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Summary—The design and operation of a microwave Fabry-
Perot interferometer at wavelengths around 6 mm is described. This
uses reflectors which are simple, easy to make, and which are capable
of scaling for operation at short wavelengths in the ultramicrowave
region. With power reflection coefficients around 0.999, very sharp
fringes and Q values around 100,000 were obtained on the interferom-
eter. Effects of diffraction in the interferometer are considered,
and wavelength measurements with this particular interferometer
indicate that accuracies of 0.04 per cent are obtained without any
diffraction correction. Advantages of such an interferometer for
ultramicrowaves are that the component parts are large compared
with the wavelength, the effects of diffraction decrease with he
wavelength, and the problem of maintaining a high Q with a single
mode of propagation and a structure of adequate size is made much
easier. Such an interferometer forms the cavity resonator for ultra-
microwaves. It can thus be used for such conventional purposes as
wavelength measurements, wavelength spectral analysis, dielectric
constant, and loss measurements, or as the cavity resonator for fre-
quency stabilization, or as the cavity resonator for a millimeter~ or
submillimeter-wavelength maser.

I. INTRODUCTION

ECAUSE of its low loss and high frequency selec-
B tivity the resonant cavity forms an almost in-
dispensable component in the fields of microwave
techniques and microwave measurements. In general,
however, the dimensions of each cavity must be com-
parable with the wavelength in order to avoid undue
trouble from higher order modes; and at shorter wave-
lengths, say around 1 mm, such cavities would become
difficult to make, and difficult to use for many of the
conventional purposes and measurements. In addition,
for cavities of the same material, shape, and mode of
operation, the Q values are proportional to the square
root of the resonant wavelength. This leads to a reduced
precision in measurements, and to an increased effect of
losses in such resonant structures at short wavelengths.
In what may be called the ultramicrowave region of
wavelengths,! there is thus a definite need for some re-
placement of the conventional cavity resonator. Since
cavities operate on the principle of multiple reflections
and interference, it is natural to consider the use of an
ultramicrowave form of an optical interferometer to re-
place the cavity in this region. Thus, the use of a micro-
wave interferometer based on the optical Fabry-Perot
interferometer? is indicated; the main problem for ultra-
microwaves being the design of suitable reflectors with

* Manuscript received by the PGMTT, September 28, 1959; re-
vised manuscript received, October 26, 1959.
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low loss and adequate reflectivity, to give a large num-
ber of multiple reflections and hence sharp fringes. This
problem has been considered in a previous paper.?

The advantages of such an interferometer or cavity
resonator for ultramicrowaves are that the reflectors
and component parts are large compared with the wave-
length. In fact the larger they are the less are the effects
of diffraction on the measurements, and instead of be-
coming more difficult, the problem of maintaining a
high Q with a single mode of propagation and a struc-
ture of adequate size, becomes easier the smaller the
wavelength.

Such an interferometer forms the cavity resonator for
ultramicrowaves and can be used for wavelength meas-
urements, wavelength spectral analysis, dielectric con-
stant and loss measurements, and also as a cavity res-
onator for frequency stabilization, millimeter-wave
maser work, or for any other purpose for which micro-
wave resonant cavities are used.

In this paper the results of a pilot investigation on an
interferometer employing new reflector designs are pre-
sented. The theory of the interferometer, including dif-
fraction effects, is given, and the particular reflector de-
signs used are discussed. This interferometer was oper-
ated at a wavelength of 6.28 mm. Values of the reflec-
tivity obtained are given together with the results of
wavelength measurements with the interferometer.
Fringe sharpness and Q values were also measured, the
fringes obtained being extremely sharp in agreement
with theory. Some computations on the effects of dif-
fraction for various reflectivities and aperture sizes were
also made, the reflectors being assumed infinite in ex-
tent.

The results obtained substantiate the great potential
use of this interferometer in the ultramicrowave region,
and in addition show its use as regards precision meas-
urements of wavelength, and hence the velcotiy of elec-
tromagnetic waves.

II. THEORY AND DIFFRACTION EFFECTS

Fig. 1 shows the symmetrical reflector or multiple in-
terference section of the interferometer. Here 7, is the
voltage amplitude reflection coefficient, and ¢ is the
amplitude transmission coefficient of a single reflector.
Methods for computing these for various reflector de-
signs have been considered in a previous paper.? A

3 W. Culshaw, “Reflectors for a microwave Fabry-Perot inter-
ferometer,” IRE TRANS. ON MICROWAVE AND THEORY TECHNIQUES,
vol. MTT-7, pp. 221-228; April, 1959.
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plane wave of amplitude £y incident on the reflectors
as shown gives rise to waves of amplitudes E;, E,, Fs,
and E, as indicated. The electric and magnetic fields at
any point z between the reflectors may then be found
by applying boundary conditions, or by the use of mul-
tiple reflections,* and are given by

. Eqot exp (— jkz){1 + 7, exp [— 2jk(d — 2)]} ,
1 — 72 exp (— 27kd)
Eof exp (— jkz){1 — r, exp [— 2jR(d — 2)]}
- Zo[1 — r2esp (— 24kd)]

(1)

where 2= 27 /N for a lossless medium between the reflec-
tors, d is the distance between the reflectors, and
Zo=(u/e)¥* is the intrinsic impedance for the TEM
mode of propagation between them. The impedance at
any point z between the reflectors is then

Z = E/H. 2)

The transmission coefficient ¢ gives the attenuation
and phase shift in passing through a reflector, and with-
out loss in generality we may neglect any phase changes
which occur on reflection, 7.e., put r,=7. The reflector
separation d for optimum transmission is then given by

2kd = nmw, n=1,2, 3 etc, (3)

where n 1s the order of interference. The fields between
the reflectors for this separation then follow from (1},
and the Q value of the reflector system may then be de-
termined from

Energy stored in reflector system

Q=w PROP : S C))
Mean dissipation of power in reflector system

Since the energy stored is given by (1/2)¢fE-*Edy,
and the mean energy dissipated per unit area is given
by (1/2)(1—|7|» Re (EXH*), where the Poynting
vector flux is evaluated at the reflector surface, then as-
suming no loss in the medium between the reflectors, we
obtain

0= [nr(t + [r[n]/[200 — | 7]®)] ()

which is independent of any transmission losses occur-
ring in the reflectors, and depends only on the reflec-
tivity.

Similarly from (1) and (3), maximum and minimum
values of the electric field between the reflectors at
resonance, v13. 2kd =nw, are given by

Et| 21+ | 7)Y = |77 (6)
win = B t2(1— |7y = |rln2 (D

If there are no losses in the reflectors, |#[>=1—|r|2? and
(6) and (7) reduce to simpler forms involving only the
reflectivity again. Similar equations hold for maximum
and minimum values of the magnetic field.

| E e
| £

It

¢ C. G. Montgomery, et al., “Technique of Microwave Measure-
ments,” M.L.T. Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New
York, N. Y., pp. 561-564; 1957.
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To consider the effects of diffraction in the complete
interferometer we require the reflection and transmis-
sion coefficients 7r and {; of the interferometer section
shown in Fig. 1. These may be deduced from (1) and
are given by

B r U+ (2 — 72 exp (— 2jkd)]
T E 1 — r2exp (~ 2jk.d)

Ey 2 exp (— jkd)

Eo 1 —r2exp(— 2jkd)

(8)

¥r

Ir )
where k,=k cos 6 is the propagation constant for a wave
incident obliquely on the reflector, # being the angle be-
tween z-axis and the propagation vector k.
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Fig. 1—Diagram for millimeter wave Fabry-Perot interferometer,

The T matrix® of the interferometer section shown in
Fig. 1, relating the incident and reflected waves, is then

given by
by Tu! T a;
[04:' - [Tml T22[:| l:b:j (10)
where
Tyl = @ — )/, Tif = r1/tr = = Taff,
and
Tal = 1/t1.

We may now deduce the reflection and transmission for
the complete microwave interferometer, including the
radiating and receiving apertures, and the various dis-
tances involved. The theory given here is based on the
scalar diffraction treatment of the problem instead of
on the more precise vector treatment.® Some computa-
tions of the diffraction correction in a Michelson inter-
ferometer” showed that the agreement between the sca-

5 C. G. Montgomery, R. H. Dicke, and E. M. Purcell, “Principles
of Microwave Circuits,” M.LI.T. Rad Lab. Ser., McGraw-Hill Book
Co., Inc., New York, N. Y., pp. 150-151; 1948.

8D, M. Kerns and E. S. Dayhoff, “Theory of Diffraction in
Microwave Interferometry.” (Paper to be submitted for publication.)

7W. Culshaw, J. M. Richardson, and D, M. Kerns, “Precision
Millimeter Wave Interferometry at the U. S. National Bureau of
Standards,” Proc. Symp. on Interferometry, National Physical Lab.,
Teddington, Eng.; June 9-11, 1959,
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lar and vector results is better than one part in 108,
when the radiating aperture is some 50 wavelengths in
extent. It is thus believed that the use of scalar diffrac-
tion theory in the Fabry-Perot interferometer is ade-
quate for such aperture sizes, when the reflectors are very
large compared with the wavelength, and have a high
reflectivity.

The field at any point in front of the radiating or horn
apertures used in the interferometer is due to the super-
position of waves in the plane-wave spectrum radiated.
This is given by

1
gl k) = o= f f E(x, y) exp [j(bae + byy)dady], (1)

where E(x, v) represents the aperture field in phase and
amplitude, g(k., &,) is the radiated plane-wave spectrum
or spectral density function, and k., %,, %. are the rec-
tangular components of the propagation vector. Con-
sidering now only radiation from the waveguide-horn
transducer along a particular direction %, and reception
back along this same direction, the reciprocity relation
between the radiated and received waves may be found.
Representing the scattering matrix of the four terminal
thus singled out by [S], and its impedance matrix by
[Z], we have?

[z] = (2] = [sh~(1] + Ish1z.] (12)

where [I] is the unit matrix, and [Z,] the diagonal
matrix of elements Z;, the waveguide characteristic im-
pedance, and Zs, which might be k./we or wu/k. depend-
ing on the polarization, is the impedance along the z
axis of the plane wave considered. Since Zi12=2Zs, 1.e.,
the impedance matrix is symmetric, from (12) we obtain

S19Zs = SaiZy. (13)

In the scalar approximation the polar angle 8 is as-
sumed small and Z, is taken as constant, and hence
S12= (891 where C is a constant. Sy; corresponds to the
radiated spectral density function g(k., %,), and we may
write the scattering matrix of the radiating antenna for
the particular direction k considered as

[bl] Cg(k., ky):l ljaljl
bs, S ay .
Here a wave of amplitude g(&,, k,)dk.dk, is radiated, re-
ception for a wave returning along this same direction
also being governed by the function g(k., %,). Ampli-
tudes a1, by and ax, by, respectively, correspond to inci-
dent and reflected waves at arbitrary terminals in the
waveguide, and at an arbitrary plane 2=0, which is
taken as the plane of the radiating aperture,

The factor S»s represents the portion of the returning

plane wave which is scattered by the antenna into a
radiation pattern depending on the particular antenna,

[S 11 (14)
g(ky, ky)dk.dky,

8 H, J. Carlin, “An Introduction to the Use of the Scattering
Matrix in Network Theory,” Microwave Res. Inst., Polytechnic Inst.
of Brooklyn, Brooklyn, N. Y., Rept. R-366-54; June 1954.
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but which differs greatly from its usual radiation pat-
tern or polar diagram. There will of course be contribu-
tions to this scattered radiation from all the other plane
waves in the spectrum which is received by the antenna,
and this leads to an extremely complicated .Sss term,
and to multiple reflections between any antenna and a
reflector. Practically it is necessary to reduce the effect
of Ss; by attention to antenna design, and if necessary
to insert additional attenuation between antennas and
reflectors to reduce effects of any multiple reflections.
In what follows this term is assumed to be small, and it
is put into (14) to indicate that these effects can occur.
With this clarification of the S;s term, an equivalent
T matrix, similar to (10), for the waveguide-radiat ng
antenna transducer may be written down appropriately
for the cascading of elements in the complete interfer-
ometer. Similar matrices may be written for the receiv-
ing aperture-waveguide transducer, and for the line
lengths 23, and 22, shown in Fig. 1, between the antennas
and reflectors. From these together with (10), the equa-
tion for reflection and transmission through the com-
plete interferometer is obtained in matrix form. As ex-
pected the Ss; term gives rise to multiple reflections and
transits in the interferometer. Neglecting these, and
with S11=0, <.e., the antennas are matched to the wave-
guides, the resultant amplitude reflection and transmis-
sion coefficients are obtained by integration over the

-

radiated plane-wave spectrum, viz., ‘

ry = Cy f f (g(key k) |2 exp (— j2k.21)r1dk,dE,,

= Cs f f [g(Fay By) |2 exp [— jEo(z1 + 20) |trdb.dRy.  (15)

Where C,, Cs» are constants, g(k,, k,) is assumed the
same for both radiating and receiving apertures and is
symmetrical about the normal to the aperture.

The reflectors are considered infinite in extent so that
there is no modification, by multiple reflections, of the
plane-wave spectrum radiated by the horn aperture,
this spectrum then being the one effective in the com-
plete interferometer. The diffraction correction in this
case arises from the summation of those plane waves
which are passed by the reflector system to give the ob-
served transmission maxima. From (15) we can com-
pute the reflector and transmitted fringe shapes for any
radiation pattern g(k,, &,), and reflectivity [rl 2: devia-
tions from the position of optimum transmission given
by (3) then represent the corrections due to diffraction
in a wavelength measurement with the interferometer.

Consider the transmission coefficient #; the factor #r
due to the reflectors becomes a sharp function for high
values of reflectivity, and the reflector system then acts
like a plane-wave filter, passing various portions of the
radiated spectrum as d is optimized for each plane wave
in the spectrum, 7.e., when

2k, d = nm, n =1, 2,3, etc.

(16)
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This is illustrated in Figs. 2 and 3 where the radiation
pattern g(k., k,), and the expression [g(ks, ky)]2><|tz‘
are plotted for a uniformly illuminated slot 24 A wide,
with # =350 and 400, and a reflectivity [7/[ 2=0.999. The
sharp peaks show how the antenna pattern is scanned by
the selective reflector system as the distance d is contin-
uously optimized for various angles 8, since k, =% cos 0.
In the method of operation considered here we vary d to
get the transmitted maximum signal amplitude. Figs.
2 and 3 show how the “fringe” builds up as we scan
across the antenna pattern. We have not included phase
variations in these considerations, but the results indi-
cate that the position of maximum response will occur
when the interferometer is optimized for plane waves
close to the axis, 7.e., around the § =0 position. A similar
phenomenon occurs in the optical Fabry-Perot® inter-
ferometer where a circular fringe system appears, the
rings getting sharper as we move out from the center.
Since this result would give an accurate measure of the
free space wavelength, or propagation constant k, it
may be expected that errors due to diffraction will be
small for high reflectivities and large reflectors.

This is substantiated by some provisional computa-
tions made using (15). Fig. 4 shows the computed fringes
obtained for d varying around values corresponding to
orders of # =160 and 478, assuming a reflectivity fr 2
of 0.99. The wavelength used in the computations was
27817 mm, and the function g(k., k,) used corre-
sponded to that radiated by a 60-cm square apertrue
with an Hyp rectangular waveguide mode field distribu-
tion. Wavelengths of 6.2783183 mm and 6.271877 mm
were obtained from the positions of the computed trans-
mission maxima at the above orders of interference.
These results indicate that even at the relatively low
values of reflectivity used here, wavelength measure-
ments with very large reflectors are quite accurate. Since
a measure of the insertion loss of the interferometer is
given for infinite reflectors by the ratio of the areas un-
der the antenna pattern and the curves of | 1‘1[ [g(ka, k) ]2,
it is apparent from Figs. 2 and 3 that the insertion loss
in the interferometer will depend on the reflectivity and
order of interference used. It will also depend on the
width of the radiated angular spectrum. The magnitude
of the diffraction correction and the insertion loss can
be made smaller with decreasing wavelengths, since
apertures and reflectors larger in terms of the wave-
length can then be used.

I1I. REFLECTOR DESIGNS AND REFLECTIVITY
MEASUREMENTS

In the microwave region reflectors can be designed
using metallic rods, irises, dielectric sheets, etc., suitably
positioned on an equivalent transmission line, and for
which an equivalent circuit representation may be
found. Such methods have been considered previously
by the author,® where the reflectors consist of capacitive
or inductive rod gratings, or perforated hole gratings
stacked behind each other. Optimization of the designs
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Fig. 2—Scanning of antenna pattern by reflector system, and buildup
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Fig. 4—Computed responses of Fabry-Perot interferometer for in-
finite reflectors, |7{2=0.99, apertures 60 cm square, A=6.27817
mim,

and the bandwidth of such structures are also consid-
ered. Fig. 5 shows two types of reflectors which have
been used on the microwave Fabry-Perot interferom-
eter described here. The rod structure shown is a ca-
pacitive type grating, with the electric vector perpen-
dicular to the rods. A number of such gratings are
stacked behind ecach other at the spacing for optimum
reflectivity. The rods were made from steel “drill-rod,”
the diameter of which is held to fairly close tolerance,
and which is fairly straight. Different numbers of lay-
ers or gratings could be used and the change in reflec-
tivity studied. In this design the rods were & inch in
diameter, the spacing between the rods in a grating was
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0.103 inch, the spacing between gratings was A/2, the
apertures were 7.5 inches square, and the wavelength
was 6.28 mm.

The other reflector shown in Fig. S consists of a single
brass plate & inch thick with holes # inch in diameter.
The holes were drilled in it at a -inch spacing. A num-
ber of these could be stacked behind each other, but
calculations show that the reflectivity from one such
sheet is quite high. This is found by using the approxi-
mate rule for the transmission coefficient of a small hole
in a thick plate,® which gives a value of ]rf2=0.9993
for the single perforated brass plate.

In Fig. 6, which shows the complete interferometer,
the reflectivity was measured by observing the trans-
mission coefficients of the reflectors. Two horn-lens
apertures were used as shown, and the insertion loss due
to placing a carefully aligned reflector between them
was measured. There were multiple reflection effects be-
tween the reflector and the horn antennas, and a mean
value of insertion loss was used. The measured reflec-
tivity of the plate was 0.9993; this high value clearly
indicating the potentialities of this structure for obtain-
ing sharp fringes on the interferometer. Table I shows
the reflectivity from various layers of rods in the capaci-
tive grating; the agreement with calculated wvalues is
quite reasonable. These extremely high reflectivities
clearly indicate the advantages of a microwave Fabry-
Perot interferometer, as regards {ringe sharpness, over
its optical counterpart.

IV. TuE INTERFEROMETER AND RESULTS

Fig. 6 shows a photograph of the interferometer with
the 6-inch-square radiating horn-lens aperture on the left
and a similar receiving horn on the right. Radiation at a
wavelength around 6.278 mm is obtained by multiply-
ing up from a quartz-crystal-controlled oscillator at
5.525 mc, which gives a source stable in frequency toa
few parts in 10%, and with a reasonably steady power
output of 1 mw or so at 47,736 mc. By adjustment of a
small capacitance in the 5.525-mc oscillator circuit, the
frequency can be changed over a range of 12 mc around
47,736 mc. The radiation is then incident on the reflec-
tor system, the reflectors being supported on the large
aluminum blocks which contain ball bushings and which
slide on the supporting steel rods shown. Superhetero-
dyne detection is used at the receiver, a QK294 klystron,
frequency stabilized to a high Q resonant cavity after
the method of Pound and acting as a local oscillator at
47,706 mc. This is followed by an IF amplifier, a dc am-
plifier, and the Esterline-Angus recorder. One of the re-
flectors can be moved slowly by a lead screw and motor
drive, and the {ringes can be recorded. In addition, there
are micrometers for accurate setting of the reflector, and
also provision for measuring the change in reflector

2:)1(: G. Montgomery, R. H. Dicke, and E. M. Purcell, op. cit.,
p. 201.

