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A microwave cavity perturbation technique has been used to measure the resistance per unit
length of carbon fibers. These materials and other test materials used in these measurements such
as copper, evenohm, and tungsten, have much higher conductivities than polymeric materials
which have been investigated previously with this technique. The 1500-5000-42 resistance of the
carbon fibers lay in the region near the limit of applicability of the perturbation technique, thereby
affording a means of investigating this limit. The condition R, /Z, > 2 where R, is the sample
resistance and Z, is the characteristic impedance of the cavity, appears to be a useful condition for

estimating the limit of applicability.

1. INTRODUCTION

Contactless resistivity technigues are useful for several
different reasons. Such methods avoid damage and property
modification to the sample that can result from attaching
leads, and can be used in situations involving extreme condi-
tions of pressure, temperature, or corrosive environments. A
recent overview of techniques has been given by McCrae et
al!

A microwave technique for measuring the resistance
per unit length of highly conducting materials in the form of
fibers, whiskers, or thin wires would be extremely useful.
Delaney and Pippard” have reviewed microwave techniques
for resistivity measurements, while cavity perturbation
methods for measuring the resistance per unit length of wires
or filaments with specific conductivity 0<10* (2 m)~ ! have
been discussed by Buranov and Schegoiev® and Khanna et
al®

Microwave methods are very useful for the measure-
ment of the conductivity of rods of polymeric or other low
conductivity materials, since the excited electric current
flows parallei to the axis of the rod. The other principal non-
contact method, the inductance method, excites ring cur-
rents flowing perpendicular to the axis.' The planar conduc-
tivity is usually of less technologica! interest than the axial
conductivity. Furthermore, it would be difficuit to apply the
inductance method to fibers or wires of diameter only 10
pm, since frequencies as high as 500 MHz would be re-
quired.

The purpose of this brief note is to report some recent
microwave measurements made on more highly conducting
materials. The results provide some guidelines concerning
the limits of applicability of the technique for conducting
samples.

il. EXPERIMENT

It is well known®® that if a sample is inserted into a
resonant cavity then the resonant frequency is shifted due to
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the real part of the dielectric constant of the sampie, while
the quality factor @ of the cavity is reduced due to the imagi-
nary part. This latter effect can be utilized to measure the
resistance per unit length of the sample. The sample, in the
form of a cylinder, is inserted into a TE,,, rectangular cav-
ity, as shown in Fig. 1. If the sample has sufficiently high
resistance, then it can be inserted at the position of maximum
electric field. A measurement of the change in the Q of the
cavity relative to the empty cavity Q can then be used to
determine the resistance of the sample. However, if the sam-
ple resistance is smaller than a critical value (e.g., ~ 100 k2
for the cavity discussed), then the electric field at the fiber
location is reduced to close to zero, the cavity mode becomes
substantially changed from the TE,,, mode, and the method
becomes impractical.
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FIG. 1. Sketch of the method used for the cavity perturbation technique: (a)
the cavity, with a moveable end piston, (b) the variation of electric field for
TE,,; mode with sample in the zero field position, (c) the end piston moved
so that sample is moved from zero-field position.
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