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technique of tho load sphere integral wqxm%wnt bwur a close resembknco to

thair counterparts in a critical-mms or multiplication-rate calculation. ‘rho

suoaessful integration of the nucdear properticm of load, 25 and 28 in thi~

P~ob~en gives us confidence in OUr =biMty to treat the more complex problem

of MN gadget. The agreemsnt between thooq and experiment is satiafaotory.

The ratio Ii (defined on pqzjee3 CUndlO)for the two detectors 25 and 28 sire

compared in the table bdow:
.
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LEAD SIWl!X.E13?Z’14GRALEXPERIMEI?Z

It is a lmg road from the iummrcmmt oi’differential nuslear propor= .

+A@~ to 8.detailed prediction of the ?xAE@or of neutrons in sn .%ctualgadget.

The aocumuktion of nunmroua errors$ both experimental and tihooxwtiml, night

be feared to lead to large uncertainties in Ew3h a predict.ion. It is in this

light that the lead sphere integral czrperimentis particularly interesting

the set-up itself, the differential data which must be used and the natknnalxi-

cal problem, all Iv.M?A*a cI060 rosemblanoe to thoi~”counterparts in a critical-

DLRRsor multi.plj.cati.on-patoOalGU2QtiOn* For axample, the nuclear propartie.f3

whioh JIIU8tbe known includo the fission spectrum, the transport and his?.astic

cross sections in tho lead +xunpsr,the speotrum of inelastically scattered

neutrons, and %Iw fission cross sections in 2S and 28. The successful inte-

gration of all these data in the case of the lead sphere experiment gives some

feeling of oonfidsnce in our ability to trest the more complex problem of’the

gadgo%.

We shall briefly describe tho experimen’ialarr’angemwrtq A thin

tqhriod ~hell of 25 is bombarded with slow neutrons from G oarbon pile. Ln

the center of tho 25 shell is placed a 25 or 28 fission detector

Cd md B). Immediately outtiidethe 25 6hell, the ~phorical load

&?nl.I.glyfitted. Counts of neutron flux are made with end without

place. Th@ ratio R of the two counts is then a measure of the

the tamper.

1) J?orthcczningreport of QQW,%%O.
● 9*:. .
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and inelastic (ai) mattering and i’romthe source S.
\

. v “V”n = ‘-= Csvn.JTe (x) Vwrl(q (Cuwm,

acaktierodto veloci%y v, (3. Also %O(E,E*) ia the probability of CLmutron

being inelsmticelly Gcettered from energy Es to energy E. Mxoduco

Then E9. (1) beccmms

(2)
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Eq. (2)

J=l

v

(2ik.

+ Sk)A’I (3)

.

1

Cly

Ea.

nk = (27/v) A (F#ik)

solving for n,cfrom these equations, we get

.

(6)

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● a ● ee ● ● m●000°0: , b . . . . . .. . . . .-L — . . . . . . . . .._

● **O*e ● ● 1-.*..>= .-... &—- . . . .. —.— —
● ge ● ● ● ob Cz.e x,-z--...-.-::

,000 bO*
..-.-. —

. . . . . . --- : :

..-+ :.. .:. :..
●

● 00* ●0::
● m :0● : ::

● ●:* : ●:0 :00 ● 0 ‘~~~~[~s$
Tra,usposingthe f’iretterm on right and solving for ~k~us

(8)

(8’)

I& differmtiating both sidee of Eq. (8) with respeo~ to E and knto.

Eq. (8) may also be 6olved by iterntion:

/

a tt

Zlvg=
s&+~

k (i~ % E
Xi (E,@@E’ + ..........

k

($?)

.

(10)

The neutron flux given by Eq. (10) clearly 6eparates iato a firs% term

oozing dj.roctlyfrom the source, a second term from single inelastic collisions,

a third term from-doiibleinelastio collisions, etc.

A sinplor’and perhaps preferable exppsssion for ~k than that derived

above is
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tmnspor-t Or’08fi section. (This fwustion cm be fornelly oh-

and c) far larger k/u:

indicate that {12) and

a spherical cavity the

Hero egnin for

rC3

JE

non-cpherical scattering the transport croeo motion replaooa

tho

%’3

%td moss seoti.on.

%8 shall,introducean ortho-normal Get of functions n(k$r) defined in
.J

intwval a< r~b. The form of n(kr] a6sumeu in the dorivati.ofiof the

I?oltzramnequ.atiofi was easentiaily

not dopmd on th.odiraation of k.

solui;ionfor n(h) bocomea then
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The conditions to be imposed are three:

n (kjr) dr = 1

Ja
dn(k r“

(b)#=Oforr =a and (14)

,

.

asymptotic pha3t3d’ thtl

solution far from the cavity by

Stnlx: neutrom ercated inside

491r2 a (A- 1) ~
1

+
X’=b

using the conservation

Substituting Eq. (13) in Eq. (15), we finally get

(14” )

or quivahmtly
.
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1302.tmannequation for a finite modiwn, but differ from the exsot solution by

small terms which fall off mcponmrtjdly from the boundaries. But siInceEq.

