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,=fbstract —An experimental stody of the distribution of the electric field

induced inside a finite circular cylinder of water illuminated by an ap-

proximately plane electromagnetic wave is presented. The incident field

was generated by using a monopole above the ground plane with a 90°

corner reflector. The cylinder of water included a thin conducting tube at

its center to shield the transmission lines leading to the probes. The graphs

of selected measured distributions are displayed and interpreted. The

measurements were earned out at 100, 300, and 600 MHz. The conductiv-

ity of the 50-cm long column of water was varied from approximately zero

to 3.5 S/m. Both the amplitude and the phase of the induced electric field

were measured in the experiment. Comparisons with a new theoretical

solution developed by the authors are also included.
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I. INTRODUCTION

The interaction of electromagnetic radiation with a finite di-

electric body is a problem of considerable practical interest. Such

an investigation is of importance, for example, in the assessment

of the biomedical hazards of EM radiation, the study of antennas

attached to dielectric or poorly conducting aircraft, and the use

of transponders embedded in biological organisms. The major

focus of research in this area has been on the development of

numericaf solutions of EM-field problems involving three-dimen-

sional bodies [ 1]–[5]. On the expenmentaf side, thermaf probes

[6], [7] have been employed successfully to determine temperature
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tions or using Kobayashi potentials. The solutions for the in-

tegrals consist of two expressions in which one is valid for large

separation and another for small separation. Using the series

expressions derived here, the potential problem of circular paral-

lel capacitor can be readily calculated. The integrals which occur

in the study for line capacitance of parallel strip lines [7] can be

performed using the present method and the result will be

published in a forthcoming paper.
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distributions in simple models of mice and men. The temperature

distribution can in turn be related to the square of the magnitude

of the electric field; however, information about the polarization

and phase of the electric field (required, for example, for a

quantitative understanding of the operation and design of em-

bedded transponders) cannot be extracted with thermal probing.

Other investigators have used short dipole-type probes loaded

with a microwave-detector-diode to measure the amplitude as

well as the polarization of the induced electric field in thin slabs

[8] and spheres [9] of simulated biological tissue. In this paper, we

describe a systematic experimental study aimed at mapping the

electric-field distribution inside a finite circular cylinder of water

illuminated by a plane wave. A thin conducting tube was in-

cluded at the center of the cylinder to shield the transmission

lines leading to the probes. A significant feature of our study is

the use of a vector voltmeter (HP 8405A) which allowed us to

measure the phase of the electric field as well. The measured

results are compared with a new theoretical solution [10], [11]

developed by the authors.

II. EXPERIMENTAL SETUP

A. Image Plane

The image plane used for our investigation was constructed

from aluminum panels and measured 8 ft X 24 ft. One of the

panels contained a precisely machined circular hold of diameter

8.25 in with a groove along the periphery. This hole was used to

accommodate the brass turntable on which the dielectric cylinder

was mounted. Many other small holes equipped with plugs were

also made in the image plane to allow a charge probe to pass

through for the measurement of the incident electric field. Since

the image plane used in our study was rather narrow at the lowest

frequency of operation, improved isolation between the upper

and lower half-spaces was achieved by supplementing the basic

image plane from underneath by a chamber (“Faraday cage”)

made of aluminum screen.

B. Transmitting A ntenna

The measurements were carried out at 100, 300, and 600 MHz,

and at each of these frequencies a separate quarter-wave mono-

pole was used for transmission. A 90° comer reflector, con-

structed by joining at right angles two 1/16-in thick aluminum

plates of dimension 4 ft X 6 ft, was erected behind the monopole

at one end of the image plane. Each monopole was located

(approximately) A/4 from the comer. Besides increasing the

signal level, use of the reflector also eliminated the reflections

from the edge of the image plane where it was located.

The standard technique to protect the experimental setup from

the influence of the incongruities in the room is to use suitable

absorbers (of EM radiation) all around. However, the relatively

low transmission frequencies made the use of absorbing material

impractical. Therefore, the comer reflector was “extended” along

both sides of the image plane by using aluminum screening

carefully secured to wooden posts.

C. Cylinder

A hollow styrofoarn tube filled with salt water was used to

represent the upper half of the ‘finite dielectric cylinder’; the

lower half was, of course, automatically simulated by the image

plane used in the experiment. The effective dielectric cylinder

(referring to Fig. 1) had a total height 2h = 50 cm and diameter

2 b = 17.28 cm. This styrofoam tube was mounted on the turnta-
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Fig. 2. Electric-field probes inside the cylinder (schematic).

ble by cutting a shallow circular groove in the bottom end of the

tube and filling the groove with thermo-setting wax. The turnt-

able was located at a distance of 18 ft from the comer reflector.

