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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 space-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,
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C

2118 NUMERICAL STUDIFS OF COMBINED SPACI-TIME
SYNTHESIS. Yasiusky,J. B, (Westinghouse Electric Corp.,
West Miffliu, I'a,). Nucl, Sil. Ing., 34: 158-68(Nav. 1968).

Tho abllity to obtain aecurale voltions to thine-dependent
group diffusion yiroblens by simultancously syntheaiziug in both
the z and t dinieaslans iy deinanstrated numrerieally. ‘the polen-
tial of the comibined spuco-time syntheals mcthod becomes uppar -
ent from scvernl campiarisans of syuthesis solutions with exact
(in a finite difference sense) twa -graup, iwo~-dinnensinnal, time-

dopondent diifusinn solutions for lwo dilferent reartor geometries,

16 references. (auth)

13;9. l% SPECTRUM SYNTHESIS WITH SPATIALLY DISCON=~
TINUOUS BASIS SPECTRA. Vaughan, E. U.; Rose, P, F.;
Hausknecht, D, F, (Atomics International, Canoga Park, Callf,).
Trans, Amer, Nucl, Soc., 11: 528-9(Nov, 1968).

From Intcrnational Conference on the Constructive Uses of
Atomic Energy, Washington, D. C. See CONF-681101,

A

4430 METI{{ODS OF RESOLVING INTERFACE AMBIQU-
ITIES IN DISCONTINUOUS VARIATIONAL METIIODS, Becker,
Martin (Renssclaer Polytechnio Inst,, Troy, N, Y.). Trans.

Amer, Nucl, Soc., I1: 529(Nov, 1968),
From International Conference on the Constructive Uses of
Atomto Energy, Washington, D, C. See CONF-681101,

A
4431 VARIATIONAL DERIVATION OF DISCRETE-ORDI-
NATE-LIKE APPROXIMATIONS, Natelson, N,; Gelbard, L, M,
(Bettis Atomlo Powcr Lab,, West Mifflin, Pa,), Trans, Amer.
Nuel, Soc,, I1: 530-1(Nov, 1968),

From Intcrnational Confcrence on tho Constructive Uses of
Atomio Encrgy, Washington, D, C, Sce CONF-681101,

c .
4440 SPACE-DEPENDENT DYNAMIC BEHAVIOR OF FAS1
REACTORS USING THE TIME-DISCONTINUOUS SYNTHESIS
METHOD, Kessler, G, (Gesellschaft fuer Kernforschung mbH,
Karlsruhe, Ger,). Trans, Anicr. Nucl, Soc., I11: 569 (Nov, 1968),
From International Confercnce on the Constructive Uses of
Atomic Energy, Washington, D. C, See CONF-681101,

T~

B

4442 ON THE USE OF DIFFERENT RADIAL TRIAL FUNC-
TIONS {N DIFFERENT AXiAL ZONES OF A NEUTRRON FLUX
SYNTHES{S COMPUTATION. Wachspress, E. L, (Knolls
Atomic Powcr Lab,, Schenectady, N, Y,). Nucl, Sci, Eng., 34:
342-3(Dec. 1968),

Use of radlal trial functions in different axial zoncs to avoid
flux discontinuitics s discusscd. Combining coefficients are de-
fined for the various axlal zoncs; axial neutrron leak.ige is de-
fined In terms of matrix notation, (M.L.S.)

(1969)
C
4443 ASYMMETRIC DISCONTINUITIES IN SYNTHESIS
TECHNIQUES FOIt INITIAL-VALU# PROHI.IZMS. Becker,
Martin (Itenssclacr Polylechnic Inst,, Troy, N. Y.). Nucl,

Sci. Fng., 34: 343-4(Dcc. 1968).

The buses for usc of asymmectric discoutinuities at overdeter-
mined interfaces aroe discussed. Funetional notation is used to
removo symmetry consideratious, The eapiressions for neutron
flux nnd adjoints ari- shown to posscss properiiea ol xsymmetric
discontinuities; tiial funetion cxpunsions are deterumined for troat-
ment of these, (M. 1..S.)

F

4445 THE CALCULATION Of NEUTItON #1,UX RATIOS IN
CRITICAL SYSTEMS HY THE INDIRECT VARIATIONAL
METHOD. Powraning, G. C, (l.g Alamas Scientifle Lub,, N,
Mex.). Nucl, Scl. Eng., 34: 308-12(1)cc. 1968),

A discussion {8 glven of the use of the Indireet vartalional
nicthod for gencratiug thu triad functions necded to compute 2
varlational estinuite of & homagencous functianil of ths: solu-
tion to an »igcnvalae equation. It 1s shawn that onc usu of tho
method leads to no diificultics, wheeras wnolhee uxe glvies mean-
ingless rcsults. In this latter instince, the method of weighted
residuals can be used to generale the necossary triaf fanctiuna,
With the trlal functlons known, the varlationil estimate of the
functional of intcrest follows hy quadrature, (auth)

C

7412 (BNL-12911) ITERATIVE SOLUTIONS TO REAC-
TOR EQUATIONS. Goldstein, Ruhin  (lircokhaven National
Lab,, Upton, N. Y,), Mar, 1967. 10p, (CONF-670501-15).
Dep. CFSTI.

From International Confercnce on Itesearch Reactor Utillza-
tlon and Rcactor Mathematics, Mexico City, Mex,

Rccursion formulas for obtuluing licrativec solutions to rracior
kinctics equations nre derlved. Conmipurisons of Heratlve nnd
variational techniques for kineiles cquations solution: are dis-
cusscd. Appliration of the {teritive jirocess to the solution of
non -self-udjalut equitiions of the neutron resoniuee absorption-
type is deserihed. (M.L.S.)

?1337 ANALYTICAL APPROACIH TO CONTINUOUS REACTOR
REFUELING. VYasukawa, S. (Japan Atonilc Energy itcsearch
Inst., Tokyo). Nucl, Sci, Eng., 35: 1-13(Jan. 1969).

Tho analys{s of the three-dimensional continuous rcfucling is
approximated by thc variational method. The axial flux distribu-
tion is treated by tho trial function and exprcsased by thie analytic
expression, using tho elliptic function. Introducing the pcrturba-
tion technique in the flux expansion, the higher order eross-section
expansion correction of the axial flux dlstribution 18 achleved by
using the elliptic function as thc base function in the flux cxpan-
slon. It is shown that the group constants, averaged by tho flux
and {ts squarc, can be expressed hy the shple rational funciion,
As a special cxaniple, the nature of the clgenvaluc under continuous
unidirceiional refucling 18 shown, and 1t s painted out that soinc
caution 18 required if the fucl burnup 16 evaluiled by (Le reartivily -
area method. (auth)
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D
11348 ON TIIE. USK OF DYNAMIC COORDINATE FUNCTIONS
iN BURN-UP-SYNTHESNIS-CALCULATIONS, Nathschlacger, P.;
Wagner, J. (Institut fuer Reaktortochnik, Selbersdorf, Austria),
Atomkernenergie, 14; 5~7Jan,.-Feb, 1969),

A dynnmle coordinate mothod 18 used to optimize computer time
for burnup synthesis calculations. Tho Newton—Coates quadrature
formudae are usod to compute the matrix clenionts In the Lurnup

synthesis variational codes; clgenvalues are defermined by the
vector {tcration mrthod. Error functions are given for asacasing
the accuracy of the ealculations. (M.L.S.)

IE3405 (AI-AEC-12721, pp 69-81) NUCLEAR SAFETY.
Vaughan, E. U, (Atomics International, Canoga Park, Calif.).

Improvements In present state kinetics codes for use in fast
reactor safety calculations are described. The spectrum syn-
thesis mcthod in thc one-dimensional static case is explored
and tested by comparison with multigroup diffusion theory. Cal-
culations are made with the XMAS-RAUM-PLEASER system on
the two-reglon fast critical assembly Z PR-1{I-48. (D.C.C.)

H
13474 (AERF.-R-5773(Vol.4), pp 1098-1123) OINTIMIZATION
OF NUCLEAR REACTOR SHIELDING CHARACTERISTICS ON
THE BASIS OF VARIATIONAL METIODS, Abagyan, A, A.; Du-
binin, A, A.; Kazanskil, Yu. A,; Orlov, V., V,; Petrov, E, E,; Pupko,
V. Ya, (Gosudarstvennyl Komitet po Ispol’zovaniyu Atomnoi En-
ergil SSSR, Moscow, Fiziko-Energeticheskii Institut),

Methods of optiniizing shield composition and shujx arc con-
slderod. Yhc optimlzation of shield composition ia earricil out
by meuns of adjolnt tunctions and perturbation theary formulas.
On tho busis of perturhiation theory formulns the cancept of a
shiold material effleiency funetton with respect 1o dittirend shield-
1ng characteriatics s formulated. Shiclding material efficicncy
functions reveal the degrre of scnsitivity of various shiclding
charactcristics to the variation of shicid composition. Experi-
mentally mcasured cfficlency functious for sonic shiclding nmia-
terials arc prescnted and are compured with caleulations. On
the basis of the concept of shicld matcrial efficlency functions
the critcrla of optimum shicld comnposition for different cases
In classical and non-classical apjiroximations of variational
calculus arc given. Shield shape optimization is carricd out on
the basis of the Eulcr cquation. The attenuation of radiation in
shielding layers is dcscribed by the beain analysis mcthod. The
equation obtained for the function descrihing the form of the
shielding is solved by the mcthod of successive approximations.
(22 refercnccs) (auth)

C
13576 (RP1-328-142. pp 132-51) REACTOR PHYSICS:
THEORETICAL. (Rensselaer Polytechnic inst,, Tray, N. Y.).

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

1

spectrum experiments were also analyzed, As an outgrowth of
this work, a systematic comparison was made of the commonly
used definitions of average scattering angles; it was concluded
that significantly different values of the angle can be obtained,
Analytic and numerical treatments of the time-dependent flux in
pulsed fast systems were studled. Analytic expresslons were ob-
tained for fast reactor flux and importance spectra in terms of
simple cross-section rat{o correlations, The application of
Green’s function modes to the analysis of space-time kinetics
showed that, at least In a serles of test cases, spatlally discon-
tinuous Green's function modes are quite successful in predicting
power shifts. The discontinuous varlational method approach to
space-energy problems was studied, with emphasis on the for-
mulation of time-discontinuous Initial-value problems. It was

. shown that, by using asymmetric discontinuities, the need for

staggered discontinuities may be eliminated. It was also shown
that use of asymmetric discontinulitles is consistent with the
forward bias of the time-like variable in an initial-value problem.
(D.C.W.)

F

19133 EXTREMUM VARIATIONAL PRINCIPLES FORR THE
MONOENERGETIC NEUTRON TRANSPORT EQUATION Witll
ARBITRARY AINOINT SOURCE, Buslik, A, J, (Rettis Atomlc
Powcr Lub,, West Mifflin, Pa.), Nucl, Scl, Eng,, 35: 303-18
(Mar, 1969),

A self-adjoint positive-dcfinite variational principle 18 yresented
which leads o uppier surl lawer hounds for 8*, 4, where &°.¢) 18
an Integral over position and angulur direetion of the firochict of
the ane-veloelty nentron trunsport flux, ¢. and an arblirary nedjoint
sturee, 8°, The Kuler equation of the functiannd §:c a new torm of
the owe-veloclty Boltzinmm uentron transport ecation in which the
dependem varluble ta nne=talf the s af ¢ and ¢, wherr ¢° 8
the adjoluc flux, Whian i tetal fancetian consisting of nu ¢xpanaion
L spberieal leeententszc 2 nned, ones aliludine i 6 Iisw e Lol for
8*.9) the quantity US,.&(I~N'; S)))— US>, &(1’--N"*; §,)). where
8(r,2) = [S(r.Q) + S*(r.—~1D}/2, S,(r.0) = [S(r.0 ~S*(r.—Q1}]/2.
¢(P—N’;S() 18 an odd P - N approximation ta a problem with the
same cross gsections as the original problem, but with source 8;;
&(P—N"";S,) 18 an cven I~ N approximation to a prulilem with
source S,, and U 18 thc operntar that takes a funetion f(r.2 Into
f(r,—9). (auth)

B.C

23998 ®APL-P-3803) VARIATIONAL. METHODS AND NEU-
TRON FLUX SYNTUESIS., Wauchspress, K, ..  (Knolls Atomic
Power Lab., Schencctady, N. ¥.), Jun, 13, 1969, 20Gp. (CONF-
690401-1), Depi, CFSTI.

From Confereuce on the Kffective Use of Computers in the
Nuclear industry, Knoxviile, 1enn.

A review of aynthesis techniques for caleulating ncutron fluxcs
in a reactor is glven, Mcthods of selecting base functions for syn-
thesis computations in the time domaln are deseribed; matheinati-
cal properties of these basc functions arc outlined. Mcthods of
choosing the combining functions for definition of thc functional
are prescribed; critcria for und constraints on 1these cholecs are
delineated. Thc concept of the (rial function is explained; its roic
in synthesis computations 18 defined. The variational formalism
is developed for dircct and adjoint applications. Variational equa-
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tions arc constructed for discrcte muitigroup diffusion problems;
error approximations arc included. Application of the variational
equations to spatial synthcsis of the thermal spectrum problem is
discussed. Thc nicthod of discontinuous trial functions for multi-
channel synthesis formulation 1s detalled. 42 refcrences. (M.L.S.)

F

23999 (WAPD-TM-771) EXTREMI{UM VARIATIONAL
PRINCIP’L.LS FOR THE MONOENERGETI{C TRANSIPORT EQUA-
TION WITH ARBITRARY ADJOINT' SOURCE (LWBR DEVELOP-
MERT PROGRAM). Buslik, A.J. (Bettls Atomic Power Lab,,
Pittsburgh, Pa.). Feb. 1969. Contract AT-11-1-GEN-14, 45p,
Dep, CFSTI.
A variational mcthod is given for determining the lower and
upper bounds for the monoenergetic transport cquation with ar-
bitrary adjoint source. The functional is chosen as a form of the
onc-vclocity Boltzmann transport equation; spherical harmonics
expansions are used as trial functions. Thrce types of boundary
conditions (b.c.) are considcred: vacuum b.c., symmetric b.c.,
and antisymmetric b.c. Mathematical properties of the functional
are deduced; stationarity criteria are applied to the functional
for all thrce types of boundary conditions. Lower and upper bounds

are obtaincd for the functional. A numerical example s Included.
18 references. (M.L.S.)

g40" A GENERALIZATION OF THE FINITE DIFFERENCE
APPRROXIMATION TECHNIQUE APPLI{ED TO A NODAL MODEL
OF SUACE-DIEPENDENT NUCL.EAR REACTOR KINETICS. Al-
couffe, aymond fdmond. Seattle, Univ, of Washington, 1968,
162p.

Thesis.

A aodal spproximnation of the time-dependent, one dimensional
neutron dillusion cyuation lucluding the effects of delayed neutrons
und stinpli: temnperature feedback, has becu doveloped. This ap-
proxhmatun 1s hased on a generalization of tho conventional finite
difterenre 1echulque 1 that one s ahile to supply inforn:tion of this
technlquu about the expected solution in addition to a boundary and
tafital comlition, The approxhination is derived Irom a variational
prineiple md L., therefore, consistent with the previously derived
synthests method and may be viewrd as a subclass of such a
medpid, The mtributes of the pirticular method developed are
duscribed, (Dlsser, Abstr.)

;6109 (FEI-142) REACTIVITY INTEGRALS AND THEIR
USE FOR TH{E SOLUTION OF CERTAIN PROBLEMS IN REAC-
TOR PHYSICS. Stumhur, E. A, (Gosudarstvennyl Komitet po
1spoi*zovaniyu Atomnol Energil SSSR, Obninsk. Fiziko-Energetl-
cheskil Institut), 1968, S5Ip. (in Russian), Dep.

The work scta forth the conccpt of integrals Involving reactivity,
spccific functionals of solutions to the Boltzmann kinetic equa-
tion, which are simply connocted with the kogs of an arbitrary
geomctry rcactor. Invariant integral relations are established for
tho Boltzmunn cquatiou in tho casc of critical and noncritical sys-
tems. The “micthod of coinpensated perturbations,’ which re-
sults in a varlation equation for the Integrals involving reacticity
is introduced. The dcveloped theory is used to solve some prob-
lcins In reactor physics having to do with the {ntcrdependence of
the critical sizo and composition of a reactor or the reflector size,
etc. Some contrasts of theoretical roaults and cxperimental data
aro discussed. The work consblers furthier pussibilities for de-

vcloping tho niethods here aet forth in order to solvo othar prob-
lcms in renclor physies. (tr-auth) (JIPIS)

B

28611 AN ANOMALY ARISING IN THE COLLAPSED-GROUP
FLUX SYNTHESIS APPROXIMATION, Adams, C, H,; Stacey,

W, M, Jr. (General Electrio Co,, Schenectady, N, Y,), Nucl,
Sof, Eng,, 36: 444-7(June 1969),

An anomaly cncountered in a flux-wcighted collapscd-group
synthes{s problem {s described. The diffcrcnce between group de-
pendent and collapsed-group synthesis is defined. In the collapsed-
calculations thc expansion functions are uscd {n the dual rolc of
welghting function shajics. The reactor modcl to whlch thig pro-
cedure {8 applicd {s shown; the group cross sectiona, used in the
calculations, are defincd. Rcesults of numerical cvaluation aro
comparcd, graphically, for group-dependent and collapsed-group
calculations; this comparison shows tho anuinaly. Causos for the
anomaly are analyzcd. (I1 rcfercnces) (M.L.S.)

A

28617 SPACE-ANGLE SYNTHESIS, Swibel, Harry S,
(Battelle-Northwest, Richland, Wash,); Bowes, Bradley, Nucl,
Sci, Eng,, 36: 435-8(June 1969),

Application of thc space-synthesis critical slab and subecritical
fixced source problecms is described. Spatlsl functions are choson
for variational synthesls solution to the Boltzmann transport equa-
tion and the angular functions are dctermined. Results of numerical

(e:ialxl‘x;tl)on of the Boltzmann equation solutions arc tabulated.

C

33104 METASTATIC METHOD IN NUCLEAR REACTOR
CORFE KINKETICS CALCULATIONS, Galati, A, (CNEN, Rome),
Nucl. Sci, Fng.. 37: 30-40(July 1969),

A quasi-static incthod 18 proposed for evaluating spatial effects
on nuclcar rcactor kincties, The neutron flux shapo is calculated
approximatcly as an asymptotic solution of the two-group space-
tline diffusion cquations, where delayed ncutron behavior s in-
cluded. Two itcrative procedures are alternitively used accord-
ing to the ainount of reacttvity involved. ‘The first ono operates
uniil promnpt criticality 18 reached, Tlhie second proceduro re-
plices the first one as soon a8 tho reactor goes superprompteriti-
cal. The mudn lexture of the upproach adopied 13 the possibility
of solecting an Initial guess such that converyenco is reached at
the first {tcration. ‘The matter is then reduced to solving two
eigenvaluc problems, ‘fheorrtical and munerical eompirisous
with llenry’s ndiabatic model outfine the maln role of perturixed
adjoint fluxes and correet neutron-flux shape (the sreond agent
only for superprompite ritical exeursions) in defining the genera-
tion time and reactivily. Whin compared with the 1x:ict solution,
results of sainple probiems show substantial accurncey in the flux
shape and ainplitude. in subpromptcritical excursions, only ihc
synthcsis method {8 as aceurate as the metastatie one and ylelds
errors of few percent at thie flux peak. In the reactivity range
above prompt critical, differinces between the exacl results and
the metastatic ones arc uncsscntial. 9 refercnces. (auth)
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B
34932 (KAPL-P-3811) ANOMALY ARISING IN THE COL-
LAISED -GROULD FLUN SYNTIHESIS AIPIOXIMATION,  Adams,
C. H.; Stacey, W, M. Jr. (Knolls Atomic l'owur Lab,, Schenec~
tady, N, Y.), Junc 17, 1969, Contract W-31-109-FEng-52. 10p,
(CONF-690609 12), Dep. CFSTIL

¥rom 15th Annual Meeting of the American Nuclunr Soclcty,
Scatilc. Wash,

An anvnmaly arising from wc fluxe welght-d collupged-grong
synthests calinbutlon for un aunnbarly - rodsled eylimdrical esro
1 discussed, tesolls Tesm nshigg expinston functions as welghting
ghapcs arc descrilied: these reaults arr remparrd with actual
values. Behavior of the caleulated fluxes 13 analyzed; reasous
lor the behavior of the flux anomaly are explained. 11 referenees,
(M.L.S.)

C
34942 SOLUTION OF THE SPACE-TIME DEPENDENT
NEUTRON KINETICS EQUATIONS FOR A REFLECTED SLAB

REACTOR. McFadden, James Hugh. Ames, lowa, lowa State
Univ., 1968, 100p.
Theslis.

A modal analysis tcchnique is uscd to solve the spacc-time and
spacc-frequency dependent ncutron diffusion equations for a re-
fleeted slab reactor. A two-cnergy-group modcel is cmploycd and
dclaycd neutron cffcets are neglected In ihe solutions of the time
dependcnt equations, The ncucron flux is expanded in a serics of
known spacc functions multiplicd by the corresponding time cocf-
ficlents. The spiace funclions arc a form of thc Grecn’s function
modcs and the Kantoravich variational method is used to determine
the tiine coefficients. A coupled mode method is applied to two
time dependent jiroblems. Approximate solutions are determined
by various scts of triul functlons and are coinparced with an exact
solution as determined by a finite difference code. The frequency
response of the reactor to a locallzed driving function also 18 In-
vestigated. Solutions are obtalned with four sets of trixl functions,
of which two sets lacludc coupled modcs, and are compared at
various detector positions In the fucl and reflector reglons.
Guudes are glven for the sclection of trial functlons hased on
the locations in the reactor where the frequency response {8
to be determined. (1SS1

B

37716 A VARIATIONAL {TERATIVE METHOD FOR THE

SOLUTION OF THE ENENGY-DEPENDENT DIV I*USION EQUA-

TION. Busilk. A. J. (Westinghouse Electric Corp., West

Mifflin, Pa.)). Trans. Amer. Nucl. Soc.. 12: 152-3(June 1969).
From 15th Annual Mecting of thc Amcrican Nuclear Socicty,

Seattle. Wash., See CONF-690609.

B

37117 ANOMALY ARISING IN THE COLLAPSED-GROUP
FLUX SYNTHESIS APPROXIMATION. Adams, C, H.; Staccy,
W. M. Jr. (General Elcctric Co.. Schenectady. N, Y.). Trans.
Amer. Nuci. Soc., 12: 1561-2@unce 1969).

From 15ih Annuat Mccting of the Amnerican Nuclear Society,
Scattle. Wash, See CONF-690609,

- 37732

B

37718 ANOMALIES IN VARIATIONAL FLUX SYNTIIESIS
METIODS. Froehlich, Relmar (Guif General Atoinic Inc,,
San Dicgo, Calif.). Trans. Amer. Nucl, Soc., 12: 150-1 (June
1969).

From [5¢h Annual Mceting of the Amcrican Nuclear Soclety,
Seattle, Wash, See CONF-690609.

E
37726 REACTION RATES AS WEIGHTING FUNCTIONS IN
FAST REACTOR SPACE-ENERGY SYNTHESIS, Neuhold, R, J.
{Babcock and Wilcox Co,, Lynchburg, Va,); Ott, K, O, Trans,
Amer, Nucl, Soc., 12: 214-15(June 1969),

From 15th Annual Meeting of the American Nuclear Socicty,
Seattle, Wash, See CONF-690609,

A

GENERALIZIED NODAL APPROXIMATION TO TR
NEUTRON T1itANSI'OItT EQUATION, Stensirom, D, G,; Rohkin,
M. A, (Unlv, of Washington, Scattlc), Trans, Amer, Nucl, Soc.,
12; 216-17(June 1969).

From 15th Annual Mccting of the American Nuclcar Soclety,
Seattle, Wash, See CONF-690609.

A

37742 ANALYSIS OF FUEL-BLOCK WORTH MEASUItE-
MENTS FOR A SMALL FAST ASSEMIILY IN A TIIRKE-~DIMFN-
SIONAL CONTFIGUHATION, Sargis, D, A ; Cohen, S, C,; Moorce,
R, A, (Gulf Generul & -mic lnc.. $an iego, Calif.). Nucl. Sci.
Eng., 37: 262-70(Aug. 1969),

A number of fucl-block rcitctivity-worth meusurements were
performed in Corc No. 1 of the ¢hermionic eritiral experiment.
The assembly 18 bare and ncutronienlly homogencous, but the
goometry is cssentially three~iHniensional aml the dlimensions
are sinall. A synthetic transport percuriinion wethad 18 10l ra-
duced for the analysts of the fucl-block worths, The agrecment
betwoen experiment and iautlysis hiased npon this method 16 gaod,
A useful cxtenslon of the metliod would be n relnxatlon of the flrst-
order perturbation restrictivn. 16 references. (auth)

C

40424 (CONF -690401-, pp 3-15) REVIEW OF COMPUTA-
TIONAL METHODS FOR SPACE-TIME KINETICS. {lenry, A. F.
(Massachusetts Inst, of Tech., Cambridge).

Approximation tcchniques for reactor problcms are discusscd
with reference to computer processing. The fcw group diffusion
theory model is outiined. Mcthods uscd in solving the space-time
equations are described briefly: thesc include: finitc diiferencing.
time synthesis, and spacc-timc synthesis. 22 rcfercnccs. (M.L.S)
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F

43205 FURTHER REMARKS ON THE CALCULATION OF
RATIOS IN CRITICAL SYSTEMS, Pomraning, G. C.  (Gulf
General Atonic Inc,, San Diego, Calif.). J. Nucl. Energy, 22:
631(Oct. 1968),

A coniparison is made of the two varlational principics of Lewins
[NSA 20: 18059] and Poniraning |[NSA 21: :12025] for calculating the
rutio of reaction rates in a critical systecm. ‘The simplicity of the
prineiples from a computational point of vicw is considered. (UK)

B.G

45128 (WARD-TM -891) WANSY: A PROGRAM TO SOLVE
THE STATIC TWO-DIMENSIONAL GROUP DIFFUSION EQUA-
TIONS BY SYNTIIESIS METHODS, Yasinsky,J. B, (Bettis
Atomic Power l.ab,, Inttsburgh, Pa.). July 1969, Contract AT-
11-1-GEN-14, 54p. Dep. CF¥STI.

WANSY is a synthesis program that combincs ono-dimensional
trial functions olitained from normal, adjoint or dircct input
WANDA solutions via axixdly deqendent mixing coofficients to ylold
two-dimonsional flux shapcs. The trial functions may he axlally
discontinuous (difforcnt sets of trial functions may be usod in dif-
ferent axial rogions), and different numbers of trial functions may
be usod In diffcrent axial rcglons. The syuthcsis ajproximation
may bo groujpi-dopendent, partiaily or totally group-collipsed, and
weight function scaling factors may be input to improvo collapscd
group synthesis solutions. The rynthesis approximations and ro-
quired input are described. 13 roferences. (auth)

E,A

45129 SPACE-ENERGY FLUX SYNTHESIS IN TRANSPORT
THEORY, Lancefield, M, J. (Brookhaven National Lab,, Upton,
N. Y.). Nucl, Sci, Eng., 37: 423-42(Sept, 1969).

The efficacy of the overlapping group method in fast-reactor
analyais {s investigated and tested on an ideallzcd fast-reactor
configuration. A full transport-theory treatment is adopted and
the overlapping group equations are derived by the indircct use
of a variational principle. A number of refinements to the basic
method have been examined and serve to demonstrate that with
a judiclous choice of variational functional and trial functions it
is possible to obtain accurate estimates not only of the reactivity
and other integral quantities but also of the detalled flux. These
include: leaving both the space/angle and energy depcndence of
the trial functions to be determined by the variational prinelple,
incorporating discontinuous trial functions, and the use of a new
variational principle for criticality problems that lcads to esti-
mates of homogeneoua functionals of the unknown flux. 24 rcfer-
ences. (auth)

A

47295 (CNM-R-2(Vol.1), pp. 238-49) VARIATIONAL DE-
VELOPMENT OF Sy THEORY. Schreiner, Sheldon; Selengut,
D, 8. (California Univ., Berkeloy).

An altcrnative derivation of the Sy equations ;ar the one velocity
transport problem in plane geometry is described by using a
variational approach. This permits retaining tho angular seg-
mentation picture of the neutron angular distribution, but leads
to an unambiguous result for tho ontire set of equations as well
as the boundary and continuity conditions to be imposed at inter-
faces. The requiroed variational formalism {s outlincd. The dircct
and adjoint angular flux distributions implied by the angular seg-

mentation approximation ure used as trlal functions, leading {o a
set of diffcrential cquations and boundary condiiions which can he
interpreted us the annlogs of either tho Mark or Marshik proco-
durcs uscd in the spherical harmonies approximation. 4 refer-
ences. (auth)

F

47296 (CNM-R-2(Vol.l1), pp 250-66) GENERALIZED VARI-
ATIONAL PRINCI’LES FOIR REACTOIR ANALYSIS, Pomraning,
G. C, (Brookhavcn National imb., Upton,N. Y.).

Variational principlos are comparcd for derivation and accuracy.
Tho hasic Ingredient in the dorivations s a puiticular uso of
Lagrango multipliors. Using tho techniquo of postulating tha prin-
olples and then proving the accuracy, it 1s shown thit noro gen-
oral variutional principies can be ostublished, 10 reforonces.
(auth)

C
47302 ({CNM-R-2(Vol.2), pp 994-1014) A COMPARISON OF
SOME NUMERICAL METHODS ¥OR SOLVING T{{E EQUATIONS
OF REACTOR DYNAMICS, Szeligowskl, John; Hetrick, David
(Arizona Univ,, Tucson).

The numerical solution of the cquativns of reactor dynamics
is frequontly complicated by the preacnce of onc response ilhine
that {s very short compared to the overall time-responsac of tho
system (0.g., slow transicnts in a fast reactor). The nuinber of
time steps in a standaid method (0.g., Adains, Runge-Kuita) may
become prohibitivoly lurge. Some compututional nicthods that
ctrcumvent this limitation are reviewed and compared. The
mothods fall into two gencral elusses: thowo based on exprinslang
in a small parameter, and those using lutegral equatious in which
the slowly varying factors In thu integranda are appraximated by
known funetionul forma, Thi former, which includa the **prompt-
Jump approxiination,’* may bo classified as singuiar prerturbatian
expansions; theso aro typlienlly restricted to u [imllod range of
some parainoter and liciico will fall for a non-stationary systein
whenever some time-depondent coeffielent strays outside & pre-
scribed limit (e.g., & slow ramp reactivity luput npproaeching
prompt critical). Integral methods do not have this latiser Hinita-
tion; thc methods treatecd may boe classified as herutivo, varin-
tional, and largest-cigenvalue methods. Soine typical exaupics
of slow transicnts In fast reactora denionstrate reduction of tho
number of timc steps by a factor of the order of 108, 19 refer-
ences. (auth)

B.C
49651
TION METHODS AND THEORY,
REACTORS — neutron diffusion equations for two-dimenslonal
cylindrical, use of discontinuous variatlonal synthesis
technique for solutlon statlc multigroup
— kinetic equations for, formulations of microscopic multi-
group cross sections for solution to
— neutron diffusion calculations for, use of group-spacc-
dependent bucklings to slmulate coordlnate aystem trans -
formations for
— kinetic equatlons for, error analyses of linked-dlfference,

(ANL-7410, pp 387-442) REACTOR COMPUTA-
(Argonno National Lab., {il.).
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REACTORS, WATER COOLED — noutron diffusion equations for

two-dimensional cylindrical use of discontinuous variational

synthesis technique for solution static multigroup
— kinetic equations for, formulations of microscoplic mult{-
group cross scctlons for solutioato (M.L.S.)

D

49654 (GA-9423) SCANAL: A SINGLE CHANNEL SYN-
THESIS DEPLETION CODE WITH TIHANGULAR MESH IN THE
HORIZONTAL PLANE, Traylor, R. C.; Malakhof, V.; Lelghton,
S.C. (Gulf General Atoinic, inc,, San Dicgo, Califl). July 1,
1969. Contract AT(04-3)-633. 143p. Dep. CFSTI.

The digital computer code SCANAL is described. SCANAL {s
designed to synthcsize a threc-dimersivnal power distribution
from GAUGE and RELOAD FEVER analyses and to utilize the
COPE code to calculate coinplete distributions of core moderator
fuel, and coolant temperatures. The program is written for the
UNIVAC 1108. (6 refcrences) (D.C.C.)

G

652103 (CEA-IR-3713) SPACE SYNTIi{Ii81S: AN APPLICA-
TI{ON OF SYNTHESIS METIIOD TO TWO AND T1HtKE DIMEN-
SIONAL MULTIGROUI* NEUTIION DIFFUSION EQUATIONS,
Nguyen-Ngoc, Hoan (Commissariat a 1'Encrgic Atomique, Sa-
clay (France). Centre d*kKtudes Nuclealres), May 1469, 68p.
(In French), Dep. CFST1 (U. S. Sales Ouly).

In order to reducc comjuting time, two- and three-dimensienal
multigroup ncutron diffusinn equations In cylindrical, rcetangular
(X, Y), (X, Y, ) and hcxagonal geometrics arc solved by the
method of synthesis using an appropriate variational principle
(stationary principle). The basic idea is to reduce the nuinber of
independent variablcs by consiructing two or three-dimensional
solutions from solutions of fcwer variables, hence the name **syn-
thesis method.** Whatever the geometry, onc is led to solve a sys-
tem of ordinary diffcrential cquations with matrix coefficients to
which one can apply well-known numerical methods: Chebyshev's
polynomial method, Gaussian clliinination. Numerieal results
furnished by synthesis programs written for the {BM 7094, the
IBM 360-75, and thc CDC 6600 computers, are confronted with
those which are glven by programs employing thc classical finite
difference method. (auth)

22443 (AI-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. CFSTI.

The synthesis mcthod has becn applied to fast reactor calcula-
tions in the form of spectruin synthesis, in which the neutron
distribution in a reglon Is represcnted approxiinatecly as a linear
combination of a fcw prcdetcrmined cnergy spectra (the basis
spectra), the coefficients being spacc-dcpendent functions the
(mixing functions). Equations to detcrmine thc mixing functions
are obtaincd In several ways which include the standard varia-
tlonal and Galerkin mcthods, and the group balancc method in
which the original multigroup cquations are replaced by condi-
tions of ncutron balance in a number of coarse groups cqual to
the number of basis spectra. Thc cquations havc been cast into
a form suitable for solution by thc onc-dimcnsional, few-group,

diffusion -theory code RAUM, which has bcen gencralized by
relaxing the restrictions that thc matrix of diffusion cocfficicnts
be diagonal and the scattering transfcr matrix be triangular,
Codes have been writtcn to translatc muitigroup cross -section
libraries Into the matriccs required by RAUM, and also to con-
struct synthesized spectra from the RAUM output. This can be
done even when different rcglons use differcnt b.sis spectra,
provided the group balancc mcthod is used, with 1thc samc coarse
groups In all reglons, A number of calculations using this syn-
thesis scheme are reported, inostly on the critical assembly
ZPR-3-48, with or without partial voiding of sodium, using a
two-fold or threc-fold spectral basls consisting of typleal spec-
tra, found in a calculation with thc one-dinicnsional multigroup
dlffusion-thcory code CAESAR. Comparison of thc I{AUM and
CAESAR calculations inilieates that the multijlicaiion factors
generally agree to a fcw tenths of 2 percent, and that power
distributions, and speetra at individual points (espcclally in the
core), usually agree well also, But these favorablc indications
are qualificd by vceasional fuilures, in which RAUM gives very
unphysical rcsults, Such fajlures can be avoilded by preper cholee
of the ooarse groujis for the group halance method, and evldenec
is presentcd that had chiolees can Le recagnizenl hy sfudyling the
RAUM Input natrices they yicld, without the neced for a complete
RAUM calculation. (auth)

C

52462 (KFK-781/1) NUMERICAL SOLUTION OF THE PO-
SITION-DEPENDENT DYNAMIC KQUATIONS FOR FAST BREEDER
REACTORS USING A VARIATIONAL PRINCIPLE, Kessler, G,
(Kernforschungszentrum, Karlsruhc (West Germany), Institut

fuer Reaktorentwicklung), Aug, 1968, 123p, (in German),
(EUR-3957)., Dcp.

The timo-, position-, and cneryy ~dependent multigroup neutron
diffusion equations arc furmulated far fast brecder reactors;
boundary conditions are specified, ileit transfer equations and
boundary conditions for furl-to-cuaolant heat flow are given, The
feedback equations for the fuel, eladding, coofant, and structural
materials arc listed. Methods for suviution to the position dijien-
dent kinetic cquations arc discussed: the Kantoroviteh variational
principle is deseribed in detall, The systems of differential cqua-
tions for the time function of the nonstationiary multigroo neutron
flux and precursors arc forinulated. AppHeation af the Kantarovitch
variationai principle to the salutians of <hese cquations is detmled.
The calculation:l model used as i simple jroblem for illustrating
the varfational solution s desceribed. Neutconies plurmineters are
tabulated, Resulits of power distribution, reactivity, and neutron
flux calculations are described; duta are shown graphically. 61
referenccs. (M.L.S.)
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1586 VARIATIONAL ESTIMATE OF TiIE DIFFUSION CO-
EFFICIENT IN A LLATTICE WITH CAVITIES. Devooght, Jacques
(Unlv, Libre, {3russcis), Nukleonik, 10: 119-28(Sept, 1967).
The theory of Benolst 18 modified by using a definition of the
diffusion cocfficient taking into account importance weighting. it
s showa that in the onc group model a quadratic welghting by the
fine structure flux cxists instcad of a lincar one, and that the
macroscopic variation of importance across the reactor makes
the alhisorption correction of Benoist disappear. The Boltzmann
equation for the flux perturbed by an imiposed gradient is thrown
into a seclf-adjaint form by a method of Viadimirov. A variational
cxpresslon of the diffusion cocffieient 18 glven, The expression
found is closely related to Dirichiet principic, and involves only
differential cxpressions. it is shown that diffusion thcory trial
functions in a non-capturing medium lead to the **cicctrostatic'’
approximatiqn. By direct extension of a method of Carter, the
variational expression found is shown to be idcntical to the one
derived above. it 18 shown that the relative variation of the dif -
fusion cocfficient, olitained by the introduction of cavities, is
equal to the rclative variation of potential encrgy obtained by
the introduction of a dielectric cavity in a constant clectric fleld.
Henceforth, classical expressions derived by Polya and Szegd,
glvc an explicit value for the diffusion coefficient in the presence
of large cylindrical cavitics of arbitrary cross-sections. Elec-
trical anajogues are briefly discussed. (auth) .

C

1882 (KAPL-P=3392) TIME SYNTHESIS: A STUDY OF
SYNTHESIS MODES AND WEIGHTING FUNCTIONS. Rydin,
Roger A. (Knolls Atomic Power Lab,, Schenectady, N. Y.),
Nov. 7, 1967. Contract W-31-109-eng-52, 25p, (CONF-
671102-31). Dep. CFSTI.

From I5th Conference on Remote Systems Technology and
Atom Falr, Chicago, 111,

The Time-Synthcsls Mcthod has been used to investigate the
effects of thc cholce of trial functions and wcighting functions on
the rcsults of synthesis calculations. it was found that the time-
dependent total power in a reactor could be adequately predicted
using any of thc mcthods of weighting considered (region-balance,
flux, or adjoint). but that the spatial flux distribution was more
difficult to synthesize. In particular, reglon-balance weighting did
not give very good spatial results, flux weighting gave better re-
sults which were sensitive to the group spectra, and adjoint weight-
ing gave the best results. A singularity in the total removal matrix
was observcd during the course of the transient in one of the ad -
joint weighted problems. The synthesis results werc sensitive to
the cholce and number of trial functions used. in particular, the
asymptotic flux shape, corresponding to the final state of the re-
actor, was not the best mode to use because of delayed neutron
holdback effccts. Similarly, the addition of transition modes be-
tween the initial and final states were beneficial in improving the
time -dependent flux shapes calculated early in the transient. Quali-
tative criteria were developed for choosing synthesis modes based
upon the initlal elgenvalue separation of the core, the time scale
of the transicnt relative to the dclayed neutron half-lives, and the
total magnitude of the perturbation. (auth)

(1968)

9944 VARIATIONAL FUNCTIONALS FOR SPACE-TIME
NEUTRONICS, Stacey, Weston M, Jr. (Knolls Atomto Power
Lab., Schencctady, N. Y.). Nucl. Sci, Eng,, 30: 448-63(1967),

Two variational principles, which may be uscd as tho basis of
modal expansion :ajiproximations for treatment of spiace-time de-
pendence of ncutron balance cquations for describing reactors,
arc glven, Thue=depradent multigroup P, equations are written
in a variational matrix notation; cxpansion functions which satisfy
spatial and temporal bouxiary conditions are obtainid. A time-
inlegratrd approximation is then used to obtain equxtions in spa-
tial notation only. 12 referenccs. (M.L.S.)

g’!! APPLICATION OF TIME-SYNTIIRSIS TECIINIQUES
TO COUPLED-CORE-TYPE REACTORS, Yasinsky, J. B,
(Bettis Atomic Power lab,, West Mifflin, Pu,), Trans, Amer.
Nucl, Soc., 10: 570-1(Nov, 1967),

From 15th Confcrence on Remote Systeins Technology and
Atom Fair, Chicago, {ll., Nov, 5-9, 1967, Sees CONF-671102,

C,D
5986 APPLICATION OF VARIATIONAL SYNTUESIS TO
OPTIMAL CONTROL, Stacey, Weston M, Jr, (General Efec-
trio Co., Schenectady, N, Y.), Trans, Amer. Nucl, Soc., 10:
573-4 Nov, 1967).

From 15th Conference on Remote Systems Technology and
Atom Falr, Chicago, Ill,, Nov, 5-9, 1967, See CONF-671102,

B,G

6012 MULTIGROUP, TWO-DIM{iNSIONA L SYNTIHSIS
CALCULATIONS FOR FAST POWER REACTORS, llutchins,
B. A.: Kelley, M. D,; Gyorey, G, L. (General Elretrio Co,,
la:;g)ynle, Calif.), Trans, Amcr. Nuci., Soc,, 10: 526-7(Nov,
From 15th Conferenco on Remote Systems Technology and
Atom Falr, Chicago, 0., Nov, 5-9, 1967, Sce CONF-671102,

C
6146 TIME SYNTI{ESIS: A STUDY OF SYNTHESIS MODES
AND WEIGHTING FUNCTIONS, Rydin, R, A, (General flcc-
tric Co., Schenectady, N, Y,). Trans, Amer, Nucl, Soc,, 10:
569-70 (Nov. 1967).

From 15th Conference on Remote Systems Technology and
Atom fair, Chicago, Ill,, Nov, 5-9, 1967, See CONF-671102.

F,C
6157 SEMIDIRECT LEAST-SQUARES VARIATIONAL
METHODS AND INITIAL-VALUE PROBLEMS, Beckcr, Martin
(Rensselaer Polytechnic Inst,, Troy, N, Y.). Trans, Amer, Nucl,
Soc,, 10: 550-1 (Nov, 1967).

From 15th Conference on Remote Systcms Technology and
Atom Fair, Chicago, 1l1,, Nov, 5-9, 1967. See CONF-671102,
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F

7626 VARIATIONAL PRINCIPLE OF TIlE NEUTRON
TRANSPORT THEORY AND PSEUDOENTROPY PRODUC-
TION, Helmis, G, (Institut fuer Magnetohydrodynamik, Jena,
Ger.). Monatsber, Deut, Akad, Wiss,, Berlin, 9: 186-91(1967),
(In German),

The rclation between the variational principle of reactor theory
and the principle of the minimum pseudoentropy production was
derived by assuming a very simple model of the processes {n the
reactor. Usually, however, there I8 a qualitative relation between
the two principles aecording to the usual model. (J.S.R.)

A

12139 (BNWL—472, pp 2,1-3) REACTOR THEORY AND
CODE DEVELOPMENT, (Battelle-Northwest, itichland, Wash,
Pacific Northwest lat,).

Elgliteon taotopes for which additional and nore accurate data
havo beon addoed to tho BNW Master Cross Section Library are
listed. Au ungulnr aynthoais approximation muthod applied to
analyzing a thin critical slab le outitned, and clgenvalues and
total fluxes are prescnted for scveral differcent thicknesses.
(H.D.R.)

C
14296 (RP1-328-100, pp 140-87) REACTOR PHYSICS:
THEORETICAL. (Rensselaer Polytechnic Inst., Troy, N, Y.,).

Using nuelear data intended for fast reactor large oxide cores,
the inverse moderating ratio and the fission-to-absorption ratio
were correlated and the adjoint spectrum was evaluated. A pre-
liminary analysis of a large carbide core was also made using the
same data. The cross sectlon correlations and the comparison of
analytic and multigroup adjoint spectra are shown for the carbide
system. The possibility of using semidirect least-squares varia-
tional methods for initial-value problems in fast reactor analysis
Is examined. Static tilt test problcms using Green’s function modes
and variational methods were performed for test reactors consist-
ing of bare slahs of varying thicknesses containing monoenergetic
niutrons. Dircctional and sealar fluxes as a function of hole depth
are presented in an examination of re-cntrant hole perturbation ef-
fects in water. Thc time dependent equation for the slowing down
of a fast neutron pulse in a finite hydrogenous medium was studied.
The problems of Doppler broadening of p-wave and s-wave neutron
resonances were formulated and examined. A thcoretical study of
time moments for thermal neutrons was loitiated using a single
relaxation time modei. Resuits obtained using a model for the
analysis of time dependent neutron transport are presented. The
accuracy of the importancc-shape method for determining the
geometric Luckling in reflected reactors is investigated. (H.D.R.)

A

14305 STRATEGY FOR THE APPLICATION OF SPACE-
ANGLE SYNTHESIS TO PRACTICAL PROBLENMS IN NEUTRON
TRANSPORT, Natelson, M. (Bettis Atomic Power Lab,, West
Mifflin, Pa.). Contract AT(11-1)-gen-14. Nucl, Scl, Eng., 31:
325-36(1968). (WAPD-T-1986),

A strategy is proposed for the application of space-angle syn-
thesis (SAS) (o the finding of solutions fur practical nuclear reac-
tor neutron transpori problems. A simple SAS approximation is
derived. Trial functions for the approximations are to be creaied
for each mesh point used in describing a set of similar problems

which are to be solved. The strategy is concerned with constructing
problems that are simpler than, but representative of, the set of
problems finally to be solved. it {s from transport solutions of
these represcntative problems that the SAS trial functions are to

be formed. This strategy and the simple SAS approximacion are
applied successfully to several sets of similar problems for

which diffusion theory is inadequate. (auth)

C

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

A simple model is developed to describe the time -dependent
neutron spectrum in pulsed systecms whose decay may be domi-
nated by either a fundamental or a pseudofundamental mode. Such
systems include a large class of fast multiplylng asscmblles and
thermal nonmultiplying assembliies. The simpliec mode provides
qualitattve understanding of the role plagyed by the fundamental
or pseudofundamental mode in the kinetic evolution of the time-
dependent 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 presentcd which,
when adjusted with a suitable variational princlple, provide a good
estimate of the shape and decay rate of the dominant reproducing
mode of such systems. The method works well for systcms where
a fundamental modc exists and is also applicable in thc range
where pseudofundamental mode behavior is observed. Eigenfunc-
tion elgenvalue solutions are obtained for the fast multiplying
system GODIVA and these, together with simlilar solutions for
beryllium, provide a basis of comparison for the variational
methods. Thc investigation shows that care should be excreised
in associating reactivity and period parameters with far subcriti-
cal systems because the flux shape 18 changing substantiaily and
the major regenerative mode i8 not isolated when the cigenvalue
assoclated with this modc lies in the continuum. In the farther sub-
critical reglon an examplc shows a complcte lack of a single domi-
nant mode. 19 references. (auth)

F

14310 ON THE PERTURBATION FORMULA FOR RATIOS
IN CRITICAL SYSTEMS, Ribaric, M. (Inst, Josef Stefan,
Ljubljana, Yugoslavia), J, Nucl, Energy, 21: 899-902(Dec,
1967),

Usachev (1964) derived by physical reasoning a perturbation
formula for computing tho changes in the frequency ratios of
varlous processes in a critical reactor caused by a change In its
composition. Lewins (1966) and Pomraning (1967) constructed
analogous varlatlonal principles for this purpose. Flschor (1967)
inferred an equivalont perturbation formula from the asymptotic
behaviour of the perturbed critical reactor. Usachev'’s perturbation
formula 18 derived mathematically via Brillouin —Wigner pertur-
bation formula of quantum mcchanics. (auth)

B.E

14318 FLUX SYNTHESIS USING GREEN'S FUNCTION IN

TWO-DIMENSIONAL GROUP DIFFUSION EQUATIONS, Ko-

bayashi, Kelsuke @Kyoto Univ.), Nucl. Sci. Eng., 31: 91-101
(1968).
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The group diffusion cquations in two dimensions are solved by
assuming the scparation of variables sectionally. Using one-
dimensional Green's functions, the two-dimensional diffusion
equations aro transformed into two sets of one-dimensional
three -point differencc cquations at fine-mcsh points. Assuming
that the separation of variables of x and y coordinates is possi-
ble in a coarse mesh In a reactor, the two sets of one-dimcnsjonal
differencc cquations are solvcd by the alternating dircction itera-
tion mcthod. Sample calculations for 2%U-H,0 thcrmal reactors
show that this mcthod gives fairly good results with fcw coarse and
fine mcshes and the computation timc can be considerably reduced
comparcd with the usual finite diffcrence mcthod. 9 references.
(auth)

F, B

14320 USE OF DUAL VARIATIONAL PRINCIPLES FOR THE
ESTIMATION OF ERROR IN APPROXIMATE SOLUTIONS OF
DIFFUSION PROBLEMS, Yasinsky, J. B.; Kaplan, S, (Bettis
Atomic Power Lab,, Wcst Mifflin, Pa,), Nucl. Sci, Eng,, 31:
80-90(1968).

A method for using reciprocal variational problecms to dcvelop
figures of merit for approximate solutions of diffusion problems
is presented. The theory of the reciprocal prohlems is deseribed
in both a continuous and discrcte context. Conncctions with the
method of Slobodyansky arc dixcusscd. A strategen is presented
for extending the method to the (non-sclf-adjoint) group-diffusion
case. Limitations of thc method are discussed and numerical ex-
amples given. It is concluded that the mcthod is uscful in one-,
two-, and perhapa in small thrce-dimensional probicms but is
probably computationally not practical for full-blown, detalled,
three-dimensional calculations. 9 references. (auth)

B‘G

16328 APPLICATION OF SYNTHESIS TECHNIQUES TO THE
CALCULATIONS OF THREE -DIMENSIONAL REACTIVITY-
COEFFICIENT DISTRIBUTIONS, Bear,J, L.; Judge, F.D,;
Venerus, E, R, (General Electric Co,, Schenectady, N, Y.).
Contract W-31-109-eng-52, Nucl, Scl, Eng., 31: 349-53(Feb,
1968), (KAPL-P-3312),

Application of synthcsis techniques to calculation of three di-
mensional reactivity coefficicnts is discusscd. An expression using
thia synthcsis method is formulated. Comparisons between syn-
thosized calculations and diffusion theory calculations are precsented
graphically. (M.L.S.)

B

16329 ANOMALIES ARISING FROM THE USE OF AD-
JOINT WEIGHTING IN A COLLAISED GROUP-SPACE SYN-
THESIS MODEL, Yasinsky,J, B,; Kaplan, S, (Westinghouse
Electric Corp., West Mifflin, Pa,), Nucl. Sci, Eng., 31; 354-¢
(Feb, 1968),

The use of the adjoint weighting procedure, as used in a collapsed
group-space synthcals model, is discussed. Test probicins are
used to show how usc of welghted adjoinis destroys the utllity of
this collapsed-group synthesis. Tho usc of adjoint weighting tech-
niqucs 18 compared to usc of Galerkin welghting. (M.L.S.)

