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Letters to the Editor

ROMPT publication of brief reports of important dis-
coveries in physics may be secured by addressing them
to this department. Closing dates for this department are, for
the first issue of the month, the eighteenth of the preceding
month, for the second issue, the third of the month. Because
of the late closing dates for the section no proof can be shown
to authors. The Board of Editors does not hold itself responsible
for the opinions expressed by the correspondents.
Communications should not in general exceed 600 words
in length.

Dislocations and Magnetization

‘WiLLiaM FULLER BROWN, JR.
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey
February 27, 1941

HE writer recently suggested! that line concentrations
of force might be responsible for the term ¢/H in the
empirical formula for the magnetization curve of nickel at
high fields, J=J,—a/H—b/H?*+ CH, and tentatively iden-
tified these line concentrations with the “dislocations’ of
plasticity theory. The following approximate calculation,
based directly on dislocation theory, shows that both the
occurrence of the a/H term and the increase of ¢ and &
with plastic strain may be attributed to internal stresses
produced by the dislocations.

Let Oy be the direction of the field and.of the specimen
axis, -Oz the direction of the dislocation lines (radially
outward from the axis in the region under consideration),
and Ox the direction of slip; this is roughly the situation in
a twisted wire. If a=cos (J, x) is small, the magneto-
strictive energy density? for a specimen with saturation
magnetostriction —\, is 3NoX,a. The shearing stress X,
at a distance 7 from a dislocation3 is AoG’¢(0) /77, where \o
is the distance between atoms along Ox, G’'=the rigidity,
and ¢(f) is an angular factor. For a single dislocation,
therefore, a varies in the xy-plane in accordance with the
equation!

Via—na=ke0)/7, (1)

where k=3\,G'\o/nC, n=HJ;/C; C2107% erg/cm meas-
ures the strength of the interatomic coupling forces.
Transformation to the dimensionless variable v =7 shows
that

o= kn_%f(vr 6)1 (2)

where the function f is dimensionless.

For = dislocations per cm?, distributed at random,
1—J/J is found by integrating %o over the xy-plane and
multiplying by #. Since dxdy=n"lvdvdd, the result is
cinwk?/q?, where ¢1= ff2dvd6/2w is a numerical constant;

or Jo—J=0b/H? with

b= (9¢c1/m)n(AoG'N0)2/ T s. (3)
This may be rewritten

J/Ts=1—c¢/'Mwoi/HJI,)2, 4)
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with
U;=C2G,A0\/‘ﬂ, (5)

where ¢’ and ¢, are numerical constants. Equation (4) is
identical with that given by the Becker-Kersten rotation
theory? for “internal stress” ¢;; Eq. (5) suggests that o;
may be identified with the stress produced by the disloca-
tions in Taylor’s theory of hardening.® In Becker’s theory
a’=22, and in Taylor's c.=2%. If the tentative value
9¢1/m=c1'c2=3/125 is inserted in Eq. (3), » may be calcu-
lated from Kaufmann’s data on the increase of b with
plastic twist.* The result is n/y=210"2 dislocations per cm?
per unit of plastic shear (v), in agreement with the value
calculated from purely mechanical data by Taylor’s
theory.!

Dislocations are of two signs, and opposite kinds attract
each other toward a common value of x. They therefore
tend to form pairs separated by a short distance / parallel
to Oy. The value of « for such a doublet may be found
by applying the operator —/9/dy to the right member of
Eq. (2); it is of the form a=Fklg(v, 6). For n’ doublets per
cm?, Jo—J=a/H, with a= (9¢c3/7)n'E\G'N0)?/C. If n'2n
and 1072=9¢;/x=1, Kaufmann's values of a give 107% cm
=]=10"% cm; thus / is less than the mean distance between
dislocations but considerably greater than the interatomic
distance—a plausible result.

It has been assumed here that the integrals ¢, and ¢
converge. Actually ¢; diverges logarithmically at v= «; in
the rigorous theory & is not exactly constant, but contains
a logarithmic term in H.

1W. F. Brown, Jr., Phys. Rev. 58, 736 (1940).

2 R. Becker and W. Déring, Fewomagnet;smus (Sprmger, Berlin,
1939), p. 146; pp. 167-8, 175.

G. I. aylor, Proc. Roy Soc. A145, 362 (1934); J. M. Burgers,
Proc. K. Ned. Akad. Wet. 42, 293 (1939), especially pp. 305-6.

4 A. R. Kaufmann, Phys. Rev. 57, 1089A (1940) and private com-
munication.

Rotational Analysis, Perturbation and Predisso-
ciation in the CD and CH Bands

L. GERO AND R. F. ScHMID

Physical Institute, Royal Hungarian University for Technical and
Economic Sciences, Budapest, Hungary

January 17, 1941

N strongly condensed high frequency electric discharges
through vapors of deutero-paraffin and ordinary benzol
under various pressures, the entire CD and CH spectrum
was photographed with a grating spectrograph of high
dispersion and good resolution.

Rotational analysis of the CD bands in the region of
3150A has been made and the branches of the bands
(0,0), (1,1) and (2,2) were followed up to K'=39(z'=0),
K'=34(v'=1) and K’'=27(v"=2), where predissociation of
the C?2~ state occurs. The corresponding predissociation
in the CH bands has been suspected! and we found con-
firmation by observing the effect at K’'=26(v'=0) and
K’'=21(v"=1) on the C2=~ state of CH.

A comparison of the predissociation effects on the 4300A
CD and CH bands completes the findings of a previous
paper,! based on pictures of CH bands alone, as follows:
The A2A—X21 bands show fwe predissociation phenom-
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