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The data of de Haas and van Alphen. Magnetization per gram
divided by field, plotted vs. field for two orientations of a crystal of
bismuth, at 14.2 K. (W. J. de Haas and P. M. van Alphen, Leiden
Comm. 208d, 212a (1930), and 2204 (1932)))
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(d) Oscillations accompanying the Peltier effect in zinc. (€) Thermoelectric voltage of bismuth
at 1.6 K. (f) Thermal conductivity of bismuth at 1.6 K. (Sources: (a), (b), (c)}—Proc. 9th
Internat. Conf. on Low Temperature Physics,J. G. Daunt et al_, eds., Plenum Press, New York,
1965. (d)—H. 1. Trodahl and F. J. Blatt, Phys. Rev. 180, 709 (1969). (e), (I)—M. C. Steele
and J. Babiskin, Phys. Rev. 98, 359 (1955).)
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At absolute zero the
magnetic moment 1is
given by -0U/ OB.
The energy plotted
in the last Fig. leads
to the magnetic
moment shown
here, an oscillatory
function of 1/B In

Impure  specimens
the oscillations are
smudged out 1n part
because the energy
levels are no longer
sharply defined.
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Significance of Electromagnetic Potentials in the Quantum Theory

Y. Anaronov axp D. Boru
H. H, Wills Plysics Laboratery, University of Bristol, Bristol, England

(Received May 28, 1959; revised manuscript received June 16, 1959)

In this paper, we discuss some interesting properties of the electromagnetic potentials in the quantum
domain, We shall show that, contrary (o the conclusivns of classicul mechanics, there exist ellects of poten-
tials on charged particles, even in the region where all the fields {and therefore the forces on the particles)
vanish. We shall then discuss possible experiments to test these conclusions; and, finally, we shall suggest
further possible developments in the interpretation of the potentials.

Electron F hﬂte;“fﬁgm

Fic. 1. Schematic experiment to demonstrate interference with

2 & ; time-dependent scalar potential. 4, B, C, D, E: suitable devices

F1G. 2. Schematic experiment to demonstrate interference to separate and divert beams. Wi, Wa: wave packets. M1, Ma:
with time-independent vector potential. cylindrical metal tubes. F: interference region.
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VOLUME 5, NUMBER 1 PHYSICAL REVIEW LETTERS JuLy 1, 1960

SHIFT OF AN ELECTRON INTERFERENCE PATTERN BY ENCLOSED MAGNETIC FLUX

R. G. Chambers
H. H. Wills Physics Laboratory, University of Bristol, Bristol, England
(Received May 27, 1960)

el

ri—a’

FIG. 1. BSchematic diagram of interferometer, with
source §, observing plane 0, biprism e, f, and con-
fined and extended field regions @ and a@’.
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(a) Allowed electron orbitals in two dimensions in absence
of a magnetic field, (b) In a magnetic field the points
which represent the orbitals of free electrons may be
viewed as restricted to circles in the former k k, plane.
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At absolute zero the magnetic moment is
given by -dU/ 0B versus 1/B.
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Typical cyclotron resonance
peaks in aluminum at two
different field orientations.
Peaks in the field derivative
of the absorbed power due
to four distinct extremal cy-
clotron masses can be iden-
tified. (Peaks due to the same
extremal mass are spaced 4 8 12 16 20 24 28 32 36 40
uniformly in 1/H, as can be = HIK)

verified by careful examina-
tion of the figure) (T. W. |
Moore and F. W. Spong,
Phys. Rev. 125, 846 (1962).)

(arbitrary units)

Absorption derivative

Absorption derivative
(arbitrary units)
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