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ABSTRACT

A theoretical analysis is given of transmission,
reflection,and scatter of polarization modulated radio
waves. Practical implications for communications and
surveillance are discussed.
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RADIO POLARIZATION MODULATION

INTRODUCTICN

In accordance with Radio Engineering terminology polarization is defined
as the angle between the electrical field vector and a reference plane such
as for example the earth's surface. Radio Polarization Modulation refers
to a semuphore type signal transmission mode where information is conveyed
by variation of this polarization angle relative to a reference system
(Refs. 1 and 2). This system can be defined directly in terms of the geo-
metrical relations and symmetries of the transmitter and receiver antenna
configuration or indirectly in relation to their respective environments.

These reference systems need not be static, instead they could be
dynamic; but in the dynamic case and for communications, their changes in
time and space must be made known to transmitter and receiver. Transmission
of both user and or system reference change information via the polarization
modulation signal mode is constrained in principle by phenomena intrinsic
to the generation of oscillatory rotating electromagnetic fields and by
the dynairic range and frequency bandwidth of transmitter and receiver.
Practical limitations for communications via the polarization modulated
radio signals arise from their great sensitivity to pertubation by tropo-
spheric and ionospheric propagation phenomena (Ref. 2). Similarly variable
ground reflectivity and scatter from man made objects do more harm to the
polarization modulation mode than to any other transmission mode.

In fact the subsequent theoretical discussion was motivated by the
need to find an explanation for the observed iafluence of automobile
traffic density on the Garden State Parkway on the distortion of polari-
zation modulated VHF radio signals which were transmitted via line of
sight from Fort Monmouth to Middletown, New Jersey.

DISCUSSION
.I. The Ideal Free Space Case

Conforming to the practical experimental implementation of the xmtr
antenna, the crossed electrical dipole moments M and N shown in Figure 1
are used as theoretical transmitter model. In the ideal regular polari-
zation modulation case the transmitter antenna is operated in such a way
that the moments M and N have equal magnitude A and are 90 degrees out of
phase with respect to their radio carrier frequency currents, and in phase
with respect to the phase modulation of these RF currents.

This phase modulation is expressed here by the function'ql(t). Using
the coordinate and base vector notation of Figure 1



Pig.1l. Coordinate and Base Vector Notation

ths electrical field equations assume the following format (from app. A
oqu A.3.5) for eGual ant.onm moments Hx-!’:ls
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where: /&/f/']{): a{(/" %f/? +* 7” s _7‘//2-)
(1)
T = fj./z-—f

In this equation one recognizes the appearance of the phase modulation
function Y in the amplitude terms. The superscript dot denotes
differentiation with respect to local time t of ) as function of retarded
time ¢ ; W s=kg c denotes the steady state carrier frequency in radians
per unit ,:Lme 3 ks the propagation factor and ¢ speed of light. The physical
meaning of .33;. and of a%‘ becomes evident by considering for example

(A= A_f sinaplt = i‘Q Stres X .
, 2

where W _ is the polarization modulation frequency; A § and AN denote
respectively the maximm phase and frequency deviation. It follows that the

[E, = G- 4 aF

!

(3)
constitutes the FM modulation index and
(e e = 442, <
i lmax —  wlg {4
k1
(L)

the producc of this FM medulation index with the ratio of modulation to RF
carrier fr=quency. The numerical values involved are very small in practice.
For example forf, = ‘_‘_J“- = 10 kiiz AFs 0= 100 Kz and § = %5 = 100 Mz
= 2T

the values of ilm ,\52‘ L are respectively 10~3 and 10-7. Though

/w and "/wt are in practice very small compared to one their appear-
ance in the a.nq)iitude terms of the electrical field in Equation 1 shows
that polarization modwlation is accompanied by a small amplitude modulation.
The geodesic features of the polarization modulated radiation field are
seen by writing the t.ransverse field (M and G components) as a superposition
of two fields §p and Ep2 as follows:

_./4_; o S Lﬁ///ry/{}

f,«;. = 5, VT IAS = eI /R)) ©

3



& - frﬁ/t / “") o
B +m (0T L"///'/'f)

£r 20 [ w1 aimst?)]

fll// ‘!)1 &/2- (6)

An observer located off the s symme axes viewing the transmitter
antenna under an angle would see the field vector trace an ellipse
with an eccentrisity of sin »J . This is {llustrated by the normalised

ln/‘pz am]‘,g/g‘,2 mtord:l.ama in FMigures 2a, 2b.
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Referring to Bquation (6') and the previously mentioned valnes for one
can assume that contributions by Ep, to the total field are negligibly emall
in practice. The observed radiation field lp is therefore described by .

Using the mmerical example the amplitude modulation of 'Ep is found via

vith /be?ff')z"4 s
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y 417 _ 15" corannt
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i.e. negligibly small in this case.

Carrier Suppressed Polarisation Modulation

carrier frequency g is purely redundant and can be suppressed.
corresponding mathematical expressions are obtained
in Equation 1 to yield E and by forming: X(E + E).

The steady state rotation of the electrical field vector at the

The

by replacing with
The resultant carrier

suppressed ¥ (CS) polarisation modulated field is described below:
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mod
the

L= wi-br+re

The l(cs)ﬁcld is generated in practice by amplitude modulation of the RF
carrier such that there ic a 90 degree phase difference between the audio

modula far field reduced to:

tion rgdiated on respectively the M and N dipole carrier.
and _&‘m in Equation (7) the carrier suppressed polarisation

Neglecting
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A discussion of polarization modulation would not be complete without an
investigation of the effects from faulty operating conditions, e.g. wrong
phasing «f the crossed dipoles. Such an investigation is carried out in

the appendix where the field obtained with a 180 degree instead of a 90
degree RF phase difference is derived (Appendix A, Section L, Equation A.L.5)

In effect faulty phasing conditions and corresponding signal
distortions arise also from propagation phenomena such as discussed in the

following sections.

II. Automobile Traffic Density Induced Distortion of Polarization Modulated
Signal Transmdssions.

For che purpose of discussion consider a VHF line of sight radio link
and the corresponding theoretical model described by Figure 3.

i ¢
AII’.’ %o N l‘\o(rI [-'J'
2> 20 2 . 1
e R _, Fec
] T an ]
A 2= I '
~ o R !
+ ot k. T D
WS k/"xwy
fmage 4 (7/:70?,00/ %}
Pig.3, VHF - Line of Sight Radio Link
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As before the crossed My and N, dipoles are driven $0 degrees out of phase
with respect to the radio carrier frequency. To provide a physical under-
standing of the well known mathematical solutions for the fields from
vertical rnd horigontal dipoles above various types of ground (Refs. 3 to 6)
consider first the electrostatic case. From the static point of view the
antenna field distribution i1s conceived as generated by primary and secondary
source charges; in this case the secondary source charges are the imperfect
image and the influence charges at the air to ground boundary which balance
the primary charges. These primary and secondary charges become in the
dynamic case the sources of primary (direct) and secondary waves. Hence the
secondary source charges are also referred to as reflected and refracted
charges. These give rise to reflected and refracted sand boundary surface
wave modes. The latter provides the continuity between the wave fronts of
the reflected and refracted waves at the boundary of the different media

involved.

From the mthematical point cof view surface wave modes represent the
smooth spatial transient response to the discontinuity in the wave number
spectrum associated with these media boundaries i.e. in our case the boundary

between air ({.;wva.and ground ({’, w'ﬁ;—u.-v 1+] ;‘.s_ﬁa - ng ." ).

In this respect surface wave modes are similar to the smooth voltage or
cuwrrent transients in electrical circuits which are caused by jump like
changes of lumped circult parameters. Closed solutions for Fourier Integral
representations for these parametric induced circuit transients may not be
attainable in practice. In this case one resorts to numerical methods of
evaluation using computers or guided by the physical nature of the problem
approximaiions for the integrals involved.

These latter type of approximations are used here for the Hankel
Integral representations of the Hertz Vector functions 'lfx and W7, for
respectively the horisontal My and the vertical Ng dipole moment [Appendix B,
Equ. B.2.1 to B.2.8).

In this approximation known as the Saddle Point Method of Integration,
the Hankel functions in the Integrand are replaced by their asymptotic
values and the integration with respect to X , the complex elevation angle,
is carried out along an extremal path, i.e. a path for which the integral
value changes most rapidly within the shortest path length. This path leads
through thu extremum of the complex integrand. i.e. the Saddle Point (hence
the name "3addle Point Method").

This extremal path of integration thr the Saddle Point intersects

the real J* axes at an angle of LS degrees (Appendix B, Fig. B.3.l) and
Yields the first term, the Saddle Point Contribution, that represents the

reflected space waves (Appendix B, Equ. B.3.39).

The surface wave modes which arise from singularities in the integrand
correspond to higher order terms in the approximations for the Hankel
Integrals. Higher order is here synonymous to values of af ' which are

larger than the critical angle 0[ for striking incidence of rays emanating
<




from the image source location (Fig. 3 and Appendix B. Equs. B.3.43 to
B.5.57). In the long wave-}' ow frequency-case, where the ground medium is in
the conductive regime (w< ) and transmitter and receiver
heights as well as the surfa rouginess of the terrain are small compared
to the wave length, the series expansion approximation would be dominated
by the pole-residue term which is usually referred to as the ground surface
wave mode. This mode is characterized by the negative half power of the
distance type decay of its field strength.

This mode plays a dominsant rols in thecomposition of LOW frequency radio
signals at distances from the transmitter which are short relative to the
dimensions of the earth-ionosphere duct. These ground surface wave contri-
butions become negligibly small at frequencies which exceed the critical
ground frequency Wys /s, . In the corresponding dielectric ground
regime the path throuq: thg Saddle Point traps instead of the pole a branch
cut singu.arity as of exceeds the critical angle .

