
—

?:

=.-----—–.—
. :—

.—.

. .
.,,.
.-— .
----?..m—
-=?&....,..
;:=

3iiiE
.—~,:-
b3tzzi
;.=

Il!!li!i-’ .,.

%iiEil.>..>7.-

ial!!a
...-..
.-....-=.
e: s ..

-~

. ._-. - .,
7’ -<..: . . .#—

.. —-*

E!z!!EE

w““-~
- —.-

,— 6

———
qg$m

B
.—

,. .”.- .
——___

~. .,. & *.-.——.,- --.-=‘=----.’. ,_____
— -~ @-Ep@o
-.--. — —..-—-——..-.-:~+.=.*, ~. ..=<.:>-.,“. ~ 7 -

..—7
-=i,— - ..-.—< -. , .--.-,... . . . .

.. _+=- “--c__4 -

—. . . . ..... . -.-—..
. .. a., . ,. ,. >.-.. .-A . ! .--*- . .

_=— ..”..=.::.,- ...?-“- =-z,” -

•~=4Aii+’ohT-@=~T’QN’‘f –‘ -‘:“- ,~~cmx!-2’::;<:’: ..:.$.-, .,+..>. – -->. _.-. , ,.;- --- ‘>+=” ‘ =--. — -“

.... ----- ---=a<.. =:=z=-a

—----.A-.F

---—i:. .+=



. . — .-

1 LEGAL NOTICE

This report was prepared as an account of work sponsored by the United

States Government. Neither the United States rrorthe United States Atomic

Energy” Commission, nor any of their employees, nor any of their contrac-

tors, subcontractors, or their employees, makes any warranty, express or im-
plied, or assumes any legal liability or responsibility for the accuracy, com-

pleteness or usefulness of any information, apparatus, product or process dis-

closed, or represents that its use would not infringe privately owned rights.
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SYNTHESIS METHODS AND VARIATIONAL METHODS IN
NUCLEAR REACTOR THEORY, PHYSICS,AND
COMPUTATIONAL METHODS: A BIBLIOGRAPHY

A search of Nuclear Science Abstracts, v. 16 (1962)-v. 23 (1969) was

made for information on synthesis and variational methods in nuclear re-

actor theory and physics, and the computational methods involved. Ab-

stracts are reproduced from Nuclear Science Abstracts with those from the

most recent volume given first. Within each volume the arrangement is

numerical.

A rough delineation of subjects has been indicated as follows:

A. Neutron transport theory
B. Static group diffusion theory
c. Reactor kinetics
D. Reactor burnup and fuel cycle analysis
E. Reactor apace-energy synthesis
F. Reactors - general
G. Reactor multi-dimensional space synthesis
H. Reactor shielding

Entries not so marked are for miscellaneous material.

An index of personal authors appears at the end of the compilation.

The reader is directed also to an annotated bibliography on this

subject titled “Variational Methods in Nuclear Reactor Theory” by Teodor

Rosescu prepared in September 1966 at the Institute of Atomic Physics,

Bucharest. The number of this document is IFA-FR-52.

.

.



Volume 23 (1969)

Tho ability toobtaln nceuratc t:~lutit,ns to tlm~+lwn,k.nt
group diffusion proMcms by simultaneously synthesizing In both
tiezandttlinjt,tts!(]i~s lsd{.tn{jt~str;ttc.tl nl]n~c$ricnIly. ‘f’hop,trn-
t{alofth(! conjl]lnc(l slj:tc.o-tI!t)t:syl\thesls n~cthmfhcmmm npprtr-
ent from swmrnl r+mip:wlwms of ~ynthcsli+ solutions with exact
(in a flnltc dlfftwncc WIW) two-group, lwtI<llII1c,Ilslf,IInl, tinlc-
do~ndc~litditft!si(,i) h(,luthms t,,r IWUdiif,.rcnl rt.:lctt,r gc,,,,,t.1,.j’.s,
16refcwimcw~. (uuth)

c
2118

c
N(IMI.:I{lCA1. STII1)ll.SO1,’ COh!fMNKl) SPAC1t-TIME

SYNTIf SSIS. Yasbwky,J. B. (Westinghouse ElcctricCorp.,
4443 ASYMMETRIC INSCONTINUITIIW IN SYNTHESIS

West Mlffllu, Pa.). Nucl. Scl. Knr., 34: 158-68(Nwv. 1968). TECIfNIQUIU5 FOR INITI.iL-V,\I,UI.t PROIILRAIS. Reeker,
Martin (Rcnasclac.r Polytechnic Inst., Troy, N. Y.). Nucl.
Sci. ffng., 34: 343-4 (Dec. 1966).

The bases for uac of tmymmctrlc discontinuitics d ovcrdcter-
mbwd fnlerf:tcrw sro dlscusscd. Functlwul notatlou Is u.w..d to
removo aymmclry cons ider:itimls. The uipr{. sslotwfor mull ron
flux nnd adjolntti arc shown to poxscss propcrtlcfi Cd :tsymmrtric
rllncontinuitk!s; lr!nl fum”tlon cxpxn!dons aro dctt$rmlncd for troat-
mcnt of thww. (M. 1..S.)

B,E
3913 SPECTRUM SYNTHESIS WITH SPATIALLY DISCON-
TINUOUS B,\SIs SPECTRA. Vaughan, E. U.: Rme, p. F.:
Hausknccht, IX F. (Atomics Internatiomd, CSnOga p-k. Cdif.).
‘Mm.% Amer. Nucl. Sot., 11: 528-9 fNev. 1968).

From International Conference on the constructive Uses of
Atomic Energy, Washlnstoo, D. C. See coNF-681101.

A
4430 METHODS OF RflSOLVINQ INTERFACE AMBIGU-
ITIES IN DISCONTINUOUS VARIATIONAL METHODS. Becker,
Martfn fftensaclner Polytechnic fnst., Troy, N. Y.). Trans.
Amer. Nucl. SoC., 11: 529 fNov. 1968).

From fnternationrd Conference on the Constructive Uses of
Atomte Energy, Washington, D, C. See CONF-6611O1.
4
4431 VARIATIONAL DERIVATION OF DLSCRETE-ORDI-
NATE-LIKE APPROXIMATIONS. Natelson, N.: Gelbard, E. M.
(ffettte Atomio Power Lab., West Mifflin, pa.). Trans. Amer.
Nuc1. Sec., 11: 630-l fNov. 1968).

Frnm Intcrnationnf Conference on tho Constructive Uses of
Atomio Energy, Washington, D. C. Sce CONF-6811O1.

c
-.

4440 SPACE-DEPENDENT DYNAMIC BEHAV1OR OF FAS’f
REACTORS USING THE TIME-DISCONTINUOUS SYNTHESfS
METHOD. Kcsaler, G. (Geseltscheft fuer Kernforschung rn5H,
Karlaruhe, Gero). Trans. Amer. Nucl. Sot., 11: 569(Nov. 1968).

From international Conference on the Constructive Uses of
Atomtc Energy, Waahtngton, D. C. See CONF-6811O1. “.

B
4442 ON THE USE OF DIFFERENT RADIAL TRfAL FUNC-
TIONS IN DIFFERENT AXIAL ZONES OF A NEUTRON FLUX
SYNTHESIS COMPUTATION. Wachspress, E. L. (Knolls
Atomic Power Lab., Schenectady, N. Y.). Nucl. ScL Eng., 34:
342-3( f.kc. 1966).

Use of radkd trkil functions In different axial zonce to avofd
flux dlsconthnilt{cs M dlscusacd. Combining cc-efficlents are de-
fined for the various axial zones; axial neutron leak.tge is de-
flncd in terms of matrix notation. (M. L. S.)

F
4445 ‘t’fill CA LCUl,ATION OF N E(JT11ON FI,UX RA”IIOS IN
CRl”tTCAL SYSTlihlS RY “111R lNl)IItk:CT V,\ IUATIONAI,
hl fYi’HOL). Pomraulng, G. C. (Iwo Alunlt;; Sclcntlf;c--Lnb,, N,
Mex.). Nucl. Sci. Eng., 34: 3ttS-12(llcc. lWW).

A discussion M glvt:n d thv use Ii IIIU III(IIrc.ct v,trj;II I“n,)l
mcthcd for ~cncrsliug thu trial funcllcms nt%.do!d to compute :t
variational csllnmtc of a homugcncou~ funcllomd of (h,: solu-
tlon to an olKenw~lnc equaliun. It is .shuwn th:tt onc WM OKtho
method Icwh to no difficulties, whcre:m sncdhcr use given nwon-
Ingless results. fn 11][s I;lttcr hmtnnco, tho mcthcd of weighlcrt
resldudn c:In ho usut IU ~c!ncr,tlc! the nmxmxary lrlxl functlnns.
With the trktl functions known, the v:trl.llion,tl cstlmatu of thu
functional of intcrcrit follows hy quadr.tture. (auth)

c
7412 (BNL-12911) ITERATIVE SOLUTIONS TO Ri?AC-
TOR EQUATIONS. Goldstein, Rubin (I]rwddmvrn National
Lab., Upton, N. Y.). Mar. 1967. 10P. (CON F-670501-15).
DeP. CFSTI.

From International Conference on Kcsearch Reactor Utiliza-
tion and Reactor Mathematics, Mexico City, Mex.

Recursion formulas for obtaining Itrrativc, solutlmm to reactor
kinetics cqut!tlons arc dvrlvcd. Comparisons of Ilcr:,tlvc nnd
vsriatiomil techniques for kln(tirs tqustlotw solutitwr ore din-
cussed. Application of the iler;itivc ]Iroerss to tlw mdution of
non-m-lf-udjolnt rqu;itions or the IKWIIWI r~v.on:lo{x :dmorption-
typc iti described. (M .L.S.)

?1337 ANALYTICAL APPROACII TO CONTINUOIIS REACTOR
REFUELING. Yaaukawa, S. (Japan Atomic Energy Research
Inst., Tokyo). Nucl. Sci. Eng., 35: l-13(Jan. 19G9).

The analysis of the three-dimensional continuous refueling is
approximated by the variational method. The aslnl flux di6trilm-
tfon la treated by tho trial function snd cxprcsscd by lko nnnfytic
expression, using the elllptlc function. introducing tkc perturba-
tion ttxhnique in the flux c.xpanskm, tlw higher orrtcr crow. -scctlon
expansion correction of the axial flux distribution {s achlcvcd by
using the elliptic function as the bnse function in the flux c~nn-
sion. It fs shown that the L70up constnnta, nvcragcd by tho flux
end ita square, cm bo cxprcsscd l~y tlw simple rstlonal function.
Aa a apeciaf example, thn naturo of tlw elgunvaluc undvr continuous
unidirectional rcfucltng Is Aown, and It is po{nird out tknt ~omc
caution is required if tkc fuel burnup is t,vnlus[wt l~y Itw. rcncWvity-
erea method. (iiuth)

.

.
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D
1134s ON Tilf? USE OF DYNAMIC COORDINATE FuNC~mft
IN IJURN-UP-SYNTII1 ;SJSCALCUI.ATIONS. Nathscfdrw!hwr, P.;
Wagner, J. (fnstltut fuer Iteaktortochnik, &dbersdorf, Austria).
Atnmkernenorgte, 14: 5-7 Oan.-Feb. 1969).

A dynnmlc c~ordlnnte mothud 1~ I&d ~o”optlmize computer time
for burnup synthosls cnlculationa. Tho Newton-contra quadrature
formulno nro uswf to compute the mntrlx clmnontR in the burnup
synthesis vartntlonnl codes, cigrnvrducs nro dctcrmlned by the
vector Itcratlon method. Error functions m-o g[von for ~snossing
the accurncy of thet’alculatiotm. (M. L.s.)

:3405 (AI-AEC–127210 w 69-81) NUCLEAR SAFETY.
Vaughan, E. U, (Atomics International, Canogs Park, Calif.).

Improvements in present state kinetics codes for use in fast
reactor safety calcukttions are described. l%e spectrum syn-
thesis method in the one-dimensional static case la explored
and tested by comparison with multtgroup dif fus Ion theory. Cal-
culations are made with the XMAS- RAUM- PLEASER system on
the two-region fast critical assembly Z PR-111-48. (D. C. C.)

H
13474 (AERE-R-5773(VOI.4), I;I) 1098-1123) OPT1MIZATION
OF NUCLfi:AR REACTOH S1iIflIJJIN(; CIIAHAC’1’E1{lSTICS ON
Tlifi: BASIS OF VALUATIONAL METI1ODS. Atmgyan, A. A.; Du-
btaln, A. A.; Kazmmkli, Yu. A.: orlov, V. V.; Pettwv, E. E.; Pupko,
V. Ya, (Gomufarutvcmnyi Komltet PO Ispol ‘zovanlyu Atomnoi Ea-
ergfi SSSR, Mowow. F1ztko-Energetlche#kll Inetitut).

Me.thcds of optlrnlz.ing shield composltlcm and nhnpv are con-
●iderod. The optimlr.ailon of nhleld ccnjqwsltion In carrlcxl out
by meuna of adjolnt Iuncilons and Inrturl,ntkm iheury ftmmulas.
On tlw txml~ uf Pollurhallun ilwwry formulnn the cuniw,l,l uf u
nhkdd mnterlul uffirlrtu. y fum-iion with rcu~.vf to dIIit. rcM shleld-
Isg characteristics IS formulated. Shlcldlng maierl:d cfflclcncy
functiom reveal the dcgrcc of scnsiiivity of various shlcldlng
characteristics to the variation of shield compusltlon. Exl*,rl-
menteHy measured cffickmcy functions for some shlclding ma-
terhtfs arc Presented and are comptired with calculations. On
the baals Of the cOn~efA Of Hhield matcrird efficiency functions
the Crltcrla Of o@i munl ~hi(’ld compusllion for different cases
In classical and nOn-classical approximations of variational
calcufus arc given. Shield shape optimization ia carried oui on
the basia of the Euler equation. The aticnuation of radiation in
shleldlng layc rs is dcsc rlbcd by the beam analysis method. The
squatlon obtained for the function dcacriblng the form of the
shielding 1s solved by ilm method of sueccsaive approximations.
(22 referenced (auih)

c

13576 (RPI-328-142, Pfl 132-51) REACTOR PHYSIC2fk
THEORETICAL. (Rensselaer Polytechnic Inst., Troy, N. Y.).

The problem of re-entrant hole effects on time-of-flight ex-
periments was studied; good correlation between theoretical
predictions and experimental results for thermal spectrum ex-
periments was obtained. Single-region and two-region fact

4
e-trum =Perimenta were also andyaecf.Ae an outgmwb of
fhia work, a systematic comparison wae made of the commonly
used definitions of average scattering angles; it was concluded
that eigntficantfy dtfferent values of the angle can be obtahd.
Analyttc and numerical treatment of the time-dependent flux to
pulsed fast systems were studied. Analytic expreselons were ob-
tained for fast reactor flux and importance spectra in terms of
simple cross-section ratio correlation. The application of
Green’s function modes to the analysis of space-time kinettcs
showed that, at least in a series of test cases, spatially discon-
tinuous Green”a function modes are quite sueceasfut tn predlctt~
power ehlfte. The discontinuous variational method approach ~
space-energy problems was studied, with emphasis on the for-
mulation of time-discontinuous initial-value probteme. It was
shown that, by using asymmetric diecontinuittes, the need for
staggered ,diacontinuities may be el imtnated. It waa alao ebown
that use of asymmetric discontinultiea ia consistent with the
forward bias of the time-like variable in an tnittal-value problem.
(D. C.W.)

F

19133 EXTREMUM VARIATIONAL PRINCIPLES FOlt THE
MONOENERGETIC NKUTRON T1{ANS~RT EQUATION \v]y.jI
AR UITHARY AL)JOINT SOURCit. 13uslik, A. J. fBettis Aiomlc
Puwcr LufJ., West Mifflin, Pa.). Nuc1. .sci. J.@., 35: 303-18
fkiar. 191 W).

A nelf-adjo[nt posltlvr-dcfin{tr varintiona] princfple In prcscn~d
which h.wfti tn uppt,r iil)[l lowrr bounds for &*, d,), where (S*, d,) 16
an intcgrnf over posltiun nnd nnkn!ljir dlrrction of ihc prmlurt of
the onc-vcloclty l~cutr,m trmmpc,r: flux, ~, and “n ~l.i,ltr:,, y ~fjo{nt
tMUI”tW, S“. The kklc. r t.(pt:iil(m t>f l}w funethjl)nl f:, a l,(.jV t(,im of
ihc Om.-velocity Ik,liZIIIIIIIIl IItotlirun t,.lll,::por: ,,cl(l;,IIun l,, ,,],lch ihe
d{dp(w{h~tllVnrlul)lf” Ill t,lw-hitlf 11!,. Mm] of $+,and C,*, Mht,](. (,* is
tht. adjohd flux. Wh~.n n irlul fll!lt.tlo!~ cun~l~tln~; of nti (,xl,atlnlm
in IOIJ8011CU1h, IJi,,ttf,.:$ i:, Uh,.,l, ,,t,,. ,,i, I,t118j4Itfi ,, 1,,,,,. r 1,.,,,,1,1 fur

@“t@) the quantity (W. C$W-N’: %))- OJS~, @(J’--N”; S7)), where
~(r,t2) = lS(r,f2) + S*(r,-R) l/2, S,(r.fV - @(r.t2) -S*(r,-R) ]/2.
@(P- N’;Sj) Is an odd f?- N nppruxlrnstlon to n problcm with the
same croea sections as tho origlnrd prublcm, but with Rnurrt, S,:
@(P- N’’;S2) ie an even P - N approximation to a problcm with
eource S2, and U is the opccnior thst takce a function f(r, f2) into
f(r,-f)). (auth)

B.C
23998 (KAPL-P-3803) VAIUATI{)NAL ML:TIIODS AND Nf’;U-
TRON FLUX SYN1’HfMIS. Wuchs]!rc, ss, S. 1.. (Knolls Atomic
Power Lab., Schcncctndy, N. Y .). Ji]n. 13, 1969. 25P. (CONF-
690401-1). Dep. CFSTI.

From Confcrcncc on the Kffcctivc [!sc. of Cumputcrs in the
Nuclear Industry, Knoxville, “1’cnn.

A review of synthesis techniques for calculating neutron ftuxcs
tn a reactor 1s given. Mvthcds of scl~wting base functions for syn-
thesla computations in lhc time domain nrc dcscribcd; mathcmati-
cid properties of these base functions nrc OU1lincd. Mcthcds of
choosiog the combining functions for definition of the functional
are prescribed; criteria for nnd constraints on these choices are
delineated. The concept of the trial function is explained; its role
in synthesis computations 1s defined. Tbc variational formalism
is developed for direct and ad joint applications. Variational equa-

3



Volume 23 (1969) ,

.
tions ●rc constructed for discrete multlgroup dUfusion problems;
error approximations arc included. Appllcatlonof the variational
equations 10 spntird synthcaisof the thermal apectrumproblem ia
discussed. Thcnwthod ofdiscontinuous trinifunctiona for multi-
channel aynthc!sis formulation iadctailed. 42refcrencea. (M. L. S.)

F
23999 (WAPD-TM-771) EXTREMIUM VAFUATIONAL
PFUNCIPI.ES FOR THE MOIiOfiNEHGfiTIC TRANSPORT EQUA-
TION WITii ARBITRARY ADJOIN~ SOUttCE (LWBR DEVELCIP-
MEL2T PROGRAhI). Buslik, A. J. (Bettis Atomic Power Lab.,
Pittsburgh, Pa.). Feb. 1969. Contract AT-11 -l-GEN-14. 45p.
Dep. CFST1.

A variational method la given for determining the lower and
upper bounds for the monoenergetic transport equation with ar-
bitrary adjoint source. The functions 10 chosen as a form of the
onc -veloeit y Boltzmann t ranaport equal ion; aphe rical harmonics
expansions are used aa trial functions. Three types of boundary
conditions (b. c.) are considered: vacuum b.c., symmetric b.c.,
and antisymmet ric b.c. Mathemiitlcsf properties of the functions
are deduced; stat ionarity trite ria are applied to ibe functional
for all three types of boundary conditions. Lower and upper bounda
are obtained for the functional. A nume ricai example ia included.
18 references. (M. L. S.)

c
24011 A GENERALIZATION OF THE FINfTE DIFFERENCE
A PP1lOXIhI.ATION TECHNIQUE APPLIED TO A NODAL MODEL
OIJ SPAC1; -DIi IWNDENT NUCI,EAI{ REACTOR KINETICS. Ai-
couffe, Na ymond Edmond. Seattle, unfv. of Washington. 196S.
162P.

Thesis.
A nod:tl :,pproximation of the time-dependent, one dimensional

neutron dillusion cquatirm Includlnx ihe effects of deluyod neutrona
and simpin tc,mpe r:dure fccdtmck, h:w been developed. This ap-
proxhnnlhm 1s Imscd on a ~wwraiizntlon of the conventional finite
difk.rel~cc whtiw h lh:tt m is :Ihic to SUPPiY infOcm:ttion of thl~
ic,,hnlquo :Jmut tlw expeck!ti solulion in addition to a boundary and
inlii:tl cuntlith,n. TII{oxpl];oxlm:ttfon IS derived from a varlaiional
principh. :md 1,., II!urcforc, consistent with lho previously derived
syntlwsiti m{,Ihud xnd msy ho vlewcti ntt a mibcinss of nuch a
Inclhwi. ‘1he :111ril,utcs of the pxrticuisr method developed are
&M.rllwd. (Dissor. Absir.)

%09 (FEI-142) Reactivity INTEGRALS AND THEIR
USE FOR TRE SOLUTION OF CERTAIN PROBLEMS IN REAC-
TOR PHYSICS. Stumhur, E. A. (Gosudarstvennyi Komttet PO
Ispol”zovaniyu Atomnoi Energfi SSSR, Obnine.k. Fiziko-Enersetl-
cbcakli Instltut). 1968. 51P. (In Ru~nlan). DeP.

The work acts forth the concept of Integrals bwdving reactivity,
specific funet ional a of aolutlons to the Boltzmunn klnet ic equa-
tion, which are simply connocted with the k=l[ of an arbitrary
geomct ry rcnctor. Invariant integral relat lonn are cstnbi Iehed for
tho Dolizmunn cquailon In tho cast? of crlticni and noncritical ays-
temu. The “method of compensated perturbatlonn,” which re-
auitB In a vsrL~ilon cqusiion for ihc integrnla Involving reacti~’lty
la introduced. Tbe developed theory la used 10 aoive some prob-
lems in reactor physics hnving to do with the intcrdeprndance of
i he crit icai d izo nnd compoa ition of a reactor or tbe rvficctor size,
etc. Some coniraets of tb(”oreticni rofluits and cxperimrniai ‘ata
am dlNcuatwd. Tho work conshlcwt! further possibililitw for de-

1

vcloping thu mcthwts here nut foatb h order to suivo oihor prob-
lems in rcuclor phyatc.s. (tr-nulh) (JIWS)

B

28611 AN ANOMALY ARISING IN TNE COLLAPSED-GROUP
FLUX SYNTHESIS APPROXIMATION. Adams, C. H.; Stacey,
W. M. Jr. (Genersl Electrio CQ, Schenectady, N. Y.). Nuc1.
B& Ettg., 36: 444-7 (June 1969).

An anomaly cncounterecf in a flux-wclghted collapsed-group
ayntheeia problem is deacrihod. The dtffcrcncc bctwccn grmp de-
pendent nod collapsed-group synthcais la defined. In the coUnpscd-
catculations the expnnslon functions are used in the dunl role of
weigbtfng function shapes. The reactor model to which this pro-
cedure la applied is shown; the group cross sections, used in iho
calculations, are defined. Results of numcrlcai cvnluntion aro
compared, graphic:d lY, for group-dcpendcmt nud collnpscd-greup
calculations; this comparison showa tho nnumnly. Causes for the
anomaly are anaiyzcd. (11 rcfercnece) (M. L. S.)

A
28617 SPACE-ANGLE SYNTHESIS. .%vtbel, Harry S.
(BatteUe-Northwest, Richland, Wash.): Bowes, Bradley. Nucl.
St% Eng., S6: 435-6 (June 1969).

Application of the space-synthesis critical slab and subcritical
fixed source problems is described. Spatial funct[cmz are choson
for variational synthesis soluiion to the Boltzmann transport equa-
tion and the angular functions are determined. Results of numcricai
evaluation of the Bolizmann equation solutions arc tabulated.
(M.Ls.)

‘c
33104 METASTATIC METHOD IN NUCLEAR REACTOR
COHE KINKTICS CALCULATIONS. Galatl, A. (CNEN, Rome).
Nucl. Sci. Eng., 37: 30-40 (JulY 1969).

A quasi-stxtic method Iti proposed for c-valuating apntial effects
on nuclear reactor kinetics. The neutron flux shape is oolculated
approxim~itciy os an asymplollc soluiion of tho two-group epace-
time diffusion equations, where delayed neutron bchttvior la in-
cluded. Two itcrativo procedures arc aitern:ttivciy used nccord-
fng to the amount of reactivity invoivcd. The firsi ono operates
unlii prompt Crltic!aiily Is mwched. liic twcorwi proccduro re-
phtcern the firtii one ns soon xs tho renctor worn tmpcrprompicritl-
cni. The nudn lC:UUI’Oof ilw tlpproach udop:ctt is ihe put+uibility
of selecting an initial gueau such that ccmverhmmco is rcnchcd at
the firrnt tlcrstion. Tht, maticr is ihen rmlum,d io Holving iwo
●igenvnlue fwoblvms. Thcom.licsi smf numt.rlcol comp:,rls”n~
with ticnry’ti ndfabxiic model ouilinc the mxin rolo of periuI+wd
adjoint f iuxcs mid corrt.ci Ncut ron - flux sholw (IIW twcrjml :l~rnt
only for sulwrprolllljic.rillcai excursions) iu dvfinin~ tlw~4mern-
tion time and rcm’tivlty. N?wn compxrwl u ilh the ex;tct solution,
results of tmmplc problems ~how subslonllxi sccurncy [n thr fiux
shspe and amplitude. In subprempicriticai cxcurs[ons, only Ihc
aynihesis method lti as accurstc aa the mcta~tntic nnc und yields
errore of few percent at the iiux peak. In tile :caciivliy rnn~c
atmve prompt crfl icni, diffcrcnccs bet wecll the cxacl ucfmltrI :uld
the metaataiic onea arc uneascniial. u refmwncms. (mdh)
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B
34932 (KAPL-P-3811) ANOMALY AI~lSING IN THE C(jL-
LA1’SEf)-flf70UI’ I:LUX SYN’l”IIKSIS API’lWXIMAT1(~N. Adnms,
C. H.; StOCOy, \v, M. Jr. (Knolls Atomic Ibwur Lab., .%hOnec-
tmiy, N. Y.). June 17, 1969. Contract W-31 -109 -T?ng-52. 10P.
(CON l~-6906n9 12). ncp. CFST1.

From t5th Annual Mcetlng of lho Amerlcnrt Nuclunr SocictY,
Scmttlc, Wanh.

An nnmnnlv urlslng fr,,m s flux. w’(4KlII(.d(.ollillll,t.(1-grt,ll],
ti.ynlhl,hl+ C:llt.ululltm fl, r nil amlul; lily. r(,(lllt,d cylin(lrlc:t] ‘.,,rt!
IH sflscttsw.d. ltc:mll~ 1Ix,rn uaiug expmshm Iunctl(mti ufi w(.ight Ing

~hapcs arc dc$crltl{’d: Ihrsr results arc cnmfmrwl with RCtUnl
values. BelmvltI!’ of 111(’c:ilcwlulcd fluxrs Is :mnlyzrxl; rvnsrms
for the Ixhavior of thus flux mwm:!ly src <siplatnorl. I I rc[crwtces.
(M, L.S.I

c
34942 SOLUTION OF THE SPAC%TIME DEPENDENT
NEUTRON KINETICS EQUATIOXS FOR A REFLECTED SLAB
REACTOR. McFadden, James Hugh. Ames, Iowa, Iowa State
Univ.. 1968. 100P.

Thesis.
A modaf anslysls technique is used to solve the space-time and

space-frequency rfcpcndcnt neutron diffusion equations for a re -
ficctcd slab reactor. A two-energy-group mndel is employed and
delayed neutron effects are ncglectcd In the solutions of the time
dependent equntions. The neutron flux is expanded {n a series of
known space functions multiplied by the corresponding time cocf -
ficlents. The space functions are a form of the Green’s function
modes and the Kxntoruvich variational method is used to determine
the time coefficients. A couph!d mode mclhed 1s tqq>licd to two
time dcpcndcnt pruhlcms. ApprOxlmate solutions arc d~’termined
by various swts OCtrial functions and are compared with an exact
solution as dotcrmincd by a finite difference cork. ‘l’he frequency
rcsponsr of the rcwctor to a lucalizcd driving funclion also is ln-
veatigatrd. .%lulions are obt:dned with four sets of trial functions,
of which two sets include coupled modes, and sre compared at
various detector pnsltions in the fuel and reflector rcgkms.
Guides nr~! givt,n for tlw sclcctiun of trial fmwt[ons h~st,d on
the Ioc:!ti[ms in the r(:tctor where the frequency sxsponse is
to be dctcrmincd. (’1SS)

B

37718 ANOMALIES IN VAI{IATI( )NAL FLUX SYNTIiflSIS
METHODS. Froehllch, Relmar @ulf General Atomic inc..
San Diego. CalIf.). Trans. Amer. Nucl. Sot., 12: 150-1 (June
1969),

From 15th AMUSI Mcetlng of the Amcrlcsn Nuclear Society,
Seattle, Wnsh. See CONF-G90CI09.

E
37726 REACTION RATES AS WEIGHTING FUNCTIONS IN
FAST REACTOR SPACE-ENERGY SYNTHESIS. Neuhold, R. J.
(Bsthcock and Wilcox Co., Lynchburg, Vs.); Ott, K. O. Trsn.s.
Amer. Nucl. Sot., 12: 214-15 (June 1969).

From 15th Asnual Meeting of the American Nuclear society,
SeatUe, Wash. See CONF-690609.

B

37716 A VARIATIONAL ITERATIVE METHOD FOR THE
SOLUTION OF THi? ENEHGY-I)EI’ENI) KNT DI1’I’USION EQUA-
TION. Busliko A. J. (Westinghouse Electric Corp., West
Mifflin. pa.). Trans. Amer. Nucl. Sew., 12: 152-3 (June 19C9).

From 15th Annual Meeting of lhc Amcrlcan Nuclear society.
Seattle, Wash. See CONF-690609.

A
37732 GltNKRALfZIHl NODAL APPROXIMATION TO T[ll?
NEUTRON T1lANSIKJ1{T IIQUATfON. StmsArom, D. G.; lfohkhl,
M. A. (Vrdv. of Wnshlngton, Wdtlc). ‘f’rsns. Am~-r. Nuc1. soc..
12: 21&17 (Juno 19G9).

from 15th Annunl Meeting of the Amertcnrt Nuclcnr .Soclety,
Seattle, Waah. See CONF-690609.

A“
37742 ANALYSIS OF FUEL-BLOCK WORTH hfl?ASUllE-
MENTS FOR A SMALL FAST ASSEMIILY IN A TIII{f.:E-DIMl?N-
SIONAL CONFIGU1/ATl~ )N. Snrgts, D. A.; Cohen, S. C.; Moore,
R. A, (Gulf Ccncrul A ..mic Inc., San Diego, Cal{f.). NUCL scj.
Eng., 37: 262-70 (Aug. 19C9).

A number of fuet-hluck rc:wtivily-worth measurements were
performed in Core No. 1 of thr the rmk,nic critical rxpcriment.
The assembly Is bare and neutrtmicully homo~cncrms, but Ihc
geometry Is csscnllally ttlr(”c.<lln~r,nslonnl and the dimensions
are smsll. A synthetic trsnsl)ort ]wrturlmiitn? n~(.th{>dIs inl re-
duced for the analysis Of th~. fut’1-bl~ck wO~ths. llw ngrc~’m~nt
between experiment and a!wly~ls I,:tsed upon this nmttu,sl 16 gowf.
A useful extension of llw mollwi would Iw u reh, xutlwl of thv first-
order perturbnllon rcut rlction. Ifi rcfcrcnces. (auth)

c

;0424 (CONF -690401-, pp 3-15) REVIEW OF COMPUTA-
TIONAL METHODS FOR SPACE-TIME KINKTICS. I[tmry, A. F.
(Massachusetts Inst. of Tech., Cambridge).

Approximation techniques for reactor problems are dlacussed
wtth reference to computer processing. lhe few group diffusion
theory model is outilned. Methods uecd in solving the space-time
equations are described brlefty; these include: finite di[ferencing,
time synthesis, and space-t{mc synthceia. 22 rcfercnccs. (M. L. S.)B

37717 ANOMALY ARISING IN THit COLLAPSED-ROUP
FLUX SYNTHESIS APPROXIMATION. Adams, C. H.; Staccy,
W. M. Jr. ~enerai Electric CO., S~’t!ellect;(dY. N. Y.). Trsns”
Amer. Nucl. SoC.. 12: 151-2(JIIIw 1~~~).

From 15th Annual Meeting of the Amcwlcan Nuclear society.
Seattle, Wash. See CON F-G90609,
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;3205 FURTHER REMAHKS ON THE CALCULATION OF
fb\’flOS IN CNiiVCALSYSTIWS. PomrmdngOG. C. (G~

mentntlon approximnthmtirc used as trial functions, leodlngto a

General Aton,ic inc., SaniMego, Cnlif.). J. Nucl. Energy, 22:
net of dlffmwntlal cquatlcms and boundnry condlllona which cnnhc
fnterprehxf u~ the nnnl~.a of cllher tin, Mark or hl~rtJutk proco -

631(Oct. 1968). durca uacd in the spherical hurmonlca approxlmatton. 4 rcftw-
A wxnpsrtaon la made of the two variational prlrwtplca of Lewins enees. (autb)

[NSA 20: 18053j and Pornmnlng [NSA 21: :12025] for calculating the
rutlo of reaction ratea In n critical system. The slmplklty of the
prlnclplea from u computntlunal point of view 1s considered. (UK)

r

%2B (WAPD-TM -691) WANSY: A PROGRAM TO SOLVE
THE STATIC TR’O-DIMENS1ONAL GROUP DtFFUSION EQUA-
TIONS BY SYNTHESIS METHODS. Yaalnsky, J. f3. (13cttia
Atomtc Power L~b., I’ittaburgh, Pa.). July 1969. Contract AT-
11-1 -GEN-14. 54p. Dep. CfWTf.

WANSY is ● aynthcsls program that comblncs ono-dimensional
trtal functions ohtaincd from normal, adjrdnt or d{roct Input
WANDA aolutiona VIR axislly dqwndcnt mlxhrg coofflcicnts to ylold
two-dlmonaional flux shapca. Tho trlnl functions may be axially
discontlnuoua (difforrmt sets of trial functions maybe used In dif-
ferent axial regions), and different numlmrs of trial functions may
be used In different axial rcgiona. The synthesis npproxirnation
may bo group -dopcndtmto p~rtially or toiaily gruup-coiktpscd, and
weight functton scaling factora may be input to improve collnpscd
group aynthesla aolutiona. The Fynthesis approxlmatlona and re-
quired input are deacribod. 13 references. (auth)

E, A
45129 SPACE-ENERGY FLUX SYNTHESfS IN TRANSPORT
THEORY. Lancefield, M. J. (Brcdbaven National Lab., Upton,
N. Y.). NUCL SCi. Eng., 37: 423-42(SePt. 1969).

The efficacy of the overlapping group method in fast-reactor
UdYata ta inveatfgated nnd teated on an tdealtzcd fast-reactor
conflguratton. A full transport-theory treatment fs adopted and
the everlapplng grcup equationa are derived by the tndircct uae
of a vartationat principle. A number of refinements to the basto
method have been examined and serve to demonstrate that with
a ]udicloua choice of varf ational functional and trial functions it
ie possible to obtain accurate eatimatea not only of the reactivity
●nd other integral quantities but aiao of the detailed flux. These
include: leaving both the apace/nngle ●nd energy dependence of
the trial functions to be determined by the variational principle,
incorporating diseontfnuoua trial functions, and the uae of a new
variational principle for criticality problems that leads to eati-
matea of homogeneous functfoneta of the unknown flux. 24 rcfer-
encea. (autb)

:7295 (CNM-R-2(V01.1), pp. 298-49) VARIATIONAL DE-
VELOPMENT OF SN THEORY. Sehrefner, Sheldon; Selengut,
D. S. (California Unfv., Berkeley).

An sitcrnative derivation of the SN equationa .hr the one velocity
tranaport problem in plane geometry ia described by using a
variational approach. Tbia pa rmits retaining the angular seg-
mentation picture of the nnut ron m?gufar dist ribuiion, but leada
to an unambiguous reauit for tho entire aet of equationa aa well
●s the boundary and continuity condition to be imposed at inter-
face. ‘i%e required variational formalism in outlined. l%e direct
and ad joint rmgufnr flux diatrihutiona ImpIfed by the angular eeg-

i729b (CNM-R-2(V01.1), PP 250-CG) GENERALIZED VARf-
ATIONA L PRINCIi’IJM FOR REACTOR ANALYSIS. Pommning,
G. C, (f4rookhavcm National Lnb.. Upton, N. Y.).

Variational principles are compared for derivation and nccuracy.
‘i%o boaic ingredient in tlm dorivntionn lN n purticuhtr US(, of
Lngmngo rmdtipliors. Using thn tcchnlquo of postufnilng thn prin-
oiple8 and tlum proving the accuracy, it la shown thut mom gtin -
oref variational princiilica con be ofdublitdux]. 10 rcfurum:ra.
(auth)

i7302 fCNM-R-2(Vol.2), PP 994-1014) A COMPARISON OF
SOME NUMERICAL METHODS FOR SOLVING TIiE EQUATIONS
OF REACTOR DYNAMICS. Szeligowski, John; Hetrick, David
(Arizona Univ., Tucson).

The numerical aolutlon of iho cquatkmti of reactor dynamica
la frequently comidictdcwi by ihc presence of onc rmqxmso i{mo
that ie very short compared to tho overall timo-rcaponsc of tho
ayatem (e.g., slow transients in a fast reactor), The number of
time ❑tepa in n stoodnld method (e.g., Adwrm, lhmgo-Kutia) may
become prohibitivoi y Iurgo. Some computntlond methods thni
circumvent th Is 1lmii nt ion are rev icwc d nnd compared. ‘l’h{,
mothoda fati into iwo gcncraf elnwwn: ihotw imtuxf on uxixln~i(mN
in a ❑mail paramcior, and lhome uMing integral nquatious in which
tbe slowly varying fnctors in tho intrgrnndn n re niqmximntrd hy
known funciionul forms. ‘I%Nformer, which inclutin ihe “immliJi-
jump appraximnt Ion,” may ho clntmifird an aingulnr pcwlurhnt inn
expsnaion~; ilwho aro iypicnlly rrsiritlcd to u Ilmiiod rnngo 01
some paramoler ad lWUCOwlli full fur a rwn-staiiunn:y iiyMiom

whenever some time-dcpnndcnt coefflclcmi strays outnldc a prc -
acrfbcd limit (e.g., n slow ramp rcnctiviiy input npprnnching
prompt criticnl). fntcgrnl methods do nut Imvo this Iatl,, !”l{lll{tR -
tion; the mcihcda treated may ho chwaificd na iicrailvo, varin -
tional, and lnrgcst-eigenvnltw methods. Somo typicnl rxnmplcs
of slow transients in fnst rcnctors dcmonstrato reduction of tho
number of time atcps by a factor of tic ordc r of 10$. I 9 rcfc r-
ence.s. (auth)

B. C
49651 (AN~7410, pp 387-442) REACTOR COMPUTA-
TION MilTiiOLX3 AND THEORY. (Argonno National Lab., 111.).

REACTORS — neutron diffusion equationa for two-dimensional
cylindrical, use of diacontinuoua variational eyntheeia
technique for solution static muitigroup

— kinetic afuationa for, formulations of microscopic nmlti -
group cross aectiona for noluiion to

— neutron diffusion calculations for, use of grwp-spacc-
dependent buckiings to simulate coordinate ayatem trana -
formatlona for

— kfnetlc equations for, error analyaea of linked-difference,

.

.
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REACTORS, WATER COOLED— neutron dtffuslon equations for
two-dimensional cylirxtrical use of discontinuous variational
synthesis technique for solution static multigroup

— ktnetic equationa for, formulations of microscopic multi-
group cross sections for solution to (M. L.s.)

:9654 (GA-9423) SCANAL: A SINGLE CHANNEL SYN-
THESIS DEPLETION CODE Wl”rH TRIANGULAR MESH IN THE
HOIUZONTAL PLANE. Traylor, R. C.; Mnlnkhofo V.; Leightmn,
s. c, (Gulf General Atomic, Inc., San I)lcgo, Caltf ,). July 1,
1969. Contract AT(04-3)-633. 143P. Dep. CFSTI.

The digital computer code SCANAL IS described. SCANAL Is
designed to synthesize a three-dimccskmal pnwcr distribution
from GAUGE and l{ELOA1) FEVE1{ analyses and to utillze the
COPE cede to calculate complete distrihutlona of core mcderator
fuel, snd coolant temperatures. The program is written for the
UNIVAC 1108. (6 references) (D.C .C.)

G
S2103 (CEA-R-3713) SPACE SYNTRI’XXS: AN APPLICA-
TION OF SYNTHESIS METIIO1l TO TWO AND “I”}ll{t:l”:fJIMfiN-
S1ONAL MULTIGROUP NEUTRON l.)!FFUS1ON EQU:\TIONS.
Nguyen-Ngoc, Hoan (Commissariats a I%ncrgte Atomiquc, Sa-
cfsy (France). Ccntre d’F:tudes Nuc]oaircs). May l!~69. 68P.
(h French). Dep. Ck’ST1 (U. S. Sales Ooly).

In order to reduce comlmting time, two- and three-d{ mcnsicmal
multigroup neutron diffusi[m nqunticms In cylindrical, rccttingular
(x, Y), K, Y, Z) and hcxwmal wmnctrics arc solved by the
methnd of synthesis using an appropriate variational principle
(stationary principle). The basic idea is to rtxfuce the number of
independent variables by constructing two or three-dimcmsiomd
aolutlons from solutions of fewer variables, hence the name “syn-
thesis method. ” Whatever the geometry, one is led to SOIVCa sys-
tem of ordinary differential equations with matrix coefficients to
which one can apply well-known numerical methnds: Chehyshev’s
polynomial method, Gaussian elimination. Numerical results
furnished by synthesis programs written for the IBM ‘7094, the
IBM 360-75, and the CDC 6600 computers, arc confronted with
those which are given by prngrams cmplnying the classical finite
difference method. (auth)

ti2443 (A1-AEC-12820) SPECTRUM SYNTHESIS IN FAST
REACTOR ANALYSIS. Vaughan, E. U.: Rose, P. F.; Hausknecht,
D. F. (Atomics International, Canoga Park, Calif.). June 30,
1969. Contract AT (04-3)-701. 106P, Dep. CFST1.

The synthesis mcthnd has been applied to fast reactor calcula-
tions in the form of spectrum synthesis, in which the neutron
distribution in a rv~ion is represented approximately as a linear
combination of a few predetermined energy spectra (the basis
spectra), the coefficients being space-dependent functions the
(mixing functions). Equations to determine the mixing functions
are obtained in scver,ai ways which include the standard varia-
tional and Galerkin mcthnds, and the group balance methnd in
which the original multigroup equations are replaced by condi -
tions of neutron balance in a number of coarse groups equal to
the number of basis spectra. The equations have been cast Into
a form suitable for solution by the one-dirncnsional, few-group,

diffusion-theory cede RAUM, which has been generalized by
relaxing the restrictions that the matrix of diffusion coefficients
be diagonal and the scattering transfer matrix be triangular.
Codes have been written to translate multigroup cross-section
libraries into the matrlccs required by RAUM, and alao to con-
struct synthesized spectra from the RAUlkf output. This can be
done even when different regions use dlffcrcnt b.sls spectra,
provided the group bnhmcc mcthnd ia used, with the same coarse
groups in all regions. A number of calculations using this syn-
thesis scheme are repnrted, mostly on the critical assembly
ZPR-3-48, with or without purtial voiding of sndium, ualng, a
two-fold or ihrec-fold spectral basis consisting of typical spec-
tra, found in a ctdculatinn with the one-dimensional multigroup
diffusion-theory cnde CAkX.Al{. Comparison of the RAUM and
CAESAR calculations lndlcatcs that the multiplication factors
generally agree to a few lonths of a pcrccnl, and thst power
distributions, and spectra at Individual points (especially in the
core), usually agree well also. But these favorah)c indications
are quallficd by uccashmtd fsilurcs, in which l?AIIM gives very
unphysical rctmlts. Such failures can bo avoided by proper CIWIU!
of the coarse groups for the group balance mrthnd, and ev ldcncc
is presented that had chnlccs c;m bc rccn~nir.od by studyln~ the
RAUM input matrices they yield, without the mwd fur a comp]vtr.
RAUM calculidlon. (auth)

c
52462 (KFK-781/1) NUM ItItSCAI. SOLUTION OF THE PO-
SITION-DEPENDENT DYNAhlIC I,:QUATIOtW FOR FAST EkEEDER
REACTYIRS USING A VARIATIONAL PRINCIPLE. Kessler, G.
(Kernforschungazentrum, Karlsruhc (West Germany). Institut
fuer Reaktorentwicklung). Aug. 1968. 123P. (In German).
(EUR-3957). Dep.

The time-, posit ion-, and cncrxy-dcpvndcnt multigroup ncut ron
diffusion equations are formulated for filst brccdcr reacturs;
boundary conditions are sjwclfkd. lIest tr~msfcr equations ;tnd
boundary conditkma for fuvl-tu-coul:mt heat flow arc given. The
feedback equations for the fuel, cl:uidinl:, cool:mt, and structural
materials arc listed. Melhods fur sulution to the positlcm depen-
dent kinetic equations arc cfiscusswf: the Kanturovitch variaticmal
principte is dcscribcd in detail. lh!$ systems of differential cquii-
tkms for the time function of thv nonstationary multlgrrwi] neutron
flux and precursors are formulated. Application of (hc Kantorucitch
variational prlnciplc to the sulul ions of these equutltms is dct:tllcd.
The calculationol model used :ta :i ssmpk pruhlc,m for Illuslrsting
the variational solution la descrihcd. Nculrunlcs puramctvrs src
tabulated. Results of puwer distribution, reactivity, and m.utrun
flux calculations are descrlbcd; d:tta arc shown graphically. fiI
references. (M. L.S. )
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AB
1486 VARIATIONAL ESTIMATft OF TIIE DIFFUSION CO-
EFE’ICIfiNTIN A LATTICE WITII CAVITIES. fkvooght,Jacquea
flhlv. f-.ttme,llrutmcla). Nukleonlk, lO: 119-28 (Sept. 1967).

‘Yhcthcoryof fionolst Is mdlflcd byuslng adcflnltlon of the
dlffue.lon coefflclcnttnklng into account Impnrtancc. weighting. It
ls shown that Inthconc group model aquadratlc weighting by the
fhrc structure flux exists Inrntcad of a IIrwaronc, ●xfthatthc
macrom’op{c variation of importance acrom the remior makea
the absorptlo ncorrcctlonof Dcnoist disappear. The Boltr.mmrn
rquatlon for the flux pcrtirb~by anln~pndgrdicntis thrown
into a twlf-adjolnt form hynmcthmt o(VlodlmIrov. Avarlatlonaf
expression of thediffuslon cocf[lclcnt M givcm. The cxprcsslon
found lscloscly rclatwf to Dlrlchlct principle, wxf Involves only
dlffcrcntlal cxprcsslons. It isshown that diffusion thcorytrlal
functions inatron-capturlng medium Icadtothe’’clcctrostatic”
approximation. Uy direct extension ofa method of Carter, the
VUISUOOS1 expression found is abow @be ldcntical to the one
dcrlvedabovc. ttisshown that the relstive varlationofthcdlf -
fusion cocfficlcnt, nbtainedbythe introduction of cavities. Is
equal to the relative variation of potcnttal energy obtained by
the introduction of adieiectrlc cavity inaconstant electric field.
Henceforth, claasical expressions derivcdby Poiyasnd Szeg6,
glvc an explicit value for the diffusion coefficient in the presence
of lsrge cylindrical cavitica of arbitrarycrosa-sections. Elec-
tricalanalogues are briefly discussed. (auth)

c

1882 (KAPL-P+392) TIME SYNTHESIS: A STUDY OF
SYNTHESIS MODES AND WEIGHTING FUNCTIONS. Rydin,
Roger A. (Knolls Atomic Power Lab., scbenectsdy, N. Y.).
NOV. 7, 1967. Contract W-31 -109 -eng-52. 25P. (CONF-
671102-31). Dep. CFSTL

From 15th Conference on Remote Systems Technology end
Atom Fair, Chicago, 111.

The Time-Synthcsia Mcthcd has been used to investigate the
effects of the choice of trial functions and wcighttng functions on
the results of synthesis calculations. It was found that the time-
dcpendent total power In a reactor could be adequately predicted
using any of the methods of weight Ing cons Idered (region-balance,
flux, or adjoint), but that the spatial flux distribution was more
difficult to synthesize. In particular, region-bsiance weighting did
not give very good spatial resuIts, flux weighting gave better re-
sults which were sensitive to the group spectra, and ad joint weight-
ing gave the best results. A singularity in the total removai matrix
was observed during the course of the transient in one of the ad-
jolnt weighted problems. The synthesis results were sensitive to
the choice and number of triai functions used. In particular, the
asymptotic fiux shspe, corresponding to the final state of the re-
actor, was not the best mode to use because of delayed oeutron
holdback effects. SimilarIy, the addition nf transition modes be-
tween the initial and final states were beneficial in lmprovlng tbe
time-dependent flux shapes calculated early In the traoeient. Quali-
tative criteria were developed for choosing synthesis modes baaed
upen the initial eigenvalue separation of the core, the time scale
of the transtcnt relative to the delayed neutron half -llvea, and the
total magnitude of the perturbation. (mith)

(1968)

!i9u VA1UATIONAL FUNCTIONAL FOR SPACE-TIME
NEUTRONICS. Stncey, Weston M. Jr. (Knolls Atomlo Power
Lab., Schenectady, N. Y.). Nucl. Sci. Eng., 30: 446-63(1967).

Two varintlonal prhrciidcs, which may be used na tho bssls of
mudal cxpanslon :qjproximattons for trwitment of space-time de-
pendence of neutron ixdsncc cquatlons for d(,scrlbln~ rcactora,
arc given. Tlnw-dcpcnrfcnt multigroup PI cqu:ttlorts are written
in e var!atiunal mntrix nutation; cxlxmslon functluns which sr?tlefy
apntlal nnd tempnrnl boundary comlltlons are (dtiain~~l. A tlmo-
integrated appruximntion ia thvn used to obtain equ:ttlons In spa-
tinl notallon only. 12 references. (M. L. S.)

$982 A PPIJCATION OF TIM E-SYNTIIf?SfS TF;CNNIQUIM
TO COUPLKD-CORE-TYPS REACTORS. Ya,vlnaky, J. B.
(f3ettfs Atomic Power Iab., West MIffflno Pa.). Trans. Amer.
Nucl. SOC.. 10: 570-1 fNov. 1967}.. .. . . . . . . ,.

Frnm l~th Conference on Remote ~stums Technology and
Atom Fair, Chicago, Ill., Nov. 6-901967. see CON1.’-67llO2.

C, D
5986 APPLICATION OF VARfATfONA L SYNTIiflSIS TO
OPTIMAL CONTROL. ~cey, Weston M. Jr. (General E[ec-
trlo Co., Schenectady, N. Y.). Trans. Amer. Nucl. %e., 10:
573-t (Nov. 1967).

From lSth Conference on Remote Systems Technology and
Atom Fatr, Cfdeago, 111., Nov. S-9, 1967. See CONF-6711O2.

B, G

6012 MULTIGROUP, TWD-DIMKNSIONA L SYNTIIl?SfS
CALCUf.ATIONS FOR FAST POWER R KACTCI1{S. IIutchins,
B. A.; KelIry, M. D.: Gyorey, G. L. (General f.;Ic,ctrIo Co.,
~yvale, CalIf.). Trans. Amer. Nucl. Sot., 10: 526-7 fNov.
1967).

fkm 15th Confereneo on Remote $wtcme Technology ●nd
Atom Fair, Chtcago, III., Nov. 5-9, 1967. .Sce CONF-6711O2.

c
6146 TIME SYNTIIESI* A STUDY (IF SYNTHESJ5 MODES
AND WEIGHTING FUNCTIONS. Rydin, R. A. (General lilcc-
tric Co., Schenectady, N. Y,). Trana. Amer. Nucl. SoC., 10:
569-70 fNov. 1967).

From 15th Conference on Remote Systems Technology and
Atom Yatr, Chtcago, fll., Nov. 5-9, 1967. see CONF-C71102.

F, C
6157 SEMIDIRECT LEAST-SQUARES VAR7.ATIONAL
METHODS AND IMTIAL-VALUE PROBLEMS. Becker, Msrttrr
(Renesefaer BJlytachoic Inst., Troy, N. Y.). Trans. Amer. Nucl.
Snc., 10: 550-1 (Nov. 1967).

From 15th Conference on Remote $stcms Technology ●nd
Atom Fair, Chtcago, D1., Nov. -9, 1967. See CONF-6711O2.

.
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F
7626 VARIATIONAL PRINCIPLEOF TIIE NEUTRON
TRANSPORT THEORY ANO, PSEUDOENTROPY PRODUC-
TION. HehnisOG. (Instltut fuer Magnetohydrodyoamik, Jena,
Ger.). Monatsber. Deut. Aksd. Wiss., BertIn, 9: 186-91(1967).
(In German).

The relation between the variational principle of reactor theory
and theprlnciple of the minimum pseudoentropy production wan
derived bya.ssuming avery.vimple mcdelof tbeprocesses inthe
reactor. Usually, however, there is aquslkative relatlon between
thetwoprinciples according totbeumal model. (J. S. R.)

A
12139 (i3NW&472, pp 2,1-3) REACTOR THEORY AND
CODE f) EVE LCII>MUNT. (f3attelle-Northwest, Richlnnd, Wash.
Pariflc Northwest l.nb.).

t:l@tucm lnotup(,~ for which sddltion;d and more accurate data
havo been added to tho BNW Master Crosn Section Library are
hated. An [tngulnr syntho~is ~pproxlmatlon mothorf applied to
arrnlyzlng a thin critical elab Ie outlined, md clgenvulues and
total fluxes are prwwntcd for nevcrnl dlf[crent thicknesses.
(H. D. R.)

