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SESSION FA 

or even out according to the direction of. net flow. Tt:ia~~: 
for three· hours. The crystal~ were gdr~wn i~ tht ;~!ke ::} 
tensile bars. One of each pair was e orme a . . . 

ret:=~~\~:r;:~~it.:~1Xi

1

+~~!rlEI~~~~~ ~~:::rf~::t~~ h. h t mperature The stress-stram relatro 
other at da ig der e f tempe;ature which is consistent 
shows a epen ence o . t 730K 
the earlier conceptions! based on deformation a . ~n 
300oK The critical shear stress at 4.2oC shows l:ttle rf 

due to surface tension e ec s. h b hypothesis: 
bservations on tantalum support t e a ove . bl 

~-. de heating p
1
rod~ces ."etc~igg~~i:n ~:\~~f;. (~~it di~~:io~ 

. · th t at 300oK and the stress-stram curv 
rl;1crease olvo:g a: the deformation occurs by slip. The onented crysta grams m a · · . ·t sides 

is reversed relative to crystallographic a~es 0 ~ opp~~'. e end. 
of the grain.) 2. 211 surfaces appear f~cmg t e posr. rve 3 A 
100 310 and 110 planes develop facmg the negatrv~. fi. ld 
the;mal ~radient produces effects similar to a1:- ~lectnclarf 1: , 
with higher temperature equivalent to pos1t1:7e po y. 
4 Size and spacing of ridges developed by etchmg are con­
slstent with reasonable values of D, and surface energy. 

mear so · 'd t over the li 
and low temperature curves are comc1 en 

. f th high temperature curve. After a stress of 
port1_on ot I 1e5 kg/mm2 is reached, which is greater than 
prox1ma e Y f b t · ning 
obtainable at 730K, the cr)'.stal de orms y wm . 
considerable strain by twinnmg the crystal fractured by c 
age. This latter phenomenon has not been observed at 
or higher temperatures. 

* U. S Atomic Energy Commission Liason Officer. 

FA7 The Activation Energy for the Recovery of Reactor 
. al J K REDMAN R R COLTMAN, 

Irradiated Copper Cryst s. · · ' · · F' 
T H BLEWITT Oak Ridge National Labora_tory,-: ive 

AND · · h' 'h ·t copper were irradiated m an 
single crystals of rg pu:1 Y d fl f 6 X 1 ors neutrons 
Oak Ridge react.or to an mtegtte h ~~ ~hese crystals was 
per square centimeter: One o eac f the following 

isothermally ~~~~:t J;5!~a1~f :t 3a:5~~~ha~d 385°C. In no 
temperatures• . • . ' d d •t the fact that the 
ase was recrystalhzat1on observe espr e . f f rradiation raised the initial shear stre~s. for p~astrc ~ow ro: 

0.2 kg/mm2 to 3.5 kg/mm2. The ~nt1c~l s ear s ~es~f ~he 
determined as a function of annealmf time ~~ ~~~m about 
above temperatures. The rel~xation tt1~~o~rising the data 
400 hours at 305oC to 11 mmutes a . 

~~£:sc~~si~e~~:m7:e~n:;o:~ :~:i:)~~~~of~~;~i: ::!i!~i::~; 
natural logarithms of the ;~t:f:~~~e;::i r~covery curves are 
the temperature. Althoug . 'd that the recovery 
indicative of a higher order, th~re rs {~1 ~nc; that the above­
is that of a first-order reactr?n. e ac 1 t that for 
determined activation energy !s ~pparentlyd eq·~tb ~iscussed. 
self-diffusion is believed to be s1gmficant, an wr e 

FAS The Effect of Strong Electrostatic Fields on the RHe-
. W' W J DESHOTELS AND A. · 

sistance of Tungsten ~res._ · · f adial elec­
WEBER Saint Louis Unwersity.-The effect o . a r. acua 
trostati~ field upon the resistance of tungsten m h1gdh bvetter 

. . d 1 · lower pressures an was remvestrgate emp_ oymg . . 
1 

·ments 1-s Wires 
acuum technique than m the ongma expert . . 

vf O 004 in and O 00045-in. diameter were subiected to! n/ega­
o . - . . 9 ox10s nd 14X106 VO ts cm, 
tive and positive fields up to · a · lica-
respectively. The '.esistanc~ abrup~y fe~t~~s~i:~r::~hile 
tion of the electnc field, m~rease s ig on removal 
the field was constant, and mcreased abruptly up h t less 

f th field The abrupt increase was usually somew a 
~han ~he abrupt decrease. The abrupt resistan_ce changeh:~ag!-
• • !!,.R _ aE½ where !!,.R = resistance c , 
1sfied the equatr~n -

1 
x' 106 nd a= 0.46. A large part 

E=applied field m volts cm . 'a Id as due to 
of the small resistance change with constant fie w. 