D. Probes

In our experimental setup, the probes were supported by a

radial arm (Fig. 2) and could, therefore, measure the magnitude

and phase of Ez and E+ without significant interference. The Ep

component was not measured because of the perturbation caused

by the radial arm. The probes were an orthogonal pair of in-

sulated dipoles, designed as a precisely fabricated independent

unit that could be readily connected and disconnected to the

transmission lines through modified Microdot connectors. The

probe ares were four 8.63-mm long pieces of 1.02-mm thick

copper wire that were insulated by enclosing them in Alpha

FIT-221- 1/16-in shrinkable tubing (c. = 2.9). The average wall

thickness of the insulation (after thermal shrinking) was 0.25 mm. ~

The total length of each dipole probe was 20 mm from tip to tip.
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E. Probe Carriage

The @variation of the electric field was measured simply by

rotating the turntable that supported the cylinder and the car-

riage assembly. The vertical location of the probes could be

controlled by turning a rack-mounted knob located under the

ground plane. The radial position of the probes could be changed

in discrete steps only. The transmission lines and the associated

probe cartiage were shielded byaconcentric vertical brass tube,

25cm long and 16.7 mmindiameter, soldered tothebase of the

turntable. A 6.4-mm longitudinal slot was cut along the entire

length of this tube to accommodate the vertical movement of the

radial arm carrying the probes (Fig. 2).

F. Detector Circtat

The EM signals picked up by the dipole probes were carried by

Microdot transmission lines and were fed to a vector voltmeter

(HP 8405A) through a manually operated multiport coaxial

switch. One of the channels of the vector voltmeter was hooked

toa phase reference signal derived from the transmission system.

III. MEASUREMENTS

A. Incident Wave

The incident electric field ( ~~) at the image plane (with the

dielectric cylinder removed) was measured by means of a charge

probe, a bare monopole 1.7 mm in diameter and 5.1 cm in height.

Two kinds of measurements were made at each of the three

frequencies. One set was comprised of measurements made paral-

lel to the direction of propagation and tested the traveling-wave

nature of the incident field. The second set consisted of measure-

ments made perpendicular to the direction of propagation with a

view to ascertaining the nature of the wavefront. The results [10]

indicated that less than 20 percent of the incident power was

reflected from the far edge of the image plane at any transmission

frequency. Also, it was found that at both 100 MHz and 300

MHz, the wavefront was very nearly plane; however, at 600

MHz, reflections from the aluminum screen on the sides resulted

in small ripples in the magnitude and phase of E~nc transverse to

the direction of propagation.

B. Constitutive Parameters of Solutions

At a given frequency and temperature, the electrical properties

of a salt-water solution can be fully characterized by a reaf

permittivity ~ = e “c, and a real effectwe conductivity u. (The

permeability of all the solutions used in the experiment was

assumed to be that of free space.) Since the constitutive parame-

ters of salt water vary considerably with frequency in the experi-

mental range of 100–600 MHz, separate measurements were

carried out at each of the frequencies of interest. These measure-

ments made use of an experimental apparatus previously desig-

ned and described by Smith [12], [13].

C. Electric Field m the C~lirwler

The distributions of E, and E+ were obtained over the range

(with reference to Fig. 1) – ~ < @<0,0 ~ z ~ h. (The actual

experimental data points spanned the narrower range 4 cm ~ z ~
20 cm ( k = 25 cm). partly due to the mechanical limitations in

the system and partly because calibration errors may be intro-

duced in the response of a probe if it approaches too close to an

interface [14].) The distributions of E. and E+ for O < @< T, as

well as for — h < z <0, can be readily deduced from the mea-

sured distributions by using the symmetry properties listed m

TABLE I.
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u = 0.27 S/m.

Table I for an incident electric field polarized parallel to the axis

of the cylinder.

The conductivity of the solutions was varied during the course

of the experiment from approximately zero (distilled water) to 3.5

S/m. Complete sets of experimental data are available in [10] in

both graphical and tabular form. Typicaf distributions of E, and

E+ are shown in Figs. 3 and 4. (The solid lines in these figures are

smooth curves drawn through the measured points in accordance

with the symmetry properties of Table I.) Significant features of

the measured distributions are discussed below.

1) ~. has a relatively simple distribution in all the cases. As

shown in Fig. 3, I i7@I vanishes at @= 0° and ~ = 180° and

smoothly reaches a maximum near @= * 90° for all values of p

and z. Also, at 100 and 300 MHz, ] E+ I is quite small compared to

IE: I except near the ends of the cylinder. It should be noted that

an incident plane wave with a z-polarized electric field induces

on[v the ~, component in an infinitely long dielectric cylinder.

When the cylinder is truncated at = = *h, E, generally remains

the dominant component throughout the cylinder, but near the

ends (z = * h ) E. and Ep (see Section IV) also become signifi-

cant.

2) At 600 MHz, the circumference of the dielectric cylinder is

approximately equal to the free-space wavelength ( ,kOb = 1.09)

and a kind of “ transverse resonance effect” [15] becomes ap-
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parent in the distribution of Eo. Unlike at the lower frequencies,

a fairly substantial transverse component of the electric field is

induced throughout the dielectric cylinder except in the immediate

vicinity of z = O where symmetry conditions force ~+ to go to

zero.

