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448 SESSIO

or even out according to the direction of net flow. The size
of ‘stable irregularities would be determined by a balance
between the rate of build-up due to drift and of disappearance
due to surface tension: effects: The following experimental
observations on tantalum support the above  hypothesis:
1. de¢ heating produces ietching’ on one side only of suitably
oriented crystal grains in a 0.001-in. Ta strip. (Drift direction
is reversed relative to crystallographic axes on opposite sides
of the grain.) 2. 211 surfaces appear facing the positive end;
100, 310, ‘and- 110 planes develop facing ‘the negative. 3. A
thermal gradient produces effects similar to an electric field,
with : higher - temperature equivalent:. to positive . polarity.
4. Size and spacing of ridges developed by etching are con-
sistent with reasonable values of D, and surface energy.

#1/.S. Atomic Energy Commission Liason Officer.

FA7. The Activation Energy for the Recovery of Reactor
Irradiated Copper Crystals. J. K Repuan, R. R. COLTMAN,
anp. T, H: Brewirr, Oak Ridge Nutional Laboratory.—Five
sinigle crystals of high purity ‘copper were irradiated in an
Oak Ridge reactor to an integrated flux of 631018 neutrons
persquare centimeter: One of each of these crystals. was
isothermally annealed in a salt bath at each of the following -
temperatures: 305°C, 325°C, 345°C,; 365°C, and 385°C. In no
case was recrystallization observed despite the fact that the
itradiation raised the initial shear stress for: plastic flow from
0.2 kg/mm? to 3.5 kg/mm? The critical shear: stress. was
determined as a function of annealing time at each of. the
above temperatures. The ielaxation time varied from about
400 Hours at-305°C to 11 minutes 2t 385°C. Using the data
collected in this manner an activation energy of 2.2 electron
volts was determined from the slope of the line relating the
natural logarithms of the relaxation time to the reciprocal of
the temperature. Although the isothermal recovery curvesare
indicative of a higher order, there is evidence that the recovery
is that of a’ first-order reaction. The fact that the above-
determined ‘activation energy is apparently equal to that for
self-diffusion is believed to be significant; and will be discussed.

FAS. The Effect of Strong Hlectrostatic Fields on the Re-
sistance of Tungsten Wires, W. J. DESHOTELS AND A H
WEBER, Saint Louis University.—The offoct of a radial elec-
trostatic field upon the resistance of tungsten in high vacua
was reinvestigated employing  lower pressures and better
vaciium technique than in the original experiments.! % Wires
of 0.004-in, and 0.00045-in. diameter were subjected to nega-
tive and positive fields up to 0.0 10% and 1.4X108 volts/cin,
respectively. The fesistance abruptly decreased upon applica-
tion of the electric field, thereased slightly with time while
the field 'was constant, and increased abruptly upon removal
of the field. The abrupt inérease was usually somewhat less
than the abrupt decrease. The abrupt resistance changes sat-
isfied ‘the equation AR=aFE}, where AR =resistance change,
E=applied field in volts/cm X 108, and &=0.46. A large part
of the small resistance change with constant field was due to
an observed: filament temperature ihcrease resulting from
bombardment by the slectronic portion of: the observed ion-,
photo-, ‘and fold “emission current. Tt was found that the
photo and fon currents were much larger: than the field emis-
sioncurrents. No ohsetvable electrostatic effect ‘was found
which could account for the abrupt resistance changes:

1AL G: Worthing, Phys. Rev. 17,418 (1921).

2 G B. Estabrook; Phys: Rev. 63,.352.(1943):
s P. L. Vissat, Phys. Rev. 64 119 (1944).

FAO. The Stress-Strain Curves of Copper. Single Crystal
at 4.2°K. T. H. BLEWITT, R R. CortmaN, R. E. JAMISON,
anp J. K. REDMAN, Ouk Ridge National Laboratory.—Pairs of
single crystals were grown by the Bridgman technique from
high purity copper and annealed in high vacuum at 1030°C

N FA

for three-hours. The crystals were
tensile bars. One of each pair was

other at a higher temperature.

shows a dependence of temperature whi
the earlier conceptions! based on deformatt
300°K. The critical shear stress at 4.2°C shows little if
increase over that at 300°K and the stress-strain: cur
linear ‘so long as the deformation occitrs by slip. The
and low temperature curves are coincident over the |
portion of ‘the high temperature curve. After a stress of
proximately 15 kg /mm? is reached, which is greater than
obtainable at 78°K;’ the crystal def
considerable strain by twinning the ¢
age. This latter phenomenon has 1o

or higher temperatures.

