
Calhoun: The NPS Institutional Archive

DSpace Repository

Theses and Dissertations Thesis and Dissertation Collection

1976

Measured surface charge and current

distributions on scattering rectangular plates.

Wiedemann, Hans-Joachim

Monterey, California. Naval Postgraduate School

http://hdl.handle.net/10945/17850

Downloaded from NPS Archive: Calhoun



Report Number — NPS-52ZN76051

NAVAL POSTGRADUATE SCHOOL

Monterey, California

THESIS
MEASURED SURFACE CHARGE

AND CURRENT DISTRIBUTION ON

SCATTERING RECTANGULAR PLATES

by

Hans-Joachim Wiedemann

June 1976

Thesis Advisor: R. W. Burton

Thesis
W579

Approved for public release; distribution unlimited.

Prpnarpd fort Air Forr.P Wpanons Laboratorv/PRP

Kirtland AFB
New Mexico 87117



Report Number — NPS-52ZN76051

NAVAL POSTGRADUATE SCHOOL

Monterey, California

THESIS
MEASURED SURFACE CHARGE

AND CURRENT DISTRIBUTIONS ON

SCATTERING RECTANGULAR PLATES

by

Hans-Joachim Wiedemann

June 1976

Thesis Advisor: R. W. Burton

Approved for public release; distribution unlimited.

Prepared for: Air Force Weapons Laboratory/PRP
Kirtland AFB
New Mexico 87117



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PACE (Whan Data Sntatad)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER

NPS-52Zn76501

2. GOVT ACCESSION NO. J. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtttta)

Measured Surface Charge

and Current Distributions on

Scattering Rectangular Plates

S. TYPE OF REPORT ft PERIOO COVERED

« PERFORMING ORG. REPORT NUMBER

7. AUTHOR^
Hans-Joachim Wiedemann
in conjunction with
Robert W. Burton

» CONTRACT OR GRANT NUMBERf*,)

9. PERFORMING ORGANIZATION NAME AND AOORESS

Naval Postgraduate School
, Monterey, California 93940

10. PROGRAM ELEMENT. PROJECT, TASK
AREA ft WORK UNIT NUMBERS

11. CONTROLLING OFFICE NAME AND AOORESS

Air Force Weapons Laboratory/PRP
Kirtland AFB
New Mexico 87117

12. REPORT DATE

June 1976
13. NUMBER OF PACES

14. MONITORING AGENCY NAME ft AOORESSf// dlUarmnt /ram Controlling OtHca} IS. SECURITY CLASS, (ol thia rdport)

UNCLASSIFIED

IB*. OECLASSIFI CATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (at thia Raport)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (ct tha aaatraci antarad In Block 30, H dlltarant from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continua on ravaraa alda It nacaaaary and Identity by black ntmmbor)

Charge and current distributions,
scattering by conducting surfaces,
rectangular metal plates

20. ABSTRACT Contlmta an tarmaa alda H nacaaaarr and identity by block mambar)

This work describes the measurement of surface charge and current
distributions on rectangular conducting plates under monochromatic,
electromagnetic illumination. Different plate widths and angles of

incidence are investigated. The results are graphed, analyzed and
compared to theoretical computations.

DD ,5
(Page 1)

'ST* 1473 COITION OF 1 NOV 6S IS OBSOLETE
S/N 0103-014- «601

I

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAOE (Whan Dmlm Knlmrmd)



MEASURED SURFACE CHARGE

AND CURRENT DISTRIBUTIONS ON

SCATTERING RECTANGULAR PLATES

by

Hans-Joachim Wiedemann

Lieutenant Commander, Federal German Navy

Submitted in partial fulfillment of the

requirements for the degree of

MASTER OF SCIENCE IN ELECTRICAL ENGINEERING

from the

NAVAL POSTGRADUATE SCHOOL

June 1976



ABSTRACT

*AV*L POSTAL BRARY

This work describes the measurement of surface charge and cur-

rent distributions on rectangular conducting plates under monochromatic,

electromagnetic illumination. Different plate widths and angles of in-

cidence are investigated. The results are graphed, analyzed and com-

pared to theoretical computations.
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I. INTRODUCTION

A. PROBLEM DEFINITION

The research described in this thesis was conducted with two major

objectives. First was the experimental measurement of surface charge

and current distributions on rectangular metal structures illuminated by

a monochromatic source. Second was the development of suitable tech-

niques to engineer the metal structures and the sensors and integrate

them with the necessary instrumentation to form the experimental appara-

tus.

B. MOTIVATION FOR THE EXPERIMENT

The distribution of charge and current on metal surfaces of certain

configurations and illuminated by an external electromagnetic source has

been investigated with varying degree of intensity over the past decades.

Particular interest was given to those structures, which have direct

technical application, such as antennas and surfaces of vehicles. This

interest has been enhanced by the threat of the electromagnetic pulse

(EMP) associated with a nuclear detonation. The EMP will induce charge

and current on unprotected metal surfaces and thus has the potential to

severely interfere with the performance of communication and computer

systems on airplanes, missiles or ships. A complete knowledge and under-

standing of the distribution of the induced charge and currents is essen-

tial to understanding how to accomplish suitable protection against EMP.

Because of the nature of the problem, it seems to be logical to begin the

research with simpler structures and later on move to higher complexity.

Whereas solutions using numerical techniques to the distribution problem

associated with rectangular conducting plates already exist [Refs. 1, 2,

3



3], no experimental data have been published to this date to validate the

numerical theory. The results of the experimental work conducted by the

author are therefore an opportunity to compare computer aided and experi-

mentally obtained data.



II. EXPERIMENTAL APPARATUS

A. IMAGE PLANE

Experimental measurements reported herein were taken with metal

plates resting on an aluminum surface, which was ten wavelengths square

(10 Meters x 10 Meters). This surface served as an image plane for the

transmitting and receiving system (Fig. 1). Below was a room which con-

tained the driving source, the measuring instruments and the mechanism

to move the pick-up probes (described later).

B. DRIVING SYSTEM

The driving source was a power signal generator (Airborne Instru-

ments Laboratory, Type 124C), which delivered a CW-signal of 300 MHz to

the antenna system consisting of a 1/4 wavelength monopole and a 90° cor-

ner reflector having a physical aperture D equal to 1.73 Meters and

height .31 Meters. The theory of corner reflectors is explained in Ref.

4. The advantage of using a corner reflector was, that by simple ad-

justment of monopole-to-corner spacing the input impedance could be

matched very closely to the feeding transmission line impedance. A fine

adjustment was made by a double-stub-tuner in front of the antenna input.