I Blewitt, Redman, and Sherrill, 
(1953). 

FAlO. Small Angle Scatteri~g o~ X-Rays from Cold W 
tal D L DEXTER University of Rochester.-The 

Crys s. · · ' (X 1A) 
an le scattering of x-rays or thermal neutrons . ~ 
col~-worked crystals is calculated on t~e ?asrs of a 
which takes into account the density vanat10ns ~round 
t e dislocations, which neglects ~he_ effects o scr 
YP t ( . the density vanat10ns are small), componen s smce . . d 

ne lects end effects at the termma~1on of an e ise-t 
g t d hi"ch neglects coherence m the scattenng f 

men an w . · Th a g 
regio~s surrounding different d1slocat1ons. e n . 
ation in the density change around an edge-ty)e d It 
esults in a complete modification of t~e _usua sm_a • 

r • f I s The highly charactenst1c scattenn~. scattermg ormu a • • 
shows a parabolic increase from zer_o at zero sca~t~r;ng 

. and finally a monotomc decrease wit . 
a maximum, • ·11 b eg • le Multiple scattenng w1 e n scattermg ang • . · th 
in thick samples. There is la:ge an:sotropy m . e 
from an ordered array of d1slocat10n. Scatter:ng 
locations does not explain the measured' scat.termg f 
worked Cu, but may be observable under sUitable co 

I J. Elin and A. Guinier, Compt. rend. 233, 1288 (1951). 

FAll. An Anomaly in the Heat Content of a Me 
Fatigued State. B. WELBER AND R. WEBELER, M 
visor Committee for Aeronautics.-Three copper 
wer/ fatigued almost to fracture. To ?etermme 
content calorimetric measurements carn~d up t_o 4 
made in the same way used previou~ly to etermme 

t d ·n cold work.I In the followmg, a sample o 
sore 1 · d · tedas to 4500c during a measurement rs esrgna 

ff was found that 0.36±0.05 
2
~3;~ ~a\~0:;g~h: 

bring a fatigued sample from o_ ex e 
nealed" one. Thus, it appears that, qmte un p ' 
fati ued state is one of lower heat content th~n the 
stat~ while the cold worked state is on~ of h!gher h 
than', the annealed state. Moreo".er, m fa~ltet 
worked copper about 0.3 cal/g rs _rel~ase . h t 

d 25ooc, a temperature range w1thm whrc 

b d filament temperature increase resultmg from 
an o serve . f h b d ion­
bombardment by the electronic port10n o t ~ o sr~~at th~ 
photo-, and field emission current. It was ot~: field emis­
photo and ion currents were much larger ~ha~ t was found 
sion currents. No observable electros~attc e ec 

an , b b · n amou 
sample neithe: releases nor a sor s energy \his is 
ing the expenmental error of 0.03 cal/g. lo 
since fatigue is supposed to be caused by 

which could account for the abrupt resistance changes. 

1 A. G. Worthing, Phys. Rev. 1
6
7
3 

4Jf2 <tiJJl). 
2 G B Estabrook, Phys. Rev. , 
,p:L.'Vissat, Phys. Rev. 64,119 (1944). 

FA9 The Stress-Strain Curves of Copper Single Crystal 
at 4.2~K. T. H. BLEWITT, R. R. COLTMAN, R. E. JAM~soN, 

J 
K REDMAN Oak Ridge National Laboratory,-:-Pairs of 

AND . . , ' b h Bridgman techmque from 
single crystals were grown y t e. h" h uum at 1030oC 
high purity copper and annealed m rg vac 

hardening. 