c
14296 (RPI-328-1OO, pp 140-87) REACTOR PHYSICS:
THEORETICAL. (Rensselaer Polytechnic Inst.. Troy, N. Y.).

~~~ing nuciear data intended for fast reactor large oxide CorOS,
the inverse mrxlerating ratio and the fission-to-absorption ratfo
were correlat~ ami the sdjoint spectrum was evaluated. A pre-
liminary analysis of a large carbide core was aleo made using the
came data. The cross section correlations and the comparison Of
analytic ad multigroup ad joint spectra are shown for the carbtde
system. The possibility of using semidirect least-equaree varla-
Uonal methods for initial-value problems in fast reactor analysts
is examined. Static tilt test problcme using Green)s function modes
.urd variational methods w,ere performed for test reactors consist-
ing of bare slabs of varying thicknesses containing monoenergedc
mwtrons. Directional and scalar fluxes as a function of hole depth
are presented in an examination of re -entrant hole perturbation ef-
fects in water. The time depecdent equation for the elowtng down
of n fast neutren pulse in a finite hydrogenous medium wae studied.
The problems of Doppler broadening of p-wave and e-wave neu&on
resonances were formulated sod examined. A theoretics study of
Ume moments for thermal neutrons was initiated using a singia
relaxation time model. Reeulte obtained using a model for the
analysis of time dependent neutron transport are preeented. The
accuracy of the importance-shape method for determining the
geemetric buckling in reflected reactors is investigated. (H.D.R.)

A
14305 ST fWTEGY FOR THE APPLICATION OF SPACE-
ANGLE SYNTHESIS TO PRACTICAL PROBLEMS IN NEUTRON
TRANSPORT. Natelson, M. (Bettle Atom!c Power Lab., West
Mlfflln, Pa.). Contract AT(ll-1)-gen-14. Nucl. SC1. Engo, 31:
325-36(1968). (WA PD-T-1986).

A strategy is proposed for the application of space-angle syn-
theaie (SAS) to the finding of solutions for practical nuclear reac-
tor neutron transport problems. A simple SAS approxim~tIon is
derived. Trial functions fox the approximations are to be created
for each mesh point ueed [n describing a set of simlIar problems

which are to be solved. The etrategy is concerned with constructing
probleme that are simpler than, but representative of, the set of
probleme finally to be solved. It te from transport eolutione of
theee representative probleme that the SAS trial functions are to
be formed. This strategy and the e!mple SAS approximation are
applied succeeefully to eeveral eets of eim ilar problems for
which diffusion theory ie inadequate. (auth)

c

14309 ANALYSIS OF PULSED FAST-NEUTRON SPECTRA
IN MULTIPLYING ASSEMBLIES. Jenkfns, J. D.: Daltch, P. B.
(Rensselaer Polytechnic Inst., Troy, N. Y.). Nucl. Sd. Eng.,
31: 222-33(1968).

A atmple model [e developed to describe the time-dependent
neutron spectrum in pulsed systems whose decay may be domi-
nated by either n fundamental or a pseudofundamentnl mode. Such
eyeteme include a large class of fast multiplying assemblies and
thermal nonmultiplying assemblies. The simpIc mode provides
qualitative understanding of the role played by the fundamental
or pseudofundamental mnde in the kinetic evolution of the tlme-
deperrdent neutron flux and, when optimized by a variational
principle, gives excellent quantitative descriptions of the flux
for a wide range of systems. Trial functions are presented u,hich,
when adjusted with a eultable variational principle, provide a geod
eetimate of the ebape and decay rate of the dominant reproducing
mode of such eystems. The methed works well for systems where
a fundamental mode existe and 1s also applicable in the range
where pseudofundsmental mode behavior IS observed. Elgenfunc-
tlon eigenvalue solutions are obtnined for the fast multiplying
system GODIVA and these, together with similar solutions for
beryllium, provide a basis of comparlsoi for the variational
methods. The inveet [gation shows that care should be excrci scd
in aeeociatlng reactivity snd period psrametera with far subcriti-
cal systems because the flux shape is changing substantially and
the major regenerative mode {e not isolated when the eigenvalue
asswiated with this mode lies in the continuum. In the farther sub-
critical region an example shows a complctc lack of a single domi-
nant mode. 19 references. (auth)

F

14310 ON THE PERTURBATION FORMULA FOR RATIOS
IN CRITICAL SYSTEMS. Ribarlc, M. (fnst. Josef Stef an,
Ljubljsna, Yugoslavia). J. Nucl. Energy, 21: 899-902 (Dec.
1967) .

Usachev (1964) derived by physical reaeonhrg a perturbation
formula for computing tho changes in the frequency ratios of
varioua proceesee in a critical reactor caused by a change in ite
compoaltion. Lcwine (1966) nnd Pomrsning (1967) constructed
anatogouo variational principle for this purpose. Fiachor O 967)
Inferred an equivnfont perturbation formula from the asymptotic
behavlour of the perturbed criticsf reactor. Ueachev’s perturbation
formula is derived mathcmaticully via 13rlllouin -Wlgner pertur-
bation formula of quantum mcch~ics. (MM

B,E
1431s FLUX SYNTHESIS USING GREEN’S FUNCTION IN
TWO-DlhfENSIONAL GROUP DIFFUSION EQUATIONS. Ko-
bayaaht, Keisuke ~yoto Univ.). NUCL Sci. Eng., 31: 91-101
(1968).

9
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The group diffusion equations in two dimensions are solved by
a.soumlng the separation 0[ variablea sectionally. Using one-
dimenaionaf Gmen’a functlona, the two-dlmen.donal diffusion
equationa aro transformed into two aeta of one-dimensional
three-point difference equations at fine-mesh points. Assuming
that the separation of variablea of x and y coordinates Is posal -
ble in a coarse mesh in a reactor, the two eeta of one-dimensional
difference equations are aolvcd by the alternating direction Itera-
tion mcthcd. Sample caiculatlona for 2aSU-H20 thcrmai reactora
ahow that thla method gtvca fairly good results with few coarae and
flno meshes and the computation time can he considerably reduced
compared with the usual finite diffc rcnce methcd. 9 references.
fmlth)

F, B

14320 USE OF DUAL VALUATIONAL PRINCIPLES FOR THE
ESTIMATION OF ERROR IN APPROXIMATE SOLUTIONS OF
DIFFUSION PRO13LEMS. YaeInsky, J. B.; Knpkm, S. (Liettis
Atomic Power Leb., Wcat Mifflin, pa.). NUCL SCi. EM., 31:
60-90(1968).

A methcd for using reciprocal variational problems to develop
figures of merit for a~proxirnate soiutions of diffusion problcma
Ia presented. The theory 0[ the rcciproctd problems la dcmribcd
In both a continuous mxt discrete context. Conncctlons with the
methcd of Slobwiyansky arc dlscusst,d. A strlitvgcm is prcscntcd
for extending the meihocf to the (non-aclf-ndjoint) group4iffus10n
cane, Limitations of the method are discussed end numericai ex-
●mplea given. It 1.s concluded that the method is uscfui in one-,
two-, and perhaps in smaii three-dlmenaional probicma but is
probably computetionally not pmcticsi for full-blown, detaiicd,
three-dimensional calculations. 9 references. (auth)

B, G
1632tl APPLICATION OF SYNTHESfS TECHNIQUES TO THE
CALCULATIONS OF THREE-DIMENSIONAL REACTIVITY-
COEFFICIENT DISTIUBUTIONS. Bear, J. L.; Judge, k’. D.;
Venerus, E. R. (General Electric Co., Schenectady, N. Y.).
Contrsct W-31 -109 -eng-52, Nucl. Sci. Eng., 31: 349-53 (Feb.
1968). (KAPL-P-3312).

Appltcatlon of synthesla techniques to calculation of three di-
mensional reactivity coefflc kmta is diacuaacd. An expreaa{nn ualng
this aynthcsts method la formulated. Comparisons bctwccn syn-
thoatzed calculation nnd dlffuaion theory calculations are presented
grapbica~y. (M. L.s.)

;6329 ANOMALfES ARfSfNG FROM THE USE OF AD-
JOINT WEIGHTfNG IN A COLIAPSED GROUP-SPACE SYN-
THESIS MODEL. Yaslnsky, J. D.: Kaplan, S. fWestinghouae
Electrio Corp., West Mifflin, Pa,). Nucl. S01. Engo, 31: 354-8
(Feb. 1968).

Tim use of the. ad]ofnt weighting procedure, an used In a coilnpsed
grnup-space aynthcsis model, IS d[scusacd. Test problems are
used to show how uac of WCIghted nd]olnts rfest roya thu ut Illt y of
thin collapsed-group synthesla. Thn uao nf adjolnt weight Ing tech-
niques 1s compared 10 usc of Gnlurkfn wclghtlng. (M. L.S.)

F

18598 VARIATIONAL PRINCIPLES FOR CALCULATION OF
ARBITRARY RATiO OF PROCESSES IN cluTIf2AL ASSKMLfM13.
htvedi, S. R. (Ithabba Atomio Keaearch Ctmtre, Trombtty,
Iodts). J. NUCL Energy, 22: 123-5 (Feb. 1966).
Itlaohown that the prlnclpiea of Lewina and Pomranlng am the

same to the first olxfer, and thnt Pomranin.g’a principlo can bo
derived from that of Lewins. (UK)

c
18606 GENERALIZED FORMUI.ATION OF POINT NUCLEAR
REACTOR KR4ETICS EQUATIONS. Becker, Martin (Rensse-
laer Polytechnic Inst., TIWyo N. Y.). Contract AT(30-3) -326.
Nucl. Sci. Eng., 31: 456-64(1966).

The most gcnerai current formulation of the point reactor
kinettce equations permit the flux shape function to be time de-
pendent. Thin permissibility has ied to the development of a
claaa of apace-time analyses referred to sa adlabatlc or qussi-
static. The use of Umc-independent importance weighting, how-
ever, cm lead to dlfflcuitica, ns is shown In on example. Point
Idnetlca equations sre derived from a variational principle In
such a way as to permit timo-dependent importance ahspe func-
tions. ,, Exlra O,terms due to the explicit time dependence of the
ahspe functions appam, snd normalization conditions are obtnfned
by which these terms csn be eliminated. Additfonai differences
from conventional form sppear if one chooses to use different im-
portance shape functions [or flux nnd precursor equations, but
these dtffercnces can be negiected for many cases of practfcai
interest. (auth)

18608 SYNTRIWfS METIfOD OF UNCERTAINTY ANALY~S
IN NUCLEAR RNACTOR TIfKRMAL Df%5fGN. Femeh, ifenrf;
Guomn, Hcnri M. f%fnaenohusette Inst. of Tech., Cambrfdgw).
Nucl. Wt. Eng., 31: 505-120968).

The prlnclpai methods of com dcsl~n unccrbilnty snsiyata am
critically mvlewcd. The overcunscnmtisrn of the Dctormhdatto
Method, which alms at ensuring that the design Mrnita cannot bs
exceeded In the most loaded channel (or at the most losdcd spot),
lcsda to a probnbllisttc approsch in width the probability d suoh
an ovcnt is cvsiuatcd. Rcccnt work in thfs ttlrcctfon 1s dlecuaeed.
It la cmphanizcd, however, thnt a probchllistic rcliablilty evslua-
tlon must cover the whole core, and not only lte moat bewAIY
loaded element. The Synthesis Method fuifilis this requirement
without demanding the use of computcre. The Symtbeals Method
SIIIO ailowa the use of a reaiistic npace~cpendcnt reiiabiltty
criterion. The varicus methods under review are compared tn
their application to a faat gas-cooled reactor core. Tim power
levels corresponding to s glvcn relhbiUty are caicuinted end the
Synthesis Methnd in seen to be mom conservative thau the clasd-
cal Stattstlcal Method and less conaervatlve thsn the fkterministio
Method. 16 references. (auth)

10



.

.

.

.

Volume 22 (1968)

B
22653 (ANL-7419) REACTOR DEVELOPMENT PROGRAM.
Progress Report, January 1968. (Argoane Nationai Lab., Itl.).
Feb. 27, 1969. Contract W-31 -109 -eng-38. 158p. Dep. CFSTI.

REACTORS —excursiong fa, coherence effects lnouper prompt
crltfcal, (T); neutron flux syntbeels tn, variational mettmd
for, (T); core deformation under Inpukdve loedtng, analysis
of cvltndrlcal. (T)

NE UTitONS —fl-&- Eyntttesis tn reactore, veriattonal metbed
for, (T)

c
25130 (KAPL-P-3425) SPACE-TIME REACTOR KINETICS
DEVELOPMENT AT KAPL. Stacey, Weston M. Jr. (Ktmlls
Atomic Power Lab., Schenectady, N. Y.). Mar. 1968. Contract
W-31 -109 -eng-52. 42P. (CON F-W0414-1). hp. CFSTL

From Conference on Iadustrlal Needs and Academic Rs-
searoh In Reactor Kinetics, Upton, N. Y.

Efforts tn the development of methods for the calculation of
transient power dlstributione in operating reactor cores during
a variety of plausible transients are reviewed. The develop-
ment of Xenon spettal transient analysis and space-time flux
synthenis 1s examined. Studies on defining nodal coupling coef-
ficients and on the influence of spatial effects on the kinetics
of low source reactor startups are also discussed. (H. D. IL)

B

25140 INTERFACE CONDITIONS FOR FEW-GROUP NEU-
TRON DIFFUSION EQUATIONS WITH FLU X-ADJOINT WEIGHTED
CONSTANTS. S3uslik, A. J. (Bettis Atomic Power Lab., West
Mifflin, Pa.). Contract AT(ll-1)-Gen-14. NUCL BcL EM., 3*
233-40(1968). (WAPD-T–2073).

Few-grou~ diffusion equations are derived from variational
principles. It ie shown that by proper choice of trial function tt
Is pnsslble to derive a few-group theory in which interface bound-
ary conditions of continuity of few-group fluxes and currcnta are
obtained, even when the few-group constante are obtai,ned by flux-
adjoint wcightlng. The analysis is facilitated by the use of func-
tional that Incorporate the Interface conditton of flux contlnutty
by me:ms of Lagrange multipliers. Two functlonais are used to
give two variants of the theory. Both functlonala have as Euler
equations the P-1 approximation to the time-independent, elgen-
value form of the energy-dependent transport equation. fn addl-
tlon, the current and flux interface boundary conditions are part
of the complement of Euler condi tlons of the functional. The
functional admit trisl functions discontinuous in space and energy.
The two functional differ in that one has bnth flux and current
arguments, whereas the other hsa only flux arguments, and yields
the P-1 equations in second -nrder diffusion form. (autb)

comprising an overlay of codes HRG, Battelle Revised Thermos,
amf HFN, has been coded to provide a code package for use in re-
actor anelyeis. Modtficstions have been msde to the HAMMER
code to make It more compatible with other codes in uee at PNL,
(autb)

c

30151 (XAPL-M-6742) STUDY OF THE MULTICHANNEL
SYNTHESIS METHOD FOR SPACE-TIME NEUTROMCS. Stacey,
Weston M. Jr. (Knolls Atomic Power Lab., Schenectady, N. Y.).
Nov. 1967. Contract W-31 -109 -Eag-52. 69p. Dep. CFSTI.

A multichannel space-time synthesis model for the calculation
of nonseparablc reactor transients is dm’eiopcd from a variational
prlwciplc which admits expansion functinna that are discontinuous
In epace and time. In each of many spatld regions, the ftux during
each interval of tlmc is cxpa ndwi in known functlone of pos itlon
with unknown wqmnaiun coefficients. The accuracy of the method,
aml its superiority with respect to the convcntlonai singie-chmmel
space-time synthesis method, are demonstrated by several oumerl-
cal examples. (auth)

c
30351 APPLICATION OF TIME-SYNTHESIS TECHNIQUES
TO COUPLED CORE REACTORS. Yasinsky, J. B. [13ettis
Abxntc Power Lab., West Mifflin, Pa.). Nucl. &i. Eng., 32:
425-9 [1968).

The” application to coupled core reactor problems of the mulU -
mnde time synthesis approximation using triaI functions H&r)
which are easily obtained is deacrJ5ed. (D. C. C.)

;7481 (ENWb634, pp 2.1-8) REACTOR THEORY AND
CODE DEVELOPMENT. (Battelle-Northwest, Rlcldand, Wseh. A

F
32033 CANONICAL AND lNVOLUTORY TRANSFOItMA-
T’IONS OF VARIATIONAL PROBLEMS INVOLVING HIG1lER
DERIVATIVES. Kaplan, S. (Westinghouse Electric Corp.,
West Mifflin, Pa.). J. Math. Anal. Appl., 22: 45-53 (Apr. 1968).

Because of their value in this type of problem it is clearly de-
sirable to extend the notions of canonical snd Involutory trans-
formation to variational problems involving higher derivatives.
Although this extension is straightfolwmd it doca not seem to be
readily svallablc [n the Iitcraturc. Thus an exposition of the
process is given here. Only problems containing second dcriva-
ttves are considered; however, this case seems aufflcicnl to in-
dicate ths pattern for problcma with higher derivatives. (W. D. M.)

Pacific Northwest Lab.).
A space-angle syathesia approximation of the transport equation 32434 SPACE-ANGLE SYNTHESIS. Zwibel, N. S, (BatteIle

has been developed which shows improved accuracy over tbe PI
Memorial Inst., Rictdand, Wash.); Bowes, B. Trans. Amer.

approximation. The problem considered is an infinite homogeneous
Nucl. Sot., 11: 174(June 1968).

elab with a uniform source. The Battelle Revissd Thermos code From 14th Annual Meeting of the American Nuclesr Society,

has been modtflcd by the addition of an improved current calcula- Toronto. See CONF-680601.

tion routine, fiaaion-cross section aversging both microscopically
gwr isotope and microscopically for the cell, and the capability to
handle up to eight mixtures. A computer program entitled MTH,
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B, C
32800 A SYNTRESIS hlETHOD FOR CALCULATING TEM-
PERATURE, POWER. AND BOWING REACTIVITY COEFFI-
CIENTS OF “FAST PO”WER REACTORS. Blomberg, Pchr il.
(Argonne National Lab., Idaho Faiis, Idaho). Trans. Amer. Nucl.
.%x?., 11: 208-9 (June 1968).

From 14th Annual Meeting of the American Nuclear Society,
Toronto. See CONF-680fiOl.

B

32825 NUMERICAL STUDY OF SINGLE< HANNEL FLUX
sYNTHESIS. Adnms, Cyrus H.; Rydin, Roger A.: Stnccy, Weston
M. Jr. (Knolls Atomic Power Lab., Schenectady, N. Y.). Trans.
Amer. NUCL SOC., 11: 169-70 (June 1968).

From 14th Anmml hleeting of the American Nuclenr Society,
Toronto. See CONF-680601.

E

32826 SPACE-ENERGY SYNT}IESIS TECHNIQUES FOR
FAST REACTOR CALCULATIONS. Murley, T. E.; Williamson,
J, W. (Westinghouse Electric Corp., hladison, Pa.). Trans.
Amer. Nucl. Snc., 11: 174-5 (June 1968).

From 14th Annual Meeting of the American Nuclear Society,
Toronto. See CONF-680LiOl.

c
32829 VARIATIONAL MULTICHANNEL SPACE-TIME
sYNTHESIS MODEL FOR THE ANALYSIS OF NONSEPARABLE
TRANSIENTS. stacey, Wesbn M. Jr. (KIw1ls Atomic ‘ower
Lab,, ~henectsdy, x4. Y.). Trans. Amer. NucI. Sot.. 11: 170-1

(Juti 1966).
From 14th AMUS1 Meeting of the American Nuclear Scciety,

Toronto. See CON F-680601.

c
32830 COMBINED SPACE-TIME SYNTHESIS MODEL: NU-
MERICAL COMPARISONS WITH EXACT TWO-GROUP TWO-
DIMENSIONAL TRANSIENT SOLUTIONS. Yasinsky, J. B.: LYIUL
L. L.; Kaplan, S.; PorscitIng, T. A. (Bettis Ato~c power Lab. o
West Mifflin, Pa.). Trans. Amer. Nucl. SOC., 11: 172-3 (June
1968).

From 14th Annual Meeting of the American Nuclear society,
Toronto. See CONF-660601.

A

32981 ELEMENTARY SYNTHETIC APPROACH TO THREE-
DIMENSIONAL TfUNSPORT PERTURBATION TIiEORY. Sar-
gts, D. A.; Cohen, S. C. (Gulf Gcncrnl Atomic inc., San i)iego,
Calif.). Trans. Amer. Nucl. Sue., 11: 173-4 (June 1966).

From 14th Annual hlccting of the American Nuclear Society,
Toronto. See CON F-68060L

F
33139 EXTltEMUM VARIATIONAL PRINCIPLES FOR THE
MONOKNERGF:TIC T1{ANSIWRT EQUATION WITI{ ARBITRARY
ADJOINT SOURCR. Ruslik, A. J. (Wcstinghou~e Ele~trio
Corp., West Mifflin, Pa.). Trans. Amer. NUCL SOC.O11: 315
(Juno 1968).

From 14th Annual hlccting of the American Nuclear society,
Toronto. See CONF-6tiOfiOl.

F
35202 COMPLEMENTARY VARIATIONAL PRINCIPLES AND
THEIR APPLICATION OF NEUTRON TRANSPORT PROBLEMS.
Pomrening, G. C. (Generai Dynemica Corp., General Atomio
Div., San Diego, Calif.). J. Math. Phys. (N. Y.), 8: 2096-2108
(Oct. 1967).

Several variational principles are developed which give upper
and lower bounds for the linear functional (S,/), where # is the
solution .of the inhomogeneous equation H* = S with H a self-
adjoint, poaitive-definite, linear operator. Seine of the principles
bound this functional oniy with reepect to small or local varia-
tions, whereas others give hounds for arbitrary variat iona. Sav-
erai of the results ohiained coincide with those of other authors
widely scattered throughout the iiteraiure, and we show that these
principles have a common origin. Other results given are new.
Examples of the uae of these principles arc taken from the field
of neutron iransport theory, and both the linear Boltzmann or
tranapoti equation and the diffusion equation are used. One in-
teresting result is that certain , ,exact~, Vgl”es Of the extrapolated

endpqint for the Milne problem, which have been reported in the
literature, fail, due to numerical inaccuracies, outside the bounds
computed here. (auth)

B,G

39919 CALCULATION OF NONSEPARA13LE REACTOR
GEOMETRIES USING THE EXPANDEI) FLUX SYNTli ESIS Mi2TH-
0D2. Schaeffler, Hermsnn (Technische Nochschule, Stuttgart).
Nukteonfk, 11: 91-5(May 1968). (h German).

Multfgroup diffusion theory is upcd to formulnte matrix exprea-
siona for the neutron flux. These cxpreasioos arc then used in ihe
eqmnded flux aynthcais technique to describe two- and three-
dimensionai special reactor configumtions in rectangular coordi-
nates having pariisf absorber plates. (M. L. S.)

B,C

39920 EXPANDi?D FLUX SYNTIIESIS MET1[OfL Schaeffler,
Hermsnn (Technische Iiochschule, Stuitgari). Nuklconik, 11:
84-9(May 1968). (In German).

Multigroup theory ie used no the basis for the kincttca equntiona
for oylind rical rcmctora h:iving discmiu cent rol reds. Tho ef fccta
of these conirol rods on the neutron flux are determined direciiy;
an expanded flux synthesis technique ia uacd to reduce iho number
of unknowns in ihe iinal tiyshvu of diffcrcuiinl cquatiuns. An ex-
ample problem is given. (M. 1..S.)

.

.
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c
39933 AP1’LICATIONOt” VARIATIONAL SYNTHESR3T0
T1l EOP~lMAI. CON”l’llOL OF A POINT REACTORMODEL,
Stmcey, Weston M. Jr. (Knolls Atomic Power Lnb., Schenectady,
N. Y.). Nucl. ScL l;I)&, 33: 257-CO(1968).

The techniques of vsrlatlonnl synthcsls urcappllcdtoobtnin
n solution fortkts optimum reactivity control ola point reactor
model, with tcmpertiturc feedback, subject toa general type of
optimizing function. An lntcgrai equntion formulatlonof ttto neu-
trondynamic.s allows the solutionof a two-point bowxtary value
problem thnt la frequently associated with thedtfferentlal equation
formukition of the optimal control problem to be replaced with
a system of algebraic equatirms. (auth)

A

39936 VARIATIONAL APPROACH TO THE SELECTION OF
TIfK DfRECTIO?4 SETS IN THE DISCRETE & APPROXIMATION
TO NEUTRON TRANSPORT THEORY. Jauho, Pekka; Kalli, Hefkkl
(Technical Univ. of Helsinki). Nuci. SCi. EnE., 33: 251-4(1968).

The d!screte & method for solving the neutron transport prob-
lems is analyzed by discrete ordinates methed; the directional
neutron flux is spprnx imsted by a finfte number of neutron ra ye
with certsln weights. The scalar flux Is treated by S~ solutlo~
discrete directions and weights sre treated as free parameters.
Two variational formulations are ueed: the Integral tra naport
equation; and self -adjohrt variational formulation for monoener-
getlc Boltzmann equation by Toivmrers. (auth)

c
42558 A1’l~IIuXIMATIi SOI,UT1ON TO S1’ACfi DIc:PflNt)k;NT
KINETI(;s I)ltOl\Ll,:hlS. Su(fa, Noh,lhidc ({)s:,kn Univ.). J.
Nuc1. SCL Technul. (Tokyo), 5: 377-8 (July 1!)68).

An rqq>roximl!tlul) tcclil]lqu[, for IwlvlnK MIJI!(X.deprmicnt khwtica
problems i~ gfven. A syl!thcs{a toclmiquo ie used for developing II
onc-~roup mrxlvl In which the delayed neutron effect fs fgnored.
‘1’hc trnnsicnt flux distribution in a untform inflnltc slab core la
~~ll!; :~lt,d; thcw. cceu]lu :lrc conqjurcd with thu exact eolutlon.

. . .

c
487W VARIATIONAL. MULTICHANNEL SPACE-TIME SYN-
THESIS METHOD FOR fiOf4SEPAR.4BLE HfTACTOff lTUNSIENTS.
Stacey, Weston M. Jr. (Knoils Atomic Power Lab., Schenectady,
N. Y.). NUCL Sci. Eng., 34: 45-56 (Oct. 1968).

A multichannel spsce - time synthesis model for the calculation
of nonseparable reactor transients is developed from a variational
functional which admits expanaion functions that are discontinuous
fn apace and time. fn each of many spatial regions, the flux during
each inte rvai of time is e xpanderf in known functions of pusltion
with unknown expansion coefficients. The uccuracy of the methcd,
end its superiority with respect to the conventional single-channel
space - time synthesis method, are demonstrated by several nu-
mericai exampies. 22 references. (auth)

13

$803 NEW DERIVATION OF DISCRETE ORDINATE AP-
PROXIMATIONS. Kapkm, St.mdey (Univ. of Southern Cali-
fornia, Loe Angeles). Nucl. Sci. Eng., 34: 76-82 (Oct. 1968).

It is shown that the idea of space-angle synthesis may be used
to provide a new framework for the derivation of discrete ordinate
methods. R is also ahown that within thie framework one can
cleanly and systematically incorporate various stratagems aimed
atovercoming the ray effects that plague discrete ordinate methods
fn two- and three-dimensional problems. 13 references. (auth)

B
S0863 ITI)17ATIVI+VARIATIONA1. M I?TIIODS FOR NIIM l?Rl-
CAL SOLUTION ‘M) l:l.l, [IITICAI. l>Rt.)liLk:hlS lN )II;AC1’OR
THEORY. Albertoni, Serglo; Lunelli, Mussiinilinno; Mugglnni,
Gabriella (Appllcuzionl e Rlcerchn Sclcntffiche, M Ilcm). pp
227-22 of Fifiica del lieattore. Home, Consigllo Nazionule dcilo
Rlcerche, 1966, (In ItulInn),

From Couferetww on Phytilcs O( Ronctorao Milan. Sea CONF-
469,

Methods for Itcr:ltivc-vnri:tl on:ll Lcchnlqu<.a fnr solution of u-
dlmtmsional diflusifm cqu:ttiotls for tjt.tcrol:t.j]r”us SV:;LOMS~rc
dcscrlbcd. Usc of this tm+niqufi :1s ;{ b;isls f~!r x cnlnlni{t,r pro-
~ram fs dlsw.wwl. (hl.1,.S.)
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c

1193 ENERGY OPTIMAL XENON SHUTDOWN.
Lewtns, Jeffe~ Woodcock, Gordon; Babb, Albert (Untv.
of Waehtngton, Seattle). 26P. (CX3NF-66060&52).
ORAU. Gxneltn, AED-CONF-66-203 -1O2.

From American Nuclear Society Meettng, Denver.
Pentryagln’s optimum theory is appl!ed to the problem of

determining a flux shutdown program that limits Xe poison-
ing in a reactor while using the minimum nuclear energy
on flux integral. We determine the complete adjotnt solution
d synthesize typical optimal trajectories. The analysis
1s carrted through for both the unrestricted problem and the
problem where the Xe density 1s restricted within the con-
trol period to some maximum acceptable poisoning. Much
of the analysis 1s similar to the problem where the control
time rather than tbe control energy is to be optimized. Our
method of solution is new In utll[ ztng a more straightfor-
ward optimum theorem and givtng the full solution on the
boundary of restriction. It in briefly tndicated how the ssme
analyaia can be used b give a more rigorous proof of opti-
mality in the time optimal problem. (auth)

;621 (AL)-R{U024) CUhI$’I.Ehl KNTA1{Y VARIATIONAI.
l,i{lNCi\,l,VS IN NEIJ f’I{UN IjIvFllSioN ‘iYil.;(JRY. Arlhurs, A. M.
(Wisconsin Univ., Msdison. Thcwrcticul Chemistry Inst.).
Aug. 24, 1966. Contmct DA-1 l-022 -oRD-2~59. 13P. (WIS-
TC1-184). CFST1 $3.00 CY, $0.65 mn.

Complementary varkttiomd principles associated with neutron
ctlffusion in solids rare prcscntml. The resulting formulas are
used to dcrlvc ncw expressions which provide upper and lower
bounds fur UN!absorption probability. (auth)

B

7639 IWAPD-TM-G1O) VARIATIONAL PRINCIPLE FOR THE
NEUTRON DIFFUSION EQUATION USING DISCONTINUOUS TRfAL
FUNCTIONS. Buslik, A. J. (Bettis Atomic Power Lab., Pitts-
tnmgh, Pa. Oct. 1968. Contract AT(I1- 1)-Gen-14. 20p. DCp.
mn. CFSTI $1.00 cy, $0.50 mn.

A variational principle for the neutron diffusion equation which
permits the use of discontinuous trtal fluxes is preeented. The
principle is based on the method of Lsgmnge multipliers. Appli-
cations of the principle to problems of asial synthesis are given,
and the principle is compared to that of selengut and Wachspress.
(auth)

c
7652 SOLUTION OF TIiE SPACE-TIME NEUTRON-GROUP
DIFFUSION EQUATIONS BY A TIME-DISCONTINUOUS SYNTHE -
61S METIfOD. Yostnsky, J. B. (Wc#tinghouse Electric Corp.,
West Mifflin, Ps.). Trans. Amer. Nucl. Sac., % 456-7 (Oct.-
NOV. 1966).

B
7911 APPLICATION OF SYNTHESIS TECHNIQUES TO THE
CALCULATIONS OF THREE-D1MENS1OSAL REACTIVITY COEF-
FICIENT DISTRIBUTIONS. Bear, J. L.; Judge, F. D.; Vencrus,
E. R. (General Electric Co., Schcncctady, N. Y.). Trans. Amer.
NucI. SOC., 9: 470-l(Oct.-Nov. 19ti6).

B, G

7912 FLUX SYNTHESIS USI?JG 31ODIFIED GRF.EN’S FUNC-
TION MODES. Hooper, R. J.; Becker, M. (General Electric Co.,
Schenectady, N. Y.). Trans. Amer. Nucl. sec., 9: 471( Oct. -Nov.
1966).

c
10132 (WAPD-TM-641) TEST OF THE TIME SYNTHESIS
A P1’IIOACH FOit T1i E SOLUTION OF fiEAc’roN KIN KTICS
PROBLEMS. JWwick, J. A.: K~plun, S. (ilcltis Atomic Power
L~b., Pittsburgh, Pa.). Oct. 196fL COnIr~~’t AT(li-l)-Gen-
14. 33P. Dc*P. mn. CFST1 $3.CM3cy, $0.65 mn.

A series of numerical experiments are reported In which time
dcpcnckmt diffusion prublcme arc SOIVCI-Iapproximately by various.
vursions of the modnl analysie and tlmc ~ynthcsle methods. (auth)

B

12140 (GEAP-4922) BISYN: A TWO D1MENS1ONAL SYN-
THESfS PROGRAM. Greebler. P.; Kelley, M. D.; Davlo, R. A.;
Keck, C. A.: Duncan, W. A. (General Electric Co., Ssn Jose,
CalIf. Advanced Products Operation). July 1S, 1965. Contract
AT(04-3)-189. lsop. Dep. mm CFSTI $3.00 cy, $0.65 mn.

A two-dimensional diffusion program (BISYN) for core analysis
of fast reactors is described in which the two-dimensional ftuxea
and adjoints are s yntheslzed from one-dimensional solutlons using
a noniteratlve technique. (D. C. W.)

F
17281 GENERALIZATION OF THi? VARIATIONAL, METHOD
OF KAHAN, RIDEAU, AND HOtlSSOPtJULOS. 11. A VALUA-
TIONAL PHINCIPLE FOR LINEAR OPERATORS AND ITS AP-
PLICATION TO NKUTHON-TRANSPOIIT TH1!OHY. Kostlno Mor-
ton D. (Prlmwdon [Iniv., N. J,): Hrookn, IIarvey. J. Mtith. Phya.
(N. Y.). 8: 53-6 fJnn. IW7).

Adtliimid /tI,\illcv{~i,m~ “~~n grncralin,ti form of tlw v:{rlatlunsl
method of Kahan, Hi(k$au. and I{IJuH~opIJulos ure prcwmlod. Equa-
tions ueed In neutron tmnsport theory, such as rho Kphcrical har-
monics operator form uf the Iloltzmann equation, arc derived
from the generalized variational functional; and an Intcrprchtlon
of these operator equations in terms of flux- and &Ource-gencrat-
lng operators is suggested. A relation bdwccn this vsrlatlonal
method and the variational mcfhod of Lippmann and Schwlngc r is
established, and It is ~hown tkat the Icast-squa re variational func-
tional of Becker for linear equations can be derived from a gcnor-
sllzed variational functional. (auth)

14
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G, B
17453 (KAPL-M-6588) SOME MATHEMATICAL PROPER-
TIES OF THE MULTICHANNEL VARIATIONAL SYNTHESIS
EQUATIONS AND TWO-D1MENS1ONAL SYNTHESIS NUMERICAL
STUDIES. Wachspress, E. L. fKnolls Atomic Power Lab.,
Schenectady, N. Y.). Dec. 12, 1966. Contract W-91 -109 -ent?-52.
31p. Dep. mn. CFSTI $3.00 cy, $0.65 ntn.

It {e proved that the matrix approximating the group diffusion
operatcr (-V . DV + A) in the multichannel variational synthesis
mockup is positive definite. Some numerical studies of a highly
nonseparable reactor are described. (aufh )

F
21383 LIMITATION OF THE ROUSSOPOULOS VARIA-
TIONAL PRINCIPLE ? Pcmrmdng, G. C. (General Atcmic Div.,
General Dynamics Corp., San Diego, Calif. ). Nuc1. Sci. Eng.,
28: 150-2 (Apr. 1967).

It is shcwn that, in the application of the Rcussopmdos varia-
tional principle, for a certain ciass cf triai functions the designa-
tion of the error term as a second-order term is questionable,
leading to doubts about the usual interpretation of the variational
procedure. (D. C.W. )

F
21395 COMPLEhfENTARY VA RXATIONAL Principles
IN NEUTRON DIFFUSION THEORY. Arthurs, A. M. (Uttfv. of
Wisconsin. Madison). Prcc. Roy. Sec. (London), Ser. A, 29fl
97-10 l(Mar. 28, 1967).

Complementary variational principles associated with neutron
diffusion in solids are presented. The resulting formulas are used
to derive ncw expressions which provide upper and lower boundo
for tbe absorption probability. (eutb)

G, B
21731 VARIATIONAL METHOD FOR MULTIGROUP NEU-
TRON FIELD SYNTHESIS IN MULTIZONE REACTORS. Kiuo-
mov, V. V.; S1csnrcv, I. S.; Kuzmin, A. M. pp 11-32 of
Inzhencrno-Fizicheskie Voprosy Yadcrnykh Rcaktorov. Yu-
rovol, L. N. (cd.). MOSCOW,Atomizdat, 1966. (In Russian).

The neutron field iN a nuclear reactor can be dcscrihrd with a
degrca of accuracy by a multi-group set of kinetic equations which
are written in vector-mat.rix form with n Pi-approximation to avoid
t(!diOUR C:dcuhtions. A functional J can be compotio(f on tie basjs
of the neutron diffusion cquutiww and the boundary conditions. The
functional J is varied with respect to vector functions which eatisfy
tho diffusion equal ion. Tho deviation of tlw functional f rum the
exact value Is a second-order differonco compnrcd with tho devia-
tion tn tho average vtwtor function from {ho function whlrh is a
solution of tho protdeln. Tho rnultlgroup Mot of equatiotw+ is reduced
to m set of f(~w-grtmp (,tlu:ttitms by ihc usc of Ihc! wtriatiomti princi -
P112and hy thl, low w,ttsitivl ly of UK! [unctl<msl (O error in the vector
furwllons. II w :t~.u]mti that the SIM(W nml t,ne rgy cumponcnts of
the ncutrun Ilux anti uf the mutron worti]s urc partially separable.
Tiw twiuti,, n.: KiVIO:Ilq)roxim:ttc V: IIULWof in[(~l!ral fluw. s an(i n(:u-
tron wortl,.. in V;tIIIJII> r,..ict,)r ZOIWSin a particular cm,rgy sub-
SPWX. Th(! clfl!rtjv~, muitipiic;ttion factor of the reactor i~ deter-
mined. (TTT)

15

F, A

25404 CANONICAL AND INVOLUTORY TRANSFORMATIONS
OF THE VARIATIONAL PROBLEMS OF TRANSPORT THEORY.
Kapla, S.; Davis, James A. (Westinghouse Electric Corp.,
Weat Mifflin, Pa.). Nucl. Sci. Eng., 26: 166-76 (hlay 1967).

The notiona of canonical and involutcry transformation.q from
the calculua of variations are applied to neutron transport prob-
lems. It is shown that the variational formulations cf Vladimirov,
Selengut, Pomraning and Clark, and Davis are related through
trantfformationa of this type. It ia pointed out that the pair of
functfonala identified through the involutory transformation are
reciprocal in the sense that the minimum of one is the maximum
of the~h er. The implications of this fact fcr the development
of app ximatlon methods are discussed. (auth)

F, c

27663 (AD-634843) NEUTRON IMPORTANCE{ AND VARIA-
TIONAL FORMULATION IN NKACTOI{ P[{YSICS. Noztiws, IL_?i-
kichi (Uppsala Univ. (Swedt”n)). Fcl,. 25, 1966. Contrlcl
AF 61(052)-674. 48P. (AI{ L-66-0120). CFSTI &f.fJO Cy, $0.65
mn.

The neutron importance is studied an a physical concept for
a time -de~ndent systcm considering the case where successive
detections arc made as wcil as tile fiml detection. Succcaaive
detections make the importance equation inhomogeneous. Based
on the physical interpretation of neutron importance, a ncw for-
mulation cf variational principles is proposed in a manner ap-
plicable to time-dependent systems. The proposed variational
functionsls are to be undcrsteod not as Lsgrangian dcnsitiea as
in classicsl cr quantum theory of fields but as total detection
data in experiments. As an application, a method of Green’s
functions ia developed tc improve successively a trial flux. The
modification factor for the source term in the diffusion equaiion
is derived in a most elementary way. (auth)

A

29841 ANGLE-SPACE SYNTHESIS: AN APPROACH TO
TRANSPORT APPROXIMATIOKS. Kaplsn, S.; Davis, J. A.i Na-
telson, M. (Westinghouse Electric Corp., West Mifflin, Pa.).
Nucl# Sci. Eng., 28: 364-75 (June 1967). (wAPD-T-1691).

A ~ethod 1S proposed for solving the transport equation in which
the angular dependence is treated by expansion in specially tailored
trial functions. Tbe working equations of the method are derived
and simple numerical examples presented. (MM

G

30091 (ANG721O) REACTOR PHYSICS DIVISION ANNUAL
REFORT, JULY 1, 1965 TO JUNE 30, 1966. (Argonne National
Lab., IL). Dec. 1966. Contract W-31 -109 -eng-38. 446p.
Dep. CFSTI.

Brief descriptions of work on the following eubjecta are pre-
sented: fission properties and cross section &ta including faat
neutron scattering studies, elastic neutron scattering from ele-
ments c$ intermediate weight, elastic neutron scattering from
Mg and Si, fast neutron scattering frcm nuclei in the mass regicn
A = 95-130, the interaction of fast neutrons with the 162, 184, and
186 isotopes cf W, a search for fluctuations in the fission cross
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f
sectiono 2JSU, neutron flux measurementa in the 10-200keV re-
gion, (d,n strapping reactions, fast neutron total cross sections
uainga monoenergetic source andanautcmatic facility, faat neu-
troq energy degradation through the (n,yn’) process, unitary models
of nuclear resonance reactions, the ?62Cf fission neutron spectrum
from O.003-15. OhIeV, drectand ahsolute measurement8 of aver-
age yteldof neutrons in the thermal ffssionof 2SiU andspcmtsneoua
fissfonof M2Cf, spontaneous fission half-lives of U2Cmand2440 Cm;
thermal reactor physics including High Conversion fHi-C)critlcal
experiment, Hi-C uniform lattice calculations, initial critical ex-
per!mentsof the EBWR Pu recycle pro ram, meamtrementof

Acapture-to-fission ratioaof 2S9Puand2 Pu in the Pu loading of
the EBWR, control rod evaluation for ihermal and intermediate
reactors, 6msH reactivity meatniremento in the Argonne Thermal
Seurce Reacior (ASTR), neutron beam spectra extracted from the
High Flux Irradfaiion Reactor, Argonne Advanced Research Reactor
(AARR) critical expcrimenta-preface, AARR critical experiments-
centrcl blade woriha, AARR critical experiments-prcmpt neutron
lifetime measurements by the RossI-alpha technique, AARR critical
experiments-Cd ratio measurements, AARR critical experimenta-
activetion and power distribution measurement, AARR critical ex-
perimenta- void and material reaciiviiyworths and temperature
ccefficienta, AARR critical experiments-beam tube experiments,
AARR critical experiments–startup source requiremente and
instrument reaponae, AARRcalculaticns- preface, AARRcal-
culations-analysis of the critical experiments, AARR calcula-
tions-general reactor physica design analysis, AARR calcu-
lations-reactor physics characieristice of the ITC, AARB
calculations-factors in optimization of experimental fluxes,
AARR calculations- shield design analysis, AARRcalculations–
analyses of hypothetical accidents; fast reactor physics including
theneutron energy spectrum ins dilute UC-fueled fast critical
armembiy, neutron spectra in depieted U, calculations of Na-void
coefficients in large faat neutron carbide cores in assemblies
No. 2and30f ZPR-6, cnlculationsof the effect of thin slab het-
ercgeneitiea on the non-leakage reactivity component of Na void-
ing, non-linearity in the spectral compcncntof Ns void effect
atia function of Na conttmt, effect of parameter uncertainties on
Ns void effect andcriticsl size of fnst reactors, Wppler-effect
meatturemcnts on a dilute carbtdc faat aasembly-ZPR-6 assembly
No. 42, measured physicaparameiera Ina zoned fast UC core-
ZPR-lVaaaembiy No. 42, analysiaof thouncertaint~es in the
interpretation ofzonc Ioartcd cxpcrimcnts, mcasurementof the
spatial distribution of 111(,il]tportoncc of fission neutrons in ZPR-6
assembly No. 4Z, btamtnrd dcviutionof iun chambur current mca -
aurcments in ZPR-0 a8scmbly 4Z, measured reactivity removal
raiea in ZPR-13 asaembly No. 4Z, the Argome NationnI Lnberatery
of ZPR-3 atmcmbiy No. 48, criticnl ttsscmbly comparison calcula-
tions using ncw cross acction dtin, comparniivc nmttronic chnruc -
terlsticsof metal, oxldcnnd c:irljido El]it-11 driver fut.is, Umcf[oct
of fuel nndblsnket ch~nges on iho tilMt-11 fiux, FARE1 Core I fuel
irradfntion program sncl reforrncedc~ikm, iwcnty-slx]:roup croes
sectton set for W-hatwtl ruckt,t #y#tt.ma, physics menhurcmcnta
lnfnst Wrocket reactor criticai cxlwrimrnts, meatwrementof
space-dependent rnuirrial worths in tmvrrsl zIVt-tl ntikwmblicb,
rocket critical aaticmtdicti nnulyt+is, pbysica measurt+mcmis inun
operating fast breeder power renctor, further twutronic etudiea
of the 1000 MN’(c) mrtal-fueled fnsi brccdcr rcmctor, rtwclor
physics calcuiaiionsforn 10,000 hIW(th) fnst Nu-coolmtbrcedcr,
fast brccdcr reactors forwaterdcaniting, crticrin forihcdcnsity
of monitorin~pcint~ inlnrge rcnctors; fast reacior safct) includ-
Ingcapnbiliiies of thcprem-nt TREAT fncUiiycorcn,en fast flux
10CP meltdown faciiity, melldown cxperlmcnta using the Msrk I in-
tegral Nn ioep, amtiysea of single pin lonp mclidown experimtmts,

properties of irradiated U02 I>lns prior to I’RI;AT [acilit> tran-
sients, photographic fast reactor .m[cty t,xln, rimcnts on Irradlntcd
oxide pins at the TREAT facility, trunsimrt in-pile tcsis on U02- W
cermet rocket fuci samples, design of the Mnrk R Inicgral TREAT
facility Na loop, calibration mockup for ihc Iargc loop icsi section
for ihe TREAT faclfiiy, transient rcspensr of stand-off pressure
transducer assemblies on the TREAT faciiity integral Na loops,
extensible mulii-purpoac vacuum giovc box, cxperimentrd resutts
and improvements in the fast neutron hodoscope, the exact ihrce-
dfmensiomd solution for thermcekmtic stresses and displaccrnenis
in finite and infinite tubee, transieni vaporization of Na in reactor
coolant channels, convective heat or mass transfer with phaae
changes, theoreUcai prediction cf thermodynamic and transpert
properties of metal vapors, equation of state of reactor materials
at high pressures and temperatures, a modified equation of atate
for hydrodynamic calculations in the AX-1 numericsl prcgrsm,
properUes of refractory ceramica at extremely high temperatures
(UC liqtid expnsion), modification of the high temperature W
filament furnace, failure pressures of thick-walled doubly-rein-
forced mncrete cells, maximum permissible body burdens of
Pu isotopes and resulting release criteria, fast reactor meltcbwn
accident anaiysis code, PRE~ experimental phyaica techniques
and facfl Itiea including a low geometr IYcounting chamber, abao -

/’lute determination of fission rates in 35U and 2~U and capture
rates in 2WU by raciiochemical techniques, precision fission rate
meaauremente by fission irack counting, solid-state Compton
spectrometer for measuremcni of reactor y spectra, feedback
stabilization of nuclear counting chsrmels, sigtmi apliiting into
faat and slow channeis, design and construction cf an improved
Mn bath counting system, low flux measurement of % epicad-
micm capture-to-fission ratio, reactor respcnae to an oacillatlng
neutron source, neutron fluxes required for activating probe
materiais, a code to permit fission product decay corrections
witbout the use of a reference foil, determination of the k-con-
stant for the Dy substitution method, additional calculatlona of
ths activaUon of spheres in a noniaotropic neutron flux, use of
a small dfgttsl computer in data analysis and control of critical
facilities, a Ge(Li) detector aysiem for the measurement of y-
rays foilowing inelastic neutron scattering, a multi-angle faat
neutron time -of -flight ayatem, multiple angie detector apparatua
for neutron eiastic scattering and pciarisation measurements, .
multiple scattering correction, automated compuied control of
a faat neutron laboratory; reactor computation methods and theory
including the Argonne Reactor Ccmputstlon (ARC) system, the
ARC s@em giossary, the Multigroup Constnnta Co& (MCz),
modification of THERhIOS to generate transfer crcsa sections,
genersUon of multigroup cross sections using a coupled MC2-
THERMOS cnde, variaticn of thermai cross sections with buckiing
in consistent PI and B1 calculations, &veiopment of a code to
study fuel management, AMC - A Monte Carlo code, development
and anatysia of Monte Carlo methods, quasistatic treatment of
space dependent reactor tranaienta, space dependent kinetic cal-
culations using the WIG LE @de, reactor aysiems anaiysia and
hybrid computers, computation of ihe coupled error function by
continued fractions, treatment of source diacontlnuitiec in the
aoluUon of the diffusion equation, revision of the buik shielding
code MAC for the CDC-3600 computer, codca for analysle of
elaatic acatiering anguinr distributions, multilevel cross accilona
for a fissionable isotope, the effect of interference on the reso-
nance integrai mixtures of Th and U, the cf feet of randcmncaa
on group crotm sections, the chemicai binding effecia on the
reaooance line shapea of 2SU in a U02 lntiicc, equivalence be-
tween homogeneous and hcierogenccus resonattcc intcgrttl~ in
cylindrical geometry, effect of the fiuctuntions in colilsion tien-

.

.
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ally on fast rcnclor Dcqpler effect calculations, an tipproximale
calculation of space dcpcndcrd flux using a variational principle,
neutron-wave analysifl; mlacellaneous including energy spectrum
of fast coamlc-ray neutrons mmr mm level, 8 C02 system for
dlrcct converalon of nuclear energy to coherent laser light, the-
ory of plasmn oscillations- generation of thermionic RF energy
and Interdictions with UC, elrculutlng tdticld reactor [or slmce
power, and Improvlacd shutter doslgn for the JANUS re~tc[ur,
A totnl of 609 rcforcncce is ll~tcd throu~hout the report. fM. L. S.)

rather difficult to fntvrpret nnd to cxtrnpolatv with n multlgroup
theoretical rnodcl. A much a implcr modc,l involving only few pn -
rsmotors has twcn tried out which would ~tlll Kivv n geod repre-
sentation of the physical prorcsses. This slmplc model Is based
on a two-group formal ltim, in which thv groups overlap, drrlvcd
from the dlffuaion cquntkm by a rariut tontd proccdurc. Compari-
son between convrntionnl multl~ruup and two-overlapping-~oup
formaliama glvcs excc!lent agrvcnmnt. R hi hoped that with the
help of tbia mcihod the Interprctntion of multizoncd critical ex-
periments might tw?greatly eased. It is also suggested thnt eyn-
theaie methods In general bv uamt to solve some apcclal problcme
in faat reactor physics. A list of 21 references Is included. (auth)

G, B

30191 SYN’I’II[:SIS OIP TIIftI?it-fXMf7 NSIONAL T’I.IIX SHAPES
USING DISCON’~lNtlO[lS SI;TSOf’Tl{IAI. PUNCTIONS. Yasin- F

sky, J. fl.: Knplau, S. (Westinghnuac Elcctrlc Corp., \Veat Mlff- 35607 THE USE OF NOETHER’S THEOREM IN REACTOR
lin. Pa.). Nucl. Sci. lhIg.,28: 42 fRf7(Jutw 1967). PHYSICS. Tavel, M. A.; Clancy, B. E.; Pomrnnfng, (3. C.

(Brookhaven National Lab., Upton, N. Y.). Contract AT(30-2)-
Gun-l 6. Nucl. SeI. Eng., 29: 58-66 (JLdY 1967). (BNL-10697).

The rnothnd of flux sy~~thrsls 1s cxtvndwf in n ayW!mutic way to
ullow thr possibility of u%inq different w,tR uf trlnl functions In
dlffcreut nxiid zomw. ‘i%l, uecrmmry cquntlnna nre d(, rivcrf in
some detail and numerical cx;lmplc.s arc prcacnted. The rcaults
of thcac cxampIcs arc very satisfactory and .wggcat, therefore,
thid the sylltl]~,sls proccdurr cm) Im m;]de much more utwful and
powerful by cxtcmding it in this way. In a more general context
they auggost that the fmsic notstlon of deriving diacontinuoua-
typc approxl mat ion methods from an appropriate variational prin-
ciple is a valid nnd very effective idea. (auth)

c
31950 (WAPD-TM-635) TIlft M[ll;l’lhlol)ft SYNTlffHIS AP-
PROXIMATION FOR SPACE-TIME IIK \t!T( II( llVK.\MICS: AN
APPRAISAL OF FINITE fJIFFltltli N(~[N(; ?.11:’1’11{)[1!..Clarke,
W. Go; f.Ja~gOM, S. G. (Ilctlla Atnlnl($ l’IIW(or lJIII.. lUttMmrgh,
Pa.). May 1967. Contract AT(] i-1)-G*’11-14. ‘G1’. l)CP.
CFSTI.

An appraisal of possible finllc! diff[,r<w,.l!)~ mcllIt, IIM for fhu
multimode time sjmthcsis alqlroxln):lti{,l] 1(!Wmct’-limo rwwtar
kim!tica with emphasis on :tccur:tr~. t:~ll,llit~, mmu,ullor economy,
and programming simIilcily is Ijroxt”!]l(otl. A 1“(111’llt.\N IV digitul
program for the CDC-CfiOtl, hlUMKIN-:’, W:!SUMV!t,, Iwrfurm
iheae numericai studies and Is (I($s{.rll..tl. Tlw prov,r,tm In used

to solve the multimode kinetics C,qtl:llltsllti 111111011118,IIL!(!of rcnc-
t{v{ty feedback for up t[~nit){, trial Illlicli(al:t U!NIHli ,If.lllyed nt!u-
tron groups. l’i)e pro~rxm ,I(wcrllltllll! iII*lIIIltQN1111tk.tmplo Uf
how mult{nmdc kinclics ]IarOn,(,l!orti r:,!, IN. g,ul(~r:!lt,l by ttrlf.b-
metical opcmtlona on the synthc,s!~ c(iiL~ (If UI1oxitIl Iltg ono dlmcm-
alonal neutron rfiffu:ikm IIr{!gr;im for Ill) ttj fllllr ~$ll~olKYgrOllpN und
100 mvsh points. Spwi:d I(,:!twuti III 1111IIWWIII] h10’itlIl~m uutO-
mnted dati {ink for COII II IUIIIIKthi” !11111llIIIII~h’~ llI1oLi~~.pnrll melurn
p, 7 nmi A and n tv(hl!ifpl(. t,! ;I(.III!,${, Iilllc. t.) IIUI(,NI,!with dlMwn-
tinuous sew of tridfunclk,mi. Moth]

F
35554 (ANL7320, PP 439-46) APPLICATION OF SPACW
EN~:RGY SYNTHESIS TO THE INTERPRETATION OF FAST
MU LTIZONE CRITICAL EXPERIMENTS. Sforrer, F.j Cbsmnont,
J. M. (Commlssarlat a l: Energie Atemlque, Cadaracbe (France).
Centre d’Etwfea Nuciealree).

information gained from multlzonad crtttcal exparlmente la

A use of the variational method which has been neglected in”
reactor theory is dl~cunscd. This Is the Invariance tbrorem of
E. Noetber which has been wideiy utilized In other areas of mathe-
matical phya Its. Foilowlng a derivation of the tbecmcm, ita use
to ohtnln solutlonn of thv time-lndcpc.ndcnt dlffuaion cquatlon ta
dcmonstmtcd. lhc thcororn la used to construct a comp!ete anal-
Of(Ybct~c(’n the tinw-dcpwniont dlffuskm proccsa and cfasaicat
mcchnnlcs. Conrcrvstlon Iaws ar{sc In the con~tmctjon of thl~
an;{io~y and th~~lr l~,xsiljlc nlqjl{catlrm IS dlwusecd. An analogy
between the n~wtrun diffusion cquatiun und the time-dependent
Sc!hrocdingcr cqmtion is alrio given. Several auggcetione for
general izutlone of Nocthcr’a theorem for usc in reactor theory
arc made. (auth)

A

38180 ANGUmR SYNTHESIS APPRONMATION APPLIED
TO THIN CRITICAL SUBS. Zwfbel, H. S. fBattellc-Pecffic
Northwest Lab., Ricbland, Waab.). Trans. Amer. Nucl. SoC,,
10: 213-14 (June 1967).

From 13th Annual Meeting of the American Nuclear Society,
Ban Dfego, Cal{f., June 11-15, 1967. See CONF-670602.

A
38203 STRATEGY FOR THE APPLICAT’ION OF SPACE-
ANGLE SYNTHESIS. Natelson, M. fBettfa Atomic Power hb.,
West Mtfftin, I%.). Trans. Amer. Nucl. .%x., 10: 171-2 (June
1967).

From 13th Annual Meeting of the American Nuclear .%eiety,
San Otego, Calif.o June 11-15, 1967. See CONF-670602.

B
38205 INITIAL STUDIES OF COLLAPSED GROUP-SPACE
SYNTHESIS: ANOMALIES ARISING FROM THE USE OF
ADJOINT WEIGHTING. Yasineky, J. B.; Kaplan, S.; Jason,
R. H. fBeffls Atomic I%wer Lab., West hfifflin, I%,). Trans.
Amer. Nucl. See., 10: 172-3 (June 1967).

From 13th Annual Meeting of the American Nuclenr society,
SSn Diego, Caltf., June 11-15, 1967. See CONF-6706020

17



Volume 21 (1967)

A
;8208 CANONICAL AND INVOLUTORY TRANSFORMATIONS 40364 THE EXTRAPOLATED ENDPCNNT FOR THE hflLNE
OF VALUATIONAL PROBLEMS INVOLVING HIGHER DERIVA- PROBLEM. I%xnraning, G. C. (General Atomic Div., General
TiV ES. Kapian, S. (f3etiis Atomic power Iab., West Mifflin, Dynamics Corp., an Diego, tMif.); Lathrop, K. D. Nucl. Scl.
Pa.). Trans. Amer. Nucl. SOC., 10: 175-6 (June 1967). Eng., 29: 305-8 (Aug. 1967).

From 13ih Annual Meeting of the American Nuclear Society, Upper and lower bounds on the extrapolated endpoint for a
9an Diego, Calif., June 11-15, 196’7. Seo cONF-670602. homogeneous source-free half-si)ace with abeorptlon ●nd isotropio

scattering ●re calculated by relating the extrapola icd endpoint
to a linear functional and applying variational methods. (D. C.W.)

c

38209 VA RL4TIONA L PRINCIPLE FOR THE DETER~A-
TION OF PSf?UDOFUNDAhlENTAL DECAY EIGENVALUES.
J~nkln~, J, D.; ~ltih, p. B. fRenSSebIer ~lytCCtMto InSt.,
Troy, N. Y.). Trnn8. AmCr. Nuc1. SOC.O10: lTT(JUne1967)s

From 13fh Amual Meeting of the Americnn Nuclear Society,
Sun Diego, Cullf., June 11-15, 1967. see CONF-670602.

B

38210 PERTURFIATION hfItTIIOfl THAT UTILIZES THE
VAi{iATIONA L PRINCIPLkX ASSOCIATED WITN TIIfl NEUTRON-
DIFFUS1ON EQUATION. Turley, Ricbrd E. ffOWS~~ U~V.D
Ames). Trans. Amer. Nucl. WC., 10: 177-6 (June 1967).

From 13th AMunl Meeting of t.hc American Nuclear Sdety,
San f]h?&W,Cullf., JUUO 11-15, 1967. se cf3N~-670602.

c

38535 COM MUTATIONAL METNOLM FOR SOLUTION OF
REALISTIC SPACE-TIME DYNAMICS PilORLlihiS. Kr@n, S.
@otUs Aiomio Ibwer IAIL, West Mlffiln, Iii.). Trans. Amer.
Nuol. ,Soc., 10: 203(Juno 1!)67).

From 13th Annual Meeting of the American Nuclear Sootety,
th Diego, CalIf., June 11-15, 1967. See CONF-670602.

c
38558 VARIATIONAL CALCULATION OF COhlPLEX MODES
OF XENON SPATIAL OSCILLATION. Buslik, A. J.; Weinreich.
W. A. (f3ettfs Atomio %wer Ub., West Mifflin, Pa.). Trans.
Amer. NUCL sec., 10: 257-6 (June 1967).

From 13th Annual Mceiing of the American Nuclear Society,
an ~ego, Calif., Jue 11-15.1967. see co~F-670602*

B

38682 CALCULATION OF THE SODNM-VOID EFFECT BY
FLUX SYNTHESIS. ‘rravelli, A.; Helm, F. (Ar~e NSUCC@
Lab., nl.). Trans. Amer. NUCL SW., 10: 27s-6(Juoe 1967).

From 13tb Annual Meeting of the American Nucl=r SOCiOty,
San Diego, Calif., June 11-15,1967. See CONF-670602.

F
40365 A DERIVATION OF VARIATIONAL PRINCIPLES FOR
INHOMOGENEOUS EQUATIONS. Pommning. G. C. @Wook-
baven National Lab., Upton, N. Y.). Nucl. Sci. iing., 29: 220-36
(Aug. 1967). (BNL-10514)

It is shown that variational principles need not bo postulated
and then corrcctncvm proved; ihcy can. in faci, b derived, making
iholr twe more a matter of muiine thun ingenuity. A Lagrango
multiplier technique is used to derive a second-order variaiionai
principle for c8iimating an arbitmry functional of the aoiuiion to
an inhomogc!ncous equation. The relailon of lids prlnciplc io ●

functional Taylor acricn cxpnnsion md io ciumuniflry pcrturbaticm
theory in catabilsiwd. A normuilmtion hxtc,iKmdvnt acc(md-ordvr
variaflonal principle for an arbiirary functional in dvrivcd which
reducca to the SchwIngor principie if tho functional in ihwar. ‘i%o
higher-omtor variational principles are derived and arc ahown to
be gonerallzations of iiw princiides of Konlin tmd B:wka. The
Lagrange muiiiplier itwhnique in appl iwf to tlw inlu,mo~wwoun
Sturm-Liouviile cuufiiion. wi)ich itwdu 10 n auwmd-ordrr vnria-
tionsl principle for estimating an arbitmry functional which allows
trial funciions thni are not continuous and do not eatiafy Iho bound-
●ry cenditiona. Th18 funclimmi is of the t,yl]c ouggratcd by Llus ilk
piue boundary terme. Tho dlf[crwwcs bctwccn a variational prin-
ciple which can only be used to estimate a functional of interest
●nd one which aino acta an ● Lagrangian arc diacu.sscd. (nuth)

c
40609 THE APPLICATION OF THE CALCULUS OF VARIA-
TIONS AND THE METHOD OF GREEN’S FUNCTION TO THE
SOLUTION OF COUPLED CORE KINETICS EQUATIONS.
Carter, Neal: Danofaky, Richard (Iowa State Univ., Ames).
pp 249-69 of Coupled Reactor Kinetics. Chezem, C. G.;
Koehler, W. H. (eds.). College Stitioq Tex., Texae A sod M
Press, 1967.

From American Nuclear Society, Coupled Reactor Kinetics
Conference, College Station, Tex., Jam 23-24, 1967. See CONF-
670107.

Solution 10 the coupled core kinetics eqmtiona is presented in
the form of a epace-time modal analysis in terms of neutron flux.
The flux is expanded in a series of space dependent functions
having time de~ndent expana ion coefficients. Sample calculat iono,
utliizing tha method, are given. 4 references. (M. L. S.)

c.
42756 SOLUTION OF THE SPACE-T$ME NEUTRON GROUP
DIFFUSION EQUATIONS BY A TIME-DISCONTINUOUS SYN-
THESIS METHOD. Yaslnsky, J. B. (Westinghouse Electrio
Corp., Weat Mifflin, Pa.). NUCL Set. Eng., 29: 381-91 (SePi.
1967).

A variational principle, which haa as ita stationary conditions

.

.
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the direct and sdjoint time-dependent grap diffusion equations,
is reedified to admit tjme-discontinueus approximate Ing functions.
This extended principle is used to develop a synthesis approxi-
mation for the time-depcsdent group diffusion equationa which
permits the use of different acts of trial functions at different
times during a transient analysis. The necessary equations are
derived In detail, and two numericat examples are presented.
These examples show that the time-discontinuous syntheeia method
la capable of conatructfng accurate apace-time neutron fluxes,
which vary smooth!y in time, from spatial trail functions which are
discontinuous in time. In addition, these examples display the
potential of the new time aynthcaia for yielding computationally
leaa expensive solutions than are possible with the time-contin-
uous synthesis procedure. (suth)

F

428b4 (WAPD-TM-659) CANONICAL AND INVOLUTORY
TRANSFORMATIONS OF VAR1ATIONAL PROBLEMS INVOLVING
SECOND DERIVATIVES: APPLICATION TO BEAMS AND PLATES.
Kaplan, S. (13ettis Atomic Power Lab., Pittsburgh, Pa.). May
19s7. Contract AT(ll-1) -Oen-14. 54p. Dep. CFSTI.

The canonical and involutory transformations of the calculus of
variation are applied to variational problems in which the inte-
grand of the functional involves the second derivative of the argu-

, ment function. One and hvo dimensional examples, i.e., the vari-
ational problems governing the deflection of beama and plates, are
worked out 10 detail. (auth) ,

c
46656 APPROXIMATE SOLUTION TO THE TIME-DEPEN-
DENT MULTIGROUP NEUTRON-DIFFUSION EQUATIONS USfNG
A RESTRICTED VARIATIONAL PRINCIPLE. Robinson, James
Conda. Knoxvtlie, Term., Unfv. nf Tennessee, 1966. 115P.

Thesis.
For some reactors now in operation or being considered, it

has become apparent that a time-dependent mathematical neu-
tronic model which permits a shift in the neutron energy and/or
spatial spectrum Is required for tbe dynsmic study of these
systems. Models which describe the behavior of the neutrons
in space, energy, and time are weli-known, e.g., the muitigroup
neutron diffusion equations, but the solution to the resultant set
of coupled nonlinear diffcrt!ntisi-integral equntions must be ap-
proximate. ‘The class ic:ii approximation is to assume thnt the
neutron cncrgy and spnlini .?Wctrums arc indcWndent of time.
The purpose of this study was to develop an approximate solu-
tion for the time.-rlc.pundc,nt multigroup neutron diffusion equs-
tlons with tcmpcraturc-dependent parnmetcrs, thereby retaining
n mechxnism to pt. rmit a shift in the spntid or energy neutron
Spcsctrum during :1 trnnslcnt. The nonlinear equations wh!ch
kscrik lhc neulrouic stale of tile system arc linearized in a
dlscretc fashion, i.e., tlw nuclear parameters are assumed con-
stant over some sp:tti:tl rc$gion and lncrumcnt In time. AS tbe
calcuintlun progrcxsf.x in time, the nu[”lt.:tr paramctars nre ad-
Juslc,d its dict:ltt,,l from Iiw neulrwrlc and thermodynamic stale
of lllC. Systt, m. An :tppr(mimsle sulut ion Is obtained for the set
of Iincsrizw] nculrw diffusicm c.quations by ussumirqf the neu-

tron flux can be represented by linear comldnatton of known
spntlnl modes wlih tlmc varying coofflclenis. The equations
which dctcrmino ihe timo varylug cocfflclcntn are goncrated by
npplyiog a restr Icted variational principle. ‘1%0spattnl modes
cbomm to represent the flux’mw the Crccns Functton Modes.
l%o dciayvd neutron prccursor~ nrc explicitly token into ac-
count by wvetgning the precursor equatlone as equstions of
constraint to the functional whose Euler equations include the
syetem equations. Upon tho application of the variational prtn-
clple, the adjoint optirator and ad]oint function flux are intro-
duced Into the nnnlyeis. ‘ilrc solution to the ad]oint equations fa
as equally difficult ae the soluiion of the diffusion equations;
therefore, a mndai expanelon is aeeumed for the adjoint flux.
With the assumed solution for the forward and ndjoint flux, tbe
restricted variationsi principle leads to a coupled set of linear
differential equations which determine the time-varying coeffi-
cient appearing in the assumed solutions. The number of such
equatione, in general, is the product of the number of modes by
the number of groups appesring in the multigroup formaliam.
The number of eqtmiione can be reduced by assuming that dff-
ferent energy groups can be described by the same time varying
coefficients. To demonstrate the vs i idity of the approximate
solution, several traneient e, which were performed on tbe TREAT
reactor at Argonne National Laboratories, are simulated. The
analytical reeulte are presented graphically in the form of power
tracee which are compared with the experimental power traces.
The analytical model fa composed of five energy groups, up to
three spatial modee, and SLXdeiayed neutron groups. The re-
quired data to carry out a simulation are the neutron multlgrnup
parameters, delayed neutron fractione, precursor decay conetante,
and nuclide spscif ications. From the results, it is concluded that
tbe model is adequate for short-term transients in thermal ays-
teme. Recommendations are set forth for useful extensions of
the model to other problems of interest in reactor dynamics.
(Dtsser. Abetr.)
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F

1136 AN ANALOGY BETWEEN THE VARIATIONAL
PRINCIPLES OF REACTOR THEORY AND THOSE OF
CLASSICAL MECHANICS. Kaplan, S. (Westinghouse
Electrlo Corp., West hIiffltn, Pa.). Nucl. Sei. En&, 23:
234-7 (Nov. 1965). fWAPD-T-1816).

A formal parallelism is shown to exist between two clas-
s ical variational principles governing the time behavior of
mechanical aystema and two principles relating to the A-
mode e igenvaluc problcm of neutron group diffusion theory.
By identifying the space variable with the time variable and
space derivatives (gradients and divergences) with time
derivatives, the “usual” variational priociple of diffusion
theory is shown to be analogous to Hamilton”a prtnciple
and the diffusion equations are analogous to the Lagrange
equations. Hamilton’s canonical equations are then anal-
ogous to the diffusion equations in first-order form, and
the imalog of the principle involving the canonical integral
is a principle closely related to one proposed recently by
Sclengut and Wkichspress. (auth)

B

1140 BILfNEAR AVERAGING FOR DIFFUSION THE-
ORY PARA hlETERS [Thesis]. Pltterle, Thomaa Arthur.
Madison, WIS., Univ. of \Visconsiw 196S. 126P.

Bilinear averaging of group parametcre for use in dif-
fusion-theory calculations is evaluated. This procedure
averages energy-dependent cross sections over Mh neu-
tron f lox and adjoint spectra. Both perturbation theory and
a variational prfnc iple are employed to obiain multigroup
diffusion theory with bilinear averaged parameters as an
approximation to the continuous energy-dependent P- 1
equations. These derivations show thai with bilinear aver-
aging eigenvaluea accurate to first-order errors in the
fluxes used to average the cross sections can be obtained.
It is also shown that bilinear averaging represents a con-
sistent approximation to the energy-dependent equations
for perturbation theory calculations. Extensive numericaf
calculations were made to compare flux and bilinear aver-
aging procedures for diffusion theory calculation. A few
perturbation theory calculations were also carried out.
(TCO)

A

2978 VARIATIONAL VACUUM BOUNDARY CONDI-
TIONS FOR A PN APPROXfMATION. Davis, James A.
Iw’eatingbouse Electric Co., Pittsburgh). Trans. Amer.
Nuc1. SOC., 6: 464-5 (Nov. 1965).

F

2979 HIGHER ORDER VARfATfONAL PIUNCIPLES.
Selengut, D. S. (General Electric Co., Schenectady, N. Y.).
Trans. Amer. Nucl. Sot.. 6: 465~ov. 1965).

A

2980 A NUMERICAL COMPARISON OF HIGiiER
ORDER VARIATIONAL PRINCIPLES. Schreincr, Sheldon
(Untv. of California, Berkeley); Selengut, D. S. Trms.
Amer. NUC1. Sot.. 6: 485-6 (Nov. 1965).

A

2990 TRANSPORT SYNTHESIS. Davis, James A.;
Kaplan, Stanley (Westinghouse Elect ric Corp., Pittsburgh).
Trans. Amer. Nucl. Sot., 6: 509(Nov. 1965).

F

3331 AN ANALLX3Y ItETWf?EN THE VANATIONAL
p~iNCIPLES OF f{I;ACTO1{ TIIilOllY AND TIIOSE OF
CLASSICAL MECIIANICS. Knplnn, S. (Westinghouse
Electric Corp., Pittsburgh). Trans. Amer. Nucl. Sec., 6:
535-6 (Nov. 1965).

D

3454 FEM LONG-TIME-INCREMENT DEPLETION
CALCULATIONS FOR APPROXIhIATfNG BY SYNTHESIS
A MANY SHORT-TfME-INCREhlENT DEPLETfON Calcu-
lation. Flanagan, Charles A. (Westinghouse Ele&ric
Corp., Pittsburgh). Trans. Amer. Nucl. See., 8: 516-19
(Nov. 1965).

A

6264 (WAPD-T-1849) TRANSPORT SYNTHEWS.
Davis, James A.; Kaplan, Stanley (Bcttls Atomic Power
Lab., Pittsburgh, Pa.). Sept. 1965. Contract AT(ll-l)-
Gen-14. 15p. (CONF-6511O1-45). Dep. mn; CFSTf
$1.00 cy, $0.50 mn.

From 13th Conference on Rernotc Systems T@uIology,
Washington, D. C.

A FORTRAN program (TRANSY) is develupt%f to obtain
ayntheaizcd solutions to the S2 or S4 equations for a mono-
encrgeiic x-y problcm. Thu T1{ANSY synticsls la based on
the dlscrele-ordinate methwl. The purpust uf the synthesis
is to invesiig:iic the fcasihllity of synihcwizlng suiuiions 10
high -order appruximaiiuns to the irwwpori equation.
(T. F.H.)

B,G

8038 tKAPX3095) VARIATIONAL MULTICHANNEL
SYNTHESIS WITH DISCONTINUOUS TRfAL FUNCTIONS.
Wachsprea.% E. L.: Becker, M. (fhoi.ta Atomic Power
Lab., Schenectady, N. Y.). Nov. 1965. Contract W-31-
109-eng-52. 55p. Dep. mu; CFSTI $3.00 cy, $0.60 MU.

A variational formulation of multichannel synthesis

. I
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is developed forneutron diffusion computations through
use of a functional which admits discontinuous trial func-
tions. Detailed equations aregtven foraparticular choice
of trial functions. A variational depletion formalism is
described for conducting reactor life studtea with a multi-
channel synthesis calculation model. (auth)

F
8353 CALCULATION OF FLUX DISTRIBUTION AND
EIGENVALUfl OF AR fNTRARILY SIIAPED REACTORS BY
MEANS OF THE CALCULUS OF VARIATIONS. Unger, H.
Atomkernenergle, 10: 413-14( FJov.-Dec. 1965). (In Ger-
man).

h investigation was made on tic offcct of ihe reactor
shape on tho essential characteristics of the reactor,
e.g., specific power and !mrfaco heat flux density. The
problem corwistwf of wdculaiing and comparing the
neutron flux distrihuticm and critically of bare, homo-
geneous r.implc-txmtcrc’d rwiciors of arbitrary shape
in ordc r io obiuln ilw reactor form associatcxi with the
optimnl reactor. A method is presented for tho solution

of tic problem by means of a variational calculation.
(I,, ft.s.)

C,B
9957 ‘1’111,:AI’l~[,lCATION OF VARIA”f’[ONAL METll-
01)S ‘i’() Nl:U’t’l{t)N ‘1$){I.:}{NIA1.I~A,~l(jN ;>Rt)f_jL~;MS
rl’hcsis]. I{itzlnin:w, I{olwrt Ii. Gtiincsvillco Fla., Univ.
of I.”lorid:t, 1!II15. 174p.

M(,III(NIs Imsc,(i on l}w vuri:ttion:d nwthmt, VM, und the
gcm!r:,lized vuri;tticm:tl mclhut, GVhl, are applied to the
c:llculstion of the ihvrmdimtlon pmamctprs DO and CO
sssoci:tttvl with (Iw usyn)pluilc tinlc c.i~ultv:tluc through
the puwcr twrics A - UO I ~0111-CO114 for the pulsed neu-
tron expcrlmcnt In crystalline mcxfkt. A procwfurc is glvcn
for cfcicrmining only the lowest or aaymplotic elgcnvalue
wiihuul rucourse to POramctric “mclhods using selected
v;ilucs of the geometric bucklinK, flz. The trkd functions
sclcclcd to rcprcs(, nt the cmcrgy spectrum :trc the Laguerre
~jIynomials of order I wcightcct by the energy hlaxwellian.
Ilmvevcr, the gcmtir:tl dcvclopmcnt of the analysis 1s not
rest ricicd to these functions. Any suitable complete set
of polynomials could be utilized. Several examplea incor-
porating low ordered trial functions are given to provide
a detailed description of the mechanics of adapting the VM
and ihe GVM to the prohlcm and also to allow an analytic
comparison of the parameters obtained from the two meth.
ods. Gene r:d equations from which thermal ization param-
ciers can be obtained using high ordered trkd functions are
developed for both the VM and the GVM. Also included are
tabulations of pertinent Laguerrc weighted integrats (up to
18 polynomials) of energy-dependent sc~ttering cross-
section parameters oblained from the scattering kernel
x~(E’- E) selcctcd to represent the scattering interactions
t~~t may occur in the pwticuliir medium. The calculation
of the various integrals and hence the thermatization pa-
rtimeters is transformed to a discrete energy representa-

tion. The scattering kernels used in the calculations for
the crystalline media beryllium and graphite are based on
the energy exchange model formulated by Parks, and tables
of the kernel data for the selected energy points used in this
study are included. The influence of the energy mesh size
upon the values of the thermalization parameters is investi-
gated and discussed. Also dkicussed ia the convergence
behavior of the parameters obtained using both the VM a~d
the GVM. The values of the thermalization parameiere DO
and Co obtained in this study for beryllium and graphite
respectively are: 1.33 x I@ cm2/sec and 6.47 x 1~ cm4/
see; 2.15 x 10S cm2/sec and 16.06 x 10s cm4/sec. (Disserta-
tion Abstr.)

G

12368 (WAPD-T-1737) AN EVALUATION OF A
TIIi{l:E-DIkl[,:NS1( >NAI. FLUX SYNTfi ESfS METHOD AS A
NUCLKAI1 D1.;SIGN TOOL. Fianagan, C. A.; Smith, F. E.;
Dognr, G. F.; Ituthc.rford, C. 11. (i3cttis Atomic Power
Lab., West Miffiln, Pa.). Oct. 1964. Contract AT(II-l)-
Gcn-14. ZOp. (CONF-654-1OO). Dep. mn. CFSTI $1.00
cy, $0.50 mn.

From American Nuclear Sooicty Meeting, San Francisco,
Nov. -f)ec. 1964.

Rescn rch Is descrlbcd toward~ cval!mting the usc of the
wclghiod rcwldunl flux synthesis method in thrcc-dlmen-
siwml nuclear design calculotlone. The evaluation includes
compa rlson of synthc,tjis calculations with dlrcct three-
dimcmsiwxd caicu[atlons, a comparison of results from
synthesis calculations with cxpcrimcnt, and finally an ex-
amination of the practicality of applying the method to
dcpietion calculations involving considerable geometric
complexity, (auth)

12369 EVA LUATION OF VARfATIONAL METHOD
ACCURACY. Erykalov, A. N. At. Encrg. (USSR), 19:
462-3 (Nov. 1965). (In Russian).

A study is nmde of a variational method for determining
critical reactor dimension and neutron distributions, with
which the upper and lower limits of the eigcnvalue of the
hermitlan operator can be calculated. The high accuracy
of the eigenvalues obtained using simpIe approximations IS
demonstrated for two examples. The accuracy is computed
for a single-group diffusion equation for the case of constant
cross section snd consinusoickd flux distribution and the
case of constant dtffusion constant and cosinusoidal ab-
sorption and fission cross -section distribution. (M.J.T.)

B
15666 (CONF-6G0204-1) VARIATIONAL METHODS IN
THE CALCULATION OF SPATIALLY DEPENDENT SPEC.
TRA. Prancis, N. C. (Knolls Atomic Power Lab., Sche-
nectady, N. Y.). [1965]. Contract W-31 -109 -eng-52. 30P0
Dep. mn. CFSTI $2.00 cy, $0.50 mn.
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From Amerlcm Nuclear Society Meeting, San Die@,
Caltf.

Adiscuasion isprescntcd of variational methods for
cases in which the quantities studied arc stationary with
respect to the variable of interest. Resonance capture Is
not studied. After an introduction of the apatkdly indepen-
dent problem, a specific thermal-energy-range apatlally
dependent neutron problem isdtscusacd. Themethnd ia

\ then qpIicdto calculations ofgroup constants foramultl-
group Monte Carlo method, multlgroup space-energy pr&.
lema in slab geometry, and the use of overlapping grouptI

“ indtffusimt theory. (T. F. H.)

B
16033 A VARIATIONAL APPROACH TO THE EFFECT
OF BOUNDARY PERTUNBATIONSW HEN THE MULTI-
GROUP DIFFUSION EQUATIONS APPLY. SPittkS, N.
(Australian Atomic Energy Commiaslon, Lucas Heights,
New South Wales). 14P. (CONF-650602-71). ORINS.
Gmelln, AED-(X)NF-65-125 -107.

From American Nuclear Society llth Annual Meeting,
Gatlinburg, Tcno.

Variational principles are given which allow perturba-
tions of the surface dcflning the boundary of a region in
which the multi-group diffusion equations apply. The per-
turbation may take the form of a change in boundary condi-
tions or a change in the boundary shape. The principles
are useful for determining the reactivity worth of control
roda when the shape of the rod makes a direct calculation
difficult. fn addition, from a single flux and ftdjoint flux
calculation, the worths of a host of control rods of slightly
dlflcxwnt cornpoaitlons (boundary conditions) and slightly
different shapes and aizea can be determined. The appli-
cation of the princlplc to the output from finite difference
computer cudes ia discussed. (auth)

G

17656 NUMERfCAL SOLUTION OF THE DIFFUSION
EQUATIONS WITH TNE KANTOROVICH METHOD. Galli-
gati, L (CCR, Euratomo IapraO Italy); Giorcelli, M. En-
ergta Nucl. (Milan), 13: 73-81 (Feb. 1966).

The time-lndependcot two dimensional neutron diffusion
equations are solved wfth a variational method (Kantoro-
vich’a method). This method is particularly convenient
when the neutron flux is a smooth function along one of
the two directions. A comparison between this method
and the finite difference method is made by means of
some numerical cxamplce. (aufh)

F

18059 A VARIATIONAL PRfNCIPLE FOR RATIOS IN
CRITICAL SYSTEMS. Lewins, J. (Univ. of Washington,
Seattle). J. NUCL Energy, Pt. A and B, 20: 141-3(Feb.
1966).

A variational principle from which arbitrary ratioa in

critical systems can be calculated in a stationary manner
ia presented. This principle enables the perturbation cx-
preesion to be derived conciscIy using a compact operator
notation in a generalized X variable @osition and vclocily)
that incorporates the usual exact and approximate modcla
of reactor theory. (B. G. D.)

A

18068 PARTICULAR SOLUTIONS OF THE ENERGY-
DEPENDENT BOLTZMANN EQUATION. Mueller, Karl:
Hetnz (CCR EURATOM, fapra. Italy). Nukfeonik. 8:
38-40 (Jan. 1966).

.

The Carleman-Kupradsc method for solving a coupled
set of integral equations with sectional homomorphic ker-
nels combined with a method based on a variation proce-
dure, of removing the energy from the field of free vari-
ables, allows the construction of particular solutions of the
neutron transport equation. The nuclear data enter the cal-
culation onfy after they are weighted and integrated over the
energy variables fE, E’). Thus, the procedure allows the
use of cross sections In a numerical form (e.g., the usual
energy group representation). An approximate solution can
be found from a linear system of algebraic t!!uationa. (auth)

F
21957 A NUMERICAL STUDY OF THE METHOD OF
WEIGHTED RESIDUALS. Pomraning, G. C. Nucl. Scl.
Eng., 24: 291-301 (Mar. 1966).

The wtriationst method nnd region-balanco method,
both special cases of the more general method of weighted
residuals, are each ueed aa the formalism to develop a
spatial expansion of the diffusion equation for two problems.
These are (1) a apatlally dependent spectrum problem for
the purpose of computing the self -~hieldlng in the 2(%
rcsommce nmf (2) a aimplc one-climcnslomd clgcnvalue
prublcm. In both instnnccs numcric:d rcsuIts indicttlc
that the variational method is more accurate than the
region-lmkmce nwfhod. Of p:lrticular Interest ia the varia-
tional spatial-exp:msfon approach to the elgenvalue problcm.
This may be n useful method for deriving a sc,t of difference
cqu:ltions for the multigroup diffusion equation In that It
should Ic:td to un ticcutwte rcprcmmt:itlon of the flux with
a rclutlvcly small number of mesh points. (auth)

B
22387 VAftfATIONAL ITERATIVE METHODS FOR
Elliptical PROBLEMS IN ‘r}l~ ,rill;ol{y OF NUCLEAR
l~~AcTofS Albertd, %: Lunclli, M.; Maggionl, G.
(Univ., Milan). Attl Scmitxm. Mat. Fis. Univ. Modeoa,
14: 169-201(1965). (In ltatfsn).

A variational iterative mrthud IS dcrfvcd for the solution
of clllpttcul problems In nuclear rractor theory. The vari-
ational bnscs for the resolution of transmission ptwblcms
arc given. The Itcrntivc-variational tcchnlquc uard fur the
numerical aohition hi cxamlncxf. Numerical cxarnplca are
then glvcn. (J.S. R.)

.
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G
22399 VARIATION PRINCIPLES FOR THE CRITICAL
FLUX CURVES OF REFLECTED REACTORS. Brelt%n-
huher, L. (Technische Hochschule, Graz). Z. Angew.
phys.,20: 267-71(1966). (ln Germsn).

New minimum principles and stationary expressions are
given anddiscussed for the boundary conditiona @= Oand
34@n +(I/d) @= Oforthe equation A4+B2@ =0. Ris
suggested to fulfill conditions at boundaries and interfaces
only in the form of natural boundary conditions. Thus, the
use of discontinuous trial functions is encouraged, yieldtng
greater flexibility and better numerical approximations in
the mean. Bounchryc onditionsa rc, nevertheless, satisfied
in the limit. (auth)

F
24302 (GA-6273) A NUMERICAL STUDY OF THE
METHOD OF WEIGHTED RESIDUALS. Pomraning.
G. C. (General Atomic, San Diego. Calif. John JayHoP-
ktns Lab. for Pure and Applied Science). Mar. 29, 1965.
Contract AT(04-3)-167. 40P. Dep. ~. CFSTI $2.00 cY!
$0.50 mn.

The variational method and the region-balance method,
both special cases of the more general method of weighted
residuala, are each used as the formalism to deveIop a
spatial expansion of the diffusion equation for two prob-
lems. These are a spatially dependent spectrum problem
for the purpese of computing the self -shicldlng in the 2~0Pu
resonance and a simple one-dimensional eigenvalue prob-
lem. In both instances, the numerical results Indicate that
the ~,ariational method is more accurate than the region-
balance method. Of particular interest is the variational
spatial expansion approach to the eigenvalue problem. This
may be a useful method for deriving a set of difference
equations for the multigroup diffusion equstion in that it
should lead to an accurate representation of the flux wtth a
relatively small number of mesh points. (auth)

F

24714 IMPROVED CALCULATION METHODS FOR
RATIOS APPEARING IN REACTOR STATICS. Lewine.
Jeffery (Univ. of Washington. Seattle). NUCL EIUXZY,
69-76 (Mar. 1966).

Variational and perturbation expressions are developed
from which to calculate ratios of interest in either criticai
systems or tn sub-critical systems havtng a source. The
several adjoint functions employed are related to the physi-
CSI concept of the importmce. The emphasis iS placed On
the calculation of the ad joint functions by iterative meth~s
that are atready standard in reactor codes. The expres-
sions given can improve the accuracy of results while
requiring eubstantialiy less computing time than conven-
tional direct calculations. (sutb)

C, A
28235 (?4AA-Sit-11821) SPACE-TIME FLUX SYN-”
TIIliSIS M1.;THODS Ft)l{ THE APPROXIMATE SOLUTION
OF TiMIi-C)ii PIiNl)ii NT ROLTZhl ANNNEUTRON TRANS-

PORT EQUATION. LUCO, v. (Atomics Intcrnationsl$
Canoga Park, Callf.). MaY 25.1966. Contract AT (11-
1)-Gen-8. 37p. Dep. mn. CFSTI $2.Oo cYI $0.50 mn.

Space-time flux synthesis methods for tbc approximate
solution of the time-dependent Ho{tzmmm neutron transport
equation are formulated. The variational and the Galcrkin
technique are ust.xt. The spuce -depemient part of the SOIU-
tion is obtained with tho D’I’F-11 program-an Sri-type no.
Iutlon of the traneport equation. Temperature fccrfback
effects are ccmsidurcd In the furm!liatiOn. TIw formulation
presented here 1s adapted to the dcscrii)tion of rapid tran-
sients following a large reactivity input, but the method can
be eastly modified to cover Other reactor problems whcro
a space-time flux description Ie necessary. It should be
useful whenever the situation requires the tranepnrt approx.
imation for the description of the neutron flux. (auth)

:0116 VARIATIONAL VACUUM BOUNDARY CONDI-
TIONS FOR A ~ APPHOXlhIATION. Davis. James A.
Nucl. Scl. Eng., 25: 189-97(1966). (W’APD-T-i648)

Approximate vacuum boundary conditions for a PN ap-
proximation are obtained by variational methods. Two
stationary principles are proposed, one having what is
called “odd” Marshak conditions as its naturai boundary
conditions, and the other having “even” Marshak condi -
tiona as its natural boundary conditions. The principles
are vat id for arbitrary geometry. The odd Marshak con-
ditions are seen to be suitable for an odd-order PM ap -
proximation and the even hfarshak condition for an even-
or&r PN approximation. The odd Marahak conditions are
precisely the conditions obtained by Vladimirov from an
extremum principle in whici~ certain restrictions are
imposed on the source and scattering. The present treat-
ment contains no such restrictions. (auth)

A
30332 SELF-ADJOINT Variational. PRINCIPLE
FOR DERIVING VACIJLIM AND INTERFACE f30UNDARY
CONDITIONS IN TIiE SPHERICAL HARMONICS METHOD.
Tolvanen, Time. Nuc1. SCi, Eng.. 29: 275-84 (Ju1y 1966).

By the tcchniquc of spl!ttlng the toial dlrw:tlon:d flux
into cwen and odd iwrtlons In :tnglc, thr sttitkmnry mono-
wwr@ic 13ulizmann cqunthm with arblt rnry COIIIs Ion
krrnc! and with arbitrary cxtcrnriI dircclimwtl source of
a ficncrnl Kcornc try 1s symmctr{zcd to a sdf-adkl{nt form.
Tlw continuity ond I,oundsry condkl[ms f{~r the r~’sllltlng
rnc,lf-mljoint Intcgru-diff(,rc, ntlal cfiutitlon src explicitly
constructed. A varlatlcmal princli]ic is thrn set up by de-
vlslng a self-:ul]olnt Lngrangian whose minimum property
ia equivalent io the symmctrlzuf Doltzmsnn cquntion with
the assuciatmi continuity and boumf:try conditions. The
dcwelqmd vsristiormi prlncl\Jc contains no arbit rarincss
and is used for dcrlving unique variational boundary con-
ditions for the Pi approximation of the sphcrlcal hnrmon-
Ics method. It is shown, for a general gcornetry, that
applytng the srmidirect variational method with an angle-
indcpcndcnt trial function ylclde, without any physical rea-
soning, the correct P, differential equation and the corre -
spending no- return -cur rent boundary condlt ion. (auth)
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c

30852 VARIATIONAL METHOD FOR PRC.lMPTNEU-
TI{ON KINETICS. Koehler, Walter H. (Kernforachungs-
rentrum, Knrlsruhe, Ger.). Nuideontk, 8: 203-15( May
1966).

It is shown tfmtthc Euler- Lagrange equationaofavarl-
alional prlnclple urr tho multi group dlffuslcm equations
forprom ptneutro nstmdthc iradjol ntcquatlons. The Kan-
torovich method is usudto get tipproxirnute twlutions for
the nonscparuhlc flux. “f’hc!method la appl{wtto aatep
chango Inconflguralkm of the fast core of acoupledfnst-
thcrmal reactor. (wlh)

:4490 DETERMINATION OF EIGENVALUES OF THE
DIFFUSIO~ EQUATION BY VARIATIONAL TECHNIQUES,
Bolstad, J. W.; Selengut, D. S. (Univ. of California,
Berkeley). Trans. Amer. Nucl. Sot., 9: 192-3 (June 1966).

:4491 VARIATIONAL ESTIMATES OF DIFFUSION
AND EXTRAPOLATION LENGTHS WITH P, SCATTERING.
Henryson II, H.: .Sdengut, D. S. (Univ. of ~altfornte,
Berkeley). Trane. Amer. Nucl. Sot., 9: 193-4 (June 1966).

A, F

3U92 UNIFYING APPROACH TO VARIATIONAL
FORMULATIONS OF THE TRANSPORT EQUATION.
Kaplan, Stanley: Davis, James A. (Bettis Atomic Power
Lab., West hlifflin, Pa.). Trans. Amer. NUCL So% 9:
194(June 1966).

B

34494 VARIATIONAL TECHNIQUES APPLIED TO
THE fNFINITE-MEDIuM SLOWING DOWN OF NEUTRONS.
Hawk, Thomas L.; Fenech, Henri (Maseachusetta Inet.
of Tech., Cambridge). Trans. Amer. Nucl. Sot., 9: 196-
6 (June 1966).

A

3U95 SPACE ANGLE SYNTHESIS: AN APPROACH
TO TRANSPORT APPROXfMATIONS. Kaplan, Stanley;
~g&; Ja~ A. (Bettis Atomic Power Lab., West

Trans. Amer. Nucl. Sot., 9: 196-7 (June
1966). ‘ “ “

A
34496 NUMERICAL EXAMPLES OF SPACE ANGLE
SYNTIIESIS. Natelson, M.: Kaplan, S. (Bcttis Atomio
Power Lab., West Mifflin, pa.). Trans. Amer. Nucl.
Soo., 9: 197-8 (June 1966).

G, B

34953 SYNTIIESIS OF TllRittI-DIMENSIONAL FLUX