The following values were calculated for the antenna system:

1. Gain of corner reflector = 10.2 dB.

2. Minimum range from where on far field approximation holds by for-

2 d
2

mula R = —— , i.e., R = 1.28 Meters. Since R was less than 3 wave-

lengths, the more customary value of 3 wavelengths was taken to approxi-

mate the far field boundary. (Note: Because a 90° corner reflector

10
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with monopole can be represented by four monopoles in the vertices of a

square with a half-diagonal equal to the monopole-to-corner spacing d,

the effective aperture is only 2d, which was .90 Meters in the experi-

ment [Ref. 5]).

3. Beamwidth estimation by formula BW w ^ • |^ yielded 71.62°.

BW at the receiving plate, 7 Meters from antenna, was close to 10 Meters

4. Power into antenna feed was 14 W.

5. Voltage standing wave ratio was .30 .

The oscillator power and frequency were constantly monitored during the

experiment and held within less than 1% deviation from the nominal

values 14 W and 300 MHz.

C. RECEIVING SYSTEM

1. Metal Plates

The transmitted wave was received by a metal plate at 7.07X (lx

= 1 Meter) from the transmitting antenna. This distance was sufficient

to assume a uniform plane wave, as was shown in section II B.

Four different sized plates were used, one at a time. The di-

mensions are shown in Fig. 2. The plates carried numerous T-slots,

which made the insertion of the probe-bar (discussed later) possible.

The number of slots in the different plates are listed in Fig. 2. The

slot nearest to the edge had a centerline 0.01 25x from the edge. Spac-

ing between centerlines of two adjacent slots was 0.0250X. The slot di-

mensions were designed to be 0.05 Millimeters bigger than for the probe-

bar. The slots not occupied by the probe-bar were filled by bars with

12



matching dimensions (Fig. 3, Fig. 4). The slot, where the measurements

were taken, was filled above the probe-bar by 0.01 Meter long filler

pieces that were slanted at the bottom. When pushing up by the probe-

bar, the slanting caused the fillers to fall one by one behind the plate

and to be scattered over a certain region on the ground plane. Measure-

ment results did not change, whether the filler pieces were or were not

lying on the ground plane.

The plates B, C, D did not carry longitudinal slots over the

whole width. Instead only one half of the total width was slotted, plus

one slot beyond the half width line (Fig. 3). When measurements over

the whole width were conducted, the plate was simply turned over. The

reason for this one slot beyond the half width line was as follows: The

phase behavior about the middle of the plate's width was of particular

interest and could be observed without turning the plate. When the

plate had to be turned, it was possible to make measurements (using this

slot in reverse direction) on the same relative position on the plate as

done before turning. This was very helpful and allowed to compare cor-

responding values, which could have changed because of the mechanical

changes related to the turning.

The plates were supported by a thin bent rectangular plate,

which was screwed to the ground plane and to the side of the plate op-

posing the slotted one.

2. Probe System

In order to measure relative magnitude and phase of surface

charge and current distributions on the plates, it was necessary to

13



Plate Height/A Width/A Thickness/A Number of Slots

A

B

C

D

.5

.5

.5

.5

.024

.25

.5

1.0

.02

.02

.02

.02

1

6

11

21

Figure 2. Plates A, B, C, D and Their Dimensions
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Figure 3. Plate B with One Open and Five Filled Slots

15



CO
CD
o

a>

-oc

s-
CU

ca
i

a;

o
s-
Q_

s-
=5
CD

16



loosely couple small antenna-like structures to the surface distributions,

The underlying theory is explained in Ref. 6, 11.26. A charge probe and

a current probe are shown in Fig. 5. Two orthogonal current probes were

used. The integration of the probes into the probe-bar can be seen in

Fig. 7a.

The probe-bar had cross-sectional dimensions a little less than

the T-slots of the plates (Fig. 6) to allow for clearance. A small

spring-loaded copper-beryllium plate was mounted to the top of the bar

to make steady contact to the aluminum plate in the immediate vicinity

of the probes. The bar had a narrow slot in its back to accomodate three

small coaxial lines from the probes to three connectors at its bottom.

3. Sub-Structure

The probe-bar subtended through a hole in a lid-like disk below

the level of the ground plane. The disc filled a circular hole in the

plane. Screwed to the disc was a rack and pinion mechanism to which the

probe-bar could be fixed, allowing it to be moved up and down by turning

a small hand-wheel. A circular tube with a removable bottom section

shielded the region through which the probe-bar could move below the

ground plane (Fig. 7b).

4. Instruments

A rigid coaxial line was connected to the terminals of the probe-

bar (one at a time) and terminated by a matched load. The "B" probe of

a Vector Voltmeter (HP-8405A) was inserted into the line. The "A" probe

(reference) of the Vector Voltmeter was inserted into a coaxial line

which was matched terminated at that side and connected to the signal

source via an attenuator and a directional coupler. This enabled the

17
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Figure 7a.

Pick-Up Probes

Figure 7b. Part of the Substructure
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Vector Voltmeter to measure the relative magnitude and phase of the sig-

nal which was received by the surface probes.

Relative magnitude and phase values were fed into an X-Y Record-

er (HP 7046), which could monitor two Y values at the same time. The

X-axis, taken as the position axis, was controlled by the relative posi-

tion of the surface probes in the slot. This was done by means of a

bridge-circuit with a multi-turn precision potentiometer, which had a

tooth-wheel on its axle and was turned by the movement of the rack, that

positioned the probe bar in the slot. The potentiometer was spring-

mounted to eliminate backlash.

D. PERFORMANCE LIMITATIONS

1 . Distortions

The working frequency for the set-up was 300 MHz. Because of

other users, the environment was not always free of signals in proximity

to this frequency. Antennas of high power transmitters were located

very close to the site and, when radiating, caused a considerable threat

to meaningful measurements because of harmonic generation and intermodu-

lation in the nonlinear processor of the Vector Voltmeter. It was pos-

sible to partly eliminate this kind of interference by avoiding the time

of frequency congestion (normal working days).

The power signal source used in the experiment was placed within

the shelter under the ground plane, where the measuring instruments were

also located. During the initial testing it was observed that the sig-

nal source contaminated the shelter with a 300 MHz continuous wave,

which was dwelling on the outer conductors of the coaxial lines leading

21



to the instruments and was processed together with the signal that was

received by the surface probes. To counter this effect, a shielding box

was placed around the signal source. Its 60 Hz power lead was shielded,

too, by a grounded braid. Double shielded and rigid coaxial lines were

used. These measures reduced the contamination to an average of one-

twentieth the value of the signal delivered by the probes.

