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Note on the Structure of the Compton Modified Band

G. E. M. JAUNcEY, Washington University, St. Iolis
(Received August 24, 1934)

The distribution-in-wave-length of the intensity of scattered x-rays about the center of the
Compton modified band gives directly the distribution-in-component-velocity of the electrons
producing the band. The two distribution functions are of the same form.

'N 1925 de Broglie, ' Wentzeim and Jauncey, '
-- applying the principles of conservation of
energy and of momentum to the scattering of
an x-ray quantum by an initially moving elec-
tron, independently arrived at a formula which
for an initial electron velocity small compared
with that of light may be written in the form

and
L= X(P, vers Q

—P„sin p)

L=)'—X —(h/ntcX) vers p, (2)

where ) and )' are, respectively, the wave-
lengths of the primary and scattered quanta,
Pc is the initial velocity of the electron, P,c is
the component of this initial velocity in the
direction of propagation of the primary quantum
(the x-axis), P„cis the component in the scatter-
ing plane and in a direction (the y-axis) per-
pendicular to P,c, and p is the angle of scattering.
The quantity L is the difference between the
wave-length scattered by a moving electron and
that of a quantum scattered by an electron at
rest. Jauncey' making use of Eq. (1) showed that,
when x-rays are scattered by electrons moving
with equal speeds Pc but in random directions,
the width of the Compton band is

8X=4XP sin -,'P

~ L. de Broglie, Ann. d. Physique 3, 102 (1925).' G. Wentzel, Phys. Zeits. 26, 441 (1925).' G. E. M. Jauncey, Phil. Mag. 49, 427 (1925); Phys.
Rev. 25, 314 (1925).

4 G. E. M. Jauncey, Phys. Rev. 25, 723 (1925).

with an almost constant intensity distribution in
the band. Proceeding from this Jauncey' then
considered the case for scattering by electrons
which have a speed distribution. The electrons
whose speeds are between Pc and (P+dP)c give
rise to a band of width given by Eq. (3). By an
awkward process of graphical integration the in-

tensity distribution in the Compton band was
worked out for scattering by electrons in elliptic
Bohr orbits. Later, DuMond' and Chandra-
sekhar' applied this method to the scattering of
x-rays by electrons which have the Fermi-Dirac
speed distribution. They both arrived at a
parabolic shape for the curve representing the
intensity distribution in the Compton band, .

However, it is not necessary to integrate as
Jauncey' and DuMond' have done. There is
instead a very simple relation between the com-
ponent velocity distribution of the electrons and
the intensity distribution in the Compton band.
DuMond' has written Eq. (1) in the form

I.= 2X(u/c) sin —',y, (4)

' J. W. M. DuMond, Phys. Rev. 33, 643 (1929).
S. Chandrasekhar, Proc. Roy. Soc. A125, 231 (1929).

where I is the component of the initial electron
velocity along the bisector of the angle between
the direction of propagation of the primary
quantum and the reverse of that of the scattered
quantum. As a consequence of the linear relation
between L and u as shown by Eq. (4), it is
immediately seen that, if f(u) du is the number
of electrons with velocity components between I
and I+dl, the number of scattered quanta
whose L's are between I and L+dL is pro-
portional to f(Lc/2X sin -,'@) dL Hence, if . the.
intensity distribution I(L) in the Compton band
is found by an instrument such as DuMond's
multicrystal spectrograph, ' the component ve-
locity distribution function of the electrons is
obtained by plotting I(I.) not against L but
against Lc/2X sin ~P. We then have the curve of
f(u) plotted against u. The structure of the
Compton band thus gives directly the graph of
the component velocity distribution function of the
electronsproducing the, band Since the F.ermi-
Dirac theory as applied by Sommerfeld to the
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conduction electrons in metals demands that
the component velocity distribution at ordinary
temperatures be parabolic, the structure of the
Compton band scattered by these electrons is
therefore also parabolic.

In conclusion, the point of this note was
implicit in the author's papers' 4 of 1925 and
in DuMond's paper' of 1929 but so far as the
author knows has not been stated explicitly
before.
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Effect of Electron Binding upon the Magnitude of the Compton Shift

P. A. Ross AND PAUL KIRKPATRIcK, Department of Physics, Stanford University

(Received July 24, 1934)

Precision measurements of the Compton shift for ninety
degree scattering of the wave-lengths 0.435A, 0.496A and
0.631A by carbon and by beryllium have been performed,
using the ring-target x-ray tube and a double spectrometer,
under the assumption that the mean shift for two mutually
supplementary angles of scattering equals the ninety
degree shift. In all cases the observed shift is less than
hjnzc, the value required by the Compton formula, the
maximum percentage discrepancy being 2.4 percent,

observed in the case of )0.631A scattered from carbon.
These observations fulfill the predictions inherent in
Wentzel's theory of scattering by bound electrons, and are
consistent .with the explicit shift formula previously
deduced by the present authors, as regards dependence of
the shift upon wave-length and upon ionization energy of
the scatterer. They are also in satisfactory quantitative
agreement with the theoretical shift formulas of F. Bloch.

INTRQDUcTQRY

HE announcement of the observation of
scattered x-rays of modified wave-length

by A. H. Compton' in 1923 was accompanied
and supported by a theory so concise and
acceptable, and so nicely confirmed in a number
of laboratories, that less attention has been paid
in subsequent years to possible minor inaccu-
racies in the original description than would have
been devoted to the aftermath of a discovery less
completely set forth in the first instance. The
early shift measurements of Sharp' and of Kall, -

mann and Mark, ~ agreeing satisfactorily with
the Cornpton equation AX= (h/mc)(1 —cos p),
operated to establish this equation as correct
within the limits of possible observation. More
recent experiments by Nutting' have resulted in

values of the 90' shift which are from one to
two percent lower than the value h/mc required

by Compton's equation. Nutting also remarked
that the mean of all determinations available in

1930 was somewhat below h/mc but considered
this to be a result of experimental error and

concluded that the experiments as a whole were
in agreement with the Compton formula.

The incompleteness of the type of treatment
employed by Compton had been considered,
however, by Wentzel, ' in whose theory of
scattering we may discern the implicit require-
ment that the wave-length modjfication occa-
sioned by scattering by bound electrons shall be
less than that expected of the practically free
electrons of Compton. Wentzel's treatment does
not provide an explicit shift formula, comparable
in simplicity to the Compton equation given
above. Such an equation has been deduced by
the present authors' from relatively simple
energy and momentum considerations, and
Bloch' has derived a similar and more complete
relation upon the broader basis 'of wave me-

chanical theory. The present paper offers experi-
mental evidence relevant to this question, in the
form of results of precision measurements of the
wave-length shifts accompanying the scattering
of radiations of three different wave-lengths by
carbon and by beryllium.
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