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Résumé

Cette bibliographie donne la liste des principaux documents
publiés par Boris Davison (1908-1961), lesquels sont disposés
chronologiquement en cinq sections correspondant aux cinq périodes
majeures de sa carrière en Russie, en Grande-Bretagne et au
Canada. Elle comprend un résumé des travaux de Davison pour
chaque période et une notice biographique. En annexe se trouvent
des résumés de documents cités, choisis pour illustrer l'ampleur
et la nature des travaux de Davison. On signale une proposition
visant à publier l'ensemble de ses oeuvres.
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A BIBLIOGRAPHY OF THE PUBLICATIONS OF
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S.A. Kushneriuk

Abstract

This bibliography lists the principal published
papers of Boris Davison (1908-1961), arranged chronologically in
five sections to correspond with the five major periods ir ^
which his career in Russia, Great Britain and Canada may conveni-
ently be divided. It includes a resume of Davison's work in each
period and a biographical sketch. An appendix contains a number
of the abstracts from the cited literature, selected to illustrate
the scope and nature of his work. Reference is also made to a
proposal to publish the collected papers.
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Atomic Energy of Canada Limited plans to print a limited
number of sets of volumes of the collected papers of Boris Davison and
to present these to the principal institutions and professional organ-
izations with which he was connected. In addition, since the Company
has been asked to make this work more generally available, it plans to
print a number of extra sets for general sale. This project is con-
ditional on obtaining the permission of the copyright owners.

The collected papers consist of about 2000 pages which,
if published as intended, will be bound in five paper-covered volumes
and priced at $75.00 per 5-volume set. The work will also be available
in microfiche at a price of $20.00 per set.

Persons or institutions wishing to place orders for this
publication are requested to complete the attached card or otherwise to
communicate their wishes to the Head, Technical Information Branch, Chalk
River Nuclear Laboratories, Chalk River, Ontario, Canada, K0J 1J0, before
March 31, 1977. After that date the Company will guarantee neither the
price nor the availability of hard copy. Sets of microfiche are expected
to be available indefinitely, although the price will not be guaranteed.



A BIBLIOGRAPHY OF THE PUBLICATIONS OF BORIS DAVISON

INTRODUCTION

Boris Davison was born in Russia, in 1908, and educated
there, graduating from Leningrad University in 1930. He became associa-
ted with the Hydrological Institute of the University in the year of his
graduation and remained with the Institute until 1938, when he emigrated
to Britain. During 1939-1941, he worked at the Royal Aircraft Establish-
ment at Farnborough and thereafter joined a Ministry of Supply atomic
energy research team at the University of Birmingham. It was at
Birmingham that he began his work on neutron transport theory, for which
he is noted.

In the period 1944-1946, Davison was part of a British
contingent of scientists located at the Montreal and Chalk River labora-
tories of the National Research Council of Canada, Division of Atomic
Energy; he also spent some time at the Los Alamos Scientific Laboratory
in this period. Davison went back to Britain in 1947, to the Atomic
Research Establishment in Harwell. In 1953-1954 he once again spent some
time at the University of Birmingham, on leave of absence from Harwell,
and then he returned to Canada, joining the Computation Centre at the
University of Toronto, where he remained until his death in 19C1. In this
latter period he was very closely associated with the Chalk River Nuclear
Laboratories, which he visited frequently. At the University he gave
courses on neutron transport and reactor theory and on numerical analysis
and also lectured at Chalk River. His book, "Neutron Transport Theory",
published in 1957 by the Oxford University Press, was written in the
Harwell-Birmingham-Toronto period, with the collaboration of J.B. Sykes.

Davison's working life divides naturally into five main
periods which are determined by the nature of his work and the institu-
tions with which he was associated. Accordingly, both the more detailed
account of his work that follows and the bibliography have been divided
to reflect this arrangement. The subject of the papers in the earlier
sections is ground-water and air flow while the later papers deal mainly
with neutron transport, criticality and reactor theory. The bibliography
includes an Appendix which contains the abstracts or summaries of a
selected number of these papers, chosen to illustrate in more detail the
nature and type of analysis used in the various subject areas.

Boris Davisori had an importa:.t impact on the development
of neutron transport and related theories in Canada, and the proposal
(referred to in the Foreword) to print his collected papers is a recogni-
tion of this impact- Many of his results are now well established in the
literature. However, detail on their derivation is often lacking, and it
is interesting to examine in the original the elegance and style with
which these results frequently were derived.



- 2 -

A RESUME OF DAVISON'S 'WORK

]930-1941 - Leningrad University and the Royal Aircraft Establishment,
Farnborough.

The papers of this period are listed as Papers 1
through 20. As mentioned in the Introduction, Davison was associated
with the Hydrological Institute of Leningrad University during 1930-
193B (he received the equivalent of an M.Sc. degree in mathematics
from the University in 1930). His papers are thus largely related to
the hydrological work of the Institute, principally problems in hydro-
dynamics-mechanics, although solutions to problems of a purely mathe-
matical nature were also published.

These early papers reveal features characteristic of
all of Davison's investigations; an extraordinary capability in mathe-
matical and numerical analysis, a sense of precision and physical
insight. His analytical capability is illustrated, for example, in
his purely mathematical papers, numbers 4, 5 and 10. Papers 1-3, 7
and 16 indicate his feeling for precision. Here variations in hydro-
logical models are adopted and precise statements are then made as to
the consequences of the variations.

Papers 6, 8, 9, 11-15, 17 and 19 represent contribu-
tions to hydrodynamical-mechanical studies; steady state and transient
flow of fluids for a variety of fluid properties, system boundary con-
ditions and physical shapes.

Paper 18 is Davison's part of a three-part book on
the mechanics of continuous media written by S. Christianovitch,
S. Michlin and B. Davison and published by the Academy of Sciences of
the USSR. Chapter headings are given.

The original abstracts, in English, accompanying
Papers 5 and 10 (mathematical analysis), 1 and 10 (model variations),
9 and 15 (hydrodynamics) and 20 are given in the Appendix.
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1942-1944 - University of Birmingham (Ministry of Supply)

The published papers relating to this period consist of
Papers 21 through 26.

Early in 1942, Davison became a member of an atomic energy
research team at the University of Birmingham under the direction of
Professor R.E. Peierls and was thus introduced into a new area of research,
neutron physics and neutron transport theory. Besides Professor Peierls,
members and associates of the team included theoreticians such as P.A.M. Dirac,
M.H.L. Pryce, K. Fuchs and A.H. Wilson. Much fundamental work was done on
the properties and solutions of the transport equation, particularly in
the one-velocity approximation with isotropic scattering and the integral
equation formulation. Of primary concern, however, were questions related
to neutron multiplicaticn, critical sizes, time constants and energy
releases in assemblies containing fissile materials. Much of the work was
classified.

While at Birmingham, Davison was awarded a Ph.D. degree
(in 1944) for his work on criticality and the specification of boundary
conditions for use in the diffusion approximation of the theory. Only
Part I of his thesis has been published. The title headings of the various
chapters of this part are cited as Paper 26.

1944-1946 - Montreal and Chalk River laboratories, National Research
Council of Canada and, briefly, the Los Alamos Scientific
Laboratory, New Mexico

The publications in this period consist of Papers 27
through 45. As mentioned, in 1944, Davison was part of a British
contingent of scientists at the Montreal and Chalk River laboratories
of the National Research Council of Canada in a cooperative Canada-United
Kingdom-Unit=d States program of research in atomic energy. Davison thus
became a member of another group of analysts and theoreticians who devoted
much attention to the fundamentals of neutron transport theory, and who
also examined such matters as fissile material criticality conditions and
a large variety of nuclear reactor concepts (homogeneous, heterogeneous;
solid, slurry, solution; natural and enriched uranium, breeder; etc.).
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The group variously included G. Plac^.ek, R.E. Marshak, G.M. Volkoff,
Carson Mark, J. LeCaine, P.R. Wallace, B. Carlson, H.H. Clayton, F. Sdler,
W. Seidel, E. Courant, M.H.L. Piyco, and E.A. Guggenheim. This group was
rather remarkable for the thoroughness and depth of its investigations and
its impressive output, for it was only loosely cohesive, as many of its
members moved on to academic posts and other subject areas, while others
moved in. There were in the USA at this time other remarkable groups doing
somewhat similar work at the University of Chicago, at Los Alamos, etc.,
and Davison spent a short time with the group at Los Alamos.

The period 1944-1946 was a very productive one for Davison.
His main efforts were directed towards the specification of boundary
conditions at the surfaces of neutron absorbing rods and cavities embedded
in predominantly neutron-scattering media (moderators) for the diffusion
theory solution of the neutron flux distribution in these media. Such
conditions were important for assessing the effectiveness of control, shut-
off and fuel rods in reactors and estimating the importance of voids.
Idealized problems were posed and elegant perturbation theory solutions
leading to the boundary conditions were developed for bodies of large and
small ijze {e.g. Papers 27, 28, 32, 34-36 and 42).

Studies were also made on the more fundamental aspects of
transport theory (Papers 29, 30, 37 and 45). In particular, in P?per 29,
Davison discussed the elementary eigensolu;ions of the homogeneous
transport equation in tne plane case, involving the use of the distribution
function, and the completeness of the solutions. Neutron transformer rods,
variational procedures, statistical analysis on counters, nuclear physics
and criticality (Papers 38-40, 43 and 44 respectively) were some other
subject areas covered.

The author's abstract or summary for Papers 27 and 32 (use
of perturbation theory). Papers 29, 30 and 45 (transport theory) and Paper
39 (variational analysis) are included in the Appendix.

1947-1954 - The Atomic Energy Research Establishment, Harwell, and
University of Birmingham

The publications issued in this period include Papers 46
through 5S.
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Davison worked on a broad variety of problems in this
period; distribution of "fast" neutrons in a reactor cell, slowing down
and thermalization of neutrons, particularly in hydrogeneous media,
criticality, spherical harmonics solutions, deposition of energy in
tissue, etc. In mathematics there is his paper "On Feynmann's 'integral
over all paths'". It was during part of this time that Davison worked
on his book on neutron transport theory. He also gave a series of
lectures ut Harwell.

Abstracts to Papers 52 (spherical harmonics in complex
1 (Feynmann integral) and 56

absorption) are included in the Appendix.
geometries), 57 (Feynmann integral) and 58 (neutron spectra for v

1954-1961 - University of Toronto an3 Chalk River Nuclear Laboratories

Publications in this period include Papers 59 through 72.

Davison's power of analysis is particularly evident in this
period in the two interesting series of papers published in the Canadian
Journal of Physics. In one, Davison examined analytically the rate of
convergence of the spherical harmonics method of solution of the transport
equation for c variety of applications of the method. In the other, he
developed closed form expressions for the constants of integration in the
spherical harmonics solution in an arbitrary order of approximation in
terms of the spherical harmonic moments of the solution (i.e. the 'Inversion
Formula').

In his other investigations, Davison examined the definition
of the diffusion length in heterogeneous assemblies, evaluated integrals
involving Bessel functions, examined the errors generated in the numerical
solutions for the spatial oscillations of the neutron flux induced by xenon
production in a reactor. In a very interesting paper in biology he applied
methods similar to those used in neutron transport theory to examine the
relation of postulated survival probability strategies (plateau or Gaussian)
to the observed highly peaked Gaussian distribution evident in population
cha..acteristics.

Abstracts to Parers 59 (biology), 61 (inversion formulae),
67 (spherical harmonic solutiOi convergence rate) and 72 (errors in
numerical solution of the xenon oscillation problem) are included in the
Appendix.
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BIBLIOGRAPHY

1930-1941 - LENINGRAD UNIVERSITY AND THE ROYAL AIRCRAFT
ESTABLISHMENT, FARNBOROUGH

1. On the theory of the logarithmic interpolation method for
constructing backwater curves (in Russian),
Izvestiya Gydrologicheskogo Instituta JUy 15-22, 1930.
(Summa ry)

2. On the substitution of the normal depth by the natural one for
the calculation of backwater curves (in Russian),
Izvestiya Gydrologicheskogo Institute 32_, 27-30, 1931.

3. On the evaluation of error in backwater curve calculations due
to neglecting the zone of overflow (in Russian),
Zapiski Gydrologicheskogo Instituta 5_, 39-52, 1931.

4. Inversion of the unicity-theorem (in English),
HatematicheskiT Sbornik 38 (1-2), 45-47, 1931.

5. On the uniform convergence of the trigonometrical series (in English),
Matematicheskii Sbornik 39_, (3), 71-87, 1932.
(Summary)

6. On the steady motion of ground-water through a prismatic dam of
rectangular cross section (in Russian),
Zapiski Gydrologicheskogo Instituta 6^, 11-19, 1932.

1. A note on Chrystal's theory of seiches (in Russian),
Zapiski Gydrologicheskogo Instituta 6_, 20-26, 1932.

8. Ueber die zweidimensional stationare bewegung der grundwasser
mit freier oberflache (in German),
A report given at the IVth Hydrological Conference of Baltic
States, Leningrad, September, 1933, pp. 1-9.

9. On the independent from viscosity forms of the two-dimensional
unsteady motion of a viscous, incompressible fluid (in Russian),
Zapiski Gjdrologicheskogo Instituta 13_, 79-84, 1934.
(Summary)

10. On the Gauss method of approximate computation of definite integrals
(in Russian),

Zajjiski Gydrologicheskogo Instituta 13_, 141-158, 1934.

(Summary)



11. On the independent from viscosity forms of the two-dimensional
steady motion of a viscous incompressible fluid (in Russian),
Zapiski Gydrologicheskogo Institute 13_, 159-164, 1934.

12. On some problems of theoretical hydrology (in Russian, with
S.A. Christianovitch),
Uspekhi Matematicheskii Nauk 2, 238-253, 1936.

13. On the steady two-dimensional motion of ground-water with a
free surface (in English),
Philosophical Magazine S:7, 21_, 881-903, 1936.

14. On the steady motion of ground-water through a wide prismatic
dam (in English),
Philosophical Magazine S:7, 2J_, 904-922, 193*.

15. Some particular cases of ground-water motion, the evaporation
from the free surface being taken into account (in Russian),
Trudy Gydrologicheskogo Instituta 5_, 183-193, 19J/.
(S ummary)

16. On some simplification used for computing ground-water motion
without free surface (in Russian),
Trudy Gydrologicheskogo Instituta 5_, 194-199, 1937.
(Summa ry)

17. On the unsteady three-dimensional motion of ground-water without
free surface (in Russian) ,
Trudy Gydrologicheskogo Instituta 5, 212-217, 1937.

IS. Theory of ground-water motion (in Russian). A monograph,
forming one of three parts of the book "Some New Problems in the
Mechanics of Continuous Media", published by the Academy of Sciences
of the USSR, Moscow, Leningrad, ISO pp. 1938.

Chapter 1. Equations of motion of ground-water.
Chapter 2. Steady motion of ground-water without free

surfaces and without seepage surfaces/in the
plane case.

Chapter 3. Unsteady motion of ground-water without free
surfaces and without seepage surfaces.

Chapter 4. Plane problems of ground-water motion, solved
by the method of conformal transformations.

Chapter 5. Motion of ground-water with a free surface in
an embankment with boundaries represented by
straight lirie segments.

Chapter 6. Completeness and uniqueness of the solutions.



19. Some cases of the steady two-dimensional percolation of water
through ground (in English, with L. Rosenheadj,
Proceedings of the Royal Society of London, S:A, 175, 346-365, 1940.

'10. Wind tunnel correction for a circular open jet tunnel with a
reflexion plate (in English, with L. Rosenhead)/
Proceedings cf tlie Royal Society of London, S:R, 177, 366-382, 1941.
(Summary)

igi*2-19tt[t - UNIVERSITY OF BIRMINGHAM CMINISTRY OF S U P P L Y )

21. Density distribution near a print source (with R.E. Peierls),
MS-76, 7 pp., 1943.

22. Boundary conditions in the modified diffusion theory for the
neutron density distribution in the presence of a container,
MS-82 and MS-S2A, 30 pp., 1944.

23. The critical radius and the time constant of a sphere embedded
in a spherical scattering medium (with K. Fuchs),
MS-97, 35 pp., 1943.

24. Critical radius for a hemisphere with a one-sided infinite container,
MS-100, 14 pp., 1943.

25. Critical radius for a hemisj, -re completely surrounded by a container
(with 9.D. Preston),
MS-112, 20 pp., 1944.

26. Some questions connected with neutron multiplication and with
expansion of a U-sphere, Thesis,
Birmingham University, 45 pp., October, 1944.
Part I.

(1) Transport and integral equations for the spatial
distribution of neutrons. Flux.

(2) Adiabatic approximation. Time-constant. Impor-
tance of the lowest eigenvalue.

(3) Form of the integral equation for some particular
bodies.

(4) Diffusion approximation.
4.1 Basic ideas and the differential equation of

the diffusion approximation.
4.2 Boundary conditions in the diffusion approximation.

(5) Behaviour of the neutron density in the immediate
vicinity of the boundary.



- MONTREAL AND CHALK RIVER LABORATORIES, NATIONAL
RESEARCH COUNCIL OF CANADA AND, BRIEFLY, THE
LOS ALAMOS S C I E N T I F I C LABORATORY, LOS ALAMOS,
NEW MEXICO

27. Influence of a small black sphere upon the neutron density in
an infinite non-capturing medium,
MT-8S (NRC-1519), 42 pp, 1944.
(Summary)

28. Influence of a large black sphere upon the neutron density in
an infinite non-capturing medium,
MT-93 (NRC-1550), 17 pp. 1944.

29. Angular distribution due to an isotropic point source and
spherically symmetrical eigensolutions of the transport equation,
MT-112 (NRC-1551), 58 pp., 1945.
(Summary)

30. Milne's problem with capture and production (with G. Placzek),
MT-118, 16 pp., 1945.
(Summary)

31. Large spherical hole in a slightly capturing medium,
MT-124 (NRC-1552), 45 pp., 1945.

32. Influence of a large black cylinder upon the.neutron density in
an infinite non-capturing medium,
MT-135 (NRC-1554), 60 pp., 1945.
(Summary)

33. Neutron density at the centre of a small spherical cavity,
MT-136 (NRC-1555), 34 pp., 1945.

34. Influence of a small black cylinder upon the neutron density in
an infinite non-capturing medium (with S.A. Kushneriuk and
W.P. Seidel),
Proceedings of the Second Mathematical Congress, Vancouver, 172-195,
1949 (NRC-2487; based on MT-207, 1946).

35. Linear extrapolation length for a black sphere and a black
cylinder (with S.A. Kushneriuk),
MT-214 (NRC-1880), 17 pp., 1946.
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36. Influence of an air-gap surrounding a small black sphere upon
the linear extrapolation length of the neutron density in the
surrounding medium/
MT-232 (NRC-15661, 21 pp., 1946.

37. Milne problem in a multiplying medium with a linearly aniso-
tropic scattering,
CRT-358, 76 pp., 1946.

38. Conversion of thermal neutron flux into fast neutron flux by
means of a uranium container,
CRT-334, 67 pp., 1947.

39. A remark on the variational method.
Physical Review 71, 694-697, 1:47. (HRC-1520)
(Abstract)

40. Probability of a build-up of a large number of small pulses
simulating a large pulse (with G.C. Hanna),
TPI-44, 33 pp., 1947.

41. Linear extrapolation length of the neutron density at the sur-
face of a large hollow cylindrical shaft,
CRT-319, 56 pp. 1947.

42. Linear extrapolation lengths for a small black cylinder with a
small air-gap and a small imperfectly absorbing cylinder with
and without a small air-gap (with S.A. Kushneriuk),
TPI-45 (AECL-124), 33 pp., 1947.

43. On the distribution of electric charge in nuclei (with W.H. Watson),
Physical Review 71_, 742, 1947 (NRC-1539).

44. Critical radius of a nearly spherical body in an infinite container,
CRT-361 (NRC-1820), 65 pp., 1945; revised 1948.

45. Angular distribution of neutrons at the interface of two adjoining
media,
Canadian Journal of Research A, 28_, 303-314, 1950 (NRC-2136).
(Abstract)

45a. Distributions, in a non-absorbing body, of gamma-ray sources giving
a uniform distribution of gamma rays; Appendix III, Supplement No. 2,
British Journal of Radiology, 197-198, 1950.



- 11 -

19«f7-195^ - ATOMIC ENERGY RESEARCH ESTABLISHMENT, HARWELL,
AND UNIVERSITY OF BIRMINGHAM

46. Non-uniformity of distribution of very fast neutrons in a
cell of a pile,
AERE T/R 226, 30 pp., 1948.

47. On the spatial distribution of neutrons slowed down in
slightly hydrogeneous media
AERE T/R 334, 50 pp., 1949.

48. Critical radiuc of ar. intermediate reactor,
AERE T/R 528, 40 pp., 1950.

49. Extensions of Feynmann's method for dstermining neutron energy
spectrum and spatial distribution to the case of anisotropic
scattering. Part I, Theory,
AERE T/R 590, 18 pp., 1050.

50. Preliminary estimate of energy deposition in soft tissue due
to a fast neutron flux,
AERE T/M 13, 50 pp., 1950.

51. Influence of a black sphere and of a black cylinder upon the
neutron density in an infinite non-capturing medium,
Proceedings of the Physical Society, A, 64_, 881-902, 1951.

52. Some remarks on application of the spherical harmonics method
in the case of complex geometries,
AERE T/R 700, 19 pp., 1951.
(Summary)

53. Influence of a cylindrical channel on a periodic neutron
density distribution,
AERE T/R 738, 22 pp., 1951.

54. A new method for calculating the critical radius' of systems
containing hydrogen and fissile materials,
AERE T/R 826, 52 pp., 1952.

5-i. On the spectrum of therm?! neutrons in monatpmir hydrogen gas,
AERE T/M 82, 23 pp., 1953.