(12) depends on an average of the density over tho whole region, tho neglect

of’such edge corrections is not likely to h= serious.

The allowable value of kj determined by (b) and (o) above are obtained

i’rom

We now expand n(r)vo or

(26)

‘lW expression for nkjm ha6 already been given in~q. (8),(9), or (10). Tho

source funotion S(r), an infinitely thin shell of totxxlstrength Q end lo-
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Ths basic Eq. (12] roquices for it6 waluation but a oinglo rmnwrical integra-

tion ovor r and a summation over j. The Bt3~ie~2s rapkdly convergent. Three

termG gave o.dequckeaccuracy.

The ncmtron n~(o)v flux which comes directly from the souroo ie

.
?Z5[O)V= (Q&#) (19)

!lh9 reflection coefficient CT for a single energy is ‘then

(20)

have *O tworaqe over the fission spectrum (dQ/dE) of the

the cross section of the deteator d (either 25 or 28) to ovalu-

&atethe r~tio of counts F.with and without the tamper in place.

&.YRarj.mentaland Thmrotical Results.... . ,-..--.,

n’helead taper choson by DaWire, Wilson, end Woodwerd i’orthe expario.

mmt umi 7’*in outer, and 31’ia inner radius. The 25 souroo was 1/41’thick

‘Mo fission cross sections for 25 and 28 used in ~he zalculakion are

shown in Fig. 2. The ratio of a(25) averaged over the fis~ion speotrum to

0(28) avera$e ova’ the same spectrum io ue~d in correcting the “25ftfoil to

pure 25. Thi8 value is th.eoreticdllycomputod to be 4.7. The experimental
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value of 6.5 k 20 percent is not considorad very aocurata as the fai.laucjed

wore not very thin. The fim?im spectrum ndoplmd i~ reported ly S-taubin

Xjai

.

The lead data were bamxi on values given by Olum and Vieisskopf

aasumd inelastic spectrum, chomm to give a simple fit to

experiments (LA-51 and LA-57) i~ represented in Fig.

%0 < 1.5?4M?

m ‘Xioid’=”i(’”)= a’(’)

3 and

in Fig. 5.

It my

officicmt for

ally degraded

bn intere~ting to quote tha results forCT the reflection co-

a single energy E. C~,is the same q~xmtity noglw~ting inelaatic-

neutrons. Those values aro plottod in Fig. 6.

the ratio R (see Eq.

value when inelastic-
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TABLE X—.

R
exp

1.36

1.7’?

Rtheor

1.40

1.93

—.
R’

1.32

1.64

The agreement is zmtiicifac’koryalthough the num”mrs sewn to indicato

that the indastio oontri.butionhas been somewhat overostimatxxi.

,

.

● m.**● *. ● 9**
● ● . ● . . ●*.
● * be●: : c:::00. :..

● 0 ● *. ● . . . . . ..* . .

● b ● *O●’b ● ● ● .O: “0: .O:
● ● o*

●
● *9

:● ::oe:
● **9

● **ro b*.* ● O9 a*

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



‘b~
.-

—

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



●✎

I.

.—
.

—
L

-’d
u

--k
::k

:k
i-l.

-.
-’4..

:
!
:
?
-
:
’
&

-
.-l---!.-

_!—
1~

–
1.-

.
L
.
.
’
-
l
’
~
i
i
i

-
-
’++
+
-
-
+
+
+
+
-

i-‘:
--l

:.--i
-+

=
+

+
-t?%

--l+
-+

+
-

L
_-

V

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



●
☛

●
m

e
●

b*m
:

.*9
●

●°:
.

.
..0

●
***

.●

.
.

.

+
+

+
,+

+
..---+

+
-=

+
-.+

-+
-;+

t
~:

:I

L--IL
..

..1
I_:

}.
,

,.,.
,,..,,

.
.

.
.

.
.

.

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



UNCIA$!$IFIEO

● 0 ● . .

●°0 : ● 9
9** ●m.●
● 9***** ● .
● *9 9*9
● ** :0: ● 00:
● 0 ● ** ● ● ***.*

● ☛ ● ✎ ✎ ● 00 9** ● 90 . .

● ● *9
● : ● 0 ● * ::● 0:0. .● :
●

90●:0 : ●:0 :09 ● m
*
●

b

.

● m* ● ● ** ● *9 ● *
●’0 ● “:9 ● 9

● :e ●

.O:e ● 0 ::
● : ‘JO

● 0 ●:0 ● 00 ● 00 :*. ● 0

● ✘ ● 00 9*9 ● ●

● e* :00 ● ● ● .OO
● 9* ● ● 00 ●

● *..* ● 00●OOO. O: ●** ●

● o ● *O ● ● 0

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE


