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YEN FU BCW ABSTRACT

A simple Fabry-Perot interferometer in the microwave
region is discussed. By means of this interferometer, the
ratio of dielectric constants of polystyrene end teflon has
been determined as 0.793, which is comparable with the ac-

cepted value 0.735.
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I, INTRIDUCTICN

The measurement of dielectric constants in the micro-
wave region is of interest because information about the
electric polarizsbility and relsxation times can be ob-
tained, which, in turn, lesds to a better understanding of
liquids and solids. If one defines a complex dielectric
constant € = €' = jff then the usual dielectric constant 1is
 k = €/€,, where €, 15 the permitivity of vacuum and the loss
angle & is defined by tond = eﬁ/E'. Thus in order to speci=-
fy the dielectric properties, one should have values of k
and the loss tanzent.

In the measurement of dielectric constants in the
microwave region, both waveguide and freespsce techniques
are applicsable. Alonz with the ususl shorted line and reso-
nant cavity methods, one may also use microwave interferome-
ters based on optical techniques. The principles of the
Fabry-Perot and iichelson interferometers have been adapted

(1,2,%)

by several authors to these measurements. In order
to make reliable ebsolute determinations of the complex die-
lectriec constant, carefully desirned instruments with well
collimated microwave beams and accurately dimenesioned re-
flectors are necessary, Culshaw, in particular, has care-

fully enalyzel the Fabry-Ferot interferometer from a theo-






retical standroint and has desizned an instrument for uce
et 8 mm. wavelenzths which gives recults with less than one
percent devietion.

The purposs of the present investiration is to test
the possibility of determininz relative valueas of the die-
lectric constant with a somewhat less carefully designed in-

strumant,



ITI. THIZRTTICAL COTSIDLRATICIS

The detail theoretical develorment of the Febry-
perot interferometer in the microwave region can be found
in the paper rresented by Culshaw.(B) A dbrief review with
certain clarificetions is given here.

(1) Transmitted Intencsity and Sharpness
of Frinces

The operation of this interferometer is due to mul-
tiple reflecticns between two surfacee or films. Consider
incident plane waves, and let F anl R be the transmission
and reflection coefficlents of intensity of the films; then
the resultant intensity transmitted through both films is
given 5y the wellknown Airy formula(%)
P2

T »
1-23 Cos§+ R

= (1

where é - (ZNZAJZFt Cos® 1is the rhase difference between

consecutive beams, t is the distance apart of the rilms.}L
the refractive index of the medium between the films, e&nd O
the sngle of incidence on the films. For maximum transmit-

ted intensity cos¢ = 1 or

2ut cosG = nA (2)

where n 1s the order of interference, and



2
P
Thex " =3 &)
For zero loss in the films, P = 1-R, then Tmax becores uni-
ty.
By equation (1), the phase difference between voints
of half maximum intensity either side of resonance can be

found as

D= 2¢1 (4)

where coscﬁl - {23 - (1—3)2} /2R, Defining the C~-value
measured on the interferometer as the wavelength divided by
Dlgives
2T
R = 2T/Aa = T, (%)

Sinco<#1 ie a decressing function of R, thus it is clear

that to obtein sharp fringes reflectors of high reflectivity
ara required. Actually, this is the very important fact
which led to the construction of the Isbry-Ferot interferome-
ter in the optical region, as pointed out dy Boulouch in
1906, {4

(11) Development of Reflectors
If the electrie field in a plane wave traveling in
the x-direction is given by the reasl part of E = E exp(iwt-7%),
where 7's A + jp is the propagation constant, and if Rn+1,n
is the amplitude reflection coefficient et the boundary be-






tween infinite media n and n~l (see Fig. 1), it can de
shown by the method of multiple reflections, or by impedance

considerations, that the amplitude reflection coefficient
(5)

due to the layer of medium n is given by

- Rnel,n * [exP(-237;dn)]Rnxn'1 (&)

1+ Rn+1,an.n-1exP(°2ﬁ;dn)

An+1

where dn is:the thickness of the layer n. This is the fun-
damental formula for the fransrer of teflection coefficients
through dielectric layers,

Applying equation (6) to determine the reflection
from a quarter wave sheet of dielectric:bounded on either
side by free epace, and chanzinz the notation so that.Al

refers to one sheet, gives

where ’5(/- exp(~- 7rtan5,), tan 5’ « 3/ , and ROl the ampli-
tude reflection coefficient at freespace-dielectric bounda=-
ry. For no dielectric loss, tan 0 0, equation (7) reduces

to

Ay = 2R01/(1+R§1) )

Foting that Ry, = 1~k ,(5) we have

1 +Jk ‘

l « k
STl urau (9
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Fig. 1. Arrangement for caleulation

of reflection coefficients.