56. An upper bound to the effect of a slit in the reflector upon
the reactivity of a nuclear reactor (with P.D. Preston),
AERE T/M 85, 34 pp., 1953.
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57. On Ffcynmann's 'integral over all paths'.
Proceedings of the Royal Society,A, 225, 252-263, 1954.
(Abstract)

58. On the neutron spectrum for v~a absorption cross section
(with M.E. Mindl),
Proceedings of the Physical Society, R_,. 67_, 967-972, 1954.
(Abstract)

1954-1961 - UNIVERSITY OF TORONTO AND CHALK. RIVER NUCLEAR
LABORATORIES, CHALK RIVER

59. The compatibility of the survival plateaux hypothesis with
Gaussian distribution of population,
Bulletin of Mathematical Biophysics 19_, 241-246, 1957.
(Abstract)

60. The enrichment cost of power increments gained by flattening
and by close rod spacing (with H.H. Clayton),
CRT-682 (AECh-446) , 94 pp., 1957.

61. Multilayer problems in the spherical harmonic method,
Canadian Journal of Physics 35_, 55-63, 1957 (AECL-386) .

62. Effective thermal diffusion length in a sandwich reactor.
Journal of Nuclear Energy 7_, 51-68, 1958 (ABCL-555) .

(>7. Spherical-harmonics .iethod for neutron-transport problems m.
cylindrical geometry,
Canadian Journal of Physics 35_, 576-593, 1957 (AECL-438) .
[See also "Note on an inversion formula by B. Davison" by
H.H. Clayton, Canadian Journal of Physics 4£, 1254-1258, 1962
(AECL-1564)].

64. Spherical-harmonics method for neutron transport theory problems
with incomplete symmetry,
Canadian Journal of Physics^, 462-475, 1958 (AECL-563) .

65. On the rate of convergence of the spherical harmonics method
for a sandwich reactor of small lattice pitch,
Canadian Journal of Physics 36, 784-800, 1958 (AECL-589).
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66. On the rate of convergence of the spherical harmonics method
in the Milne problem,
Canadian Journal of Physics 36_, 1323-1335, 1958 (AECL-672) .

67. On the rate of convergence of the spherical harmonics method
(for the plane case, isotropic scattering),
Canadian Journal of Physics 38_, 1526-1545, 1960 (AECL-1065) .
(Abstract)

68. Multilayer problems in the multigroup spherical harmonics method,
Canadian Journal of Physics 37_, 1482-1498, 1959 (AECL-915) .

69. Simplified derivation of the spherical harmonics moments for
cylindrical and other geometries,
CRL-63 (AECL-106S), 37 pp., 1959.

70. Some integrals involving the Bessel function integrals,
CRT-C56 (AECL-867) , 20 pp., 1959.

71. A semi-numerical semi-analytical method for the two-group theory
of xenon oscillation calculations for nuclear reactors,
CRT-993 (AECL-1193) , 43 pp., 196l.

72. Correction for non-zero time step in the numerical simulation
of spatial oscillations of xenon in a nuclear reactor,
CRT-1033 (AECL-1292), 17 pp., 1961.
(Abstract)

ADDITIONAL PUBLICATIONS

In addition to the papers and reports listed above, there are many items,
e.g. personal notes, letters, memoranda and some documents written by
Davison that will not be included in the five-volume set of his collected
papers. His book "Neutron Transport Theory", publir.hr c 'v/ the Oxford
University Pres? and already mentioned, is one such item. Another item,
to which Davison refers in his papers, is a document LT-18, "Transport
Theory of Neutrons". This is a write-up by Davison (213 pp.) of a
series of lectures he gave at the Chalk River laboratory in 1946-1947.
These notes will also not be included in the collected papers because
their content is now largely available in Davison's book.

ACKNOWLEDGMENT

A major portion of the listings in the bibliography were contributed by
J.B. Woolston and H.H. Clayton. B. Gay of the Technical Information
Branch assisted in many aspects of the assembly and formulation of the
report.



- 14 -

APPENDIX

SUMMARIES OR ABSTRACTS OF SELECTED PAPERS

1. ON THE THEORY OF A NEW METHOD (THE LOGARITHMICAL INTERPOLATIONS METHOD)
FOR CALCULATIONS OF BACK-WATER CURVES ( L e n i n g r a d , 1930)

Summary - The author is treating a new method of the back-water
curves calculations given by Eng. Krivoshein; having

shown that the logarithmical anamorphose of the dependence between
the modulus of discharge (i.e. ratio cf discharge to the square root
of the slope) and the depth must be a straight line (the river-bed
satisfying Prof. Bakhmetiev's conditions) the author evaluates the
magnitude and the sign of the error.

If the back-water, depth is not great (for example, for a
broad rectangular river-bed, less than 1.36 of the natural depth)
the error is negative and the calculated back-water curve lies below
the exact one, while in the contrary case the calculated curve lies
above the exact one.

5. ON THE UNIFORM CONVERGENCE OF THE TRIGONOMETRICAL SERIES (Leningrad, 1932)

Summary - The convergence problem of a power-series in case of the
expanded function being continuous up to the circumference

of the convergence-circle was proposed by Pringsheim in 1900.
In 1910 Fejer showed that this problem as stated by

Pringsheim had a negative solution, in a memoir in which he gave an
example of a function regular in the circle |z| =1 and continuous
including its circumference, the expansion of the function in the
power-series being divergent at z = l.

Later, in 1913, the problem was examined by Fejer, when the
Cesaro-summability of a power-series involves its convergence. In this
work he proved a very important test, viz. the convergence of the series
Zn|an|

2, containing all the criteria known before.
We may notice that the above condition being satisfied,

the series is convergent with the Cesaro-summability of any order,
and not only with the (C)-summability of the first order. The same
holds good for the present writer's tests.



It Is to be noticed further, that if only one component
of the power-secies is sumriable (C) , the above test will involve the
convergence of this component.

In riis first criterion, obtained in §1 the present writer
does not suppose the series to be a Fourier's series.

