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and the first 6ve terms retained Lthis corresponds to retaining
powers through y' in the expansion of F(y)g, Eq. (3) becomes

(d'F/dz')+P(3/16z')+ P i/z)+ (&a/zl)+XolF=0, (5)
where

Xz = (os+ (azz/Zcz) L
—(3c4/Zcz) + (103czz/72czz) j

+ (3/2cz) l
—(Scz/3cz) + (5cicz/Zczz) + (109c4'/96czz)

—(1723czzc4/576czz) + (12061cz4/13S24cz') j),
4= (1/Zczl) (a'z —(1/S) L (3c4/cz) —(7ciz/4czz) $)
4= (Zl/c, 4) {—

(o'scan/3cz)

+ (3/10) L
—(2c,/c, )
+ (Scic4/3cP) —(ZScP/27c~') j}.

The independent solutions Fi, 2 of (5) are expressible in terms of
the parabolic cylinder functions

Fi ——z&D„Q), Fz z&D=„i(ij), (6)
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where
e= —(1/2) + (f/Xo&) Ll i —(Xzz/4hz) j,
f=2~0tLzl+(~z/2&o) j exp( z /—4ir)
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Fic. 1. Spectral sensitivity of an unfinished pure AgBr emulsion at 22'C.

Consequently, the functions

Pi=F &z&D„(f),

Pz F&z&D——„,-(zf)
(7)

The Long-Wavelength Edge of Photographic
Sensitivity and of the Electronic

Absorytion of Solids*
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"N an extensive investigation of the sensitivity spectrum of
~ . various types of photographic emulsions, it was noticed that,
for the simplest unsensitized emulsions, the plot of the logarithm
of sensitivity versus frequency approaches a straight line, as
shown in Fig. 1.' For pure silver bromide emulsions near room
temperature, the slope of this line was found to be very near to
1/kr Hthis behavior is m. ore than a mere coincidence, it should
be expected to occur over a reasonable temperature range. In the
wavelength range of low sensitivity, the absorption coeScient of
the halide is expected to be proportional to the sensitivity. A set
pf measurements carried out by F. Moser, of these laboratories,
of the absorption spectrum of.silver bromide crystals in the region
of the absorption edge showed that the relation d 1 ge/d os/kT
is closely approached for absorption coe%cients e of the order of
10 ' cm ' for temperatures ranging at least from 200'K to 620'K
(Fig. 2). The absorption spectrum behaves in this range as if, by

are very good approximations to the solutions of the wave equa-
tion near y=0. These solutions have the advantage of being
one-valued. For bound states, the parabolic cylinder function is
expressible in terms of a Hermite polynomial.

The solution (7) has numerous applications. For example, a
solution valid near the minimum of a potential trough yields an
accurate evaluation of the energies of the low-lying levels of the
potential, Also, a solution valid near the maximum of a potential
barrier determines accurately the transmission coefricient of
particles having energies nearly equal to the height of the barrier.
The simple asymptotic form of the single-valued parabolic cylinder
function readily yields the "connection" between the asymptotic
solutions of (1).

*Supported in part by the U. S. Ofhce of Naval Research.
1 S. Goldstein, Proc. London Math. Soc. 33, 246 (1932); R. E. Langer,

Trans. Am. Math. Soc. 36, 90 (1934); E. Guth and C. J. Mullin, Phys, Rev.
59, 575 (1941); S. C. Miller and R. H. Good, Phys. Rev. 91, 174 (1953).

2 The terminology and the transformations used here are similar to those
employed by I. Imai LPhys. Rev. 'F4, 113 (1948) and Phys. Rev. 80, 1112
(1950)j in obtaining an accurate solution to the wave equation near a
linear turning point.

& E. T. Whittaker and G. N. Watson, Modern Analysis (Cambridge
University Press, London, 1940), fourth edition, p. 347.
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2. Temperature dependence of absorption of an AgBr crystal. The
straight lines are the 1//kT slopes at the corresponding temperatures.

Nuclear Spin of Bi21'

MARK FRED, FRANK S. TQMKINs, AND RAYMoND F. BARNEs
Chemistry Division, Argonne National Laboratory, Lemont, Illinois

(Received September 21, 1953)

~HE hyperfine structure of 93067, the resonance line of Bi r,
has been investigated for ordinary bismuth and for Bi~'

with a large grating spectrograph. Solutions of the samples were
evaporated on the ends of —,'s-in. diameter silver electrodes and
were then excited in a dc arc. A cylindrical lens was mounted in
front of the photographic plate to shorten the astigmatic line,
image, giving a strong exposure in the third order of the grating
(0.61A/mm) with 10 7 gram of bismuth. Under these conditions

some mechanism not known in detail, the thermal energy were
contributing directly to the transitions responsible for the absorp-
tion edge. An analysis of data from various sources on materials,
such as AgCl, ' Ge,3 Ti02,' and CdS, ' indicates a somewhat
similar behavior„with slopes within a factor of 2 of 1/kT, in
regions of suKciently high temperatures and low absorption
constants.

Attempts to provide a more precise formulation and a definite
theoretical basis for this apparent regularity have not been
successful. More detailed data and some theoretical considerations
will be published elsewhere.

* Communication No. 1620 from the Kodak Research Laboratories.
' See also the data of J. Eggert and M. Biltz, Trans. Faraday Soc. 34,

892 (1938);J. Eggert and F. G. Kleinschrod, Z. miss. Phot, 39, 155 (1940},
and of M. Biltz, J. Opt. Soc. Am. 39, 994 (1949).

