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The thermal conductivity of stabilized f-phase plutonium
(3ely atcmic percent Gallium-Plutonium Alloy) has bsen determined as
0.020L == 0.000% cal/em©sec/°C/ecm  in the rarre 0-60°. The conductivity
was determined from the steady state messurement of the temperature
differerce between ths center and various psints on the dlametral plane

of & 2 1/2 inch diameter sphere by means of the equation

¥ = Qrd/ 6T
where Q i1s the heat source strength per unit volums, ani r is the sphere

radiug for the AT observei.
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Introduction

For hoemogenecus isotropic matlerlels in which there is & cone
stant volume source of treni, 6eg. conversion of the kiretic energy of a

particles into heat energy, the equaticn of conduction is:

xalr +Q =0 pdaT/oL

whers
k is the thermsal conductivity in cal/(cmz) (sec) (°C/Enﬁ
T is the temperature ir °C
¢ is the heat sourss streng*h per unit velume in cal/(cm?) (sec)
¢ is the specific heat per gram in ¢al/(°C) (g)
¢ is the density in g/&mz
and t is the time in seconds.
For steady state conditions
kA5 1,9 .0

or 82 T . -Q/k (1)

For spherical symmetry, the flow of heat is a function only of r and I,

herce equation (1) tecomes
1/r d2(r7)/ar2 .Q/x )

the soluticn of wihlch is

T s -Qre/%k +a +Y9/r

Since T = Ty at r » 0, b must ts zer and & » Ty The equation of cone
ducticn is therefore given by

e
Ty - T = AT « Qr2/k ' pearieh)
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see oo,
The AT betgw;s?.n :%he.?.eog:! éind the points near the surface of the
sphers was obtained by inserting a netwcrk of differsntial thermoccuples
bastweesr two plutenium hemispheres. In order to insures unlform surface
tenpersture for the plutonium, the sphere was encased in & larger spherical
ahell of cupper. A gap of approximately 1/8 inch thickness was left betwoen
the plutorium sphere end the zopper shell, and this waz filled with mercury
to lnsure uniform redial hest trunszfer betvesn the plutenium snd the copper.
A layer of Aplezcn grease Lestweon the copper shells semled tha mercury in
placs~s  The cold junctians af the thermocouples were located in a hollow
copper ring ¢n the surface of the copper sphere, from which a cable lod to
tks potenticmetes. A orcss seotion o' the sssembled appuratus is shown in

Fige 1, ad w horizontul section ie shown in Flge 2

1. Plutenium Sphere: The sphers was fabriosted as hemisplieres

in order to permit the placemrnt »f a retwork of ditferential thermocouples
upon & diemetral rleunees The poler heipht of one of the hemispheres wes made
11 mils premter thean the other. The plane surface of the higher hemisphere
waz then grceoved as shown in Fige. 3 and the thermocourle network placed in
these grioves. The hemispherss were fubriceted as b-phaze stabilized gallium
alley, A table of specif;cationa is given below, and the chemical snelyeis

of the hLemispheres is given in Table II.

TBLE § ChGLASSIFIED

Icwer Upper

Hemisphers Hemisphere
Specifications of hemispheras C-17 C-18
Bquatorial diam. (inches) 2.502 24702
Polar height (irclhes) 1.256 1.215
Weight of alloy (grams) 1063.15 1056485
Atomie peroen” ga]limo}:t'? 5 E' :"' E'-’:.’-»‘,’-‘ cale 2,60 cale

., .5. E:. ¢ g 22,1 found 2,0} found

Density (g/cc: E.: E" 2.. E" E.E o3m . EO
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THERMAL CONDUCTIVITY SPHERE ASSEMBLY
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C-17 LOWER PLUTONIUM HEMISPHERE

FIG. 3
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Al
Ba
Be
Ca
cd
cd
Co

Cr

Li

Vg

Na
Ni
Pb

Sr

Fe
Bi
Cu

Ge

impur 1tz
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Anﬂzsig o 'Du. Eonis_‘nsg $&* in ppm
Sample C-17
£0.:
10, 200

