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INTRODUCTION

A quartz po lymide sample was provided the Naval Weapons Center by
the V~iug ht Corpora t ion  for the purposç of measuring the temperature
dependence of i t s  d i e l ec t r i c  constant at 35 GHz. The method used to
measurc the dielectric constant is new and will be briefly described .

EXPERIMENTAL METHOD

An objec t moving with a known velocity in a waveguide creates a
un ique dopp ler frequency for each electromagnetic wavelength in the
norma l operating band of the waveguide. The measured dopp ler 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 dopp ler frequency change caused by the dielectric can be
used to calculate the dielectric constant.

Figure 1 is a drawing of a dopp ler 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
d ielec tr ic cons tant , 1

~e’ 
w i l l  be given by
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where

f = waveguide cutoff frequency 
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f carrier frequency

1
d 

— dopp ler frequency

C — veloci ty  of l igh t

r — radius of waveguide circle ~~~.. ~~~~~~

f - rotor rotational frequency •

A - 
cross sectional area of waveiuide
cross sectional area of dielectric
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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
signa l 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

in Rt a n ó = -  , (2)
2~ t /~ ‘~~

where
- 

signal a~plitude at A
signal amplitude at B

t - arc length from point A to point B through the dielectric

w 2nf4 -r

= KeS~o ; E
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— 8.854 x io~~
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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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Figu re 3) .  A cooling gas (98% N; 2% H ) was used to keep the  bearings
cool and was vented out throug h the waveguide .  The flow rate was
3 mi/sec . The 2% H was used to keep the copper wave •gu lde w a l l s  (-lean
of oxides. Figure ~. is a schematic diagram of the test setup.
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FIGURE 3. Doppler Generator Used for
These Measurements.
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RESI I.TS

Data  were taken over the  temper i t u r e  range 70 t 840 F (.‘t to
44 9 ° C ) .  Figure  5 i s  -t graph ot the ~~~~~~~~ d i e l e c tr i  constant , K e1
( u s i n g  E q u a t i o n  I )  and the loss tangent , tan s , (us i ng E quat lo ’  2 )  as a
f u n c t i o n  of t empe ra tu r e .  K .  f o r  L i i i - . t e ’mp &- r a tu r& range Is  3.00 ~ 0.005 .
Tan s is best descr ibed b y ( ‘ .0034 + 0.0005. The main source of er r o r
d u r i n g  these measurements  was assuming t h *  l ine t requency to h~ a con-
s t an t  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 quar tz  polymide during these tests. Thus, it may be necessary to
heat the quar tz  polymide in air for  a f ixed period of t ime at each
temperature and then cool the sample to room temperature for  the dielec-
t r i c  constant measurements. In this way , the copper waveguide would not a
be heated and there would be no waveguide oxidation problem .
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