The resultant "branch cut" term dominates the series expansion approxi-
matinn for transmitter and receiver heights h and h, which are governed by:

O({‘,‘%&(/nj/é%(/o (9)

In practice the roughness of the terrain becomes a SIGNIFICANT factor in the
attenuation by diffuse scatter of this kind of ground wave mode which is also
referred 10 as the lateral wave mode (Ref. 6). Applying the field equations
obtained by Saddle Point Approximation Method (Appendix B, Equs. B.3.22 to
B.3.73) to the problem described by Figure 3 one arrives at the following
equation for the race:lvad electrical field vector (from Appendix B, Equ.

B.5.16). (10)

S ///”W
,,.//7




For balanced antenna moments My=Ng=A and for the transmitter and
receiver height h used in practice the second lateral wave term characterised
by exponential decay with height h is negligible, except for possibly the
small wave front tilt produced by its y component. The most significant
contribution to the total field is for all practical purposes given by the
first term in Equation 10. This term represents the superposition of the
direct with the reflected wave where the upper minus signs are valid for
the dielectric and the lower plus signs for the conductive regime in the
local reflecting area half way between transmitter and receiver. (Fig. 3).
This local reflecting area is in the experimental system identified as the
Red Bank ®ection of the Garden State Parkway about half way between the '
Fort Monmouth and Middletown, New Jersey Terminals. This section of the
parkway bulges toward north at and around its No. 109 exit-emtrance.

Thus, equating the dielectric ground regime with sero and the conductive

ground regime with infinite automobile traffic density as limiting cases,
explains the observed influence of traffic density on the distortion of the

polarisation modulated VHF signals.

Inspection of Equation (10) shows that these distortions arise primarily
from the changes in the vertical field component Eg. Within the given limits

A 2 /‘1
L /’/‘7 = ’\/‘(/ Ior sero density
/ -k N ol

Z /\ / for infinite traffic density
- Z

; | %"j (12)

Thus lknowledge gained about the traffic density at and around the Parkways
No. 109 Red Bank exit-entrance is paid by information lost to the oorroepond-

ing sigmal distortionms.

Hence, from the traditional engineering point of view, there seems to
be no reason why polarisation modulation by itself would be a better mode
of redio commnications. In fact, the depolarisation effects associated
with propagation through heterogeneous and anisotropic naturel radio propa-
gation medie and ground reflections do more harm to the polarisation modu-
lation mode than to any other conventional radio signal transmission mode as
far as preservation of signal information is concerned.

10



However, the communications capability of the system is not completely
sacrificed in applying this sensing sensitivity of polarization modulation
radio signal transmission to ground surveillance. In fact, communications
and survelllance functions can be combined by control of RF power, correspond-
ing AM modulation index and phase of the modulation functions Ay x(t) and
f\h(t) which must be applied to the My and N transmitter antenna elements
respectively so as to compensate for signal distortions produced by torget-
induced variations of the reflectivity of the local reflecting area which is

under surveillance.

By neglecting interference from the ground suface wave (branch cut)
terms and terms involving ;¥ << 1 and X ¢¢ 1, one could compensate for
the bumper-to-bumper parkwa} traffic dehsity induced signal distortion by
changing either the RF or the modulation phase difference between the My, and
the N, channel by 90 degrees and redistribution of the transmitter power to

satisfy the condition:
Ve L
= ol = ¢
=VE 77 e

Further in constructive partnership with conventional radio signal trans-
mission modes, polarization modulation can provide another dimension to
radio communications and swrveillance-related functions. As a practical
example, let us consider radio communications using polarigation and
amplitude modulation.

ITI. Dual Amplitude Modulated and Polarization Modulated Radio Signal
Transmission.

(13)

Replace in Bg. 1 the dipole moment A (in Amp. meter) by
A1+ a cose,t)
(1L)

where "a" defines the amplitude modulation index (0£ a& 1) and

defines the corresponding AM-signal frequency (e.g., in the audio frequency
range). Ccnsider the relations between the amplitude modulation and the

polarization modulation frequencies be specified by:

c»'l, ((/( [,P 45

(v

(15)

such that A iis either constant or varies in proportion with the amplitude
of the Wp signal that is applied to the polarization modulation channel.



In practice:, onc must therefore consider the spectrum functions of the signals
transmitted v.a polarization modulation and AM respectively over the circular
polarized radio carrier (Wg).

Conventional radio antenna and receivers tuned to W g, which are
located in the radiation field of the transmitter respond in the following
way. The rapidly rotating EM-vector field iunduces into the conventional
linearly=-polarized receiver antenna an electromagnetic field vector that is
proportional to the cosine of the angle between the fixed direction of
polarization of the antenna and the instantaneous direction of polarization
of the field.

The resultant antenna output response then involves the cosines and
sines of -y ( T) and Y, the angle of orientation of the receiver antenna
relative “he transmitter coordinate system (Figure 1, Equ. 1). The voltage
delivered by the antenna to the receiver input therefore has an FM- and
AM- like frequency spectrum conforming to:

28T, 7
T= (1ot to105, L Ll tesffanap) 4],
: A= =00

where (A})are Bessel functions of the order n = 0, + 1, 2, etc, and of

argumen% A i « In practice, this spectrum is bandwidth limited, such that
components of order (n) larger than (n) max vanish. For example, a con-
ventional AM receiver would resolve (in the case specified by (1.2.L) only
the very small portion of the spectrum restricted to essentially. the n=0
spectrum component.

Thus, a conventional AM receiver yields an output that corresponds to
the cross modulation product of the AM signal with the fundamental spectrum
component ( Aﬁ evidently for constant A2, a conventional AM radio-receiver

receives the AM chamnel signal undistorted; conversely a conventional
(amplitude limited) FM receiver connected to the same antemma the polariza-
tion moaulition channel signal. The FM receiver output will conform closely
to the polarization modulation function W (t) if the overall bandwidth of
the antenna and receiver circuitry are wide to include spectrum components
},. (A% ) of order n, at least up to values n which are approximately
equal to the FM modulation index s_i"agi.

r

Hence, if the polarization modulation phase deviation, A i , and the
resultant received FM modulated index, A‘“’/w s are kept constant, the dual
polarization modulation and AM signal transmlssions on one and the same
radio-carrier frequency, W, can be received separately by connecting an AM
and an FM receiver to a conventional linearly polarized receiver antenna.
The dual chammel pcolarization modulation and AM signal transmission capability
of a single radio carrier frequency, W’ g, can also be utilized forprotection
of radio communications against noise interference and unauthorized inter-
ception of radio messages. For these purposes, polarization modulated and

12



AM signals may be correlated relative to a third standard of coherence
signal or reference code.

Practical implementations of polarization modulation VHF radio trans-
ceiver systems involving forward and return signal transmissions can thus
be exploited for interrelated functions: communications, ground surveillance,
and system control to adapt the communications circuit to reflectivity
changes of the local ground environment under surveillance.

These functions may be carried out by using a deterministic sequence of
alternate periods of communications, sensing, and feedback control signal
transmissions or by a statistical distribution of communications, sensing and
control signalling periods. The moments of this distribution would then be
used for adaptive control of the communications and surveillance performance

characteristics of the system.

In aadition to these protective measures for commnications; the geodesic
features of polarization modulated radio signals in correlation with AM-
signals are applicable to aircraft radio navigations. For these applications,
bearing and timing information can be readily derived from the AM pulse
signals; and the wave shape distortion of the received polarization modulated
signals as function of deviation angles4”/ from the transmitters antenna
z-symmetry axis (Figures 2a and b). This is in effect similar to "VOR" (VHF
omnidirectional range) navigation, but for only one single radio carrier
frequency,Wg. Evidently, dual channel systems using conventional and
polarization modulation radio signal transmission modzs on a single radio
frequency carrier are able to perform a large variety of tasks.

However, in the assignment of specific roles to the respective signal
transmission modes, the sensitivity of polarization modulated radio signals
to secondary propagation effects, (reflection, refraction, and scatter)
must be considered and properly exploited. Proper exploitation of this
sensitivity results in dual channel systems with the ability to sense and
compare, as required for surveillance related applications. The theoretical
aspects of these applications are explored further in the subseguent section.

IV. Side Scatter of Polarization Modulated Radio Waves by Strip-Shaped
Conductors.

Side scatter of polarization modulated radio wave signals has the
following implications. Degradation of radio communications on the one hand,
and scatter target sensing an? tracking on the other hand. The detailed
mathematical discussions of Appendix C, side scatter of polarization modu-
lated radio wave signals from strip-shaped conductors are of practical
interest in connection with: (1) Parasitic scatter interference from wire
lines, fences, poles, and towers outside the transmitter to receiver trans-
mission line and (2) scatter target detection and determinaticn of the dynamic
characteristics of target motion.

The mathematical foundations for solution of EM scatter problems are

given in Sec“ions C.l and C.2 of Appendix C. Practical specializations of
the resultant integral equations are discussed in Section C.3 of Appendix C.

13
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The problem involved is the following: A conductive strip-shaped
scatter body is located in the plane formed by the elements of the crossed
dipole antenna of the transmitter. Given the distance from the transmitter,
the orientation, and the dimensions of this scatter body, evaluate the
effect on the radiation field of the transmitter at a given receiver
location. For this purpose, required explicit field solutions are derived
for an infinite conductive scatter strip at a distance xg from the trans-
mitter, such that the transmitters y-dipcie radiator and thelength "1" of
the strip are parallel, whereas the transmitter's x-dipole radiator is
perpendicular to the "b-wide" surface of the strip. In conformance with
practical conditions, the receiver locations are chosen on or close to the
transmitter's symmetry z-axis of the transmitter-antenna, at distances

Zps Xg, as shown in Figure L.