1 Blewitt, ‘Redman, and Sherrill, Bull. Am. Phys. Soc. 28, No

(1933):

FA10. Small Angle Scattering of X-Rays from Cold W
Crystals. D L. DEXTER, University of Rochester —The

angle scattering of x-rays or thermal neutrons (A~1A)
the basisiof a

ations around

cold-worked: crystalsis calcul

which takes into account the density vari
type - dislocations, which neglects the effects of : scre
componerts : (since the ‘density: variations are small).
neglects end effects at the termination of an e
ment, and which neglects coherence if the scattering fr
regions surrounding different dislocations. The angula
ation in the density change around an edge-type di
vesults in a’complete miodification of the usual sm
scattering formulas. The highly character
shows a parabolic increase from
a maximum; and finally a mono
scattering angle,  Multiple scatter
in thick samples. There is large anisotrop
from an ordered array of dislocation. Scattering £
easured? scattering £
ble under suitable ¢

locations does not explain the

worked Cu, but may be observa

1 7. Blin and A. Guinier, Compt. rend. 233, 1288 (151,

FA1l, An Anomaly in the H
Fatigued State. B. WELBER AND R.. WEBELER,
» Aeronautics.—Three. copper
tto’ fracture. To determine
content calorimetric measurements carried up to 2
inade in the same way used previously to determint
stored: it cold work.t In'the follo
up o 450°C during & measuremen
It was found that 0:36::0.05 more ‘cal/g were
bring a fatigued sample from-25
nealed” one. Thus, it appears that, quite unexp
fatigued state is one of Iower heat content th
state, while the cold worked state is one of figher |
oreover; in fairly s
worked ‘copper about 0.3 cal/g is released bet
and 250°C,F a temperature range within ‘which
sample neither releases nor absorbs energy in amo
ing the experimental errot of0.03 cal/g. This i
since fatigué is supposed to be caused by loc

‘visory. Commitiee fo
were fatigued almos

than- the annealed state. M

hardening.
1B Welber; Ji: Appl.. Phys. 23,8

FA12. Work “Hardening in Su
KosmLER;  University of Tllinois.*
mechanical properties of single crystals of the
cubic alloys can be understood: by Supposing
hardening - and impurity hardening are impor
Source hardening ¢
hich ean act atlo

interaction hardening is not.

the Frank Read generators w

after giving a finite amoun

ated on

1

76.(1952).

t of glide.

zero at zero sca
tonic decrease with i
ing will be neglig
v in: the s

grown in the shape of
deformed at 4.2°K and i
The stress-strain relations
ch'is consistent
on at 78°K and

orms: by twinning.
rystal fractured by
t been observed at

istic scatteri
ttering

eat Content of 8 Me
Nat

wing, a sample on
t is designated as

0°C to-350°C tha

bstitutional
.t is: sho

The int

dge-typ

an the

d by impurities’ impede the motion i i
arly at.small strains. Interaction harde?lfinzli?i(;ig%?
he motion of dislocations past one another becomes
fHicult as the density of dislocations rises. Observations
angls and stress strain data imply that the production
w slip band is accompanied by a reduction of the im-
tresses nearby. It is-suggested that vacancies and
ials Qroduc_ed during the slip process diffuse awa
e.~or1gn?al slip band and settle down so as to annul thsé
impurity stresses. This implies that the “purification”
ould be reduced at low temperatures.” T: H. Blewitt!
) that‘the width of a cluster of slip bands in alpha-
ter a given strain decreases as one‘goes to low tem-
s. This agrees with the above theoretical suggestion.

rted by the U. S. Office of Naval
Blewitt, Bull: Am. Phys. Soc. SN0 35S Lioss).

Tensile Strength and Adhesion of Thin Films' of
S. MORTON, Jr.,; anp’ J. W. BEAMS, University of
~—Studies of the tensile strengths and adhesion of
ﬁlmg by subjecting them to high' centrifugal fields
;cp.nt'xm{ed.l The silver films were electrodeposited
striking’’ on: small cylindrical steel rotors and the
peeds required. to throw them off were measired
were n.lagnetically suspended and spun in a hig!;
"he tensile strength, in agreement with the previous
owed an abrupt increase at a thickness of roughl
Also the adhesion starts increasing rapidly at Z
f about°1.§X10‘5 in:’ Prolonged- annealing at a
of 300°C increased the adhesion, Rapid coolin
ng between limits of 90°C and —70°C greatly reg-
dhesion and f_acilitated tensile strength measure-
mall film thicknesses. The adhesion, of course
upon the method of electrodeposition. ' ’

by Navy Bureau of Ordnance
lkeer, and Morton, Phys. Rev. 87, 524 (1952).