20,25

<21
ND<210
ND< 210
ND <2.1
ND< 21
ND<2.1
ND< 1.0
2.1
ND <L 261
6.3

XD 21
<21
ND< 24
ND 40
ND

ND <1500

° oge see oo
o o .20 .-..—-:!:l
° . . Fd -

i CRLASSIFIRD

ey, e, .
'l»m*‘. 7.,,_‘. BN

Snmg‘l e C.18

0.5
10,100
45
9.0
ML 1.3
ND<0.18
3.6
ND<L 1.8
ND L1530
NE 180
ND<1.8
ND<18 .
ND<1e8
ND<.0.9
9.0
ND<L1.8
Sely
ND <18
ND <18
NDL 1,8
ND< 60
ND < 500
ND <1500
20
DL 60
“wnwée»,
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impurity Sample C.}7 Sample C-16
Sb ND <300 N> <200
Si ND <1500 ND L1500
&n ND< 200 NB L2090
i § ND< 60
v ND ND
Zn ND< 1000 NP <1C00

ND -

ot detectal.

The henispheres were then Lrushed free of adherent oxide with

1
& wire brush. A 0.3 mil coating was then applied in the usual manner ,

After coating, the hemispheres were buffed by a soft wire trush.

-

2. Thermocouple Assembly: Iron-constantan thermocouples, pre-

vieusly tested for thermoelectric inhomogeneities, were employed since thess

yield a high and reproducible Eiff per degrece In order to minimize heat

leskuge effects, the diameter of the wires was made as smal)l as practicables,

f.e., 3 mils. Since the measurement is fairly seneitive to the position of

2
the junctions, they were mads by butt.welding with the exception of the

center junction which was soft solderec. Photomicrographs of thres junctions

are shown in Fige 4o The wires were insulated by spraying the assembled

netwerk with diluted glyptol and baking after each spraying.

Six coatings,

approximately O0.16 mils thick were spplied.

The network of thermocouples

was supported on a micarta ricg as showmn in Fig. 2.

It was felt that cal-

vibration of the thermocouples after assembling the network was unwise in

Lipkin: LA-§78 .o: oEo E .E. E.. Eo:
o oo o oo o o
° ° ° . @ e " e,

Hammol; 1ADC«393 o --[?31735-%‘:53%‘{;_-_3 ,
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Fig. #

Photo micrographs under polarigzed 1ight, magnification 75x
of +hree iron-constantan junctions. The upper junction shows thé
oeffect of too high a current, resulting in the partial me)ting of the
constantan. The exact position of the jumotion ir seen clearly in
the upper and middle photopraphs, and somewhat less definitely in the
lower photographe This is however due to difficulties in illumination
for purpnses of photographye To the eye under an ordinary micrescope,

the vosition of the junction is unambiguous. !
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view of its fragile cha;&;té%. Bsnce se;aral similar junctions were made

(one juroction being butt:yetﬂe&? +xe-,th:u soldered) from the same lot of

wire used in the assembly. Each junction was insulated by a baked glyptol
coating, then placed in a hole in s large copper block, thermal contaot be-
tweesn thermccouple and block being made by kerosene, Qnd the assembly was

ther plaeed in a dewar flask. The copper blocks also contained calibrated
Pt-resistance thermomsterse. The block ocontaining the soldered junction was
heated approximately 1°C above the other, and after the temperature had
stabilized the temperature difference obtained from the Pt-resistance ther-
mcmeter was compared with the EMF  observeds It was found that the junctions
produced ar. EMF  of L9.0+0.5 uv/%c.

3. MNiscellanecus: The assembled sphere was placed in & vigorously

stirred water bath which was variable in temperature from 10° to 60°C and
was constant at any temperature tof 0.01°Ce The temperature of the bath was
read with a calibrated Pt-resistance thermometer.

Electrical measurements were made with a Wenner potsntiometer,

The temperature of the cold junctions was uniferm to ~.0029%,

Discussion of Brrors

Unavolidable deviations frcm the sphere model treated theoretically
ars present in the experimental setup. Sinoce these deviations introduce errors
in the measurement, it wat mecessary t¢ minimize them or ocorrect for them in

the final results.