10

F

18598 VARIATIONAL PRINCIPLES FOR CALCULATION OF
ARBITRARY RATIO OF PROCLSSES IN CRITICAL ASSEMBLITS,
Dwivedi, S, R, (Bhablia Atomlo Rcsearch Centre, Trombuy,
India), J. Nucl. Energy, 22: 123-5(Feb. 1968),

It {s shown that the principles of Lewins and Pomraning are the
same to the first order, and that Poniraning's principle can be
derived from that of Lewins. (UK)

C

18606 GENERALIZED FORMULATION OF POINT NUCLEAR
REACTOR KINETICS EQUATIONS, Becker, Martin (Rensse-
laer Polytechnic Inst,, Troy, N. Y,), Contract AT(30-3)-328,
Nucl, Sci, Fng,, 31: 458-64(1968),

The most gcneral current formulations of the point reactor
kinetics cquations permit the flux shape funetion to be time de-
pendent. This permissibility hias led to the development of a
class of space-time analyses referred to as adiabatic or quast-
static. The use of timc-independent importancc welghting, how~
ever, can lead to difficulties, as 18 shown in an examplc. Point
kinetics equations arc derived from a variational principle in
such a way as to permit timc-dependent importance shape func -
tions. *"Extra‘* tcrms due to the explicit time dependence of the
shape functions appear, and normalization conditions are obtained
by which these terms can be cliininated. Additional diffcrcncea
from conventional form appear if one chooses to use different im-
portance shape functions for flux and precursor cquations, but
these differcnces can be neglected for many cases of practical
interest. (auth)

18608 SYNTIIESIS METIIOD OF UNCERTAINTY ANALYSIS
IN NUCLEAR REACTOR TiiKkRMAL DESIGN, Fenech, Henrig
Gueron, Henri M, (Massaohusctts Inst, of Tech,, Cambridge),
Nucl. Sci, Eng., 31: 505-12(1968),

The princip:] methods of core design uncertainty analysis are
critically reviewed. The overconscrvatism of the Deterministio
Mcthod, which aims at cnsuring that thc design limits cannot be
excecded in the most loaded channel (or at the most loaded spot),
lcads to a probabilistic approach in which the probability of such
an ovent is cvalusted. Recent work in this direction is discussed.
it 18 cmphasized, however, that a probahilistic reliability evalua-
tion must cover the whole core, and not only its most heavily
loaded element. Thc Synthesis Mcihod fulfills this requirement
without demanding the use of computers. The Synthesis Method
also allows the use of a realistic space-dependent reliability
criterion. The various mecthods under review are compared in
their appllcation to a fast gas-cooled reactor core. The power
Ievels corresponding to & given reliability are calculated and the
Synthesis Method is secn to be more conscrvative than the classi-
cal Statistical Method and less conservative than the Deterministic
Method. 16 references. (auth)
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B
22653 (ANL-7419) REACTOR DEVELOPMENT PROGRAM,
Progress Report, January 1968, (Argonne National Lab., 1iL.),
Feb, 27, 1963, Contract W-31-109-eng-38, 158p, Dep, CFSTI,
REACTORS —excurslons in, coherence effects in super prompt
critical, (T); neutron flux synthesis in, variational method
for, (T); core deformation under inpulslve loading, analysis
of cylindrical, (T)
N?UT&:%NS —flux synthesis in reactors, variational method
or,

C

25130 (KAPL-P-3425) SPACE-TIME REACTOR KINETICS
DEVELOPMENT AT KAPL, Stacey, Weston M, Jr. (Knolls
Atomic Power Lab,, Schenectady, N, Y,), Mar, 1968, Contract
W-31-109-eng-52, 42p., (CONF-680414-1). Dep, CFSTI,

From Confercnce on industrial Nceds and Academic Re-
search in Reactor Kinetics, Upton, N. Y,

Efforts in the development of methods for the calcuiation of
transient power distributions in operating reactor cores during
a varlety of plausible transients are reviewed. The develop-
ment of Xenon spatial transient analysis and space-time flux
syntheais is examined. Studies on defining nodal coupling coef-
ficlents and on the influence of spatiai effects on the kinetics
of low source reacter startups are also discussed. (H.D.R.)

B
25140 INTERFACE CONDITIONS FOR FEW-GROUP NEU-
TRON DIFFUSION EQUATIONS WITH FLUX-ADJOINT WEIGHTED
CONSTANTS. Buslik, A, J. (Bettis Atomic Power Lab,, West
Mifflin, Pa,), Contract AT(11-1)-Gen-14. Nucl. Sci, Eng., 32t
233-40(1968). (WAPD-T-2073).

Few-group diffusion equations are derived from variational
principles. It is shown that by proper choice of trial function it
is possible to derive a few-group theory in which loterface bound-
ary conditions of continuity of few-group fluxes and currcnts are
obtained, even when the few-group constants are obtained by flux-
adjoint welghting. The analysis ts facilitated by the use of func-
tionals that incorporate thec Interface condition of flux continuity
by me:ins of Lagrangc multiplicrs. Two functionals are used to
give two variants of the theory. Both functionals have as Euler
equations the P~1 approximation to the timc-independent, eigen-
value form of the cnergy-dcpendent transport equation. In addi-
tion, the current and flux interface boundary conditions are part
of the compiement of Euler conditions of the functiooals. The
functionals admit trial functions discontinuous in space and energy.
The two functionals differ in that one has both flux and current
arguments, whereas the other has only flux arguments, and yields
the P-1 equations In second-order diffusion form. (auth)

A

27481 (BNWL~634, pp 2.1-8) REACTOR THEORY AND
CODE DEVELOPMENT. (Battelle-Northwest, Richland, Wash.
Pacific Northwest Lab,),

A space-angle synthesis approximation of the transport equation
has been developed which shows improved accuracy over the Pl
approximation. The problem considered is an infinite homogeneous
slab with a uniform source. The Battelle Revised Thermos code
has been modificd by the addition of an improved current calcula-
tion routine, fission cross section averaging both microscopically
per isotope and macroscopically for the cell, and the capability to
handle up to eight mixtures. A computer program entitled KTH,

11

comprising an overlay of codes HRG, Battelle Revised Thermos,
and HFN, has been coded to provide a code package for use in re-
actor analysis. Modifications have been made to the HAMMER

;:od&)to make {t more compatible with other codes in use at PNL,
au

C

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

A multichannel space-tinc synthesle model for the calewlation
of nonseparablc reactor transicnts 1s devrloped (rom a variational
principle which adinits cxpansion functions that are discontinuous
In space and time. In cach of many spatial reglons, the flux during
each intcrval of tinie 18 expanded In known functions of position
with unknown expansion coefficients. The accuracy of the method,
and its superlority with respcct to the conventional single-channel

spacc-time synthesis method, are dcmonstrated by scveral numeri-
cal examplos. (auth)

C

30351 APPLICATION OF TIME-SYNTHESIS TEC{INIQUES
TO COUPLED CORE REACTORS. Yasinsky, J. B, (Bettis
Atornic Power Lab,, West Mifflin, Pa.), Nucl, Scl, Eng., 32:
425-9(1968),

The application to coupled core reactor problems of the multi-
mode time synthesis approximation using trial functions Hy(r)
which are easily obtalned is descrihed. (D.C.C.)

F

32033 CANONICAL AND INVOLUTORY TRANSFORMA-
TIONS OF VARIATIONAL PROBLEMS INVOLVING HIGIIER
DERIVATIVES. Kaplan,S, (Westinghouse Electric Corp.,
West Mifflin, Pa,). J. Math. Anal, Appl., 22: 45-53(Apr, 1968).
Because of thcir value in this typc of problem it is elcarly de-
sirable to extcnd the notions of canonical and involutory trans-
formation to variational problems involving highcr derivatives.
Although this cxtcnslon is straightforward it docs not scem to be
readily availablc in the hiteraturc. Thus an exposition of the
process is given here. Only problems comaining sceond deriva-
tives are consldcred; howover, this case scems sufficient to in-
dicate the pattern for problems with highcr derivatives. (W.D.M.)

A

32434 SPACE-ANGLE SYNTHESIS, Zwibel, 11, S. (Battelle
Memorial Inst., Richland, Wash,); Bowes, B, Trans., Amer,
Nucl, Soc., 11: 174(June 1968),

From 14th Annual Mecting of the American Nuclear Soclety,
Toronto, See CONF-680601,
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32800 A SYNTIESIS METHOD FOR CALCULATING TEM-
PERATURE, POWER, AND BOWING REACT1VITY COEFFI-
CIENTS OF FAST POWER REACTORS. Blomberg, Pchr E,
(Argonnc National Lab., idaho Falls, idaho), Trans, Amer, Nucl.
Soc., 11: 208-9(June 1968),

From 14th Annual Meeting of the American Nuclear Soclety,

Toronto, See CON§-680601,
B
32825 NUMLERICAL STUDY OF SINGLE-CIIANNEL FLUX

SYNTHESIS. Adams, Cyrus H.; itydin, Roger A,: Staccy, Weston
M. Jr. (Knolls Atomic Power Lab., Schenectady, N, Y,). Trans,
Amer, Nucl, Soc,, 11: 169-70(June 196G8),

From 14th Annual Meeting of the American Nuclear Society,
Toronto, See CONF-680601,

E

32826 SPACL-ENERGY SYNTIIESIS TECHNIQUES FOR
FAST REACTOR CALCULATIONS, Murley, T, E.; Willlamson,
J. W, (Westinghouse Elcetrlc Corp,, Madison, Pa,), Trans,
Amer, Nucl, Soc,, 11: 174-5(June 1968).

From l4th Annual Mceting of the American Nuclear Society,
Toronto, See CONF-680601,

C

32829 VARIATIONAL MULTICHANNEL SPACE-TIME
SYNTHESIS MODEL FOR THE ANALYSIS OF NONSEPARABLE
TRANSIENTS. Stacey, Weston M, Jr. (Knolls Atomic Power
Lab., Schenectady, N. Y,). Trans. Amer, Nucl. Soc., 11: 170-1

June 1968).
( From l4th Annual Meeting of the American Nuclear Soclety,

Toronto, See CONF-680601.
C
32830 COMBINED SPACE-TIME SYNTHESIS MODEL: NU-

MERICAL COMPARISONS WITH EXACT TWO-GROUP TWO-
DIMENSIONAL TRANSIENT SOLUTIONS. Yasinsky, J. B.s Lynn,
L. L.; Kaplan, S.; Porsching, T. A, (Bettis Atomic Power Lab.,
West Mifflin, Pa,). Trans, Amer, Nucl, Soc., 11t 172-3(June
1968),

Fr)om 14th Annual Meeting of the American Nuclear Society,
Toronto, See CONF-680601.

A

32981 ELEMENTARY SYNTHETIC APPROACH TO THREE-
DIMENSIONAL TRANSPORT PERTURBATION THEORY, Sar~
gis. D, A,: Cohen, S, C. (Gulf General Atomic Inc., San Diego,
Calif,). Trans, Amcr. Nucl. Svc,, 11; 173-4(Junc 1968).

From 14th Annual Mccting of the American Nuclear Soclety,
Toronto, Seec CONF-680601.

12

F
33139 EXTUtEMUM VARIATIONAL PRINCI{PLES FOR THE
MONOKNERGETIC TItANSPONT {QUATION WITii ARBITRARY
ADJOINT SOURCH:, DBuslik, A, J, (Wcstinghouse Electrio
Corp., West Mifflin, Pa,). Trans. Amer, Nucl, Soc,, 11: 318
(June 1968),

From 14th Annual Mccting of the American Nuclear Society,
Toronto, See CONF-680601,

F

35202 COMPLEMENTARY VARIATIONAL PRINCIPLES AND
THEIR APPLICATION OF NEUTRON TRANSPORT PROBLEMS,
Pomraning, G. C. (General Dynamics Corp., General Atomio
Div,, San Diego, Calif.). J. Math, Phys, (N, Y,), 8: 2096-2]108
(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 Hy = S with H a self-
adjoint, positive-definite, linear operator. Somo of the principles
bound this functional only with respect to small or local varia-
tions, whereas others give bounds for arbitrary variations. Sev-
eral of the results obtained coincide with those of other authors
widely scattered throughout the {iterature, and we show that these
principles have a common origin. Other results given are new.
Examples of the use of these principles arc taken from the field
of neutron transport theory, and both the linear Boltzmann or
transport equation and the diffusion equation are used. One in-
teresting result is that certain ‘‘exact’’ values of the cxirapolated
endpaint for the Milne problem, which have been reported in the
literature, fall, due to numerical inaccuracies, outside the bounds
computed here. (auth)

B,G

39919 CALCULATION OF NONSEPARARLE REACTOR
GEOMETRIES USING THE EXPANDED FLUX SYNTIIESIS METH-
ODS, Schaeffler, Hermann (Technische {iochschule, Stuttgart).
Nukleonik, 11: 91-5(May 1968), (In German),

Multigroup diffusion theory is used to formulate matrix expres-
sions for the neutron flux. Thcse cxpressionrs arc then used in the
expanded flux synthcsis technique to describe two- and thrce-
dimensional spccial reactor configurations in rcctangular coordi-
nates having partial absorber plates, (M.L.S,)

B,C

39920 EXPANDED FLUX SYNTIES{S METUH{OD, Schaeffler,
Hermann (Technische llochschule, Stuitgart), Nuklconik, 11:
84-9(May 1968), (in German),

Multigroup theory is used as the basis for the kinctics equations
for oylindrical reactors hiving discrete control rods, Tho effecta
of those control rods on the ncutron flux are determined directly;
an expanded flux synthesis tcchnique is uscd to reduce the number
of unknowns In the final syatem of differential cquations. An ex-
ample problem {s given. (M.1..8.)
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39933 APHLICATION Of' VARIATIONAL SYNTIHESIS TO
TUE OPTIMAL CONTItOL OF A POINT RI:ACTOR MODEL,
Stacry, Weslon M, Jr, (Knnils Atonilc ’owcr Lah,, Schenectady,
N. Y.). Nucl, Sci, Eng.. 33: 257-60(1968),

‘The technlques of variational synthesis ure applied to obtain
a solution for the aptimum reactivity control of a point reactor
mixiel, with teiperature fecdhack, suliject to a gencral type of
optimizing function. An intcgral equation formulation of tho neu-
tron dynamics allows the solution of a two-point boundary value
probiem thnt {8 frequently associated with the differcntial equation
fornuiation of the optimal control probliem to bo replaced with
a system of algcbralc equations. (auth)

A

399386 VARIATIONAL APPROACH TO THE SELECTION OF
THE DIRECTION SETS IN THE DISCRETE S, APPROXIMATION
TO NEUTRON TRANSPORT THEORY. Jauho, Pekka; Kalli, Helkki
(Technlcal Univ. of Helsinkl). Nucl. Scl. Eng., 33: 251-4(1968).

The discrete S, method for solving the ncutron transport prob-
lenis i3 analyzed by discrete ordinatcs method; the directional
neutron flux is approximated by a finite number of neutron rays
with certain welghts. The scalar flux is treated by S, solution;
discrete dircctions and weights are treated as free parameters.
Two variational formulations are used: the integral transport
equation; and self-adjoint variational formulation for monoener-
getic Boltzmann cquation by Tolvaners. (auth)

C

42558 APPHOXIMATLE SOLUTION TO SIPACE DEPENDENT
KINET1CS 1tOULEMS.  Suda, Nobihide (Osxka Univ,), J,
Nuel, Sel, ‘Fechnol, (Takyo), d: 377-8(July 1968),

An approximation teelntlyue far solving spuece dependent kinetics
problems is glvei. A synthesls technliue 18 used for developlng a
one-group madrl in which the delayed nirutron effect 1s ignored.
The transicent {lux distvibution in a uniform infinitc slab core ta

detsrnined; thene results are compared with the exact solution.
(M.L.S.)

C

48799 VARIATIONAL. MULTICHANNFEL SPACE-TIME SYN-
THESIS METHOD FOR NONSEPARABLE REACTOR TRANSIENTS.
Stacey, Weston M. Jr. (Knolls Atomic Power Lab., Schenectady,
N. Y.). Nucl. Sci. Eng., 34: 45-56(Oct. 1968).

A multichanncl space - time synthesis model for the calculation
of nonseparable reactor transicnts Is developed from a variational
functional which admits expansion functions that are discontinuous
in space and time. In cach of many spatial reglons, the flux during
each Intervat ol time is exjlanded «n known functions of position
with unknown expansion coefficients. The uccuracy of the method,
and its superiority with respect to the conventional single-channel
space - time synthesis method, arc demonstrated by several nu-
merical examples. 22 references. (auth)

13

A
48803 NEW DERIVATION OF DISCRETE ORDINATE AP-
PROXIMATIONS. Kaplun, Stanley (Unlv, of Southern Cali-
fornia, Los Angeles). Nucl, Sci. Eng., 34: 76-82(Oct. 1968).

it 1s shown that the idea of space-angle synthesis may be used
to provide a new framework for the derivation of discrete ordinate
methods. 1t 18 also shown that within this framework one can
cleanly and systematically incorporate various stratagems aimed
at overcoming the ray effects that plaguc discrete ordinate methods
in two- and three-dimensional problems. 13 references. (auth)

B

50863 ITERATIVE-VARIATIONAL METIODS FOR NUMER]-
CAL SOLUTION TO £:1.L,d*PICAL PROULEMS IN HEACTOR
THEORY. Afbertoni, Serglo; Luneili, Mussiiniliano; Muggloni,
Gabriella (Applicuzioni e Ricerche Scientifiche, Milan). pp
217-22 of Fisics del iteatiore. 1tome, Consigiio Nazlonale dello
Ricerche, 19668, (In ituilan),
46*l;‘x'om Conference on Physles of Reactors, Milan,
Methods for lterative-variational techniques for solution of u-
dimenstonal diflusion cquitlons for heterogineous syiteins are
descrilicd. Usc of ting technique as « basts for a computer o~
grani I8 dlscussed, (M.1,.8.)

Seo CONF-
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1193
Lewins, Jeffery: Woodcock, Gordon; Babb, Albert
of Washington, Seattle). 20p, (CONF-660606—-52),
ORAU, Gmelin, AED-CONF-66-203-102.

From American Nuclear Soclety Meeting, Denver,

Poutryagin’s optimum theory is applied to the problem of
determining a flux shutdown program that limits Xe polson-
ing In a reactor while uslng the minimum nuclear energy
on flux integral, We determine the complete adjoint solution
and synthesize typical optimal trajectories. The analysis
{s carried through for both the unrestricted problem and the
problem where the Xe denslty 1s restricted within the con-
trol period to some maximum acceptable pofsoning. Much
of the analysis 1s similar to the problcin where the control
time rather than the control energy is to be optimized. Our
method of solution 18 new in utilizing a more stralightfor-
ward optimum thcorem and giving the full solution on the
boundary of restriction. It {s briefly indicated how the same
analygis can be used to give a more rigorous proof of opti-
mality [n the time optimal problem. (auth)

ENERGY OPTIMAL XENON SHUTDOWN.
(Univ,

F

7621 (AD-6:18024) COMPLEMENTAILY VARIATIONAL
PRINCIILES IN NEUJTRON DIFFUSION THEORY. Arthurs, A. M.
(Wisconsin Unlv., Madison, Theoretical Cheniistry Inst.).

Aug, 24, 1966, Contract DA -11-022-ORD-2059. 13p. (WS-
TC{-184), CFSTI $3.00 cy, $0.65 mn,

Comjpilementary variational prineiples associated with neutron
diffusion in sollds arc presented. The resulting formulas are
uscd to derive new expressions which provide upper and lower
bounds for the alisorption probability. (auth)

B

7639 (WAPD-TM-610)
NEUTRON DIFFUS{ON EQUATION USING DISCONTINUOUS TRIAL
FUNCTIONS. Busiik, A.J. (Bettls Atomlc Power Lab., Pitts-
burgh, Pa. Oct. 1966. Contract AT(i11-1)-Gen-14. 20p. Dep.
mn. CFSTI $1.00 cy, $0.50 mn.

A variational prineiple for the neutron diffusion equation which
permits the use of discontinuous trial fluxes is prescnted. The
principle is bascd on the method of Lagrange muitipliers. Appli-
cations of the prineiplc to problems of axlal synthesis are given,
?nd }tl.;ne principle is compared to that of Selengut and Wachspress.
aut

C

7652 SOLUI1ON OF Ti{E SPACE-TIME NEUTRON-GROUP
Di{FFUSION EQUATIONS BY A TIME-DISCONTINUOUS SYNTHE -
S1S METIIOD, Yasinsky, J. B. (Wcstinghouse Electric Corp.,
West Mifflin, Pa.). Trans. Amcr. Nucl, Soc., 9; 456-7(Oct.~
Nov. 1966).

14

VARIATIONAL PRINCIPLE FOR THE

(1967)

B

7911 APPLICATION OF SYNTHESIS TECHNIQUES TO TI{E
CALCULATIONS OF THREE-DIMENS{ONAL REACTIVITY COEF-~
FICIENT DISTRIBUTIONS. Bear, J. L.; Judge, F. D.; Vencrus,
E. R. (General Electric Co., Schenectady, N. Y.). Trans. Amer.
Nucl. Soc., 9: 470-1(Oct.~Nov. 1966).

B, G

7912 FLUX SYNTHESIS USING MODIFIED GREEN'S FUNC-~
TION MODES. Hooper, R. J.; Becker, M. (General Electric Co.,
Schenectady, N. Y.). Trans. Amer. Nucl. Soc., 9: 471(Oct.-Nov.
1966).

C
10132 (WAPD-TM-641) TEST OF THE TIME SYNTHESIS
APPROACH FOR Tiik SOLUTION OF REACTOR KINKETICS
PIROBLEMS. Bewlck, J. A.; Kaplan, S, 1i3cttis Atonilc Power
Lali,, Pittsburgh, ’a,). Oct, 1966, Contract AT(I1-1)-Gen-
14, 33p., Dcp. mn, CFSTi $3.00 ¢y, $0,65 mn,

A series of numcrical experiments are reported in which tline
dependent diffusion prolilenmis arc solved apuiroxiinately by various.
versions of the modaf analysis and timc synthcsis methods. (auth)

B

12140 (GEAP-4922) BISYN: A TWO DIMENSIONAL SYN-
THESIS PROGRAM, Greebler, P,: Kelley, M, D,; Davls, R, A
Keck, C, A.; Duncan, W, A, (General Electric Co,, San Jose,
Calif, Advanced Products Operation), July 15, 1965, Contract
AT(04-3)-189, 150p, Dep, mn, CFSTI $3.00 cy, $0.65 mn,

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

17281 GENERALIZATION OF THE VARIATIONAI. METHOD
OF KAHAN, RIDEAU, AND ROUSSOPOULOS. 1. A VARIA-
TIONAL PRINCIPLE FOR LINEAR OPERATORS AND ITS AP-
PLICATION TO NEUTRON-TRANSPOItT TiHORY. Kosatin, Mor-
ton D,  (Prinectun Univ., N, J.); lirooks, {{arvey, J. Math, Phys.
(N. Y.), 8: 53-G(Jan, 1967).

Additinnal upplicrtions of a generalized forin of the vieriational
mothul of Kalian, itldeau, and Rluussopauton ure presinted. Equa-
tions used in ncutron transport theory, such as tho spherical har-
monlcs operator form of the Boltzniann equation, are derived
from the generalized varlational functional; and an interpretation
of these operator oquations in tcrins of flux- and source-gencerat-
Ing operators is suggested, A relation between this variational
method and the variational nicthod of Lippmann and Schiwingor 18
established, and it {s shown that the least-square varlational func-
tional of Becker for linear cquations can be derived from a gener-
allzed variational functlonal. (auth)
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17453 (KAPL-M-6588) SOME MATHEMATICAL PROPER-
TIES OF THE MULTICHANNEL VARIATIONAL SYNTHESIS
EQUATIONS AND TWO-DIMENSIONAL SYNTHESIS NUMERICAL
STUDIES. Wachspress, E, L, (Knolls Atomic Power Lab.,
Schenectady, N, Y,), Dec, 12, 1966, Contract W-31-109-eng-52,
31p, Dep, mn, CFST{ $3.00 cy, $0.65 mn,

1t 18 proved that thc matrix approximating the group diffusion
operator (—V . DV + A) in the multichannel variational synthesis
mockup 18 positive definite. Some numerical studies of a highly
nonseparable reactor are described. (auth)

F

21383 LIMITATION OF TH{E ROUSSOPOULOS VARIA-
TIONAL PRINCIPLE? Pomraning, G. C. (General Atomic Div.,
General Dynamies Corp., San Dicgo, Calif.). Nucl. Sci. Eng.,
28: 150-2(Apr. 1967).

it 1s shown that, in the application of the Roussopoulos varfa-
tional prineiple, for a certain class of trial functions the designa-
tion of the error term as a second-order term is questionable,
feading to doubts about the usual interpretation of the variational
procedure. (D.C.W.)

F

21395 COMPLEMENTARY VARIATIONAL PRINCIPLES

IN NEUTRON DIFFUSION THEORY, Arthurs, A, M, (Univ, of
Wisconsin, Madison), Proc, Roy. Soc, (London), Ser, A, 298:
97-101(Mar. 28, 1967),

Complementary variational principlcs associated with neutron
diffusion In solids arc presented. The resuiting formulas are used
to derive new expressions which provide upper and lower bounds
for thc absorption probability. (auth)

G.B

21731 VARIATIONAL METHOD FOR MULTIGROUP NEU-
TRON FIELD SYNTHESIS {IN MULT{ZONE ItEACTORS. Khro-
mov, V. V,; Slesurev, 1, S,; Kuzmin, A, M, pp 11-32 of
Inzhencrno-Fizicheskic Voprosy Yadcrnykh Recaktorov, Yu-
rovol, L. N, (ed.), Moscow, Atomizdat, 1966, (In Russian),

The neutron ficld in a nuclear rcactor can be described with a
degrce of accuracy by a nwlti-group sct of kinetic equations which
are writtcn in vector-matrix form with a Pj-approximation to avold
tedlous eulculations. A funcdonal J can be composed on tho basis
of thc ncutron diffusion i:quutions and the boundary conditions. The
functional J ia varicd with respoel to vector functions which satlsfy
tho diffusion cquation, The deviation of the functional fram the
exact value 18 a second-order differenco comparcd with the devia-
tion in tho average vector function from the function which {8 a
solution of the probleu, The multlgroup sot of equations is reducod
to u set of few-graop rqnations by the use of the variational princl-

tile and hy 1lu low senstiivity of the funetional to error lu the veector

functions. 1t isx as~umed thiet die sfuee aml energy components of
the neurron {lux am! of the neutron worths nre partially scparable.
The solutisats givee approxtinate vidues of intepeal fluxes and neu-
tran worths in vierions reactar zoues in a partteular cuergy sub-

space. The cifective multipllication faetir of the reactor is deter-
mined. (1"CT)

15

F, A

25404 CANONICAL AND INVOLUTORY TRANSFORMATIONS
OF THE VARIATIONAL PROBLEMS OF TRANSPORT THEORY.
Kaplan, S,; Davis, James A, (Westinghouse Electric Corp.,
West Mifflin, Pa,), Nucl, Sci. Eng., 28: 166-76(May 1967),

The notlons of canonical and involutory transformations from
the calculus of variations are applied to neutron transport prob-
lems. It 18 shown that the variational formulations of Vladimirov,
Selengut, Pomraning and Clark, and Davis are related through
trangformations of this type. It is pointed out that the pair of
functionals identified through the involutory transformation are
reciprocal {n the sense that the minimum of one {8 the maximum
of the lther. The implications of this fact for the development
of approximation methods are discussed. (auth)

F,C

27663 (AD-634843) NEUTRON IMPORTANCE AND VARIA-
TIONAL FORMULATION IN REACTOR I'NIIYSICS, Nozawa, lici-
kichi (Uppsala Univ, (Swedcn)), Fet, 25, 1966, Contract
AF 61(052)-874, 48p, (ARL-66-0120), CFSTI $3,00 cy, $0,.65
mn,

The ncutron importance is studied as a physical concept for
a time-dcpendent system consldering the cise where successive
detections arc made as well as the final detectlon, Successive
dctections make the importance equation inhomogeneous. Based
on the physical interpretation of ncutron imporiance, a new for-
mulation of variational principles is proposed 1n a manner ap-
plicable to timc-dependent systems. The proposed varlational
functionsis are to be undcrstood not as Lagranglan densitles as
in classical or quantum thcory of ficlds but as total detection
data In experiments. As an application, a method of Green's
functions is developed to Improvc successively a triaf flux. The
modification factor for the source term in the diffusion equation
is derived in a mos!t elcmentary way. (auth)

A

29841 ANGLE-SPACE SYNTHESIS: AN APPROACH TO
TRANSPORT APPROXIMATIONS. Kaplan, S.; Davis, J. A.; Na-
telson, M. (Westinghouse Flectric Corp., West Mifflin, Pa.).
Nuclg Sci, Eng., 28: 364-75(June 1967). (WARD-T-1891).