Fig. L. Geometry of the Scatter Problem

14



These geometrical specifications of the problem permit the introduction of
simplifying approximations for the integral equations that relate incident
and scattered fields (Appendix C, Equation C.2.1L). Resultant approximate
solutions for the scattered field in the regular polarization modulation
case are derived in Appendix C, Section 3 and given by Equations C.3.20 to
20''' in terms of the Carthesian System in Figure L. By transformation to
the spherical coordinates originating from the transmitter location one
gets for receiver locations P, close to the z-axes (Fig. L) approximately:

2R A I 5 LR
L8 g £ 2
S 5 - (17)

In this format, the scatter field and the direct field (Appendix 4,
Equation A.3.5) are superimposed at the point of observation P,

o BT ~ % jeld.
2z Upy Jp = E'«f to yield the resultant field

. ' CL

Neglecting the Wj,,and 32 amplitude terms in both the direct (p) and

the scattered (s) field the equations for the components of the resultant
field are obtained as follows:

L A "
(V2] i -’Z: 'Q?Z{__;:’S (; ,‘ :1‘, 7./1 l,/‘_'/-, F,l’/j).,,;_v-_ ,{‘ﬁj
ey [T Zp s (18)

E g o /2
U £ {f’ /4 . (19)
'ﬁ 4 Lol JRKAG Tl s )]
7t X

(20)




The absolute ngnitua-lf,lor the "Transverse Meld" as determined by from
th.e and ¢coq>onmts with

/Z’/ ﬁ%z,,V/ ,,Mx&%/%*( gotmn)]

(21)

reveals the influence of side scatter interference on the transmission of

polarisation modulated radio signals. Inspection of Bq. 21 shows that side
scatter interference induces a spurious amplitude modulation which is
charecteriszed by a modulation index

64

s = = L.
(7 2 qrdoxs ~ %t NoXs

(22)

and a spurious frequency modulation conforming to the difference of the
modulation functions

%p*"%/'rp)w%/fs}

(23)

In terms o e signal propagation times from the tranamitter to the
scatter strip T, and to the receiver location 'l'p assumes for the

sinusoidal type nodulation (Equ. 2) at a rreqmywp the formst

A 77_ .f/ﬁ (A /’71"'71,1‘)]

For the purpose of discussion of these equations assume that the
receiver knuws all the parameter values except his own range z.. Then,
provided he has the ability to extract as (Equ. 22) from the :ﬁve shape of
the received signals, he could derive his range value %3 Or knowing ’p he
could find x4 instead.

W

\-ltx
s r\)

(2L)

16



Thus in principle side scatter induced wave shape distortions of the
received polarisation modulated signals could be used for the extraction of
information that is useful for surveillance and navigation. However con-
sidering practical numerical values e.g. f, 60 MHz, :I..B. 0" 5 m;

Xg ®=20m3; 1 =2 m; b - 0.1 m which gives a; = 5 x 10-%, the change to
discriminrte the side scatter induced modulation from the natural noise
modulation i- extremely small. Translated into communications this means
that side scatter effects fram other VHF antennas separated by more th.n
20 m from the crossed dipole transmitter antenna are negligibly small in
practice.

This is obviously not the case when larger scatter objects are involved.
Though the accuracy of the formulas for the received electrical field
(Eqs. 18 to 20) diminishes in these cases the fundamental relations whereby
side scatter induced signal distortion is proportional to the area of the
scatter body remain vaiid. Then, with corresponding larger values of ag,
the dynamic characteristics of the motion of such a larger scatter body are
readily etracted (by differentiation) from the receiver output signal.
This capability can be further enhanced if the amall longitudinal component
(Bq. 19) is sensed and correlated with the transverse field, such that the
RF-dependent automatic gain control response in conjunction with the low
audio output signals of a longitudinal and of a transverse radio receiver
yields the z and x movements of the scattery body relative to the transmitter,
even in the side scatter case. Obviously, direct back scatter of the main
beam is a much simpler case where the polarization modulation function AL(t)
can be easily controlled by the back scatter signals. The resultant target
motion tracking capability is particularly useful when long and thin shaped
scatter bodies that perform progressive as well as gyrating (tumbling)
movements are involved; using carrier suppressed polarigation modulated
sensing slgnal transmissions; it becomes relatively easy to discriminate
between free gyrations and forced (internally controlled) gyrations of such
scatter bodies.

Conclusions

On the basis of experience gained with experimental implementations of
Polarization Modulated Radio Systems and from the further theoretical
exploration of the performance and applications of such systems, the con-
clusions can be stated as follows:

Polarization modulation adds new dimensions of time and space to
VHF and UHP radio communications and surveillance and in constructive
partnership with conventional modulation provides a dual information chamnel
transmission capability on a single RF carrier.

17



REFERENCES

1. G. Vogt, "An Electronic Method for Steering the Beam and Polarisation
of HF Antennas," IEEE Trans on Antenna and Propagation, AP-10, No. 2,
pp. 193-200, March 1962.

2. G. Vogt, "Analogue Polarisation Follower for Measuring the Faraday
Rotation of Satellite Signals, "The Radio And Electronic Engineer,
England, Vol. 28, No. L, October 1964, pp 269-278.

3. K. A. Norton, "The Physical Reality of Space and Surface Waves in the
Radiation Field of Radio Antenhas Pt. IIT Proc. IRE 25 - Nov 9 pp 1192-
1202 Sept. 1937.

4. H. Ott, "Reflection and Refraction of Spherical Waves"; Second Order
Effects Annalen der Physic 5, Vol. L1 pg LL3, 19L2.

5. A. Soumerfeld: "Problems In Wireless Telegraphy (Vorlesungen ueber
Theoretische Physik) Vol. VI 1947.

6. L. M. Brekhovskikh: Waves in Layered Media pg. 270 Acdédemic Press 1960.

ACKNOWLEDGMENTS

The author wishes to thank Dr. Schwering, Dr. Bennett, Mr. Murphy and
Mr. Johnson for their help and support in preparation of this paper.

18



M—Mm

APPENDIX

A. ANALYSIS OF VARIOUS POLARIZATION MODULATION CASES.

A.1 Derivation of free space field equations from a pair of crossed electrical
dipole antemnas with moments M and N.

Z p

Figure A.1 shows location and orientation of
the dipole antennas M and N relative to the
X, ¥, and z coordinates and in the spherical

_ B8ystem with the direction unit

vectors n, m, o.

The electromagnetic fields are derived from the Hertz-vector functions ;’ and
npl

TV g ot d - o foA]

A.1 .1

/n tofy’.{//’r}- M-S0+ 5. los . m&/
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77;-:}/%? Yrhp 5//7///7— 1.% -i)]

Al1 '02

: Fflhyzf/bfv.ﬁ-(oiy,« E.ﬂhf.mwy

As conventionally used in technical applications, the electrical antenna
dipole moments M and N are given in amp. meter. Time in connection with the
szigna1 carrier -- radiated frequency in rad/sec is counted negative.

¢ ,{t) and 4/, (t) are phase functions._These functions in cnection with
the magnitude of M and of N in 5y and "2 determine the character of the
emanated EM fields. The signal carrier propagation factor is defined by:

/é = _f_J-f_.: _éf’_- A3
J C A:

The characteristic impedance of the propagation medium is:

€ .. . dlelectric permitivity (103 0-12 A*S for air)
3B, =
VM

-6 as
u - - . maguetic permeability (O.hng * 10 == for air)

Magnetic fields H are derived from the Hertz-~Vector:

H=;a—‘%2oVXf A.1;5

and the electrical fields by:

E:-": V/Vo 7/-,{'7 > A.1.6

~N
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where the Del Operator for the spherical system is:

-.2_ E_ .2_4__5‘_2. A.1.7
Z‘/';’M ’;r.s/'n Y Nn D

e
<

The derivatives . the direction unit vectors are:

Dh- o _ ? 5'- A.1.8

,é : é". .-L- = :L;‘ %2;— A.1.10

one gets the "magnetic field"

V4

. : 2
A, ""w/-’/z‘jf ol hr-st-y i1+
- [ *%/hﬁéﬁ-%ﬂ% //

AN

7.0
. m. fajc/-/ouﬂ
0. .rr'hy
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“which 1s rrdiated from the dipole mament M (Figure 1). By replacing in
Equation A.1.11:

M —s N
Y ————p f—'/z A.1.12
Vi — %

= NAT —

1172 JF%/‘ //m/;gﬂ Uf-/)b]ﬂ*‘?,):

/‘ ——’:(7[05///1 w - 24 _///

5 ,{mf [0!/
/ cosf)
AT ff A
'/‘// * ) (05/}/1-4// o[
* ot f/ﬂ/f/z-u,l y]/
//o (os f Sn- I i /,.. B.toss. wuf}z




G5 A 1 pis
/? /’*”") sinfdr-4t i ]
+2; o3/ 1~ - %//

’ / - 5/;7/w. JM} -+ /ﬂ' of /f & J/ﬁ;ﬂ, /M//

and




TR L e eyt T
: F vy X = t"{ P &1 E 2
I v . i -'-ﬁ:".:'# ‘::.-TI:'I.' > T"_‘ ? o
M R,V L
& S 3 -

- e b Es

With Equations A.1,1 to A.1.9, A.1.15 and A.1.16 one gots the follcwing— -5
schematic representation for the 81 components: !
= M. AL
£ =y L1
= . °
/ f - g
'RRL;

fosfi,/z- il i/ +f/}z/éf,/‘1-45/-4‘7] l

2 24 ilsp.sind
-/':Z;-/-‘)-Z +,‘J/‘ / ”‘) }ﬁ
} )2 i
/ ¥ . €/
7,_/} )2 . /&/::,, N/
d S
A T _
+//+l6—:ﬁ - -—sz' + 7.
= /f-Jé
2 - LT sy,
(A7) 5 X4




By replacing in Equation A.1.17:

M—N; t=14; = F

one obtains the 32 components:

- /V,(f
£=//5

4 R VR
sinfha-si oty T 7-(0;[6,.% Lyl 1118
n
Z 2 2) ¢ ,
7};’)1 +2’-;//+g;') .(my..c/m/d
- [1+ Eﬁ!)a + -Z’g + -
/ /’+-,”f‘¢ LOS P
YEn)? Vi
%2 )2 o _
+/‘/-Z ——f # - Lff + 7.
(ki 1)* - LeE sinp. o1
('&J /l) &/‘ )0
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For example, the r-component “Q“Mmmm =
"W'““ﬁw!quuounn .m, schems

é'; 4’ ,{ /f///'f f/lltyj =
/é},—;ﬁ/’m ﬂ"‘il '/)‘;/f

‘/i/ 5 5?) fz ] /0!/46/:-41.% )

Smmuthoy ande;’cmu ot!z, in the A and directions, follow
from the terms in the second and third row of the schematic Equation A.1.18.




