntum Theors of Radia-
tion, p.172). In any case, the miditional.resdirtion is neglizidble unti) the electron -

Lumpsrature surpasses 0.7 ¥ele 5303 Atowi®l B4 soen that such electr tyres can-
. . ° ° o0 .' oo S0 MO .
not be expected until nuclesr hengsrgdures 40 Mav are reachade
yve [ L J
[ ] [ 2 ]
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{s in the form of kiretic erergy ol®nécless $sarfities, aluminum nuclei and oro-

tons, four etample. vince energy interchanges are much more rapid bebtween particles

n® anmrgreble mass, the atemic nuclei will tend first to sherc the erergy with
stcn other, estaclishing a nuclear temperature. Somewnat telatedly, the electrons
recelva cnergy which they radfate. The electren temperature for a giver nuclesr
temperature is determined by the balance of the energy transfer from nuclei to
elecarons with the ra:diation rete of the eleztreng. Actually, some erergy is
trensferred éirectly by the fact reaction oroduct particles to the electrons bhut
st will be ir sccora with the policy set dcwn bo neglect this, since enargy

giver ko electrons is redianted and made uruvallatle for propapgating the reaction.

Tne re~e at which tne nitrogen nuclel transfer erergy Lo electrons is

glven by:

T -7
z L, - :
(¢r/at) o= b (27el)  (16+an ) St (/%)
e
Here ¥ is the nitrcgen nuclear mass and Tn’ T, are respectively nuclear and

eleavron temperatures in Mev, (l;v it the inverse of the electron velocity

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

(1//\') - 45711_/ 1 Te > ( Te<< 1,-/'2 MQV)

¥or higher temperatures, the relativistic Maxwell distritutiocn must be used, giving:
2 /
[+ 2e roed] 10

(17v) = fre) (2/me) D W
{ .
E;,-’em_) (1/8) 28 (i/’sg

P
e= Te/ﬂ‘c": Tﬁ/’O 0511

The nuclear and electron temperatures which will co-exist will Ybe given by the
ejuwtion of the trensfer rate to the Rrcmsstrahlunsz rate. This yields:

>

— = g € "~ &
Tn - Ta = 317 1+ % et .Gp g Moy
1+ 2¢ r26” 1Adn Te

[ ]
e o L] e o
. ~ e o o . _—
Fige 2 shows thedestron tehipsrafer«iesges §gu:tion ef nuclear temperstures This
LX)
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sats the scale of slectron temnm’a t'.::.:gf..‘..z‘-t-' witl: the wnifers nucelecr
eoe

Femparature scale in rig. 1.

Tha "safety factor" us defined ty

. | 9E sz
el ol I >

it rlotted ix Fige 3¢ It haes a flat minimum in the neiglvorheasd of 100 Jev,
~unYear temueraiurs. Bsyona that noint the oroecuction increasez anly aaIVJTb

. . : z /0 . . .
wheroa s the radiation increases as A'Tef/“ ar 'I‘0 with Tc Increasing abcut uag

~ 1/%

e Accordingly, the present calcnlations indicate that ne' ienition pcint existe,
n

Jdn *he other hand the margin of safety tecomes only ~VvleZs It seems degirable o
obtain a better experimental knowledge of the resction cruss section even though

termperatures approaching 10 Mev seem hardly impossible.

Le Beomb Heating In Air

The temperature to which air can Le heated by a bemh derends on the
volure of air to ve heated. One can seek to estimste the slze of this volume by
exramining the mechanism of energy transfer from bomb to air. It will be suffi-
cient, and rich less difficult, to discuss the possibilities of heating the minie.
punm volume which must be brought up t» a high temperature in order tc insure
vropegatiorn of the reaction.