A ethod Is proposed for solving the transport cquation in which
the angular dependencc s trcated by expansion in specially tailored
trial functions. The working equations of the mcthod are derived
and simple numcrical exaniples presented. (auth)

G

30091 (ANL-7210) REACTOR PHYSICS DIVISION ANNUAL
REPORT, JULY I, 1965 TO JUNE 30, 1966, (Argonne National
Lab., I1.), Dec, 1966, Contract W-31-109-eng-38, 446p,
Dep, CFSTI,

Brlef descriptions of work on the followtng subjects are pre-
sented: fission properties and cross section data including fast
neutron scattering studies, elastic neutron scattering from ele-
ments of intermediate weight, elastic neutron scattering from
Mg and Si, fast neutron scattering from nuclel in the mass region
A = 95-130, the [nteraction of fast neutrons with the 182, 184, and
186 isotopes of W, a search for fluctuations in the fisslon cross



Volume 21 (1967)

sectlon of 28U, neutron flux measurements in the 10— 200 keV re-
glon, (d,n! stripping rcactions, fast neutron total cross sections
using a monoenergetic source and an automatic facility, fast neu-
tron energy degradation through the (n,yn') process, unitary models
of nuclear resonance reactions, the ?2Cf flssion neutron spectrum
from 0.003— 15.0 MeV, direct and absolute measurements of aver-
age yleld of neutrons in the thcrmal flssion of 2*%U and spontaneous
fission of #2Cf, spontancous fission half-{ives of ¥2Cm and 240 Cm;
thcrmal reactor physics including High Conversion (H1-C) critical
experiment, Hi-C uniform lattice calculations, initial critical ex-
periments of the EBWR Pu recycle program, measurement of
capture-to-fission ratios of ¥Pu and 2!Py In the Pu loading of

the EBWR, control rod evaluation for thermal and intermediate
reactors, small rcactivity measurements in the Argonne Thermal
Source Reactor (ASTR), neutron beam spectra extracted from the
High Flux Irradiation Reactor, Argonne Advanced Research Reactor
(AARR) critical experiments— preface, AARR critical experiments—
control blade worths, AARR critical experiments— prompt neutron
lifetime measurements by the Rossi-alpha technique, AARR critical
experiments—Cd ratio measurements, AARR critical experimenis—
activation and power distribution measurements, AARR critical ex-
periments— vold and material reactivity worths and temperature
coefficients, AARR critical experiments—beam tube experiments,
AARR critical experiments— startup source requirements and
instrument response. AARR calculations—preface, AARR cal -
culations—analysis of the critical experiments, AARR calcula-
tions— general reactor physics design analysts, AARR calcu-
lations—reactor physics characteristlics of the ITC, AARR
calculations —factors in optimization of experimental fluxes,

AARR calculations—shield design analysis, AARR calculations—
analyses of hypothetical accidents; fast reactor physics including
the ncutron energy spcctrum in a dilute UC -fueled fast critical
assembly, neutron spectra in depleted U, calculations of Na-vold
coefficicnts In largc fast ncutron carbide cores in assemblies

No. 2 and 3 of ZPR-6, calculations of the effect of thin slab het-
orogeneities on the non-leakagc reactivity component of Na void-
ing, non-linearity in the spectral componcnt of Na vold cffect

a8 a function of Na content, effcct of parameter uncertainties on

Na void effect and critical size of fast reactors, Dopplcr-effect
measuremcnts on a dilute carbidc fast asscmbly—ZPR -6 assembly
No. 4Z, measurcd physics paraumeters In a zoned fast UC core—
ZPR-1V assembly No. 42, analysis of tho uncertaintjes in the
interpretation of zonc louded cxperiments, measurement of the
spatial distribution of the linportiuce of fisslon ncutrons in ZPR-6
asscmbly No. 4%, standard deviation of lon chamber current mea-
surcments In ZPR-06 assembly 47, mcasured reactivity removal
rates in ZPR-6 asscmbly No. 47, the Argonnc National Laboratory
of ZPR-3 asscmbly No. 48, critieal ussembly coinparison calcula-
tions using ncw cross scction data, comnparative neutronic charuc -
teristics of metal, oxide and carhide EHR-11 driver fucls, the cffect
of fuel and blankect changes on the EBR-{I flux, FARET Core { fuel
{rradiation program und refercnce deslgn, twenty-six j:roup cross
sectlon set for W -based rucket wystiins, physics measurcments

in fast W rocket reactor crltical experiments, measurement of
space-depcndent material worths in suveral ZIR -9 asscinblies,
rocket critical asscmblies unalysis, physics measurements In an
operating fast brecder power reactor, further neutronlc studies

of the 1000 MW(c) metal-fueled fast breeder reactor, reaclor
physics calculations for a 10,000 MW (th) fast Na-cooled breeder,
fast brecder reactors for water desalting, criterla for the density
of monfitoring points in Iarge reactors; fast reactor safety includ-
ing capobliities of the present TREAT facllily core ns a fast flux
loop meltdown facllity, melidown experiments using the Mark I in-
tegral Na loop, analyses of single pin loop meltdown experiments,
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propertics of irradlated UO, juns prior to TRITAT facility tran-
slents, pliotographic fast reactor safety experiments on {rradlated
oxide pins at the TREAT facllity, transient In-pile tesis on UO,-W
cermet rocket fuel samples, design of the Mark {l inicgral TREAT
facility Na loop, calibration mockup for the farge loop test seciion
for thc TREAT facllity, transicent response of stand-off pressure
transduccr asscmblies on the TREAT facllity integrral Na loops,
extensible multl-purpose vacuum glove box, experimental results
and improvements in thc fast neutron hudoscope, the exact thrce-
dimensional solution for thermoelastic stresses and displacements
in finite and infinite tubes, transient vaporization of Na In rcactor
coolant channels, convective heat or mass transfer with phase
changes, thcoretical prediction of thermodynamic and transport
properties of metal vapors, equation of state of reactor materfals
at high pressures and temperatures, a modificd cquation of state
for hydrodynamlic calculations in the AX-1 numerical program,
properties of refractory ceramics at extremely high tcmperatures
(UC liquid expansion), modification of the high temperature W
filament furnace, failure pressures of thick-walled doubly-rein-
forced concrete cells, maximum permissible body burdens of

Pu {sotopes and resulting release criteria, fast reactor meltdown
accident analysis code, PREAX; experimental physics techniques
and facillties including a low geometr?l o counting chamber, abso-
lute determination of fission rates in ‘35U and 23U and capture
rates In 28y by radiochemical techniques, precision fisslon rate
measurements by fission track counting. solid-state Compton
spectrometcr for measurement of reactor y spectra, feedback
stabilization of nuclear counting channels, signal splitting into
fast and slow channeis, design and construction of an improved
Mn bath counting system, low flux measurement of 3%U epicad-
mium capture-to-fission ratio, reactor response to an oscillating
neutron source, neutron fluxes required for activating probe
materials, a code to permit fission product decay corrections
without the use of a reference foll, determination of the k-con-
stant for the Dy substitution method, additional calculations of

the activation of spheres in a nonisotropic neutron flux, use of

a small digital computer in data analysis and control of critical
facilities, a Ge(Ll) detector system for the measurcment of y-
rays following Inelastic neutron scattering. a multi-angle fast
neutron time-of-flight system, multiple angle detector apparatus
for neutron elastic scattering and polarisation measurements,
multiple scattering correction, automatcd computed control of

a fast neutron laboratory; reactor computation methods and theory
including the Argonne Reactor Computation (ARC) system, the
ARC system glossary, the Multigroup Constants Code (MC?),
modification of THERMOS to generaie transfer cross sections,
generation of multigroup cross sectlons using a coupled MC2—
THERMOS code, variation of thermal cross sections with buckling
in consistent P1 and Bl calculations, development of a code to
study fuel management, AMC— A Monte Carlo code, development
and analysis of Monte Cario methods, quasistatio treatment of
space dependent reactor transients, space dependent kinetic cal-
culations using the WIGLE code, reactor systems analysis and
hybrid computers, computation of the coupled crror function by
continued fractions, treatment of source discontinuities in the
solution of the diffusion cquation, rcvision of the bulk shieiding
codc MAC for the CDC-3600 computer, codes for analysis of
elastic scattcring angular distributions, muitilevel cross scctions
for a fissionable isotopo, the effect of intcricrence on the reso-
nance integral mixtures of Th and U, the cffcct of randomncss

on group cross sections, the chemical binding effects on the
resonance line shapes of 2%U in a UQ, latticc, equivalenee be-
tween homogeneous and hcterogencous resonance Integralg in
cylindrical geometry, effect of thc fluctuations in collislon den-
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sity on fast rcactor Doppler cffect caleulations, an upproximate
calculation of space dependent flux using a variatlomal principle,
neutron-wavc analysis; misccllaneous including ecnergy sjiectrum
of fast cosnilc-ray ncutrons near sca lcvel, a CO, system for
dircct conversion of nucicar cuergy to coherent {aser light, the -
ory of plasma oscillations - generatlon of thermionic RF cuergy
and Inteructions with DC, circnl:aing shicld reactor for space
power, and {mjiroviscd shutter design for the JANUS renctar.

A total of 609 references 1a liated throughout the report. (M.L.S.)

G.,B

30191 SYNTULSIS OF THREE-DIMENSIONAL FLdX SHAPES
USING DISCONTINtIOUS SETS Of TRIAL FUNCTIONS, Yasin-
sky, J. B.; Kaplan, S. (Westinghousc Flcetric Corp., West Miff-
lin, Pa.). Nucl. Scl. Ing., 28: 426-37(dunc 1967),

The mithod of flux synthesis 18 extended in a systemutic way to
allow the poualblility of usimg different seta of trianl functions in
diffcrent axial zones. The neeeasiary cquutions are derived in
some detall and numerical examphs are presented. The results
of thesc examples arc very satisfactory and suggest, thercfore,
thut the uynthesls proceiture can he made nuich more uscful and
powcrful by extending it in this way. In a more general context
they suggest that the basic notation of deriving discontinuous-
typc approximation methods from an uppropriate variational prin-
ciple is a valld and very cffcctive ideca. (auth) ’

C

31950 (WAPD-TM-635) Tk MILLTIMODK SYNTI!!::SIS ADP-
PROXIMATION FOR SPACE- TIMI: tEACTAlt DYNAMICS: AN
APPRAISAL OF FINITE DIF FERENCING METHOLE:,  Clarke,
W. G,; Margolis, S, G. (Hettts Atoinle Power “!.l'." Nittshurgh,
Pa.). May 1967, Contract AT(l1-1)-Gen-14, St Dep.
CFSTI,

An appraisal of possible finite i renclng methoerlds for the
multimode time synthesis approxinution to sputee-thino renctor
kinctics with emjihasls on accuriey, utabllity, .vun.ll'-n((-r e('-u“u,.“y’
and programming simpilielty Is presented. A FLUtTLAAN IV digital
program for thc CDC-6G0U, MUMKIN-2, was usgind te perform
these numerical studies and Is deseribed. I'Jees pregrn 18 usied
to solve the multimode kineties cyuatlons in the nlxsneo af reac-
tivity feedback for up to ntne trial tunctions und sis stluyed neu-
tron groups. The progriam aeseription tncheles a examplo of
how multimode kinctics parmneters can te penerih-Uhy writh-
metical opcrations on the synthesis edits of wn oxlsitug ono dinien~
stonal ncutron diffusdon progrian for up to four euer gy gronjs and
100 mesh points. Speelal featares ol e progran bisdude kn auto-
mated data link for compucing the wultinuwde ktnetlon parmnetors
P, 3 amt A and a technigoe to actieve [ne sy nthests with discon-
tinutius sets of 1rlal funcilons, tamin

F
35554 (ANL-7320, pp 439-46) APPLICATION OF SPACE—
ENERGY SYNTHESIS TO THE INTERPRETATION OF FAST
MULTIZONE CRITICAL EXPERIMENTS, Storrer, F.§ Chaumont,
J, M. (Commissariat a I’Energie Atomique, Cadarache ( France).
Centre d’Etudes Nucleaires),

Information gained from multizoned criticsl experiments is
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rather difficult to intrrpret and to extrapolate with a multigroup
theoretical model. A much simpler model Involving only few pa-
ramotors has been tried out which would still givee a good repre-
sentation of the jhyslcal proccsses. This simple mocdel 18 based
on a two-group formallsm, in which the groups overlagp, derived
from the diffusion cquatlon by a variational proccdure. Compari-
son between conventional multigroup and two-overiapping-group
formalisms gives exccllent agrerment. it s haped that with the
help of this mcthod the Intcrjiretation of multczoned eritical ex-
periments might be greatly cased. 1t is also suggested that syn-
thesis methods in general brr used to solve some special probiems
in fast reactor physics. A list of 21 rcfercnces is Included. (auth)

F

35607 THE USE OF NOETHER'S THEOREM IN REACTOR
PHYSICS, Tavel, M. A.; Clancy, B. E.; Pomraning, G, C.
(Brookhaven National Lab., Upton, N. Y.). Contract AT(30-2)~
Gon-16. Nucl, Scl. Eng,, 29: 58-66(July 1967). (BNL~10697).
A use of the variational method which has beea neglected in
reactor theory is discussed. This is the invariance thcorem of
E. Noether which haa been widely utilized in other arcas of mathe -
matical physics. Following a derivation of the theorcm, its use
to obtain solutiona of the tinie-independent diffusion cquation {s
dewnonstrated, The throrem ta used to construct a complete anal-
ogy between the tinie-dependent diffusion process and classical
mechanies. Concervatlon laws arise In the construction of this
anialogy ind thelr pwssible appitcation is discussed. An analogy
between the neutron diffusion equation und the time-dcpendent
Schrocdinger cquatlon is also given. Several suggestions for

generalizations of Nocther's thecorem for usc in reactor theory
arc made. (auth)

A

38180 ANGULAR SYNTHESIS APPROXIMATION APPLIED
TO THIN CRITICAL SLABS, Zwibel, H, S, (Battellc-Pacific
Northwest Lab,, Richland, Wash,). Trans, Amer. Nucl. Soc.,
10: 213-14(June 1967),

From [3th Annual Meeting of the American Nuclear Society,
San Diego, Callif,, June 11-15, 1967, See CONF-670602,

A

38203 STRATEGY FOR THE APPLICATION OF SPACE~
ANGLE SYNTHESIS. Natelson, M, (Bettis Atomic Power Lab,,
West Mifflin, Pa,), Trans, Amer. Nucl, Soc., 102 171-2(June
1967).

From 13th Annual Meeting of the American Nuclear Soclety,
San Diego, Calif,, June I11-15, 1967, See CONF-670602,

B

38205 INITIAL STUDIES OF COLLAPSED GROUP-SPACE
SYNTHESIS: ANOMALIES ARISING FROM THE USE OF
ADJOINT WEIGHTING, Yasinsky, J. B,: Kaplan, S.; Jason,
R. H. (Bettis Atomic Power Lab,, West Mifflin, Pa.). Trans.
Amer, Nucl, Soc,, 10: 172-3(June 1967).

From I3th Annual Meeting of the American Nuclear Society,
San Diego, Callf,, June 11-15, 1967, See CONF-670602,
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F
38208 CANONICAL AND INVOLUTORY TRANSFORMATIONS
OF VARIATIONAL PROBLEMS INVOLVING HIGHER DERIVA~
TIVES. Kaplan, S, (Bettis Atomic Power Lab,, West Mifflin,
Pa,). Trans, Amer. Nucl. Soc,, 10; 175-6(June 1967),

From 13th Annual Mecting of the American Nuclear Society,
San Diego, Calif,, June 11-15, 1967, Seo CONF-670602,

C

38209 VARIATIONAL PRINCIPLE FOR THE DETERMINA~
TION OF PSEUDOFUNDAMENTAL DECAY E{GENVALUES,
Jenkins, J, D,: Daitch, P, B. (Rcnsselaer Folytechnio lnst.,
Troy, N. Y.), Trans. Amcr. Nucl, Soc., 10: 177(June 1967),

From 13th Annual Mecting of the American Nuclear Soclety,
San Dlego, Callf., June 11-15, 1967, See CONF-670602,

B

38210 PERTURBATION METHOD THAT UTILIZES THE
VAILIATIONAL PRINCIPLES ASSOCIATTED WIT{{ Ti{ki NEUTRON~
DIFFUSION EQUATION. Turley, Richard E. (fowa State Univ.,
Ames), Trans. Amer, Nucl, Soc., 10: 177-8(June 1967).

From 13th Annual Mceting of thc American Nuclear Soclety,
San Diego, Culif., Juno 11-15, 1967, Seo CONF-670602,

C

38535 COMPUTATIONAL METIIODS FOR SOLUTION OF
REALISTIC SPACE-TIMLE DYNAMICS PROBLIMS. Kaplan, S,
(Bottis Atoinlo Dower Lab,, West Miffliu, 1u,), Trans, Amor,
Nuol, Soc., 10: 203(Juno 1967).

From 13th Annual Meeting of the Amerlcan Nuclear Society,
San Diego, Calif,, June 11-15, 1967, See CONF-670602,

C
38558 VARIATIONAL CALCULATION OF COMPLEX MODES
OF XENON SPATIAL OSCILLATION, Buslik, A, J.; Welnreich,
W.A. (Bettis Atomio Power Lab_, West Mifflin, Pa,). Trans,
Amer. Nucl. Soc., 10: 257-8(June 1967).

From 13th Annual Mceting of the American Nuclcar Soclety,
8an Diego, Calif., June 11-15, 1967, See CONF-670602,

B

38682 CALCULATION OF THE SODIUM-VOID EFFECT BY
FLUX SYNTHESIS, Travelli, A.; Helm, F, (Argonne National
Lab., 1l,). Trans. Amer, Nucl, Soc., 10: 275-6(June 1967),

From 13th Annual Meeting of the American Nuclear Soclety,
San Diego, Calif,, June 11-15, 1967. See CONF~670602,
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A

40364 THE EXTRAPOLATED ENDPOINT FOR THE MILNE
PROBLEM, Pomraning, G. C. (General Atomic Div., General
Dynamics Corp., San Dlego, Callf,); Lathrop, K, D, Nucl, Sci,
Eng., 29: 305-8(Aug. 1967).

Upper and lower bounds on thc extrapolated endpoint for a
homogeneous source-free half-space with absorpition and isotropio
scattering are calculatcd by relating the extrapolated endpoint
to a linear functional and applying variational methods. (D.C.W.)

F

40365 A DERIVATION OF VARIATIONAL PRINCIPLES FOR
INHOMOGENEOUS EQUATIONS, Pomraning, G. C, (Brook-
haven National Lab., Upton, N, Y.). Nucl, Sci. Eng., 293 220-36
(Aug. 1967). (BNL-10514)

It {s shown that variational principles nced not be postulated
and then corrcctness proved; they can, in faci, be derived, making
thelr use more a matter of routino thun ingenuity, A Lagrango
multiplier technique 1s used to dorivec a second-order variational
principle for cstimating an arbitrary functional of the sofution to
an inhomogencous equation. The relation of tlus nrinciple to a
functional Taylor serics cxpansion and to ricnurutary perturbation
thoory 18 cstabliahied. A normalizatton tndirpendent sccond-order
variational principle for an arbitrary functionzl ia derived which
reduccs to the Schwinger principlo if tho funitional is linear. Two
higher-ordor variational princijics are derived and arc shown to
be generalizations of the principlrs of Kostin and Brooks, The
Lagrange mulitiplier technique 18 applied to the inhomogencous
8turm-Liouviile cquation, which lewds to a sccond-order varia-
tional principie for estimating an arbitrary functional which allows
trial functions that are not continuous and do not satisfy the bound -
ary conditions. This functional is of the tync suggested by Buslik
plus boundary terms. Tho differences between a variational prin-
ciple which can only be used to estimate a functional of interest
and one which also acts as a Lugrangian arc discusscd. (auth)

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; Danofsky, Richard (lowa State Univ., Ames),

pp 249~69 of Coupled Reactor Kinetics, Chezem, C, G.;
Koehler, W, H, (eds,). College Station, Tex,, Texas A and M
Press, 1967,

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

Solution to the coupled core kinetics equations is prescnted in
the form of a space-time modal analysis in terms of neutron flux.
The flux is expanded in a series of space dependent functions
having time dependent expansion coefficients. Sample calculations,
utilizing the method, are given. 4 references, (M.L.S.)

C.
42756 SOLUTION OF THE SPACE~TIME NEUTRON GROUP
DIFFUSION EQUATIONS BY A TIME-DISCONTINUQUS SYN-
THESIS METHOD, Yasinsky,J. B. (Westinghouse Electrio
Corp,, West Mifflin, Pa.). Nucl, Sci, Eng., 29: 381-91(Sept.
1967),

A variationat principle, which has as its stationary conditions
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the direct and adjoint time-dependent group diffusion equations,

is modified to admit time-discontinuous approximating functions.
This extended principle is used to develop a syntheslis approxi-
mation for the time -depcndent group diffusion equations which
permits the use of different sets of trial functions at different
times during a transient analysis. The necessary equations are
derived in detall, and two numerical examples are presented.
These examples show that the time-discontinuous synthesis method
is capable of constructing accurate space-time neutron fluxes,
which vary smooth!y in time, from spatial trail functions which are
discontinuous in time. ln additton, these examples display the
potential of the new time synthcsis for ylelding computationally
less expensive solutions than are possible with the time-contin-
uous synthesis procedure. (auth)

F

42864 (WAPD-TM-659) CANONICAL AND INVOLUTORY
TRANSFORMATIONS OF VARIATIONAL PROBLEMS INVOLVING
SECOND DERIVATIVES: APPLICATION TO BEAMS AND PLATES.
Kaplan, S. (Bettis Atomic Power Lab., Pittsburgh, Pa.). May
1967. Contract AT({1-1)-Gen-14. 54p. Dep. CFSTI.

The canonical and involutory transformations of the calculus of
variations are applied to variational problems in which the inte-
grand of the functional invoives the second derivative of the argu-
ment function. One and two dimensional examples, {.e., the vari-
ational problems governing the deflection of beams and plates, are
worked out {n detail. (auth)

C

45656 APPROX{MATE SOLUTION TO THE TIME-DEPEN~
DENT MULTIGROUP NEUTRON-DIF FUSION EQUATIONS USING
A RESTRICTED VARIATIONAL PRINCIPLE, Robinson, James
Conda. Knoxville, Tenn,, Univ, of Tennessee, 1966, 115p,

Theslis,

For some reactors now 1n operation or being considered, it
has become apparcnt that a time-dependent mathematical neu-
tronic model which permits a shift in the neutron energy and/or
spatial spectrum is required for the dynamic study of these
systems. Models which describe the behavior of the neutrons
In space, energy. and time are weil-known, e.g., the multigroup
neutron diffusion cquations, hut the solution to the resuitant set
of coupied nonlincar differential-integral equations must be ap-
proximate. The classlcal approximation 1a to assume that the
neutron cmergy and spatial spectrums arc independent of time,
The purposc of this study was to dcvelop an approximate solu-
tion for the time-dependent multigroup ncutron diffusion equa-
tions with temperaturc-dependent parametcers, thereby retaining
a mcchuanlam to pernit a shift in the spatial or encrgy ncutron
spectrum during a traasient, ‘fhe nonlineinr equations which
descrilic the neutronie siuate of the system are linearized in a
discrete fashion, l.c.. the nuclear parameters are assumed con-
atant over some spatial reglon and increnient in time, As the
calculatton progresses in time, the nuclear paranictors are ad-
justed as dietaterl fram the neutronic and thiermodyaamic state
of the syscem, Anapproximate soluiion Is ottained for the set
ol lincarized neutron diffusion eyuations hy nssunung the neu-
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tron flux can be reprcsented by lincar comhination of known
spatial modcs with timc varying cocffleients. The equations
which determine the tiino varylug cocfficients are goncrated by
applying a restricted variational principle. Tho spatial modes
chosen to reprosent the flux'are the Greens Function Modes.

The defayed neutron precursora arce explieitly taken Into ac-
count by assigning the precursor equations as cquations of
constraint to the functional whose Euler equations include the
system equations. Upon tho appiication of the variational prin-
ciple, thc adjoint operator and adjoint function flux are intro-
duccd into the analysis. ‘The solution to the adjoint cquations is
as cqually difficuit as the solution of the diffusion equations;
thercfore, a modal expansion is assumed for the adjoint flux.
With the assumed solution for the forward and adjoint flux, the
restricted variational principle feads to a coupled set of linear
differential equations which dctermine thc time-varying coeffi-
cients appcaring in the assumed solutions. The number of such
equations, in general, is the product of the number of modes by
the number of groups appearing in the multigroup formalism.
The number of eguations can be reduced by assuming that dif-
ferent energy groups can be deseribed by the same time varying
coefficients. To demonstrate the validity of thc approximate
solution, several translents, which were performed on the TREAT
reactor at Argonne National Laboratories, are simulated. The
analytical results are presented graphically in the form of power
traces which are compared with the experimental power traces.
The analytical model 18 composed of five energy groups, up to
three spatial modes, and six delayed neutron groups. The re-
quired data to carry out a simulation are the neutron multigroup
parameters, delayed neutron fractions, precursor decay constants,
and nuclide specifications. From the results, it is concluded that
the model 1s adequate for short-tcrm transients in thermal sys-
tems. Recommendations are set forth for useful extensions of
the model to other problems of interest in reactor dynamics.
(Disser. Abstr.)
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F

1136 AN ANALOGY BETWEEN THE VARIATIONAL
PRINCIPLES OF REACTOR THEORY AND THOSE OF
CLASSICAL MECHANICS, Kaplan, S, (Westinghouse
Electrio Corp., West Mifflin, Pa.), Nucl. Sci. Eng., 23:
234-7(Nov, 1965), (WAPD-T-1818).