A.2 DISCUSSION OF THE FIELD EQUATIONS.

We are especially interested in the "combined field"
- r~3 —3 A.2.1
-
E=E + &

from the M and N dipole antennas. First of all the E_ component of E which
is perpendicular to the radial direction. Egh nt follows from
Equations A.1.17 and A.1.18 by super-position of the m and o components.

To reduce the amount of writing, we abbreviate the following
exprassions by setting:

/";/"‘“’:’t"?'?] = /%
[’é”'%z")@]’ /}L

Super-position of the */ and A/ components of E, and of E, ylelds E; in
the format of Equation A.2.3 as follows:

4.2.2

27

PTG RGeS R
e ST S :

e



i Bl ]
Q .
\\.&.\ 2¥? M+W t\ﬁ%\% % |ua< Q}Etc

s [t f E2 o]
Yt £ ool G- sy

e NS Sk TV
= M= 7

28

+




" P S P e f

g°2°v

Nz

:H PTeTJ oT3oudew qusuoduwod ayj

..S\hﬁ‘u& Hmm..l*. mm*&\ _ q{&\w. w@ﬂ\\\‘\.&\? \<$ .

&
o/ [ FA o) o0 (L b

VyLh
Ui o/
.u

5 Jo jueuodmoo TEOTPEI oU3} pue

e



\\\«Q\\M\R\ ﬁ;{ =+ v.\m *N\SM m.C.&.\w\.*
&“\\W\W\&&. \M*W .\MV_ AT, \ *m\\gh*.
\a&\% \ \h& «MW\ N\SM ~\ \ - .
\.h&\ Sw\ T . ..o \\é\ of ; i\\\.\‘.\.%\w&..&\.
N 2

Ty M

I €1°1°V PUe ||°|°Y Suofjentg woxy sMoTT0J




With 1egard to practical applications the most important specialization
of E and H (Equations A.2.3 to A.2.6) involves:

A.3 THE "IDEAL POLARIZATION MODULATION" CASE
Ideal polarization modulation is characterized by:
a. Equal magnitudes of the dipole moments:
M=N=A A3

b. lime phase quadrature, corresponding to:

H ) =% [c) =rf /)

This gives

/3/"/}3=ﬂ=/:‘3/?-6{,f—,70/€2/ A.3.3
/w,f-; &/t)+c/-,,{J/z]= f.—/3 =o//</

Introducing these specializations into Equations A.2.3 and A.2.}
gives the E field components for the ideal polarization modulation case.

o

3.4

A



f[d,.()E. = W - /é /L A.3.5
o | +cosfalfe)] #sin[fe)]
n.szh}
2 PRy
" (o) 'y (3
+ f,fi — [/+ gf -
m , .
""i:';ﬁ""w,) ﬂ»n)z
+[1+ fzé)z + 2,
E[ﬂf} / J o .
o L f1+ 2
ﬂﬂ’)z +A‘Jﬁ-/ Wi
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and the H field for the ideal pola.rization modulation case:

= A%

.Zdeal, lff/é /L | A.3.6

. —_’oj/ﬂ ﬁf—tj (aso/+/__+:t ,_g,',oi
# 5 M1+ - sindl~ [ 7 M/mm’]/

The Pointing Vector

P=ExH A.3.7
in the far-zone, i.e., for
ksr »1 A.3.8
is obtained from E and H of Equations A.3.5 and A.3.6 by dropping the terms
involving negative powers of larger than one. This yields the Pointing

Vector (power flow per unit cross section area) in the far-zone radiation
field,
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For graphical representation, note thatEpidel(i e., the u?‘/
components (Equation A35)) split INTO:

~ —m. Sih [d/t)
f _ g ' ~ A.3.10
fr (15 cosd wslok)

A.3.10!

X

f //‘//t %/Z)

— M- Cos[d/t)
£y =&
P2 f/ﬁ'm,/gﬂﬂﬂ//} A.3.11

2 L3010

3 4‘/7/%/1 wg A
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Since the sign of g depends on the relative magnitude of /é U E
in the near-zone 'f‘:spr <¢1) and E ;. in the far-zone (1< k_r) are 180 p
degrees out of phasé. Equations R.3.10 and A.3.11 correspond to_Ellypses.
Figures A.3.a and b below show the relations between normalized Ep1 and

Ep2 in diagram form.

.o

unit circle

Fig.A.3.Db




The positions of E 1 and E _ shown in the diagrams of Figures A.3.a and
A.3.b are given for the s t.

Of significance is the proportionality of E_, with respect to ’W/ a/_‘z
(for k, T » 2, in the Far-Zone). This ratio 4}'}5}- represents the FM-

ndex m%s times the ratio of eudio to carrier frequency “a /i .

Similarly the component (Equation A.3.10,p-direction) depends on
this modulation indek’in the Far-Zone. Hence , different to the convention-
al FM signal modulation and transmission techniques, polarization modulated
signal transmission involves moduletion of the wave by -f«/ﬂ and#? 2 in the
far-zone of the antenna. 4 1

Physically, radiation of power into the W and & directions (.(/ng/--. in
A.3.9) can be attributed to the accelerated motion of electrical charge in
the plane of rotation of the resultant effective dipole moment of the
antenna. This plane of rptation is in our case the x-y plane (Figqre A.1)
and the axes of rotation the z-axes. The modulation function A~ (t),
superimposed over the space angle \P controls the rotation of the resultant
effective dipole moment and of the radiated field vectors (Equation A.3.k).
The dependence on the angle 49' of the electrical and of the magnetic field
(Equations A.3.5 and A.3.6) amounts to a « dependent distortion of the
polarization modulated signal transmissions.
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A.L INCORRECT PHASING OF CROSSED DIPOLES.,

& ' B
To evaluat® the effects of incorrect phasing conditions we consider ‘the
following specializations:

M=YX=A Aoihol
4 . - 4y
as before in section A.3 for the ideal case, but

/71/2 /t} = /}V, /f}-f- 27-’- A2

1.e., M and N nre 180 degreeés out of phase (see Equations A.l.1 and A.1l.2).
The resultant electrical field components are obtained from Equations A.1.17
and A.1.18 by replacing:

flﬂﬂ-—b S/‘ﬁ//}‘,-‘ezl = - 505// & [05/ e
[05/2-—’ wf/ﬂ,‘{/a *J/'”// e S/”ﬂ

vwhere ﬁ 1 and ﬁa are given by Equation A.2.2,

This gives the radial component and the perpendicular electrical field
component E. and Ep as follows:



&3 /co/f-fim;// /
. XEF cosi ///)7 f-L03)

=

"= W‘-*%‘ﬂ,
= p- X~ /’7"2 ‘/5z*r
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Using the trigom{;ric identity:
fCO.S P + "m;ﬂ) + {050} /.f/ﬂ«/ (‘p,[,l/ o |
= 2[/"' > 5‘/”49 //-S/nfy)] ey
e gets ]

olute value of E

-/ _ /M.c
/2:/,;/?‘7‘17/ & 72

'1/ /“:?L 5‘/’”%/#‘5/)72%/ 7’ o ak

[P

"u

* /_"‘e:
“Iﬂ)z +[02

IE] - VE. g.}z i) p,,p.r,w.

d=180°

%J [l )]




S —————

A.5 CARRIER SUPPRESSED (CS) POLARIZATION MODULATION (Method: G. Vogt and
Associates, USAECOM, IER)

In the carrier suppressed po]arization modulation case the rudiated

EM field rotates at audio signal freq e '.m rotation of the (HF,
VEF, mni') 1gna.l carrier field is ppre sed in orda.n with the fo llow
_ing equation: r the Hertz-Vector Function

/c.s)
AR —//_ [/.._.// lﬂf,,é/z K31
- ﬁ 0s /féﬂ- gf-oﬁ/‘d) + (oj/é/l%/,f +¢/:/j

1.03 ﬁ'&) /_'

A.5.2

- Cos9» Cos /é/r-wj 4)

W/( 5.3
; 4 / 4/745 4

ﬁﬂ/f -t d-sefe))-Stnf B -t /)j
p/'/ ) /—7 A

J ‘m@

5/ﬂ/f/t') 0[05/6,7-“;’!/ A.5.4
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s, o bttt et

(cs) 7/7-/(:)
In practice W; and L'l are obtained by amplitude modulation
of the carrier. The phase between the audio modulation signals radiated
via the M and N dipole is in this case 90 degrees. By replacing in

Equation A.3.5 ’% P ,f
£ —

-- ¥
and forming E{cs i /F F]

ons gets :

E/%)= / 4-r,&,/c
AR L A /(Y

_ (03¢ =~ Sth¢ Cosg Stny
4 2 | _# 2 2
sinl (AN T E |TEA o

N
LHE]T | -2

— / .
m | 7= |-2%

4,/ ¢ | 2kAs "«’zéiér
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B. THE INFLUENCE OF GROUND PROPFRTIES ON TRANSMISSION AND RECEPTION OF
POLARIZATION MODUIATED SIGNALS VIA CROSSED DIPOLES

B.1 Geometrical Definition of the Problem (Figure B.l):

z ‘9_ Point
!nglaa of Obeervation

Figure B.1: z >0 =Air, 2z < 0 = Graund, A Primary =
antenna at height h above ground; A' image with
respect to ground of A.