When moving the probe-bar along the slot, two distinct positions

about 1/4A apart caused considerable problems. In these confined loca-

tions a signal of far greater strength than reasonable and of uncertain

phase was recorded. It was believed, that the lower part of the probe-

bar together with other portions of the mechanical system provided reso-

nant conditions for those vagabound currents which were not completely

eliminated by the source shielding. This erroneous peaking effect was

countered by placing two additional, sliding ground connections next to

the probe-bar end and the location where the Vector Voltmeter probe was

inserted into the rigid line carrying the received signal. Also a cylin-

shield was placed around the sub-structure accommodating rack and pinion

Another kind of distortion was caused by the fact that no gap-

free connection between the plates under test and the ground plane could

be made. As mentioned before, the plane had a circular hole necessary

to hold different structures for testing, controlling the probe-bar, and

to feed signals, either from above or below the plane, through it. The

hole was put nearly in the center of the ground plane when this was con-

structed. The ground plane was slightly slanted to both sides from one

of its middle lines for rain drain off. This caused the plates C and D

to remain off the ground plane with a portion of the lower edge during

22



part of the experiment. To increase contact, a special copper tape was

used between plate and plane. Vibration caused by moving the probe-bar,

wind or heavy traffic from the nearby freeway rapidly changed the air-

gap and considerably distorted the readings of the instruments.

Other distortions were caused by sliding electrical contacts

which unintentionally and randomly changed their impedance with position

This was true for the contact between the plate and the probe-bar and

also for the sliding ground connections mentioned before. This problem

was also experienced by researchers at Harvard, who were using very si-

milar T-slots [Ref. 7]. Whereas they improved the contact by silver-

plating slots and probe-bar, this author obtained good results by tho-

rough cleaning slots and bar with steel wool and applying a spray-on

contact cleaner before each run of the bar through a slot.

The above discussed distortions interfered with the reproduci-

bility of measurements in a way that successive measurements deviated

about 5 to 10% in magnitude.

2. Geometric Physical Limitations

a. Only an infinite ground plane can constitute an ideal image

plane. The plane used in the experiment measured 10 x 10 Meters and

therefore was not ideal.

b. The edge effects of the plates were not evenly distributed

as can be observed in Fig, 8. In the direction of arrow "1" the effec-

tive aperture had two edges. In the direction of arrow "2" it had four

edges; two more because the gap between plate and plane could not be

made zero. This, for example, caused plate D to appear not perfectly

square in the electromagnetic sense.

23



c. The current probes were very accurately built, but they de-

viated very slightly from mutual orthogonality and the Y and Z direc-

tions (defined later).

d. The incident wave was only approximately plane and uniform.

In reality it had a finite bend resulting from the spherical wave front

originating at the monopole. Also a small misalignment between the

direction of the E-field and the Z direction' was very probable. This

could occur because of a small tilt of the monopole and the distortion

of the E-field near the feed point.

E. CALIBRATION

Because the current was investigated in two mutual orthogonal direc-

tions, it was desirable to calibrate one current probe relative to the

other. This was done in the following way (Fig. 9): The probes were

placed in the center of a square plate (.5a x .5a), which was lying flat

in the center of the ground plane. A 14 Meter (14a) long very thin wire

was threaded through the semi -loops of the current probes and held tight.

The wire positioned at an angle of exactly 45° to both probes. A signal

of 300 MHz was fed into one end of the wire and adjusted to the level

that produced the same magnitude of response in the probe system as ex-

perienced when the plate was illuminated by the monopole and corner re-

flector. Because the angular conditions for both probes relative to the

wire were equal, the measured magnitudes and phase relation immediately

delivered the desired calibration "factors". The experiment was repeated

after the wire was rethreaded to form a 90° angle with its previous di-

rection. This time the phase relation increased by almost 180° between

the probes which is understandable considering the relative directions of

the induced currents (Fig. 9).

24



Figure 8. Plate and Image

Current Probes

Figure 9. Calibration Procedure
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The results of the calibration were as follows (Y and Z corresponds

to the direction of normal use in the coordinate system that will be de-

fined later):

Wire
Direction

1

2

z - Y -

Probe Probe

.151 mV 26° .165 mV 21°

.177 mV 135° .191 mV -44°

average calibration factor (magnitude):
Tz
Ty

.92

average phase correction: 9 = 9 + 2°

F. DATA DISPLAY

As described before, the surface distributions of charge and current

excited the probes which fed a portion of the received energy into the

Vector Voltmeter where it was detected, measured and referenced to the

output signal of the driving source. The result was immediately displayed

on the X-Y Recorder by electromechanical means. Thus, the way of the

sensed signal to the final display on the recorder was direct and instan-

taneous. Moving the probe-bar caused distortions, as discussed before,

which eventually died out when the bar was stopped. This made it neces-

sary to stop recording while the bar was in movement. Instead a stepwise

advance was chosen with recordings between the steps (stepsize = .01 Me-

ter, tracklength = .50 Meter), which appeared as points. A total of 15

thousand points were recorded in this fashion. Later the obtained graphs

were stacked in groups. This is the form in which they appear in the fol-

lowing chapter.

26



Magnitude and phase of all presented curves are relative to a common

value. This allows immediate cross-referencing not only between the

curves of one particular plate, but also between different plates.
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III. THEORY AND MEASUREMENTS

A. GENERAL CONSIDERATIONS

1

.

Geometry of the Problem

The configurations under study were four metal plates, all equal

in height and thickness but different in width. They rested on an image

plane and were illuminated by a monochromatic electromagnetic uniform

'plane wave, which had an electric field vector E. parallel to the ver-

tical edge of the plate, i.e., perpendicular to the surface of the plane

Fig. 10 shows how plate, plane and antenna were placed into the X-Y-Z

coordinate system.

2. Non-Experimental Solutions

Other than the thin wire problem, the scattering by a plate is

at least two dimensional. It is two dimensional if the (infinite) thin

plate is considered, and three dimensional, if the plate is of finite

thickness. The three dimensionality makes the problem far more diffi-

cult because it involves coupled axial and transverse current components

The two dimensional case has been studied by several authors,

using different approaches:

a. Physical optics or geometrical diffraction theory approach

by Mentzer, 1955, Ross, 1966 [Refs. 8, 9].

b. Usinq a qrid mesh as model by Richmond, 1966 [Ref. 10].

c. Using an integral equation by Mittra, Ramat-Samii, Jamnejad,

Davis, 1973; Tsai, Dudley, Wilton, 1974 [Refs. 1, 2].

28
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Figure 10. Geometry of the Problem
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d. Approach by current patch model, i.e., subdivide the plate

into numerous small rectangular areas and use of the piecewise sinusoidal

reaction matching technique by Richmond, Wang, 1974 [Ref. 11].

So far no complete solution to the surface charge and current

distributions has been published in the sense that either only one cur-

rent direction was under study, or the charge distribution or the phase

calculation (or both) were not presented. This made an experimental re-

search approach meaningful that obtained both, magnitude and phase of

surface current and charge.