3) The effect of increasing the conductivity of the solution was

twofold. First, with art increase in the conductivity, the magni-

tudes of E: and E+ decrease throughout the cylinder because of

the increased absorption by salt water. More significantly, an

increase in the conductivity of the solution also damps out the

“higher mode content” in the axial distribution of E, (Figs. 4 and

5).

IV. COMPARISON WITH THEORY

An approximate hybrid iterative solution suitable for finite

cylinders with large c, has been recently developed by the authors

[10], [11]. It combines the analytical eigenfunction expansion

method (internaf absorption problem) with a single surface in-

tegral equation (external scattering problem). Since the internal

problem is solved analytically, the theoretical solution can handle

the homogeneous dielectric cylinder and the cylinder with a

concentric metal tube (Fig. 1) with equaf ease. A sample of the

comparison between the measured distributions and the theoreti-

cally computed results .is presented in Fig. 5. The agreement is

seen to be fairly good. Also, it was found [10] from the theoretical

solution that when the salt water in the cylinder has a moderately

high loss tangent, the resulting large attenuation makes the thin

metaf tube at the center nearly “invisible” to the incident field,

and the distributions of electric field in the experimental cylinder

are, therefore, good approximations of the distributions in the

corresponding homogeneous cylinders of salt water, except at

points very close to the axis. It will be recalled from Section II-D

that Ep was not measured in the experiment because of the

interference from the radi~ arm supporting the probes. It was

found from our theoretical solution that IE@I is generally negligi-

ble compared to IEz I over most of the length of the cylinder

except near the ends.

V. SUMMARY

A detailed experimental study has been made of the electric-

field distributions inside a finite circular cylinder of salt water

when illuminated by a plane wave whose electric vector is

polarized parallel to the axis of the cylinder. The measurement

techniques have been described and significant features of the

measured data have been discussed. Comparisons with a new

theoretical solution have also been presented.
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Automatic Noise Temperature Measurement Through

Frequency Variation

VICTOR D. LAROCK, MEMBER,IEEE,AND RENE P. MEYS,

MEMBER,lEEE

Abstract — The dependence of two-port noise temperature on the source

reflection factor does not lend itself to easy automated measurement. ‘IIris

paper shows that a noise analysis performed over a small frequency interval

centered about the frequency of interest and with a source circuit having

fast phase variations leads to a straightforward solution of the problem.

The conditions for applying the procedure are broad enough to enable

measuring most components like transistors and amplifiers over the entire

microwave range. An example of practical implementation is presented.

I. INTRODUCTION

The determination of the dependence of the noise temperature

on the source reflection factor requires measurements with vari-

ous source impedances. These are obtained manually by means of

stubs, line stretchers, and the like.

Such devices are cumbersome to operate automatically, al-

though a mechanical tuner driven by stepper motors has been

proposed [1]. Another approach uses varactor-controlled tuners

[2]. Due to the small capacitance variations that can be achieved

through microwave varactors, this kind of tuner operates only

over a limited frequency range.

Moreover, both tuners exhibit unpredictable losses, which have

to be taken into account for accurate noise measurements.

Accordingly, they must be determined for every setting at every

frequency.

Thus, the challenge was: could one imagine a set of electrically

controlled impedances or reflection factors sufficient to de-

termine the noise temperature and meeting the extra constraint of

easily accountable losses?

II. AN AUTOMATED PROCEDURE FOR DETERMINING THE

NOISE TEMPERATURE

A guide to this choice is [3], where it is shown that the

dependence of the noise temperature T. on the source reflection

factor s = IS 1. eJ~s can be expressed as

(1)
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Fig. 1. The theoretical dependence of the nome temperature on the source

reflection factor with (a) small I S I and (b) significant I S 1. (c) Shows the

corresponding S-loci

The parameters Tti, Th, T,, and rpC are related to the noise

waves model for the two-port, (see [3] and [4]), and are determined

experimentally in two steps.

a) Measurements wzth a matched source: With an ideal source

(S= O) the noise temperature would be T.. For any real source

having small mismatch IS 1, (1) becomes

~,= Ta+2~l Slcos(9J +9,). (2)

This relation is plotted as a function of q, in Fig. 1(a); it yields T=

as the mean value of T. ( q,).

b) Measurements wtth a sigmficant source reflection factor: The

general case (1) is plotted in Fig. l(b), where it can be seen that:

the mean value of the curve gives Tb if IS I and T. are known: the

amplitude of the sine wave is related to T,; and the position of

the curve defines q, .The S variations involved appear in Fig. 1(c).

They were formerly achieved by a line stretcher inserted between

the source and the DUT.

Now, automation clearly requires moving on the reflection

factor loci electrically. To this end, use is made of two factors. a)

Phase variations can be obtained at the output of a long section

of line by slightly changing the frequency of analysis, say by 1
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