EM-characteristics: Air /@ -[«szo/‘(o = AZ:)

Ground 46; Co ‘/’/{o +/w§// (uo,,//
Index of Refraction of ground relative to uir: x},
= ’4/:7'602' = g’re/[/"].é//]: <,

Critical ground frequency: > G;/:TF

Dielectric Regime: /’9/

Conductive Regime: [«{f



B.2 Hertz-Vector Functions for Air and Ground. 4

Vita P4, &/and A4 slovly variable(i.e. treated const. in the Fourier
int.)she Hertz-Vector functions of horizontal and vertical electrical
dipoles above flat ground are given in the literature. (e.g., reference 1).
In our case the Hertz-Vectors of the horizontal dipole element of the
antenna (M) are given in the form of a super-position of the "direct", the -
"reflected" and the "refracted" components as follows: .

a« In the air half space z22 O: e ——

Z‘/"__{___ g E/_@ ‘//“"t"’f’j

B.2.1

(04 /(7,’3-57};,,;‘ !

’ ;Z/ %1:/’7}/ e’zﬁ*ﬁ@lg}/



b. In the ground half space z < O:

7@‘1’ 72 /1/,/1 ‘o/ﬁ”f*’}”_/

“Tew)s "z ' C .
i a/,/f.mf Zrosk _ .,
= (oJ. 0 +/{/792’f /ﬁi2

-.£+Joo

e [V L /

Here, th angle 490 bas been introduced from the fo llow ng T relatio
b tween angles . air d 4& in the ground ltant fro th
r to gr ound b unga.ry nditio

Snell's Law

f/n J;‘ G/ZQ f/ﬁldg B.2.3
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s ————

where h_ corres po nds to th "height of the refracted dipole charges below
the ﬁr surface. ‘These give rise to a z-component:

e. In the Air Ha.lfSpa. z >0

/of /f. /f/ -J/"'Z “atf
2 447- e ’ [0570

*{/..
f } f/mg /f/ﬁ(} wj'/

J'f '
Tl B.2.5

and fully analogous to 7/'(8 for the ground space:



b. In the Ground Half Space 2z

g,) ]/— M -;[wzv‘/}*]
&

» COSip-
+2"'/ o

. f//jgﬁf 25" cosf -

- -- + /u =k

e InE i 1, 4
n mf,/a +]/,7 2. 207 / A ﬂ s JWQ//

_jhz- 7 Vof-an’d - JW//

=

Whereas the Kct Voctorruntionforu the horizontal dipole,
required an x and a z-component, th Hertez- V ctor function for N;, the
vertical dipole, requ u'c only a z-component to satisfy the boundary
conditions at the ground urfcez 0, for tihe EM fields.
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The Hertz Function for the vertical dipole Nz is:
a. In the Airlia.lfSpa.ce g> 0

loi--l/{;'/(/ —yﬁ’/"/f‘ ":j

TAR 7 AR
Yy RV
¥ R

— 4l / 2. ]//7 -S/m/o
f‘ & el =
- {-700

H nsind e “M o ”‘%

{3)
and similarly to 77; of Equation B.2.2 follows the Hertz function
for K; in the ground space.

2.7




./}/ﬂl/»gll-xlhjyo
-j'é z[]//y .;mf} {w:}//

The functions H(l)mdnl( of zéﬂ.ﬂh)mhnkolfuntim of the

first kind and of zero and first order respectively. The Hankel-Integral
representations for the Hertz-Vector component functions (Squations B.2.1,
B.2.2, B.2.5 to B.2.8) are based on the following Fourier-Integral and

Hankel-Integral identity:
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In conjunction with:

/,) ,
%ﬂaf :-ﬁ,/)/_f/ B.2.10

the resultant Hankel-Integral representations for th
component functions (Equations B.2.1, B.2.2 and B.2.
the EM boundary conditions at z = O:

e Hertz-Vector
5 to B.2.8) satisfy

B.2.12

D g-rel D e/ 0 7 7,
Cosp gl tagh =osp el + 27

< _ _ f)
22 Z DE W_ B.2.16
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The expression in the integrands, involv_.g n m}mdocl}m
(explicitly or inplicitly) reflec tima.mlrctrmtion coerfii nts

For -7; 4

P - 4 [of/): ”2 _
COJ),,*//?;-JI}':'J:? J % ]

: fzif v Vi as]

Py~ Sihr J

/n
]//&- mfoa

Z /07? 2: B.2.18
< ;2 in 0e. L%
=L Jin 05 [./f
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ﬂ - Z ' V '7}{.?/}",24/2ﬁ
2

2 ) ~7
ﬁ/‘[O.flz'f}/ﬂ < ,{'/nﬁ}o

= (via B.2.3)

B.2.19

2 7/7 -(/m? [0:12 /I/ f//;/
;// ",?] / "‘// *,o;;/ Sthe}

gz 2[0.(:2 o nen

¢ 2 2l
vy s

.05 _}f(owa ///7 Y

77?// j // _/J/hz«/
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B.3 E.\rahition of the Hankel-Integral expressions for the camponents d’
and . ,

In conjunction with Bquations B.2.9, B.2.10, and B.2.1l7 to B.2.20, the

integral expressions for the components of 77 and 77 , BEquations B. 2 b §
andnastoBZScanbederivodtrmthofonovingco-oufm‘t

o
] de } /01} l’”i-.ﬂ/;‘(}‘
WV rr

4»# /Z’ *jjfafﬂ

-Zy ,4'«
/A /”/é,mﬂya)/

vhere we replaced '”ao by )2' as integration variable.

Since we are interested here the "Fartield' cuaftguration in space
un?ﬂime we employ the Assymptotic Approximation for Harkel functions

() for If’/ » L.
j[/ /lf/ltg I]

For example, in our case:

/) .
/L/ /£ //.f/my — # /{ J,,,;f'

This integral 7 becomes with the image system coordinates of Figure
B.3.1:

2
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B.3.3

0P - /m,,a/ s

oeﬂ R, /:d/ﬂa/ Lotnd+ fosol o ;,?y

Figure B. 3.1. Image (A') Coordinate System
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J'l, R /;/'n o finds cosol” Co:l/y
= bR [os(u5)]

& B.3.3'

defines the regions of convergence of Jx in the complex 19: plane:

-f/n/o/ 49) <0
for /220 N - 0{/0(!.}’_)57 B.3.5
(LTSS Soc!

- sinly?
_ }\(0 S/ﬂ/a{, 9,)}0
’ -T< ('F) <0

oL's 3 cothr

/9! /7! /)
Simiarly for Wr ’ 7/'}'7 ana M27 (Equations B.2.2,
B.2.6 and B.2.8, the e -exponcnt term must satisfy the condition of con-
vergence, as 2 -v e©, This requires that:

B.3.6

jmgy. /4 /g/.]{,gf oYY fmnggw
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The resultant subregions of convergence and 1ivergence (of 77-2 lz" 7]}
for Z —» - 00 ) are identified in the complex donain by
respectively the upper and lower sheets of the Riemann Surfaces of the

domain.

The branch cuts, vhich segregate upper and lower sheets, are defined
by the equal sign in the expression B.3.7.

Setting in this expression:

/’I?; .rmf} - +/ B.3.T'

™ [o:ﬂ..- 60]} 4 27 .rm}f/x/a 5.3.8
ainde snf)- sy codf B >+

_ylelding for Equation B.3.T:
»)é/Z/- W, - Ag,'g oJ/h}i f/ﬁ), 0

one finds that the following conditions must be met:

> 4. f//wa ﬂJ 232

-~ O
[é*-oa) /&

I.E.

in the upper Riemann sheet.

Introducing the equivalence:

.5/)7?}:2!//_ (032;./ B.3.10

we get via Equation B.3.T7 to B.3.20 for:
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(a) The djelectric regime (1.’“_8 » f , uB = real)

Wt rg- 41 cos2d B 28]

B.3.11

2w = -4 L.sinll . JH2G

b The 1 ~ e, =
(v) critical regime (f' i ts, ng camplex)

”; "*’/” /-/to:r+ g'o:/h/‘) Be3-18
/”; / fﬂf?&/-- /-[o:?J ﬂ?f}

B.3.13
24 - W, :/@.‘/..nh&-z-’ 9}1212’ f//cg
The two branches of A= 0, % = 0 am W, = 0 follow from:'
=) sindysF sl KRG >
5’”4 = /3? "/”J /-/fﬁfﬁ/;r/)r/j
For small values ¥ <</ 1 where approximately

/Z’ = /)5} //-f/'r) B.3.16

B.3.15
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one gets from B.3.13 for/ﬂI/- 0

2
f43é 9./”{.4'0 B.3.17
& Sinld}

and for the branch point

;/'/J,l,, : [4%@, £ 17y
cosy. -4 ©

(vith ¥ 1)
Since [ngj)l , the only possible solutions of Equations B.3.1T and B.3.18

} - _zz[ . ‘2‘5‘/& M”J 3.3.19

/ /

The branch %/, = O (Equation B.3.1T) 1s identified by setting
into Equation B.3.13. This gives in the vicinity of the branch point:

MQ_ “'12'.' ﬁ;—:{' g/ug' -
= /7;-3’-//*2.(49;# )
b ”jz-"/z-ZIJ%

the correspondence

-I({,z -y - 2.{42/‘0‘ v
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identifies then the branch cut A/ =0

%
as this part of Equetion B.3.13 '
vhere o —» O i.e., for 2 7 O benes

th the branch points.

The following diagram shows the complex - plane, and the branth )
cuts 4/ = O by solid lines. Sub-regions of convergence of the integrals
in Equations B.2.1 to B.2.8 are labelled 4/5>> O (upper Richmann sheet)
and regions of divergence are labelled & < O (lower Riehmann sheet).
Regions of convergence foar the Hankel integrals and resultant prototype
integral ] x (Equation B.3.3) are shown shaded in Figure B.3.2 below.