1 B. Welber, J. Appl. Phys. 23, 876 (1952). 

FA12 Work Hardening in Substitut~onal A 
· Ill" · * It rs sh KOEHLER, University of . inois. -

mechanical properties of smgle crystals of t?e 
cubic alloys can be understood. by sup1;>os1 
hardening and impurity hardemng are lll;P 
interaction hardening is not. S?urce hardent1! 
the Frank Read generators which c~n act: in 
after giving a finite amount of ghde. T e 
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ced by impurities impede the motion of dislocations 
·ularly at small strains. Interaction hardening arises be­
the motion of dislocations past one another becomes 
jfficult as the density of dislocations rises. Observations 
bands and stress strain data imply that the production 

ew slip band is accompanied by a reduction of the im­
stresses nearby. It is suggested that vacancies and 
tials produced during the slip process diffuse away 
e original slip band and settle down so as to annul the 
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
r a given strain decreases as one goes to low tern­
. This agrees with the above theoretical suggestion. 

rted by the U. S. Office of Naval Research. 
Blewitt, Bull. Am. Phys. Soc. 28, No. 2, 39 (1953). 

Tensile Strength and Adhesion of Thin Films of 
H. s. MORTON, JR., AND J. w. BEAMS, University of 
.-Studies of the tensile strengths and adhesion of 
I films by subjecting them to high centrifugal fields 

n continued.1 The silver films were electrodeposited 
"striking" on small cylindrical steel rotors and the 
1 speeds required to throw them off were measured. 
rs were magnetically suspended and spun in a high 
The tensile strength, in agreement with the previous 
howed an abrupt increase at a thickness of roughly 
n. Also the adhesion starts increasing rapidly at a 

of about 1.6 X 10-s in. Prolonged annealing at a 
ure of 300°C increased the adhesion. Rapid cooling 
'ng between limits of 90°C and - 70°C greatly re­
e adhesion and facilitated tensile strength measure• 
ith small film thicknesses. The adhesion, of course, 
· upon the method of electrodeposition. 

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

The Structure and Aging of Thin Metal Films. I.* 
·:,RAUDEBAUGH AND RICHARD B. BELSER, Georgia 

Technology.-Eiectron diffraction studies of thin 
:have shown that such films, whether deposited by 
aporation, sputtering or electroplating, are com­
rally of small crystallites of the metal. Because 

re deposited atom by atom, or little by little, on 
reign surface.and intermingled with foreign atoms 
growth, they are subjected to a certain amount 
nd strain not so predominant in a metal cooling 
a molten condition. After deposition, with time 
a temperature increase and time, a rearrange­
toms of a thin metal film to a state of greater 
occurs. This transition may be detected by 

of changes in electric resistance, in optical prop­
in x-ray and electron diffraction patterns of the 

film. This susceptibility to change, designated as "aging," 
appears to be inherent in the nature of the growth of the film. 
This aging is accelerated by heating the film, and there 
appears to be a certain temperature unique to each metal 
and its thickness at which an optimum condition of the film 
is attained. · 

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

FA15. The Structure and Aging of Thin Metal Films. II.* 
RICHARD B. BELSER AND ROBERT J. RAUDEBAUGH, Georgia 
Institute of Technology.-Examination of thin films of silver, 
gold, copper, platinum, and other metals, deposited by evap­
oration and sputtering on glass substrates, has shown that 
these films undergo a change in structure with time, either at 
room temperature or at elevated temperatures. Electron 
micrographs of films 50-250 angstroms thick may or may not 
show an initially visible particle size. By heating these films 
a growth of particle size is produced. This growth is accom­
panied by better definition of the lines of x-ray and electron 
diffraction patterns and some evidence of orientation. The 
resistivities of these films and thicker films generally undergo 
a reduction concurrently with the structural change. If a film 
be heated to a temperature above one specific to the metal 
and its thickness, defined as the "preferred" aging tempera­
ture, aggregation of the film will commence and its resistivity 
usually increases. At a somewhat higher temperature complete 
aggregation usually occurs. For 1000 angstrom evaporated 
films "preferred" aging temperatures have been found as 
follows: Copper and silver, 175-225°C; gold, 250-300°C; 
platinum, nickel, aluminum, and iron, 400-500°C. These tem­
peratures appear to be related to the recrystallization tem­
peratures of respective metals. Sputtered films may require 
somewhat higher temperatures for proper aging. 