10 R, V. Pound, “Electronic frequency stabilization of microwave
oscillators,” Rev. Sci. Inst., vol. 17, pp. 490-505; November, 1946.
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Fig. 5—Capacitive rod gratings and perforated plate reflectors for
millimeter wave Fabry-Perot interferometer.

Fig. 6—Millimeter wave Fabry-Perot interferometer.

TABLE I

CALCULATED AND MEASURED VALUES OF REFLECTIVITY FROM A
NUMBER # OF STACKED CAPACITIVE ROD GRATINGS

n * 1 2 3 4 5
rn|? measured | 0.4635 | 0.9000 | 0.98415 | 0.999 0.99976
7n|? calculated | 0.4854 | 0.8796 | 0.97699 | 0.99683 | 0.99925

separation by length gauges, and hence for determining
the number of fringes in a given displacement of the
moveable reflector.

To set up the interferometer, the horn apertures are
aligned along the axis of the reflector carriage, and ad-
justed for optimum signal without the reflectors. The
reflectors are then inserted in their mounts, which have
various screw adjustments for setting the reflector sur-
faces parallel and perpendicular to the axis. Some ad-
justments of these are made until a transmitted fringe is
seen when moving the reflectors apart. These reflector
adjustments are rather critical at the high reflectivities
involved here, and they are continued until the cleanest
and sharpest possible {ringe is obtained. Maladjustment
of the reflectors can lead to various fringe shapes; each
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fringe may consist of two separate sharp maxima, or
there may be a number of smaller fringes associated with
the'main maximum. This reflector adjustment is critical
and tedious, and the use of optical collimation methods
would probably lead to a more satisfactory procedure.

Fig. 7 shows the increase in sharpness of the fringes
for 1, 2, and 3 layers of the capacitive rod gratings dis-
cussed in Section III. In addition to the sharpening of
the fringes, the signal at the minimum between the
fringes decreases towards the noise level. Further layers
were added but no additional sharpening of the fringes
was observed. This is without doubt due to the relative-
ly small reflector area used here, véz. 7.5 inches square,
since the multiple reflections between the finite reflec-
tors will modify the angular spectrum of radiation be-
tween them, and this becomes the dominant effect at
relatively high reflectivities. For large reflectors the
fringe sharpness for 4 layers would increase over that
obtained for 3 layers.

Fig. 8 shows the very sharp transmitted fringes ob-
tained with the 12-inch-square perforated plate reflec-
tor at a reflector-separation of 7 inches. The spacing be-
tween the fringes corresponds to A/2 or 3.14 mm, and
the complete fringe occupies a length of about 5X10—*
inches. Similar fringes were obtained for a reflector-sepa-
ration of 30 inches, except that the fringes became some-
what wider. This effect is mainly due to the finite size of
reflectors used, but it also depends on the radiating aper-
ture size used, and could be reduced by the use of larger
(in terms of the wavelength) apertures and reflectors.
Even so, these fringes are the sharpest ever obtained on
a Fabry-Perot interferometer, and the importance and
use of this interferometer as the cavity resonator for
ultramicrowaves is clearly indicated.

Another measure of {ringe sharpness may be defined
by

Q4 = M2Ad, a7

where Ad is the displacement from the maximum- to the
half-intensity points on the fringe. Since 3Q;=n0/2 it
follows from (5) that

Qa=n(l+ [r])/0 = [ (18)

and for |#|2=0.999 this gives Q,=628°. With the per-
forated plate reflectors Qq, values of 2000 and 530 have
been measured at reflector-separations of 25 cm and 75
cm, respectively. The theoretical value of Qs given by
(5) assumes a single plane wave in the interferometer,
whereas the antenna radiates a whole spectrum of these
of a width dependent on its dimensions and field distri-
bution. Apertures 6 inches square were used here, the
beamwidth or plane-wave spectrum extending at least
some 2° either side of the central maximum. In addition
the effects of the finite reflector size, particularly at the
larger reflector-separations, and the scanning of the an-
tenna pattern at the larger reflector-separations, all con-
tribute to an increase in the measured fringe width.