1. Coating of the Hemispheres: In order to minimize the spread of

contamination, esch hemisnhere was nickel ccated. Obviously, the thinner the
costing the closer ideal conditions are approacheds An invastigation was
therefore made of the probatle error for a coating of 0.2 mils of nickel, the
thinnest practical coating thicknesse Setting up and solving the heat equaticn

for the composite systom actually used is a relatively difficult mathematical

exercise. However, a sa*isf&0*0¥J.cnn%¢¥arbt’on éan te obtained by considering

APPROVED F& nuBL-ré RE ENSE
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the results of two simpler hidels, model

Pt
.. eee 000 b :

antual situatien than moaQIOI., ;h&sé

i1 more ¢losslyv resembling the
H
a&
®

coei e are discussed fully in

.’,00

Appendix I. The results are summarized in Table I1l].

TABLE IIl
Model % Error for Ue3 mil nickel coat
I (infinite ¢ylinder) " 0.38
I1 (finite oylinder) 0e36

Although no extrapoleticn Is possible due to the dissontinusus
neture of the models, it appears unlikely that_th; error for the sphore
csuld be greater than 0e5F 0e? %, Since this error is negative, in that it
causss the observed thermal conductivity to be less than the trus vaiue, A
currection of approximately 0.0001 in thermal conductivity units should be

added to the observed value.

2. Thermosouple Ercors: The existence of the thermccouples theme

8elves as well as the insuleting materlal ocovaring +he thermocsuple wires
introduces additional errors in the measurement. Heat may be conducted from
the intsrior of the sphere by the thermocouple wires, thus distorting slightly
the otherwise spheriocally syumetric radia) heat flowj and as the temperature of
the wire depends upon the steady state attained between hea’ flow ints the wire
through the insulation and heat flow along the wire, the observed temparature
at s Junctlon crnnet represant the tempsraturs of the material adjacent to the
insulation st that puint. In Appendix 11 it is shown that thase errors are
quits nogligihles The difference in temperutiure tetw:va an isotnermal spheric@l
shsll in a perfect aphere snd the corresponding poin% o the thermooouple wire
cutting a similur snall in the actual essembly, is of the orasr of 10~ 9g.

Hence no sporaciabls distortion cf ths rudial heal {low sccars. The amount of

heat lost from the sphere har3u°h *ha ihé:;&.ﬂuuﬁ w.ras 13 less thau 10% " of
. .. . .. .

the total heat generated by “thet sp’haz’s. e orraot af the insulation is alss

APPROVED POR*PUBLF C RELEASE m&)‘ '
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nagligible. Details of thig, cplcwde
Y [ ]

o oo

berseema ziven in Appsndix III. It
-

e O
L]

aders betwoen thermosoupls snd ad-

[ 3
. H
#3s shown that the diff‘ag'&x‘.éa ¢ m

T:....

5]

Jucent nlakel coating is of the order of IO'A %C ia the interior of the
sphere, rising rather abruptly te abeut 5 x 10=3 0C at the surfuce.
Rosul ts

After ussemblling the apraratus, it was accidentally jarred. This
resulted in sevsral short clrruits vetween the plutonium and the thermsccupls
wirese Upon invectigation it was seen that the upper plutcenium hemisphere
hat shifted slightly, and in dning so had ruptured the glyptc! insulation at
various points beotween the hemispherese While remedying this, the thermo--
couple wires outside the plutenium wero stret>hed, and upon reassembly it was
not possibla to mount the center Of the thermosouple networik exastly at the
¢onter of the plutenium hemisphers. The network was off center by about 1/l mm.
Consequently, the measurel distances of juncticns from the center are uncertsin
by this smsunt, and an uncertuinty of aboui § percent is introduced into the
valuss of ke Although the system was _free frum short circuits at the beginning
of the experiment (after the reassembly), a short soon developed between tha
center junction and the plutonium. Then one o the thermocouple wires shortsd
to the soppere The final values of k thereforo constitute an averags taken from
independent measurements on the five remaining thermocounles. Upon dismentling
the sssembly, it was found that the weight of the upper plutonium hsemisphers
had flattened ths canter junction slightly (a depression to accommodate this
Junction had been madz in the lower hemisphere but apparently was nct deep
enoagh) «