The- secoid criterion, obtained in §2, holds good only for
a Fourier's se::ies. The classical convergence-tests for the Fourier's
series are muc.i more numerous. We can mention, that the well-known
Dini-Lipschitz cond:.tion is included in test §2 (see §3).

The lasc article is of a somewhat geometrical character.
In this article the author applies his second test to the expansion of
f(z) in a power-series, the domain of F(z) = Jo f(t) dt being known.

There exist examples showing that the author's criteria
are not contained in the Fejer's test, and that the suppositions of
the first criterion do not involve the representability of the expanded
function, or of its conjugate by the Poisson's integral. But the pre-
sent writer did not succeed in showing that his second test is not
equivalent to the Dini-Lipschitz's condition.

9. ON THE INDEPENDENT FROM THE VISCOSITY FORMS OF THE TWO-DIMENSIONAL
UNSTEADY MOTION OF A VISCUOUS INCOMPRESSIBLE FLUID (Leningrad, 1934)

Summary - The author considers the two-dimensional unsteady motion
of a viscous incompressible fluid in the case when the

outer forces possess a potential, and shows that there are only four
cases when the velocities are independent from the value of the coef-
ficient of viscosity.

These are: the motion with a constant vortex (case A ) ,
and three other cases, for which the author determines the stream-
function explicitly - see formulae (B), (C) and (D).

Further the author determines all the unchangeable regions
where a motion of the above-mentioned character may take place, this
motion having a variable vortex and satisfying the usual boundary-
condition of sucking of the viscous fluid to the solid bordering the
region of motion.

Decomposing the motion upon the translative and the rela-
tive one and taking for the translative motion the motion of the solid
bordering of the region the author assumes the relative velocity to
be bounded. Then the region of the motion must be either a streak
bounded by two parallel straight lines, or a ring bounded by two
concentrical circles. In either case the relative motion will be a
steady one, and the translative motion will consist of a progressive
motion and a uniform rotation.
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10. ON THE GAUSS METHOD OF THE APPROXIMATIVE COMPUTATION OF DEFINITE
INTEGRALS (Leningrad, 1934)

Summary - The author considers the case when the integral has a
polar, logarithmical or algebraical singularity in the

vicinity of the range of integration.
Starting from the evaluation of the derivatives of an

analytical function by the maximum of the function in a complex region,
the author shows that Gauss method may be applied only if the length
of the range of integration is less than the fourfold distance between
the path of integration and the nearest singularity. Otherwise the
range must be divided into portions and the method must be applied to
each portion separately.

If the integral has only one singular point, situated upon
the continuation of the path of integration then to receive the
required accuracy by a minimal quantity of computations one must divide
the range so, that for each of the new ranges its length should be
equal to the distance between it and the singular point. The remainder
will then converge to zero as C»A~m"n, A, C being constants and m*n
being the full quantity of points where the integrand must be computed.

If the singular point belongs to the range of integration,
a small portion of the range, lying in the nearest vicinity to the
singular point must be excluded and the rest must be divided into por-
tions. The greater the accuracy required, the smaller the portion to
be excluded: thus the rest must be divided into a greater number of
portions.

An assay is made to determine which way of dividing we must
use if we want to receive the required accuracy with the minimal quantity
of computations. The optimal number of points in each portion is found
to be proportional to the number of portions under the condition only
that there is such a number y that the integrals along the excluded
portion were less than K£ , e-being the length of the excluded portion.
The remainder then converges to zero as C"A~l/"1"ri, A, C being constants and
m-n the full quantity of points where the integrand must be computed.

25. SOME PARTICULAR CASES OF GROUND-WATER MOTION, THE EVAPORATION FROM THE
FREE SURFACE BEING TAKEN INTO ACCOUNT {Leningrad, 1937)

Summary - This note gives a method for the solution of the following
problem: two dimensional steady ground-water motion takes

place in a region bounded by 1) impervious boundaries, 2) boundaries
of water basins and 3) a free surface. The impervious boundaries are
straight line segments parallel to each other; the boundaries of water
basins are straight line segments orthogonal to the impervious boundaries.

The evaporation from the free surface takes place (but not
the penetration of waters from without upon the free surface) and this
evaporation from any arc of the free surface is assumed to be proportional
to the projection of this arc upon a horizontal axis.
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The problem is solved by the method of the conformal
representation.

Under the above conditions the boundary of the w region
(w = ux - iuv; ux and uv are the component-percolation-velocities)
13 composed of arcs and"segment of only one circumference and only
one straight line. The circumference corresponds tc the fret' surface
and the straight line both to the impervious boundaries and the
boundaries of water basins. These two lines must intersect. Denote
one of the intersection points by WQ. The author shows that the

.w-w.,'3'
dw

being the coordinates of points in the region of motion) is composed
of segments of straight lines passing through the origin, i.e.

boundary of the region of (^ (w-wQ) ) values (z = x+iy, x and y

arg(-— (w - wn) ) is constant for each portion of the boundary. There-

fore one can easily fulfill the conformal representation of (— (w - WQ) )-

region upon the w-region and obtain an equation of the following form

~ (w - w . ) 3 = F(w) ,
dw 0

whereof

t F(w)dw +

(w-wQ)

An example is solved by means of this method.
The problem solved in this note is a particular case of

the problem solved by the author in his paper "On the steady two-
dimensional motion of ground-water with a free surface" (Phil. Mag.,
Kay, 1936), but the method given in this note is much simpler,
although both methods start from the same assumption.

16. ON SOME SIMPLIFICATIONS USED FOR COMPUTING GROUND-WATER-MOTION WITHOUT
FREE SURFACE (Leningrad, 1937)

Summary - The author considers steady two-dimensional motion of ground-
water without free surface and seepage surface and shows the

following circumstances.
If we divide the region of motion into parts by lines ending

on the boundaries of water basins, then the sum of discharges passing
through each such part will be always less than the discharge which per-
colates through the complete region in reality.

