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In the limit εr À 1, making this substitution leads to:
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where β is the phase of the electric field inside of the tube rel-
ative to the applied field. The frequency response of the SE is
that of a high-pass filter. At low frequencies (ω¿σ/ε0εr) the
screening is dominated by the conductivity of the tube while
at high frequencies (ωÀσ/ε0εr) the screening is determined
by the tube’s dielectric properties.

This experiment investigates the electrostatic screening due
to a tube of water for which εr ≈ 80.4 À 1.
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Figure 6:
Measured tanβ as a
function of frequency.
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Figure 4:
Signal generator & lock-in detector.
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Figure 5:
Ratio of signal
magnitudes as
a function of fre-
quency.
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External electric fields can be excluded from a region of space
using either conducting (Faraday cage) or dielectric shields.
The electric field Er inside a dielectric tube immersed in a
perpendicularly applied external field E0 can be calculated
by applying matching conditions at the free space/dielectric
boundaries. The ratio E0/Er defines the shielding effectiveness
[1]:

SE = E0

Er
= 1

4εr

[
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]
(1)

where εr is the dielectric constant of the tube of inner radius
a and outer radius b.
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1   Function generator

2   Centre-Tapped Transformer

3   Capacitor Plates

4   Water/air-filled concentric tubes

5   Foil Sensor

6   Shielded AD549 Op-Amp

7   Output (to Lock-in Detector) 

Figure 1: The electric field inside and out-
side a cross-section of dielectric tube [1].

If the tube also has a non-negligible conduc-
tivity σ, the shielding effectiveness has the
same form as Eq. (1), but εr must be replaced
by an effective frequency-dependent and
complex dielectric constant [2, 3]:
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As shown in Figs. 2 & 3, a parallel-plate capacitor was con-
structed from aluminum plates to generate a uniform elec-
tric field. Sinusoidal voltages applied to the top and bot-
tom plates were out of phase with each other such that a
ground plane was established midway between the
plates. A pair of concentric acrylic tubes pass between the
plates and the region between the tubes can be filled with
air or another fluid (water in this experiment).

A rectangular electrode (sensor) is suspended within the
inner acrylic tube just above midpoint between the plates.
The electrode is fed into a high-impedance buffer and the
magnitude and phase of the buffer output are measured
using a lock-in detector (Fig. 4). The measured voltage is
inversely proportional to the net capacitance between the
suspended electrode and ground [4]. Therefore, it is im-
portant that the buffer have very low input capacitance.
The AD549 op-amp used has a input impedance of 1015Ω
in parallel with 0.8 pF [5].

The apparatus was designed such that the sensor could be
rotated into a symmetric position just below the midpoint
between the plates. The difference in voltages at the top
and bottom positions is proportional to the electric field
within the dielectric tube:

∆V =V2 cos
(
ωt +φ2

)−V1 cos
(
ωt +φ1

)
∝ E0 cos

(
ωt +β)

(4)
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With the region between the acrylic tubes filled with air,
the magnitude and the phase of the electric field were mea-
sured. This initial measurement was used to remove the
frequency responses of the transformer, buffer, and lock-
in detector from subsequent measurements.

Next, the space between the tubes was filled with deion-
ized water and the magnitude and phase measurements
repeated. The presence of the of acrylic tubes does mod-
ify the prefactor of |SE |−1 in Eq. (3), however, its frequency
dependence is not affected.

The ratio of the air/water magnitudes and the difference
of air/water phases were simultaneously fitted to Eqs. (3)
to extract a best-fit value of σ/ε0εr. See Figs. 5 & 6.
σ

ε0εr
= 78700±500 s−1

� σ= 0.560±0.004 MΩ−1cm−1
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Figure 2:
Experimental schematic
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Figure 3:
Experimental

apparatus

1




