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Fig. 3. Assembly drawing of the WR15 noise standard.

the upper one being used as a null detector for the temperature-
monitoring potentiometer at the top of the rack.

Anassembly drawing of theoven is shown in Fig. 3. The wave-

guide and termination are items 26 and 41, respectively. The wave-

guide ismanufactured from a platinum 10-percent rhodium alloy to

insure ahigh degree of reliability in predicting its loss characteristics.

The termination is a wedge of 40-percent silicon carbide impregnat-

ing a beryllium oxide host.

Theterrninatio ninth ewaveguid eiscentered longitudinally ina

heat distributor (item 32) to insure a uniform temperature along the

termination. Thethree heating coils (not shown in the drawing) that
are wound onto the heat distributor are constructed from a resistive

wire stock (5.5 Al,22Cr, 0.5Co, balance Fe)that is considerably more
resistant to oxidation than the wire used in previous noise standards

[5]. An insulating material (not shown in the drawing) is packed

between the heating coils mounted on the heat distributor and the
heat distributor sleeve (item 33). The insulating material used is a

felt form of zirconium oxide that has an extremely low thermal con-

ductivity. Cooling coils (item 30) are pressed against the inner cir-

cumference of the outer casing (item 31) of the oven, and the wave-

guide flange iscooled byawater jacket (item 28).
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Metrological Application of a Stationarity Property in

Rectangular Cavities Containing a Dielectric Slab

CHRISTIAN E. EUGENE, MEMBER, IEEE

Abstract—A stationarity property for the resonant frequency of

a rectangular cavity as a function of the thickness of a low-loss di-
electric slab inserted within is used for the accurate determination

of the microwave permittivity of the sample. The accuracy estimated
to afewpromille in Xband has been confirmed by experimentation

on a standard material.

1. INTRODUCTION

It is well known that the cavity methods are considered among

the best for the accurate measurement of the microwave parameters

of dielectric materials. The use of a rectangular cavity containing a

dielectric slab has already been reported as a possible structure for
such a measurement [1], [2], but until now the most widely recom-

mended configuration remains the cylindrical cavity loaded by an

axial-dielectric rod [3], [4]. The use of a stationarity property

encountered in the rectangular structure quoted above has given
promising results and should revive a new interest in this method.

The basic idea of this stationarity property—which according to
us has not yet been considered in the literature—can be explained as
follows. Arectangular cavity is considered (Fig. I), which containsa

centrally located dielectric slab (filling the xy section) and which
resonates in a TE~oP mode; the electric field is thus parallel to the y

axis and remains constant along this direction. The sample has a
relative permittivity c, and is assumed to be homogeneous, isotropic,

and weakly lossy. For the modes with the third index P>3, there is,
on each side of the xy median plane, at least one xy plane on which the

electric field vanishes. Consequently, if this plane is close to the dielec-
tric interface, the resonant frequencyof the cavity will not change at
the first order as a function of the sample thickness. It is this sta-
tionarity property that will be used below.
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Fig. 1. Rectangular cavity with the centrally located
dielectric slab (the coupling holes are shown).

II. CIIARACTERISTIC RELATIONS AT A STATIONARY POINT

As already mentioned, the solution for the structure considered

above is known and the eigenvalue equation as well as the field

expressions are available in analytical form (see also [5]). These
relations, presently given in a normalized form, are as follows.

Eigennalue Equation

tan X T (cot Y)t’
—— . +——

x 1–T 3“
(la)

with

x=; (l– T)dF2_A2

——
Y = ~ T~e,Fz – AZ, T = t/d, A = red/a, F = 2df~eOP0. (lb)

The signs appearing in this multisolution transcendental equation

will be plus or minus whether the mode is odd or even, respectively,
for the @ index.

Electvic Field Exp~essions

E = E](x, z) = f(z) sin wine/a (2a)

with, on the left air part (the situation is symmetric for the right air

part),

2XZ

- ‘(z) = ‘in (1 – T)d
(2b)

and, on the dielectric part,

(
1–T

f(z) =i~T.~cosXsin~ z – ~d)

(+ sin X cos # z – ~~x d). (2c)

The condition E = O introduced at the two dielectric interfaces

leads to the characteristic relations at a stationary point (this point

will be noted with subscript s for each related quantity). One thus
obtains the following statiotzary formulas which happen to be very
simple:

F, = <Az + [2k/(1 – TJ ]’ (3a)

A z + (k’/T,)i
% = ~2—+qz/(1 – ~.) 12 (3b)

(3C)

where the integers k and k’ are the number of half-wavelengths of the
electric field contained in each of the air portions and in the dielectric

portion respectively (k’ =@ –2k).
The stationarity phenomenon appears clearly in Fig. 2. In this

example a cavity is considered that is resonating in the mode TE~O:

with m = a/d or A = 1. The F-T curves calculated by means of the
eigenvalue equation (1) are plotted for different values of ~,. Super-

posed on these is the stationary F.-T, curve (3a) that crosses the
former at an inflexion point with horizontal tangent.
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Fig. 2. An example of F-T’ curves (the stationary locus is shown).