A formal parallelism is shown to exist between two clas-
slical variational principles governing the time behavior of
mcchanical systems and two principles rclating to the A~
mode eigenvaluc problem of ncutron group diffusion theory.
By Identifying the space variable with the time variable and
space derivatives (gradients and divergences) with time
derlvatives, the ‘‘usual’’ variational principle of diffusion
thcory 18 shown to be analogous to Hamilton’s principle
and the diffusion equations are analogous to the Lagrange
equations. i{lamilton’s canonical equations are then anal-
ogous to the diffusion equations In first-order form, and
the analog of the principle involving the canonical integral
is a principle closely rclated to one proposed recently by
Selengut and \Wachspress. (auth)

B

1140 BILINEAR AVERAGING FOR DIFFUSION THE-
ORY PARAMETERS |Thesis]. Pitterle, Thomas Arthur,
Madlson, Wis., Univ. of Wisconsin, 1965. 126p,

Bilinear averaging of group parametcrs for use in dif-
fusion-thcory calculations is cvaluated. This procedure
averages energy-dcpendent cross sections over both neu-
tron flux and adjoint spectra. Both perturbation theory and
a variationnl principle are employed to obtain multigroup
diffusfon theory with bilinear averaged parameters as an
approximation to the continuous cnergy-dependent P-1
cquations. These derivations show that with bilinear aver-
aging eigenvalues accurate to first-order errors in the
fluxes used to averagc the cross sections can be ohtained.
It i{s also shown that bilinear averaging represents a con-
sistent approximation to the energy-dependent equations
for pcrturbation theory calculations. Extens{ve numerical
calculations were made to compare flux and bilinear aver-
aging procedures for diffusion theory calculations, A few
perturbation theory calculations were also carried out.
(TCO)

A

2978 VARIATIONAL VACUUM BOUNDARY CONDI-
TIONS FOR A Py APPROXIMATION. Davis, James A.
(Westinghouse Elcctric Co,, Pittsburgh), Trans, Amer,
Nucl. Soc., 8: 484-5(Nov. 1965).

F
2979 HIGHER ORDER VARIATIONAL PRINCIPLES.

Selengut, D, S, (General Electric Co,, Schenectady, N, Y.).
Trans. Amer. Nucl, Soc., 8: 485(Nov, 1965),

A

2980 A NUMERICAL COMPARISON OF HIGHER
ORDER VARIATIONAL PRINCIPLES. Schreincr, Sheldon
(Univ. of California, Berkcley); Selengut, D, S, Trans,
Amer, Nucl, Soc,, 8: 485-6(Nov. 1965).

A

2990 TRANSPORT SYNTHESIS, Davis, James A.;
Kaplan, Stanley (Westinghouse Flectric Corp., Pittsburgh).
Trans. Amer. Nucl. Soc., 8: 509(Nov. 1965),

F

3331 AN ANALOGY BETWEEN THE VARIATIONAL
pRINCIPLES OF REACTOR THLEORY AND TUOSE OF
CLASSICAL MECIIANICS, Kunplan, S, (Westinghouse
flectric Corp., Pittsburgh), Trans. Amer. Nucl. Soc,, 8:
§35-6(Nov, 1965).

D

3454 FEW LONG-TIME-INCREMENT DEPLETION
CALCULATIONS FOR APPROXIMATING BY SYNTHESIS

A MANY SHORT-TIME-INCREMENT DEPLETION CALCU-
LATION, Flanagan, Charles A, (Westinghouse Electric
Corp., Pittsburgh), Trans, Amer. Nucl, Soc., 8: 518-19
(Nov. 1965).

A

6264 (WAPD-T-1849) TRANSPORT SYNTHESIS,
Davis, James A,; Kaplan, Stanley (Bcttls Atomic Power
Lab,, Pittsburgh, Pa,), Sept, 1965, Contract AT(11-1)-
Gen-14, 15p, (CONF-651101-45), Dep, mn; CFSTI
$1,00 cy, $0.50 mn,

From 13th Confcrence on Reniote Systecms Technology,
Washington, D, C,

A FORTRAN program (TRANSY) is drveloped to obtala
synthesized solutlons to the 8, or S, equations for a mono-
enrrgetic x-y probleni. The TIRANSY synthesis 18 based on
the discrete-ordinate method. The purpose of the synthesis
i3 1o Investigate the feasibility of syniliecsizing solutlons to
high -order approximations to the transport rquation.
(T.F.11.)

B,G
8038 (KAPL-3095) VARIATIONAL MULTICHANNEL
SYNTHESIS WITH D{SCONTINUOUS TRIAL FUNCTIONS,
Wachspress, E, L,; Becker, M, (Knolls Atomic Power
Lab.,, Schenectady, N, Y). Nov, 1965, Contract W-31-
109-eng-52, 55p, Dep, mn; CFSTI $3.00 cy, $0.50 mn,

A variational formulation of multichannel synthesis
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is developed for neutron diffusion computations through
use of a functional which admits discontinuous trial func-
tions. Detailed equations are given for a particular chotce
of trial functions. A variational depletion formalism is
described for conducting reactor lifc studies with a multi-
channel synthesis calculation model, (auth)

F

8353 CALCULATION OF FLUX DISTRIBUTION AND
EIGENVALUE OF ARBITRARILY S{IAPED REACTORS BY
MEANS OF THE CALCULUS OF VARIATIONS, Unger, H,
Atomkernenergle, 10; 413-14(Nov,-Dec, 1965), (In Ger-
man),

An investigation was made on the offcct of the reactor
shapc on the casential characteristics of the reactor,
c.g.. syicelflc power and surfaco heat flux density. The
problem cansisted af ralculating and comparing the
nentron flux distribution and criticality of bare, homo-
gencous simple-horderced reactors of arbitrary shape
in order to obtain the reactor form assoclated with the
optimnl reactor. A mcthod is prescnted for the solution

of the problem by mcans of a varlationsal calculation,
(1..B.8.)

C.B

9957 THE APPLICATION OF VARIATIONAL, METIL-
ObLS TO NEUTRON THERMALIZATION I'ROBLEMS
[Thesis], Razminas, Roliert B, Gainesville, Fla,, Unlv,
of Florida, 1965, 174p.

Methads hasced on the varixtional maethad, VM, und the
generalized variiaiond mthod, GVM, are applied to the
calealatian af the thermalization parameters Dy and Cy
assacialed with the asymptatic thme rigenvialue through
the power serles A - ag ' UyB? —Coli* for the pulsed neu-
tran exjicriment in crystaliine media, A procedurc is given
fur determining only the lowest or asymptotic cigenvalue
without recaurse to paranietric methods using sclected
vitlucs of the geametric buckling, B2, The trial functions
sclected to repiresent the 1rnergy speetrum are the Laguerre
polynomials of order 1 weighted by the encrgy Maxwellian,
Huwever, the general development of the analysis 1s not
restricted to these functions. Any suituhile complete set
of polynomials could be utilized, Sevcral examples incor-
poriting low ordered trial functions are given to provide
a detaifed description of the mechanics of adapting the VM
and the GVM to the prolilem and also to allow an analytic
comparison of the paranicters obtained froin the two meth.-
ods, Generial cquations from which thermalization param-
cters can be ohiained using high ordercd trial functions are
decveloped for both the VM and the GVM, Also included are
tabulations of pertinent Laguerrc wcighted integrals (up to
18 polynoinials) of encrgy-dependent scattering cross-
scction parameters ohitained from the scattcering kernel
Zg(E‘— E) selccted to represent the scattering interactlons
that may occur in the particular medium. The calculation
of the various integrals and hcnce the thermalization pa-
rameters is transformed to a discrete cnergy representa-
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tion. The scattering kernels used in the calculations for
the crystalline media beryllium and graphite are based on
the cnergy 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 invest!-
gated and discussed. Also discussed is the convergence
behavior of the parameters obtained using both the VM and
the GVM. The values of the thermalization parameters D,
and C, obtained in this study for beryllium and graphite
respectively are: 1.33 x 10° cm?/sec and 6,47 x 10° cm'/
sec; 2.15 x 105 cm?/sec and 16.06 x 10° cm¢/sec. (Disserta-
tion Abstr,)

G

12368 (WAPD-T-1737) AN EVALUATION OF A
THREE-DIMENSIONAL FLUX SYNTHESIS METHOD AS A
NUCLEAI{t DESIGN TOOL. Flanagan, C. A,; Smith, F, E,;
Bogar, G. F,; Ruthirford, C.1l. (Bettis Atonilc Power
Lab,, West Miffiin, Pa). Oct, 1964, Contract AT(I1-1)~

Gen-14,  20p, (CONF-654-100), Dcp, mn, CFSTI$1,00
cy, $0.50 mn,

From Aincrican Nuclear Soclcty Mee y S ¢
Nov Dec. 1964 y cting, San Francisco,
Research s described towards evaluating the use of the

welghted rrsiduil flux synthesis incthod in three-dimen-
sional nuclear dirsign calenlations. The evaluation Includes
comparison of synthisis calculations with dircet threc-
dimensional culeulations, a coinparison of results from
synthesis calculations with cxperiment, and finally an cx-
amination of the practicality of applying the mecthod to
depletion calculations Involving considcrable gcometrice
complexity. (auth)

12369 FEVALUATION OF VARIATIONAL METHOD
ACCURACY. Erykalov, A. N. At. Encrg. (USSR), 19:
462-3(Nov. 1965). (in Russian).

A study is made of a variational mcthod for determining
critical reactor dimcnslons and ncutron distributions, with
which the upper and lower limits of the eigenvalue of the
hermitian operator can be calculated. The high accuracy
of the elgenvalues obtalned using simple approximations is
demonstrated for two examples. Thc accuracy is computed
for a single-group diffusion equation for the case of constant
cross section and consinusoidal flux distribution and the
case of constant diffusion constant and cosinusoidal ab-
sorption and fisslon cross-section distribution. (M.J.T.)

B

15666 (CONF-660204-4) VARIATIONAL METHODS IN
THE CALCULATION OF SPATIALLY DEPENDENT SPEC-
TRA. Prancis, N, C, (Knolls Atomlc Power Lab., Sche-
nectady, N, Y,). [1965], Contract W-31-109-eng-52, 30p,
Dep, mn, CFSTIi $2,00 cy,. $0.50 mn,
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From American Nuclear Soclety Meeting, San Diego,
Calif,

A discussion {s presented of variational methods for
cascs in which the quantities studied arc stationary with
rcspect to the variable of Intercst. Resonance capture is
not studicd. After an introduction of the spatially indepen-
dent problem, a specific thcrmal-encrgy-range spatially
dependent ncutron problem is discussed. The method is
then applled to calculations of group constants for a multi-
group Monte Carlo method, multigroup space-energy prob-
lems in slab geometry, and the use of overlapping groups
* In diffusion theory. (T.F.H.)

B

16033 A VARIATIONAL APPROACH TO THE EFFECT
OF BOUNDARY PERTURBATIONS WHEN TilE MULTI-
GROUP DIFFUSI{ON EQUATIONS APPLY. Spinks, N,
(Australian Atomic Energy Commisslon, Lucas Helghts,
New South wales), 14p, (CONF-650602-71). ORINS,
Gmelin, AED-CONF-65-125-107,

From American Nuclear Society 1I1th Annual Meeting,
Gatlinburg, Tcnn,

Variational principles are given which allow perturba-
tlons of thc surface defining the boundary of a rcglon in
which the multi-group diffusion equations apply. The per-
turbation may take thc form of a change in boundary condi-
tions or a changc in the boundary shapc. The principles
are uscful for determining the reactivity worih of control
rods when the shape of the rod makes a dircet calculation
difficult. In addition, from a single flux and adjoint flux
calculation, the worths of a host of control rods of slightly
difierent conipositions (boundary conditions) aud slightly
different shapes and sizes can be determined. The appli-
cation of the princlplc to the output from finite diffcrence
computer codes s discusscd. (auth)

G

17656 NUMERICAL SOLUTION OF THE DIFFUSION
EQUATIONS WITH THE KANTOROVICH METHOD, Galli-
gani, 1, (CCR, Euratom, Ispra, Italy); Glorcell{, M, En-
ergia Nucl, (Milan), 13: 73-81(Feb, 1966).

The time-indcpendent two dimcnsional neutron diffusion
equations are solved with a variational method (Kantoro-
vich’s method). This method is particularly convcnicnt
when the neutron flux {s a smooth function along one of
the two directions. A comparison between this method
and the finite diffcrence method {8 made by means of
some numerical cxamples, (auth)

F

18059 A VARIATIONAL PRINCIPLE 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 principlc from which arbitrary ratios in
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critical systcms can be calculated in a stationary manner
is presentcd. This principle enables the perturbation cx-

pression to be derived conciscly using a compact operator
notation in a generalized X variable {position and vclocity)
that Incorporatcs the usual exact and approximatc modcls
of reactor thcory. (B.G.D.) '

A

18068 PARTICULAR SOLUTIONS OF THE ENERGY-
DEPENDENT BOLTZMANN EQUATION, Mueller, Karl=-
Heinz (CCR EURATOM, Ispra, Italy). Nukleonik, 8:
38-40(Jan, 1966),

The Carleman-Kupradsc mcthod for solving a coupled
set of integral equations with sectlonal holomorphic ker-
nels combined with a niethod based on a variation proce-
dure, of removing the encrgy from the fieid of free vari-
ables, allows the construction of particular solutions of the
neutron transport equation. The nuclear data enter the cal-
culation only after they are weighted and integrated over the
energy varlables (E,E’). Thus, the procedure allows the
use of cross sections In a numerical form (e.g.. the usual
energy group representation). An approximate solutlon can
be found from a linear system of algebralc cquations. (auth)

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

The variational mcthod and region-balanco method,
both spccial cases of the morc gencral method of weighted
rcsiduals, are each used as the formalism to develop &
spatial expansion of the diffusion cquation for two problems.
Thesc are (1) a spatially dependent spectrum problem for
the purposc of computing the sclf-shiciding In the #%Pu
resonance and (2) a simple one-dimrnsfonal cigenvalue
probleni. In both Instances namerical results indicate
that the variational aicthod {s morc accurate than the
reglon-balance inethod. Of partlcular interest is the varia-
tional spatfal-expunslon approach to the eigenvalue problem.
This may be n uscful incthod for deriving a sct of differcnce
cqu:ations for the multigroup diffuslon equation in that it
should leud to un accurate repriscentation of the flux with
a relatively small number of mesh poinis. (auth)

B

22387 VARIATIONAL ITERATIVE. METHODS FOR
ELLIPTICAL PROBLEMS IN THE TI{ORY OF NUCLEAR
REACTORS. Albertoni, S,; Lunelll, M,; Maggloni, G,
(Univ,, Milan). Att{ Scminar. Mat, Fis, Univ. Modcna,

14: 169-201(1965), (In {talian),

A varlational iterative method 18 derived for the solution
of clllptical problens in nuclear reactor thcory, The vari-
ational bascs for the resolution of transmisalon firoblems
arc glven. The iterative-variational technique used for the
numecrical solution ls cxamined. Numerieal cxamples are
then given. (J.S.R.)
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G

22399 VARIATION PRINCIPLES FOR THE CRITICAL
FLUX CURVES OF REFLECTED REACTORS. Breiten-
huber, L. (Technische Hochschule, Graz). Z. Angew,

Phys., 20: 267-71(1966). (In German).

New minimum principles and stationary expressions are
given and discussed for the boundary conditions ¢ = 0 and
934/9n + (1/d) & = 0 for the equation A® + B2® = 0. It s
suggested to fulfill conditions at houndarics and intcrfaces
only in the forin of natural boundary conditions. Thus, the
use of discontinuous trial functions is encouraged, yielding
greater flexibility and better numerical approximations in
thc mean. Boundary conditions arc, nevertheless, satisfied
in the limit. (auth)

F

24302 (GA-6273) A NUMERICAL STUDY OF THE
METHOD OF WEIGHTED RES{DUALS. Pomraning,
G.C. (General Atomic, San Diego, Calif. John Jay Hop-
kins Lab, for Pure and Applied Science)., Mar. 29, 1965,
Contract AT(04-3)-187, 40p, Dep, mn, 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
residuals, are each used as the formalism to develop a
spatial expansion of the diffusion equation for two prob-
lems. These are a spatlally dependent spectrum problem
for the purpose of computing the self-shiclding in the Uopy
resonance and a simple one-dimensional eigenvalue prob-
lem. In both Instances, the numerical results {ndicate that
the variational method is more accurate than the region-
balance method. Of particular intercst Is the variational
spatlal expansion approach to the ¢igenvalue problem. This
may be a useful mcthod for dcriving a set of difference
equations for the multigroup diffusion equation In that it
should lead to an accurate rcpresentation of the flux with a
relatively small number of mesh points. (auth)

F

24714 IMPROVED CALCULATION METHODS FOR
RATIOS APPEARING IN REACTOR STATICS. Lewins,
Jeffery (Univ, of Washington, Seattle), Nucl. Energy,

69-76(Mar, 1966).

Variational and perturbation expressions are developed
from which to calculate ratios of interest in either critical
systems or in sub-critical systems having a source. The
several adjoint functions cmployed are related to the physi-
cal concept of the importance. The emphasis Is placed on
the calculation of the adjoint functions by iterative methods
that are already standard in reactor codes. The expres-
slons given can improve the accuracy of results while
requiring substantlally less computing time than conven-
tional direct calculations. (auth)

C,A

28235 (NAA-S1t—-11821) SPACE-TIME FLUX SYN-
T1ESIS METHODS FOIR THE APPROXIMATE SOLUTION
OF TIME-DEPENDENT GOLTZMANN NEUTRON TRANS-
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PORT EQUATION. Luco, V. (Atomics Intcrnational,

Canoga Park. Calif.). May 25. 1966. Contract AT(I1-

1)-Gen-8. 37p. Dep. mn. CFSTI $2.00 cy, $0.50 mn,
Space-time flux synthesis methods for thc approximate

* solution of the time-dependent 3oltzmanu neutron transport

cquation are formulated. The variational and the Galerkin
technique arc used. The spuce-dependent part of the solu-
tion is obtaincd with thoe DTF~-11 program —an Sn-type so.
lution of the transport equation. Temperaturc fecedback
effccts are considered in the forinulation. The formulation
presented here 1s adapted to the disseription of rapid tran-
sicnts following a large reactlivity tnput, but thc mcthod cap
be easily modificd to covcr other rcactor problems where
a spacc-time flux description s necessary. 1t should be
uscful whenever the situation requires the transport approy-
imation for the deserlption of the ncutron flux. (auth)

A

30116 VARIATIONAL VACUUM BOUNDARY CONDI-
TIONS FOR A B; APPROXIMATION. Davis. James A.
Nucl. Sci. Eng., 25: 189-87(1966). (WAPD-T -1848)

Approximate vacuum boundary conditions for a Pyap-
proximation are obtained by variational methods. Two
stationary principles are proposed, one having what is
called “’odd’® Marshak conditions as its natural boundary
conditions, and the other having ‘‘even’’ Marshak condi-
tions as {ts natural boundary conditions. The principles
are valid for arbitrary geometry. The odd Marshak con-
ditions are scen to be sulitable for an odd-order Py ap-
proximation and the even Marshak conditions for an even-
order Py approximation. The odd Marshak conditions are
precisely the conditions obtained by Vladimirov from an
extremum principle in which 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 VACUUM AND INTERFACE BOUNDAfY
CONDITIONS IN THE SPHERICAL HARMONICS METHOD.
Tolvanen, TImo. Nucl, Sci, Eng., 25: 275-84(July 1966).
By the technique of splitting the total dircetianxd flux
into cven and odd portions in ungle, the stutlonary mono-
cnergetic Boltzmann cquatiun with arhitrary callislon
kernel and with arblitrary external directianal source of
a reneral geametry s syminetrized to a self-adjoint form.
Tl cantinuky and baundary conditians for the rrsulting
siif-adjoint intrgro-differrntial ciyuation are explicitly
constructed. A varlatlonal princijle {s then set up by de-
vising a scif-udjoint Lagranglan whose minimuni property
is equivalent to the symmetrized Boltzmann cyuation with
the assoclaled contlnnity and boundary conditions. The
developed variational prineiple contains no arbitrarincss
and is used for derlving unique variational boundary con-
ditlons for thc Py appiroximation of the spherical harmon-
les method. it 1s shown, for a general grometry. that
applying the semidirect varlational method with an angle-
indirpendent trial function yiclds, without any physical rea-
soning, the corrcct P, differcntial equation and the corre-
sponding no-return-current boundary condition. (auth)
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C

30852 VARIATIONAL METHOD FOR PROMPT NEU-
TRON KINETICS, Koehler, Waltcr H, (Kernforschungs-
zentrum, Karlsruhe, Ger,), Nukleonik, 8: 203-15(May
1966).

1t 1s shown that the Eulcr-Lagrangc equations of a varl-
atlonal prilneiple are tho mulilgroup dlffusion equations
for yrompit ncutrons and thelir adjolnt cquatlons. The Kan-
torovich mcthod 1s used to get uppiroximate solutions for
tho nonscparuhle flux. The method 1s applicd to a step
chango in configuratlon of the fast care of a coupled fast-
thcrmal reactor. (auth)

B

34490 DETERMINATION OF EIGENVALUES OF THE
DIFFUSlOlj EQUATION BY VARIATIONAL TECHNIQUES,
Bolstad, J. W.; Selengut, D, S, (Univ, of California,

Berkeley), Trans, Amer. Nucl, Soc., 9: 192-3(June 1966).
A
34491 VARIATIONAL ESTIMATES OF DIFFUSION

AND EXTRAPOLATION LENGTHS WITH P; SCATTERING.
Henryson II, H.: Selengut, D, S, (Univ, of California,

Berkeley). Trans. Amer, Nucl, Soc., 9: 193-4(June 1966).
A F
34492 UNIFYING APPROACH TO VARIATIONAL

FORMULATIONS OF THE TRANSPORT EQUATION.
Kaplan, Stanley; Davis, James A, (Bettis Atomic Power
Lab., West Mifflin, Pa,). Trans. Amer, Nucl, Soc,, 9:
194 (June 1966).

B

34494 VARIATIONAL TECHNIQUES APPLIED TO
THE INFINITE-MEDIUM SLOWING DOWN OF NEUTRONS,
Hawk, Thomas L.; Fenech, Henri (Massachusetts Inst.

of Tech,, Cambridge). Trans, Amer. Nucl, Soc., 9: 195~
6 (June 1966),

A

34495 SPACE ANGLE SYNTHESIS: AN APPROACH
TO TRANSPORT APPROXIMA TIONS. Kaplan, Stanley;
Davis, Jamcs A, (Bettis Atomic Power Lab,, West
llwglélsl)ln, Pa.). Trans. Amer, Nucl, Soc., 9: 196-7(June

24

A
34496 NUMERICAL EXAMPLES OF SPACE ANGLE
SYNTHESIS, Natelson, M,; Kaplan, S, (Bcttis Atomio

Power Lab., West Mifflin, Pa.).
Soc,, 9: 197~8(June 1966).

Trans, Amer, Nucl,

G,B

34953 SYNTIIESIS OF TUREE-DIMENSIONAL FLUX
SHAPES USING DISCONTINHQUS SETS OF TRIAL FUNC~
TIONS, Yasinsky, J, I3,; Kaplan, S, (Bettis Atomic Power
Lab,, West Mifflin, Pa.), Trans, Amer, Nucl, Soc., 9;
198-9(June 1966),

B

34954 VARIATIONAL PRINCIPLE FOR TIIE NEU~
TRON-DIFFUSION EQUATION USING DISCONTINUOUS
TRIAL FUNCTIONS, Buslik, A, J. (Bettls Atomic Power
Lab., West Mifflin, Pa.). Trans, Amer, Nucl, Soc,, 9t

199 (June 1966),

G.B
36143 (WAPD-T-1885) A VARIATIONAL PRINCIPLE
FOR THE NEUTRON DIFFUSION EQUATION USING DIS-
CONTINUOUS TRIAL FUNCTIONS, Buslik, A, J, (Bettis
Atomic Power Lab,, Pittsburgh, Pa,), Dec, 1965, Con-
tract AT-11-1-GEN-14, 14p, (CONF-660606-13), Dep.
mn, CFSTI $1,00 cy, $0,50 mn,

From American Nuclear Society Meeting, Denver,

Selengut and Wachspress have developed a varlational
principle for the neutron diffusion equation which permits
the use of discontinuous trial functions. Another variational
principle i{s described which {s useful with a wider class of
trial functions. (M.O.W.)

A

40360 (WAPD-T-1890) ANGLE-SPACE SYNTHESIS:
AN APPROACH TO TRANSPORT APPROXIMATIONS,
Kaplan, S,; Davis, J, A.; Natelson, M. (Bettis Atomic
Power Lab,, Pittsburgh, Pa.)., May 1966, Contract
AT(I1-1)-Gen-14, 49p, (CONF-660606-14), Dep, mn.
CFSTI{ $2,00 cy, $0.50 mn,

From American Nuclear Society Meeting, Dcnver,

Three new idcas are coinbincd to produce an analytical
approach to solution of the ncutron trausport cquation in
rcalistic multidimensional rcactor geonetries. The method
is of the expansion approach type in which the flux is rrpre-
sentcd by a linear combination of known functions of anglc
with mixing cocefficients which are unknown functions of
space. Thc mechanics of the new approach are develojied
in detail and some Initial numerical cxainples are dieseribed.
(11.D.R.)
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F

41409 VARIATIONAL DESCRIPTION OF DISSIPATIVE
PROCESSES, Pomraning, G, C, (General Atomic Div,,
General Dynamics Corp., San Diego, Calif.). J, Nucl,
Energy: Pt, A and B, 20: 617-34(Aug, 1966),

The Roussopoulos variational formalism is applled to
equations with a first-order time derivative. The result-
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 interest, do not
satisfy the boundary conditions, and are not continuous, It
Is shown that the previous functionals presented in the
literature for this type of problem are special cases of
this more general functional. The usc of this variational
principle to estimate a rather gencral class of character-
istics of Interest is discussed. It is also pointed out that
this general functional i{s not unique and arguments are
glven to deal with this non-uniqueness. The variational
descriptlon of the Sturm— Liouville equation is considered
in this same generality. Thls leads to a gencralization
(to a more complete class of admissible trial functions) of
the classical Rayleigh quotient for estimating eigenvalues.
(auth)

G

46987 SYNTHESIS METHODS IN REACTOR ANALYSIS,
Ksplan, S, (Westinghouse Electric Corp., West Mifflin,
Pa.), Advances Nucl, Sci, Technol,, 3;: 233-66(1966).
(WAPD-T-1810),

A collection of methods for solving various problems in
reactor theory is described. The unifylng idea is to reduce
the number of independent variables by constructing an ap-
proximate solution in the form of a lincar combinatlon of
known functions of one or more of the variables, with the
cocffieients of combination being functions only of the re-
malining varlables. One of the linportant applleations of the
deseribed opproximation methods 18 solving the neutron
granp diffuslon equaiions in threc dimenslons with great
spaiial detail, (H.D.R.)