The distunces of the jumctions from the center as originally deter-

mined with a Gasertnsr comparator are given in Table IV,

e oo o e0e o0o oo
e o o o v e o o
e o o e o o o
° o oo e oo o o
. e o 2 o o e
00 000 000 000 oco oo
ee o900 © o000 0 o o
9 o o e o O e o o
o o o . 3 eoe
e o o0 o ° o o
o o o . o o
L]

APPROVED FOR PUBLI'C RELEASE



APPROVED FOR PUBLI C RELEASE

IR JO T
et ST 3 g,
Juac ticn TR N S A N 0.8%nce - Center to Junction
2 28.084 #+ 0.006 mm
3 274723 #+ 0.00L
4 27.906 * 04004
€ 234599 + 0.00%
7 26425 £ 0e00%
9 25140 =+ 0.004

Kete: The position of the butt welds couli bm determinsd to < 0.002 mm.

The large uncartainty in the above measurements ie dus to uncertainty of

tha center of the center junction.

The steady state EMF values with their corresponding k values for

the various junctions, except ¥4 which was discurded, ars given in Table V

for varicus temperatures. Ths values o k ars summarized in Tabls VI.

m
e
2
m
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dSVar4,O 119

Tomie of
Sphers Center

Junction

6

N -}

)%

0

Ce35°C
EMF X
ML

17.7 0.0195
21.3 040195
23,1 0.0204
2%.8 0,020

2iiely 040200

Average Values of the Thermal Conductivity

174 0.0133
21.2 0.0201
2245 0.0211
2%.1 0.0210

237 06,0207

TABLE VI

15.1L°C 13.33%
EBF  k EBF k
puv pv

174 2.0198
21.2 0.0201
22.14 0.0211
23.0 ¢.0211

23%¢7 040207

of §~Phase Stabilized Plutonium

Temperature in °¢

0435

8.53

10.14

19.93
35480

60.07

Note: The abcve limits of k represent the precision of the results.

17.2 ¢.0201

2049 0.0203

2242 0,021% -

22.7 0.021L4

23 ¢4 040208

~ a3
35.50°C €0407°%¢
EMF x EMF K
(%3 4 ot
17.8 0.013L 18,1 2.0131

2144 0.019y
22.1 0.0211;
22.7 0,021,

239 0.0204

k in cal/(cn®) (sec) (°C/cm)

0.0209 ¥ 0.000L

0.0205 + 0.0004

0.9206 % 0.000L

0.0207 4 0.000L

0.0205 40,0007

0.0202 ¥ 0,0005

In view of the experimental difficulties tha absolute error
is of the ordsr of 5 psroent.

2ledy 0.0199
23.0 0.0205

230 040211

2L36eD 20%e
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The detsrming} {op

) [ 3

of ice and watere.

e o o e o o 0 i
° e0e o o L]
tedd-25d%eand at &OVE reguirs special mention.
Y : ... : [ 3
L4 L4 ‘. r. . .
$s884% immersing the sphers in a slush

Since adenuate circulation was quite impossible, the Jow

value of k may be attrihutable to & possibls non-uniformity in temperature

o the copper shell., At &°C the measurements were made immediately upon

reaching the desired temperature.

Shortly thereufter, the mercury forced

the meltei greass from betwsen the spheres and sherted all thermocouples.

While the measuremant was being made, therefore, it is highly probabls that

ithe copper.meroury spherical interface was partially covered with nelted

grease.

Disousgsion

Hence the radial heat flow was probably markedly distorted.

In view of the 2ifficultias which were encountsred during the

experimsnt, the agreement amsag the values of k calculated from the five

diffsrent thsrmocouples emphasizes the merit of this method and leads one

%o expect that if carried out prcperly the technique would yield results

as satisfactory as those obtained by the usual, ruld-tyoe masthocse

With respect to the results as reported in Table VI, it should be

pointed out that only the first two significant figures have any walidity

in view of the ncn-centering of the thermeccsunle network.

The values were

repcrted to three figures simply tc show the agreement among thermscouples.

In view of the lack of other data on physical properties of 5-phase

plutonivm, no further discussion is warranted st this time.
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Model 1

consider a cylinder of radius a, (~‘\\~:¥ZZZZZZQ

infinitely long. Llet the cylinder te com.
.. 3
pused of material A except for a disc of %

thiokness 2h in the centar which is material B.

