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INTRODUCTION

A quartz polymide sample was provided the Naval Weapons Center by
the Vaught Corporation for the purpos¢ of measuring the temperature
dependence of its dielectric constant at 35 GHz. The method used to
measure the dielectric constant is new and will be briefly described.

EXPERIMENTAL METHOD

An object moving with a known velocity in a waveguide creates a
unique doppler frequency for each electromagnetic wavelength in the
normal operating band of the waveguide. The measured doppler frequency
can be used to calculate the carrier frequency. When each half of the
waveguide is filled with a dielectric leaving a narrow slit for the
post, then the doppler frequency change caused by the dielectric can be
used to calculate the dielectric constant.

Figure 1 is a drawing of a doppler generator that will work as
described above. Since the waveguide circle is a known diameter and
the rotor and post rotate at a known frequency, the real part of the
dielectric constant, Ke’ will be given by

. 2 2 2
R [(fc/ft) + (fd/fr) (C/lulrfo) 77— (1)
where

fc = waveguide cutoff frequency r:", e
f = carrier frequency I ' " .4’/
fd = doppler frequency t
C = velocity of light | .“.{

{
r = radius of waveguide circle BigiE T Ty K t
f = rotor rotational frequency R

A = SEOSS sectional area of waveguide ﬁ

cross sectional area of dielectric g
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FIGURE 1. Basic Design of a Waveguide Doppler Generator.
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The loss tangent of the dielectric can be determined from the
amplitudes of the doppler signal for two or more different path lengths
in the dielectric. Figure 2 shows two positions of the post as it is
being rotated in the dielectric filled doppler generator. The doppler
signal from the post in position A has required the carrier to traverse
the dielectric length in both directions. Thus, if we measure the ampli-
tudes of the signal envelope, the post positions A and B, we can calcu-
late the loss tangent from

tand = - 1o R . (2)

szVL'UO

where
signal amplitude at A
signal amplitude at B

£ = arc length from point A to point B through the dielectric

w = 2nf
T
ARRRCRTL L -12
€ Ke€gs € 8.854 x 10
Mg = 4m x 10-12 .
OLECTRIC  GuTeuT e oureuT
wavesviog, o7 WAVESUILE
. roTom
moToR
ROTOR
FOSY ROTOR
POST
POSITION A POSITION B

FIGURE 2. Position A Indicates the Post at the
Farthest Point in the Dielectric Waveguide from
the Waveguide Port; Position B Indicates the Post
Near the Waveguide Port. The signal envelope
amplitudes at positions A and B can be used to
calculate the loss tangent.

A doppler generator was designed and built that would keep the
rotor bearing and the motor cool during the temperature cycle (see
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Figure 3). A cooling gas (98%Z N; 22 H) was used to keep the bearings
cool and was vented out through the waveguide. The flow rate was

3 ml/sec. The 2Z H was used to keep the copper waveguide walls clean
of oxides. Figure 4 is a schematic diagram of the test setup.

N

FIGURE 3. Doppler Generator Used for
These Measurements.

P

i A————




TP 5983

NWC

*dn3ag 3sa] ay3 jo weiaBejq OrIEWAYDS ‘4 TANOIL
¥ILNNOD [
2%0 P WIZATVNY
oonv 9 L LTTERE ¥
438
~99 Aot /
wIXIN
B e kT
_ |
i |
| [ <
- = 1'
VOLVYINID W3 VeeOq | = TINoS ..Lu.glﬁ
b - IYNOILOIWIO  TVNOILIIWIO v
N3IAO o [ TN WOLVIOS




NWC TP 5983
RESULTS

Data were taken over the temperature range 70 to 840°F (21 to
449°C). Figure 5 is a graph of the measured dielectric constant, Ke»
(using Equation 1) and the loss tangent, tandé, (using Equation 2) as a
function of temperature. Ke for this temperature range is 3.00 % 0.005.
Tand is best described by 0.0034 + 0.0005. The main source of error
during these measurements was assuming the line frequency to be a con-
stant 60 Hz.
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FIGURE 5. Graph of the Measured Temperature
Dependence of the Loss Tangent and the Real
Part of the Dielectric Constant.

CONCLUSIONS

Quartz polymide has very stable dielectric properties over this
temperature range. It should be noted that no oxygen was present near
the quartz polymide during these tests. Thus, it may be necessary to
heat the quartz polymide in air for a fixed period of time at each
temperature and then cool the sample to room temperature for the dielec-
tric constant measurements. In this way, the copper waveguide would not
be heated and there would be no waveguide oxidation problem.
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