25
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F,C

1848 TIME-DEPENDENT VARIATIONAL PRINCI-
PLES FOR NONCONSERVATIVE SYSTEMS. Jeffrey Lewins
(Royal Engincers, Glasgow). Nucl. Sci. Eng,, 20: 517-20
(Dec. 1964).

Two variatlonal principles are discussed for time-
dependent probles in reactor plysics. The first {s a
stutfonary expressinm for the meter reading at a glven
time, the second a statlonary expression for the integral
of the nicter reading up to a given time, Both the prin-
clples, unltke couventional Lagrangians extended to time-
dependent nonronscrvative systems, have the advantage of
requiring trlal functions ta hie exact only at onc end of the
time Intrrval of futerest. Elther may be generwdized to
account fur noniincarities. The second principle reduces
to the flrst by making a sultable {dentificatian, while the
first prineiple in turn reduces ta a well-laiown and power-
ful variational principle for the steady state. (uuth)

F

2713 TE PRINCIPLES AND APPLICA'TIONS OF
VARIATIONAL METHODS. Martin Becker. Cmnbridge,
Massiachusetis, Massachusetts Institute of ‘Peclinology, 1964
1301, $5.00.

Funtlamental varlutional ealculuy techniques are de-
scrllidd. As nn exmnple, these are applied to the culcula-
tion of fuel depiletion in nuelear reactovs, (T.F.H.)

A, H

3196 ANALYTICAL REPRESENTATION OF NEUTRON
FLUX IN PLATE-LAYERS. Karl-Heinz Mueller (CCR-
EURATOM, Ispra, Italy). Nuklconik, 6: 271-4(Sept. 1964).
(In German)

The dircct mcthod of variation calculation, applied to the
Boltzmann equation for neutron transport. allowed the con-
struction of analytical cxpresslons, by mians of which the
neutron distribution in the rcactor could be described in
clearly arranged ways. For the one-dimensional plate
layers, three useful ways for the solution of shielding
questions are sllown and performed. (tr-auth)

C

3547 VARIATIONAL ANALYSIS OF A NON-LINEAR
KINETICS PROBLEM. David S. Selengut (Knolls Atomic

Power Lab., Schenectady, N. Y.). Trans. Am. Nucl. Soc.,
7: 256-7(Nov. 1964).

D

3562 APPLICATION OF MULTICHANNEL SYNTHE-
SIS TO TWO-DIMENSIONAL DEPLETION CALCULATIONS.
W. H. Turner, F. C. Merriman, and E. C. Hansen (Knolls
Atomic Power Lab., Schenectady, N. Y.). Trans. Am.
Nucl. Soc., 7: 290(Nov. 1964).
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D

3563 LEAST SQUARES VARIATIONAL ANALYSIS OF
THE BURNUP PROBLEM. Martin Becker (Knolls Atomic
Power Lab., Schenectady. N. Y.) and {lenrl Fenech. Trans.
Am. Nucl. Soc., 7: 290-I(Nov. 1964).

G,D

5436 (WADP1)-TM-468) TNTO2— A THREE-DIMEN-
SIONAL NEUTRON FL.UX SYNTHESIS AND DEPILETION
CALCULATION COMIWUTEIf PROGRAM. C. A. FlLiunugan,
R. 1. Breen, O. J. Marlowe, und A. J. Vigilottl (Westing-
honse Electric Corp. Bottis Atomic Powor Lab., West
Mifflin, Penni.). Aug. 1964, Contract AT=-11-1-GEN-14,
D, Depo@ung; $41.00(cy), 2(mn) OTS.

TNTOZ {8 a three-dlinensional neutron flux synthesis and
depletion code for Philco 2000 made up by TNT2A, which
determines the Integrals of the pruducts of two-dimensional
trial ail wolght functions, TN'T2B, which performs the de-
pletlon calculations, and ‘INT2C, which performs ro-dcple-
tion calculatfons for detalled power distributions. (R.E.U.)

F

8383 GENERALIZATION OF THE VARIATIONAL
MET{{OD OF KAHAN, RIDEAU, AND ROUSSOPOULOS AND
ITS APPLICATION TO NEUTRON TRANSPORT TI{EORY.
Morton D. Kostin (Princcton Univ., N, J.) and Harvey
Brouks. J. Math. Phys. (N, Y.), 5: 1691-1700(Dcc. 1964),
‘The varfational mcthod of Kahan, itidcau, and Roussop-~
oulos (KRR) frequently used in noutron transport theory
to cstimate welghted averages is extended and gencralized.
In the KRR varfational mcthod a first varlation in the trial
fuuctions produccs a sccond varfation in the estiinate of
the welghted average. Two generalleed variational funo-
tlonals which depend on trial operators Instead of trial
functions arc given. A first variation in the trial operators
produces an nth varfation in the cstimate of the welghted
average when an nth order generalized variational functional
18 used. Both perturbation theory amd the KRR variational
mcthod arc derived as speclil cases of the generalized
varfational method. Scveral examples including caleulations
of trunsport cquation spatial momentr using diffusion oqua-

tion solutions as triul operators aro studied with good re~
sults. (auth)

G

12455 (FUR-2174.1) SOLUZIONE NUMERICA DI
ALCUNI PROBLEMI BIDIMENSIONALI DELLA DIFFU-
SIONE NEUTRONICA COL METODO VARIAZIONALE DI
RITZ. (Numcrical Solution of Somo Two-Dimcensional
Diffusion Ncutronical Problems by the Varlational Ritz
Method). 1. Galligani (European Atomic Encrgy Commu-
nity. Joint Nuclear Research Center, Ispra, Italy and
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Europcan Atomic Encrgy Community. European Scientific
Data Proccssing Center, Ispra, Italy). 1964. 82p. Dep.
(mn). .

The approximate solutions of the homogeneous problem
and of the iInhomogeneous problem of thc multigroup neu-
tron diffusion theory may be obtained by scarching for the
functions which render suitable stationary functionals.
These functions are calculated by the Ritz method. Some
- numcrical cxperiments are given in order to compare the
Ritz method with the finitc difference method on two-dl-
nensional diffusion problems. (auth)

D

14803 (CONF-611-26) LEAST SQUARES VARIA -
TIONAL, ANALYSIS OF THE HURNUD PROBLEM, Martin
Becker (Kunofls Atsunic Power Lah,, Schencetady, N. Y.)
and Henri Fenech (Masswchuseits Inst, of Tech,, Cam-
bridge). [1964]. Contract W-31-109-1rng-52. 14p. Dcp.
(mn); $1.00(cy), 1{mn) OTS,

From American Nuclear Socicty Mccting, Sun Franclsco,
Nov.-Dec. 1964.

A humogencous, hare-slah rexctor is considered that
has a single fucl «nd is controlled by a variable uniform
poison. One-group thcory is uscd to desceribe the ncutron
behavior, The fucl burnup in this reactor is calculated by
least-squures variational tcchniques. The FEVER com-
puter code is used for the calculations, (T.F.H.)

B

17234 A MODIF1ED KANTOROWITSCH MET{{OD FOU
TI1E DIFFUSION THEORETICAL CALCYLATION OF RE-
ACTORS WITl{ COMPLICATED GEOMETRIES. PARTL
{iermann Schacffler (Technische lochschule, Stutigart).
Nuklconik, 6: 384-95(Dcc. 1964). (In German)

For reactors with complicated geometry, as s present.
for oxample, on uccount of any control clements (rods or
plates) introduced in the reactor, the diffusion equation is
not solulilc analytically, An approximation method must bhe
uscd. The modified Kantarawitsch methiod makes it possible
to calcnlace a lurge class of such non-sceparahle geome-
triea, It diffrrs from the appraximation methods used in
the litcrature in that it makes it passilile to obtain very
accurate resulis it relatively low expenditure, The caleu-
lation time amaunts, in ¢he medified method, to only a
fractlon of the thne neecessary for other methnds, it {8
posginle to calenlate eanplicalidd prohilems In praciicable
caleulatlon tinne, The methad depends un n new formuln-
tion by means of which the varfatian pronlem cquivalent to

1he differendial equalion piroblem can be solved approxi-
marely. The method was dirnwoustrated on thr example of
, tare eyhindrer reietar with central partially inserted
park comrol rod and a reiactor with re-cnlering angles,
ar-anth)

27

B

17235 A MODIFIED KANTOROWITSC{i METHOD
11k TIIE DIFFUSION THEORETICAL CALCULATION OF
REACTORS WITH COMPLICATED GEOMETRIES. PART
ii. llermann Schaeffler (Technische llochschule, Stutigart).
sukiennik, G2 395-4ub(lec, 1964). (In German)

The modificd mcthod was discuased for some special
canirol rud positions. It was applied to a reactor with rc-

- entering angles and expanded to some further gcometrics.

sumerical results were given for the eigenvalucs and com-
pared with values from the literature. (tr-auth)

'G.B

21638 (CONF-650501 -4) VARIATIONAL SYNTHESIS
WITH DISCONTINUOUS TRIAL FUNCTIONS, E. L, Wach-
spress and M. Becker (Knolls Atomic Power Lab., Sche-
nectady, N, Y,). Fcb, 1965. Contract W-31-109~-cng-52.
22p. Dep.(mn); $1.00(cy), 1(mn) CFSTI,

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

The multichannel flux synthesis mcthod for treating neu-
tron-diffusion problems in several dimensions is consid-
ered. In this method, rcgions are reprcsented by nodes,
and nodal difference equations are derived with the aid of
the lower-dimensional rcsults. By suitably choosing a
functional and trial functions, nodal difference equations
are derived from varlational principles. Discontinuous
trial functions are used. Methods for obviating the diffi-
culties presented by these discontinnities are discussed.
(T.F.H,)

G

21654 SOLUTION OF A TWO-DIMENSIONAL NEUTRON
DIFFUSION PROBLEM BY FLUX SYNTHESIS. Petcr
Killan (AEG-Kernenergieanlagen, Frankfurt am Main).
Nukleonik, 6: 340-4(Nov. 1964). (In German)

The calculation of the two-dimensional distribution of
the thermal neutron flux ln the large cell of a water-mod-
erated reactor was reduced with the help of a variation
method to the caiculation of the one-dimensional flux dis-
tribution. The position- dependent superposition of a second
one-dimcnslonal asymiptotic flux glves a good approximation
of the flux distribution. Iterations improved the rcsults only
slightly. (tr-auth)

C

27397 (WANL-TNR-133) VAR{-QUIR—A TWO-
DIMENSIONAL TIME-DEPENDENT MUL.TI-GROUP DiF-
FUSION CODE. J. W. Riese and G. Collier (Westinghouse
Electric Corp., Pittsburgh, Pa. Astronuclear Lab.).

Sept. 1963. 93p.

A varlational approximation is developed to solve the
time-dependcnt neutron diffusion equations. The nicthod is
incorporatcd into a computer code, which allows up to 4
energy groups and 6 precursors. Some saniple results
are presentcd. (auth)
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B

27407 A MORE STRAIGHTFORWARD USE OF VARI-
ATIONAL PRINCIPLES WITil BOUNDARY CONDITIONS,
Harvey Amstcr (Unlv, of Californla, Berkelcy). Nucl. Sci,
Eng., 22: 254-9(1965).

A previous trcatment (Nucl, Sci. Fng., 18: 147-54(1963))
of one-group dlffuslon thcory for a homogcneous slab {s
reviewed for the speelal situatlon in which scattering is
isotropic and no ncutrons cntcr the medium outside its
surfaces. (C.E.S.)

A

27408 THE TREATMENT OF BOUNDARY TERMS IN
A VARIATIONAL DPRINCIPLE CHARACTERIZING TRANS-
PORT THEORY. G, C. Pomraning (General Atomlc Div,,
General Dynamics Corp., Sun Dicgo, Calif,). Nucl, Sci.
Eng., 22: 259-61(1965).

A varfatlonul treatment (H. Amster, Nucl. Sci., Eng.,
22: 255 (1965)) of the diffusion thcory houndary conditions
is considcred. This trcaiment {8 purported to be morc
corrcct than a variational treatment by Pomraning and
Clark (Nucl. Sci. Eng., 16: 147 (1963)). It {s pointed out
that the troatment of the diffusion thcory (or highcr order
Py) boundary conditions {8, by nccessity, arbitrary (cven
within the franicwork of thc variational mcthod) and that
the two treatments arc differcnt in their alms, (C.E.S.)

A

27409 ANSWER 70 POMRANING'S REBUTTAL ON
VARIATIONAL HHOUNDARY CONDITIONS, larvey Amater
EUnlv. of California, Berkeley). Nucl. Sci, Eng., 22: 262
1965),

Rebuttal to the arguments given in “The Treatment of
Boundary Tcrins in a Varlational Princljile Churactor{zing
Transport Theory®® (Nucl. Sci. kng., 22: 259 (1965)) {s prec-
scnted. (C.E.S.)

C

29206 THE APPLICATION OF TWO VARIATIONAL
TECHNIQUES TO THE ANALYSIS OF THE PULSED-~
NEUTRON EXPERIMENT. Robert B, Rasminas, G. R.
Dalton, and M, J. Ohanian (Univ, of Florida, Gainesville).
Trans, Am, Nucl. Soc., 8: 274(May 1965).

C

29529 COMPARISON OF THREE VARIATIONAL
METHODS APPLIED TO A KINETICS PROBLEM. H.
Fenech and V. Orphan (Massachusetts Inst. of Tech,, Cam-
bridge), Trans, Am. Nucl. Soc., 8: 223-4(May 19685).

28

A

31430 STUDY ON AN ANALYTICAL REPRESENTA-
TION OF THE NEUTRON FLUX IN PLATE LAMINATIONS.
Karl-Heinz Mueller (CCR Euratom, lspra, Italy). Nuk-
leonik, 6: 271-4(1964). (in German) (EUR-876.d)

The dircct variation-calculus method, if applicd to the
Boltzmann ncutron transport equatlon, cnables analytical
expressions to be formulated by means of which the ncutron
distribution In the reactor can be clearly described. For
thc unidimcensional platc lamination, thrce mcthods which
lend themselves readily to the solution of shieldlng ques-
tions are adduced and applied. (auth)

A

3)3‘?6 (NWS-R-415) THE ASYMI"PUTIC ANGULAR
EIENDENT LEAKAGE SEECTRUM OF THERMAL

NEUTRONS. Kladnik, R, (Nuklearnl fustitut *‘Jozef
Stefan,” Ljubljana (Yugoslavia)). Aug. 1964, 19p.
Dep.(mn).

The application of the variational method in velocity-
dcpendent transport theory is deseribed for the easc of
a pulsed Infinite slah. The extrapolated 1ndpoint and the
buckling as functions of the slab thickness are caleulated
from a given transcendrntal equation. The expresslon for
the angular and rnergy distribution of leakage ncutrons is
improved by onc itcration of the integral transport cqua-
tion. Thc results arc discussed for threc different scat-
tering models: monatomic gas, Nclkin water, and the
Egelstaff model. It {s found that Nelkin's model gives a
better cstimatc for the integral constants, whereas the
Egelsta{f's law 1s more suitable for the 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.). Nuel.
Sci. Eng., 22: 385-6(July 1965).

In connection with the applicatlon of synthesis techniques
to various time-dependent problems, a variational prin-
ciple was previously presented for linear time-depcndent
group-diffusion theory. However, the principle {8 not sta-
tionary with respect to arbitrary variations in the func-
tions involved. It is shown that this difficulty can be
avoided by inclusion of appropriate boundary terms in
the functional. (D.C.W.)

C

47945 (ANL~7050, pp 159-77) VARIATIONAL
METHODS FOR THE SOLUTION OF PROBLEMS OF RE-
ACTOR KINETICS., Galligani, {lio (European Atomic
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Energy Community, Ispra (Italy). Joint Nuclear Recsearch
Center).

The solution of the time-dependent multigroup, multire-
glon diffusion equations may bc obtained by searching for
the functions that render stationary a particular functional.
These functions arc determined numerically by Kantoro-
vich's method and by Fulcr's mothod. With the Kantorovich
method the flux and tho adjoint flux aro cxpanded In a set
of spaco-dcpendent trial functions with time-dependent co-
efficicnts. These cocfficienis ire determined by solving
with a '‘one-step method? a system of ordinary dlffcrentlal
equations, Tho Fulcr method consists in scarching for the
functions that render stationary the above functional {n the
class of plocowise linear functions. These functlons satisfy
a large systcin of ordinary difforentlal cquations and nre
determined nuincrically by thrie different methods, the
“implicit’® mcthwd, the “inmiplicitly explleit’® mcthod, und
the Saul’yov ’‘uitcruating’® mecthod. A compurison between
the Kantorovich method and the Euler method 18 made by
means of some nunieriral oxamples, (auth)

29
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A

994 A NEW ASYMPTOTIC DIFFUSION THEORY.
G. C. Pomraning and M. Clark, Jr. (Massachusetts Inst.
of Tech,, Cambrldge). Nucl. Sci. Eng., 17: 227-33(Oct.
1963).

The variational formalism is used to derive from the
monoenergctic Boltzmann equation a diffusion thcory with
tho asymptotic transport diffusion cocfficient. By consid-
cring an Interface between two media as the limiting case
of a medium with continuously varying propertics, the
boundary conditlons are found to bc contlnuity of current
and a specificd dlscontlinuity iu the scalar flux. Tho var{-
atlonal formalism glves the lincar cxtrapolation distance
for a purc scattercr accurato to within onc-half porcent.
Numecrical comparisons with classieul (P-1) diffuaion
theory for a ccll calculatlon indlcate that the variational
diffusion theory 1s significantly more accurite; the ac-
curacy njipears to be compurahile wiih that of the p-3
methud, (iuth)

F

1180 ON THE DERIVATION OF A VARIATIONAL
PRINCIPLE FOR LINEAR SYSTEMS. D. S. Sclengut
(Knolls Atomic Power Lab., Schencctady, N. Y.). Nucl.
Sci. Eng., 17: 310-11(Oct. 1963). (TID-18628)

A specificd physical system, such as a reactor, whose
state is described by a function of the relevant phase space
coordinatcs is considered. A derivatlon is outlined that
enables onc to take a given linear theory and immediately
obtain a lagrangian whose statlonary property s equivalent
to the equations of thec thcory and that constitutcs a varia-
tional principie for the estimation of an arbitrary linear
functional of the state of the system. (C.E.S.)

B

3121 A VARIATIONAL PRINC{PLE FOR HETEROG-
ENOUS RESONANCE CAPTURE. Paul F. Gast (Gcneral
Electric Co,, Hanford, Wash,). Trans, Am. Nucl. Soc., 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.
Marlowe (Westinghouse Electric Corp., Pittsburgh).
Trans. Am. Nucl. Soc., 6: 254-5(Nov. 1963).

30

C

7659 (CONF-187-27) APPLICATION OF THE VAR-
{ATIONAL METIIOD TO Tl CALCULATION OF TUE
TIME DEPENDENCE OF Tiik NEUTRON FLUX IN SMALL
PULSED SLABS, CYLINDERS AND SPHERES, F. D. Judge
and 1. B, Daiteh (Reussclaer Palytechnie lust., Troy,

N. Y.). Ind|l. Contract W-31-109-rng-52. 20p.

From American Nuclear Socicty Mccetings, New York,
Nov, 1983.

The varfatlonal method {s applied to the monarncergirtic
time dependent transport equation 10 ohtain a simple re-
lation for the asymptotic decay constant in sinall pulsed
assemblies. The results Indleate that flat triul funcifons
may be a reasonable rceprirsentaiion of the flux distrihu-
tions in ilic thin slab linit. This approach 18 superior to
many of the usual transport approxlmations. (auth)

B

15131 (EUR-532.e) A MULTI-DIMENSIONAL, MULTI-
GROUP, MULTIREGION, NEUTRON DIFFUSION CODE
(ITERATIVE-VARIATIONAL APPROACI). M. Lunelll and
G. Maggloni (Milan. Universitd). 1964. I170p.

The program LOUISE III, in FORTRAN for the IBM 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 {terativc-variational technique is used.
The diffusion differential equations considercd are in-
cluded, together with a sample problem and thc FORTRAN
Hsting. LOUISE 1I has given results In agrecment with
WIHHRLAWAY, whilc rcquiring a inuch shorter exccution

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. Kaplan, O. J, Marlowe, and W. R, Cadwell (Westinghouse
Elcctric Corp, Bettls Atomic Power Lab,, Pittsburgh).
Dec. 1963. Contract AT(11-1)-Gen-14, T7Ip,

A method for constructing approximate solutlons to the .
thrce-dimensional group diffusion equations using only
one- and two-dimensional programs is presented, The
computer programs that have been developed to carry out
this construction are dcscribed, and instructions are glven
for their use. (auth)
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C

15154 APPLICATION OF SYNTHESIS TECHNIQUES
TO PROBLEMS INVOLVING TIME DEPENDENCE, 8, Kap-
lan, O. J. Marlowe, and J. Bewick (Westinghouse Electric
Corp.. Pittsburgh). Nucl. Sci. Eng., 18: 163-76(Feb. 1964).
(WAPD-T-1599)

A method described previously for synthesizing three-
dimensional flux distributions 1s extcnded to reactor ki-
netics problems and to lifetime studies. The method I8
outllned, and some numerical examples are presented, The
rcsults of these show the mcthod to be a practical way of
solving time-dcpondent reactor problems with a detalled
spatial model. (auth)

B

15468 (EUR-217.d(Pt. I and 11)) UBER LOSUNGSVER-
FAUREN FUR DIE BOLTZMANN-GLEICHUNG. TEIL1
AND 1I. (The Application of the Direct Method of the
Varlational-Calculus. Part i and {f). K.-H. Mueller
(Eurpoean Atomic Energy Community. Joint Nuclear
Rescarch Center, Ispra, italy). 1964. 30p.

A functional is given in which the P approximation to
the Boltzmann equation of neutron dynamics 18 In the form
of Euler equatlons. The rcquirement for the related ex-
treme values is thus equivalent to the differential equatlon
system of the P, approximation. The direct method of cal-
culating varlations can be used to solve the variation prob-
lem. An exclusive system of sclection functlons. suitable
for concrete reactor problems, provides a clear and sim-
ple method for calculating criticality and neutron flux. The
result of each of these three procedures is called reduced
Boltzmann-eq. This matrix {s an Integro-diff.eq. in (1)
velocity and time. {2) space and time, and (3) time. A
successive application of transformation (2) after (1) or
(1) after (2) is possible. Examplcs illustrate the essential
steps of the consideration. (auth)

A

18858 NEUTRON TRANSPORT IN CYLINDRICAL
RODS. K. Bingham Cady and Melville Clark, Jr. (Massa-
chusetts Inst. of Tech., Cambridge). Nucl, Sci. Eng. 18:
491-507(Apr. 1964).

A calculational method for Boltzmann's one-velocity,
Isotropic scattering transport equation s dcvcloped for
cylindrical rods. The starting point is Pclerl’s integral
cquation, and the technique may be interpreted as a mo-
ments method or a variational method. Numerical results
In the form of graphs arc given for a sct of standard prob-
lems. These problems include volume sources, surface

31

A

18859 AN IMPROVED FREE-SURFACE BOUNDARY
CONDITION FOR THE P-3 APPROXIMATION. G.C.
Poraraning (Gencral Electric Co., Pleasanton, Calif.).
Nucl, Sci. Eng., 18: 528-30(Apr. 1964).

Variational calculus is used to obtain an approximate
free.surface boundary condition for the Py approximation
In the monoenergetic neutron transport equations. Slab
teometry is considcred for simplicity. (C.E.S.)

sources, and the critical rod problem. For arbitrary,
axlally symmetric sourccs {nside or outside the rod, a
knowledge of the uncollided flux is sufficient to determine
the escape probablility from the rod in terms of these
standard probiems, (auth)

A

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

It {s shown that thc monovenergetic ncutron transport
equation and thc assoclated boundary conditions can be
characterized by a Lagranglan, A proper choice of thc
trial function for thls Lagrangian lcads to the wldely uscd
spherical harmonics approximation as the Euler- Lagrange
equations, A set of boundary conditions fnr the spherical
harmoni: equations {s the result uf the logical application
of the vari:tional method, These variational boundary con-
ditions appear to be slgnificantly niore niccurate than the
boundary conditlons presently in generul usc. For exam-
ple, the usc of the varlational boundary conditions at a
free surface reduces the error (comnjinred with the hound-
ary conditions presently used) in the lincar extrapolition
dlstancc for the Milne prolilemn hy several fuctors, In
particular, the P-1 (diffusion) approxiinaiinm yields a value
of 0.7071 (in units of mcan frec paths) and the P-3 approxi-
mation ylelds a value of 0.7118, both comparing qulte fav-
orably with the exact value of 0.7104, (auth)

A

28532 SPATIAL EXPANSION OF T{{E TRANSPORT
EQUATION. G, C. Pomraning and M. Clark, Jr. (Massa-
chusctts Inst. of Tech.,, Cambiridge). J. Nucl. Energy,
Pt. A & B, 18: 191-209(Apr. {964).