3. The Role of the Continuity Equation

Since, as mentioned above, no complete theoretical analysis was

available to immediately support the experimental results presented in

this thesis, it was thought to be useful to try to extract a kind of

"data-self-support" directly from the obtained measurements. This was

attempted by three methods:

First: By crossexamining data in the Y-direction, that was ob-

tained by sampling in the Z-direction, and test for con-

sistency.

Second: By examining dominant curve shapes (such as those near

the edges) and comparison to similar shapes found on

different but known structures.

Third: By testing whether charge and current magnitudes satisfy

the continuity equation.

Whereas the first and second method are strongly subject to in-

terpretations, the third one is far more objective and therefore the

30



most powerful tool used herein. Because of the great significance, the

continuity equation will be reviewed briefly. More detailed versions are

found in most every major text on electromagnetic theory, such as Ref. 12,

The continuity equation follows from the principle, that charges

can be neither created or destroyed, although equal amounts of positive

and negative charges may be simultaneously created by separation or lost

by recombination. If a closed surface is considered, the current through

it is I =
<p J«dS . (A list of used symbols is given in the appendix).

The current flow through the surface must be balanced by a change of

charge Q. within the volume enclosed by the surface.

d Q.
_ + i

I = <b J-dS = I
s

u u" " dt

where the minus sign applies to the outward flow and the plus sign to the

inward flow. The above equation is the integral form of the continuity

equation, which can be transformed into the point form (or differential

form) by using the divergence theorem

<b J"-d? = (v"-J) dv .

Applying the relation Q. =

fv
(v-J)dv -k(v

P

p dv yields

dv

If the surface is not varied with time, the right hand side of above

f

v n dvequation can be written as

For an incremental volume vv the equation

(vJ)vv = -ffi. VV

31



is obtained, from which follows

V.J = -j| .

This indicates that the current, or charge per second, diverging from a

small volume per unit volume is equal to the time rate of decrease of

charge per unit volume at every point. If this result is related to the

surface charge and current on the studied plates, it becomes obvious that

the absolute value of the measured charge should increase where the abso-

lute value of the slope of the corresponding current increases. This was

examined independently for each plate in the following analysis of the

obtained measurements.

4. Policy

Clearly, the three methods described in section 1 1 1-3 could be

applied in different ways because it is possible to look at the presented

data in a large scale or in a kind of microscale, where in its extreme,

each point is compared with its neighbor. The policy of this analysis

was to look sufficiently close at the data but also preserve the overall

picture.

Although there was a great temptation to perform smoothing on

some of the presented curves, especially where the need was obvious, this

was not done because of the aforementioned lack of a complete theory and

the risk to unintentionally destroy relevant information.

B. ANALYSIS OF PLATE A

1 . Introduction

The geometry of plate A and the corresponding titles and obtained

data curves are shown in Fig. 11a, b, c. The length of plate A was
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.5x, the width .024x, and the thickness .02A. It had one slot. This

plate had the dimensions of a fat rectangular monopole. They were chosen

to obtain a kind of intermediate configuration between a fat cylinder (as

described by King and Burton in Ref. 13) and the plates of larger width.

It also served as a means to compare the magnitudes of current and charge

and their phases of an isolated slot to those of a slot imbedded in a

wider plate.

2. Surface Charge and Current

Looking at the Z-component of the induced current along the cen-

terline of plate A (Fig. 12), it is noticed that the magnitude curve of

the zero aspect angle has a higher value at Z = and falls down with in-

creasing distance from the origin, and the phase advances by approximate-

ly 65°. This is exactly the behavior of the axial current of a parasitic

(i.e., unloaded and receiving) thin wire antenna, which was theoretically

described by King in Ref. 6. A graph is shown in Fig. 15 for comparison.

Since plate A constituted a fat (rectangular) cylinder, suitable

means were sought, to make a comparison possible between this plate and

the fat (circular) cylinder studied by King, Burton et al in Ref. 13.

The two cylinders were not equal in height, and the significance of this

difference had to be investigated.

King showed by theory and Burton by experiment [Refs. 6, 14, 15]

that the difficult and complex equations for charge and current on a

thin parasitic antenna can be approximated by £ * t cos
,
B z " c ° s

,

B

z o 1 - cos 6 h

and Q « Q ^
—

, where I and Q rt
are complex functions depending

l u i
— cos p n o o

l

List of used symbols is given in the appendix.
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on h, the incident E-field and the radius of the antenna. Above equations

state that a variation of h shifts I along the coordinate axis, that Q

is not shifted and that both amplitudes are changed. In Fig. 16 charge

and current distributions are drawn for six antennas of different heights.

The currents are zero at the ends. It can easily be seen, how the dis-

tributions are related to each other, if h is changed. For example, if

the distributions on an antenna of h = x/2 shall be obtained from an an-

tenna of h = 3/4 x, a simple procedure can be applied: The distributions

on the longer antenna are truncated at the ends (in this case each end is

shortened by A/4), the current curve is shifted to yield zero magnitude

at the new ends, and the charge curve remains unshifted.

Clearly, this procedure cannot produce exact quantitative re-

sults; but, it is sufficient if only curve shapes, rather than their par-

ticular values are to be compared.

Applying this concept to the aforementioned cylinders means that

the charge and current curves of the longer circular cylinder have to be

truncated beyond z/\ = 1/2 to be comparable to plate A (Fig. 17). (Since

the following comparisons address the shape of the curves and their rela-

tive positions only, it is not necessary to decide, by what amount the

current distribution(s) should be shifted along the coordinate axis after

truncation is performed.)

If the measured current and charge distributions on plate A in

Fig. 12 and 14 are compared to the theoretical distributions on the fat

circular cylinder in Fig. 17, it is observed, that the corresponding

curves are similar in shapes. This does not only apply for the magnitude

curves but also for the phase curves.
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On plate A the maximum magnitude of the current in the Z-direc-

tion was higher for the 0° aspect angel than that for the 45° aspect,

which in turn was higher than that for the 180° aspect. The charge den-

sity magnitude for 0° aspect was lower than that for 180°, whereas the

magnitude for the 45° case (and .25 < Z/x < .40) was even lower than for

the 0° aspect. These observations were reasonably consistent with the

theoretical curves in the above mentioned Ref. 13.

Furthermore it can be seen that the experimental current curves

for the Z-component considerably differ in shape between the three chosen

aspect angles. At 0° aspect the curve minimum lies at Z/x » 1/2, at 180°

aspect the minimum is shifted to Z/x fe 3/8 and is also lower in magni-

tude. The curve for the 45° aspect locates itself in between the two

above extremes. This significant fact is explained by the shadow-illumi-

nation difference : The standing wave ratio on the shadowed side (180°

aspect) was higher than on the illuminated side (0° aspect), which is ex-

pressed by the greater flatness of the curve on the illuminated side.