Fig. 9 shows the increase in fringe width with reflec-
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tor separation for the 6-inch-square apertures and 12-
inch-square reflectors. In addition there is a falling off
in the intensity of the fringes as the reflector-separation
is increased. At a reflector spacing of 6 inches, the inser-
tion loss of the reflector system is around 15 db. This is
due to the selectivity of the reflector system, as is evi-
dent from Figs. 2 and 3. For a larger order of interfer-
ence the selectivity increases, assuming infinite reflec-
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tors, and the insertion loss will increase. There will also
be, in this case, effects due to the finite reflector size
used, and in the present experiment an increase in in-
sertion loss of some 8 db occurs when the reflector sepa-
ration increases from 6 inches to 23 inches.

Frequency selectivity measurements were made on
the 12-inch-square perforated sheet-reflectors by chang-
ing the frequency of the quartz-crystal oscillator in the
frequency multiplier chain. Results were obtained for
reflector separations of 6 inches and 17 inches, and gave
values of 87,000 and 116,000, respectively, for Q. The
frequency selectivity is thus extremely high for the
wavelength used, viz. 6.28 mm, and could probably be
made higher. Similar results can be obtained at still
shorter wavelengths and the interferometer has great
potential use for measurements and devices in the ultra-
microwave region.

Variations in the width of the same fringe for various
reflector dimensions are shown in Fig. 10 for a reflector
spacing of 25 cm. The increase in fringe width for the
smaller reflectors is evident, and there is also a reduction
in the intensity of the fringes with the smaller reflectors.
Similar results were obtained at reflector spacings of 75
cm, the fringes being some 4 or 5 times wider than those
shown in Fig. 10. At a 25-cm spacing the difference be-
tween fringes for 12-inch- and 10-inch-square reflectors
is not very great. Here the antenna pattern is beginning
to be the dominant thing as regards fringe width. At the
larger spacing the difference between 12-inch- and 10-
inch-square reflectors is more pronounced, and the use of
larger reflectors would reduce the fringe width. As al-
ready indicated the {ringes are quite sharp, since one
large division on the abscissa of the chart corresponds
to 1.75X 102 inches.

The wavelength of the radiation was measured on the
interferometer by starting with an initial reflector sepa-
ration and counting the number of fringes in a given
displacement. For this initial work the displacement
was measured with Pratt & Whitneyend gauges mounted
in the V groove shown in Fig. 6; the results are shown
in Table II. For these measurements, the distance be-
tween the radiating and receiving horns was 72 inches,
and the distance to the first reflector from the radiator
was 26.5 inches; this reflector was fixed in position. Tak-
ing the velocity of light as ¢=299,792.5 km/second,!
and the known frequency of 47,736 mc, the following
values of wavelength are obtained. For #, the refractive
index of the air surrounding the interferometer, equal
to 1.0003, A,;:=6.27835 mm, and for »=1.0002,
Aair =6.27896. The refractive index # was not measured,
but is expected to be within the above range. For the
present purposes of comparison it is sufficient to use the
mean values of Table II, and the mean of the calculated
wavelength in air; then the discrepancy amounts to

1 K. D. Froome, “A new determination of the free-space velocity
of electromagnetic waves,” Proc. Roy. Soc. (London) A, vol. 247, pp.
109-122; September, 1958.
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TABLE II

REsuLTs oF WAVELENGTH MEASUREMENTS WITH THE
MicrowaVE FABRY-PEROT INTERFEROMETER

Initial reflec- Number Reflector Measured
tor separation, of size, in wavelength, in

in inches fringes inches millimeters

7 97 12X12 6.28102

7 97 1010 6.28108

7 97 8X8 6.28108

7 146 1212 6.28142

7 146 10X 10 6.28146

20 97 12X12 6.28138

23 146 1212 6.28100

23 146 10X 10 6.28118

0.04 per cent, the measured values being too high. For
precision measurements a diffraction correction must be
applied to the measured values based on (15), and the
effect of a finite reflector size on the measurements in-
vestigated further. The displacements would also have
to be measured more accurately than in this case. Nev-
ertheless, the present agreement between measured and
computed wavelengths is good enough for many pur-
poses, even without any diffraction or other corrections,
the error being around 0.04 per cent for this particular
interferometer. This accuracy is better than that of most
commercial resonant cavity wavemeters at this fre-
quency, and the superiority of the interferometer would
be much more evident at shorter wavelengths.