The solution of tho monoencrgotic transpari equxtion In
slah goomctry is cxpanded in terms of known gpmiad func-
tions and unknown angular coefficicnts, Two general for-
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malisms—a variationul methud and 2 moment-conservation
method - are developed to olititin the necessary cquations for
the angulur cacfflelents, ‘The Ldtor formalism is empha-
slzed slnce it always ylclds ncutron consorvation. Further,
it is shown that this formalism trcats exactly any incident
flux boundary conditlon, Including the discontinuous vacuum
boundary conditlon. For small systcms with u hlghly peaked
dlrcctional flux, a spatial expansion of tho directional flux
in Integer powcrs of z (tho spatial co-ordinatc) is shown to
yleld cxtremely good results. Thus, a polynomlal cxpansion
forms a complement to the wildely used angular expansions,
such as tho P-N (spherical harmonic) method, which are
most accurate for large systoms with an almost {sotropic
diroctlonal flux, To emphasize the fact that the formalisms
dovoloped are applicable to any spatial expansion functlons,
the penctration (of a normal beam) problem is considered
with exponential expansion functlons. The analysls {s shown
to reduce to the exact transport result in all known limits,
(auth)

B

28536 A VARIATIONAL PROCEDURE FOR CALCU-
LATING HIGH-ENERGY, FEW-GROUP, SPATIALLY DE-
PENDENT SPECTRA, P. A, Ombrellaro (Knolls Atomic
Power Lab., Schencctady, N, Y.). Trans. Am, Nucl. Soc.,
7: 10-11(June 1964).

F

28537 LEAST-SQUARES VARIATIONAL METHODS.
Martin Becker and Henri Fenech (Massachusetts Inst, of
Tech., Cambrldge). Trans, Am, Nucl, Soc,, 7; 11-12(June
1964).

C

28539% A VARIATIONAL TECHNIQUE FOR SPACE-
TIME NEUTRON DIFFUSION., J. W. Riese (Westinghouse
Electric Corp., Plttsburgh)., Trans. Am. Nucl, Soc., 7: 22-
3(Juno 1964),

A

28966 APPLICATION OF TIIE DIRECT METIIOD OF
VARIATIONAL CA{.CUL.US T0 TllE BOLTZMANN EQUA-
TION. K. . Mucller (Kuratom, Ispra, Italy). Trans, Am.
Nucl. Suve., 7: 9-10(Juno 1964).
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G

28968 APPLICATION OF FLUX SYNTIESIS TO
PARAMETRIC-OPTIMI{ZATION STUDIES, N. J. Curlce, Jr.
(Westinghouse Elcctrle Corp., Plttsburgh). Trans. Am,
Nucl. Soc., 7: 12(Junc 1964).

A

30701 ON THE VARIATIONAL METHOD APPLIED TO

- THE MONOENERGETIC BOLTZMANN EQUATION, Janusz

R, Mika (Inst. of Nuclcar Rcsearch, Warsaw).
Eng., 19; 377-8(July 1964),

The separation of the non-self-adjointness from the
monoenergctic Boltzmann equation {s discusscd. The proper
boundary terms that yleld the boundary conditions corre-

spanding to the adjoint Boltzmann equation are derived,
(C.E.S.)

Nucl. Sci.

B, E

2714 (CONF-446-7) A VARIATIONAL PROCEDURE
FOR CALCULATING HIGH-ENERGY FEW-GROUP
YPATIALLY DEPENDENT SPECTRA. P, A. Ombrellaro
(Knolis Atomic Power Lab., Scheneelady, N. Y.). [Junc
1964]. Contract W-31-109-cng-52. 14p.

From American Nuclcar Society 10th Annual Mccting,
Phifadclphia, Junc 1964.

A fast mcthod that provides the accuracy coinparable
v multigroup methods was developed for reactor caleula-
tions in the 10 Mev to 0.625 cv range. The encrgy range
Ix divided Into threr: discrete lethargy groups in which a
different set of two overlajping speetra 18 usid for cach
Xfoup. Rcsults arc compared with 1BM 704 multigroup
PIMG cafcutations. (1.K.U.)

C,A

32721 A VARIATIONAL APPROACI{ TO THE TIME-
DEPENDENT SLAB. R. Kladnik (Kcrnforschungszentrum,
Karlsruhe, Ger.). Nuklconik, 6: 147-53(May 1964).

The asymptotic behavior of a ncutron pulsc Injected into
an infinite slab of finite thickness s discussed. For {llus-
tration, a monokinetic transport of ncutrons with isotropic
scattering was choscn, Two intcgrals of the transport
equation and the variational mrthod arc used in order to
obtain the dependence of the extrapolated cnd polat upon
the slab thickness. The extrapolatcd cnd point xq 18 ob-
tained as the largest positive root of a given transcendental
equation, It {8 suggcstcd that the asymptotic mode may
exist within the slab no matter how thin the slab is. The
expression for the angular distribution of the leaking neu-
trons was Improvcd by one iteration of the integral trans-
port equation, The results show a characteristic angular
peaking of the ncutrons lcaking from slabs of extreniely
small thickncsses. (auth)
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2821 (HW-SA-3190) CONTROL OPTIMIZATION BY
VARIATIONAL CAL.CULUS. Albert L. Ruiz (General
ticctrle Co. Hanford Atomic Products Operation, Rich-
land, Wash.). Sept. 10, 1963. Contract AT(45-1)-1350.
dp.

The usc of dynamic programming to synthesize an optimal
rentrol system when the performance Index 1s expressed as
an Integral leads to results that have been shown to be
~quivalent to the usc of the calculus of varlations with natu-
rul boundary conditions. With this approach, the extension
to othirr tyjn's of houndary conditions 1s not obvious. On the
other hand, the use of the ealculus of variations leads to re-
sults for all types of boundury conditions, us long as the
varialiles arc continuous. For i linrar pracess and qua-
dratir performinec index, the derived control luw is the
same for all cases of admissibie boundiery conditions, and
the firedback factors and gains are calculated from scts of
first order differential cquations that are of the same gen-
eral form in each casc, although differing in detail. For a
nonlincar process or a nonquadratic performiunce index, the
method gives a symhiolic expresslon for the optimal control
law. The evaluation of this cxpression for particular prob-
lcms depends on onc’s ability to solve, cxactly or approxi-
mately, a nonlinear diffcrential equation. (auth)

A
40466 (APED-4342) SPATIAL EXPANSION OF THE
TRANSPORT EQUATION. G. C. Pomraning and M. Clark.
Jr. (Gencral Electrle Co. Vallecitos Atomic Lab.,
Pleasanton, Calif.). Mar. 25, 1964. 39p. (63-APE-16)
The solution of the monvenergetic transport equation in
slab gcometry Is expanded in terms of known spatial func-
tlons and unknown angular coefflclents. Two general for-
malisms. a variational mcthod and a nioment conservalion
method, are develojied to obtaln the nccessary equations for
the angular cocfficients. The latter formalism Is em-
phasized since it always ylelds neutron conservation. Fur-
ther, it is shown that this formalism treats exactly any
incident flux liwundary condition, including the discontinu-
ous vacuum houndary condition. For small systemis with
a highly peaked dircctional flux, a spatial expansion of the
directional flux in integer powers of z (the spatial coor-
dinate) is shown to yicld extremely good results. Thus a
polynoniial expansion forms a complemi:nt to the widely
used angular expansiuns, such as thi P-N (spherical har-
monic) method, which are most accurate for large systems
with an alnibst isutropic directional flux. To emphaslze
the fact thut the formalisms developed are applleable to
any spatial expansion functions, the penetration (of a normal
lieam) problrni is considered with exponential expansion
functions. Tle anilysis 1s shown to reduce to the exact
trunsport result in all known Hmits. (auth)
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B, E

42597 (TID-7050(p.229-76)) FAST GROUP FITTED
CONSTANTS IN FEW-GROUP THEOItY, P, A, Omincllaro
(Knolls Atomlc Power Lab., Schencctady, N, Y.).

Two schemes for calculating fast few-group constants for
core depletion calculations are described. The fitted cross-
section scheme expresses the fast grroup constants in terms
of effective microscopic cross sections, wlich are ohtalned
by fitting the simple group-constant formulas to the group
constants obtained from a multigroup program such as
MUFT. The second scheme uses a variational methiod to
solve the energy-dependent diffusion equations based an
the assumption that, for a given composition, the flux
spectrum s adequately given as a linear combination of
two flux base spcctra, and similarly for the current spce-
trum, where the bases are choscn to represent soft and
hard spectra. The energy range from 10 Mev to 0.625 ev
is represented in tcrms of lethargy, and few-group con-
stants are obtained for a threc-, two-, and one-group
representation. (R.E.U.)

B,E

42605 (TID-7050(.494-519)) A TWO-MODFE VARIA-
TIONAL PROCEDURE FOR CALCULATING TIIERMAL-
DIFFUSION THEORY PARAMETERS, P. A, Ombrecllaro
(Knolls Atomic Power Lab., Schenectady, N. Y.).

The approximation of variations in the thcrmal group
constants with deplction liy a two-modc variational procc-
dure Is discussed. The procedure was programmed in
FORTRAN for IBM 704 (SPG), and the rcsults were com-
pared with group constants obtained from the SOFOCATE
program. (R.E.U.)

G,B

42927 (TID-7050(p.657-678)) SINGLE-CHANNEL
SYNTUHESIS. J. H. Leonard (Wcstinghouse Electric Corp.
Bettis Atomic Power Lab., Pittshurgh).

The development of thrce -dimensional flux and power
distributions in a reactor by combining one- and two-
dimensional calculations for different portions of the re-
actor core |s discussed. Synthesls (combination) involving
a single axial function {s known as single-channel synthesis,
and Is dlscussed. (R.E.U.)
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G, B

42928 (TID-7050(p.678-710)) MULTICHANNEL SYN-
THESIS. E. L. Wachspress (Knolls Atomic Power Lab.,
Schencctady, N. Y.).

Thc 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 s discussed. Synthesis involving simultaneous
computation of several flux distributions parallel to the z
axls is discussed. (R.E.U.)

G,B

42929 (TID-5050(p.710-28)) VARIATIONAL SYNTHE-
SIS. 8. Kaplan (Westinghouse Electric Corp. Bettis
Atomic Power Lab., Pittsburgh),

The development of three-dimensional flux and power
distributions In a reactor by combining one- and two-
dlmensional calculations for diffcrent portions of the re-
actor core is discussed. It is assuined that the radial flux
distributions are not independent of the axial flux distribu-
tions and that they vary continuously with the axial posi-
tion. A set of trial radlal distributions, representative of
the possible extreme radial distributions, are combined by
ineans of a variational principle applied to the flux distri-
butions over the entire core to give the optimum combina-
tion of these trial radfal flux distributions as a function of
axial position, thus ylelding a continuous distribution of
flux in 1hree dlinensions. (R.E.U.) '
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F

3745 WINNER OF Ti{K MARK MILLS AWARD —A
GENERALIZED VARMATIONAL METIHOD FOR REACTOR
ANALYSIS. Alfred L. Mowery, Jr. and Raymand L. Mur-
riay (North Curolina State Cofl., Ralcigh). ‘I'rans. Am.
Nucl. Soc., 5: 347(Nuav. 1962).

C

3820 SPACE AND TIME SYNTHESIS Y THFR vari-
ATIONAL METHOD, S, Kiqiha (Westinghouse Electrie
Coryi., Pittsburgh). Trias, Am. Nuel, Soe,, 50 112-13(Nov,
1962),

F

3821 THE CONNSTRUCTION O AIIPROXIMAYL
TUHEORIES UY VARIATTIONAL METHADS, D, S, Sclenp
(Knolls Atomic Power Lab., Sclhienectady, N, Y,). Trans,
Am. Nucl. Soc., 5: 413-14(Nov. 1962).

E

4043 VARIATIONAL METHODS {N NEUTRON THER-
MALIZATION. D. S. Sclengut (Knolls Atomic Power Lab.,
Schenectady, N. Y.). p.162-86 of *‘Neutron Physics.”

New York, Academic Press, 1962,

The general formalism and tlc¢ cstimatlon of adjoint tiil
functions of the variational mecthods in ncutron thermaliza-
tion arc trcated. Some typical problems in neutron ther-
malization arc discussed: the determination of the ncutron
spectrum In an infinite medium with a uniform sourcc; the
spectrum of u decaying pulsc of ncutrons as a function of
time in a finite block of material and the associated ther-
malization timec consiani; and the rcthermalization cross
sectlion and asymptotic dccay lewygth at large distances from
a localized statte source of thermal neutrons. The varia-
tional mcthoil proviiles a unificd mcans of caleniating? these
quantitics in terms of u few parameters with direct physi-
cal intcrpretations. (W.D.M.)

E,B

5298 (KAP1.-2220) A VARIATIONAL PROCEDURE
FOR CALCULATING FAST FEW-GROUP CONSTANTS,

P. A. Omnlirellaro and F. D, Federighi (Knolls Atomic
Power Lab,, Schcnectady, N. Y.), Aug, 10, 1962, Contract

W-31-109-eng-52, 46p,

A variational procedure for calculating fast-cnergy few-
group constants ls described. For a given medium, the
method permits the flux and current solutions of the Boltz-
mann equation, treated according to P-1 slowing-down
thcory In cach group of a few-group schenie as a linear
comblinatlon of two base flux spectra to be expressed, the
group flux to be obtained, and as a linear combination of
two base current speetra, the group current to hic obtained.
Tho cocificicnts for conililning the base spectra arc pro-
vided by thc theory and depend only on the concentrations
of the compouncnt elements of the incdium, Once the flux and
currcnt spectra in cach group are calculated, the group con~
stants for the nicdium can be casily calculated from base-
flux-spectra weightcd library microscopic cross sections.
Group constants culculated in this manncr agrce well with
thosc obtamcd from thec MUFT § program. (auth)

C
9863 (WAPD-T-1534) SPACE AND TIME SYNTHE-
SIS BY THE VARIATIONAL METHOD. S. Kaplan (Westing-
house Elcctric Corp. Bettis Atomic Power Lab., Pitts-
burgh). Oct, 1962, Contract AT(I1-1)-Gen-14, 29p.
Approximation methods being devclopcd for the solutioa
of few-group diffusion equations for core designs requiring
solutions to largo-size problems are dcscribed, These
mcthods use the proccss of synthesis by constructing ap-
proximate solutions to multi-diinensional problems out of
solutions to fower dimensional problems, Both space and
time synthesis by tho variation:d micthod arc described.
(M.C.G.)

F

11972 A GENERALIZED VARIATIONAL METHOD
FOR REACTOR ANALYSIS. Alfred L. Mowery, Jr. and
Raymond L. Murray (North Carolina State Coll., -Raleigh).
Nucl. Sci. Eng., 14: 401-13(Dec. 1962).

A technique designated as the generalized variational
method (GVM) i8 described. The analysis {8 based on the
wariational approach and is an outgrowth of investigations
in the hypercircle method. ln essence, the GVM consists
of considering the trial functions that appear symmetrically
(quadratically) in a positive-scmidefinite variational
principle as independent functions. A proposition is proved
W demonstrate generally that the approximate cigenvalue
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obtalned from the GVM is at least as accurate as the
Reometric average of thc associated approximate elgen-
values. Also, a conjecture {8 proposed that the accuracy of
the generalized variational elgenvalue {8 comparable to

ihat of a variational result cmploylng a trial function in-
torporating the dimensionality of both associated trial
functions. The application of thc GVM to the perturbation-
varlational method yiclds results that establlsh the method.
The generalized method completes the perturbation-
varlatlonal method by providing the even-order approximate
feaults, For illustration, the GVM is employcd to solve a
bare reactor with a grey control sheet. Using Rayleigh-
Rtz optimized cosinc serles and optimized pyramid
lunetions ag assoclated solutions, the generallzed vari-
slional clgenvaluo accuracy indicates tho effcctive eombi-
Matlon of the dimensionalittes of the associated trlal
luncllonu. (auth)

C

N7 (KAPL-2217) THE SPACE-TIME NEUTRON
MNETICS BY A VARIATIONAL METIOD WITH APPLICA-
TKIN TO POWER REACTOR PYNAMICS. D. E. Dougherly
{Knolls Atomic Powor Lab., Schencctady, N. Y.). Dcc, 26,
1962, Contract W-31-109-cng-52. 57p.

By uso of the scmidircet varfational meiliod, the time and
*Pace dependent ncutron kinctje cquatlons wero reduced to
* nystem of Integro-differential equations in the tiine
lomuln, Tho statr vector of theso cquations defincs the
tmo-dependent cocfficlents for a sct of spare inodes given
Ly & modal eapansion of the ucutron flux. The aceuracy of
IMs method of analysis is arbltrary, and solutions are
Mvallubio for reactor conflgguritions ns complrx as the
tresent stato of the art allows steady-state determlnutlons,
loavold the difficuft task of determimug orthogonal elgen-
unctions for a modui exqpuenzivn in a rompiex grometey,
Mnorthogonal Green's Funetlen modes sare developed from
" upproximate solution of the inlegral form of the multl-
krou kinetic equatiunyg, Since an oxact steady-state solu-
tin of g ono-group diffusion model {8 avalluble for a
Are two-reglon slab renrlar, thls solution was compared
“th the rosalts uhitalned by both orthugannl und nouorthog -
onal modal cxpanslons. The basis of comparison was the

asymptotic reglon buckling for a eritical (steady-statc) two-

reglon reactor, following a perturbation of the reactor
material propertics in eithcr of the core rcgions. A two-
term expansion by Green’s Function modes was clearly
superior to an expansion in which the first two orthogonal
modes for asyminetric perturbations of the core properties
were used. Combining power coefficicnt dynamics with the
reduced spacc-dependent ncutron kinetic equations yiclds

36

a state cquation that 1s in gencral nonllncar. By lineariz-
ing thcse equations and using the transfer function formal-
ism, the transformcd equation of statc for the modal coef-
ficients for a generalized power cocfficicnt is obtained.
{llustrative calculations wcre made for a simple second-
order tcmperaturc and xenon poisoning power coefficicnt.
A stability criterion was derived for the spatial flux dls-
tribution of an annular core model. Reasonably good
agreement was obtained between the calculated stablility
margin and perlod of the spatial flux oscillatlons observed
in the Shippingport Prcssurized Water Reactor, Also cal-
culated was the response of the sgpatial flux distribution in
an annular core to both step and harmonic reactivity
changes, 34 references, (auth)

C

24037 (HW-76128) PHYSICS RESEARCH QUARTERLY
REPORT, OCTOBER -DECEMBER 1962. (Gcneral Ilec-
tric Co. Hanford Atomic Products Operation. Richland,
Wash.). Jan. 15, 1963. Contract AT(45-1)-1350. 69p.

An expresslon for thc variational optlmum kinctic rec-
sponse reprcsentation of reactors was obtained, and Gaus-
sian quadrature methods Integruted over a logarlthmle grid
werc used to numerically Intcgrate the Egelstaff S-function.
The effccts of small differences in the concentratlon of the
Pu?! {gotope In Pu—Al fuel rods on critlcality were studled
using a cylindrlcal lattice array with two zones. Crltical
approaches and cxponential nicasurements were uscd in
the experiments. Extrapolation lengths as a funetlon of
fisslonable matcrials and calculaied and measured num-
bers of rods required for criticality were obtained. Results
indicate that the critical mass of Pu clther varies niore
strongly with Pu?'® concentration thin the calenlatiuns show
or that a systeinatic ervor is present. The P-3 computer
program was uscd to calculate thermal fluxes iu lattices
with Al -Pu fuel clusters for both jiolsoned and unpaisoned
cases. Values of n thirrmal and f, the therinal uiillzation,
were calculuted. Simllar caleulatious were performed on
a lattice fucled with PuO, ~UO,. Scnsitivity of the calculated
flux traverse to perturhations In Input pirameters was also
investigated. A series of PCTR 1xperinienis was nualyzed
using 2 multl-energy titaisport group code to dierive valurs
of ke for Al—Pu fueled mioderated lattices and to pri-dict
reaction rates for varlans resonance delectars throwghout
a {attice cell. Cadmium ratlos at 1rell houndaries wirre de -
rived anil were found to fall short of miasared valurrs, Re-
sults of un experiment {n which 1% rod clustiers of hiath
high and low cxpiosure Al —1'u fuel were lnsatird were ana -
lyzcd to olitnin values for the differenec in the change In
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the nruiron multipleatian factor as a funcilon of tewnpern-
ture, and valnes af the effeetive resanance integral as a
function of temperature were calenlated. Miasurements

ot the riactivity cocflicients of Al--1'u fuel rads wire made

in the I'CTHl to verify the relative {'u content as given by
chemileal analysis and 10 inwvestigate the unifarmity of Pu
concentration. The momentum distribution of f# nartleles
from the dreay of Lu'™” was measural; two conponents
with relatlve intensitices of 44 and 564 were identified.
{nternul-conversion rlcetrons frain HE'7® 1, and M shells
were obscerved for an 88.4 kev y trausition also. A ratlo
of the inensity of tne 1,10 M clectrons of 3 ¢ 0.3 was ob-
tained. A valur of zero was scleeted for the quaniam num-
ber k uf the Lu'™” level. Critical mass meusurcinents
were continued on plutonium nitrate solutions in a 14-inch
dinmeter spherce to dirtermine the effects of concrete re-
flirctors on the criticality of the vessel and the effect of an
air gap between these reflectors and the core. The results
verify that a 10-inch layer of concrete {s a better reflec-
tor thun water; the critical coucentration was aboul 10 to
129 ¢ :s than when the sphere 18 reflected with water. The
effcei 1f an alr gap betwecen the core and reflector varied
with Pu concentration uril total nitrate. Experiments with
a water-reflected sphere were ailso 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. Plerpaoli
(AGIP Nucleare, Milan). Energla Nucl. (Milan), 10: 237-
46(May 1963). (In English)

The 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 utillzation factor
is discussed. Some calculations were performed to check
the accuracy of the various approximations used. In all
cases examined, the method of homogenizing the element
proved to be sufficlently accurate, as far as the extrapo-
lation length {8 concerned. When this quantity is deter-
mined, an elementary formula gives explicitly the thermal
utilizatlon factor (in the one-group theory). (auth)

A
28412 THE VARIATIONAL METHOD APPLIED TO
THE MONOENERGETIC BOLTZMANN EQUATION. PART
1. G.C. Pomraning and M. Clark, Jr. (Massachusetts
Inst. of Tech., Cambridge). Nucl. Sci. Eng., 16: 147-54
(June 1963).

The variational mcthod as applied to the monoenergetic
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‘ntegro-differential Boitzmann equation {s investigated. It
is shown that rendering the Lagrangian stationary with re-
spect to small changes in the directional flux and adjoint
directional flux is equivalent to solving the Boltzmann and
adjoint Boltzmann equations. Topics discussed include the
use of variatlonal weight functions, the inclusion ot'boundary

_ terms in the functional, the interpretation of a variational

optimum for a nonself-adjolnt operator, and the second
variation. It 18 shown that, for the general trial functton
ensemble and within a special restricted trial function en-
semble, the variational method {s a saddle point principle.
The formalism developed is applied to the angular expan-

~ slon in polynomials of the directional flux. (auth)

A

28413 THE VARIATIONAL METHOD APPLIED TO
THE MONOENERGETIC BOLTZMANN EQUATION, PART
II. G.C. Pomraning and M. Clark, Jr. (Massachusetts
Inst. of Tech., Cambridge). Nucl. Sci. Eng., 16: 155-64
(June 1963).

Thc monoenergetic integro-differential Boltzmann equa-
tton with an arbitrary scattering kernel is transformed to
a self-adjoint form and the corresponding Lagrangian writ-
ten. It 18 shown that this transformation results in a {oss of
the continuity (neutron conservation) information contained
by the Boltzmann equation. This information is recovered
by writing the directional flux as the sum of an even and
odd function (in angle) and considering a seif-adjolnt La-
grangian for only one portion (even or odd) of the directional
flux. This procedure is shown to be equivalent to separating
the nonself-adjointncss from the Boltzmann operator. Fur-
ther, it is shown that this self-adjoint principle is an ex-
tremum principlc {f the mean number of secondaries per
collision 18 lcss than one. This sclf-adjoint formalism is
applied to the angular expansion of the directional flux
which results in an Improvced diffusion theory. Numerical
results for the linear extrapolation distance and diffusion
coefficient are compared with the classical (P — 1) diffusion
theory. (auth)

A,B,C
28437 (KAPL-2000-20) REACTOR TF.CHNOLOGY
REPORT NO. 23— PHYSICS. (Knolls Atomic Power Lab.,
Schenectady, N. Y.). May 1963. Contract W-31-109-eng-
52, 123p.

A geometrically simple homogeneous asscmbly (StlA,
described hercin) was designed and bulit to provide data
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guch as criticality and flux distributions for comparlson
wIth such quantities obtained theoretlcally from few-group
of multigroup treatments. Since the calculated {nformation
depends very little on gcometric or other mathematical
complexities, these comnparisons will be highly useful in

{he evaluation of group constants produced from basic nu-
clear data, For example, the diffuslon length for thermal
energy neutrons can be measurcd or calculated from theo-
retical models for the scattering of thermal neutrons.

