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Excitation of an Enclosed Lossy Cylinder by an

Aperture Source

JAMES R. WAIT, FELLOW, IEEE

Abstract — We present a formulation for an aperture-excited cylindrical

structure of circular cross section and of finite length. The solution method

is straightforward but it is sufficiently generaf to permit quantitative

estimates of the internal heating. When the axiaf dependency of the fields

is ignored, the solution rednces to one employed earlier in confection with

h~tihennic heating of human torsos and limbs.

I. INTRODUCTION

The controlled heating of conductive regions is an important

objective in hyperthermia [1], not to mention related problems in

designing microwave ovens [2]. It is our purpose to outline the

solution for an idealized cylindrical model of the target. We will

allow for the end effects of the cylinder in an explicit fashion.

The source of the fields is an aperture of limited extent on the

periphery of the cylinder, To simplify the analysis, the cylindrical

target is taken to be homogeneous and to be characterized by a

conductivity u, a permittivity c, and a permeability p.

II. FORMULATION

As indicated in Fig. 1, cylindrical coordinates (p,+, z) are

employed with the cylinder bounded by p = a and z = ~ 1. For

such a geometry, it is convenient to represent the electromagnetic

fields within the cylinder in terms of z-directed electric and

ma netic Hertz vectors [3]. Thus, for harmonic time dependence

acc rding to exp ( i~i),

a2u
EP=—–~Tv

apaz
(1)

p 8+
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Fig. 1. Perspective and top view of cylindrical target of, finite length showing

aperture of angular width 2 n/N.

where U and V are scalar functions that satisfy

(~z-yz);=~ (7)

where

y=[ip(d(u+im)]l’2 (8)

is the propagation constant defined such that Re y >0.

To further simplify the discussion, we will specify that the

aperture excitation at p = a, O <$< 2r, and – 1< z <1 is

E,(a,4, z) ‘G(@, z) (9)

where G( I#J,z) is an even function of both @ and z. Furthermore,

we assume that the Fourier representation

Cow

G(~, z)= ~ ~ g~,~cosmqcos~z (lo)
~=om=o

is valid over the interval O <$<2 w and – 1< z <1. Then, the

Fourier coefficient is obtained from

where 2.=1, ?~=2(m=l,2,3 ...).

We also specify that, for p=a, 0<~< 2~, – l<z< 1,

E@(a, rj, z)=O

and, furthermore, that the bottom and top surfaces of the cylin-

der are perfectly conducting. That is, for z = +1, O < p < a, and

0<+< 27?,

EP(p, +,&l)=O

and

E+(p, @,+l)=O.

(Later, we discuss the case where the ends of the cylinder are

bounded by a perfect insulator.)

III. FIELD REPRESENTATIONS

General solutions of U and V that are compatible with the

present problem are found to be

mm

U= ~ ~ A~I. (unp)cosm@cos~z (12)
~=on=o
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and

where 1~ ( U. p ) is the modified Bessel function of the first type of

order m and argument UHp [4]. Also, because (12) and (13) must

satisfy (7), it follows that

Un = [ yj +(mr//)2]1’2 (14)

where we defhe Re u. >0. The coefficient A: and B: are yet to

be determined.

Using (l), (2), and (3), we find that

n~
.cosm+sin-z

1
(15)

n7r
.sinm~ sin-z

1
(16)

and
mm

E==– ~ ~ u~A~I~( unp)cosm+cos~z. (17)
~=on=o

We are now in the position to invoke the aperture conditions at

p = a. Thus

and

–A;u~Im(una) ‘gin, n, (19)

where g~, ~ is the double transform of the aperture field and is

defined by (11). Clearly, A: and B: are now known once we

specify the form of G( ~, z ). We choose the active aperture to be

rectangular in form of height 2s and angular width 2 r/N, where

N is any integer greater than 1. In particular, we assume that

G($, z) =Eocos(@N/2) for
(

–?r/N<~ <w/N
—S<z<s

=0
(

for m/N< 1+1<m
Izl > s

(20)

where E. is a constant. As indicated in Fig. 2, the electric field

E= vanishes at the edge of the aperture and has a maximum at

the center line (i.e., # = 00 ). On the other hand, EZ is assumed

to be constant over the vertical extent of ~e aperture.

Equation (11) is now reduced to the form

The integrations can be readily carried out to yield

1 N mw
tmtm

(){
~Eo sin ~s X ~ (N/2)2– m2

Cos —

ILl, n = N (22)
nn

or m/(2N) if m = N/2.

In this limiting two-dimensional situation, all variations in the z

direction disappear and, as a consequence, the coefficient B:

vanishes in accordance with (18) for all values of m [5], [6].

The analysis given above is quite similar to that published by

Ho, Guy, Sigehqan, and Lehman [7] but they did not consider

the conditions at the ends of their cylindrical model.