V. CONCLUSIONS

The results obtained here on the microwave Fabry-
Perot interferometer are very significant, and indicate
its great potential use at millimeter and submillimeter
wavelengths. The microwave reflector designs used here
at 6-mm wavelengths give the required high values of
reflectivity, are relatively simple and easy to make, and
thus permit the use of reasonable scaling factors for
operation with ultramicrowaves. A high value of wave-
length resolution has been obtained with the present
interferometer, and this would be useful in the wave-
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length analysis of millimeter wavelength sources too
high in frequency to be measured conventionally.

Operating in the TEM mode the interferometer rep-
resents the ideal form of cavity resonator, permitting
the use of relatively large structures at very small wave-
lengths with complete freedom from troubles due to
higher order modes. The Q values obtained here are
higher than can readily be attained by a conventional
cavity resonator at these frequencies, and the indica-
tions are that still higher Q values can be obtained for
apertures and reflectors larger in terms of the wave-
length. As the cavity resonator for ultramicrowaves, the
use of the interferometer for dielectric constant and loss
measurements on both solids and gases is clearly indi-
cated, and in the ultramicrowave region of the spectrum
such a method becomes most advantagoues. Its use in
all other microwave devices employing a cavity is also
possible, and in particular it would appear that the in-
terferometer can be used with facility as the cavity
resonator for masers designed to operate at millimeter
and submillimeter wavelengths.

Aperture and reflector dimensions of 24 X and 50 A, re-
spectively, in extent were used here, and the insertion
loss at optimum transmission is around 15 db. Conse-
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quently, the reflected power is quite high so that the
fringes are best observed in transmission. For smaller
wavelengths the problem of adequate aperture and re-
flector dimensions in terms of the wavelength becomes
easier, and interferometers for specific purposes such as
maser cavities become easier to accommodate and use
with the associated apparatus. Also with apertures and
reflectors which are large in terms of the wavelength,
the problem of the diffraction correction becomes less
severe and important, and the ease with which the inter-
ferometer can be used for precision measurements such
as the velocity of light, and as a microwave standard of
length, will improve with the use of shorter wavelengths.
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Boundary Conditions and Ohmic Losses

in Conducting Wedges®

ROBIN M. CHISHOLMf{

Summary—The present work is concerned with the boundary
conditions required to calculate the ohmic losses occurring in metal-
lic wedges under the influence of electromagnetic waves which are
sinusoidal in time. The validity of the surface impedance condition
used in calculating waveguide wall losses is examined carefully, and
a ‘‘modified” surface impedance condition, which can be applied to
wedge problems in which the perfectly conducting solution is known,
is developed. A simple waveguide having a circular cross section, a
sector of which is occupied by a metal wedge, is used as an example.
The tangential magnetic field variations along the surface of the
wedge are shown graphically, demonstrating, near the tip of the
wedge, a large deviation from the tangential magnetic field of the
perfectly conducting solution.

* Manuscript received by the PGMTT, July 20, 1959; revised
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I. INTRODUCTION

HE heat losses within any conducting object
Tcaused by the presence of an electromagnetic

field, can be calculated by calculating the average
flow of power into the object as a result of the tangential
fields on its surface. The boundary conditions which
must be imposed on the surface of a metallic wedge in
order to calculate this power flow must be considered
very carefully. The standard surface impedance condi-
tion used in the calculation of waveguide wall losses re-
lates the tangential electric field at a conducting bound-
ary to the known tangential magnetic field which
would exist at the boundary if it were perfectly conduct-
ing. This condition, when applied to wedge problems,
often leads to fields which do not satisfy the Meixner
edge condition [1] and to infinite power losses in the re-
gion of the tip.



