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 The propagation speed of electromagnetic radiation

ough a medium is frequency dependent and 80, quantities
flated to the propagation speed exhibit dispersion. It is usual
examine dispersion for a refractive index over the range of
ptical frequencies. But it is also instructive to consider dis-
esion for the dielectric permittivity at kilohertz frequen-
iMaxwell’s equations give the electromagnetic wave speed
Fough an isotropic dielectric! as

(1)

fiere € is the permittivity and u is the permeability. Since
e absolute index of refraction is defined by~

- n=clu,

(2)

fiere ¢ is the speed of light in vacuum, there follows the
laxwell relation for weakly magnetic substances (whose
Jative permeability is essentially one): ’

b n~(el€gy)

3)

Jiere € is the vacuum permittivity. Note that the Maxwell
ation, Eq. (3), must be applied at the same frequency for
i the index of refraction and the permittivity.? The well-
fown values 7y ~1.33 and (e, /€))2~9 are ‘mis-
fiched in this regard since the refractive index is that at
fiical frequencies (~5X 10!5 Hz) while the relative per-
fitivity is that for a constant field or for very low frequen-
s (less than 10* Hz).

in this note we outline how to examine dispersion for the
prmittivity of ice over the frequency range 10-200 kHz of
 clectromagnetic field.’ : :

The lab capacitance of a dielectric-filled, parallel-plate ca-
feitor may be written as

()

pere C’ is the ideal, empty-condenser capacitance and C,
jie general background capacitance. With just air between
E plates,

b C=(e/ep)C'+Cy,
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Ca.ir'“w' C'+ CQ %
With paraffin between the plates,
Cour=226C" + Cp.

Measuring C;, and Cpa fixes C" and C,. Thus, measure-
ments of Cy,, the capacitance with ice between the plates,
can be used in Eq. (4) to find the dielectric permittivity &(v)
for various frequencies v of the electromagnetic field be-
tween the ice-filled plates.
The experimental circuit is shown in Fig. 1. A low voltage
~10 V), variable-frequency electromotive force from an au-
dio generator is connected to a simple transformer (~X 10)
consisting of two coaxial solenoids (the inner coil has tens of

(5)

Audio-Generator (V)

Fig. 1. The experimental setup. The audio-generator voltage is transformed
upwards (~X10) by coaxial solenoids. The bridge consists of identical
capacitances C,=C,, a calibrated variable capacitor Carisble » @n oscillo-
scope, and the capacitances to be measured,
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Fig. 2. A tier of three capacitors.

loops and the outer has several hundred loops) with the inner

coil filled with bundles of iron wires. The capacitance mea-

surements are done by a null method using a bridge consist-
ing of two known equal capacitors C;, C, (in the 10° pF
range), a calibrated variable capacitor Cyuiapie» an- oscillo-
scope, and the sample capacitor.’ The variable capacitor is
adjusted until there is a zero reading on the oscilloscope.
. It is convenient to use a tier of three capacitors, shown in
Fig. 2, made from six identical plates (14 cmX 14 cm) set
parallel to each other with a 5-mm spacing. The top capacitor
is wrapped with tape and filled with liquid paraffin which
solidifies as it cools. The middle capacitor is left empty. The
bottom capacitor is placed into a shallow container of water
which is then frozen. The excess ice is easily removed.
Figure 3 summarizes the experimental results for the rela-
tive permittivity of ice, e(v)/ €y, as a function of the field
frequency, v. The ice permittivity falls off rapidly at frequen-
cies' >10* Hz, unlike the permittivity of room-temperature
water whose fall is gradual up to ~ 107 Hz. '

frequency [ Id-iz]

_ Fig. 3. The relative dielectric permittivity of icé e( v)/ €, for vari

of the frequency » of the electromagnetic field.

- N. Malov has pointed out an alternative method
ing dielectric permittivity. Two identical parallel-pk
pacitors, C, filled with ice and Cj left empty, are¢
in series to a voltage oscillating with frequency v
loscope or cathode voltmeter is used to measure. the
across each capacitor: i

Va=II(2mvCy),  Vp~I/(27vCy),
where / is an effective current. But
Ca/€ee~Cple.
Therefore,
(€ice/ €0)=(V5/V,).
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OPENNESS TO NEW IDEAS T

The late Richard Feynman stated in an interview on PBS some years ago that the common view
that it took thirty years for relativity and quantum mechanics to be accepted by the physics
community is wrong. Rather, he suggested that the real reason is that the half-life for physicists is” 1
thirty years—or in lay terms, it took thirty years for all the old physicists to die. In my own
experience, it is almost never one’s contemporaries who recognize the value of one’s ideas, |-
especially the more controversial ones. It is almost always the most senior members of the|:
community, and the students. Both my observation and that of Feynman would seem to suggest
that we as scientists are not Very opento new ideas once we have completed our educati om, at least
until we are near the end of our careers. Perhaps we have such an investment in assembling the
structure of our understanding that we simply cannot be open to ideas that appear . to challenge its
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