From this stationarity property, two methods of determining the

permittivity of the sample were developed as explained hereafter.

II 1. FIRST METHOD: DETERMINATION OF THE PERMITTIVITY BY
FREQUENCY MEASUREMENT IN THE VICINITY

OF A STATIONARY POINT

The most evident practical consequence of the existence of sta-

tionary points is that the eigenvalue equation can be solved around
such a point with large tolerance for the sample thickness, though
without appreciable error for e,. By expanding this equation in

Taylor series around a stationary point and by limiting it at the

first nonvanishing term, a cubic dependence of the error on the toler-

ance is obtained:

(&r/.r)s = – “(’’:;A’)[k”-(i%)21(”T/T)~‘4)
This expression enables one to determine the admissible tolerance

over the sample thickness corresponding to a given error for e,.
By using the eigenvalue equation (1), the accuracy on ●, still

depends on the accuracy with which the measured frequency and
the geometrical dimensions of the cavity are known. This dependence
is now linear at the first order and one can define a sensitivity factor
in the classical way:

()s. = $;: s

where P is the parameter under consideration. One obtains

(5a)

(5b)

(SC)

& = Sf – S.. (5d)

As an example, using (4) and (5) one has calculated the tolerances for

the geometrical dimensions that would cause an error of 1 percent
for c. when the cavity is constructed with a standard waveguide for

A“ band. The results are given in Fig. 3 as a function of c,. One

observes that the tolerances for a and d are often a few hundredths

of millimeters which can be considered very critical. Furthermore
the relative uncertainty of the frequency causing the same error is of
a few parts in ten thousands; this is more severe than the accuracy
obtainable with most of the commercial cavity wavemeters.
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In the example of Fig. 3, the tolerance for the airgap is also givm and
once again appears very critical.

Fortunately, this airgap problem can be satisfactorily solved by
rwetalkzing the dielectric walls facing the gaps. Indeed, if a metallic

continuity with the cavity walls may be assumed at the edge of the
faces, one is brought back to a case of wall perturbation. Then one

states that, for the stationary thickness of the slab, the metallic

boundary conditions of the electric and magnetic fields are met at
the perturbed walls with the unperturbed fields. Hence there is no

l’\
‘\
\ pert~rbation from an electric po~nt of view.

20 ‘1 I,
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1
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Fig. 3. An example of tolerances for the geometrical dimensions giving an error
of 1 percent for c, by the two methods. Mode TE~w, X-band cavity (a =0.9 in).
Solid line: A =1: broken line: A =3.

A last limiting effect to take into consideration is the presence of

airgaps between the Sample and the metallic walls perpendicular to

the electric field. Such airgaps reduce the resonant frequency with
respect to its theoretical value. In order to investigate this problem,

the classical perturbation method [6] was used. The following result
was found for the frequency shift due to a total airgap of @ @ being
the height of the cavity). It appeared in close agreement with ex-
perimentation.

df 2&,(., – I) T.’(k/k’)’

f – (1 – T,)’ + 44’’s’(k/k’)2 “
(6)

This frequency shift corresponds ultimately to an uncertainty of e..

Applying (5b) and (3a) to (6), the following expression is found for

the sensitivity factor S6 due to the airgap:

thickness of the sample and then deriving the perm~tivity frc)m the
stationary formula e,, — T. (3 b). A first advantage is that the f re-

quency no longer plays a role. Concerning the sensitivity factors,

defined as in (5), the following expressions apply.

2(,?. – 1)
S. = ———

1 + (k!/A T,)’
(8a)

“= -mi%i++4:)’(+431 ‘8b)
.s, = – (.s. +s,). (8c)

The numerical results corresponding to the example above are also

given in Fig. 3. For the cavity dimensions the situation appears much
more favorable than with the previous method. The case of the

sample thickness is, however, more critical and requires at least a

careful machining of the sample.
This point also raises the problem of precise determination of the

stationary thickness. The procedure proposed derives from the re-

markable property that, for this stationary thickness, the frequency

does not change with any shift of the slab from the center. 1[ndeed

there is, in this case, an integer number of half-wavelengths in the
slab which therefore acts as a transformer of ratio 1/1 for any posi-
tion in the cavity. If now the sample thickness deviates from its
stationary value, the frequency shift due to slab eccentricity is no
longer null and becomes

df/f G – Cm’ (9a)

with o =dt/t&, ~ = 2e/(d —t), and where e is the slab eccentricity

~_ :;1[~;;(:)2-c%l_(a,wa,5posit,,h)

+’ ‘%:)1 + ——x=— + ~:T

This result derives from the eigenvalue equation for the unentered

slab (see [1 ], [5 ]). Equation (9) enables one to know T. from a

measured frequency shift, provided that the actual thickness is not
far from T, (in the expression of C the yet unknown value of T. is
replaced by an estimate). An alternative way is to consider two suc-

cessive thicknesses and to use the proportionality between d~/f and

O at constant &
In the same way as above, the airgaps were considered because

thev affect the validitv of (9). The conclusion of this studv is that
the-effect is very criti~al arid’ practically the same as with-the first

method. Here also the solution of metallization is successful for
reasons similar to those above.