2 Measurements in these laboratories and recent data by M. A. Gilleo.
Phys. Rev. 91, 534 (1953).

3 M. Becker and H. Y. Fan, Phys. Rev. /6, 1530 (1940).
4 D. C. Cronemeyer, Phys. Rev. 8F, 876 (1952).
5 C. C. Klick, Phys. Rev. 89, 274 (1953).
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the Bi"' line appeared as a well-resolved doublet having a separa-
tion given by the splitting of the upper state, 0.828 cm '. The close
components in each member of the doublet due to the much
smaller ground-state splitting could not be resolved but produced
a noticeable, widening.

The Bi2' samples were obtained as the RaE (5-day half-life) in
equilibrium with 13 millicuries of RaD. The Bi"0 was isolated by
the ion exchange method of Raby and Hyde, ' which was found to
give a 98-percent yield with negligible loss of Pb. A number of
separations were made at intervals of several weeks. Considerable
difficulty was experienced at first with Bi" contamination, so that
an efficient separation process was essential. The amount of RaE
isolated in each separation was determined by standard P-counting
procedures and was usually about 1.5X10 ' gram. For Bi'",
)3067 was found to be a single sharp line. An upper limit to any
hfs which might possibly be present is roughly 0.1 the width of
the Bi" line. Since such a small splitting would lead to an un-
reasonably small gI value, it seems much more probable that no
splitting is present and I=O. Hence the 127th neutron is almost
certainly in a g»2 state.

The isotope shift was measured by superimposing an exposure
of Cs X4593 in the second order of the grating which served as a
fiducial mark. The Bi~io line was shifted to shorter wavelengths
by 0.12 cm '. Further exposures with an improved light source
are planned in order to obtain more accurate and extensive shift
measurements.

IO-24

IO aS

O
IO"26

O
I-
LLI 10
CO

VI
V)
O

Io-26

I-
IO"29

Ld
K
LLI
U.
LL

IO

IO-
30

I I I I

PHASE SHIFT ANALYSIS, GOLD——BORN APPROXIMATION

POINT CHARGE!
l

EXPONENTIALi Dl STR I SUTION

li
50 70 90 I I 0 I 30 l50

SGATTERIN G ANGLE IN DEGREES
' B.A. Raby and E. K, Hyde, University of California Radiation Labora-

tory Report AECD-3524, 1953 (unpublished). FIG. 2. Scattering from an exponential charge distribution, ka =0.91.

-24

IO-25

Ol

C3

Z IO 26

z
O
I

w 10-27
III

I I I I

PHASE SHIFT ANALYSIS, GOLD

—-—PHASE SHIFT ANALYSIS, COPPER"--- BORN APPROXIMATION

lh

10-28

I-
IO-29

K
LLI
LL
4

,0-3o

I
I /

I i
I ]I

II

UNIFORM CHARGE

IO
5I

30 50 70 90 I IO l30 l50

SCATTERING -ANGLE IN DEGREES

FIG. 1. Scattering from a uniform charge distribution, kR =5.4.

Phase-Shift Calculation of High-Energy
Electxon Scattering by Nuclei*

D. R. VENNIE, R. N. WILSON, AND D. G. RAVENHALL
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(Received October 14, 1953)

'
~ XPERIMENTS on the elastic scattering of high-energy

~ electrons (E~125 Mev) by several elements have been
carried out by Hofstadter, Fechter, and McIntyre. ' The results
have been analyzed by them' and by Schi62 using the Born
approximation to estimate the eBects of the finite nuclear size.

On the basis of such an analysis, the results can be fitted well by
assuming an exponential distribution of the nuclear charge. Other
charge distributions, such as the uniform distribution, are dis-
criminated against because in Born approximation they predict
diftraction maxima and minima in the angular distribution. In
view of the fact that the Born approximation is not accurate for
the heavier elements considered, we have carried out a numerical
phase-shift calculation of the process. Our object in the present
note is to examine the accuracy of the Born approximation, rather
than to attempt to fit the experimental results. Our results are in
disagreement with those of Parzen. '

The details of the calculation will be published later. Generally
the calculation follows the methods given by Parzen' and Acheson, 4

with minor modifications. The phase shift relative to the Coulomb

phase shift is calculated for the first nine partial waves; the last
phase shift used is less than 0.003' in all cases. All the phase
shifts are negative and tend monotonically to zero, in disagreement
with Elton's assertion5 that the phase shifts should tend to zero
from positive values. We have found it necessary to increase the
accuracy of the point scattering amplitudes given by Feshbach, '
since at large angles this amplitude is largely canceled out by the
nuclear size modifications. We estimate that the calculated cross
sections given below are accurate to about 5 percent out to 110',
the major errors are contained in the first two phase shifts, which
are known to only 0.01'.

The following charge distributions have been used for gold
(Z= 79):

(a) Uniform; p(r) =po, r(R,
=0, r &E) kE.=5.4;

(b) Exponential; p(r) =poe "~', ka=0.91.

The cross sections given by (a) and (b) are found to decrease in
approximately the same ratio between 30' and 90', and this
ratio is roughly that given by Hofstadter's experiment.

For purposes of comparison, we carried through the calculation
for copper (Z=29) for the uniform charge distribution, with
AR= 5.4. The Born approximation to this cross section is the same,
apart from a constant factor (Z,ppp, rkgp]Q/Zgoldkaoppep) as the
Born approximation to (a).

In Fig. 1 are shown the cross sections given by the two uniform

charge distributions. If we assume a nuclear radius rod, . with