‘e;S’cructure and Aging of Thin Metal Films. L*
‘RAUDEBAUGH AND RICHARD: B BELSER Get;rgz.'a
‘ec}mology.——EIectron diffraction studieé‘, of thin
have s_hown that such films, whether deposited b
poration, sputtering ot electroplating; are com}j
ly of s.mall crystallites of the meta’l. Because
g_deposmed atom by atom, or little by little, on
oreign surface.and intermingled with foreign até)ms
rowth: they ‘are subjected to a certain amount
d strain not so predominant in a metal coolin
a molten condition. After deposition, with tim%
a temperature increase and time; a rearrange-
tg(:m;1 of aT;}}in metal film to a state of greater
s i iti
il ins Itran.s1txon. may I:fe det.ected by by a marked rise in magneti ibili
of ¢ g electric resistance; in optical prop- : e e 2oy, and
-ray and electron diffraction patterns of the ,
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film. - This susceptibility ig k
ptibility ' to ‘change,. desi, “agi
5 3 x gnated as ‘‘a "
%%Qears to be inherent in the nature of the growth of thglglg;;l
! is aging “is accelere}ted by heating the film, and theré
ppears to be a certain’ temperature unique. to each metal

and its thickness at whi i iti
anc its thi ch an optimum condition of the film

* Supported by the U, 8. Army Signal Corps,

inﬁii;) ’nge BStructure and Aging of Thin Metal Films. IL*
Ricu . BELSER AND ROBERT J. RAUDEBAUGH, Georgia
nstitute of T eckn_ology.~Examination of ‘thin films :)f sil
goldz copper, platmu.m, and other metals; deposited by e\:;er:
iéatlon and sputtering on glass substrates, has shown thgt
ese films undergo a change in structure with time, either at
;r?ioc?) g:zr;}ieg?tglre (fSrO a;% Oelevated temperatures.  Electron
phs ms 50-250 angstroms thick ma
;h;x V::;g;t?al.l); \;1s1b_le particle size. By heatin)g:r 2%;2:3%1?;):
X rticle size is produced. This growth is -
panied by better definition of the lines of loctron
diffraction patterns and some evidenceO fX orie and’ G
resistivities of these films and thicker ﬁlmz g:rrlfx?ag?;lzzde’{he
Z regluctxon concurrently with the structural change: If a ﬁl%g
e g:ated.to a temperature above one specific to the metal
and its thxckn'ess, defined as the ‘‘preferred’” aging tem ora
ture, aggregation of the film will commence and its resistrijx?;: :
;ngiélgi gsrxl'eissej. 111% a somewl;at higher temperature complet}é
2 571 y occurs. For 1000 angstrom eva
?lﬁls ‘preferred’ aging temperatures ha%le been folt)xcx)lrcal‘tz(i
ollows: quper and “silver, 175-225°C; gold; 250-300°C;
platinum, nickel, aluminum, and iron, 400~500°é These t 4
peratures ‘appear to' be related to the recrystallization tem—
peratures of. respective metals. Sputtered’ films may r tire
somewhat higher temperatures for proper aging. i

* Supported by the U. S. Army Signal Corps.

S P;—jlkégc Iﬁremplgztmn Eﬁepts in Copper-Iron Alloys. THOMAS

C(.)pper W'tIiON, ovyal Mllmzry_ College of Canada.~—Alloys of

oppe ith up. to 1.5 percent iron have been investigated b
:;ﬁ;ca}l(; ma'gnetxg‘, indhx-ray diffraction methods. The pary
rm in which the iron exists in the di ] s
:ﬁn E}e; deduced frozp a cqordinated study of tg;ﬁfésetrlllttsail’i(;}r’rf
t eeatmreet sets .of investigations. With -the  particular heat
et g}lo?v;;}élgag f‘lclinzlliethe ?llogl? (long vacuum: anneal at
r cooling) lattice parameter measure-