If on the contrary, we divide the region of motion by lines
ending on the impervious boundaries, and substitute the permeable massive
by a series of massives obtained by means of the above-mentioned division,
fictive water basins being introduced between the latter massives, the
discharge passing through this system of dams will be always greater than
the discharge percolating in reality.
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20. WIND TUNNEL CORRECTION FOR A CIRCULAR OPEN JET TUNNEL WITH A
REFLEXION PLATE (Parnborough, 194 2)

Summary - It is advantageous from many points of view to make test
models as large as possible. One method of doing this is

to measure the characteristics of half the model in existing wind tun-
nels. One half of the aerofoil is mounted horizontally on a vertical
reflexion plate and the plate is placed in a suitable position in an
open jet which, in the undisturbed state, is of circular section. The
contour of the jet is distorted, especially with models of large s .mi-
span, but this distortion is neglected in the analysis. The correcting
factor associated with 'uniform' distribution of lift is worked out
exactly and that associated with 'elliptic' distribution approximately.
The effect of the induced downwash on the distribution of lift is ignored.
The results are given in suitable tables and figures.

Throughout the working range of normal experiments the cor-
recting factor is of the same order of magnitude as that obtaining when
a full model is tested in a jet of circular section.

27. INFLUENCE OF A SMALL BLACK SPHERE UPON THE NEUTRON DENSITY IN AN
INFINITE NON-CAPTURING MEDIUM (Montreal, 1944)

Summary - In the present report we examine the neutron density in a
uniform non-capturing medium surrounding a small black

sphere, in the case when the densicy at infinity tends to a definite
finite limit. "Small" sphere means small compared to the mean free
path in the surrounding medium. The linear extrapolation length X for
the asymptotic solution for the density in the surrounding medium is
determined as a function of the radius of the sphere. The method used
is essentially the perturbation method, treating an infinite space with
a constant density in the absence of the black sphere as the unperturbed
system, and all the effects of the presence of the black sphere as small
perturbations. Orders of magnitude of the successive perturbations were
estimated and the first few were determined explicitly. This gave

2

f f f ("T"- D a2 l°g a " 1.4002 a2 + o(a3 log2 a)

in which a is the radius of the sphere in units of the external mean
free path.
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29. ANGULAR DISTRIBUTION DUE TO AN ISOTROPIC POINT SOURCE AND SPHERICALLY
SYMMETRICAL BIGENSOLUTIONS OF THE TRANSPORT EQUATION (Montreal, 1945)

Summary - In sections 2 and 3 we give the angular distribution of
neutrons due to an isotropic point source in an infinite

medium, both with and without capture.
The remainder of the paper contains the derivation of

certain families of the spherically symmetrical eigensolutions and a
preliminary discussion of their properties. It is shown, in particular,
that the point source solution cannot be represented as a superposition
of cigensolutions.

30. MILNE'S PROBLEM WITH CAPTURE AND PRODUCTION (Montreal, 1945)

Summary - The relation between the solution of the inhomogeneous
integral aquation of the problem containing an arbitrary

source term and of the corresponding homogeneous equation is investi-
gated. It is shown that the former can be derived - in an elementary
way - in terms of the latter. The discussion of the special cases of
constant and exponential source terms, given in sections 2 and 3 yields,
among other results, an elementary derivation of fldler's albedo formulae.
The solution for a general source which amounts to the determination of
the Green function of the homogeneous equation is derived in section 4.

32. INFLUENCE OF A LARGE BLACK CYLINDER UPON THE NEUTRON DENSITY IN AN
INFINITE NON-CAPTURING MEDIUM (Montreal, 1945)

Summary - In the present report we examine the neutron density in a
uniform non-capturing medium surrounding an infinitely long

black cylinder of a large radius, in the case when the density depends
only upon the distance from the cylinder. "Large" radius means large
compared to the mean free path of the surrounding medium. The linear
extrapolation length A for the asymptotic solution for the density in
the surrounding medium is determined and expressed in terms of the radius
of the cylinder. The method is essentially as follows. In zero approxi-
mation, and not too far from the surface of the cylinder the neutron
density should be roughly the same as in a half-space bounded by a vacuum.
In more accurate approxinations, but still not too far from the cylinder
the effects of its curvature can be treated as small perturbations. On
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distances comparable with the radius of the cylinder the above approach
breaks down because all the successive corrections are then of the
same order of magnitude. However, it is possible to determint the
leading term, the next largest term, etc., in all the successive
corrections simultaneously. And adding first all the leading terms
in the successive corrections, next all the second largest terms and
so on, we obtain an expansion valid on all distances from the cylinder.
This expansion can be utilized to determine, to a given accuracy, the
constants entering into the asymptotic solution, in particular the
linear extrapolation length A, for which we obtain the expansion

- 0.0256 4r + Of1"9. a)
3 4

a a

in which a is the radius of the cylinder in terms of the external mean
free path.