SIiAPES USfNG DISCONTINUOUS SETS OF TRIAL FUNC- o
TIONS. Yaainaky, J. B.; KapIan, S. (i3cttis Atomic Power
Lab., West hliffiin, Pa.). Trans. Amer. Nucl. Soo., 9:
198-9 (June 1966).

B

34954 VARIATIONAL PilfNCIPLE FOR TIiE NEU-
TRON-DIFFUS1ON EQUATION USfNG DISCONTfNUOUS
TRIAL FUNCTIONS. fhmlik, A. J. (Bettis Atomic Power
Lab., West Mifflin, i%). Trans. Amer. Nucl. Boo., 91
199 (June 1966).

G, B
36143 (WAPD-T-1865) A VARIATIONAL PRINCIPLE
FOR THE NEUTRON DIFFUSION EQUATION USINf3 DIS-
CONTINUOUS TRfAL FUNCTIONS. Buelik, A. J. (Beffls
Atomic Power Lab., Pftteburgho Pa.). Dec. 1965. Con-
tract AT-11 -1-GEN-14. 14P. (CONF-660606-13). Dep.
m. CFSTI $1.00 Cy, $0.50 rnn.

From American Nuclear Society Meettng, Demer.
S&lengut and Wachspreris have developd a variational

principle for the neutron diffusion equation which permits
the use of discontinuous trial functions. Another variational
principle is deecribed which is useful with a wider claaa of
trial functions. (M. O. W.)

A

40360 (WAPD-T-1690) ANGLE-SPACE SYNTHESIS:
AN APPROACH TO TRANSPORT APPROX1hlATIONS.
Kaplan, S.; Davis, J. A.; Nutelson, M. (Eeitis Atomic
Power Lab., Pittsburgh, Pa.). May 1966. Contract
AT(ll-1)-Gen-14. 49p. (CONF-66060G14). Dep. mn.
CFSTI $2.00 cy, $0.50 mn.

From American Nuclear Society Meeting, Denver.
Three new ideas are combined to produce an analytical

approach to solution of the neutron transport equation in
rcaliattc multidimensional rcnctm geometries. The method
ie of the expansion approach type In which the flux is repre-
sented by a linear combination of known functions of angle
with mixing coefficients which are unknown functions of
space. The mechanice of the new approach nre dcvclopcd
in detail and some inilhd numcricai examplca arc dVbCI’ihd.
(li.fLR.)

.

.
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F
41409 VARIATIONAL DESCRIPTION OF DLSSIPATfVE
PROCESSES. Pomrsntng, G. C. (General Atomtc DIv.,
General Dynamics Corp.,-San Diego, Caltf.). J. Nuel.
Energy: Pt. A and B, 20: 617-34 (Aug. 1966).

The RIXSSOPOU1OS variational formalism la applled to
equations with a first-order time derivative. The reeult-
ing functional Is a very general variational characteriza-
tion of dissipative processes In that it admits trial func-
tions which do not satisfy the equation of intereet, do not
satiafy the boundary conditions, and are not continuous. It
Is shown that the previous functional presented in the
literature for this type of problem are special cases of
this more general functional. The use of this variational
principIe to estimate a rather general class of character-
istics of interest is discussed. It is also pointed out that
this general functional is not unique and arguments are
given to deal with this non-uniqueness. The variational
description of the Sturm- LiouviI1e equation is considered
tn this same generality. This leads to a generalization
(to a more complete clasa of admissible trial functlona) of
the classical Rsyleigh quotient for estimating eigenveluee.
(auth)

G
46967 SYNTHESIS METHODS IN REACTOR ANALYSIS.
KsPian, S. tWestin*ouse Electric Coro.. West Mifflin.
Pa_.). Advances Nu~i. Sci. Technol., 3:” 233-66(1966). “
(WAPD-T-1S1O).

A collection of methods for soiving varioua problems In
reactor theory is described. The unifying Idea Is to reduce
the number of independent variables by constructing en ap-
proximate solution in the form of a linear combination of
known functions of one or more of the variables, with the
cocffielenls of combin:itlon helng functions oniy of the re-
maining variables. One of the Important applications of the
described approximation methods is solving the neutron
group dlffusIon cquatkms in three dimensions with great
SJMltiid detail. (i{. D. R.)
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F, C

1848 TIM E- DitPENfJENT V,\ RfATIONAL Princi-
ples FOR NONCONSKRV..\TfVE SYSTEMS. Jeffrey Lewins
(RoYal l%~incwrs, Glasgow). Nucl. Sci. Eng., 20: 517-20
(Dec. 1964).

Two v:lri:itional principles are discussed for time-
drpcndcltt pr~hlcms in rc:t<.tor physics. The first 1s a
stition~ry cxpressinn for the meter rc:iding at a given
tlmc, the second a sl:ttion~ry exl]rcssion for the integral
of the nwtcr retiding up to a given time. Lioth the prin-
ciples, unlike convention~l l~grungians extcndmi to tlme-
dcpcm.kmt nonconserv~tive systwns, h:ivc the dvmtage of
requiring trial func!tinns to he exact only at one end of the
time Intvrval of interest. Iiitiw r m:iy be grncr:ti izcd to
accwunt for noniinc.sritius. llw tjcconcf principle reduces
to the first tJy nxddn~ a suit; thlc. hientiflc~tiun$ while the
first prinriplc in iutw rcducus 10 ;; wull-imown And power-
ful v:iri,IliLJnil principle for the Mtc:wiy tXatc. (nuth)

F

2713 ‘J’IIK PRINCII>LKS AND A PP1.tCA’f’IONS OF
VAI{1ATIONAL Mk;TlifJDS. Murtin J3ccker. Cambrid~o,
hl;ltitsichutn.ttti, fvtlmxwhusc.lts infitituto of Tecilnoiogy, 1964
i30p.$5.00.

Fundam(ml:ti variutlonal calculus techniques are de-
ac’rihwi. Ax un exxmplc, thrsc arc tipplied 1“ the CUicula-
tiun of furi d~,i]lrticm in nucitwr reactors. (T. F. H.)

A,H

3196 ANALYTICAL REPRESENTATION OF NEUTRON
FLUX IN PLATE-LAYERS. Karl-Neinz Mueller (CCR-
EUSATOM, ISprS, Rsly). Nuklconfk, 6: 271-4 (Sept. 1964).
(In German)

The direct method of variation calculation, spplicd to the
Soltzmsnn equntion for neutron transport, allowed the con-
struction of amilyticai expressions, by mwms of which the
neutron distribution in the reactor cculd be described in
clearly arranged ways. For the one-dimensional plate
layers, three useful ways for the solution of shielding
questions are si,own and performed. (tr-auth)

c

3547 VARIATIONAL ANALYSIS OF A NON- LJNEAR
KINETICS PROBLEM. David S. Selengut (Knolls Atomic
Power Lab., Schenectady, N. Y.). Trans. Am. Nucl. Sot.,
7: 256-7 (Nov. 1964).

D

3562 APPLICATION OF MULTICHANNEL L SYNTHE-
SIS TO TWO-DIMENSIONAL DEPLETION CALCULATIONS.
W. H. Turner, F. C. Merriman, and E. C. Hansen (Knolls
Atomic Power Lab., Schcmcctady, N. Y.). Trans. Am.
J’hlcl. SOC,, 7: 290(Nov. 1964).

D
3563 LEAST SQUARES VARIATIONAL ANALYSIS OF
THE BURNUP PROBLEM. Martin Becker (Knoiis Atomic
Power Lab., Schenectady, N. Y.) snd Ilenri Feneck. Trans.
Am. Nucl. Sot., 7: 290-l (Nov. 1964).

G, D
5436 (\\’APi)-Thf-46it) TNT02— A ~REE-DIMEN.
SI<)NAL NKU’I’I{ON FI.UX SYNTiiESIS AND DEPLETJON
CALC ULAe~ION COhlllUTEi{ l~i{OGNAM. C. A. Flan:iKan,
1{. oJ. Brccn, 0. J. Marlowe, and A. J. Vigiioiti (Westing-
house Klcciric Ctnp. Bcdtis Atomic Powor Lab., West
htiftlin, i~cl]n:t.). Aug. J964. contract AT-11 -1-G EN-14,
lfl:ii~. [h,p.(mnl; $4.00 (cy), 2(mn) OTS.

TNT02 is ;t iljrcc-di:jl(:nsi(ltl:li neutron flux tiyuihcsitj :Ind
tit,ijietiuu cudti for Pitilcw 2fIl10 n!:!tic up by TN’fYA, which
(iciermint:ti the intcgruis of the pizslucta of two-dlmenuiomd
triai arxi weight functions, TNT2f3, which performs the de-
pletion calculations, and TNTZC, which performs ro-dcpJe-
tion calcuiatJons for dutailcd powor distributions. (R. E. U.)

F

8383 GENERALIZATION OF Til E VARJATIONAL
MIYJV1OD OF KAHAN, RIDEAU, AND itOUSSOPOULOS AND
ITS APPLICATION TO Nll UTRON TitA NSPORT TI{EORY.
Morton D. Kostin (Princeton Univ., N. J.) and Harvey
Brooks. J. hfath. Phys. (N. Y.), 5: 11191-1’JOO(DCC. 1964).

‘rhe variational method of Kahan, I?idcau, and Rouesop-
ouios (KRR) frequently used in neutron transport theory
to estimate weighted averages ia extended and guncrniized.
In the KRR variational md.hod a first variatton in the trtal
functions produces a eccond variation in Uw tw~imate of
the weightcci average. Two gcnwmilizcd vm-iatfonai funo-
tiunuis whtch depend on triai opcra~rs instead of trial
functions arc gfven, A ftrst vuriation in the trial operators
produces an nth vari;ttion In tile c~tlm:lte of tho wcighled
avc!rngc when an ntb order gmwrailr.vd varintionsi functional
is UIWYJ.f30th pcrtnti~tion tkcory and the Kltit variational
mclhod arc! dcrivc<i as .spm.iai cas~.s of iIW. gc.ncraiizcd
variational method. Scvcrai cxnmpit. s ineiutiing cidcuiatlone
of transport cquaUon spatial moments usin~ ttiffutiion e~un-
tion solutfon~ ae triul operators aro stufild with good ra-
tmits . (auth)

G

12455 (EUR-2174.1) SX2LUZIONK NUMERICA DI
ALCUNI PROIILEMf f31DIMENS10NAI.i DELLA DfFFfJ-
SIONE NE UTRONICA COL METODO VARfAZIONALE DI
RfTZ. (Numcqtcal Soiution of Somo Two-Dimensionni
Diffusion Ncutronical Problems by the Variational Ritz
Method). L Galiigani (fiuroposn Atomic Energy Commu-
nity. Joint Nuclear Research Center, Ispra, Italy and
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.Europcan Atomic Energy Community. European Sclenttflc
Data Processing Center, Ispra, Italy). 1964. 82P. Dep.
(rnil) .

The approximate solutlonsof the homogeneous problem
and of the inhomogeneous problem of the tnultlgroup neu-
tron diffusion theory may be obtained by scarchlng for the
functions which render suitable stationary functlonals.
These functions precalculated by the Ritz method. Some
numerical experiments are given in order to compare the
Ritz method wlththc finite difference method ontwo-di-
mensionat diffusion probleme. (auth)

D

14803 (CONF-C51-2G) I, H/\ST SA/UARILS VARIA-
TIONAL ANALYSIS ~~1’‘r Ill.; HURNUP 1’ROBLEM. M:trtin
Beck,, r (Knulls t\l,~!nic Puw’cr Lull., Schwwctxdy, N. Y.)
und Ilf:liri Fmwch (Ll:issuchusctts Inst. ()[ ‘rcch., Cnm-
bridge). [1964]. Contract W-31 -109 -c’ng-Ci2. 14P. DCP.
(inn); $ 1.00[cy), 1(inn) oTS.

Frum American Nuclear Sucicty Meeting, %n Frmcisco,
Nov.-Dee. 1964.

A homogencoue, hare-sl~h rmiclor is considered that
has a single! fuel :md is controlled by u v~iriuble uniform
poison. One -group theory is used to de sc rihc the neutron
behavior. The fuel hurnup in this reactor is calculated by
least-squmes vtmiatiun:il techniques. The FKVKR com-
puter cude is used for the calculations. (T. F. H.)

B
17234 A MODIFIKD KANTOROWITSCH METHOD FOII
T1l E DIFFUSION T1l~ORtlTICAL CALCULATION OF R~-
ACTORS WITII COMPLICATED GEOMETRIES. PART I.
Hermann Schacffler (Technischc [{ochschulc, Slut! gart).
Nuklconik, 6: 384-95 (Dec. 19U4). (In Ccrman)

For reactors with complicated geometry, as is present,
for oxampic, on account 0[ any control clementa (rods or
plates) introduced in the rcactur, the diffusion equation 1S
not bulublc mxilytically. An approximation mclhud must h~
uacd. The msdifitsd Knntoruwitsck mcthud makes it Possilllc
to calcul:tlc a l:tr~e cl:tss of such nun-separable ~comc-
tries. lt diffvrs from [IN. apltroxirn.itlon mcthmis used iO
the 1itcraturc in lh:lt it nvikcs it pjssihlc to obtain very
accurate r~%dls :11 rcl:it Ivcly l{IW c,xpcmditure. ‘rhc calcu-
lation times amounts, in the m(,dificd mi,thod, to only a
fraction of Ihc tlmc nmx$s.wry for otk(!r methods. It 1S
p)twil)lc to Calcul:ll(. cf)m!dic.(1,{1 I)rddcnw In i)r;jclicdltr
cxlculntkm tlnw. ‘l”IIc m(.lhmf dcl){v]ds un o new ffjrmulu-
thm by mvwm of which thr v:irl;ition problc’rn cqwivalcnt tn

lhl. dlfft’rfnli:ll equation prohlcm csn hc edvcd ~pproxi-
~,m’l~. ~ h~’ meth~l W’Wd~’nl~l)stratcd on the example of
, ll.tr~’c~l~ndt’r r~lctt~r with c~’nt~l parti:lll.v inscrt~,d
Id.wk ~Ontr~l rOd and n re:lctur with rc-entering angles.
,Ir-:iuth)

27

B

11235 A MOD1 F1ED KANTOROWITSCH METHOD
~1111‘f’Ilfi DIFFUSION Tli EOHETICAL CALCULATION OF

IItACTORS wl~i COMPLICATED GEOMETRIES. PART
II. fl~rmnnn ~ha~$ffler (Tcchnische liochschule, Stut!gart)O
Suklclmik, G: 395-41)9(1Jec. 1964). (h] Gcrm;in)

Tho rnodiflcd mcthwr Was ckcussed for some special
ronlrol rod positions. It Was wplicd to a reactor witb rc -
mwrlng angles and exwndcd tO some further gcomeirics.
~Unwrical I’HdtS were given for the elgenvaluca and com-
~wed with Valuee from the literature. (tr-auth)

G, B

21638 (CONF-650501 -4) VARfATfONAL SYNTHESIS
WITH DISCONTINUOUS TRIAL FUNCTIONS. E. L. Wach-
spress and M. Becker (Knolls Atomic Power Lab., Sche-
nectady, N. Y.). Feb. 1965. Contract W-31 -109 -cng-52.
22p. Dep.(mn); $1.00(cy), l(mn) CFSTI.

From the Application of Computing Methods to Reactor
Problems, Argonne, Ul.

The multichannel flux synthesis method for treating neu-
tron-diffusion problems in several dimensions is consid-
ered. In this method, regions are represented by nodes,
and nodal difference equations are derived with the aid of
the lower-dimensional results. By suitably cboos ing a
functional and triaf functions, nodal difference equations
are derived from variational principles. Discontinuous
trial functions are used. Methods for obviating the diffi-
culties presented by these discontinuities are discussed.
(T. F. H.)

G

21654 SOLUTION OF A TWO- DIMENSIONAL NEUTRON
DIFFUSfON PROBLEM f3Y FLUX SYNTHESIS. Peter
KHian (AEG-KernenergieSnlSgen, Frankfurt am Main).
Nukleonik, 6: 340- 4(Nov. 1964). (In GermsN

The calculation of the two-dimensional distribution of
the thermal neutron flux in the large cell of a water-mod-
erated reactor was reduced with the help of a variation
method to the calculation of the one-dimensional fiux dis-
tribution. The position- dependent superposition of a second
one-dimensional asymptotic flux gives a good approximation
of the flux distribution. Iterations improved the results only
elightly. (tr-auth)

c

27397 (WAN L-TNR-133) VARI-QUIR— A TWO-
DIMENSIONAL TIME-DEPENDENT M U1.TI-GROUP DIF-
FUSION CODE. J. W. Riese and G. Collier (Westinghouse
Electric Corp., Pittsburgh, Pa. Astronuclear Lab.).
Sept. 1963. 93p.

A variational approximation is developed to solve the
time-dependent neutron diffusion equalions. The method is
incorporated into a computer code, which allows up to 4
energy groups and 6 precursors. Some san~P1c results
are presented. (auth)
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B

27407 A MORE STRAIGHTFORWARD USE OF VARI-
ATIONAL PRINCIPLES N’ITil BOUNDARY CONDITIONS.
Harvey Amster (Univ. of California, Berkeley). Nuc1. SCL
Eng., 22: 254-9(1965).

A previous treatment (Nucl. Sci. Eng., 16: 147-54(1963))
of on-e-group diffusion theory for a homogcneoua slab is
reviewed for the speciai situation in which scattering is
isotropic and no ncuirons enter the medium outside its
surfaces. (C. E. S.)

:7408 THE TREATMENT OF BOUNDARY TERMS IN
A VARIATIONAL I’RINCIPLE CHARACTERMING TRANS-
PORT THEORY. G. C. Pomraning (General Atomic Div.,
General Dynmnfcs Corp., San Diego, Caiif.). Nucl. SCL
Eng., 22: 259-61(1965).

A varintlonai treatment (H. Ameter, Nucl. Sci., Eng.,
22: 255 (1965)) of the diffusion theory houndm-y conditions
10 considered. This trcaimcni is purported to be more
correct than a variational treatment by Pomraning and
Clark (Nucl. Sci. Eng., 16: 14 ‘f (19 C3)). It ie pointed out
that the troatmcnt of the diffusion theory (or hlghor omtcr
~) boundary conditions is, by necessity, arbitrary (even
within the frmucwork of the variationci method) and that
the two treatments arc difhxcnl in their aimtz. (C. E. S.)

A

27409 ANSWIO;R TO POMRANING’S REBUTTAL ON
VARIATIONAL llOUNi)AltY CONDITIONS. litmvey Amstor
(Univ. of California, Borkcley). Nuc1. Sci. Eng., 22: 262
(1965).

Rebuttal to the nrhwmrnts given in “The Treatment of
Boundary Terms in a Vari:ttional Prirwlple Chnractorizing
Transport ‘rhcory” (Nucl. Scl, Kng., 22: 259 (191Ni)) lM prc-
ncnted. (C, E. S.)

c

2920b THE APPLICATION OF TWO VARIATIONAL
TECHNIQUES TO THE ANALYSIS OF THE PUU3ED-
NEUTRON EXPERIMENT. Robert B. Raembtss, G. R.
Dalton, and M. J. Ohsnian (Univ. of Florida, GainesvUie).
Trans. Am. NUCL Sot., 8: 274(May 196S).

c

29529 COMPARISON OF THREE VARIATIONAL
METHODS APPLIED TO A XINETICS PROBLEM. H.
Fenech and V. Orphan (Massachusetts Inst. of Tech., Cam-
bridge). Trans. Am. Nucl. sec., 6: 223-4(May 1965).

A

31430 STUDY ON AN ANALYTICAL REPRESENTA-
TION OF THE NEUTRON FLUX IN PLATE LAMINATIONS.
Kari-Heinz Muelier (CCR Euratom, Ispra. ltaiy). Nuk-
leonik, 6: 271-4(1964). (In German) _fEUR-87_6.d)

The direct variation-caiculus method, if applied to the
BOkIni3M neutron transport equation, enables emtlyticai
expressions to be formulated by means of which ihe neutron
distribution in the reactor can be clcmriy described. For
the unidimensional plate lamination, three methods which
iend themselves readily to the soiution of shielding ques-
tions are adduced and appiied. (auth)

A

33196 (NtJS-H-.l:l5) TIIIo: ASYM iYf’OTIL! AN(;UI.A1{
DEi’tiNDEN’r LEAWG E Sl)Ec’f’i{UM 01.” T1{K1{MAL

NEUTRONS. Kiadnik, R. (Nuidcarni lnsi{tut “Jo~~f
Stcfan,” Ljubljwm (Yugoeluvia)). Aug. 1964. 19P.
Dcp.(nm).

The application of the variational method in velocity -
dcpcndcnt transport theory is dcscribcd for the case of
a txdscd lnfinltu slab. The wdrapcdated mdpuint and the
buckling as functions of the siab fhicknvss are caicuiatcd
from a given transcendental equation. The expression for
the Sn@ar and mwrb~ distribution of lcnimKc ncutrcms is
Improved by onc itcrntion of the intcgrai transimrt equa-
tion. The results arc discusswf for thrtw diffc.runt scat-
tering models: monatomic gaa, Nclkin waier, and the
Egelstaff model. it is found that Nelkfn’s modcI gives a
better estimate for the integral constants, whereas tho
Egeistaff’s law is more suitable for ihe differential spec-
trum calculations. (auth)

c

33207 ON THE INCLUSION OF BOUNDARY TERMS
IN TIME-DEPENDENT SYNTHESIS TECHNIQUES. Becker,
Martin (General Electric Co., Schenectady, N. Y.). NUCL
SCi. Eng., 22: 365-6 (JulY 1965).

In co~nection with ”the- application of synthesis tcchniqucn
to various time-dependent probiema, a variational prin-
cipie was previously presented for Iinear ttme-dependent
group-diffusion theory. However, the principle la not sta-
tionary with respect to arbitrary variations in the func-
tions invoived. It is shown that this difficulty can be
avoided by inclusion of appropriate boundary terms h
the functional. (D. C. W.)

c

47945 (ANL-7050, PP 159-77) VARIATIONAL
METHODS FOR THE SOLUTiON OF PROBLEMS OF RE-
ACTOR KINETICS. Gaiiigani, Ilio (Europe.sn Atomic

.

.

.

.

28



Volume 19 (1965)

Energy Community, Ispra (Italy). Joint Nuclear Research
Center).

fieaolutlonof ibetime-dependent muitigrmp, muittre-
giondiffusion equations may reobtained by searching for
the functions that render stationmy apa.rticulw functional.
Tbese functions arcdetermined numericaiiyby Kmtoro-
vlcb’e method and by Euler’s method. With the Kantorovich
method the fiux and tho ndjoint flux aro expended in a set
of opaco-dependent trlai functions with time -dependrmt co-
efficients. These crmfficicnts are dctcrminedby solving
wftha “one-step mcthud” nsy~tcm ofordlnary dlffcrcntlal
equationa. The Euicr method consis~ in ecarching for the
functions thai rcndcrtitationar ythenhovo functional in ihe
claaa of piocowise iimmr funciions. ln[:yO functions satisfy
aiarge systcmof ordiniwy difforcntinl cquationa nnd nre
determined numcricnllyby tiweodlffcrcnt methods, iho
‘Iimplicit” nwihod, iho t~inll)iiciily axplicit$’ nlcthod~ Ilnd

the Saul’yov %ltcrnating” method. A compurieon iwiwccn
the Kantorovich method and the Euler method is made by
means of some numerical oxampiee. (auth)

I
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A

994 A NEW ASYMPTOTIC DIFFUSION THEORY.
G. C, Pomraning and M. Clark, Jr. (Massachusetts Inst.

of Tech., Cambridge). Nucl, Sci. Eng., 17: 227-33 (Oct.
1!)63).

The variational formaliam is used to derive from the
monoenergctic Boltizmann equation a di ffusion thco ry with
tho asymptotic transport diffusion coefficient. By consid-
ering an interface between two media as the limiting case
Of a medium with continuously varying properties, the
boundary conditions are found to bc continuity of current
nnd a specified discontinuity in the scalar flux. The vnri -
ntionid formalisnl gives the iincmr extrapolation distance
for a pure scatterer nccurato to within one-half percent.
Numerical comparisons with CI:MSIC:I1 (P-1) diffusion
theory for a cell cdcul:tion indicate thut the variational
diffusion theory is significantly more iIccumle: the ac-
curacy [Iljp,.:lrs to IN comll:ir:tljlc wiih that of the P-3

nwthwi. (:mth)

F
1180 ON THE DERIVATION OF A VARIATIONAL
PRINCIPLE FOR LINEAR SYSTEMS. D. S. Sciengut
(Xnolls Atomic Power Lab., .%hencctady, N. Y.). Nucl.
Sci. Eng., 17: 310-ll(Oct. 1963). (TfD-16626)

A specified physical system, such as n resctor, whose
state is deac ribed by a function of the relevant phase space
coordinates is considered. A derivation is outlined that
enables onc to take a given linear theory and immediately
obtain a lagrangian whose stationary property is equivalent
to the equations of the theory and that constitutes s varia-
tional principle for the estimation of an arbitrary linear
functional of the state of the system. (C.E .S.)

B

3121 A VARIATIONAL PRINCIPLE FOR HETEROG-
ENEOUSRESONANCE CAPTURE. Paul F. Gast (General
Electric Co,, Hanford, Wash.). Trans. Am. Nucl. Sot., 6:
271-2 (Nov. 1963).

D, B

3220 APPLICATION OF SYNTHESIS APPROXIMA-
TIONS TO THREE-DIMENSIONAL DEPLETION CALCU-
LATIONS AND TO CELL THEORY. S. Kaplan and O. J.
Mariowe (Westinghouse Electric Corp., Pittsburgh).
Trana. Am. Nucl. Sot., 6: 254-5 (Nov. 1963).

(1964)

c
7659

IATIONAL

(CON I= 187-27) APPLICATION OF THE VAR-
METflCtD TO T1l E CALCULATION OF Tllii

TIME DEPENDENCE OF Tli E NE:UTRC)N FLUX IN SMALL
PULSKtl SI.AIIS, f! YLfNDl:lM AN~ SPIIKIIES. F. il. Jud#
and P. IL D~ttch (Itiwsscl:wr l%lytcclmlr Iuat., Troy,
N. Y.), lnd]. Contruct W-31 -10!) -eng-52. 20p.

From Amcrtcwi Nuclear %ctcty Mcctlnl:, N~!w York,
NOV. 1963.

The vari:ttlon:tl nwllwd hi Iqqdlcd 10 ilw ntonncmcrgct[c
time dependent transport cquatiou to obi:dn a simple re-
lation for the ssympiotic decay const:ult in small pulsed
assembli~!s. The results imiicate Lh;lt filt trial functions
may be a reasonable rcprcwcnialion of ihe flux ciistribu-
tions in the thin slab limit. This :IpproJci\ Is superior to
many of the usual transport api>roximaiions. (wth)

B

15131 (EUR-532.e) A MULTI-DIMENSIONAL, MULTI-
GROUP, MULTIREGION, NEUTRON DIFFUSION CODE
(ITERATfVE-VARI.ATIONAL APPROACIi). hf. Luneili and
G. Mnggioni (Milan. Universit?d. 1964. 170P.

The program LOUISE HI, in FORTRAN for the IBhf 7090,
calculates the criticality constant and critical fluxes of
multiregion (up to 25) reactors in the multigroup (up to 10)

approximation. Calculations can be performed in up to 7
dimensions, and an iterative-variational technique in used.
The diffusion dtfferentiai equations considered are in-
cluded, together with a sample problem and the FORTRAN
lisiing. LOUISE III has given rcsuiia in agreement with
WI1lRLAWAY, while requiring a much shorter execution
time. (auth)

B, G

15148 (WAPD-TM-377) EQUATIONS AND PRO-

GRAMS FOR SOLUTIONS OF THE NEUTRON GROUP DIF-
FUSION EQUATIONS BY SYNTHESIS APPROXIMATIONS.
S. Kapiaq O. J. Mariowe, and W. R. Cadweli (Westinghouse

Eiectric Corp. Bettis Atomic Power Lab., Pittsburgh).
Dec. 1963. Contract AT(ll-1)-Gen-14. 71P.

A method for constructing approximate solutions to the
three-dimensional group diffusion equationa using onfy
one- and two-dimensionai programs is presented. The
computer programa that have been developed to carry out
thin construction are described, and instructions are given
for their uee. (auth)

30
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k 54 APPLICATION OF SYNIWESIS TECHNIQUES

TO PROBLEMS INVOLVING TIME DEPENDENCE. S. Kap-
lan, O. J. Marlowe, and J. Bewick (Westinghouse Electric
Corp., Pittsburgh). Nuc1. Sci. Eng., 18: 163-76 (Feb. lg64).
(WAPD-T-1599)

A method described previously for synthesizing thrce-
dimensional flux distributions is extended to reactor ki-
netics problems and to lifetime studfes. The method 1S

outlined, and some numerical examples are presented. The
results of these show the mctbod to be a practical way of
solving time -dependent reactor problems with a detailed
spatial model. (auth)

B

15468 (EUR-217.d(pt. I and II)) UBER f-oSUNGSVER-
FAIIREN FUR DIE BOLTZMANN-GLEIC}IUNG. TEIL 1

AND IL (The Application of th~’ Direct Method of the
Variational-Calculus. Part I md II). K.-H. Mueller

(Eurpoean Atomic Energy Community. Joint Nuclear
Research Center, Lspra, Italy). 1964. 30P.

A functional is given in which the Pi approximation to
the Boltzmann equation of neutron dynamics is in the form
of Euler equations. The requirement for the related ex-
treme values is thus equivalent to the differential equation
System of the Pt approximation. The direct method of cal-
culating variations can be used to solve the variation prnb-
lem. .\n exclusive system of selection functions. suitable
for concrete reactor problems, providea a clear and sim-
ple method for calculating criticality and neutron flux. The
result of each of these three procedures is called reduced
Boltr.mann-eq. This matrix is an integro-diff.eq. in (1)
v elwity and time, (2) space and time, and (3) time. A

successive application of transformation (2) after (1) or
(1) after (2) 1S possible. Examples illustrate the easentlal

steps of the considcratiion. (auth)

A

18858 NEUTRON TRANSPORT IN CYLINDRICAL
RODS. K. Bingbam Cady and Melville Clark, Jr. (Massa-
chusetts Inst. of Tech., Cambridge). Nuc1. SCi. EOS. 18:
491-507 (Apr. 1964).

A calcufational method for Boltzmann’s one-velocity,
Isotropic scattering tranaport equation is developed for
cylindrical rods. The starting point is Pclerl’a integral

equation, and the technique may be interpreted as a mo-
ments method or a variational method. Numerical resuits
in the form of graphs are given for a set of standard prob-
Icms. These problems include volume sources, surface

31

A

18859 AN IMPROVED FREE-SURFACE BOUNDARY
CONDITION FOR THE P-3 APPROXIMATION. G. c.
Pomraning (General Electric Co., Pleaaanton, Calif. ).

Nuc1. Sci. Eng., 18: 52 S-30(Apr. 1964).
Variationsi calcuiua is used to obtain an approximate

free-surface bounda~ condition fnr the P, approximation
In the monoenergetic ncut ron tranaport equations. Slab

geometry is conalcicrcd for simplicity. (C. E. S.)

@ources, and ihe critical rod problem. For arbitrary,
axially symmetric sources inside or outside the rod, a
knowledge of the uncollided flux is sufficient to determine
the escape probability from ihe rod in terms of these
standard problems. (auth )

A

24573 VARIATIONAL BOUNDARY CONDITIONS FOR
THE SPHERICAL HARMONICS APPROXIMATION TO THE
NEUTRON TRANSPORT EQUATION. G. C. Pomraning
(General Electrlc Co., Plcaaanton, Calif.). Ann. Phys.
(N. Y.), 27: 193-215 (Apr. 1964).

It is shown that the monoencrgetic neutron transport
equation and the associated boundary conditions can be
characterized by a Lagrangian. A prowr choice of tbc
trial function for this Lagrangian leads to the w idei y used
aphericitl harmonics approximation as the Euier-Lagrange
equations. A set of houndnry conditions fnr the spherical
harmonic rquations is the result of the loglc~l application
of the varl:tticmal mdhocf. lhcsr variational bw.mditry con-
ditions appear to he significantly more ;tccuratc than the

boundary conditions presenily in Nrneral USC. For rxnm-
ple, tho use of the vuriationai hnundary conditions at a
free surfucc rmh.w(,- the error (cnmp:ir{d with the lxmnd-
ary conditions presently used) in the linc;ir rxtrapol:ltion
distance for the Mlinc prot,lcm t,y several fuctotw. In
particular, the P-1 (tflffuak,n) rtpproximtil Ion y ialds a value
of 0.7071 (in units of mean froc piths) and the. P-3 ai~proxi-

~tion yields a value of 0.7118, both compartng quite fav-
orably with the exact value of 0.7104. (auth)

A

28532 SPATIAL EXPANSION OF TIIE TflANSPORT
EQUATION. G. C. Pomranin~ md M. Clark, Jr. (Massa-