ments show that the iron can be maintained i b,
solid ‘solution up to- 0.26 percent 4 e et
elgctrlqal {es’istance also ocgurs at t}ﬁs Ii)fc?r]f élcr)ln::;t Vglue O(i

this point it is believed that the iron begins to form a.co}?yon
preC{pftate,‘until, at an iron content of 0.5 percent incohexfent
precipitate in the a-phase begins to form. This is a'ccomp:n?:;

at the same time the body ic li
: y-centered cubic lines of a-i
observable in the x-ray diffraction pictures. Stiok

ment of Resonant Neutron Scattering Cross
HEEF, j MoorE, AND C. HEINDL, Columbia
¢ fchlck‘target method! for measuring the ratio
total cross section has been used to study a
ron resonances. Methods have-been ‘worked

» THURSDAY AFTERNOON AT 2:00
Wardman Park, Continental Room

(C. O. MUEHLHAUSE presiding)

Neutron Physics, I1.

out for ‘analyzing experi i
: perimental " scattering data - for
f;l;;;needters mt cases Wllmjere the levels are resolved Complé:;,liz
spectra are obtained for capture level ]
10" ev and ‘nearly resolved > pondtauiti:
curves for levels lying between 10
and about 30 ev. When the experimental curve is resolved,
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the value of T'y/T for the resonance is obtained directly., The
level strength: (00I'%) is then obtained from an area measure-
ment under thescattering curve. Nuclear radii are determined
by fitting the data in the neighborhood: of . the scattering
minimum. Forcases where. the experimental curve. is not
quite resolved; Tx/T is obtained by curve fitting, taking the
resolution width of - the apparatus into consideration.. The
5.13 ev resonance in Ag 109, the 16.6 ev resonance in Ag 107,
and the 2.36 ev resonance in Te®?® have been analyzed: These
results together with preliminary results for the cobalt 126 ev,
manganese 343 ev levels will be presented.

* Supported by the U. S. Atomic Energy’ Commission.
1t Jay Tittman and Charles Sheer, Phys. Rev. 83, 746 (1951).

40 ev for the average isotope of the elements Z=62 ¢
the spacing in the isotopes of odd mass being consiste
smaller than those of even mass. A comparison will. be m
between the elements in the rare earth region and the elepy
in neighboring regions;

# Research performed under the auspices of the U. S. Atomic
Commission, -

! This work was made possible by the generosity. of Dr. F. H. Sp,

of the Ames Laboratory, U. S. Atomic Energy Commission; in
available exceptionally pure specimens of most of the rare earths:

ent, ByOs in glass prepared and anal i

. . 1 vzed by Corning for
mbia University, and the A S dis
- .in DO, T, anc rgonne standard B0, dis-
is 753:£3 barns. Enriched boron

(source-CaIifornia) boron:

 leave from Pennsylvania Sta
5 te College.
ork carried out under contract with the U, &, Atomic Energy

G5 i)oppler Effect. on Neutron Resonance Levels
y ission.

MEeLRONIAN, W. W: HAVENS, Jr.,-axDp L. J. Ram
Columbia - University.—In ‘applying the area ' methg
analysis: of neutron resonance transmission dips,! Dy
broadening: has usually been neglected, With improv
in both the methods of analysis and in the data, it
necessary to take the Doppler effect into account, and
sive calculations have been performed in a way w
generally applicable. The area above a transmission

given by

. Total Neutron Cross Sections of \

at Long Wavelengths. V. W. MYERESI,?‘aI‘g ;V aéii{:rﬁtd
’ ‘PALEVSKY, Brookhaven National Laborato;y T——Th7
ections of D0 and boron-free glass at room tem;;erature
1 measured from 4 to 15A with the Brookhaven slovg
In the wavelength region covered, the Capture cross
s of these mat?rials is small compared to the scatterin
erent scattering due to liquid structure is observed i
materl:%ls 'but essentially disappears  at 10A. As t}in
! gt'h is- increased beyond 104, the measul:ed cros:
tise monotonically-and approach a 1/v law. From
at Brookhaven on the inelastic scattering of néutrons
it is known that the inelastic scattering approaches
ong wavelengths; hence the residyal scattering in D,0
=5 Is anterpreted  to be inelastic scattering plus2a
t contribution due to incoherent scattering, For D;0O
as:zc hcross section at 10A'is 15 barns per moiecule a;d
- otI ezuslz:.rne wavelength it is of the order of 5 barns