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

FA16. Precipitation Effects in Copper-Iron Alloys. THOMAS 
S. HUTCHISON, Royal Military College of Canada.-Alloys of 
copper with up to 1.5 percent iron have been investigated by 
electrical, magnetic, and x-ray diffraction methods. The par­
ticular form in which the iron exists in the different alloys 
can be deduced from a coordinated study of the results from 
the three sets of investigations. With the particular heat 
treatment applied to all the alloys (long vacuum anneal at 
850°C followed by furnace cooling) lattice parameter measure­
ments show that the iron can be maintained in supersaturated 
solid solution up to 0.26 percent. A peak in the value of 
electrical resistance also occurs at this iron content. Beyond 
this point it is believed that the iron begins to form a coherent 
precipitate, until, at an iron content of 0.5 percent, incoherent 
precipitate in the a-phase begins to form. This is accompanied 
by a marked rise in magnetic susceptibility of the alloys, and 
at the same time the body-centered cubic lines of a-iron are 
observable in the x-ray diffraction pictures. 

THURSDAY AFTERNOON AT 2 :00 

Wardman Park, Continental Room 

(C. 0. MUEHLHAUSE presiding) 

Neutron Physics, II. 

ment of Resonant Neutron Scattering Cross 
EER, J. MooRE, AND C. HEINDL, Columbia 

e thick target method' for measuring the ratio 
o total cross section has been used to study a 
Utron resonances. Methods have been worked 

out for analyzing experimental scattering data for level 
parameters in cases where the levels are resolved. Completely 
resolved spectra are obtained for capture levels below about 
10 ev and nearly resolved curves for levels lying between 10 
and about 30 ev. When the experimental curve is resolved, 
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the value of rN/r for the resonance is obtained directly. The 
level strength (o-or2) is then obtained from an area measure­
ment under the scattering curve. Nuclear radii are determined 
by fitting the data in the neighborhood of the scattering 
minimum. For cases where the experimental curve is not 
quite resolved, rN/r 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 Te123 have been analyzed. These 
results together with preliminary results for the cobalt 126 ev, 
manganese 345 ev levels will be presented. 

* Supported by the U. S. Atomic Energy Commission. 
1 Jay Tittman and Charles Sheer, Phys. Rev. 83, 746 (1951). 

G2. Neutron Resonances in Silver. W. Y. KATO, MARILYN 
J. STAFNE, 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 ½ percent by the flight path in the counter at low 
energy, and to 3 µ.sec 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 1'00 ev agrees with that obtained from 1 Mev 
capture cross sections.1 For most of the nine resonances found 
below 100 ev, only the quantity o-or2 can be measured because 
all samples used are thick relative to the actual resonance peak 
o-o, The values of o-or2 are corrected for Doppler broadening, 
which is about five times the true width rat 100 ev If r,y is 
assumed to be 0.1 ev, the r,.'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 r,. of only 0.2 mv. 

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

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

G3. Low Energy Neutron Resonance Scattering.* H. L. 
FOOTE, JR., t Brookhaven National 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 as a mono­
chromator and a lithium iodide tin activated scintillation 
crystal as a detector. The salient features of the instrument 
will be described. Preliminary results on the 1.458 ev resonance 
of indiuml.2 and the 2.37 ev resonance of tellurium3 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 under the auspices of the U. S. Atomic Energy 
Commission. 

t Doctorial candidate from the University of Utah. 
1 B. N. Brockhouse, Can. J. Phys. (to be published). 
2 L. B. Borst, Bull. Am. Phys. Soc. 28, No. 1, 25 (1953), Phys. Rev. 

(to be published). 
3 C. Heindl and I. W. Ruderman, Phys. Rev. 83, 660 (1951), and C. 

Heindl, private communication. 

G4. Occurrence of Neutron Resonances in the Rare 
Earths.* V. L. SAILOR, H. H. LANDON, AND H. L. FooTE, JR., 
Brookhaven National Laboratory.-A survey of the slow neu-. 
tron cross sections of the rare earth elements1 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), i.e., 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 resonances. A crude estimate of the average 
level density can be obtained from the spacing of the reso­
nances. The level density varies between the limits, 8 ev to 

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

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

1 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. 

GS. Doppler Effect on Neutron Resonance Level 
MELKONIAN, W. W. HAVENS, JR., AND L. J. RAINW 
Columbia University.-In applying the area meth 
analysis of neutron resonance transmission dips, t D 
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 

[AE]D=r12.[)1-e-n<1,,f;(x, r/A)Jdx, 

where ,f,(x, r / A) is the Breit-Wigner cross-section 
with the Doppler broadening applied, A= Doppler 
and x=2(E-Eo)/r. The quantity [AE]D/AE (wher 
the corresponding area with A=0) is the factor by 
Doppler effect increases the area above a transmi 
This ratio has been calculated for a wide range of 
r/A and no-o. (A/r=0.3, 0.5, 2, 5, 50, co; 0.1:s;nu 
Plots of the calculations will be shown and applicatio 
area method discussed. 