Therefore, compared to the shadowed side, the behavior of the current on

the illuminated side resembled more that of a forced current. This oc-

curred because the scattered H-field and the incident H-field were mea-

sured together on the illuminated side, whereas on the shadow side only

the scattered H-field was measured. The 45° case constituted a transi-

tion between the 0° case and the 180° case because here, the scattered

H-field was measured together with /2/2 the value of the incident H-field

of the 0° case. (Clearly, this effect could not be observed with the

charge probe, since it was always perpendicular to the incident field.)

The magnitude of the Y-component of the current was very small in all

three aspects (Fig. 13).
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By comparing the charge density curves along the Z-direction with

the current in the Z-direction it becomes immediately obvious, that the

continuity equation was qualitatively satisfied. Since the current in

the Y-direction was so small compared to that in the Z-direction, it did

not contribute substantially to the total (surface) current. Thus, the

divergence of the total current occurred almost exclusively in the Z-di-

rection, and the continuity equation simplifies to —- = rf • This means

on plate A for example the maximum absolute value of the charge density

had to be coincident with the steepest slope of the current in the Z-di-

rection. Consider Fig. 12 and 14. The current curves for the three as-

pect angels have their steepest slope at Y/A = .25, where the three cor-

responding charge density curves have their maxima.

C. ANALYSIS OF PLATE B

1

.

Introduction

Plate B had a height of .5x, a width of .25x and was .02x thick.

The distribution of the slots, the titles and the labels of the obtained

graphs are shown in Fig. 18 a, b, c. Measurements were taken for 0° and

180° aspect angles. The geometry of the plate naturally divides along

the Z axis into two symmetric parts of width .125a each. Because of the

symmetry argument, measurements were taken only slightly beyond half-

width of the plate.

2. Plate B at 0° Aspect Angle

a. For this angle the magnitude curves of the current in the Z-

directional experience a gradual change from the outer Z-edge going in-

ward to the middle of the plate (Fig. 19, 20). The current curve nearest

to the edge is very similar to that obtained with plate A, but consider-
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ably lower in magnitude. Towards the middle of the plate, the curves

flatten out but preserve their parasitic nature. The form of the corres-

ponding phase curves is similar to that found on plate A. Sampled in the

Y-direction, their position remains essentially constant for all slots.

To visualize the overall picture, a generalized three dimensional (3-D)

current plot is shown in Fig. 29.

b. The magnitude of the current component in the Y-direction was

only about one tenth of that in the Z-direction (Fig. 21). Its contribu-

tion to the total surface current was therefore very small. The obtained

magnitude curves are very smooth whereas the corresponding phase curves

(Fig. 22) make greater excursions between Z/X = 1/8 and Z/X = 3/8, which

are not meaningful when compared to the corresponding curve with plate A.

It is therefore doubtful whether these excursions really occurred on the

plate. More probable is that they were caused by instrumental limita-

tions; i.e., the signal was too weak for reliable phase measurements.

c. The magnitudes of the two current components were sampled

parallel to the Y-axis at different distances from Z = (Fig. 26). The

curve belonging to the Z-component shows a great increase in magnitude

towards the Z-edge of the plate, but is flat in the remaining portion.

The other curves in the same graph behave similar, but have consecutive-

ly decreasing peaks at the Z-edge. The Y-component decreases near the

Z-edge and remains essentially constant over the middle portion of the

plate.

d. Regarding the surface charge density (Fig. 23, 25), it is

noted that the magnitude and phase curves are very similar to the cor-

responding curves obtained with plate A. To show the overall surface
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charge density a contour plot was drawn (Fig. 28), which indicates that

the measured charge density behaved like a warped or curved sheet with a

pronounced maximum near the Z-edge, between Z/X = .25 and .30, and a sub-

maximum at the upper Y-Z corner. The minima are denoted by the lower "1"

-line and the upper "2"-line. To visualize the overall picture, a gener-

alized 3-D plot is shown in Fig. 30. Regarding the Z-component of the

current and the charge density together, it is obvious that the continui-

ty equation is qualitatively satisfied because the highest current and the

highest charge density variation occurred together near the center of the

Z-edge. Furthermore, the current was low towards the geometric center of

the plate where the charge density underwent no variation.

3. Plate B at 180° Aspect Angle

a. For this angle, the magnitude curves of the current in the Z-

direction (Fig. 31) flatten towards Y/X = 0, similar to those in the 0°

aspect case, (except curve no. 4, which has to be mentally smoothed to

fit into the picture). Consistently it is observed that (after a little

smoothing) the curve nearest to the Z-edge resembles the corresponding

one obtained with plate A. The explanation for the noticeable trough

near Z/x = 3/8 is similar to that given for plate A and stems from the

illumination vs. shadow argument given there.

The phase curves of the current in the Z-direction (Fig. 32)

comply in shape with the corresponding one measured with plate A, except

for the middle portion, where they show a broad peak. Sampled in the Y-

direction, their positions shift slightly, about totally 15°.

b. For the current in the Y-direction (Fig. 33, 34) the same

arguments apply as given for the 0° aspect angle.
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c. The current profile (sampled in the Y-direction) (Fig. 27)

shows great similarity to the 0° aspect case, but the maxima are lower.

No immediate explanation can be given for the trough occurring with

curves no, 8 and 9 near Y/X = and it is believed that this was an er-

roneous measurement which should be smoothed.

d. The charge density contour plot (Fig. 36) is similar to that

of the 0° aspect, but the magnitudes are considerably higher especially

near the Z-edge. This is consistent with the behavior of the charge

density described with plate A. By the same argument given for the 0°

aspect case, it can be shown that the continuity equation is satisfied

for the shadow region also.

D. ANALYSIS OF PLATE C

1

.

Introduction

The geometry of plate C together with the slot distribution, the

titles and the labels of the graphs are shown in Fig. 37 a, b, c. Height

and width of this plate were both equal to A/2, the thickness was .02x.

Measurements were taken for three aspect angles: 0°, 45°, 180°.

2. Plate C at 0° Aspect Angle

a. The current in the Z-direction showed strongly parasitic be-

havior, consistent with plates A and B. The magnitude curve belonging to

the slot nearest to the Z-edge has a far greater excursion than the curves

obtained from inside slots, which gradually flatten towards Y = (Fig.