churwiis Inst. of Tech., Camhridgc). J. NUC1. ftnrrgy,
Pt. A & II, 18: 191-209 (Apr. 1904).

Tho soluiion of tho monommrgotic trunspori criu:ttion in
dab goomctry la expanded In tcrnw of known ~p:tttai [unc-
tions and unknnwn wrfpdur cnofficicnts. Two gcnerul for-
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.

mallsms-a variational mcthutf and amomcnt-consematton
method-arc ck!vclopvd to ohloln the ncwctienry equatlon~ for
f.h anhnllilr~l)~fflcil!lltn. “i’he I:iltorforniallsm Iecmpha-

IIlzcd since 11slways yiclda neutron cnnsorvaticn. Furthor,
it 1s shown thntthis [ormalIsm trcatsexactly anylncldont
flux bcundary condition, including thedleccntlnuous vacuum
bcucdary corsfition. For small systems wlthahi~hly peaked

dlrccllonsf flux, aspiitlal exIxtnsionof thodircctiord flux
lninle~erpowcracfz (the spstlal co-cnlinatc) Isahownto
yield cxtrcmcly gncd remdte. Thus, a polynomial expansion

forms acomplement tothcwldely us~mgut arexpmsions,
such as tho P-N (8pherical harmonic) metbod, which are
most accurate for large syatcms withan almost isotropic
dtrcctionrd flux. Toemphasize the fact that the formalisms
dovclopcd arenpplicable to any spatial expansion functions.
the penetration (of a normal beam) problem ts consider~
with exponential expansion functione. The snslyais la ehown
to reduce to the exact transport result in all known limits.
(mlt.b)

B

28S36 A VARIATIONAL PROCEDURE FOR CA I.lXf-

LATfNG HIGH-ENERGY, FEW-GROUP, SPATfALLY DE-
PENDENT SPECTRA. P. A. Ombrellaro (Knolls Atomic
power lab., Schenectady. N. Y.). Tr~a. Am. ‘UC1” ‘“$
7: 1O-11(JUCLS 1964).

F
20537 LEAST-SQUARES VARIATIONAL METHODS.
Marttn Becker and Henri Fenech fMassachusetts @st. of
Tech., Cambrl~e). Trans. Am. NUCL Sot., 7: 11-12 (Juoe
1964).

c

28539 A VALUATIONAL TECHNIQUE FOR SPACE-

TIME NEUTRON DIFFUSION. J. W. Rtese (Westfngbouse
Electrtc Corp., Pltteburgh). Trans. Am. NUCL S00., ‘1: 22-
3(June 1964).

A

20966 APPLICATION OF TIIE DIRECT METIIOD OF
VARIATIONAL CAIiCUI.US TO TIIE IKILTZMANN EQUA-
TION. K. 11. Mueller (Kurntom, 16pra, Itsfy). Trims. Am.

Nuc]. *C., 7: %lo(.hno 1964).

;8968 APPLICATION OF FLUX SYNTIIESIS TO
PARAhlETRIC-OPTIMIZATION STUDIES. N. J. CurIce, Jr.

(Wcstlnghouse Electric Corp., Pittsburgh). Trans. Am.
Nucl. Sot., 7: 12(Junc 1964).

A

30701 ON THE VARfATIONAL METHOD APPLIED TO
T}IE MONOENERGETIC BOLTZMANN EQUATION. Janusz
R. Mika (Inst. of Nuclear Research, Warsaw). Nucl. SCI.
Eng., 19: 377-8 (July 1964).

The separation of the non-self -adjointness from the
moncenergctic Boltzmann equation is discussed. The proper
boundary terms that yield tkc boundary conditions corre-
sponding to the adjoint Bcltzmann equation are derived.

(C. E. S.)

B. E

32714 (cONF-446-7) A V~IATIONAL pROCEDURE
WR CALCULATING HIGIi-ENERGY FEW-GROUP
SPATIALLY DEPENDENT SPECTRA. P. A. Ombrcllaro
hells Atomic Power Lab., Schcncctady, N. Y.). [June
1964]. Contract W-31 -109 -cng-52. 14P.

From American Nuclear Society 10th Annual Meeting,

phllsdclphia, June 1964.
A fast method that provides the accuracy comparable

10multigroup mcthuds was dcvclupcd for reactor Cah2rIIa-
tluns in the 10 Mcv to 0.625 cv range. The energy range
INdivided into thrct! discrete lethargy groups in which a
dlffcrcnt set Or two overlapping spectra IS USLW4fur each
Rwup. Results arc compnrcd with li3M 704 multlgroup
l’lMG calculations. (R.K.U.)

C, A

32721 A VANATIONAL APPROACfl TO THE TIME-
DEPENDENT SLAB. R. Kliidnik (Kcrnforschungszcntrum,
Karlsruhe, Ger.). Nukleonik, G: 147-53(May 1964).

The asymptotic behavior of a neutron pulse injcctcd into
an infintte slab of finite thickness is discussed. For ilhls -

tntion, a monokinetic transport of neutrons with isotrcpic
scattering was chosen. Two integrals of the transport
equation and the variational method are used in order to
obtain the dependence of the extrapolate cnd point upon
the slab thickness. The oxtrapoIatcd end point M is ob-
tttincd as the largest positive root of a given trimsccmdcntal
equ~tion. It is suggested that the asymptotic mcde may
extst withfn the slab no mstter how thin the slab is. The
expression for tbe angular distribution of the lcafdng neu -
trons was improved by one iteration of the integral trans-
port equation. The results show a characteristic angular
peaking of the neutrons leaking from slabs of extremely
small thickncssea. (auth)

.
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X921 (HW-SA-3190) CONTROL OPnMIZATION BY
VARIATIONAL CA I.CUI.US. Albert L. Ruiz (General
hkctrlc Co. Hanford Atomic Products Operation, Rich-
Imd, Wash.). Se@. 10, 1963. Contract AT(4s-1)-1350.
:4p,

The use of dynamic programming to synthesize an optimal
ronlrol system when the performance index is expressed as
m lntc~ral leads to rcsulta that have been shown to be
mpdvnlent to the use of the calculus of variations with natu -

rul bounds ry conditions. With this approach, the extension
to otkcr types of houndnuy conditions is not obvious. On thu
other k:md, the usc of the calculus of varixtiwrs leads to re-
sults for all types of bound:! ry conditions, ss long as the
varinblcs arc continuous. For s Iine:ir proct%s and qua-
dratic performance index, the rfcrivcd control Ixw is the
ssmc for xII cases of :!dmissiblc boundnry conditions, and
the fecdtmck [actors nnd ~ains are calcul:llcd from m,ts of
first order differential cqu;ttions that are of the sumc gcn -
eral form in each case, although differing in detail. For a
nonlinear process or a nonquadmtic performance index, the
method gives a symbolic exp rcssion for the optima I control
law. The evaluation of this cxpreasion for particular prob-
lems depends on one’s ability to sotvc, cxaclly or approxi-
mately, a nonlinca r differential equation. (uuth)

A

40466 (APED-4342) SPATIAL EXPANS1ON OF THE
TRANSPORT EQUATION. G. C. Pommning and M. Clark,

Jr. (General Electric Co. Vallecltos Atomic Lab.,
picasanton, Calif.). Mar. 25, 1964. 39i~. (133-ApE-10

The solution of the monoenergetic transport equstion in
slab geometry is expanded in terms of known spatisl func-
tions and unknwn angular coefficients. Two general for-
mal isms, a variational method and a moment conservation
method, are developed to obtain the necessary equations for
the angular cocfficicmts. The latter formalism [s em-
phasized since it always yields neutron conservation. Fur-
ther, it is shown that this formalism treats exactly any
incident flux Ixmnda ry condition, including the discontinu-
ous vacuum boundary condition. For smali systems with
a highly peaked directional flux, a spatial expansion of the
di rectiwmi fiux in intrKcr powers of z (the spat id coor-
dinate) is shown to yield extremely good results. Thus a
polynomial expansion forms a complement to the wideiy

used anguiar expansims, such as the P-N (si~hcrical har-
monic) mcthud, which are most accurntc for large systems
with an almost isotropic directional flux. To empluisl zc
the fact that the formalisms developed are ai>plicahlc to
any apatinl expsnsiun functions, the pcnctraticm (of a normai
beam) prohlcm is cunsidc. rcd with exponential expansion

functions. TIIC analysis IS shown to rrduce to the exact
tmnspurt result in uI1 known limits. (auth)

B, E

42597 (TIf)-7050fP.229 -76)) FAST GROUP FITTED

cONSTANTS IN FEW-GROUP TiiEOIfY. P. A. Ombreliuro
(Knoiis Atomic Power bib., Schenectady, N. Y.).

Two schemes for calculating fast few-group conaiants for
core depletion calculations are described. The fitted cross-
aectton scheme expresses the fast group constants in terms
of effective microscopic cross sections, which are obtained
by fitting tbe simpfc group-constant formulas to the group

constants obtained fmm a multigroup program such as
MUFT. The secmd scheme uses a variational method to
aofve the energy-dependent diffuaimr equxtions based nn
the assumption that, for a given composition, the flux
spectrum is adqrately given as a linear combination of
two flux base spectra, and similarly for the current spec-
trum, where the bases are chosen torepresent soft xnd
hard spectra. The energy mnge from 10 Nlev to 0.625 ev
la represented in terms of lethargy, and few-group con-
stants are obtained for a three-, two-, and one-group
representation. (R. E. U.)

B, E
42605 (TID-7050fp.494 -519)) A TM’O-MODE VARIA-
TIONAL PROCEDURE FOR CALCULATING TIf EItMA~
DIFFUSION THEO1{Y PARAA1 ET ERS. P. A. Ombrcliaro
(Knolls Atomic Power Lair., Schenectady, N. Y.).

The approximation of variations in the thermai group
constants with dcpiclion hy a two-mode variational proce-
dure is discussed. The procedure was programmed in
FORTRAN for I13M 704 (SPG), and the results were com-
pared with group constants obtained from the SO FOCATE
program. (R. E. U.)

G,B

42927 (TID-7050(P.657 -6’78)) SfNGLE-CHANNEL
SYNTIIESIS. J. H. Leonard (Westinghouse Electric Corp,
Bcttis Atomic Power Lab., Pittsburgh).

The development of three-dimrnsionai flux and pewer
distributions in a reactor by combining one- and hvo-
dimensional calculation for dffferent portions of the re-
actor core is discussed. Synthesis (combination) tnvolving
a single axial function is known as single-channel syntheaia,
and is discussed. (R. E. U.)
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G, B

42928 (TUI-7050(P,678 -71 O)) MULTICHANNEL SYN-
THESIS. E. L. Wachspress (KnolIs Atomic Power Lsb.,
Schenectady, N. Y.).

The development of three-dimensional flux and power
distributions in a reactor by combining one- and two-
dimensional calculations for different portions of the re-
actor core is discussed. Synthesis involving simultaneous

computation of seved flux distributions parsliei to the z
axis is discussed. (R. E. U.)

G, B

42929 (TID-705O(P.71O-28)) VARIATIONAL SYNTHE-
SIS. S. Kaplan (Westinghouse Electric Corp. Bettia
Atomic Power Lab., Pittsburgh).

The development of three-dimensional flux and power
distributions in a reactor by combining one- and two-
dimensional calculations for different portions of the re-
actor core is discussed. R is assumed that the mdial flux
distributions are not independent of the axial flux distribu-
tions and that they vary continuously with the sxiaI pesi-
tion. A set uf trial mdiai distributions, representative of
the possible exlreme mdial distributions, are combined by
means of a variational principie appiied to the flux distri-
butions over the entire core to give the optimum combina-
tion of these trini raclial flux distributions as a function of
axial pusition, thus yielding a continuous distribution of
flux in three. dimensions. (R. E.U.)

.

.
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F

3745 WINNf?RC)F TIIK MARK MILLS AWARD—A
CENE1{ALIXED V/\ I{[,\TIONALMK’~IIODFOl{ IUIACTOII
ANALYSIS. Alfred L. Mowery, Jr. and Raymnnd L. Mur-
ray (North Cnrullnu Stule Cull., I{alclgh). Trans. Am.
NucI. SOC., 5: 347(Nov. 19ti2).

c
3820 SPA(;J.: AN1) Tlhll: SYN’1’III;SIS IIY ‘rll~ V.\l{l-
ATIONAL M1.;’I’1l(]1). S. Kiiphu) (\Vc,slln@tmsl: I;ltwlr i{”
Corp., plttdur~ll). TIVIIW. Ait!. Nucl. Sue., 5: 412-l:: (Nov.
19G2),

F

3821 Till’ (:(! NS’I”I{II(!I’ION 01” A l>l>ltoX1hlA’l 1
llI1:OI{II:S 11S VAltl,\’l”I(~N.\l. hI1.’I’lloll S, 1). S. S(.I,WW1
(Knolls Atomic Power Lab., Schenectady, N. Y.). Trans.
Am. Nucl. Sot., 5: 413-14 (Nov. 1962).

E

-3 VARIATIONAL METHODS IN NEUTRON TNER-
MALIZATION. D. S. Sclengut (Knolls Atomic Power Lab.,
Schenectady, N. Y.). P.162-86 of “Neutron Physics.)’
New York, Academic Press, 1W32.

The general formalism and tlw estimation of ad joint tt%il
functions of the vari:itional methods in neutron tlmrmaliza-
tion arc treated. some t.mic:d problems in neutron ther-
malization arc discussed: the determination of the neutron

spectrum in an infinite medium with a u!liform source; the
spctrum of a decaying pulse of neutrons as n function of
time in a finltc block or materlnl and the associntcd thcr-
malization time constant; and the rethermali~:ttion cross
section and asymptotic decay Iellgth at large distances from
a localized static source of thermal neutrons. Tlw varia-
tional method provi{lcs n unified mc:!ns of calculating: lhcse
quantities in terms of :1 few p:lramcters will] direct physic-
al lntcrpret:~tions. (\V. D. M.)

E, B

5298 (iL\P1,-2220) A VARIATIONAL PROCEDURE
FOR CALCUL,\TING FAST FEW-GROUP CONSTANTS.
P. A. Ombrellaro and F. D. Fwierighi (Knolls Atomic
Power Lab., Schenectady, N. Y.). Aug. 10, 1962. Contract

W-31- I 09-eng-52. 46p.
A variational procedure for calculating fast-energy few-

group constants is described. For a given medium, the
method permits the flux end current solutions of the Boltz-
mann equation, treated according to P-1 slowing-down
theory in each group of a few-group scheme as a linear
combination of two base flux spectra to be expreesed, the
group flux to be obtained, and ae a linear combination of
two base current spectrs, tlw group current to be obtained.
The coefficients for combining tke base spectra are pro-
vided by the lhoory and depend onIy on the concentrations
of the compuncnt elemente of lhe mwiium. Once the flux and
current spectra [n cnch grnup arc caIcul:ttcd, the group con-
stants for the medium can be easily calculated from bese-

flux-6:wctra weighlcd library microscopic cross sectione.
Group constants calculated in this mwmcr .agrco well with
those obtained from the M UIO’T5 program. (auth)

c

9863 (WApD-T-1534) SPACE AND TIME SYNTI{E-
SE3 BY THE vARIATIONAL METHOD. S. Kapinn (\Vcsting-
house Elcctr ic Corp. Bettis Atomic Power Lab., Pitts-
burgh). Oct. 1962. Contract AT(ll-1)-Gen-14. 29p.

Approximation rpethods being developed for the solution
of few-group diffusion equations for core designs requiring
solutions to large-size problems are described. These
methods use the procose of synthesis by constructing ap-
proximate solutions to multi-dimensional problems out of
solutions to fowor dimensional problems. Both SPJCC and
time synthesis by tho variation;d method are dcscrii.wd.
(M. C. G.)

F

11972 A GENERALIZED VARIATIONAL METHOD
FOR REACTOR ANA LYSfS. Alfred L. Mowery, Jr. and
Neymond L. Murray (North Carolina State CoIl., Raleigh).
Nucl. Sei. Eng., 14: 401-13 (Dec. 1962).

A technique designated as the generalized variational
method (GVM) is described. The analysia la based on the
nr{attonsl approach and is an outgrowth of investigations
in the hypercircle method. In essence, the GVM consiets
of considering the trial functions that appear symmetrically

(quadratically) in a pgeitive-semidef inite variational
principle as independent functions. A proposition 1s proved
b demonstrate generally that the approximate cigcnvaluc
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ohlnerf from the GVM IS at least aa accurate as the

Isometric average of the aaaociated approximate elgen-
VZhIeS. Also, a conjecture la proposed tbattbe accuracy of

Ihe generalized variational elgenvalue {a comparable to
Nlltofavarlational reaultcmploying atrialfunctlOn in-
VOrporat{ng the dimenalonalityof both naaociated trial
lunctlons. Theapplicatlonof the GVMtothe perturbation-
2Srlat10nal meth~ y[~ld~ re,aults that eatabllah the method.
~11 generalized method completes the perturbstion-
~lrlatlonal method byprovfdlngtbe even-order approximate
Ceaulta. For Illustration, the GVhl 1s employed to Solve a

kreresctor with agreycontrolaheet. Using Rayleigh-
kltz optim!zed cosine series rind optimized pyramid
‘unctlone aa associated solutions, thcgencrnllzcd varl-
Wonal Clgenmlue accuracy Indlcntre tho effective combl-
~tlonof thedlmenaionullttcsof the aaaocinted trial

‘ul@ion& (auth)

c

21317 (KAPL-2217) THE SPACE-TIME NEUTRON
hlNETICS BY A VARIATIONAL METIIOD WITH APPLICA-
rklN TO pOWEI{ REACTOR f)yNAhfICS. D. E. Doughcrly

Knolls Atomic Powor Lab., Schencct:tdy, N. Y.). DCC. 26,
l~fl~o Contract W-31 -109 -eng-52. 57p.

l~y UMCof the ~cmidirc~t vari:itionai method, the t{me and

‘Pnct? dependent neutron kinctfc equallona wcro rcduccd to
c Wutcm of intcgro-diffcrcnt inl cqu:tliona In the time
!kmuln. The ~taI’. vector of thcao cquatlorw defines the
lllllO-&?pcn&nt cocfficicnis for a act of SIXWC Inodca ITivcn
~y a ~~al expansion of tkc neutron fiux. TIw accurn~Y of
!hh method of nn:llysim itj arbitrSry, and ‘O1utlOns aro

~Mlhtbio for reactor conflkmtr:ltlons :M CO:IIPk, X nl$ th~!
lUMcnt aimto of the art niiows stt!ody-~tntc dotcrminaliorw.
10 avoid thu djffic, tlt t:lsk 0[ d(.tvrminll}g orilw~onsl ritv’n-
fUllCtiOnafor a mufltil t.xp:,n>.l(m in n rumpirX wm(wt
~IIorth~C,nai Crc,<.n’c I.’,lnc.lion mutlt.s :trc!d~wclolll’d [ronl
O upproximtii,: ~ulutlon “[ t],{! int{.grul form of thcl multi-
Krmp klnc:tic ~(,,l:ttl’,n~ . stn~t. ~,, Ox,l(.t ~t(.luly-stnto srJiu-
Uunof t~ “no-Kr{,,,l) dIfrlISIuII IIAUI IMt2vaihIM~ for n
hr~ lwo-r~.glen ~Ii,b rt.j!’.t,jr, thix tioiuticm wUS comP~tr{’d

Ulth tho ro~,tit~ ‘I)jl:tin,!{i l,Y b(jtll “rtl,t]g(jnlti Ilnd lioi!urtlwg-

onal modal expansions. The basia of comparison was the
asymptotic region bucktlng for a critical (steady-state) two-
rcglon reactor, foliowing a perturbation of the reactor
materlrd properties In either of the core regions. A two-
term expansion by Green’s Function mcdcs was clearly
superior to an cxpmwlon tn which the flret two orthogonal
mcdes for asymmetric perturbations of the core properties
were used. Combining power coefficient dynamics with the
reduced space-dependent neutron kinetic equations yields

36

a state equation that ja in genctwt nonlinear. 13y lineariz-
ing these equationa and using the transfer function formal-
ism, the transformed equstlon of state for the modal coef-

ficients for a generalized power coefficient is obtained.
Illustrative calculations were made for a simple aecond-
order temperature and xenon poisoning power coefficient.
A stability criterion was derived for the spatial flux dis-
tribution of an annular core modei. Reasonably good
agreement waa obtained between the calculated stability
margin and period of the spatial flux oscillations observed
in the Shippingport Pressurized Water Reactor. Also cal-
culated was the response of the spatial flux distribution in
an annuiar core to both step and harmonic reactivity
changes. 34 references. (auth)

c
24037 (HW-76128) PHYSICS RESEARCH QUARTERLY
REPORT, OCTOBER -DECEhfBER 1962. (Grneral Elec-
tric Co. }fanford Atomic Products Operation, Richlimd,
Wash,). Jan. 15, 1963. Contract AT(45-1)-1350. 69P.

An exprcsaion for the variational optimum klnctic rc -
sponae reprcaentstion of reactors was obtnined, and Gaus -
aian quadrature methods integr:ttcd over a logarithmic grid
were used to numerically intcgimtc the Egelstaff S-function.
The effects of small differences in the concentration of the
PU240iaotoPe in PU -Al fuel rods on criticality were aMIml
using a cylindrical lattice array with two zones. Critical
approaches and cxi>onential measurements were used in
the experiments. Extrapolation lengths as a function of
fissionable matcriala snd calculated and measured num -
hers of rods required for criticality were obiainecf. Results
indicate that the critical mass of Pu either variea more
strongly with Pu2’0 concentration th:m the calculations show
or that a systematic error ta present. The P-3 computer
program was used to calculate thermal fluxes in laltlcca
with Al -Pu fuel clusters for both poisoned and unpoiaoned
cases. Values of q thermal nnd f, the thermal ulllimtion,
were calculutcd. Simii:tr cafculntions werv perform(’d on
a lattico fueled with 1>U02-U02. Sensitivity of tlw cztlculatcd

flux travrrsc to ptwturh:ttions in input lxtramctctw wae also
Investigatmf, A scrles of PCTR c,xporlmcmls WNI ~itmlyzrd
using a multi -rmcrgy tr:uls portgroulj cmk. to dc,rivr values
of k- for Al -Pu furled modmmtcci l:titiccs :tnd io lw(.diet
reaction ralcs for vnrkms rcwwwmw dottwtotw thrtmxhout
n lattice CCII. Cwlmium rstios at cell lXJUIIII:Iritw u tore do-
rivcd and were found tu frill short of mc:wmrrd vulw’a. Rc -
sufts of un cxpcrimcwt in wi~ich 1!I rnd riuskws of huth
high and low exijomirc Ai - lIU fu(.i w(.rt. ht.;itl,(i wt.rt, ana-

lyzed in ohtuln vaiues for tbc dlffer(mcc in the chm)ge in

.
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the ncutrun lt~ulti[>li(.:!tit>tl fnctor us s functl onoftcmpcwn-
ture, aml VSIUVS0[ (ht. drtjwvf. rcwm:mcw, intcgr:d as n
functtooo[ t(.llll\($r:ittirr wt, r(, c:{lc!ll:ttt,,l. Klc:uwrrmwnts
of LIMOrt,:lctivily cn{,(liri(wls 01’A1-. lhi ru(d IWIJSw(,M, m:tde

in the I’c’’rlttov(,riry lhc r(~l:ttlvc I’ucontcnt asglvenby
chumlcwl :mlysls and 10 invvsliK.ltv the un[[ormity or Pu
concentr:!tlon. The momentum [Iistribullon of II p:trtlcles
rrom tht. d~>cayor I.u1l’:’” was mc:tsurtvl; two components
with rcl:itive int(msitic, s 0[ 4.1 and S6’%were kicntifi{!d.
Intcrnsl -convcrsio nclcctronsrrotn lirl’s [, and Mshells
were obsurvecf for :In Ii(l. -t kcv y trww.ition Nlso. A ratio
of the inlvnsity Or lIw L to M [,icct!wns of 3 i 0.3 was ob-
tained. ,i value d zero w~s sclectcd for thcrpmntum num-
bcrkur the Lu 17GI,,]Cvcl Critic:ll m:iss mtwsurcmcnts

were continued on plutonium nitmtv solutions in a 14-[nch
cli:tm~, trr sphere todctm-mine the effects of concrete re-
flectors on the criticali~ of the VCSSCI amt the effect of an
air gap hctwern these reflectors and the core. The results
verify th:tt a 10-inch layer of concrete is a better reffec -
tor t!,:llj water; the critical concentmtionwwi nbout 10 to
~~q \ :s than whenthc sphere is reflected with water. The
effeci {,f an nlr gap between the core and reflector varied
with Pu concentration :IIXi total nitrate. Experiments with
a water- rcflechxi sphrrt. were also performed. (D. C. W.)

28230 VARIATIONAL CALCULATIONS OF THE EX-
TRAPOLATION LENGTH OF SOME FUEL ELEMENTS,
WITH APPLICATION TO THE THERMAL UTILIZATION
FACTOR. P. Basso, B. Montagnini, and V. Pierpaoli
(AGIP Nucleare, Milan). Energia Nucl. (Milan), 10: 23’f-

46(May 1963). (In English)
Tbe application of the results of a previous work con-

cerning the extrapolation length of fuel and absorber ele-

ments to the calculation of the thermal utilization factor
is discussed. Some calculations were performed to check
the accuracy of the various approximations used. fn ail
cases examined, the methed of homogenizing the element
proved to be sufficiently accurate, as far as the extrapo-
lation Iengtb is concerned. When this quantity Is deter-
mined, an elementary formula givea explicitly the thermal
utilization factor (in the one-group theory). (auth)

A

28412 THE VARIATIONAL METHOD APPLIED TO

THE MONOENERGETIC BOLTZMANN EQUATION. PART
L G. C. Pommning and M. Clark, Jr. (Massachusetts
fnst. of Tech., Cambridge). Nucl. .%i. Eng., 16: 147-54
(June 1963).

The variational mctbod as applied to the monoenergetic

37

tntegro-differential Boltz mann equation is investigated. It
is shown that rendering the Lagrangian stationary with re-

aPS@t to amaii changes in the directional flux and ad joint
directional flux {a equivalent to solving the Boitzmann and
edjoint Boltzmann equationa. Topics discussed include the
uae of variational weight functions, the inclusion of”boundary
terms in the functional, the interpretation of a variational
optimum for a nonseif-adjoint operator, end the second
variation. It {a shown that, for the generaf trial function
ensemble end within a special restricted trial function en-
semble, the variational method is a saddre point principle.
The formaliam developed is applied to the angular expan-
aion in pnlynomiala of the directional flux. (auth)

A
28413 THE VARIATIONAL METHOD APPLIED TO
THE MONOENERGETIC BOLTZMANN EQUATION. PART
IL G. C. Pomrsning and M. Ciark, Jr. (Massachusetts

fnat. of Tech., Cambridge). Nucl. Sci. Eng., 16: 155-64
(June 1963).

The monoenergetic integro-differential Boitzmann equa-
tion with an arbitraxy scattering kernel is transformed to
a self -adjoint form and the correspond ng Lagrangian writ-
ten. It is shown that this transformation results in a ioas of
tbe continuity (neutron conservation) information contained
by the Boltzmann equaiion. This information is recovered
by writing the directional fiux as the sum of an even and
odd function (in angle) and considering a aeif-adjoint La-
grangian for only one portion (even or edd) of the directional
flux. This procedure is shown to be equivalent to separating
tbe nonself-adjointncss from tbe Boltzmann operator. Fur-
ther, it is shown that this seif-adjoint principie is an ex-
tremum principle if the mean number of secondaries per
collision is less than one. This self-adjoint formalism is

appiied to the angular expansion of the directional flux
which results in an improved dirfusion theory. Numericaf
results for tbe linear extrapolation distance and diffueion
coefficient are compared with the claasicsf (P - 1) diffusion
theory. (auth)

A,B, C
28437 (fL4PL-2000-20) REACTOR TECHNOLWY
REPORT NO. 23— PHYSICS. (Knolis Atomic Power Lab.,
Schenectady, N. Y.). May 1963. Contract W-31-10~-eng-
52, 123P,

A geometrically simple homogeneous assembIy (SI{A,

descrikd hcreln) was designed and built to provide dam
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Iuch no criticality and flux distributions for compnr]son
Withsuch wnntltlea obtained theoretically from few-group
or multigroup treatments. Since the calculated information

dcpends very little on geometric or other mathematical
Nmplexities, these comparisons will be highly useful in
hO evaluation of group constants produced from bsslc nu-

clear data. For exnmplc, the diffusion length for thermal
energy neutrons can be measured or calculated from theo-

retical models for the scattering of thermal neutrons.
@ agreement between the two methods ia reported here

for the cases Of roonl-temperature water and polyethylene;
indeed, the agreement is good for water over a wide range

Oftemperature, but fails for hot polyethylene. The re-
activity coefficient of aluminum has consistently been cal-
culated to be lsrger than meaaured. Theoretically derived
morftfications for the MUFT tape aluminum data still fail

to produce an acceptable coefficient, but improvements in
the model for reactor calculations have reduced the dia-
egreement from 80 to 45%. The preparation of multigroup

data (such aa that for MUFT, above) haa typfcally been a
v,ery laborious effafr, involving many weighted averages
of microscopic nuclear data. To make this a faater and
more efficient process, the computer program CADAVER
has been developed to perform required averaging for both
eiaatic and inelaatfc scattering and smooth capture of neu-
trons. Further work to increase the accuracy of MUFT
was performed to provide resonance self-shielding factore
for aluminum and zirconium. The factors that are supplied
account for decreased resonance absorption resulting
from resonance scattering. The uee of fiux and power
dkitributiona in reactor cores results from a diffusion
theory approach to neutron transpor~ an alternative to
tNs ia described. Employing such dfrectiy meaningful and
interrelated quantities as reflection and transmiaaion prob-
abilities and unidirectional neutron currents in slab
Ceometry, mathematical relations can be established for
criticality and for disadvantage factors. Pile oscillator
techniques have been recognized aa being more sensftive
than static methods for determining resonance integrals.
An especially sensitive oscillator system wae inatslled in
the Thermal Test Reactor (TTR); preliminary meaaure-
menta with hafnium samples indicate that an accuracy of
0.002$ ia avaUable from data accumulation over a one

minute period at 100 w power. This permits measurements