Good agreement between the two methods is reported here
for the cases of rooni-temperature water and polyethylene;
indeed, the agreement Is good for water over a wide range
of temperatures, but falls for hot polyethylene. The re-
actlvity coefflcient of aluminum has consistently been cal-
culated to be larger than measured. Theorettcally derived
modifications for the MUFT tape aluminum data still fail
1o produce an acceptable coefficient, but Improvements in
the model for reactor calculations have reduced the dis-
agreement from 80 to 45%. The preparation of multigroup
data (such as that for MUFT, above) has typically been a
very laborious affair, involving many weighted averages

of microscoplc nuclear data. To make this a faster and
more efficient process, the computer program CADAVER
has been developed to perform required averaging for both
elastic and inelastic scattering and smooth capture of neu-
trons. Further work to Increase the accuracy of MUFT
was performed to provide resonance self-shielding factors
for aluminum and zirconium. The factors that are supplied
account for decreased resonance absorption resulting

from resonance scattering. The use of flux and power
distributions in reactor cores results from a diffusion
theory approach to neutron transport; an alternative to

this {s described. Employing such directly meaningful and
interrelated quantities as reflection and transmission prob-
abllities and unidirectional neutron currents in slab
geometry, mathematical relations can be established for
criticality and for disadvantage factors. Pile oscillator
techniques have been recognized as being more sensitive
than static methods for determining resonance integrals.
An eapecially sensitive oscillator system was Installed in
the Thermal Tcst Reactor (TTR); preliminary measure-
ments with hafnium samples Indicate that an accuracy of
0.002 ¢ is avallable from data accumulation over a one
minute period at 100 w power. This permits measurements
on very minute samplcs or on very weakly absorbing ma-
terials. On the theoretical side, development was begun on
a program, MOST, which serves to compare experimental
cross-section data (microscoplc) with the results of quan-
tum mechanical calculations and to provlde values of theo-
retical nuclear parameters which yleld best fits to the
measured data. A description {s given of a technique
whereby MOST can also be applicd to the solution of rather
general and complicated equations. Current best values for

38

fast-neutron scattcring cross-sectlons In aluminum and
zirconium, and resonance paraineters in zirconlum, were
established through thcoretleal calculations and review of
recent data. The ncw information thus developed was in-
corporated in MUI'T data tapes. Estimates on the extent to
which calculated critieallty values are affected hy changes
In nuclear duta were obtained. Reactlvity changes were
labulated for sets of calculatlons for water-moderated Hys-
tems containlng cither zirconlum or aluminum; these
changes were piroduccd iy altiring elustie or inclastle scat-
tering {n the wetal. Teu poreent chunges in large portians
of tho data werce observed to Intraduce ranghly u 0.5%
chnnge in k. The sixth edltian of the ehat of the Nuelldes
was {ssued. ‘1l detulled hehavior af neniron distributlons,
In enecgy and/or spatial dipeixlence, was exmmined with s
number of techniques. Special distributions of thermal neu-
trons in hydrogen-moderated fucl-bearing assemblies were
measured and calculated for a variety of mixturcs and tem-
perature conditions. Very carefully performed chopper
measurements were calculated satlsfactorily with a bound
hydrogen kernel for systems with low absorptlon rates. For
systems more highly loaded with fuel, a free hydrogen
kernel produces best agreement with experiment; this un-
satisfactory situation {s not understood. Space-dependent
spectra at epithermal energles can be calculated with such
programs as PIMG or TET, but only at rather high cost In
computer time. Work was done to learn whether the appli-
cation of variational techniques to Pl-type cquations could
reduce computer time without loss in accuracy. The
MUSKRAT program, developed in these studles, has not
been proven to be a satisfactory successor, although 1t is
nearly as good as PIMG. Several lattices were examined
in detail with both PIMG and TET, to determine whether
the low-order angular approximation {n the former pro-
duced significant errors in the epithermal spectra (and
group constants). Although infinite-medium spectral cal-
culations would be {naccurate for the lattices considered,
the results with a simple P1 anisotrapy proved to be suffi-
clently close to the double P5 available from TET results.
Several formulations were developed for the calculation of
approximate blackness coefficients. Ranging from a diffu-
sion theory approach to use of integral theory variational
expressions for slab transmission, reflection and absorp-
tion, the methods were relatively poor or good; the latter
ylelded results that differed by 2% or less from exact val-
ues for a slab of any selected optical thickness and scatter-
ing properties. Calculations and experiments are reported
for the scattering cross section, and for the energy distri-
hution of thermal neutrons in cold (-198°C) polyethylene.
Agreement between the measured and calculated spectral
data at this low temperature adds confidence tn the theo-
retical model employed for the scattering. The analysis of
slowing down experiments conducted with low-energy neu-




Volume 17 (1963)

trons has long been viewed as a possible way of verifying
theoretical scattering kernels. Only recently, however,
have sufficlently accurate experiments been performed

to bolster this view. Although the results avalilable are not
yet conclusive, those presented here show Improved agree-
ment between theory and experiment. A very accurate yet
simple method of determining the absorptton coefficient
and reflected angular distribution for a semi-infinite plane
slab with an arbitrary ratio of scattering to absorption s
described. Results obtaincd with this method show a non-
linear variation of the emergent flux with the cosine of the
angle of emcrgence. When this i3 a strong effect, even a
double P1 approximation may lcad to an unsattsfactory flux
description. A varfational mcthod for nonlinear reactor
kinetic problcms is reported. (auth)

E,B

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

A variational procedure for calculating fast encrgy few
group constants is described. For a given medium, the
method permits onc to cxprcss the flux and current solu-
tions of the Boltzmann cquation, treatcd according to P—1
slowing down thcory in each group of a few group scheme,
as a linear combination of basc flux spectra to obtain the
group flux and as a linear combination of base current
spectra to obtaln the group current. The coefficients for
combining the basc spectra are provided by the thcory and
depend only on the concentrations of the component ele-
ments of the medium. Once the flux and current spectra
in each group are calculated, the group constants for the
medium can be easlly calculated from base flux spectra
weighted library microscopic cross sections. Group con-
stants calculated In this manncr agree well with those ob-
tained from the MUFT V program. (auth)

F

38511 A STUDY OF THE VARIATIONAL PRINCIPLES
OF NUCLEAR REACTOR PHYSICS. Paul Wesley Dickson,
Jr., Thesis, Raleigh, N. C., North Carolina State Coll.,
1962. 203p.

The application of the two main uses of the variational
principle to reactor physics is explored. The two uses arc
first, to derive exact equatlons of motion from a stationary
Lagrangian and to study the implications of the Lagranglaa
regarding constants of thc motion, and second. to obtain ap-
proximate solutions to non-linear differential equations.

39

Attention is restricted to diifusion theory, and hence the
results are applicable only to reactors for which dlffusloa
theory is adequate. Lagrangians for one- and two-group
diffusfon theory as well as one for the one-group thcory
including delaycd neutron effects are presented and proved
to be correct. From these Lagrangians the corresponding
reactor Hamiltonlans are found and uscd to determine the
“conjugate momenta’* and some constants of the motion fur
reactor diffusion theory. The implications or interpreta-
tions resultant from thesc constants and the conjugate
momenta are discussed. The llamilton-Jacobi equations
for the one -group Hamiltonlan were derived and shown to
yleld the expcctcd results. Time-dependent perturbatlun
theory Is.shown to be applicable to reactor problems to
determine flux functions as a function of timec. Variatlonal
theory is compared to the perturbation theory when car-
ried to higher orders for the one-group case. Two-group
varlational theory is discussed in gcneral terms. A modi-
fied form of variational theory which will delineatc a lowsr
bound to an elgenvalue was applicd in general form to re-
actor problems. The standard upper bound varfational the-
ory and its lower bound form were then applied. using it
one-parameter trial function, to many specific casrs whawe
upper bounds are known from perturbation theory. Twi-
parametcr one-group variational thecory was considered.
It was found that a two-parameter trial function ylelds
quite accuratc results cven for hcavily loaded reactors.

if the polson Is not too greatly concentrated. The specld
case of the reflected reactor was conslidered, and a cor-
rection to thc perturbntion theory deterministion of tk. Ke
wis derived. A two-piaraineter variational tichulque was
applied to this same problent nnd the correction rvqnlrr-l
for reflecied reactors 1s discussed. Two mu-thals of attack:
using the fourth-order differentinl equation and the malrlx
equation, on the two-group variational problem arec pre-
gented. Solutions for scveral one- and two-parameter trial
functions were determined for general polson distributions.
An analytical solutlon for a perturbed reactor system was
obtuined, and the exact answer was compared with the var-
Iational answers for differentlal trial functions to demon-
strate the validity of the method. (Dissertation Abstr.)
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F

476 (UCRI~Triws-169) ON SOMLE VARIATIONAL
PRINCIPLES IN TUE THEORY OF OPERATIONAL EQUA-
TIONS. M. M. Valnlierg. ‘Franslated by 11, P. Kramer
(Unlv. of California Radiation Lab., llerkeley) from Us-
pekhi Mat. Nauk, 7: No. 2, 197-200(1952). 6p.

Theorem A was derived as a speciul case of the Lyuster-
nik proposltion for conditional cxtrcinals of functionals, for
two real functionals deflued on a real Banach space E and
different{able at the point xq. Thcorcm B i{s dcrived in the
rcal Hllbert space I{ for a glven opcrator, F(X) = grad f(x),
and a complctely continuous opecrator, A(x), showing that
the cquatlon: ux = A*F(x), has In each sphere || X || = r of
thc spaco {1 at least two diffcrent solutions corresponding to
rcal values of the parametcr u, where p {s a real number,
Theorem C i8 derived as a proof for Theorem B for the
case when the completely continuous operator {8 self-
adjoint. It {s notcd that an appllcation of Theorems B and
C results {n the cxistence theorcms for characteristio func-
tions for integral equations of the Hammerstein and Lich-
tensteln type. (B.0.G.)

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 (Knolls Atomio Power Lab., Schenectady,

N, Y.). Trans, Am. Nuclear Soc., 4: No. 2, 285-6(Nov.
1961).

G,B

745 SYNTHESIS OF THREE-DIMENSIONAL FLUX
SHAPES. S. Kaplan (Westinghouse Electrlo Corp., Pltts-
burgh). Trans, Am, Nuclear Soc., 4: No. 2, 287-8(Nov.
1961).

C
3385
VARIATIONAL METIIOD.
Power Lab,, N, Mox.). July 10, 1961.
109-Eng-52. 0Op.

A nonlinoar variational incthod 18 yirescuted far the in-
homogeneous case of powor reactor physios problems.
(D.L.C.)

(KAPL-M-NCF-3) NON-LINEAR EQUATION
N. C. Fraucis (Knolls Atomic
Contract W-31-

40

F

9575 (HW-68284) THE VARIATIONAL METHOD
AND REACTOR PHYSICS, C. W. Lindenmeler (General
Electric Co. Hanford Atomic Products Operation, Rich-
land, Wash.). Jan. 26, 1961, Contract [AT(45-1)-1350}.
18p.

Some of the less familiar mathematical methods rcquired
in developing a variatiunal formulism for rcactors are de-
soribed and applied to obtain thc multi-group approxlma-
tion. Linear spaces, adjoint spaces, linear operator, adjoint
operators, Green's function, physical interpretatlon of the
adjolnt, variational mcthods, variational functional In the
diffusion, trial functions, the multi-group approximsation,
and overlapping and non-ovcrlapping trial spectra are 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-
Eng-52. 192p.

Nuclear Cross Sections. The resonance integrals of Mn,
Hf, and Nb were measured. The mass spectrometer fila-
ment enrichment technique was uscd to determine thc
SmlY effective activation cross sectlon. The O'(n,p) cross
section was measured as a function of neutron energy from
12.5 to 16.5 Mev. The F(p,ay) reaction was used to cali-
brate a 1-Mev Cockcroft-Walton accelerator used to ac-
celerate deuterons for producing neutrons. ABACUS, a
computer program for cross-section calculations, Is de-
soribed. ABACUS was used to calculate the optical model
parameters of the angular distributions of neutrons scat-
tered from Zr® at 0.25 to 7 Mev, Methods are described
for calculating elastic and {nelastio differential cross sec-
tions, angular momentum coupling coefficients, and com-
pound nucleus effects in neutron capture. Results are given
for the development of a satlsfactory potential function in
the direct interaction model, Photoneutron production cal-
culations for Be® and C1¥ were extended to an energy range
Ey m 3 Mev, Computational work on the cross section of
the thermal neutron scattering by water and polyethylene
is described, Neutron Spectra and Fluxes, The thermal
neutron scattering kernels were used {n calculating neutron
spectra in both infinite homogeneous medla and lattlces.
Computer programs for the calculation of neutron spectra
are described, e.g., TET, TRANSWAKRUM, and TRAM.
The application of variational techniques to linear systems
is discussod, Few-Group Parameters: Crlticality. A
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two-mode variational proccdure was dcvelopcd for calcu-
lating fast-group diffusion theory parameters. In the vari-
atiounal calculation of thcrmal spcctra, It {s shown that the
advantages of symmctrization of thc scattering kernel are
nil., Methods are given for computation of spectrum-
averaged cross sections. The tcmpcraturc dependence

of the thcrmal diffusion length in paraffin was measurod
and used to derivc transport cross sections. The cross
sectlons for {ission products were cxamined in detafl with
respcct to their poisoulng effect on rcactor cores, and it is
ooncluded that, while unccrtaintics in currcut data givo
small errors, thc assumption that stable products are
formed dircctly In tho fission proccss can lead to signifi-
oant orrors. Varlation calculation of the recactivity k 18
discussod. Reuactur Kinctlcs, The mcthod for calculating
the cffect of ncutron propulatian fluctuntions on rcuotor
design was extcndced to account for tho actual nonzero
lifetimc of iromyit ncutrons., A somi-dircot variational
mothad {8 givon for solving tho space-time ncutron inulti-
group kinotic equntlons for reuctor unalysis. (D.L.C.)

G,B

12413 MULTICHANNEL FLUX SYNTHESIS. E. L.
Wachspress, R. D. Burgess, 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
at nodes of a three dimensional grid with few points, in
plancs perpendicular to a selected axis. Difference equa-
tions relating fluxes within each plane are determined in
advancc from detailed two-dimensional 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 detailed three-
dimensional computation is given. (auth)

F

14254 A VARIATIONAL PRINCIPLE FOR NONLINEAR
SYSTEMS. Jeffery Lewins (Staff Coll., Camberley, Surrey,
Eng.). Nuclear Sci. and Eng., 12: 10-14(Jan. 1962).

The equations describing a reactor systcm are some-
timcs nonlinear and do not admit a solution for the ncutron
denslity that is separablc into a function of time only and a
function of the rcmaining variables. An appropriate varia-
tional principlc I8 given by demandlng that the calculation
of the observable naturc of the reactor i{s {nsonsitive to the

4]

value cniployed for the density, thus obtalning an equation
for the optimum ilistribution of dctectors to nieasure the
obscrvable behavior. This optimum welghting function is
not ldentical with the conventional adjoint funetion or im-
portance in the nonlincar range but the conveutional treaj-
ment of linear systcms is found to be a spccial case of the

- gencral prineiple. It Is shown that the approximate treat.

ment of nonlincur systems as cigenvalue systems s funda.
mentally unsound. (auth)

E,B
18409 DIFFUSION APPROXIMATION AND VARIA-
TIMNAL EXPRESSION FOR THE THERMAL NEUTRON
DISTRIBUTION IN SPACE AND ENERGY. Akinao Shimizu
(Ntppon Atomic Industvy Group Co. L., [Japan]). Nippon
Genshilryokn Gakkalshi, 4: 161-6(Mar. 1962). (In Faglish)
The diffusion approximation for the motion of neutrons
whlch move in the energy space as well as in the ardinary
spuee {8 dirrfved from the diffusion appraximution for the
wotinn of niono-encrgetic neulruns. linder this approxima-
tha, the viriational rxpiresston far the space-cnergy dstri-
laulan of thermmal mentrons is derived. Thr functional tu this

eapression becomes mintmum fur the actnal distritailan,
Thealerived vartational metbnd is appited ta the pnrohicm

1 ilie thermal nentron spectrun in a lheteragencoens lattice.
Lnath)

A

19733 AN EXPRESSION FOR THE NEUTRON BLACK-

NESS OF A FUEL ROD AFTER LONG IRRADIATION.
Hisao Yamakoshl (Transportation Tcchnical Research Inst.,
[Japan}). Nippon Genshiryoku Gakkaishi, 4: 244-50(Apr.
1962). (In Japancsc)

A variational expression is derived for the ncutron
blackness 8 of a fuel rod which has {inhomogeneous distri-
bution of nuclear elements depcnding on the distance from
its axis. The following assumptions are made: scattering
within the rod is {sotropic in the coordinate system and
does not change thc cnergy of an entering ncutron; the
incident ncutron currcnt is uniform on the surfacc ot the
rod and {s isotropic in solid angle; and monochromatic
treatment is allowed. The evaluation of the variational
expression for 8 by using thc solution of transport equation
for neutrons in the fuel rod as a trial function shows that
when a lot of Pu?® accumulates in the vicinity of thc rod
surface and U¥® remalns ncar the axis of the rod, the
blackness 8 in thc energy 0.3 ev is Increased much more
duc to thc scattering than In the case of thc homogcnized
rod. The values of 8 for the homogenizcd rod are com-
pared. Both rcsults agree fairly v-ell as the ratio of ab-
sorption to scattering cross scciion inereascs. (auth)
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G

19735 SOMFE NEW METHODS O FLUX SYNTHI SIS,
S. Kaplan (Westinghouse Eleetrie Corp., Pittsburgh).
Nuclear Sci. and Eng., 13: 22-31(May 1962), (WAPD-T-
1374)

A variational principle s apnilcd ta develop a mctliod for
consiructlng apjiroxinuite solutiona to 1the thrree dimenslonal,
few group dlffuslon cquations usiug ondy the solutions of
ono and two dimensional prohilems. Three additional re-
lated micthods ure deserihied and a nuinerleal example pire-
scnted which 18 reprissentatlve of several that werts siudied.
It 1s found 1lnet the new methads glve considerably impiroved
results compared with the conventianal synmilicsis method,
(uth)

C

22975 THE SPACE-TIME NEUTRON KINETIC EQUA-
1KONS OBTAINED BY THE SEMIDIRECT VARIATIONAL
MIT1IOD. D, E. Dougherty (Knolls Atomlc Power Lab.,
Sehencctady, N. Y.) and C. N. Shen. Nuclear Sci, and Eng.,
13: 141-8(Junc 1962).

Using a semidircct variational method, the time-
dependent coefficicnts of a modal expansion of the neutron
{hixes are given by the Euler— Lagrange equations obtained
froin a variational principle for the multigroup kinetic
juations. In order to avold the difficult task of dctermin-
Ing; orthogonal eigenfunctions for a modal expansion in a
coniplcx geometry, an approxlmate solution of the kinctic
«quations by the mcthod of the Green’s function results in
a set of rcadily calculated space modes. These modes can
also be adapted to perturbations {n the diffusion paramcters
about which a prior{ information is available. (auth)

A

24362 VARIATIONAL MONTE CARLO CALCULA-
TIONS OF FLUX DEPRESSION IN FOILS. F. R. Nakache,
H. Goldstein, and M. il. Kalos (Columbia Univ,, New York
and United Nuclear Corp., White Plalns, N. Y.). Trans.
Am. Nuclear Soc., 5: No. 1, 32-3(June 1962).

B.E

24368 A COMPARISON OF A SELF-ADJOINT VARIA-
TIONAL METHOD TO 36-GROUP TUERMAL SIHECTRUM
CALCILATIONS OF LIETEROGENEOUS ARRAYS. S. L.
Shufler (Westinghousc Electrio Corp., Pittsburgh). Trans.
Am. Nuclear Soc., 5: No. }, 37-9(Junc 1962),

42

F
24372 GENERALIZED VARIATIONAL METHOD.
M. D. Kostin and H. Brooks (Harvard Unlv., Cambridge,

Mass,). Trans. Am. Nuclear Soc., 5: No. I, 41{(June
1962).

B,E

24400 A VARIATIONAL PROCEDURE FOR CA{.CU-

LATING FAST GROUP DIFFUSION THEORY PARAM-
ETERS. P, A. Ombrellaro and F. D. Federighi (Knollx
Atomic Power Lab,, Schenectady, N. Y.). Trans. Am.
Nuclear Soc., 5: No. 1, 63-4(June 1962),

C

24543 SYNTHESIS APPROXIMATIONS IN THE TIME
DIRECTION. J. A. Bewick, A, F, llenry, and S, Kaplan
(Westinghousc Elcctric Corp., Pittsburgh). Trans. Am.
Nuclear Soc., 5: No, 1, 177-8(June 1962).

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-DIMENS{ONAL FLUX AND
REACTIVITY. T. M. Olsen (Martin Co. Nuclcar Div.,
Baltimore). May 1962. Contract [AT(30-1)-2431], 77p.

A computer codc, APWRC -SYNFAR-02, was programmcd
In FORTRAN II for synthcsis computation of statle flux and
reactivity, or of stable pcriod and correspondlng flux shape
In XY or RZ geometry on the IBM 7090. 1t also allows
direct computation of the same quantitics in onc-dimen-
sional spherical geometry. Running timc is 12 minutes or
less. (M.C.G.)

D

24944 (MND-C-2500-4) APWRC-SYBURN, A
FORTRAN-II PROGRAM FOR SYNTI{IESIZED TWO-DIMEN-
SIONAL P1 OR DSN BURNUP CALCULATIONS. E, A.
Colbeth and T, M, Olscn (Martin Co. Nuclcar Div,,
Baltimore), Junc 1962, Contract AT(30-1)-2431, 62p.
The rcactor physics ncutron code, APWRC-SYBURN,
was designed for the IBM 7090 and writtrn in FORTRAN -11.
It was developed for onc~dlmensional reglonwise or In-
tervalwiso dctcrmination of isotope concentrutions during
reactor burnup, including cffccets of rod or other control
eigcnvalue variatlon, providing core averaged radial
constants for subscquent synthesized axiul burnup prob-
lem, Typlcal running time 18 2 to 7 miuates, (M.C.G.)
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A

26540 THE REACTIVITY OF A CENTRAL AIR GAP
IN A BARE REACTOR. H. llacggblom (Aktiebolaget Atom-
energi, Swcden). p.85-94 of ‘‘Physics of Fuast and Inter-
mediate Reactors. Vol. I{.** Vienna, International Atomic
Encergy Agency, 1962, (In English)

Two mothods are presented for calculation of the reac-
tivity equivalencc of a central gap In a bare reactor with
rectangular cross scction. The first {s a perturbation the-
ory; the second is an application of variation calculus, The
elgenvalue is solved for the transport equatlon in integral
form. The principal differcnce between the two methods is
in the assumption for thc flux shapc. In the perturbation
theory, it is assumed that the flux 1s unperturbed and has
the form A cos 7 x/L. The reactivity as a functlon of the
gap width is cxpressed in closcd form in one and two energy
groups, but the expression is valid only for reactivity
changcs less than about 8%. The variation calculus is de-
veloped only for one energy group, but the accuracy is ap-
proximatcly independent of the gap width, This is obtained
by varying the exprcssion for the flux in order to optlmize
the functional Integral. The results are compatred with
thosc obtained by Chernick and Kaplan by diffuston theoret-
ical methods. (auth)

E,B

28416 (WAPD- BT-25(1~24)) THE DESCRIPTION Of
THE THERMAL NEUTRON SPATIALLY DEPENDENT
SPECTRUM BY MEANS OF VARIATIONAL PRINCIPLES,
A. J. Buslik (Westinghouse Electric Corp. Bcttls Atomic
Power Lab., Pittsburgh).

The application of the calculus of variations to the
determination of the thermal neutron space and energy
distribution i3 described, and it is shown how thin absorb-
ing reglons treated by blackness theory can be included in
the method. The gencral method is then applied to the
problem of an absorber adjacent to a large fuel bearing
region. Results arc compared with the 36 multigroup
solution of the thermal space energy problem by the digital
computer code SLOP-1. In addition, a manner of Incorpo-
rating these results into a one-group design method is
prcsented. (auth)

E.B
29713 (TID-12780) VARIATIONAL METHODS IN NEU-
TRON TIIERMALIZATION. D. $. Solengut (Knolls Atomic
Power Lub., Schenoctady, N, Y.). May 1961. Contract
[W-31-109-Eng-52]. 9p.

Variational methods for calculating thornml flux distrilm-

43

tion In reactors for design purposes are doscribed. The
methods relate the nature and essential fcatures of the
scattering kernel to the characteristics of the neutron dis-
{ributions that have engineering significance. Information is
given on variational principles, adjoint functions, and their
various interpretations. Typical problems in neutron ther-
mallzation are evaluated by this method. The first problem

" considered s the asymptotic behavior of the neutron dis-

tribution, due to a discontinuity in an infinite medium which
leads to an exponentially decaying space distribution, or a
pulse in a block of material which leads to an analogous
eigenvalue problem for the calculation of the decay constant
for the time-dependent distribution. The second problem {s

" the calculation of the spectrum of neutrons in an Infinite

medium generated by a uniform source of fission neutrons,
snd its use in calculating thermal group constants for sim-
plified models of a reactor. The final problem concerns

the calculation of the thermal flux distribution in space and
enargy in a system with many regions having different com-
positions and temperatures, which s necessary for accu-
rate reactor design. (N.W.R.)

E.B

30028 (WAPD-T-1450) A COMPARISON OF A SEL.F-
AJOINT VARIATIONAL MET{iOD TO 36-GROUP Tiilit-
MAL SPECTRUM CALCULATIONS OF HETEROGENEOUS
SYSTEMS. S. L. Shufler (Westingliouse Eleciric Corp.
Hettls Atomic Power f.ab., Plttslmrgh). Apr. 1962, Cou-
Iract AT(11-1)-GEN-14. 215p.

A self-arljoint varlation:l princijle related to the thermal
feutron gpatial speetrinm nroldent hy {ushk was tesied
%ninut g 36-group thermal codu wnd u few-group cude for
lypical one-dimonsional hetrragoneous arrays. A descrip-
tion of the thooretleal method 18 given Including some ob-
servations of the differences between the sclf-adjolnt
method of Buslik und the uonselif-adjoint formalism re-
ported by Calame and Federighl. A comparison of nuclear
parameters, activation shapes, and local reglon capturc
fractions are prcsented for three types of one-dimensional
arrays: absorber-fucl cells, absorber-nonfuel-fucl cells,
and absorber-fucl-nonfuel cells. Some comparisons of the
mixed number density method to the variational model arc
also Included. Residts indicated thio utility and proof of the
success of the sclf-adjoint variational principlc in predict-
Ing the Important nuclear parameters of a wide range of
fuel-nonfue{-absorber combinations at both cold and hot
temperatures. (M.C.G.)
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30029 (WAPD-T-1463) SYNTHESIS APPROXIMA-
TIONS IN THE TIME DIRECTIONS. J. A. Bewick, A. F.
Henry, and S, Kaplan (Westinghouse Electric Corp.

Bettls Atomic Power Lab.. Pittsburgh). Apr. 1962. Con-
tract AT(11-1)-Gen-14. 19p.

Appllcatlon of an approximation procedure in which the
solution is approximated by a linear combination of func-
tions which are known, to reactor problems involving the
time varlable i{s described. The approximate solutlon has
the form o(x,y,z.t) = T (t) ¥, &.y.2)t .... Tnlth¥, (x,y,.2)
where ¥ (x,y,z) are spatial shapes appropriate to various
ranges of t. Illustrations are given corresponding to
three different time scales. (J.R.D.)

F
31273 (NP-11244(Vol.lf)(Sect.iV)) SOME REMARKS
ON TUIX USE OF VARIATIONA{, METIIODS IN REACTOR
EXPERIMENTATION.  {lolge Christensen (Christian
Mlchilsens institutt far Videnskapy:s of Audafrihet, Berpeny,
Seet, {V of ADVANCED COURSE ON {N-CORRE INSTRU-
MENTATION FORR WATER COOLED REACTORS, OR-
GANIZED BY THE NETIIERLANDS'-NORWEGIAN REAC.
TOR SCHOOL, AT INSTITUTT FOR ATOMENERGI,
KIELLER, NORWAY, 213t AUGUST - 18t SEI"'EMBER
1961. VOLUME 1I. 47p.

it 13 nored that transfer functions are uscd to relate Inpey
and outjut in systems such as reactors. The hasic ldeas
behlnd transfer function techniques aro revlewed and the
fmportance of transieut conditions in reiactor cxperimin-
tation 1 poluted out. The theoretical foundation for the
various cxperinental teehniques 18 prescnted. Discussions
of experfinenial procedures are included. (J.R.D.)
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