It 18 not difficult to prove by using equation (8) end
mathematical induction that

1 - 2 |
A = ==X (12)
21 X

Thus, neglecting dielectric loss, the amplitude reflection
coefficient of n quarter wave dielectric sheets spaced quar-
ter wavelength in free space is equal to thet of s simple
quarter wave sheet havinz a dielectric constant of k. It 1is
thus clear tbat the amplituile reflection coefficient in-
creases with the number of querter wave sheets used. Egua-
tion (?) also indicates that the dielectric loess tends to

decrease the reflectivity.

(111) Diffraction Consideration
Since the dimensions of the 1xstrument are much

smaller in terms of the wavelength then those normally used
in the optical region, a consideration of the diffraction
which inevitably occurs is very important. As pointed out
by Gooker snil Clemmow,(6) the most useful approach to this
problem is to maze use of the fact that thé field a2t all
points in front of & rlzne aperture of any field distribu-
tion mey be regaried as ariesing from the interference of
plene waves 1n various directions. The amplitude and phsse
of these waves expresced as a function of their direction

of travel, constitute en an-ular epectrum of radistion
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which, appropriately expressed, is the Fourler transform of
the aperture distribution. The theory developed inm (i)
shows that the reflectors will exert a selective action on
these plane waves of the anzular spectra, From equations
(1) and (2), it can be shown that the enguler wiith O of the
gpecfrum transmittsd between roints of half maximum intensi-

ty is ziven by the following formula
ccsd =1 -1/ 2n7 (11)

where n is the order of interference and § is the G-value
defined ebove., Thus the higher the 7 -vslue and orier, n,

of interference, the greater this selection, the process
being strictly snalorrous to what occurs in a resonant cavi-
ty which can propagate a number of modes. Conseguently,

the diffraction effect may be neglected in an interferometer
with very high Q-value, Also because of diffraction effects
enerzy will be lost outside the reflector system, the amount
lost increasing with reflector separation. Thus the Q-
value should decresse s8c the separetion of the reflectors

incresases,



IJII, DEZIGN AND OPIRATICY CW THT INTERFERDHALTER

4 echenmatic diagram cf the Iinterferometer is shown in
Firure.2., It consists cf the microwave source, reflectors
and debector., A 7234/3 klystron genersting radio frequency
aﬁ,a.wavelength of 3.2 cme is used as the source., The
klyétrdn is ccupled directly to a short section of rectengu-
lar wavegulide which is terminated in a circular plate.

This arrangement gives a fairly unifora phase across the
averture plane (3-plana). £Bach reflector is constructed
with four quarter-wave sheets of polystyrene spaced quarter-
wave lenzth in air. Tigure 3 indicates t“e construction

and dimensions of the reflectors. Folystyrcne was used for
its low dielectric loss. Cince hizh Q-value could not be
expected for this simple interferometer, in order to compen-
sate for the diffraction effect, the detecting systemmusthaveas
much directivity as conveni=ntly fos:ible; i.e., the re-
ceiving horn should not be too small. Several types of rec-
tangulsr horns were tried. The dimensions of the one which
was used are indicated in Figure 4.

Fundamentally, the operation of this interferometer
is the same as Izbry-ferot interferometer in the opticsal re-
gion. Because of the multiple reflection between the reflec-

tors with high reflectivity, interference fringes can be ob-
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Fig. 2. Schematic diagram of the interferometer
(A 12 cm., B 46 cm.)