4 - B ]
Lat materlal A generate ¢ ¢e1l/ss: 213 and have %
a
2 thermal conductivity k,+ The therzal con- —
|
cuctivity of material B is ky, and the temers- An
[
ture of the cylinder surface iz maigtained at zzzzgszZ>*\\‘_)
SPRT0e I
Then for zqurce frse rogion B
65T e A% L1 31 . I .o
) dr & r 9 d:2
. and for region A
AT . @ = 927 L1 9T L0920 . Q@ .0
Xy dr€ r or 9z< ky
. The sclution for regi:on B is

Ly
4

B . i Bk ccsh («z) Jo (kr) where J,.(ke) « 0

and for region A

?A a Q (8223 .3 Ay exp (-kz) J, (kr)

" where J, (ka) =0
L 4 h kA
2 2 2 .2
Let Iy Gk J, (kr) ' 2 (a®er « C (a%r®)
4 kA
APPROVED FOR*PUBLT C RELEASE
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Then

G, = __2C . '~. g;.;',;x;fﬁ,-} J_ (kr) dr
a Jld(ka) 0
a & z
= 2C af rJ (k) dr - e, (kr) dr
2,2 v
a J1 (xs) 0 o .
x x 3
but:u/: X Jy (x) dx - xdy (x) andﬂ/i x Jo(x)dx - (x3-bx) Jl(x) + 2x2J°(x)
Therefore
Gk = 8‘2c = 2&2Q
(ka) 33y (xa) ky (ka) 33, (ke)

Applying the boundary conditions:

[r‘] zzh ‘(T‘;J & xh

AT, ST
k, ( ) « kg b
oz b dz

By cosh(kh) =G , A, exp (-kh)

and

z=h

kB, sinh{kh) =« - WA exp (-kh)

Solving ‘

o
w

Bk:

cosh(khj . sinh(kh)

[ ]
e ©
[

Kyt

o
<9
e jeeocee
[ ]

The temperature &t the oré,'gl'n':fs:g‘iv'ér'x =1 B, . Therefors

L2

e QO
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3 Slesadil § P o3
T —— g O W < §. e OO 000 0O
Too(icteal) pA

k

To 2 first appreximation since h 18 sme}l

a
2.07 B hog aT {22 %8 h
ky s Tootideal) kA -

Using the proper values of EB/&A and &, and for a costing thiokness

of D3 mils,

Too (idexl)

Model II

This model ias similar toIModel I
except that the oylinder is finite of length.
2 a &5 shown in the drawing. It is instructive,
however, to first consider the problem of tempers-
ture distribution in & finite cylinder of length
2 & composed ontirely of material A, the boundaries

of which are held at zero.

The equation of conduction for the latter

protlem is

A
APPROVEDMFO" PCBEI C ‘RELEASE
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o o 0 . - o o o o
:.. :.. .o. :00 : [ ] !
Lthe solution of which 45 cee eee cee 00e oo
° e o o o e o
° ° oo e o0 o o
o o o o o e o
o 0o o o o o ° o
e eo0 o 00 000 oo
Il‘ = Q 2 .2
(aCersy Lk Ax J,(kr) cosh (kz)
% k,

Using the result obtauinel in +the solutlion for Model I this may bLa written

e

L= I (Gk + Ay cosn (kz) ) Jo(kr} where Jo(ka) .

Since for z «a, Tx 2

L * AL’ cosh (K&) « D

and

1 - coshkz) v {kr)

»
wi
L

oush(ka)

For ths provlem of the split finite ~iulinder, the equatli.n of conductlsn

is for region A

A T - Q = 0
K
and for reglon B
AT .0

Lhe solutions of wnich are respge:tively

T.& -Ek G, (1 - exp {-k(a-z)}) . Ak $inh x(a-2z} J. (kr)

and e eoe o ese s00 oo
T}i = 2 Bk °°3h’:‘.k§§o'snﬁ.'83'.):.. :o.