* Supported by the U. S. Atomic Energy Commission. . 
1 W.W. Havens, Jr .. and L. J. Rainwater, Phys. Rev. 83, 1123 

G6. Neutron Transmission Measurements of 
Gadolinium, and Mercury Using the Argonne Fast 
R. RONALD PALMER* AND LOWELL M. BOLLINGER, 
National Laboratory.-Neutron transmission measure 
cadmium, gadolinium, and mercury and the separated 
of cadmium and mercury, with flight paths of 10, 
meters, will be reported. Resolution, which impr 
distance, is about 0.13 µ.sec/m (full width at half­
at 40 meters. Gadmium shows resonance transmissi 
neutron energies of 18.0, 27.2, 66.6, 88.2, 122, 163, 
and 840 ev, with the 27.2- and 88.2-volt dips most 
The 27 .2-volt dip is assigned to the Cd111 isotope; th 
dip, tentatively to Cd110. Transmission dips for 
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. Mere 
transmission dips at 23.1, 33.3, 42.8, 71, 91, 127, 
311, 437, and 1230 ev, with the 23.1, 33.3, 175, an 
dips most prominent. The 33.3 and 175-volt dips 
tentatively to Hg201. 

* On leave from Beloit College, Beloit, Wisconsin. 

G7. The Absorption Cross Section of Gold and 
Thermal and Cold Neutrons. R. S. CARTER, H. 
AND V. W. MYERS,* Brookhaven National Labor 
absorption cross sections of gold and boron have 
ured with the Brookhaven slow chopper over the 
region from 1.8 to 11A. These cross sections are 
because they constitute comparison standards f 
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 11A follows a 1/v law and the 
curve is 54.3 barns/A. If gold followed a 1/v la 
(2200 m/s), this slope would give an absorption 
of 97.5±0.3 b. As the measured total cross secti 
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4 b, either an unusually low scattering cross section or a 
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departure from 1/v is indicated Th b d · · e oron measure-
was ma ~ with two samples of boron of normal isoto ic 
nt, B2Oa m glass prepared and analyzed by C . fp 

in pulses having a full width at half m . . . 
0.35 microsecond A modera . ax1mum mtens1ty of 
beta~ron doughnut, partly surr!;nJfn a!so plac~d insicfe !he 
consists of water tanks in front f th gb he uramum. Shieldmg 
with sodium metaborate and obo e etabt:don. Tanks packed 

b' U · · ornmg or m _ia mvers1ty, and the Argonne standard BO d' 
d m D2O. The value obtained at 2200 m/s f 2 s isl-

is 753±3 b E • h or norma 
arns. nnc ed boron (96 percent BIO) · 

II . . ron car I e make h 
co imatmg sections between the h' Id d up t E' 

l(=~~~~=~c:;if~r~!)ct
0
;~/he isotopic constitution ~; 

With a BFs ionization chambe d : le an the detector. 
approximately 1 percent of the: e ector, ~he ba_ckground is 
latio~ counter detecting equipme~:~:b~am :nbtedn~1ty. (Scintil­
panymg p ) T' · escn e man accom ve fr_om Pennsylvania State College. 

1~oi~rned out under contract with the U. S. Atomic Energy 
64-channetf::l~ze~~:e ~~~~~f::,;0 1:1sist; .of: delay and 

Total Neutron Cross Sections of Heavy Water d 
at Long Wavelengths. v. w. MYERS* R s C an 

a photomultiplier energized b s1gna . is t e output of 
target. The resolution with a lm:;:?Ji tom th~ uraniu1:1 
mately 0.1 µ.sec/m at 1000 M g t path is approx1-H PAL B ' . . ARTER 

. . EVSKY, rookhaven National Laboratory t-Th~ scribed. ev. easurements will be de-
sectrons of D2O and boron-free glas t · 
b s a room temperat 

een measured from 4 to 15A with th B kh ure I h e roo aven slow 
er. n t e wavelength region covered the ca t 

fth · 1 • • P urecross ns o ese mat~na sis small compared to the scatt . 

co:U~i'.:~ii~~ by the General Electric Company for the U. S. Atomic Energy 

Gll. Measurement of Neutro c 
oherent scattering due to liquid structur . b erd1n?' 

