
III. SOLID STATE PHYSICS

Prof. W. P. Allis Prof. L. Tisza E. M. Gyorgy
Prof. S. C. Brown J. M. Goldey N. C. Pearson
Prof. G. G. Harvey R. A. Rapuano

A. THE QUANTUM MECHANICAL FOUNDATION OF THE THEORY OF SOLIDS

It was pointed out in the Quarterly Progress Report, January 15, 1952, that it was

desirable and possible to develop a quantum mechanical foundation of the theory of solids

which treats in a unified manner the aspects relating to statistics and symmetry.

We shall list some of the ideas which form the ingredients of such a theory.

1. Configuration. Classical statistical mechanics could account for any stable con-

figuration of atoms only by assuming ad hoc interaction forces. The actual electrostatic

forces do not lead to stability. Quantum mechanics explained the stability in terms of

electrostatic forces alone.

2. Symmetry. The existence of stable configurations renders the introduction of

symmetry possible. In the case of solids, the symmetry is described by any of the

well-known space groups.

3. Macroscopic observables. One of the main problems is to select from the many

observables describing a large atomic aggregate those which are relevant for the mac-

roscopic description of the system. We define these so-called macro observables as

the invariants of the translation group. This assumption implies that macroscopic

observations can always be described in these terms. Macroscopic observations are

to be taken in the widest sense of the word, including thermodynamic observations as

phase transitions and lambda points, and x-ray methods. These implications are borne

out by a very large class of observations; they are contradicted by none. In a small

number of undecided cases the conclusions may be tentatively accepted as heuristic

ideas.

4. Controllable parameters. It is possible to develop a formalism based on these

assumptions which is identical with that of thermodynamics with the exception that it

contains more parameters, and therefore provides more information. The traditional

formalism results from the additional requirement that each parameter of the theory

should have a conjugate force, in the sense that stress is conjugate to strain, tempera-

ture to entropy, electric field to electric displacement or polarization and so on. These

parameters may be called controllables.

The existence of macro observables which are not controllables is responsible for
the extension of the theory over traditional thermodynamics. Examples for such param-

eters are the parameters which describe the position of an atom in the unit cell, or the

various parameters which describe the so-called long-range order in crystals.

L. Tisza
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B. SOFT X-RAY VACUUM SPECTROGRAPH

By changing the voltage distribution on the focusing plates of the electron gun, and

by having the target at a positive voltage with respect to the deflection plates of the gun,

we have substantially improved the focusing of the electron beam. This change also

eliminated the possibility of electrons striking the slit, which had previously been a

source of difficulties.

With these changes we obtained the M 2 3 emission curve of copper. We decided to

attempt copper first, because it melts at 946*C, whereas the other transition metals

sublimate. Also it appears easier to obtain a clean surface when evaporating from the

molten state. The copper emission curve shows two sharp emission edges which clearly

give the M 2 3 separation. In some ways the emission curve obtained was not as satis-

factory as were those obtained for lighter elements. The background is higher for the

copper curve, and satellites are found at the high-energy end of the band. The curves

were taken with 500-volt electrons. With 700-volt electrons, the emission edges were

completely obscured by the satellites.

Since the spectrograph has not yet been carefully calibrated in the wavelength region

of the copper band, it is not possible to give a complete report on the band at this time.

After completing the study of the copper emission band, we started the study of the

chromium band, again using a new sample of the metal. So far we have obtained curves

with sharp emission edges showing the M 2 3 separation.

These curves have been reproducible, except that the exact shape of the low energy

part of the curve is still in doubt. We are continuing work on this.

The study of chromium and copper has shown that rapid evaporation is essential to

obtain an uncontaminated target. With this in mind, we are designing a new specimen

chamber which will provide space for a larger evaporation furnace. We are also

designing an induction heater to evaporate the metal samples. This heater will have

the advantage of heating only the sample and of thereby reducing contamination of the

target surface. The induction heater is being designed to take advantage of the larger

specimen chamber planned.

G. G. Harvey, E. M. Gyorgy, N. C. Pearson

C. MICROWAVE STUDY OF SEMICONDUCTORS

1. Electrical Properties of Germanium at Microwave Frequencies

The dielectric constant and conductivity of an n-type germanium rod were measured

by the method previously described (1). The equations of Hsieh (2) were used. The

measurements yielded a dielectric constant of 16. 6 and a resistivity of 38. 5 ohm-cm

with reproducible results.
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Considerable difficulty arises in the interpretation of the experimental results where

low-resistivity (approximately one ohm-cm) samples are used. There are indications

of contact problems here, and current investigations are concerned with this matter.

J. M. Goldey
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