The heating of too sme)l & volume will add enormously to the drains on
the erergy, because of enargy trensfer to neighborine volumes. fhe chief agents
or. this transfer are the rroduct partizles themselves, wnich start in (ocsession
of a1l the croduced enerry, then dispsrse it widely. The rroduct particles which
#i11 ve first assumed tc huve all the ererzy ar: the 1%5-iev alpha particles. No

perticle preduced in air is more energetvic than they.

The rate of enerzx ]oas,.; %es™o2f path, by particles of chargs ze

e o
e o
e o
'b———/l

and mass ¥, to the electrona® o".‘ng“a;g‘. B, ytirerature 'I‘ is:

s o i INCLASSFED
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M= 4 1s the electron density in the uire This corre sponds to Lhe ‘.en-.\rgy-loss

&% seesion™ rer air etom:

) 8E | o A npe B = (3/2) T / L .
7E2 = [-37_[- S.032 _(-")—-7"’—,72—& (36 + 2a T, tarns, (‘I‘e, E in Mev)
-~

This has s maximum for B & {02) T at which

"

S TR Te N
S 0.2 15 n_’ & tarns (T in Mew;
TN - T < 2

Aroi = L0 Mev, which 15 the leust elecirin *o- nerature (Tri 210 Mev) u% which
“he sarety factor has its low value. o E<] baro.

Tha rate of enerzv luss of the alphs rarticles to tne air nuclei

Lersuge Gaalonb eollisions is given by the "ecruss section”:
(M/Mq) (15+@n 8} = 7.2 D]‘:*In E)/E?] baras, (E in Mev)

This forxula is good only as long as the alpin psrticzle is more snsrgstic than the
nitrogen suslei. The wwlue of o_ 4rops rathsr suddenly when E <K Tu' its value

w:1ll neaver be more than
4 s Ted (13 +8n 'I'_,l),/l‘av‘3 baras (= 1.2 barns for T =10 Mov)

Thus, throa-h “culomd intaractions alone the nroduct alpna partiele
Inans aveprpy with an exergy loss crouss section o no more than about 2 barnce

The surely nuclear s:stterinz of alphas by nitregen is unkacwn. The
suimstrical cross section is only about 1% bnrns. The concern is witn energatica
sreousn collislons for the geometricul cross section to have siznificance. To be
$ufe, howmver, we assume that 1.7 barns. is the energy-loss cross section, if.o.,
that it will give col‘llslons.ir_-u}-.ir_-.h-gra;'\'

.
arinnlly, of course, culy axa.. oed’ ,-c feae creer

i$tJdIy a1l the alpha energy is given upe.
E,:-‘. is given up per colliision.
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la the wuy 1nd1qp.ehd wF an r;&% *v:nn energy-loss cross secstion which

.Oo t-.o ..

is not more than 7.% barns. Y%his correspcnds to a mesn free path in air of
riout 57 meters. Only a sphere of "7 meters radius can retuin & substantial part
9f the energy produceds At least such a velume must be heated in order that the

theraonuclear reaction be sustainede

2
An air sphere of 57 maters radius contalns about 14(10)‘1 nuclel, ani

3{10}39 electronss For it to te heated to a nuslear temperature Tn = 10 Mev

{To:: Oel; Mev) requirss about 7.8(10}%2 Mev of snergy.

A Tission bomb produces about '(1y)‘6 Mav per kg of active mterlal,
when working with 100% efficiency. If also all the produced erergy goss to
praduce the air temperuturs, then 1.%(10)6 Fg of material would have to be
burned up in order to obtaixn the danserous 10 Mev temperature. nctually at most
1 %¢r the bomb energy muy be available to produce the temperature; the rest
goes inte useless radiatione

A super-bomb, burning deuterium, may be more dangercus thenm s fission
boml- kecause 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 e deuterium nuclieus ut most about Seli Mev casn be proluced,
and that only if every sscondary triton and Ha3 nusleus also reacts. Thus
about 2% times &5 wmsry deuterons must te burnad as there arc air nuclei to te
healed to the 10 Mer tewpsratiurs. To heat the S7.meter sphere of air, at
lea:t an d-mater-radicy sphere of liquid deuterium mus% be burnsd.