G2. Neutron Resonances in Silver. W. Y. KaT0o, MARILYN

J. Starng, J. S. LeviN, anD. D. J. . HUGHES, Brookhaven Na-

tional Laboratory. *—The total cross section of normal silver

has been measured in the energy region 5-500 ev with the

Brookhaven fast chopper.. The -present . time resolution is

limited to } percent by the flight path in the counter at low

energy, and to:3 usec by the counter collection time at high
energy. At this resolution it is felt that practically all reso-
nances have been resolved up to 100 ev; the observed level
spacing below 100 ev agrees with that obtained from 1 Mev
capture cross sections.! For most of the nine resonances found
below 100 ev, only the quantity ¢oI"* can be measured because
all samples used are thick relative to the actual resonance peak
ae. The values of oI are corrected for Doppler broadening,
which is about five times the true width I'at 100 ev. If T'y is
assumed to be 0.1 ev, the I'y’s for eight of the levels lie be-
tween 1.3.and 5.6 mv (converted to the value at 1 ev to remove
the velocity factor), in agreement with the value expected,
on the usual statistical model; from the observed level spacing.
A level at 46 ev, However, has a T', of only 0.2 mv.

* Work carried “out under contract with the:U. S. Atomic: Energy

Commission.
I Garth, Hughes, and Levine, Phys. Rev. 87,222 (1952),

CAE]D=I‘/2£_:[1._ ~nogl (2, FIA)]dx,

where ¢{x; I'/A) is- the Breit-Wigner cross-section §
with the Doppler broadening ‘applied, ‘A =Dopple
and x=2(E—E,)/T. The quantity [4zlp/Az (whe
the corresponding area with A=0) is the factor by w
Doppler effect increases the area above a'transmis
This ratio has been calculated for a wide range of
I'/A and noo (A/I'=0.3, 0.5, 2, 5,:50, = 0.1 <n
Plots of the calculations will-be shown and applicatic
area method discussed. o

* Suipported by the U. S. Atomic Energy Commission.,,
1'W. W. Havens, Jt:., and L. J. Rainiwater, Phys. Rev. 83, 1123

ve from Pennsylvania State C
1 ollege.
tried out under contract with U, S. Atomic Energy Commission

oherent Cross Sections of Iron and Nickel. M. D

G6. Neutron Transmission Measurements of C
Gadolinium, and Mercury Using the Argonne Fas
R. RoNaLp PaLMER* AND LOWELL M. BOLLINGER
National Laboratory—Neutron transmission measu
cadmium; gadolinium, and mercury and the separate
of cadmium and mercury, with flight paths of 10, |
meters, will be‘reported.” Resolution, which impr
distance, is about 0.13 usec/m (full width at half
at 40 meters. Gadmium shows resonance transmissi
neutron energies of 18.0; 27.2, 666, 88.2,:122, 16
and 840 ev, with the 27.2- and 88.2-volt dips most p
The 27.2-volt dip is assigned to the Cd!* isotope; t
dip, tentatively: to Cd% Transmission dips for g
occur at 1.93,2.58, 2.85, 6.26, 7.74; 11.6,-14.4,16.6,
29.8,:33.2, 49, 81, 109,355, and 740 ev, with the
20.6; ‘and" 22.2-volt dips 'most prominent. Mer
transmission dips at 23.1;°33.3, 42:8, 71,-91, 12
311, 437, and 1230 ev; with the 23.1, 33.3,175, a
dips most prominent. The 33.3 and 175-volt dips a

tentatively to Hg?0L
* On-leave from Beloit College, Beloit, Wisconsin,

G3. Low Energy Neutron Resonance Scattering.* H. L.
Foot1E, IR, Brookkaven Nationol Laboratory.~——A new crystal
spectrometer ‘has been developed ‘at Brookhaven :National
Laboratory: for the ‘observation of low energy neutron reso-
nance scattering. A beryllium single crystal is used ag-a mono-
chromator and-a’ lithium' iodide tin activated seintillation
crystal’as a detector. The salient features of the instrument
will be described. Preliminary results on the 1,458 ev resonance
of indium*?and the 2.37 ev resonance of tellurium? have been
observed, ‘and ‘a scattering peak has been obtained in each
case at approximately ‘the resonant energy. The analysis of
the tellurium resonance will be discussed.