[ XX XX ]
-

(I XX
°0000
[ XX X ]
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The VYoundary conditions are
T3 - T
( Al 2 :h ( B) 4 i
and
. 1.
“a <Ei3&—:) Xy _51_2-))
dz zsh 92 i
giving .
Gy (l-ovp {;k(aoh) )}'+ A uinh k(a-h) =« By coush (kh)
v and

-k, [ﬁ'k exp {-K(t-—h)} v By tash k(a-h;] = kg By sinh (kn)

Sclving for B

cosh {k (&-h’)_} -1
oosh k(a-h) cosh kh + kg/k, siah k(awh) sinh ki

To determine TB(o o)+ BSEUMS a-h=a which is very neirly true.
»

Then

Tyi0,0) wi G cosh({ks) <)

cosh(ka) cosh(kh) . kB/iA sinh(ka) sinh(kh)

The value of T(5,0) if there wers wo B layer is

TA(o,ol =2 G 1. _ Y
cosh (ka)

Theruefors

3G (1- 1 )
k C-)SFNQ&)

e

. 1
shi k inh(lma
cosh{kn)} « kg/k, sinh(ia) ;,i,nh(khb

AT - [ ] oo © ... : . - -
—r - LI S o o e e coshiks
Top (1d1) B i e s (k)
OD ... [ X 21 o9 00O r X1 J :.
ee oee o Ose o % :’~ (l - . 1 )
$es ' g e cosh(ka)
AR R A
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The amount of heat flowing from the sphere through s thermo-

c¢cuple wire is given by the expression

dx .

|4

whera k 1s the thermsl conductivity of the wire = 015, cal/cm sec °C
r is the radius of the wire, 0.0038 cn

nna(gz is the temperature gradient in the wire at the periphery of the
dx

D  gphers, equal in this case to -0419% °c/em. Q is therefore 1.33

x 10-¢ eal/sec srd, as may be seen from Appencix III, the amount of heat

flowing intc the wire per unit length is unifeorm except nesr the surface

of the aphere,

An estimate of the distortion in the radial heat flow may be

obtained as follows: Assume that all of the hea’ flowing into the wire is

generated in a cylindrical sheill r3 cm from the axis of the wire.

Then 1,33 x 10=¢ & 2%p (T3-Tp) - heat flow into wire per unit lerngth
30175 Lo ry/ ¢,

giving:
3,12 x10°° 1n ry/r, = AT

Fer ra/rz = 0.010% a 3400 Lo r3/r2 a 1410
0.0065

. 0.0650 - 10 = 2431
0.0065

a Qté{ﬂ ° LR L = L&oél
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where

° e oo e oo
» * [ [ [ 4
) (4

M
H H
r is outssdecesasiuges* ol

Slation Tﬁ' is Temperaturse at T3

T, is Temperature at rp,

Iherefors the AT in the buody of the material caused by heat flow into a

thermocoupls wire is of the order of 10°° °C, and hence is negligible,

P 200 e0e OO

ofe %0 o . e e o
o o o o o s s
e o oo o o0 o

a e o o o e
20 000 000 309 800 00
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Problem of Temperat\ms Dﬁ.sérit\.-ii,li-:x E:‘: Thermocouple

" Assunme insulated wire imbedded in a medium of such s nature

that the temperature distribution along the lergth of the insulation is

’ 2 2
T2 e a(b"-x") and Tz « 0 fo

distribvution is ocylindrical

symmetric with respect to x

r values of x >b and that this tempersture
ly symmetric with respect to the wire axis and

which is taken along the wire axis. This is

a fairly good epproximation to one of the differentisl thermocouple in the

experimental setup.

Considering a cross section through the cylinder, T.(x) is the
[ >4

temperature at the pcint x
ture of the n kkel coating

with the insulation at x.

on the ocutside of the insulation or the tempera-
T

s

in contact A

T
Since the 2 (x)

conductivity of the wire is many

times tha% of the insulation, it may

be sssumed thal the temperature )
through any cross section of the wire is )
uniform wnéd equal to Ty(x). Then the heat flow
inte the wire, thrcugh the insuviation in s
length dx, is
Fu 2%(Ts - Ty)
Ln }2/}1

wnere rg is the suter redius of the insulation and ry is the inner radiuszs.

or - (Te-Tl)dx-FLnrg/r]
' 21 (m

Now if we c-mnsider G(x) equal to the amcunt of heat flowing through the

wire at a peint x, then

R R o R
o For sedrd 3, 8 2
®es ooe :oo_ijgoo vee 00!
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but ... .:. :00 .:.