39. A REMARK ON THE VARIATIONAL METHOD (Montreal, 1947)

Abstract - The nature of the extremum of the functional

q(x)(q(x)-A / q(x)K(x,y)dy)dx/[ J q (x) f Q (x) dx]
 2 ,

associated with the inhomogen^ous integral equation.

qQ(x) = A / o o

is investigated. Two sets of sufficient conditions for the extremum
reached for q(x) = q.. (x) to be a minimum (and neither a maximum, nor
a "saddle point") are determined.
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4b. ANGULAR DISTRIBUTION OF NEUTRONS AT THE INTERFACE OF TWO ADJOINING
MEDIA (Chalk River, 1950)

Abstract - Two media separated by a plane interface and each filling
an infinite half-space are considered. Neutrons come in

infinite number from infinity in one medium and the neutron density
vanishes at infinity in the other medium. Isotropic scattering in
the laboratory system of co-ordinates in both media is assumed and
all neutrons are assumed to have the same speed. The angular distri-
bution of neutrons emerging from either medium into the other is
obtained in terms of the angular distribution of neutrons for the
Milne problem, that is, the angular distribution of neutrons emerging
from a scattering medium into a vacuum. The latter angular distribu-
tion is tabulated in the preceding paper by LeCaine.

52. SOME REMARKS ON APPLICATION OF THE SPHERICAL HARMONICS METHOD IN THE
CASES OF COMPLEX GEOMETRIES (Harwell, 1951)

Abstract - A new procedure is given for setting down the spherical
harmonics method equations and reducing them to the equa-

tions for one unknown at a time, for the cases when the angular dis-
tribution depends on both angles characterising the direction of a
neutron. This new procedure is noticeably more economical in alge-
braic manipulation than that given in LT-18, and noticeably more ele-
mentary than that given in MT-92. The essence of this new procedure
is that in the earlier stages of the calculation one works in the
Cartesian coordinates, and treats all the harmonics of any particular
order en block; the subdividing harmonic of order s into its (2s+l)
components and the passage to the system of coordinates appropriate
to the particular geometrical arrangement are carried out after the
system of equations has been reduced to equations for one unknown at
a time.

The new procedure is illustrated by applying it to the
case of a finite cylinder.



- 22 -

57. ON FBYNMANN'S 'INTEGRAL OVER ALL PATHS' (Birmingham, 1954)

Abstract - A definition of Peynmann's "integral over all paths' is
given in precise mathematical terms, namely, it is shown,

subject to some restrictions on the nature of the Lagrangian, that the
ratio of the 'integral' to a certain normalization factor is uniquely
determined by postulating: fi) the composition law, (ii) the possi-
bility of taking any factor independent of the paths cutside the inte-
gration over paths, and (iii) that the quantity in question should not
involve any arbitrary 'universal' constants of the dimensions of
inverse time. The nature of the normalization factor, referred to
above, is also examined.

Finally, a method of parametrization of paths is introduced,
and it is shown that Feynr.ann's 'integral over all paths' can, alterna-
tively, be defined in tentif. of this parametrization.

58. ON THE NEUTRON SPECTRUM FOR v~a ABSORPTION CROSS SECTION (Harwell, 1954)

Abstract - An approximate expression is found for the neutron absorp-
tion energy spectrum in an infinite medium consisting of

atoms of mass number M, for which scattering is assumed isotropic in
the centre-of-mass system and aa/crsc °= v~

a, where a is a positive
constant. The accuracy of certain useful types of integral over the
resulting spectrum is examined.

59. THE COMPATIBILITY OF THE SURVIVAL PLATEAUX HYPOTHESIS WITH GAUSSIAN
DISTRIBUTION OF POPULATION (Toronto, 1957)

Abstract - It is often assumed that a highly peaked Gaussian distri-
bution of population characteristics would imply a similar

distribution of the survival probability. Such interpretation is,
however, rather arbitrary and unduly restrictive. In this article it
is shown, on the contrary, that, where the characteristics depending
on many genes are concerned, even a broad survival plateaux will
result, under certain additional conditions, in a highly peaked nearly-
Gaussian distribution of the population characteristics.
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61. MULTILAYER PROBLEMS IN THE SPHERICAL HARMONICS METHOD (Toronto, 1958)

Abstract - In applying the spherical harmonics method to multilayer
problems it is necessary to invert certain matrices. It

is shown, for the cases of plane and spherical symmetry, that these
inverse matrices can easily be written down explicitly, so that there
is no need for numerical matrix inversion.

67. ON THE RATE OF CONVERGENCE OF THE SPHERICAL HARMONICS METHOD (Toronto, 1960)

Abstract - The rate of convergence of the spherical harmonics method
in neutron transport theory, for the plane case with iso-

tropic scattering, is investigated for an arbitrary number of layers
of different materials, and both in the one-group and in the multi-
group theory. The attention is centered upon the cases when there is
no external supply of neutrons, so chat one deals with an eigenvalue
problem. The error in the eigenvalue due to the truncation of the
spherical harmonics expansion is found to vary essentially as 0(l/N2),
where N is the order of the highest harmonics retained. The proof of
this result consists of two parts. Firstly it is shown that the use of
the spherical harmonics method, under the conditions stated, is strictly
equivalent to making a certain approximation in the kernel of the inte-
gral equation for the flux; and then the error due to this approximation
is assessed.

72. CORRECTION FOR NON-ZERO TIME STEP IN THE NUMERICAL SIMULATION OF SPATIAL
OSCILLATIONS OF XENON IN A NUCLEAR REACTOR (Chalk River, 1961)

Summary - h reasonably complete investigation of xenon instability in
a large high-flux nuclear reactor is necessarily numerical,

sj.nce the basic equations of the problem are non-linear. Concern, then,
for reducing computing time may tempt one to use a rather long time step
in the numerical integrations, comparable to, or even longer than, the
mean life of xenon in the reactor. Before doing so one should know what
error one thus introduces.

The present report examines this question in the case of the
linear approximation to the actually non-linear problem in the expecta-
tion thau such a preliminary investigation will at least shed light on
the more realistic problem. It shows that, provided in a certain pertur-
bation procedure corrections of order higher than the first are negligible,
there exists a rather simple relationship between the true time constant
of any mode of instability and the time constant calculated by a numerical
procedure with non-zero time step.
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