38). This and the stability of the phase (Fig. 39) was also observed on

plate B (cf. Fig. 29).

b. The current in the Y-direction was higher in magnitude than

observed on plate B (Fig. 40). Sampling parallel and very close to the
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upper Y-edge it is noticed that this current component increased near the

Z-edge and decreased towards the middle portion. This tendency is far

more pronounced than with plate B, where it was barely noticeable at 180°

aspect angle. The phase of the current in the Y-direction (plate C) was

yery stable. The curves (Fig. 41) show a slight phase advance for higher

Z-values which is consistent with plates A and B.

c. The current profile (sampled in the Y-direction) is shown in

Fig. 42. The behavior of the Z-component is readily identified to be

consistent with plate B. The profile of the Y-component shows higher

magnitude and variation than observed with plate B. This is related to

the greater width of plate C and the argument, that in general a current

can only have a noticeable "profile" if the structure has a sufficient

length compared to the wavelength.

d. The charge density curves (Fig. 44, 45) are consistent with

those on plate A and B and show a very smooth and gradual development

which is also reflected in the contour plot (Fig. 46). The overall mag-

nitude of the charge density was higher than for plate B. Again two

maxima are noticed, one slightly above the middle of the Z-edge, the

other at the upper Y-Z corner. Very smooth continuous lines were ob-

tained towards the middle of the plate. A broader submaximum is observed

in the middle of the upper Y-edge. (Compare to Fig. 30.) The continu-

ity equation is satisfied by the same argument given with plate B.

3. Plate C at 180° Aspect Angle

a. For the current in the Z-direction a striking correspondence

to plate A (and thereby to the fat circular cylinder) and also to plate B

is noticed. This is especially expressed in the location of the minimum
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of the magnitude curve nearest to the Z-edge and the pronounced phase

change at the same location (Fig. 47, 48).

If slots 1 to 11 are considered together, it is observed that

the minima of the current curves (magnitude, Z-direction) shift towards

Z/X = 0, whereas the corresponding phase changes decrease in steepness.

For reference purposes, some theoretical results for the fat circular cyl-

inder, which has been cited earlier in this thesis, are redrawn in Fig.

54 a, b. If the behavior of the curves of the cylinder and the plate are

compared, (starting at = 180° with the cylinder and slot 1 with the

plate), a very distinct similarity between both structures is observed.

If the particular transitions of the curve shapes are considered, the

plate appears as an unrolled cylinder.

b. The current in. the Y-di recti on qualitatively agreed in phase

with the results found on plates A and B (Fig. 49, 50). However, the

magnitude curves show a very broad maximum in their middle sections,

which is higher than observed with plate B, whereas no such maximum oc-

curred with plate A. This is explained by the phenomenon of coupling be-

tween the Z- and Y- components of the current. Experiments with crossed

di poles [Ref . 16] showed, that certain conditions have to be met in order

to obtain coupling. One such condition is resonant or near resonant

length, which was satisfied by the width of plate C but not plates A and

B. (Compare to section III E 2b.)

c. The obtained current profile (sampled in the Y -direction)

,

(Fig. 43) is in intimate agreement with the 0° aspect case of the same

plate and the described aspect angles of plate B. The maximum current in

the Z-direction, too, was lower on the shadowed side than on the illumin-

ated side. (Compare Fig. 29.)
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d. The charge density curves (Fig. 51, 52) and the contour plot

(Fig. 53) are similar to the illuminated side. Again smooth continuous

contours were obtained. (Compare Fig. 30.) The continuity equation is

satisfied by equal arguments as given for the illuminated side before.

4. Plate C at 45° Aspect Angle

It was necessary for this case, that the distributions were mea-

sured over the whole width of the plate, because it was expected that the

symmetry argument would not hold.

a. The current in the Z-di recti on was measured to be highest at

the Z-edges and decreased in magnitude towards the middle of the plate

(Fig. 55). This and the parasitic shape is strongly analogous to the

results that were found for the other aspects of this plate and plate B.

The maxima of this current component at the two edges were measured to be

different from each other. The edge nearer to the source carried the

higher current.

Since the probe system did not change its position relative

to the ground plane and the antenna, but instead the plate was moved step-

wise to cover all indicated slots, a phase error was introduced into the

measurements. This occurred because the plate was advanced relative to

the direction of propagation of the incident field about a total distance

equal to /width/ 2. Therefore the phase of each slot was corrected later

by an amount resulting from the corresponding free space advance of the

incident field.

The phase curves of the current in the Z-direction (Fig. 56)

show a gradual progression in the Y-direction and agree in shape with

those obtained at the other aspect angles of this plate and plate A and B
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(besides a ripple in most middle sections, which is believed to be caused

by instrumental difficulties).

b. The current in the Y-direction (Fig. 57) was found to be es-

sentially higher in magnitude along the upper Y-edge than for the 0° and

180° aspects. This was expected because the Y-edge (for the 45° case)

had a projection of /2/4 A on the line describing the direction of propa-

gation, whereas for the,0° and 180° aspects this projection was zero.

The magnitude curves rise towards the upper Y-edge, similar to the corres-

ponding aspect angle with the fat cylinder in Ref. 13. The phase curves

undergo the same transitions as was described for the current in the Z-

direction of this plate (Fig. 58).

c. The current profile (sampled in the Y-direction) (Fig. 29)

shows a higher magnitude of the current in the Z-direction on the Z-edge

facing the source (as mentioned before) and is recognized to be very con-

sistent with the profiles that were analyzed before. The curve of the

current in the Y-direction shows a broad maximum in the middle section

and falls off towards the Z-edges. The value obtained with slot 3 (near

Z/x = 1/4) seems to be a little too high and should be smoothed to get

the right picture.

d. The charge density plot (Fig. 62) shows smooth, continuous

contours, very consistent with the previously analyzed charge density

plots. A slightly distorted symmetry is noticed. It is observed, that

the Z-edge facing the source carried less charge near Z/x = .25 than the

opposite edge. This is understood, if the corresponding current curves

no. 1 and no. 20 in Fig. 55 are compared. The slope of curve no. 1 is

greater than the slope of curve no. 20. Since the current in the Y-
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direction was very small compared to the current in the Z-di recti on, the

continuity equation simplifiers to r— = - rf . This indicates that the
dZ dl

steeper slope in the curves of the current in the Z-direction must coin-

cide with greater magnitude of the charge in the same location. This oc-

curred exactly on the Z-edge, which was not facing the source.

E. ANALYSIS OF PLATE D

1

.

Introduction

The charge and current distributions on plate D were investigated

for the three aspect angles 0°, 45° and 180°. The geometry of the plate,

slot distribution, titles and labels of the graphs are given in Fig. 63 a,

b, c. The thickness of the plate was .02*, the height ,5X and the width

lx. Thus, the plate D formed a lx square conducting surface when taken

together with its jimage. Contrary to the other plates discussed before,

some theoretical results have been available [Refs. 1, 3, and 17] and are

taken for comparison. As stated in section II D 2, the width of this

plate constituted a kind of upper limit of suitability for the relevant

physical system. Therefore although generally very smooth, some of the

presented curves show less measurement stability than observed with the

smaller plates before. However, this is no handicap because the general

character of the curve shapes can readily be recognized in all cases.