Tha assumption made hore thur far, that the N+ N reactisn energy is
mainly relessed sn the form of alpha oartic]q kinaetic energy, mayv in one respact
lead to an andareatimete of the danrers I, as mantiszed in the footnote an
rare §, tha reastion N + N — 0 4+ U 4 10.6 Mev is tne most frequent ol
tne N 4 N reactions, then the situstion is wmwle more dancerous by the shert

[ . . N
ranrgs of the O ard C¢ $.08%7ef. &n Ee;:*,sr.ri.«-:e similar to the one mads for the
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slpha partiales shows that thezgfgriy ff]E.f?:ﬁﬂ@ditEé within a radius »of

wuly 7 meters instea? of teinz spread over & S’-mster-radius sphere, ac is the

alphneparticle enersy, To heat a 7T-meter-radius sphere of alr to the dargerous

iD=Mev nnclear temperature rejuires the enargy relsass? in the tission of ghout
teneg of active materiale If 8 superabtont is used, & sphere oI liquid deuterium

1y 1 to 1.5 meters in radius may saffice.

The apparently dangerous situation discussed in the preceding para-

s aph nas ons redeeming feature, as compsred to the case in which ¥ -t I reastions
frudnee mRirly alpha perticles. The total energy evolved is only Q6 a5 greut.
This means that the minimun safety factor 1.6 which applies teo an energy releass
of 17.7 Msv per resciion, is now inoreased to 1.5/0.6 = 2.€7. There is thars
Jore %o much less chance that the sstimates here are.in suf'ficient errer to
slfeet our oonclusions. .

Severa) further effectis exist whinch may make less of the snerpy
releused by bombs availadble for carrying oﬁ & reaction in the aif. Thers may be
variosus hindrances to the transfer of the energy from the bomt to the air nuclei.
There also can te expected varjous hydrcdrnamic effects; a limited heated
volune wil) expane apainst cold surrcuandings and thus lose energy -to theme
making reactions within itself more difficult. However, all thess additional
wienues of enerpy loss are difficult to ca1cu]at§ with certainty; if oze goes on
with the rolicy of making the most dangerous assumption wherever auy uncertainty
exists, then the effects i question must b2 left cut of consideration for the

time poing.

“a INVERSEY COMPTON EFFECT

There is one further effect whizh increases radiution losses: the
inverse Complon affecte 'Wo cun present here only crude sstimaites on the

quantitative sonsequences egfedtils @Rfad®.'Fut even u qualitative discussion
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shows that the inverse Comoton effect acts to quench nuclear disintegration of
the atmosphere as soon as this reaction has extended over a radius of a few
nundred meters.

If 2 relatively small air mass is heated, the radiatior emitted will
simply escape. But if & greater sphere of air is heated, the gquanta of
elestromagnetic radiation are likely to make Vsmpton collislons with tha elec-
trons pefore lsaviug the sphere of hot air. In such collisions the gquanta will,
oni the average, galn energyv from the het e)estrors. The end effect is that
mare energy is going into radiation and more energy will hecome unavailable to
the thermonuclear reastion. It can be shown” that the ratio of the Compton losses

to the bremsstrahlung losses for en electron at tempersture Tc.in air is
(19/3) (T./m:2) R/

if the electron is subjected to the raudiatien of the air electrons at temperaturs
Tn econtained within & radius R. A is <he “omnton mean free path in air,
umounting ta 42 meters,

The dangerous electron temperaturs is 40O KEev, making To/hcegfo.e.