11

J0309TJ9Jd 8Y3 JO SUOTSUSWIP puUR 8INJONIYS °*¢ *3IT4

Ma'A p!S M3IA  Juosd

AU P
A0 1 oo

wh Uop

\\\

“B%E%

\\“

1 V]

sR707

‘R707

u:o»bmx_& “ “&




12

m—*

e

/
L\/

Fig. 4. Dimensions of the receiving horn
(L 18.4 cm., B 13.8 cm.)
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gerved for th=2 tremnswnitted rzdiestion, ["owever, giace our
interferonster operstes with essentially rzrallel berm, the
circular frinze esystem of the ornticel model is nct obtzined;

ingtead, the frinze 1s obszrvedl by eltering the distsnce be-

twesn the reflectors. Tor convenience, the reflector Tl
(TMzure 2) 4s fix23 zal the reflector sepsvaticn is chanzed

Juet by noving <2, A syster of frinzes obtained in this way
is shown 1n Tisure 5. The confimuraticn of cource, reflec-
tors anl detector is inlicatal in Fizure 2 zul the transmit-
ted intensity is obssrved on the scale of the aulio-
enplifier of the detecting system. It is noteld that the
dietence batween the fringes 1s hzlf wavelength as predict-
ed by eguation {2). The 4-value estimated from this plot

is aporoxinately 29, B2czuse of the diffraction effect the

trensnitted intensity decresses with increscing reflector

separation,
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IV. FEASTIRITMIEND OO0 DITZLIITRIC CCONOTANDS

2y means of the interferometer discussed above, we
have measured the ratio of the dielectric constants of

polystyrene anl teflon, Tith the econfizuratiocn indicated in

»11

Figure 2, a maximum recponse (fringe) wa2s located by al-

Justing 32, then a sheet of thz material was inserted be-

(S
[

txeen the rz=flectors anl the ghift of th: frinzge notsd,

However,. Culshaw pointed out that, because of the differ-
inz impedancas, effective path length chanzes occur st the
boundaries of the sheet, the amount dereniing oa the posi-
tion of the sheet between the reflectors, In order to can-

sure=-

(' ]

cel cut this path lensth chanze at the btoundaries, me
nents must be made varying the position of the sheet by
srall intervals over a range of hzlf wavelenzth and the
mean fringe shift found. The dielectric constant k ic then

(O

given by
mean shift = 3{/k - 1) (12)

where 4 is the thickness of the sheet. The meacsured frinze
shifts due to polystyrene and teflon ere collected in the
fcllowing table:
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fringe shifts (em.)

eample position

(dictence in ome polystyrene teflon
from R2) (thickness 0.7Jcm.) (thicknees 0.45cm.)
17.9 0.25 0.75
16,7 0.35 D.12
16.4 D.53 3D
16,0 0.69 D+3%5
15,7 0.39 2.12
15.4 Q.25 Q.05
mean D375 0.155

It 1s noted that the frinze shift is perinsdic of.the
sanple position, a fact in azreenent with Culchaw's predic-
tion. Yrom the mean frinze shift, the calculatel dielectric
constants for nolystyrene ead tafloa are 2.3%1 aud 1.856 re-
spectively. Although these values are not in egreement with
hanibook walues, their ratio 0.72% ie comparable with the
accepted value 2.785 (dielectric constante of polystyreune
aanl teflon sre 2.55 ani 2.200 respectively), Iurtherrore,
with our messured ratio and ascuning 2.55 as the dielectric
constant of polystyrene, we get 2.02 for the dielectric
constent of teflon. This ie in agreement with the eccepted
value within cne rercent. Thue, it may be clear that our
einnle erranrement is 8 very ccrvenient method for compar-

ing dielectric constants.



V. DIESCUSLICH

It ehould be pointed out thzt only the resl part of
the dielectric constant hes been measured in this experi-
ment. The imagzinary pert which is associsted with the di-
electric loss can be estimated by observing the changze of
the C{-value due to the sample; however, this can only be
obtained by means of en interferometer with very high Q-
value.,

An odbvious extensicn of the experiment discussed
above is to compare the dielectric constants of liquids.
With thie idea in mind, 1t seems possible that more eppli-
cations can be developed, namely, the titration of wesk
acids and the measurement of relative temperature variastion

of polarization.
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