2. Plate D at 0° Aspect Angle

a. The current in the Z-direction showed a clear agreement with

the parasitic nature described with plate A (Fig. 64, 65). The growing

flatness of the curves, sampled from the Z-edge towards the middle of

the plate and the behavior of the corresponding phase curves is consis-

tent with plates B and C. (Compare Fig. 29).
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b. The magnitude of the current in the Y-di recti on (Fig. 66) was

consistent with the results found on plates A, B and C, if the excursions

near Z/x = 1/4 were neglected. These excursions were far less pronounced

near the Z-edge and changed to greater values toward the middle of the

plate. They are interpreted as the manifestation of a certain coupling

process between the X- and Y-components of the currents. No theoretical

or experimental study of coupling on (square) plates has been published

to this date. Ref. 16 gives insight into the coupling process between

the members of a crossed dipole, from where can be deduced that resonant

(or near resonant) conditions and particular relations between charge and

current distributions have to be met simultaneously, in order to get

coupling. In a simplified way of looking at it, the Z-component can be

regarded as driver of the Y-component. As shown in the above reference,

driving can be understood to be initiated by current peaks as well as

charge peaks. The same argument suggests itself for the plate, if the

peaks of the corresponding distributions are compared with each other.

Consider Fig. 69. The charge density curves have pronounced

maxima near Z/X = .25. The corresponding curves for the current in the

Y-direction have maxima between Z/X = .25 and Z/X = .35 [Fig. 66], where

the charge density curves are still very high in magnitude. Therefore,

the charge can be assumed as the driver of the current in the Y-direction

c. The current profile (sampled in the Y-direction) (Fig. 68)

shows a profound similarity to those obtained for plates B and C (Z-com-

ponent). Curve no. 2 has a high spot between y/X = 1/4 and 0. If it

were eliminated, this curve would agree better with curves no. 3 and 4

which show a kind of ripple, the significance of which will be explained
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later. The Y-component exhibits a magnitude decrease at the Z-edge and

the middle of the plate with a broad maximum in between.

d. The charge density contours (Fig. 71) are very smooth and

very consistent to plates B and C. Again it is noticed that a submaximum

developed near the middle of the upper Y-edge. The continuity equation

is satisfied by the same argument given for plates B and C.

e. Figure 72 shows a comparison between the experimental results

and those which were theoretically obtained for a square plate of the

same length but infinitely thin [Ref. 1]. The agreement between theory

and experiment is obvious, if some minor differences are explained. The

theoretically predicted singularily of the current in the Z-direction

did not happen becuase of the plate's thickness. (Also, it was not pos-

sible to measure directly on the Z-edge.) This is in correspondence with

calculations performed by Tsai , Dudley, and Wilton for plates of various

thicknesses (Fig. 73), [Ref. 2], and can be explained, if the neighbor-

hood of the edge is examined there.

Also shown is the result, which was obtained by the current-

patch-model in Ref. 3, which shows ripples in the Y-component of the cur-

rent similar to those found in the experiment.

3. Plate D at 180° Aspect Angle

a. The magnitude of the current in the Z-direction (Fig. 74) ex-

perienced the same dip as was already described for the same aspect of

plate C. The corresponding phase curves (Fig. 75) show the similar kind

of flattening found there. Therefore the same argument given in section

III D 3a applies, that this side of the plate behaved in the described

manner like an unrolled fat cylinder. (Compare Fig. 29.)
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b. The magnitude of the current in the Y-di recti on (Fig. 76) was

consistent with the results obtained with the plates discussed before and

the illuminated side of this plate. However, the phase curves (Fig. 77)

experienced a transition from a shape very similar to that observed with

plate A to the mirror image of that shape (near the Z-edge).

c. The current profile (sampled in the Y-di recti on) was similar

to the illuminated side and plates B and C (Fig. 78). Curves no. 2 and

4 show slight ripples, similar to the ripples which were observed for the

0° aspect of this plate. Curve no. 3 appears distorted in its middle

section. Again, the maximum of the Z-component was noticeably smaller

than on the illuminated side, whereas the Y-components of both sides were

almost the same in magnitude.

d. The charge density plot (Fig. 81) closely resembles that of

the 0° aspect case of plate D and also those obtained with plates B and

C. The fact that the "10" -line forms two islands is of no major signifi-

cance, because the "9"-line, if drawn, would be similar to the "10"-line

in the 0° case.

4. Plate D at 45° Aspect Angle

a. The current in the Z-direction (Fig. 82, 83) behaved as was

found for plates A, B and particularly C. The parasitic nature and the

flattening effect noted before are readily seen in the presented graphs.

b. The current in the Y-direction was considerably higher than

found on the other plates (Fig. 84, 85). This indicates how big the

role was played by the length of the projection of the Y-edge onto the

direction of propagation of the incident field. This length was doubled

compared to the 45° aspect case of plate C, and measured /2X. A pro-
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nounced increase of this current component towards the upper Y-edge was

noticed. If the corresponding phase curves were accurately smoothed,

they would show the same transition in the Y-direction as was discussed

for the 180° aspect angle.

c. The current profile (sampled in the Y-direction) (Fig. 86)

is in agreement with the cases discussed before. Again, the maximum of

the current in the Z-di recti on was higher on the Z-edge that was nearer

to the source.

Near the upper Y-edge, the current in the Y-direction had

two pronounced maxima. The maximum nearer to the source was a little

higher. The actual current was antisymmetric as can be seen from the

phase shift (Fig. 85). The magnitude curve appears slightly shifted

towards the negative Y-side, which also occurred with the corresponding

curve and plate C.

d. The charge density plot (Fig. 89), again, is wery consistent

with the plots discussed previously, especially with plate C. The con-

tours are not symmetric about the Y-axis. The charge density was higher

at the Z-edge, which was not facing the source. This is consistent with

the continuity equation, from where it was expected that the higher mea-

sured charge density coincided with the greater divergence of the cur-

rent. (Since the current in the Y-direction was far smaller than in the

Z-direction, it did not contribute substantially to the total current and

was not considered in this argument.) Compare curves no. 1 and 40 in

Fig. 82. It is obvious that curve no. 1 has the greater slope (middle

section), justifying the greater charge density on this Z-edge.
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e. Figure 90 compares the measured current (experiment) and the

theoretical current computed by Mittra et al in Refs. 1 and 17. Although

the experiment used a moderately thick plate (thickness = 0.023X) and the

theoretical result was obtained for an infinitely thin plate, they show

an intimate relationship.
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Figure 11a. Plate A
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TITLE (PLATE A) FIGURE