IV. CYLINDER WITH INSULATING ENDS

The other case, of no less interest, is when the cylindrical target

is truncated by a perfect insulator. That is, we assume that E=

within the cylinder vanishes at z = + 1. In effect, we are saying

that there is no current flow normally through the end surfaces.

Clearly, this is an approximation which is valid if the displace-

ment currents in the air are negligible compared with the total

currents in the target. Such a condition will hold if 1u + ic u 1>>

COa, where co is the permittivity in the air.

For the conditions indicated, the solution is obtained in the

same manner as when we have conducting end caps. Equations

(1) through (8) are applicable, but now we want E= to vanish at

z = * 1 for O < p < a. Thus, in place of (9), we write

Ez(a, ~,z)=F(+, z) (24)

where

where fm ~ is the Fourier coefficient. In this case

The general solutions of (7) are now taken to have the form

U= ~ ~ C~Im(unp)cosm~cos
~=on=o (=”z) ’27)

and

Coca 2n+l
V= ~ ~ D~Im(unp) sinm~sin

()
‘?72 (28)

~=on=o 21

where now

‘.=[Y2+((WT)21”2
The coefficients C; and D; are yet to be determined.

Using (l), (2), and (3) we find that

ipa
+ —mD. I.(u. p]

P 1
“Cosm”sinwz)

“Shm”sin(=z)

(30)

(31)

E= = – ~ ~ u2CnI (unp)cosm@cosnmm
~=on=o (W”z) ’32)

The aperture conditions E$(a, ~, z) = O and E=(a, +, z) =

F( ~, z) lead to the connecting relations
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Fig. 2, Rectangular aperture and the vertical electric field distribution as-

s~ed in the analysis

and

–Cnu21 (una) =fm, n.mnm (34)

Again we choose a rectangular aperture with a cosinusoidal

variation in the electric field such as given by the right-hand side

of (20). But here, if the nonzero field E= is constant within the

aperture ( Iz I < s), we must insist that 1>s; otherwise, (25) would

be an improper representation.

Equation (26) is now reduced to

f..=:l~”~ocos(: +)cosm+cos(+”’) ‘z’+

which is evaluated to give
(35)

fm,ll =
(::qm,si”(%”’)

2

1
Cos —

. ~ (N/2)2–m2 N
(36)

r N
or —ifm=—,

2N 2

This result is similar to (22). However, in the present case, we

must keep s <1 to avoid a contradiction on the electric field at

the ends of the cylinder. Of course, aperture conditions can be

made to permit the E= field at p = a to vanish at ]Z I =1.

V. CONCLUDING Rwmxs

The analytical results given here provide a means to calculate

the internal fields in the cylinder for any assumed aperture

distribution. The totaf power density P is then computed from

P=u[pplz +IEJ’ + lEzl’]/2 (37)

in watts per meter3. Of course, the results will depend on which

model is used. If the cylinder is fully encased in a metal cast,

except for the aperture, the first model considered above is

indeed appropriate and the derived expressions for the fields are

formally exact. The case where the metal only encloses the curved

surfaces of the cylindrical target is really a much more com-

plicated situation because the electromagnetic fields emanate to

the external region. However, it is a good approximation to

ignore these external fields insofar as making estimates of power

deposition at points within the cylinder.

Finally, we should mention that the present analysis can be

easily extended to any number of similar rectangular apertures

arrayed around the periphery of the cylinder. As in the two-

dimensional models [5], [6], we need merely to superimpose the

results for a single aperture with due regard to angular location

and individual excitation. Concentrically layered models pose no

additional difficulty except for the increased complexity.
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Noise Reduction in GaAs Schottky Barrier

Mixer Diodes

K. M. KATTMANN, T. W. CROWE, MEMBER, IEEE, AND

R. J. MATTAUCH, FELLOW, IEEE

Abstract —The sensitivity of heterodyne receivers operating at millime-

ter and submillimeter wavelengths is limited by the noise produced in the

mixer element. In this paper we investigate the presence of excess noise in

GaAs Schottky barrier mixer diodes. Comparison of the measured noise

data with that predicted from noise models indicates that these devices

typically exhibit excess noise. An additional fabrication step, which re-

moves several hundred angstroms from the GaAs surface before the anode

contact is formed, greatly reduces this excess noise. This additional step is

outlined, and experimental evidence is presented.

1. INTRODUCTION

The sensitivity of heterodyne receivers operating at millimeter

and submillimeter wavelengths is limited by the noise produced

in the mixer element [1], [2], tWically a GRAS Schottky barrier

mixer diode. These devices are commonly cooled to cryogenic

temperatures (of order 20 K) to minimize their contribution to

the receiver noise. Thus, it is very important that all sources of

excess noise in these devices be identified and eliminated.

Schneider [3] has recently reported an anomalous peak occurring

in the noise temperature versus forward current characteristic of

small diameter ( <2 pm) Schottky barrier diodes. This excess

noise has recently been linked to edge effects, possibly caused by

stress at the GaAs/Si02 interface [4].
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