t · I b . e 1s o serve m 
ma en~ s . ut essentially disappears at 10A As h 

an (n, y) Scintillation Detector n R a~rl Resonances using 
GAERTTNER, Knolls Atomic P~we; L.abo~:t!:T /ND E. R. 
capture gamma-rays are detected b . y. -Neutron 
terphenyl liquid scintillators conne y _a pa!r _of toluene­
scintillators are in the form of r ~t:d lrn comc1dence. The 
by thin-walled aluminum ~Y. m nca volumes as defined 

ength 1s increased beyond 10A th · d t e · . , e measure cross 
nse monotomcally an~ approach a 1/v law. From 
-;t !3riokhaven on the melastic scattering of neutrons 
it is nown that the inelastic scattering approaches 

ng_w3:velengths; hence the residual scattering in D 0 crlindrical vessel six inche~o~ a:::;:h ~a~h ~ota!ner is. a 
diameter with a four-inch diam . n eig ~ mches m 
neutron beam which passes first t:ter axial openmg for the 
foil position, then the other all ce:~u~~ one, then the sam~le 
Each of the chambers has four Rel e on a common axis. 
viewing its interior. The foil sam I . I 5819 p~otomultipliers 
the two chambers in a I p e is ocated midway between 
seen with a solid angle po:U:o transverse fto the beam and is 
detector. Under actual o erat1:rcent o. _the total by each 
efficiency of each counter if ab ls cond1t1ons the counting 
resolving time of 10-s se dou Th percent _at a coi1:1cidence 
determined from the ratio c~F ·. .J countm~ efficiency is 
rate for Caso gamma-ray Thcobmc1kence to smgle counting 

is i_nte~preted to be inelastic scattering plus 2 a 
c~mtnbutron. due to incoherent scattering. For D 0 

ast1c cross section at 10A ~s 15 barns per molecule a~d 
at the same wavelength it is of the order of 5 b 

i molecule. ams 

ve f_rom Pennsylvania State College 
carried out under contract with U S At . E 

· · omic nergy Commission. 

Coherent Cross Sections of Iron and Nickel M D 
ERG AND J. A. H:'RVEY, Brookhaven Nationai°Labora~ 

oherent scattermg cross sections ( ) b b f ( . <Teoh can e O • 
o_m ree ~tom . err.) and rncoherent scattering (o-· ) J h s. e ac ground count' · 
trons. o-ra s o~ iron and nickel have been detern'ii~~~ 
al cross-sectron measurements using broad 
ans of pi!;! n~utrons. This method is applicabl::{!: 
~ro~s se~t1on is nearly constant with energy Diff 
t:::