Measured current in Z-di recti on 12

Measured phase of current in Z-direction 12

Measured current in Y-di recti on 13

Measured phase of current in Y-direction 13

Measured charge density 14

Measured phase of charge density 14

Figure lib. Titles of Graphs of Plate A
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TITLE (PLATE B) FIGURE

0° Aspect Angle

Measured current in Z-direction 19

Measured phase of current in Z-direction 20

Measured current in Y-direction 21

Measured phase of current in Y-direction 22

Profile plot of measured currents in Y- and Z-direction 26

Measured charge density 23

Measured phase of charge density 25

Contour plot of measured charge density 28

180° Aspect Angle

Measured current in Z-direction 31

Measured phase of current in Z-direction 32

Measured current in Y-direction 33

Measured phase of current in Y-direction 34

Profile plot of measured currents in Y- and Z-direction 27

Measured charge density 24

Measured phase of charge density 35
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Figure 18b. Titles of Graphs of Plate B
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Figure 29. Generalized 3-0 Plot of Surface Current in Z -direction. (The

plot was obtained from the current curves of plate C in Fig.

38 after smoothing. If the Y/X axis is scaled accordingly,
the plot gives the overall picture for plates B and also.
Therefore, the 'scale of the magnitude axis was left arbi-
trary).
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Figure 30. Generalized 3-0 Plot of Change Density. (The plot was ob-
tained from the charge density curves of plate D in Fig. 69.

If the Y/x axis is scaled accordingly, the plot gives the

overall picture for plates B and C also. Therefore, the
scale of the magnitude axis- was left arbitrary.)
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Figure 37b. Titles of Graphs of Plate C
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Figure 63b. Titles of Graphs of Plate D
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Figure 90. Comparison between a) theoretical and

b) experimentally obtained surface current
magnitudes. (Curves do not have same
origin.

)

a) Khemayodhin (1), 9 = 45°

Mittra (2), 9 = 85°

b) Result from discussed experiment (3)

9 = 45°
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F. SUMMARY

The analysis revealed a close relationship between all plates under

study. In particular, it was shown, that the shape of the current com-

ponent in the Z-direction and the charge density remained essentially

unchanged for all plates that were discussed herein, so that a prediction

for a broader set of plate-width seems possible. The current in the Y-

direction developed gradually with plate width and cannot be predicted

easily by means of this experiment alone.
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IV. CONCLUSIONS AND RECOMMENDATIONS

A. RESUME

The experimental apparatus produced meaningful outputs. The data

were found to be valid to allow a detailed comparison between experiment

and theoretical models. The results gave profound insight into the tran-

sitional behavior of surface charge and current distributions when the

dimensions of the plates were changed or a different aspect angle was

chosen. The charge plots and current profiles (sampling in the Y-direc-

tion) were particularly interesting. A close agreement between experi-

ment and theory - when available - was demonstrated.

B. REMARKS ON PRACTICAL APPLICATION

1 . Locating Antennas on Ships or Aircraft

Generally, ships have metal structures with edges. A study of

the current profiles and charge density contour plots of plates B, C and

D make clear, that the vicinity of an edge often is not a good choice to

install antennas. This is true, if some antenna illuminates the metal

structure and is causing high current and charge peaks at the edge. This

will contaminate the environment near the edge making it possibly unsuit-

able for antennas connected to sensitive systems. (This argument is

given with the assumption, that the distributions presented herein will

be similar even for far greater thickness of the plates. This is sup-

ported by the results of the computational investigation conducted by

Tsai et al (Fig. 91).) Similar conditions can be met on aircraft where

wings and tail unit constitute relatively well isolated metal near flat

surfaces.
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2. Penetrating Radiation

Some ships and airplanes have doors that are fairly well isolated

against the hull becuase of the use of weather-strips. The experiment

with the plates showed that a reradiation takes place on the shadowed

side also. Thus, doors might radiate considerable energy into the inter-

ior of ships and aircraft and cause performance degradation of high sen-

sitive instruments. This is particularly probable, if the field, that is

incident on the outside surface, is strong, as can be expected in case of

the electromagnetic pulse related to a nuclear blast.

3. Focussing Effect

The metal plates, when illuminated as described before, reradia-

ted a "distorted" field, which did not have the properties of a uniform

plane wave. The major contributors of the reradiation were the edges

parallel to the incident E-field. Due to this effect, the plates had re-

radiation patterns with distinct maxima and minima of the reradiated

field, which were dependent on the edge-spacing.

4. Recommendation for Further Research

a. Resonance

It is believed that the reradiated field can be made much

stronger if the frequency of illumination is changed to resonate the Z-

component of the current on the edges. This can be determined experimen-

tally using the same apparatus as in this experiment.

b. The Plate as Antenna

Since the plates reradiated on both sides, it seems possible

to illuminate or drive the plate from one side and utilize the other side

as radiating antenna. This principle might be favorable where a closed
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surface is necessary, and could be subject of further research. Also, it

is proposed to illuminate a plate by a single antenna (monopole or a horn)

and determine, how much the plate can be moved into the near-field of the

source and still obtain high edge currents on the plate. Another propo-

sal is to determine whether it is possible to drive the plate directly

utilizing the reprocity theorem and the magnitude and phaserelationships

presented in this thesis.

c. The Imbedded Plate and the Role of the Gap

When the plate is integrated into a ship's (or aircraft's)

surface, it will be surrounded by a metal sheet separated from it by a

small isolating gap. The role of this gap is believed to be important

and might be experimentally examined. (A gap of 1/4X width could be a

good choice, but a different width might be more favorable.) Matched

plate and gap are believed to be the solution to a large surface-integra-

ted receiving and transmitting antenna.
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LIST OF SYMBOLS

A Letter designator for used plates

B Letter designator for used plates

C Letter designator for used plates

D Letter designator for used plates

_^

£,-„„ Electric field vector incident on structure
inc

h Half-length

_\

I Current vector

|T
|

Current component in Y-di recti on, abs. value

|T
|

Current component in Z-di recti on, abs. value

J Current density

-a

Q Charge vector

Q Charge vector on a thin-, linear antenna parallel to Z-direction

Q. Charge, enclosed in a volume

S Surface

t Time

v Volume

Av Incremental volume

X Designate axes of coordinate system used

Y Designate axes of coordinate system used

Z Designate axes of coordinate system used

9 Aspect Angle

y
Phase of current component in Y-direction

Phase of current component in Z-direction

Wavelength
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p Charge per unit volume

p Charge density on a surface

d Denotes partial derivative

Integration over a closed surface

Integration of a volume

J

** fir* T? + Tf Di^ence
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