* Research: performed undeér the auspices of the U.S. Atomic Energy
Commission. " i

T Doctorial candidate from the University of Utah;

1 B. N. Brockhouse; Can. J. Phys. (to be published).

2L, B.- Borst,” Bull"Am. Phys. Soc. 28, No. 1,25 (1953}, Phys: Rev.

(to be published).
3 C.. Heindl: and: 1. 'W. Ruderman, Phys.: Rev. 83, 660 (1951), and C.
Heindl, private ¢ommunication.

Cross-section ‘measurements usin b
- ¢ g broad ener;
s‘of px]g neutrons. This method is applicable Whiz

hasa o1, of 9.28-£0.02b. A correction for capture
an.d other small corrections considered. The oy,"
nickel were determined  as 11392004 b afnas
b, respectively. These agree with the indiym
“f::ggn melzas;lremefnts of Rayburn and Wollan.t

n, calculate i i ibution:
Rl Cgo Ii“}c;emr’the isotopic contributions

ir:Ctn;o;e accurate cf}opper measurement is. in
~ eterminations of ¢y b i i

o eoh DY mirror techniques
d out: under  contract with ‘the U."S. Atomic Energy
nand E, 0. Wollan, :

G7. The Absorption Cross Section of Gold an
Thermal and Cold Neutrons. R. S. CartEr, H
AND.V.. W. MYERS,* Brookhaven National Labo
absorption cross sections of gold arid boron hav
ured with the Brookhaven slow chopper over th
region from 1.8 to 11A. These cross sections a
because they constitute comparison standards fc
neutron work. For gold, beyond the Bragg cuto
total cross section consists of capture and inelas
only, the latter: being very small (0.3 b). The
between 4.8 and 1A follows a 1/v law and t
curve. is 54.3 barns/A: If ‘gold followed a 1/v
(2200-m/s), this slope would ‘give an absorptio
of 97.5::0.3 b. As the measured total cross sect

- G4. Occurrence of Neutron Resonances in the Rare
Earths.* V. L. SatLor; H. H. Lanpon, aNp H. L. FoorEg, Jr.,
Brookhaven National Laboratory.~—A survey: of the slow neu-
tron cross sections of the rare earth elements! has been com-
pleted with the exception of Nd, Pm, and Tb. Measurements
were made over the energy range from 0.1 to 30 ev with the
Brookhaven National Laboratory crystal spectrometer. The
rare earth elements in the vicinity of the closed neutron shell
(N=82), te.; La, Ce, and Pr apparently exhibit' complete
absence of resonances up to: 30 ev. On the other hand, the
elements: from Z =62 to 71 are characterized by a copious
abundance of resonarices. A crude: estimate of the average
level density c¢an be obtained from: the spacing of the reso-
nances. The level density varies between the limits, 8 ev to

Oak Ridge National Laboratory, 1164,

Flight Spectrometer with Betatron
D E. R. GAERTTNER, Knolls Atomic
~ AND. G, C. BALDWIN, General Electric
~~The 100-Mev betatron at Schenectady
s a neutron source for the measurement of
sections by ‘the time-of -flight methed. Approxi-
ueu’crons per: second are ‘produced in a thick
UM target mounted inside the betatron doughniit
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- viewing its interior. The
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;)nggu::si havingda jf\u]l width at half ‘maximum intensity of
. rosecond. moderator. is also’ pi insi

placed  insid :

Eeta'tron doughnut, par.tly surrounding the uranium. Shieeldx?r}ll .

onsists of water tanks in front of the betatron. Tanks packeg

with soc metaborate and boron carbide ‘make up. the

limating sections between the shield and the detector

a photomultiplier energized b

k : Y x-rays from- the i
tar%elt. The resolution with a 7-meter flight path is :[rJalrl'i)urp
mately 0.1 usec/m at 1000 ev. Measurements wil] o do.
scribed. Wi be de

* Operated by th i
Whet vl v the General Electrie Company for the U, S. Atomic Energy