At th1§ temperature the avove, uwarelativistice, formulus for ths Compton loss
ig not strictly valide. We may use it nevcrthelecs as a cruis estimate since
t419 =lectron gas is not strongly ralativistie, ‘

In & heatel sphers ol T7-meter radine (discissed in the previous
rectinnd  tae lonses dus to raciaticn are multiplied by L.& through the Compon
ef'ects This makes the safety factor L.é x Ye& =7., against detonsting air
i# <he alpha-producing N + N reacters are r2lied upone In s heated sphere
5

ot only 7 meters redius the radistion locses are increased only sahout LOY, b
LY

e eee o ese eoe oo l'
Tt 3t o e 28 UNEIIASS’F ﬂ,
*» Ses L"\-:LOI ... .:o :oo o:o :oo :o.
238, 1. \E‘
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safety is increased only *c loii x 2.57 = 3.3,
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[ ]
A% .. %W S . ..
the Compten effect. Thus, if N $:1e%> & ¥ 3 &eactions predomirate, the
P » b e o b »
[ ]
[ ]

In spite of the considerable nugnilude of these salety factors it
s not ‘rocncedvable that cus estizates are greatly in error sn¢ thermenuclear
reaction may actually start to propagate. In that event the Gompton offent
will quench the resction as socn as a sulficiently grest alr mass l1s afffscted
by the reaction.

It {5 cleer thet the suerching becomss sericus es sonon eg the
reacting reglien becomes grester than a suhers of 450 meter radiuse fre reamcticn,
however, may stiil proceed in a spherical shall with a thickness smaller then
60 meters. After some time this shell ocan be tronted as a plane cdetonaticn
WEVE,

According to thue Chapmarn-Jouguet relaticns thes velocity of Uhis detors-
?iun wave -8 EY 4—1)fyl CS where y 1§ the ratio of the specific heats; i.e.,
v =5/% for & completely icrized gas and CS iz the sound velocity in the hot
gavec hehind the Cetonation front. Arsuming &T 10 Mev for these hat pases
the Charmanedouguet velocity will be = 109 em/sece It is not clear that
the Chapmarn-Jouguet relation is ap:licacile in the present case, But if we
apply It we obtain the minimun velceity of propupation consistant with the corn-
gervaticn laws for 8 uniform)y moving plane disturbance.
Thus the cdetcnation veleclty is preater tharn = x 109 en/rec of C/4.

Ever if lipht escapes from such & reaction zone ths detonation front will catch

vy with the radiaticn, which spreads by alffusion and therefore propapates with

3
¢

& Jecressing velocity. In fact radisticn neeas a wime t = (%/2) N (W/0) in
order that 4re mean square difiusicn distance €rem the nlane of origin should

~
become N‘ tim=s the square of the mean free path e For the Jiffusicn velocity

wa may write @N/dt = C/7N. Setting thic velccity equal to “he minirum velozity

o e (4 .
with which tre detcration wave propleestely <82 Gvndihe 2K = 2/6 or K5 2w
Yoo oo see ole - -
[
[

EEE. EQE E.E 9.. !':_! -
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With A = LZ meters one seeg gthat sfhe E‘m?x’wc‘r%ié;: ey Compton effect must be
cone important as goon ss the detonatic; %;v;.has-travellod ~r100 meters.
Sirce this lengtn is quite small compared t¢ the depth of the atmosphers,
thore ia ro dangsr that rsdiation can escare from the atmosvhere as a whole
and thus becoms unusable ir ths Compton effect.

While the stove numters may Ye 3omewha£ in ervor, the qusnching must
everitunl ly teke place as lcng as the detonation weve is a simple plane pertur<
bautiorne There remains the distunt crotsbility that soma other less simple
mode of burning may maintsin itself in the atmosphrere.

Even if the rewction is stopped within a sphere of a few hundred
meters radius, the rssultant earth-~shock and ths radioacti@e contymination of
the atmosphers might necome catastr.phic on a worli-wide scale.

One may ccnclude that the irguments of this paper make it unrseson-
sble to expect that the N * N reaction coulé propegatees Ap unlimited propage-
tion is sven Yes: likely. Howevear, the complexity of the afgumcnt and tha
absence of "satisfactory experimental foundations makes further work on the

subject highly cdesirable.
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