Associated poles P, and P on the lower and upper sheet in the
vicinity ofsfs¥ /2 are shown serarately in Figure B.3.3.
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Figure B.3.2. Complex ‘9/ Domain
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Inspection of this diagram for the complex /}' domain in conjunction with

the integration path for J _ (Equation B.3.3) shows that the integration
path mist cross at 4}' = o' f§om the first to the second region of conver-
gence (shaded). This path is determined by essentially the exponent func-
tion in Equation B.3.3'. Thus, we analyze the path described by:

A cy' (05/49:'0/7 P

in terms of:

S S 415/

(i.e., in the lower half space of 4-9' , and corresponding replacement of
the integration variable by }*.

The extreme of .4 follows from:
e yanlbiadeo e

with

~
A ¥ ) } - -I' } -

4"7*’ 4 !~ 0( / 2" 0 . This identifies the point

< =« a8 saddle poin} through which all paths of integration must

cross from 07; »0 to A < 0.

In the vicinity of this saddle point one can express 4 by the

) ‘ X ’2.. B.3.24
(4] - yeos/3%)< 31 o]
ol

employing: .
Srtle [JE). ST s
in the vicinity A} *.z d f)
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one gets:

4
/5’ = Elc/jzdl/%”nzé' B.3.26

s= 1= L)L o5y e

The path of steepest ascendence and of descendence through the saddle (given
by the imeeinary part of s) is:

/fzz [0/75'/: /-2-{./ .xa/’/,'e{o"?}, B.3.28

Hence, the most rapid cheange of the integral (Equation B,3.3) over the
shortest path length oceurs along this path through the saddle point. In
connection with the exponent functions (Equetions B.3.3' and B.3.7) this
reth permits estimation of the integral values. For this purpose, the
slowly varying terms are taken out from under the integral, and the rrapidly
varying terms (i.e., the exponentials) are left under the integral.

The value of the constant 85 obtained by substitution in Equation B.3,22
of S% =/’ , follovs with inity.

Conseruently,
/ ,= /__ 2/./4}{0/72[0_(& B.3.29

a/:: [:f) .L_f/z_ B.3.30

The (-) sign is valid here, because 4 1is expressed in terms of the con-

Jugate complex values Aﬂ % of « As the path through the saddle
crogfes under -45° the real axes, one can set this path in the vicinity of
o8 7..

/}—{0( /_ /' eﬂf‘f' B.3.31
0/49'):(.-: e—j.“{f‘ - 0// B.3.32
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where 1 is a real variable. The integration peath

2

- T é B.3.33
A = éf 5
is bounded by

B.3.34

_g{/(-ﬁf

The saddle point contribution to the integral :7x (Equation B.3.3) along
the path of steepest ascendence and descendence (B.3.33) becomes then:

(Saddle ;o) . ../
7 YL 4 v and’
- o //_ ré Vo@,?’ J//M/

/OIQ/ V7Z'J/”§/' ﬁ/ “” "e"ﬁ’[; /j
(ofa/ Ve~ cons

The paths of integration beyond the critical angle o ' must be detoured
around the lower branch cut to prevent the path from Sropplng to the
divergent Riehmann sheet /“ 2 > 0 and from terminating on this sheet at
infinity. Thus for & >o{ one must add to the saddle point contribution
the branch cut detour contributions to the integral :7'x'

B.3.35

The detour, defined by the integration variable 0¢h, in

B.3.36

@Bf ]”’”o?//’z;' .f/hz/;, =0

is equivalent to:

/
/£r= _'_" V/Z?Z_ 5”72(}-;1 - ’.ea/ B.3.37
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Since the outer aid inne: banks of the branch cuts involve respectively
/W"2<' 0 and /‘”"2 > O one can map via

N B

the branch cuts from the < domain (Figure B.3.4) onto the real axes of
the 4/~ domain. The results of this mapping,

. o do” $3:5
4//9}: a’A/a = )fl = /”f-»w")'

and the corresponding Ac"’diagra.m is shown in Figure B.3.5.

The solution:

A
x/faa’o//c/"( [Mo/- Z“J/}’:/’. 4?/

’( / e .r2)/ /
0(1(0(‘., (o 4"‘/’/7'..”/7/ ioe

is restric.ed to angles a/ less or equal to a critical angle:

oL 504 B.3.39"

As demonstrated by the diagram belcw (Figure B.3.4), for angles of' that
exceed OC , the path ( " =~ 7/u ) of integration becomes trapped into
a detour c’ around the lower branch cut.

B.3.39'
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Detour Integration Path
in the ,~ Domain

Figure B.3.5
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Introlucing further cylindrical coordinates: Ll

,?'.r/ho(':-'lb Sako
e’ cos ( L )= (25 Je0sS e wnd T

the brarch cut detour contribution to the prototype integral -7 y Of
Equation B.3.3 aesumes the rollowing format:

iE éﬁ// V/M d‘:*’/'

;-A ﬁ""&""‘l eehMibpnd]

B.3.41

* Klryw)-

7

Vl/z Vnﬂ, .

Similarly to the saddle point aprroximation for Xs "/c (Equation B.3.39)
the integral for the branch cut detour J u B is obtaine8 by application of
the saddle point approximation method to the™ 4~ domain. For this purpose
we write the exponent &éerm of ¢ in Equation B.3.41 as follows:




bl TR o)
=j4€/€f//..;/}7¢(f V”;_ 40"7 P

+[050/f7/..;7072_ 1027—.-.-
4S54 R'

Bo3oh2

; /
d5__ i X ' s ]
L KA W W - - B.3.43
am / Z’;?/‘./(/‘ 2 }//. /7;-}- w
and the resultant saddle point
M =0 B.3. 4k

t’
the corresponding branch point B' of the j domain is recognized as a
saddle point.

Introduction of the expansions

4
/n 2. wt'=p /’ 7 S5 )
/

//-’Z?z*/” .//"”z /"‘2 /,,a B.3.46

and reintroduction of A}/ via Equation B.3.15
ng = sin ¢/ 5 B.3.47

67



glves !

A = 7l Cof/a('}/ u)z s é/' B.3.48 |

Am‘?): ;

where we set:

B.3.h8"

The line of steepest descent is then given by:

oy i)l o

with the const. determined by substitution of
A =0 into B.3.49'
Imag {/6 j’ = (const.)
vwhich gives

- / w,’-;-{:/-/d-én/ + [ef. ZM v/} .rmJ/:.— O  B.3.50
This is brought into the format, using:
wefwe??- 4y + 1%

vis [o] 7= /M/zwz,* s andy/:
= ) v 25 w4,

B.3.51

/W/?/“/'%Co.fo- sy + J‘/'”/, .J/j,//za B.3.52
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1090,

-cos (..77 + / ) =0 B.3.53

7:—/"!*2{/ B.3.5k

at which the line of steepest descent crosses the sadile point w = 0 (i.e. 5
the branch point B' of the domain).

vhich yields the angle

Thus analogous to Equations B.3.28 to B.3.33, the largest contribution
to the integral comes from the vicinity of the saddle point, where the path

is represented by:
wed AEt)

ine at, g

Equation B.3.48 assumes then the format:

/fgg'(oséfié'/_k//y B.3.57

With Equation B.3.57 substituted into the integral Equation B.3.41 one
obtains the contribution from the path of steepest descent through the
saddle point w = O as follows:
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ﬁ as . N //A B.3.58
/= e __;—
L=-¢ ” et 4€k ¢’

/j?fﬂ.f/a/-/-‘g,j_ /A‘//?/A”P/

Expansion of:

A= Alyi0)e oA

with

w=/l. o -(7/ f.l’/

/7 ) from B.3.55, and
associated with the following runctions ] associated with

respectively§~ ; W~ of Equation B.2.1 to B.2.7 in terms of the -
varisble (Equat:lon B.3.38).




T A/o’a W-n£+ wi 1)
X

X

B.3.60

J1-nf 0?0

2) 1
T¥ ;AP 2] rtwt Vimrew.

B.3.61

‘ Vi-nfswt - w
27 >
”j ']/'/3,21‘/«/24- W

B.3.62

N /o) 2V p2igt
MY, B A
”/2.//_/?2*”2_{_”

where in particular by application of de L'Hospital's rule the following
expressions become valids

/o)
A ,
,,,,_,01// ”;"w‘ ”4’ O s

n



-~

Consequently, in connection with T & 'one must keep the Lotal expansion

(Equation B.3.59) under the mtogrcl sign, since the serc urder term alone
Y[, 0) taken before the integral as slowly varying with w,

y:lel&(s a t{'i.v:lal gero contribution to

Thus with'q ,’p

/ U-‘I (/] /" B.3.64

the integral for T ,#)l Z Add becomes
0’ . 4‘£( Iﬁ/-’}')
77 --‘//; vy oIt i

XAI

- ———




A8 pointed out before, the gero order term involving

L2 2
) / s - I N4 B.3.65’
z7/dL e = 0 vanishes:
L=- £ whereas the first order term becomes by change of the
variable: 2
,tz"jo'e//’c/’/ B.3.66
[4-'4 '3 | in:

A, PR /ecll®
//l e ~

J /{:'ﬁ’ oﬂ’/c/
2
. ! )t 2
(R [€ - A7 dE =
- Ae- l/ﬁORl’k‘/ B.3.67

a Laplace integral which assumes the value:

- —s /_, /T /
for AR°> 1% (4R fec/)"

4]




Heintroducing 2’ , forwse= 0 the corresponding

”} - :/}”}o | ~ B.3.68
one obtains for B.3.6k with B. 3. 65and &6 the bronch cut
contribption to r/)w:H‘

Ty
‘k,>/ W=o w“’)r}/ﬂ"’"fg.

o

28 2snd rm} V2 /

[ smti)] jazr
.L_ '/ 1‘,?-(‘0."(’.‘%‘:%
(4,R) (€

where from B.3.6L B.3.69!

