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communications and is probably necessary for biomedical 
applications in order to achieve high-energy densities. 
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Oscillations in the Surface Resistance of 
Bismuth as a Function of Magnetic Field 

KHAIKIN et al.1-3 have observed several types of oscilla
tions in the surface impedance of bismuth single crystals 
as a function of magnetic field directed parallel to the 
sample surface. These arc cyclotron resonances (CR) 
of the Azbel'-Kaner type•, quantum oscillations (QO) 
which arise because of the separation of allowed electron 
states into Landau levels, and a third type of oscilla
tion (MO) attributed to the presence of magnetoplasma 
waves•,•. The different kinds of oscillations can readily be 
distinguished by the ranges of magnetic field over which 
they occur, and their relative amplitudes. At Khaikin's 
measurement frequency of 9·5 k Mc/s, C.R. due to electrons 
and holes occurred at fields below about 700 gauss for all 
directions of magnetic field with respect to crystal axes. 
The QO began to appear at fields above about 500 gauss. 
At fields above a few thousand gauss for certain field 
directions, large amplitude MO appeared and obliterated 
the QO. 

Khaikin observed the oscillations using his very sensitive 
frequency-modulation method', and made measurements 
on crystals of two principal orientations, one having the 
triad axis normal to the sample surface and the other 
having the triad and a diad in the plane of the surface. 
A detailed investigation of the cyclotron resonances was 
made, but the QO periods could be measured only for 
magnetic field directions near a diad (within 19° of a 
diad in tho trigonal plane, or within 38° in the triad-diad 
plane). 

We have made a preliminary investigation of a sample 
having tho third principal crystal orientation (triad and a 
bisectrix in the plane of the sample surface), using a 
microwave bridge method with magnetic field modulation 
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Fig. 1. (a) Trace of dR/dH versus magnet current showing cyclotron 
resonance oscillations at low fields and qnantnm oscillations at high 
fields. (b) Part of a similar trace for a different magnetic field direction 
showing magnetoplasma oscillations. The range of magnetic field 

covered was from zero to approximately 5 kganss 

and a superheterodyne detection scheme. The sample 
formed the end of a cylindrical H 111 cavity resonating at 
9·35 k Mc/s. The output of the bridge, proportional to 
either d.R/dH or dX/dH (where R + jX is the surface 
impedance of the sample), was plotted against magnet 
current on an X-Y recorder. Two d.Rjdll traces for different 
magnetic field directions in the sample surface are shown. 
The scales are the same for both curves, and both were 
traced out at a rate of about one oscillation per sec. In 
(a) the CR can be seen at low fields and the QO appear 
at about 1·5 kgauss. Curve (b) was obtained for a direc
tion of magnetic field nearer to the trigonal axis and is 
included in order to illustrate the relative magnitude of 
the MO. 

We propose to carry out a detailed investigation of the 
orientation dependence of the various oscillation periods, 
and hope thereby to obtain information about the exact 
form of the energy bands in bismuth. A point of particular 
interest here is the extent of tho departure of the bands 
from quadraticity8 •9 • 

The measurements were made at a temperature of 
about l ·8° K on bismuth having a resistance ratio some
what in excess of 100. Liquid helium facilities were made 
available through the provision of a grant by the 
Department of Scientific and Industrial Research. 
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ENGINEERING 

Stress Patterns in Steel Beams by 
Auto radiography 

PREFERENTIAL dissolution of stressed metal crystals 
in a polycrystalline sample has been shown by Simnad 1 

using 6°Co as a tracer. 
In my investigation, preferential dissolution of tensile 

and compressive stressed areas in a simple cantilever 
beam experirnent was observed. 

The 8 x 0·5 x 0·5 in. beams were of mild (1018) steel 
having the following compositions: Mn 0·88 per cent, 
C 0· 174 per cent, and S 0·036 per cent. 

The yield strength was 55 kg/in. 2 and the ultimate 
tensile strength was 71 kg/in. 2 • The beams were electro· 
polished to remove surface stresses in a mixture of 
350 c.c. of 65 per cent perchloric acid and 640 c.c. of 
glacial acetic acid for 1 min with 20 amp at 25° C. 

Two beams were inserted in a grooved steel block 
(Fig. 1) to a distance of 2 in. and clamped. The bending 
load was applied by bolting the free ends together so 
that the ends of both beams deflected toward each other. 

Fig. 1. Cantilever beam assembly 
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