V. MEASUREMENT RESULTS ON A STANDARD SAMPLE

The two methods described in this paper were experimented on a
standard sample of high-purity synthetic fused silica, inserted in a
d = 3a X-band cavity resonating in the mode TE,09. The sample was
metallized on two faces by a thin deposition of aluminum.

The results obtained by the two methods are given in Table 1.
The main limitation with the first method is due to the uncertainty

of the frequency (measured in our case by a cavity wavemeter and
still corrected for Q factor and coupling holes effects) and to a lesser

degree to the warping effects of the cavity. The second method ap-
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TABLE I

EXPERIMENTAL RESULTS FORe, OF A STANDARD FUSED SILICA SFZCIMEN

Value Assessed by
First Method Second Method Other Lab’

3.811 (ltl.3 percent) 3.816 (lt O.3 percent) 3.824 (lt O.1 percent

a Laboratory for Insulation Research, M.I.T.

pears more favorable and in close accordance (0.~ percent) with the

value assessed by the laboratory which provided the standard
material. The limiting factors here are the tolerance for the sample

thickness due to machining, and the uncertainty of the stationary

thickness inherent in the measuring method.

VI. CONCLUSIONS

Examining the performances obtained by the methods used in
national laboratories [7], we are tempted to conclude that, for the
determination of the permittivityof slow-loss material, our second

method is practically comparable to the best methods in use. A

study is presently in progress to extend the method to the determi-

nation of losses.
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Letters

Possible Mechanisms for the Biomolecular Absorption

of Microwave Radiation with Functional Implications

JAMES R. RABINOWITZ

Abstract—A theoretical analysis of several possible modes of
molecular absorption of microwave radiation suggests that inter-
ference with some stereospecific biomolecular processes may result

from microwave irradiation.

INTRODUCTION

A physical model on the molecular level of the absorption of

microwave radiation, the structural changes that may result, and

the relationship of these changes to biomolecutar function are impor-

tant for both analyzing the existing experimental information and

designing new experiments that are likely to be informative. As a

first step towards constructing such a model, the modes of molecular

excitation in the microwave region and their possible effects on bio-
logical processes are considered here, using the insights of theoretical

molecular physics.
At normal biological temperatures, the number of background

photons in the microwave portion of the spectrum is very small, and
in a nonirradiated system the only excitations in this energy range

are induced by collision. Microwave irradiation is then unlikely to
have any direct functional effect on molecules or parts of large mole-
cules that in normal biological circumstances undergo a large num-
ber of collisions. In the interior of large molecules, essentially free
from collisions, microwave irradiation cancause excitations that will

occur only infrequently in nonirradiated systems [1].
The excitations that can result from the absorption of a micro-

wave photon with an energy of 10–3–10–s eV may be divided into
three general categories—excitations of: 1) magnetic and electric
nuclei–electron coupling states; 2) molecular free rotational states;
and 3) constrained motional states of molecular segments (both rota-

tional and vibrational, although at these energies rotational states
are much more likely to be important).

1) Magnetic and electric nuclei–electron coupling states are due
to the interaction of unpaired electrons with magnetic nuclei, in the
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former case, and the interaction of nuclear quadruple moments with

the molecular charge distribution, in the latter case. Excitations of

these modes do notcause changesin molecular structure, and if bim-

olecular functions are affected, the mechanism is obscure.

2) Molecular free rotational states are a function of the mass

distribution of the molecule. These excitations leave molecular
structure unchanged but increase the rotational kinetic energy of the
absorber. A large amount of the microwave radiation incident on a

biological system is absorbed in this way because water and other
small biomolecules have rotational states in the microwave region of

the spectrum. While these excitations are biologically important
because the local kinetic energy and then the total kinetic energy of
the system is increased by collision, their effect is likely to be a result
only of the increase in kinetic energy.

3) Constrained motional states are rotational or vibrational

states of part of a molecule that leave covalent molecular structure

unchanged. For vibrational motion the states are only in the micro-

wave region when tunneling is important. The ammonia molecule
provides theclassic example of this type of excitation [2]. The rota-

tional states are much more important in the context of this letter

because they are more generally in the microwave region.

Parts of molecules, from the size of OH groups up to a number of
amino acids, are often free to rotate, constrained by existing covalent
bonds. The relative orientation of these molecular segments to the
remainder of the molecule is determined by the weak electrostatic
interaction potential between the segment and its environment (gen.
erally the remainder of the molecule). Although the relative depths

of the minima, heights of the barriers, and distances between minima
are highly dependent on the segment we are considering and its
chemical environment, the potentials are in general multiwell func-
tions, and Fig. 1 is a characterization of such a potential. Depending

on the number of constraints, the potential may be more than one
dimensional. Similar potentials have been found for simple mole-

cules and ions in solids [3], [4].

The absorption of a.microwave photon by the molecular segment

would increase its rotational energy. This increase in energy may
have two effects that are significant. The segment may now be in a
state that is localized in more than one potential well, like states C
and D, and remission of a photon may result in its rotation being
localized in a well different from the initial well. Or the segment may
be excited to a state like B, still confined to the same single potential