/0) S
ZyNr

v Wao }//-ﬂ;z [afﬂaa

/2
For th: branch cut contributions to Z on the other hand,
where (Different from Equation B.3.36)




the resultant finite zero-order approximation is sufficient .. gets:
(hy otherwise fully analogous procedures)

3
7/o)= 7 . /(03/}) e
€ /épk Aln} 7{//74/ A/”A// '/’

B.3.71
4'[4@,'?(05/0{5/2,}_ A
+ C

Similacly, f‘.’.r the branch cut contributions to 777;/ o)
where

Aiin 1y Loy

wW-» 0 //_ ,,,”z B.3.72
one get

]/al _ / - St» 4':

/ s 4 4},1?('05,&-'},/
Vi AV /)
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Further, in addition to the saddle point ?s ' and ‘tho' branch cut Ay’ Bi ¢
contributions, the integrand funotions AR A B of © |
respectively 5/, 773"” 3 and Z contain poles. The resultant
residue-integral terms#* correspond to ground surfate wave modes. At *he '
frequencies which are of interest here (VHF, UHF) and at the heights of |
transmitters and receivers above ground as used in practice, these ground
surface wave modes become insignificant, even for ideally flat ground surface
conditions, and even more so under actual rough ground surfase conditions. }

Hence the ground surface wave mode contributiomms are neglected in the
subsequent formulas for the Hertz- Vector functions as cbtained by super-
position of the respective primary and secondarv -- saddle point and branch
cut terms (Equations B.2.1, B.2.5, B.2.7, B.3.3, Figure B.3.2, Eguatiefi
B.3.39, B.3.69, B.3.69', B.3.71, and B.3.73. [

The resultant equations are given in the following section B.4 in
conjunction with the derivation of the electrical field components as
functions of ground conditions.

-

¢ 7 :
#for example the pole yields /.i,’, ats + :_TL;_. = $I» 4¢

4’/’
7’/
//,

%



/o) o) /o
B.4 The Hertz-Vector Functions /7:: ‘ 77 # and 7”; ) ]
the resultant electrical fields in the air space .

x ' =
ARSI "
"‘oe ; /
e 4 2 cosel - Vﬁf-ﬂhi/.' o 4 AP

4R st et AR

B.4.1
_|t+g . A/h},
2 Ve (- ’
: [[054};10.!/}70/) /.z[:r,”ﬁ(f.%,} K
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/ 2 .2,/
\ /ﬂ/hfa( 7 2(”0('; //”L: .rfm/ L€ ,
Ay Cosol 4 Z/'Z’ VI N 4
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B.L.2

+ ® [ ]
. f/h‘gz '%/M‘J/hﬁ/-’-ﬂg,) /‘a‘e'

o> [hos i 'f"?s')]j ]

£

/9) (]
Of significance is here the cos xf dependence of 73 relative to 7/7;().
The latter (Equation B.l4.1) on the other hand involves in its third term
(4. R)=% . Hence, for  /p.R’ > 1 this third term bscames amall

when o(>v:(c (Figure B.3.L).

Simiarly for the vertical dipole element N, one gets the Hertz-
Vector function ﬁ", /°)  as follows:
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Equations B.4.1 to B.L.3 above, are valid in the far zone, i.e., for
distances k R' > 1. Hence, in the subsequent determination of the

electrical © fields via (Equation A.1.6):

[3 V/V.i/-é.; B.L.4

we retain from the grad division terms those which are inversely proportional
to R and drop the higher order 1/pn; n> contributions._ Bmploying spherical
coordinates R,f < and py gunit base vectors n, m, o one gets:

+




(in general, in the unprimed and the primed image system)

(777-)" (?,? o%,z;:
%

5 o/

V(V”) /;WM RJ/M‘%’+£’§(]'
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Y ok ey 4
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In consideration of the magnitude of these equations and resultant express-
ions for the electrical fields, it becomes necessary to split the Hertz-
Vector functians into primary and secondary (reflected) terms as follows:

/o) o) P rls, ..
L I g

7/0)3 ”;/°,4!f 7/0/& B.L.7

4
/ol fo]P (o)A Py 5.
i, 77 + /// 7{
viess, e néscmiay beiise Luvolve the peimed varisvlss o £ in
Equations B.4.1 to B.4.3.
Farther, by inspection of the grad. diw, 77' terms in Equation

B.4.5 one finds the following 1/R terms:
For the primary fields:
:, Y

¢ L
F'a%a x,{: ”/”( Ikl L

and simiarly from
Farther:

- 9 /o) P
”OA" 7/Z; =h /% "ée%:(om/wm 10



4
i
\ he
{ In the secondary Herts-Vegtor ﬁmctiona (Equation B. k.2 for 1; E’ b
and the second and third tarm of &/ lquatiothB)onoﬁndlin
i conjunction with Equation B. L4.5 the rollowing type cantributions to the
radiation field:

Similar as before for the primary fields:

ffosal’). /[ 7 ‘f;" '
+=). lcos/i* J)/z g (R R os ') y

4.

for & 2 &,




P M —em——

andﬁn'th.rincmmctionwiththominmtionth

5% 2 [wsa" 28]} s

ons obtains a I/ contribution to th. rodhtim field from

Io):,

Equation B.4.2, second term D.b.1k

/[ j,@ffifl ,Afz‘o:ﬁi;“?//‘

2 / b os il )).o
_,#/?’ j 4 mz/a/ %)

/or:v: 7,(,1’(0:/(‘ )}) 4o /

fo)S2
and fully analogous from W lquat.ionnh3thoth1rdtm

— / f_}/_—y j’ .(/»2/0!

" “;“‘Jk’msﬁl /

B.L4.16

so) 52
The third, branch ocut, tem ir Equation B.L4.1, i.e
of Equation B.4.6 yloldo /, ©o typec contribution vri ¥

Equation B.4L.S. ,/el
8



Expressing tlLe carthesian unit base vectors T and k in mpoct.ivoly the

primary and image source centered spherical systems by unprimed
and primed R' ¥ &' coordinates and rnpoctivo base vectors n; ;
n'; m'; o' where:

t=p' ; W
£= 008 P.5rnel- pig.stnp o OF 059 -CoSel

K= 7. casol- 8. sihel

«
o and*

Bls 17

B.k.17?

one obtains the Z0llowing equations for the primary (direct) and secondary

(ground reflected) electrical fields from the dipoles M, and N :

»i(

0w M€ s gletsy ]
LL;,X 6" A“o ’ *’y

o

-7 - ";’f

/45-.(0‘(?.[0:0(]
;/érjck»j

B.L.18




mdm]lyamlogouatoEquati n B.4.18

| /P/
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. éf/‘:""‘ e ] /zo.ra/— fm"o/’j
| /ZoJa( +70 E o' ”[

B.4.18'
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Further from 773/’” of Equation B.4.2 and subsequent derivatlom s
Fouation B.L.5, B.4.7, B.u.11 and B.L.15 follows:

/0)—/5/ / = “/ﬁ’/"f ]
- 1 l‘
/z)éﬁ /7 B9

| 74
- (OSKp- At U4 J']/” -'Q”d,. _8_.

l(o.ro{-.ﬁ]/r/ XU N o

~&' - frmnod’
for £ R'> {

/o) ]S,
and frum the branch cut term of 7- i.e. 77;

follows in this case a 1/R type contribution to the
electrical radiation field, which is given by |

i el s i i i i s i s i
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Similar to these electrical fields from one gets the primary and }
secondary fielas from ! with Equation B.L.3 end the subsequent Uquations
B.4.8, B.L.10, B.4.12, and B.4.16 resultant from Equation B.4.5 and B.L.5!
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/ af
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. B. Lk.20!
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f’OrO(),O(( 7
- 2- m% / co54

/f/h’% snel’ f//"i/o/-/‘{g,/
A SA R fas/ot’-&)'

/
M, R’ B.1.20"
+7 coslot B ) + 1 / s’
0

B4 il iy +1 /J/};a/ .
for £ B> 1

The complete solution for the polarization modulated electrical
radiation field in the air half space above ground is obtained by super-
position of the above primary and secondary field solutions (Equations

B.4.18 to B.L4.20').
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The electric field equations B.4.18 to B.4.21 are valid for the
dielectric ground regime (i.e., f > f2 e.g. the VHF - range).
Of particular interest are these specializations of Equations B.4.18 to
B.L.21 which conform to the practical conditions of the experimental
system. These specialisations are the topics of the subsequent sections.

B.5 REGULAR POLARIZATION MODULATION CASE -- INFLUENCE OF GROUND ON
POLARIZATION MODULATED VHF RADIO SIGNAL TRANSMISSIONS.
Consider the geametrical specialization described by Figure B.5.1 and

referred to as theoretical model, where transmitter and receiver antennas
are at equal heights "h" above ground (z = 0)* such that

o/a‘zl- /' Iez/t'-'k'lflﬂﬁ/,:'y B.S.1

B.5.1!

Y"'é?/ 2t=R\rosot!

¥The local reflecting area labelled parkway in Figure B.5.1 refers to the
Red Bank, N.J. No. 109 exit-entrance sectiomn of the Garden State Parkway
which touches the ground projection of the line of sight, Fart Monmouth to
Middletown (Telegraph Hill Park) transmission path of the experimental
system.
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Figure B.5.1. Geometrical Specialization

By the above specialiiation of the geometrical parameters, the following
relations become valid:

-6= I?/' ~m=xZ )'7——4'_" B.5.2

k g }/"[2'/! jz R = *d B.5.2!

/ -
7=z JM’ +K (ofa( R/};fﬁ-?{/.