on very minute aamplca or on very weakly absorbing ma-
teriels. On tile fieoret{cal side, development was begun on

a program, MOST, whfch serves to compare experimental
Croaa-section dakl (microscopic) with the results of quan-
tum mechanical calculations and to provfde vahIee Of tbeo-

reticai nuclesr parameters which yield best fits to the
meaaur&f data. A description is given of a technique
W’hereby MOST can also be nppl iod to the solutfon of rather
general and complicated equations. Current best valuea for

fast-neutron scattering cross-sections in aluminum and
zirconium, and resonance parameters in zirconium, were
established through theoretical calculations and review Of
recent dnta. The ncw information thus developed was in-
corporated in MLll~T data tapes. Estimntca on the CXtCnt to
which calculated critic: ility values arc :Iffcctrd I>y changes
In nuclear dstn were oijtained, Rmrtivity changes were

Inbulated fur sets of mlcuistions for wwtrr-moticraied sys-
tems containing either zirconium or niuminum; these
changea werr produre{i tjy nltering el~stic or inc,lnstic ~ciit-
king in tie metal. T(.11 por=~nt ~hen~cs in ]ar~e pnrtione

of tho data were observe.d to Intrmiuet. rott~hiy n 0.5’1
change in k. Tile tiixtit wiition nf the ch:tit of tlw NuclidetI
wau isrnued. ‘I },(, Ik.tuiiwl IIell:lvlor of nrllfrOn di~trihutk)nti,
In eIiE1.gY an{l/or simtiui tt(..i,elKif,ncc, W:IS rxnminc(i wiih H

number of techniques. Specfal distributions of thermal neu-
trons in hydrogen-moderated fuel-bearing ssaemblies were
measured and calculated for a variety of mixtures arxi tem-
perature conditions. Very carefully performed chopper
measurements were calculated satisfactorily with a bound
hydrogen kernel for syatema with low absorption rates. For
●yatems more highly loaded with fuel, a free hydrogen
kernel produces best agreement with experiment; this un-
satisfactory situation ia not understood. Space-dependent
spectra at epithermal energies can be calculated with such
programs as PIMG or TET, but only st rather high coat In
computer time. Work was done to learn whether the appli-
cation of variational techniques to P l-type cquationa could
reduce computer time without Iosa in accuracy. The
MUSKRAT program, developed in these studies, haa not
been proven to be a satisfactory successor, although it ia
nearly as good aa PIMG. Several lattices were examined
in detail with both PIMG and TET, to determine whether
the low-order angular approximation in the former pr-
oduced slgntflcant errore in the epithermal spectra (and
group constants). Aithougb infinite-medium spectral cal-
culations would be inaccurate for the Iattfces considered,
tbe results with a simple P1 anfaotmpy proved to be auffl-
ciently close to the double P5 available from TET resuits.
Several formulatfona were developed for the calculation of
approximate blacknesa coefficients. Ranging from a diffu-
sion theory approach to use of integral theory variational
expreaafone for slab transmisafon, reflection and absorp-
tion, the methods were relatively poor or guod; the latter
yielded reeults that differed by 2% or leaa from exact val-

uea for a slab of any eelected optical thickneaa and scatter-
ing propertfea. Calculation and experiments are reported
for the scattering croaa aectfon, and for the energy distri-
bution of thermal neutrons in cold (-198*C) polyethylene.
Agreement between the measured and calculated spectral
data at this low temperature adds confidence in the theo-
retical model employed for the scattering. The anal ya ie of
slowing down experfmenta conducted with low-energy neu-
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trons has long been viewed as a possible way of vertfying
theoretical scattering kernele. Ordy recently, however,
have sufficiently accurate experiments been performed
to Lmlster this view. Although the results svsilable are not
yet conclusive, those presented here show lmproveda~ee-
ment between theory and experiment. A very accurste yet
simple method of determining the absorption coefficient
and reflected angular distribution for a semi-infinite plane
slab with an arbitrary ratio of scattering to absorption is
described. Results obialned with this method show anon-
linear variation of the emergent flux with the coeine of the
angle of emergence. When this is a strong effect, even a
double P1 approximation may lead to an unsatisfactory flux
description. A variational mcthodfor nonlinear reactor
kinettc problems is reported. (auth)

E, B

38057 A VARIATIONAL PROCEDURE FORCALCU-
LATING FAST GROUP CONSTANTS. P. A. Ombreilaro
and F. D. Federighi (Knolls Atomic Power Lab., Schenec-
tady, N. Y.). Nucl. Sci. Eng., 16: 343-56 (Aug. 1963).

A variational procedure forcalcuiaiing fast energy few
group constants isdcscribed. Foraglven medium, the
method permits one to cxprcas the flux and current solu -
tionsof ihe Boltzmanncquation, treated according to P-1
slowlngdowo theory in each group of a few group scheme,
as a linear combination of base flux spectra to obtain the
group flux and as a iinear comb! natton of base current
spectra toobtaln the group current. The coefficients for
combining the base spectra are provided by the theory and
depend onfy on the concentrations of the component ele-
ments of the medium. Once the flux and current specira
ineach group are calculated, the group constants for the
medium can be easily calculated from baee flux spectra
weighted library microscopic cross sections. Group con-
stants calculated In this msmcr agree well with those ob-
talnedfromthe MUFTV program. (auth)

F

38511 ASTUDYOF THE VARIATIONAL PRINC1l’I.M
OF NUCLEAR REACTOR PHYSICS. Paid Wesley Dickson.

Jr., Theais, Raleigh, N. C., North Carolina State Coil.,
1962. 203P.

Tbe application of !he two main uses of the variational
principle to reactor physics la explored. The two uses arc
first, to derive exact equationa of motion from a atatiomry
Lsgrangian and tc study the implication of the hgrangisn
regarding constants of the motion, and second, to obtain UP.
proxtmate solutions kc non-linear differential equations.

Attention is restricted to diifusion theory, and hence the
resuita are applicable only to reactors for which diffusion
theory ia adequate. Lsgrsngians for one- and two-group
dIffusIon theory aa well as one for the one-group theory
including delayed neutron effects are presented and proved
to be correct. From these Lagrangians the correspcmdin~
reactor Hamiltonfana are found and used to determ inr tiw
6’conjugate momenta” and some constants of the motion fnr
reactor diffusion theory. The implications or interprrta -
tfons reaultsnt from these constants and the conjugate
moments are discuseed. The Namilton-Jacobi equations
for the one-group Hamiltcnian were derived and shown to
yield the expcctcd resuits. Time -dependent perturbation
theory la. ahown to be applicable to reactor problems to
determine flux functions as a function of time. Variltionul
theory Is compared to the perturbation theory when c~ r-
ried to higher orders for the one-group case. Two-group
variational theory is discussed in general terms. A modi-
fied form of variational theory which will delineate a Iowt’r
bound to an eigenvaiue waa applied in general form to re-

actor problems. The etandard upper bound variation:ll thr -
ory and ita lower bound form were then api)lied, usin~ s
one-parameter tri,ni function, to many specific cases wh~lnt’

uPPer bounds are known from perturbation theory. ‘IMO-
parameter one-group variational theory was considcr(”d.
It was found that a two-parameter trial function yiclIIs
qu!te accuraic results even for hcuvlly loaded reactOrs,
lf the itolson ie not too grcutly conccmtruic.d. The SJIXX’1:11
case of the reflected rcnctor was consldt.red, und a cor-
rection to the pcrturbution theory [iek.rmin:ttion Of Ak,.‘kr
W:IS dcrivml. A two-p; trulnck.r vuristiwml tt.ul)nl(iw. w’:1*

aPP1ied to this same problem und LIWcorrcct](,ll r~.qul rml
for reflected rciwtors is discussed. TWO “)t.tll,jds uf :Itt:irk

using thv fourth-order differrntinl equation SIId th(. IIMIrl~

equation! on the two-group variational probiem arc prc -
ccnted. Solutlona for scvcrai one- and two-param(’t(’r trial
functions were determined for general poison distributions.
Ananalytical aOkJtionfOr a perturbed reactor systcrn was
Obfslnd ~rf the ex~ct anawer waa compared with the var-
iational answcra for differential trial functions to demon-
strate the validity of ihc method. (Diascrtation Abatr. )
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F
476 (UCRI_ Trwm- 16’3 ON SOMii vALUATIONAL
l,lt[NCIl,L~S IN Tl{~ Tl,I;O[~y “~, fjpK[~~IONAL ~QUA-

lIONS. M. M. Valnlwrg. Trwwlnted hy ii. P. Kramer
(Univ. of C!mliforn{a Radiation Lnh., Hcrkclcy) from UO-
pckh[ hfat. Nauk, 7: No. 2, 1!)7-200(1952). 6P.

Theorem A was dcrlvcd as a speclwl case of the Lyuster-
nlk proposition for conditional extremals of functional, for
two real functional defined on a real Banach space E and
differentiable at the point XO. Theorem D is dcrtved in the
real Hllbcrt space H for a given operator, F(X) = grad f(x),
and a completely continuous operator, A(x), showing that
the equation p% = A*F(x), has In each sphere II x II s r of
the space H at least two different solutions corresponding to
real values of the parameter L&where p Ie a real number,
Ttrcorcm C la derived as a proof for Theorem B for the
case when the compIete}y continuous operator la self-
adjoint. It is noted that an application of Theorems B and
C results in the existence theorems for characteristic func-
tione for integral equations of the Hammerstein end Liec-
htenstein type. (B.o.G.)

16 (1962)

G
743 ASYMETRIC CORE EXPERIMENTS AND THEIR
ANALYSIS BY A THREE-DIMENSIONAL CODE AND TWO
FLUX SYNTHESIS TECHNIQUES. R. J. Roseberry and
T. F. Ruane (Kmolls Atomio power Lab., Schenectady,
N. Y.). Trans. Am. Nuclear sac., 4: No. 2, 285-6 (Nov.
1960.

G,B

745 SYNTHESfS OF THREE-DIMENSIONAL FLUX

SHAPES. S. Kaplan (Westinghouse Eleotrlo Corp., Pitts-
burgh). Trane. AIU. Nuclear sac., 4: No. 2, 28’I-8(Nov.

1961) .

c
3385 (KAPL-M-NCF-3) NON-f..tNEAR EQUATION
VARIATIONAL METIIOD. N. C. Francis (Knolls Atomic
Power Lab., N. Mox.). JUIY 10, 1961. Contract W-31-
109-Eng-62. Op.

A nonlinoar vnrintlorml mcihod is proacnied fur the in-
homcgeneous case of powor reactor physios problems.
(D, L.C.)

F

9575 (HW-66284) THE VARIATIONAL METHOD
AND REACTOR PHYSICS. C. W. Lindenmeier (GeneraI
Electric Co. Hanford Atomic Products Operation, Rich-
lend, Wash.). Jan. 26, 1961. Contract [AT(45-1)-1350].

18P.
Some of the less familiar mathematical methods required

in developing a variational formulism for reactors are de-
soribed and applied to obtain the multi-group spproxima-
Uon. Linear spaces, adjolnt spaces, linear operator, adjoint
operators, Greensa function, physical interpretation of the
ad]oint, variational methods, variational functional in the
diffusion, triat functkma, the multi-group approximation,
and overlapping and non-overlapping trial spectra aro dis-
oussed. (M. C. G.)

F, C

9653 (KAPL-2000-16) REACTOR TECHNOLOGY
REPORT NO. 19 —PHYSICS. (Knolls Atomic Power Lab.,

Schenectady, N. Y.). Dec. 1961. Contract W-31 -109-
Ens-52. 192P.

Nuclear Cross sections. The resonance integrals of Mn,
Hf.and Nb were meaaured. The mass spectrometer fila-
ment enrichment technique was used to determine the
Sm140 effective activation cross section. ‘l%e Oi’(n,p) cross

section was meaeured as a function of neutron energy from
12.5 to 16.5 Mev. The F1’(p,a’r) reaction was used to cali-
brate a l-Mev Cockcroft-Walton accelerator used to ac-
mlerate deuterons for producing neutrons. ABACUS, a
computer program for cross-section calculations, is de-
soribed. ABACUS was used to calculate ihe optical model
parameters of the angular dtstributiona of neutrons scat-
tered from ZrM at 0.25 to ‘1 Mev. Methods are descritwd
for calculating elastic and inelaatto differenthd cross sec-
tions, angular momentum coupllng coefficients, and com-
pound nucieua effects in neutron capture. Results are given
for the development of a satisfactory potential function in
tbe direct interaction model. Photoneutron production cal-

culations for Be’ and Ct’ were extended to en energy range
~ rn9 Mev. computational work on the cross section of

the thermal neuiron scattering by waier and polyethylene
is descrihd. Neutron 8Pectra and Fluxes. The thermal

neutron scattering kernels were used in calculating neutron
spectra in both infinite homogeneous media end lattices.
Computer programs for the calculation of neutron spectra
are described, e.g., TET, TRANSWAKRUM, and TRAM.
‘l%e application of variational techniques to linear sysiems
la dtscussod. Few-Group Parameters: Criticality. A

.

.
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two-mode variational procedure was dcvelopcdforcalcu-
latlngfast-group diffusion theory parameters. Inthevari-
attonal calculation of thermal spectra, it is shown that the
advantages of symmetrization of the scattering kernel are
niL Methods are given for computation of spectrum-
averaged cross sections. The temperature dependence

of tho tbcrmal diffusion length in paraffin was meaeurod
and used to derive transport cross sections. The cross
aectkms for fission products were examined in detail with
reepcct to their poisoning effsct on reactor cores, and it 18
ooncludcd that, while unccrtsintics in current data givo
small errors, the nmmmptlnn that atrible products rme
formed directly tn tho fission preccae can lead to signifl-
oent errors. VnrJation calculation of iiw reactivity k is
di8cusaod. Reactor Kirrctlcs. The method for calculating
the cffeci of ncuiron pupuluiion fluctunilon~ on rcuotor
design was extended to nccount for the actual nonzero
lifetime of prompt ucutror,s. A semi -rfircot variational
method is glvon for solving tho epnce-ilmo neutron multl -

groui> kinetic equutlons for reiiclor tmnlyslti, (f). L. C.)

G, B
12413 MULTICHANNEL FLUX SYNTHESIS. E. L.
Wachspress, R. D. Burgese, and S. Baron (Knolls Atomic
Power Lab., Schenectady, N. Y.). Nuclear Sci. and Eng.,
12: 381-9 (Mar. 1962).

A procedure is described for calculating neutron fluxes
st nodes of a three dimensional grid with few points, in
planes perpendicular to a selected axis. Difference equa-
tions relating fluxes within each plane are determined in
advance from detailed two-dimene ional studies. This
“multichannel synthesis” model may be used for param-
eter studies and dynamic analysis. Comparison of a rep-
resentative calculation with results of a detafled three-
dimenslonal computation is given. (auth)

F

14254 A VARIATIONAL PRINCIPLE FOR NONfJNEAR
SYSTEMS. Jeff ery Lewina (Staff Coil., Camberley, Surrey,
Eng.). Nuclear SCL and Eng., 12: 10-14 (Jen. 1962).

The cquatlons describing a reactor eystcm are some-
times nonlinear and do not admit a solution for the neutron
density that is separttble into a functton of time only end a
function of the rcmainlng varlablee. An appropriate varia-
tional principle is given by demanding that the calculation
of the oheervable naturo of the reactor irr insensitive to the

value employed f,w ihc rlcnsity, thus obtaining an equation
for the optimum ti{stribution of detectors to meariuro ihe
ohscrvaljio bchavinr. This optimum weighting function in

noi idcmilcal WIth the conventional wfjoint function or im.
portance in the nwtlincar rsngc but the conventional treat.
ment of linear systems is found to be a special caee of ihe
gcncrnl prlnclplc. It is shown that the approximate treat.
mcnt of nonllnw~r systems as cigcnvzdue SytAen3r3 ia funds.

mentally unsound. (auth)

E,B
18409 1)11’FUSIUNA1>PI{OXII11.4TIOS” AXD VARIA-
1 II)NAI, J;Xpl{ESSION FOII TIIE T]; ERhI,\l, NE~lT]{c)S ,
lj[S’rl{lflUTIoN IN Sp,\CE AND ENERGS. Akirmrr Ski mizu
(Slppnn Atomic Industry Croup CO. l,td., [Jnfmnl). Xipl)on
(k”lwhiryokt! Gakkais], i, 4: lol-l$(hl:lr. l!lli!?). (In ~Ilgl!sh)

The di f[usjon approxi mntio!l for tl)c motion nf neutrons
Wllt,h nwve in t]~c cncrgy spncc as well as intheordinary

WIIIIN’1Sdt”rivrrf from lhc diffusion app!wximaiion fnr the
Iwttion of nlojlo-rncrj@ic ncut rons. [lmlcr ibis :{pproximn-
11,,11,the v:lriniional CSIIrcSsjrrII for 1110spmw-cncr~y distri -
Illllllm of i}jc~l.nlal ncLl~*OIIS is derived. ‘f’hc functicml in thi S
~k~lr(.rrsit>n ljeCOI,ICS IIIIIIIMUIII fur the :ictu:ll dislriimlion.
“111(,IIcrive([ v:Iri:Iti,IIIn] nlctll(jd is fllqjlir.fl 10 Ill(” ]Illddelll
,d tlw t)l’,rl],:,l ,,~,u{rt,I, ,s]u(.trunl in ,nl)c~lcl.tl~.cl)c~(,tlsl:iliice.
[1111!],)

13733 AN EXPRESSION FOR THE NEUTRON ltLACK-

NESS OF A FUEL ROD AFTER J-KING IHRADIATION.
Hieao Yamakoshl (Trsnsportstion Technical Research Inst.,
[Japan]). Nippon Genshiryoku Gakkaishi, 4:244-50 (Apr.
1962). (h Japanese)

A variational expression is derived for the neutron
blackness j3 of a fuel rod which has inhomogeneous distri-
bution of nuclear elemenis depending on the distance from
iis axis. The following assumptions are made: scattering
within the rod is isotropic in the coordinate system and
does not change the energy of an entering neutron; the
incideni neutron current is uniform on tbe surface ot’ the
rod and ia isotropic tn solid angle; and monochromatic
treatment is allowed. The evaluation of the variational
expression for /3 by ustng the solution of transport equation
for neutrons in the fuel rod as a trial function shows that
when a lot of Pu23g accumulates in the vicinity of ihe rod
surface and U2JS remains near the axis of the rod, the
blackness /3 in the energy 0.3 ev is increased much more
due to the scattering than in the case of the homogenized
rod. The values of P for the homogenized rod are com-
pared. Doih results agree fairly veil as the ratio of ab-
sorption to scattering cross section increases. (auth)
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LJ
19735 SOMC NEW M}: TIIOIIS OF FLUX SYNTHI;SIS.
S. Kaplan (Westinghouse Illcctrie Corp., Pittsburgh).

Nuclear Bci. and Eng., 13: 22-31 (May 1962). (WAPD-T-
1374)
A variational principle is appliud to develop a method for

constructing upproxinmic solutions to the three dimt,nsional,
few group diffusion cqu:tliuns USIIIKonly the solutions of
ono and two dimcvtsiors~l proiIlcmR. Threo additional rc-
lah!d mcthoctti arc cfuscriljc.d and a numericai example, prc-
Scnlwf which is rt,prctx’ntativc of several that were siudi~d.

It h found tlmt the IICW methods give Confddcrahiy improved
rcsulis conllmrcvl with 111(.convuntionai synlhcsis n)’.tho~.

(jIui}l)

c
22975 THE SPACE-TIME NEUTRON KINETIC EQUA-
1IONSOBTAINED BY THE SEMRXRECT VARIATIONAL
NI:TIIOD. D. E. Dougherty ilholls Atomic Power M.,
h4wncctady, N. Y.) and C. N. Shen. Nuclear .%i. and Eng..
IJ: 141-8 (Juno 1962).

Using a semidircct variational method, the time-
dqwndent coefficicnis of a motii expanaion of the neutron
IIUXCSm-e given by the Euler- f.agrange equations obtained
from a variational principle for the muitfgroup kinetic
Iquations. In order to avoid the difficuit task of determin-
IIINorthogonal eigenfunctions for a modal expansion in a

cotnplcx geometry, an approximate soiution of the kinetic
rqnations by the mctiod of the Green”a function results in
a IWi of rcadiiy calculated space modes. These modes tin
also be acfspt.cd to perturbations in the diffusion parameters
ahoul which a priori information is available. (sulk)

A

24362 VARIATIONAL MONTE CARLO CALfXLA-
TIONSOF FLUX DEPRESSION IN FOILS. F.R. Nakache,
H. Goldetein, and M. fi. Kaios (Columbia Univ., New York
~ United Nuclear Corp., White Plains, N. Y.). Trans.
Am. Nuclear SOC., 5: No. 1, 32-3(June 1962).

B,E

24368 A COMPARISON OF A SELF-ADJOINT VALUA-

TIONAL MWI’I1OD TO XI-GROUP TilEi{MAL SPECTRUM
CALCU1,ATIONS OF iiETfCROGKNEOUS AilRAYS. S. L.
Shuftcr (Wcsiinghousc Eiccirio COW. t Pittsburgh). Trans.
Am Nuciear ~-, ~: No. 1, 37-9(June 1962).

F
24372 GENERALIZED VARIATIONAL METHOD.
M. D. Koatin and H. Brooks (Harvard Univ., Cambridge,
Mass.). Trans. Am. Nuclear Sot., 5: No. 1, 41(June
1962).

X00 A VARIATIONAL PROCEDURE FOR CAI.CU-
LATING FAST GROUP DIFFUS1ON THEORY PAMM-
ETERS. P. A. Ombrellaro and F. D. Federighi (KnollII
Atomic Power Lab., Schenectady, N. Y.). Trane. Am.
Nuclear Sot., 5: No. 1, 63-4(June 1962).

;4543 SYNTIiESISAPPROXfMATfONS IN THE TfME
DIRECTION. J.A. Bewick, A. F. lienry, and S. Kaplan
(Weatinghousc Electric fXwp., Pittsburgh). Trans. Am.
Nuciear Sec., 5: No. 1, 177-6 (June 19132).

B, C

24943 (MND-C-2500-3) APWRC-SYNFAR-02, A PI

AND DSN THEORY. FORTRAN-II CODE FOR STATIC AND
DYNAMIC SYNTHESIS OF TWO-DIMENSIONAL FLUX AND
REACTIVITY. T. M. Olsen (Martin Co. Nuclear Div.,
Baltimore). May 1962. Contrsct [AT(30-1)-2431]. 77p.

A computer code, APW1{C-SYNFAR-02, wits programmed
in FORTRAN 11for synthesis computation of static flux anti
reactivity, or of stable period and corresponding flux shnpe
In XY or RZ geometry on the LDM 7090. Ii aiso nllows
direct computation of the same quaniitics in onc-dimcn-
sinnal spherical geometry. Running time is 12 minutes or
icss. (M. C.G.)

D

24944 (MND-C-2500-4) APWRC-SY13URN, A
FORTRAN-IIPROGRAM FOR SYNTIiESWED TWO-DlhIEN-
SIONAL pl OR fISNBURN Up CALCULATIONS. E. A.
Colbeth and T. M. Olsen (Mariin Co. Nucicar Div.,
Baltimore). June 1962. Contract AT(30-1)-2431. 62P.

The reactor physics neutron ccdc, APWI{C-SYIIUHN,
was designed for the IBM 7090 and wriiten in FORTRAN-H.
k was developed for one-dimensional rcgionwise or in-
iervaiwiso detcrmin~tiorr of isotope concr.nirations during
reactor burnup, fncluding effccis of rod or olhcr controi

@igenvaiuo vttrintion, prov Ming core averaged r:tdiai
corrstantefor subsequent synthcsizmi UXI:I1butmup prob-
icm. Typ{cai running timu is 2 to 7 minutes. (M.C.G.)

.

.
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A

26540 TI{E REACTIVITY OF A CENTRAL AIR GAP
IN A BARE REACTOR. H. IIacggblom (Aktiebokaget Atom-
energi, Sweden). p.85-94 of “Physics of Fast and fnter-
mediute Reactors. Vol. 11.” Vienna, International Atomic
Energy Agency, 1962. (fn English)

Two methods are presented for calculation of the reac-
tivity equivalence of a central gap in a bare reactor with
rectangular crose section. The first is a perturbation the-
ory; the second is an application of variation calculua. ‘i%e
eigenvaiue is soived for the transport equation in integral
form. The principal difference between tbe two methods is
in the assumption for the flux shape. In the perturbation
theory, it is assumed that the flux is unperturbed and has
the form A cos r x/L. The reactivity as a function of the
gap width is expressed in closed form in one and two energy
groups, but the expression is vaiid oniy for reactivity
changes less than &bout 8%. The variation calcuiua is de-
veloped only for one energy group, but the accuracy is ap-
proximately independent of the gap width, This is obtsined
by varying the expression for the flux in order to optimize
the functional Integrat. The results are compated with
those obtained by Chernick and Kaplan by diffusion theoret-
ical methods. (auth)

E, B

28416 (WAPD-BT-25(1-24)) THE DESCRIPTION OF
TIIE THERMAL NEUTRON SPATIALLY DEPENDENT
s1,ECTRUM BY hf EANS OF VAftf,~TIONAL p~N~pL~c

A. J. Buslik (Westinghouse Electric Corp. Bettis Atomic
Power Lab., Pittsburgh).

The application of the calculus of variations to the
determination of the thermal neutron space and energy
distribution is described, and it is ehown how thin absorb-
ing regions treated by bhckness theory can be included in
tbe method. Tbe general method is then applied to the
problem of an absorber adjacent to a large fuei bearing
region. Results arc compared with the 36 multigroup
solution of the thermal space energy problem by the digitul
computer code SLOP -1. In addition, a manner of incorpo-
rating these resulta into a one-group design me’thod is
presented. (autb)

E,B

29713 (TIf)-12780) VAR1ATIONAL MKTIIOI)S IN NfW-
TRON Tiif?I{MALIZATION. D. S. Solen@t (Knolls Atomic
Power Lub., Sclwnoctxdy, N. Y.). May 19GI. Contrsct
[W-31 -109 -Kng-52]. 9p.

Verintlonul motheds for calculating thormnl flux difitritm-

~ In reactors for design purposes are described. The

~thods relate tie nature and essential fcatu rea of the
~attering kernei to the characteristics of the neutron di~-

trjtrtitlomthathaveewfneeringsignificance. Information Ia
~lvcn on variational Principles, adjoin: functions, and their
“Crltis interpretations. Typicat problems in neutron ther-

~allzation aIWevaluated by this method. The first problem

mntdde~ iS tbe asymptotic behavior of the neutron die-
trlhotton, due to 3 discontinuity in an infinite medium which
k~d# to an exponentially decaying space distribution, or a
~lse in a block of material which leads to an analogous
,tgenvalue problem for the calculation of the decay constant
for the time-dependent distribution. The second problem is
thecalculation of the apectmm of neutrons in an infinite
Wdlum generated by a uniform source of fiaaion neutrone,

md ita use in c~culating thermal group conetants for aim-
pllflodmodels of a reactor. The final problem concerns

ths calculation of the thermal flux distribution in space and

msrsy in a sys~m with ~ny regions having different com-
posltiooe and temperature, which is necessary for accu-
ratereactor desfgn. (N.w.R.)

E, B

lao28 (WAPD-T-1451)) A COMpAl{lSON OF A SEI,F-
AIN~INT VARIATIONAL Mi?TllOi) TO 3t3-Gl{OUP ‘I’ll};ii-
NAL SpECTIIUM cAI.cULATIOi.JSOF iiETl;i{oC~Nk:Ous
$Y5TEMS. s.L.shufler(Wt.stingtlouse l;]CCiriC COrp.

~Mils Atomic Power I,;dJ., Pitishu rgh). Apr. 1962. cou-
lraciAT(]]-l)-cEN-14. 35p.

A seif-adjoint v;lri:,iion~tlprinciplr rristeil to LIMO thc,r]:inl
~tron e~iii;~l spcct rum j)ruljlem hy IIuslik W:W t(,xlcd
WIlrm; s 3G-group thcrm:il COIIC iind n fcw-~roup m~l~qfor
I)pical One-dinli>n”ion:ll Iwiorugoncoue m-ruys. A descrip-
tion of the ihooretical method le given including some ob-
aervaiions of tbc diffcrencea beiwcen thv self-ml joint
method of i3uellk and the noneclf-nd]olnt formalism rc-
portod by Calamc and Fedcrighi. A comparison of nuclc~r
parameters, activation shapes, and locai region capture
fractions are prcsentc(t for three types of one-dimcnsiotmi
arrays: absorber-fuel ceils, absorber-nonfuel-fuci cells,
and Sbsorbcr-fuci-tionfuel cells. Some comparisons of the

mixed number density method to the vari~tiond modei arc
alao included. Resuits indicated the utiliiy and proof of the
success of the self-ad joint vnriationai principle in predict-
ing the important nuclear parameters of a wide range of
fiel-nonfuei-absorber combination at both coid and hot
temperature. (M. C. G.)
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30029 (WAPD-T-1463) SYNTHESIS APPROXIhfA-

TIONS fN THE TIhIE DIRECTIONS. J. A. Bewick, A. F.
Henry, and S. Kaplan (Westinghouse Electric Corp.
Bcttia Atomic Power Lsb., Pittaburgb). Apr. 1962. Con-
tract AT(ll-1)-Gen-14. 19P.

Applicutlon of an upproxlmation procedure in which the
solution Is approximated by a linear combination of func-
tkms which are known, to reactor problems involving the
time variable is described. Tbe approximate solution has
the form $~, y,z, t) = T,(t) Vi (x,y,z)t . . . . Tn(t)~n(x,y,z)
whero ~ (x,y,z) are spatial shapes appropriate to various
rangea of t. Illustrations are given correapondlng te
three different time scales. (J. R. D.)

F
31273 (N P-1 1754 (Vol. II)(Sect.lV)) SOAIE I{EMARKS
ON ‘t’Ill; USE OF VAIUATIONAI, hlflTIIODS IN REACTOR
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