G nky AF)C e S

dx

[
m....

erce

Fo d (kntr}? d0) ax (2
dx dx

and substituting (2) in (1) gives

2 gr
Ip-T = ..a__i (-kyr 11 471 ) 10 rp/ry

or

dx 2 R ky
Letting
1 . K r12 In T2
c2 2ki rl
™ 2
;a(x) - Tl(x) s - 1 d Tl
C2~ d »=
¢?ry - ofr, .. ¢?1,
dxz

Tne solution of this equatica is

Tl(int) = A oosh ¢x + a(be-xz) - 28

e

since the system is symmetric in x.
Since

T, =0 for x2b

for xVb

'Tl(gxt) - L éxp {~ex)
The boundary conditions are thersfors

Ti(tar) O = Tyiemyy
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o oiTre s A

° . [T X ] -
2% 200 %e® o0 e e % hisibie B i inicy
'- » m,.,d._w — - A A
00 °2° g0 oce :‘.:ﬁ;’:}-ﬁ;?”,f, 7?,., e e -"—-—-—-.._..‘—n
and A R fas
° e o e o ° o
o eoe o see ®00 oo
a1 : :
(e '(‘Tx (ext)
dx
dx X «b X = b

From these conditions

A la determined as 2au exp («cb) (1 + be)
L

sud L1 ¥ exp (cb) (be-1)

c
Since exp {-cb) 1s funfanticully smell, the "cosh term" in Tl(int) is

of little Lmportunce oxcept usar x-b, honce

T ~ a(b2 « x°) - 2
1 (ext) ~ ( ) 53"

ad Ty - T,z 2 giving AT~ 1.35 x 10-% o
02 pesm R T T

for regions where x 9bes When x=b, the "cosh term"” is of interest.

(’1‘.2 - T]) b = (-Tl)xgb * - _g%_ exp (=cb) (14%90) 1/2 exp (ob) +_62_!2.'

" "-63- exp (cb) (be - 1) exp (-cb) = = __%_ (bo = 1)

c
. = 6475(93.L5) x 1075
T 2 oD063°
( 1) x-;b 0065 C
gty R
BGLAG o 1
Finally
aT.
- s = 0.39
dx x = b [ ] o0e o o000 000 o0
&T 00 000 000 o000 ooo 00. e
(—-1.) 1 DACRETUE R
=/ e S0 ol B
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APPENDIX IV. coe oo
R T A S B
. e eoeeoo o o0 000 OO ‘v
Valuos of constants used in this work: qﬁiﬂiﬂ

Hout sourne strength of plutonium 3 atomic percent Ga and density
15.8 = 0007528 oal/%ec/5m3, obtained a8 follows:

From LA-3L7 power prodused by pure plutonium is 1.923'x 10~3
abs. watts/g, or L.594 x 1074 cal/g sec. This must be corrected for the
isotupe 2h°plutonium content as follows:

Average g/%-* level of plutonium used in sphere » 219,

Isntope ahoplutonium conosntration, caloulated by following formula (Ses LA.L90):

% o D
2395, 238y ’

is 1.68 percent by weighte
Energy produced per gram of ahoPu is calcoulated us follows:

1.922 x 107 abs. mtts/z x  2.101 x 104 x 239
44260 x 103 x 2,0

Loy o

A
= 7+37 x 10-3 abs, watts/k

Therefore the total enorgy producad by the plutonium used in thess
LS ¥ RT3 ).

hemispheres is (1.922 x 0.983 . 7.37 x 0.017) x 10-3 b
pet?

= 2,014 x 10-3 abs. wntts/é » 811 x 104 cal/é £0Ca

This ealeculation depsnds upon the ensrgy of the Qhoplutonium a's being the
sams a8 thote from 9. There is no data at the present time on the energy
of the a's Irom 2boplutonium, but their range is believed to lie within 3 mm
of thoss from L9« Since the range ¢f LI c is 3675 cm in air at 15° C and

760 mm, this correction is small and has not been made.

¥ g/T refers to grams of plutqnigzu p:uq\weglﬁ"on of uranium
98 000 o0 coe sa. 20

p f'f‘(} g ‘fffzJ
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