G11. Measurement of Neut '
Sureme; ron Capture R i

én (n;, v) Scintillation Detector. R l}) ALBeESISII‘I a:;le)es}f:;s%g

AERTINER, " Knolls - Atomi, Power Labomtory.*——Neu;:ron-

detected by a pair”of " toluene-

i opening - f
fn:ﬁlt;ggi tT:;getmt}vlvh1(:hhpaSS§s first through one, t%en tie soarmg;:
11, then the other all centered on 2 co i
m
Each of the chambets ha§ four: RCA 5819 photomr?;l)é?piliixé:rss'
foil sample is located midway between

theA two chambers ina plane transverse to the beam and is

11’?;-5 t‘c}?ax}l (;ne-tenth the total counting rate at exact resonance

or bet . electroq-volt gold resonance when operated with

detecte atn?{lh vsﬁocxty selector. Its use as a high resolution
ctor with the velocity select

obtained wil} be discussed.y o fnd some of the results

*Operated by the G i
Energy Commimic® eneral Electric Company for the U S. Atomic

a GP}AZLEI‘\II S(—:;‘f;rolx\} Déteé:t?rs for the Brookhaven Fast Chopper.*
. 28V, IN. L SJ6STRAND, T 4ND DL J. H b
haven National Laborator stigations have been et
e ? y—Investigations have b
various possible neutron detectors for use with the Eigorlr:ﬁgff;f

been tried.

* Work " carri i
oS € ied out underrcontract with ‘the {7,
T Guest physicist from AB Atomenergi, Stockholm,

S.: Atomic Energy

Sweden,
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Low Temperature Diamagnetism of Electrons in a Cylinder*

Wiiriam Banp -
Department of Physics, State College of Washington, Pullman; Washmgton

(Received ]anuary 19;.1953)

The exact eigenfunctions are found for an electron in a cyh'ndrical container in the presence of'a uniform
axial magnetic field. The eigenvalue spectrum, while superficially similar to that in free space, is so essen-=
tially different that the statistical properties of an electron assembly in the cylinder are entirely different
from those derived in previous work. It is therefore of interest to use an integration approximation in com-
puting the energy of the assembly at 0°K. It turns out to have'a very strong size-dependent paramagnetic
term, and the reasons for this are carefully explained. The work lends support to the view that the observed
diamagnetism of electrons in the superconducting state cannot be understood in terms of any free-electron
approximation, and that interactions with the lattice potential play an essential role.

INTRODUCTION

TOUS work on the quantum:mechanical prop-
of electrons in a magnetic field has been
ized by a wide variety of conflicting results;
in two important papers Osborne and Steele!
vn how very ‘carefully one has to handle the
s in order to avoid some of these conflicts.
- their work, and apparently much' previous
treated the boundary value problem of fitting
unctions: to the walls of the container by the
thod, and the. concept of localized reflected
rblts is basic to the work.T
resent paper derives from the idea that ’thS
reflected localized orbits ‘may be inapplicable
temperatures pertaining in superconduct1v1ty
e fuzziness of the Fermi surface in. wave-
‘ace representing the possible uncertamty in
ientum of any particular electron is too sharp

ing electrons : the uncertainty in position is

at least of the order 107% cm: Especially for

inders it would therefore be quite’ unsafe to

an electron ‘as a particle capable of being
1 a definite orbit.

er constitutes a. technical report of work ‘done under
h the U, S. Office of Naval Research.
. Osborne, Phys. Rev. 88,438 (1952); M. C. Steele,
8 451 (1952).
dded in proof:—R: B. Dmgle, Proc. Roy. Soc. (London)
53), used the WKB.method and: obtained different
from Osborne and Steele.

In itself; this is not a serious objection to. the WKB
approximation. At least for one-dimensional problems,
the WKB approximation necessarily becomes equiva-
lent to an exact solution for large quantum numbers,
and does not depend on the particle being localized in
(one-dimensional) space. In three dimensions the situ-
ation is somewhat different. One first separates the
variables and. then. applies the WKB method to each
variable * separately  if the equation does not. solve
exactly. For a cylindrical box one knows. the angular-
momentum quantum-number spectrum exactly, and
the axial or longitudinal quantum numbers are usually
obtained by using periodic boundary conditions at the
ends. The WKB. method is used only on the radial
equation. The radial equation does not have the proper
boundary - conditions for a. rigorous application of the

~WKB method and one always has to add a fictitious

potential 1/4#% to modify the singularity at the center
of the cylinder; before a proper path can be set. up over
which the wave number can be integrated between 7=0
and r=a. The order of magnitude of this fictitious term
must be small compared with any significant term
except over a small circle round the origin whose radius
is negligible compared with that of the cylinder. The
method works well for the H atom problem in spherical
coordinates ‘because the fictitious term does no more
than modify the centrifugal term; effectively changing
the angular-momentum quantum number from an
integer to half an odd.integer. Because this quantum
number does not occur in.any other term, this modi-
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