1
~~~o;~ can be seledcted by proper co~bina~ri:: 

• I erences, an the median energy for each 
~~n can be calculated. Two beams were used and the 

hi~: h'.:1tasured both absolutely and relative to bis-
e a u1a of 9.28±0.02 b. A correction for capture 
d and other small corrections considered Th ' 

~d nickel we:e determined as 11.39±0.04 : ::J 
b, respectively. These agree with the indium 

feu!ron measurements of Rayburn and Wollan I 
or iron, calculated from t~e isotopic contribution~ 

red by a slow chopper is 0 43±0 03 b h. h 
tracted f h b ' · · , w 1c , 
.37 ±0 o{~m l e I ound_ atom cross section, yields a 
b. a . . ca cula tlon of .,. in ooh of nickel yields 
Direct ~o:e a:cur~te chopper measurement is in 

ribed. e ermmat1ons of <Teoh by mirror techniques 

ried out under contract with the u S At . E 
b · · om1c nergy 
urn and E. 0. Wollan, Oak Ridge National Laboratory, 1164, 

°;f Time-of-Flight Spectrometer with Betatron 
EATER AND E. R. GAERTTNER Knolls Atom. 

tory*A G C • ic 
' ND . . BALDWIN, General Electric 

ess t an one-tenth the total t· mg rate 1s 
for the 4.9 electron-volt g ldcoun mg rate at exact resonance 
the betatron velocity sele~tor re;;nance when ?Perated with 
dete:tor with the velocity sel~cto: used as a high resolution 
obtarned will be discussed. an some of the results 

* Operated by the G 1 El . 
Energy Commission. enera ectnc Company for the U. S. Atomic 

G 12• Neutron Detectors for th B kh 
H. PALEVSKY N G S .. et roo aven Fast Chopper.* 

• · · JOSTRAND AND D J H 
haven National Laboratory-I ' t' . · · UGHES, Brook-
various possible neutron d~tec::sf~;at1ons. have been made of 
fast neutron chopper. This machi . use ~1th the.Brookhaven 
spectrometer that covers the ene nets a t17e-of-fl1ght neutron 
to 5 kev. It is now 

O 
era • . rgy range rom about 10 volts 

width at half maximJm) !~1J' s~~t~l; b~rs1}i11:e 0
; 1 µ.sec (full 

of neutrons. The detector must ha~eouhi give • 1;sec bursts 
gamma-ray sensitivity and a t' g~ efficiency, low 
1 Th' . • 1me uncertamty of Jes th 
• µ.sec. is time uncertainty implies th h s an 
be fast and small enough so th t th at t e d:tector must 
the counter is short. A pulse co:ntin e n7outr~n flight time in 
been constructed and tested; a mul~i:ie FBt~~n chambe'. has 
counter array is now being c t d F 3 proport10nal 
I. 't . ans ructe or both th . 
1m1 ation decreases the attainable ffi. . ' . : size 

tests have been made with I e. ciency. Prehmmary 
tion counters, for which th:e:::a possible types ?f. scintilla­
offers the possibility of high d t of. neutro~ sens1t1ve solids 
size. However th e ect.10n efficiency and small 

ratory.-The 100-Mev betatron at Schenectady 
as :1- neutron source for the measurement of 

sections by the time-of-flight method Ap . 

thes~ detector;. A:r!~;e%:;:: f~:n~t~'ity sets the Hn:i! for 
grat10n alphas and the U23o fi . tch the boron d1smte-
been tried. sston neutrons are detected have neutro • prox1-

. ns per second are produced in a th. k 
um target mounted inside the betatron dough~~t 

* Work carried out d . 
Commission. un er contract with the U. S. Atomic Energy 

t Guest physicist from AB Atomenergi St kh 1 
1 oc o m, Sweden. 
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Low Temperature Diamagnetism of Electrons in a Cylinder* 
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Department of Physics, State College of Washington, Pullman, Washington 
(Received January 19, 1953) 

!he exact ~igenfunction~ are found for an electron in a cylindrical container in the presence of a uniform 
a_xial m~gnet1c field. The e1~en_value spect~um, while superficially similar to that in free space, is so essen­
tially different_ that_ the st~t1st1cal prop~rt1es of an electron assembly in the cylinder are entirely different 
froi:1 those denved m prev10us work. It 1s therefore of interest to use an integration approximation in com­
putmg the energy of the as~embly at 0°K. It tu:ns out to have a very strong size-dependent paramagnetic 
t~rm, and 0e reasons for t~is are carefully explamed. The work lends support to the view that the observed 
d1amag_neti~m of electron~ m the _super~onducting state cannot be understood in terms of any free-electron 
approxrmat10n, and that mteract1ons with the lattice potential play an essential role. 

INTRODUCTION 

IOUS work on the quantum-mechanical prop­
s of electrons in a magnetic field has been 

rized by a wide variety of conflicting results. 
in two important papers Osborne and Steele1 

wn how very carefully one has to handle the 
in' order to avoid some of these conflicts. 
their work, and apparently much previous 
treated the boundary value p,roblem of fitting 

functions to the walls of the container by the 
ethod, and the concept of localized reflected 
orbits is basic to the work. t 
resent paper derives from the idea that this 
of reflected localized orbits may be inapplicable 

temperatures pertaining in superconductivity 
he fuzziness of the Fermi surface in wave­
space, representing the possible uncertainty in 
entum of any particular electron, is too sharp 
e localized wave groups in ordinary space for 

_ucting electrons: the uncertainty in position is 
1y at least of the order 10-5 cm. Especially for 
· ders it would therefore be quite unsafe to 

an electron as a particle capable of being 
in a definite orbit. 

. er constitutes a technical report of work done under 
rth the U. S. Office of Naval Research. 

. Osborne, Phys. Rev. 88, 438 (1952); M. C. Steele 
• 88, 451 (1952). ' 
ded in proof:-R. B. Dingle, Proc. Roy. Soc. (London) 

f1953), used the WKB method and obtained different 
m 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 1/4r2 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 r=O 
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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