B.5.2u'

& t"j:[ofo('-fof/ho(’ L (7.2 - -Fogl

further, from Equation B.3.15

flﬁﬁ J ] (05 }/"
;(05/0/ l") ”,?[ ’/- z 0.6'0/'1‘-'1&0:/]
J' /-'L 4@1;] B.5.k
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In practice where

//7:/ )>J ﬁf>2,£ ,?».74 B.5.5

the following appraxintionl become applioable >
j[afﬁ“p )"‘*’ 7/7 B.5.6 |

similarly

nfol: ‘9 ) =My: /7}//;7 /6#

and the secondary (reflected) wave tem assume then the following
pp roximate representations:

Cosd’ Yry- rm?;/"= £ - V- ,gé'/z oy
Cosd ¢t Jm* sin'y( +}/” /ﬁ / —(-1

AR iy ‘; [/+

—————

857

/,e'

>
9
5\
\t’
|

ﬁi[ojo( 2//7 ~imH _ .k_,,.__ ;/ _‘g/z

N ITANY 21
y ose Iy ///,,/

/"/“1} )(0/' PKWY /ra// le—s0
-s/f.t)/or/’(h’}’/ro//:—on % & / / -*.o) B.5.10
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and in conjunction with Equation B.5.7 one gets for Equation B.L.20'

2~ s $m’¢9 S k .
2 sin® 4%' syl s .rm/a/-); B
Y, //- n2) %

s R B

*‘--°—/ (1-)% -é:’

The primed (image) base vector - sine and cosa(’prom ts approach

3512
-ff.llho(lz-/j"f—:(- Fé“,‘/ K/’/‘_"K
and -8.5.12¢
R cosd = [7""-,% +/?.R£f/. f{s ;.i‘ _2_4_7.51

and the products: (Equation B.h,ZO;)

i Jeos* (s}, ) | eosot

=J— 2£ /.,. ;/{? 32.(
Zl ,7

'.'~’-—

R B.S.13"

e !/ﬁZ/K/ 0,) Amd's k/-z/ (of//)/
A, & K/}z/ ¥4 J/%/—.- /(/”
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Fusther taking note of the venishing of sll terms ipvojving cos Y AR
R i.e., in particular vanishing of ‘2&,,. ama - £,
(Equat.icmBthchW'),onoptotbotouwin‘approxin oonfr:lbu-
tions to the total electrical field at the receiver location x = 0; y’¢ R;

s = h (Figure B.5.1) for kR » 13 kh > O.

(1) From Equations B.4.18 and B.4.18! with the specialisations,
Equation B.5.2 and related approximations of Bjuations B 5 8 and B.5.%

,f-:':"/,__;* ///7'/1/ /ﬁz"?“]
67 7
l.

/* Laanlly)

f %u—o'/i/ t/ 011‘)" ,./
74(’4‘ 8515

sz




(3) Prom Equation B.4.20' and with the specializations and related
mign; fg\'ntiou B.S5.2, B.5.2", B.5.3 and B.5.5, B.S.9, B.5.10,

PIEL), 3 4 }g;' A{z e-jﬁvf*}" ‘fj.




Super position of the field Equations B.5.1L to B.5.15" and neglecting terms
involving 1/y,, yields the total electric field in the carthesian vector"
components o Figure B.5.1 at the receiver location x = 0, R =y, 2z = h for
0 < h ««yand k 5 4 > 1.

In the subsequent Ecuation B.5.16 for this field E (03 y 3 h), the
upper (-) signs and the lcwer (+) signs refer to respectively zero and
infinite (i.e., bumper to bumper) automobile traffic demsity in the Red
Bank, N. J. area of the Garden State Parkway, about halfway between the
Fort Monmouth and Middletown terminal stations. This reflecting Red Bank
section ¢f the Garden State Parkway (No. 109 exit and entrance) bulges
towards north from an essentially northwest course, such that it touches
there the ground projected direct signal transmission path (Figure B,5.1),

The effects from the automobile traffic density related local ground
reflectivity and corresponding signal distortions show up in the :g and k
campgnents of the space wave, Part of E (0; y; h) (Equation B.5.16, next
page):

For zero traffic density we have the terms:

E (0,4 4) & 2 /
tolal y / "'JCJM/

whereas for infinite bumper to bumper traffic density

and then conétfﬁctive interference

e » °

2 N;
é{ml/O ;//)Nf'K /é;;t’
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C. SCATTER OF POLARIZATION MODUIATED RADIO WAVES FROM METAL STRIP SHAPED

BODIES

C.1 Application of Babinets Principle.

The mathematical discussion of
Babinets Principle.

+

the scatter problem is based on

Whereby & narrow slow in an infinite large metal

screen, and a thin long metal conductor are complementary with regard
to diffraction of the incident EM wave field and the scattered, i.e., the

transmitted and the reflected wave fields.

illustrated below in Figure C,1l.1l.
S
Region 1
reflected field

£, H S

1?oigent_?r§.mary//”‘> S\°
leld E < H ,(

ot //

EW, i)

Fig.C.1.1

Reflected and transmitted fields form the scatter field E(B) and H(B).

The carresponding situation 1-

normal Reglon Il

—> N tranemitted field

g-'/z)/. i1
< FlLfg #

points P/ﬁ}

i Fﬁ

Meld Yeotor Notatiom

The

total fie’d in regions I and II is written as:

F= é’/‘-'/_/_ Z-/:)

C ]

-
where s = r in region I and s = t in
P(r) in region I and II respectively
origin.

wave length,
points.

Cc.l.1

R 7

region II. Point locations P*(¥) and
are referred to a common arbitrary

Distances from points P* and P are taken large compared with the
such that Frauenhofer type diffraction is observed at these




The symmetry conditions imposed by the screen of infinite large
electrical conductivity and the resultant boundary conditions yield for
the electrical fields:

{FXE/Z' ﬁXfﬂ) x[/ﬁ} c.1.2

fﬂxf/-ﬂx/—ﬁ E/ﬁ/j O=( c13

her, antisymmetry conditions with rega.zg.)to the surface current density
as inducated b yhe 1nct%7nt field H in conjunction with the bound-
ary conditions for and H gives the following relations for the
magnetic flelds:

[ﬂxH/ nx Hﬁ f7/~l) 0: @ Lo b
=7+ nx HM* =0

end thus,

ﬁx/:/'/"i- =-ixH -+»xz‘7’/‘” e

Equations C.1l.4 and C.1.5 specify the scattered fields in terms of the
surface current - seuondary source on the screen surfaces. Consequently,
at the mirror image points in regions I and II (relative to the screen) the
following relations remain valid as they exist on the screen.

nxf'/”/ %) = h‘xz;ﬁ//z/ c.1.6

7 E//‘} IL’):- 7. Z-"//f)/ﬁ) C.1.6'

x HM [7%) = -7 T * /n) o

7 H) = 7. F#)

C.2 Field Representation ir Terms Vector Potential Function A and as &

Green Integral over J and }' for Complementary Diffraction
Svstems

. R T RS SDVINR s S .

C.1.T'
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W A o



Employing the following relation between the Herta-Vector function®
Fquation A.1.5 and the vector potential function A

f: _‘QAT‘ q.2.1
Bgﬂoﬁ-‘-‘ VXA?‘ C.2.2
'_ /‘(//_/ ?4//‘-' ;/ c.2.3
4'
g T 4

where A //I, / in A/m"/

shall correspond to a sinusoldially varying source current density

,Z/ ' ):,{,/ﬁ!} eyw,f Cc.2.4

Let the source volume shrink to thin sheet f thick, such that
"";/2 — c.2.5
- % -—
< de2(Z(R)) T
- %

remains finite as a surface current density (Amp/m). Then Equation C.2.3
reduces to a surface integral:

; .
‘wr r)e ——0 /ﬂ 5 a/a




Here are Z the field point and Zj the current source point

* AUl AR
//‘/ 14//‘ 9 67 c.2.7

Y / Rl 4FPR
the Greens function Kernel via the vector-potential A of Equation C.2. 6 and
Equation C.2. 2 one gets in our case

Mo /‘7/;!-' cur///f 6//2—,/':/ a’&", c.2.8
S

where dd is a surface

element of the screen, and 6 / VN the Green

function involving point locations ﬂ in region II and N s
on the screen. Substituting for from Equatton C.1.5 ylelds

L L Vx//‘ Hm/ ﬂﬂ!/a’a,_-

[r-7,/
C.2.9

_ 4«4//7-/5-
V X /// “) Py da,

where the integral is taken over current carrying part of the screen
/{.e., exclusive the slot).
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Application of Babinet's principle to Equation C.2.9 (i.e., transition
to the complementary metal strip instead of the slot in the metal screen)
involves interchange of H and E with E' and H' respectively for the comple-
mentary metal strip diffraction system.

-

/‘7/1)—-* ,.".‘, F.f:,_‘{‘;/f-'-‘ajf,, F/t/y "0,2.10 |
E/I{—" (I)/Z; = (%) //'7%‘/./,. ;7/2‘/7 c.2.10!

where the positive sign is chosen for the out going seoondary radiation from
the metal scatter strip. Thus on the basis of this correspondence, the
incident field for the complementary system invelves the change from

H//-')h —_— — -/n)! C.z.11

Consequently, Equation C.2.9 becames for the complementary diffraction

system (thin metal strip):

£ / -~/ 4.4.//‘- ""/0212
= - - ’ (o L] L[4
£ [7)- +Vx9-; /?Xé' /,,ﬂ)),e
[R-Reif
J’
The cross product term in the integrand of Equation C.2.12 can be considered
as a ficitious mangetic surface current density %' (in volt/m). Ana”gous
his

to the original slot screem diffraction system, fictitious secondary
magnetic surface ¢ Sqnt density is then induced by the primary incident

electrical field s and approximately given by

T T e
J-,-’ ”—)X £/‘//t:,} C.2.13

Thé resultant forward scatter field from the strip corresponding to the
field in region II, of the complementary slot system, Figure C.1.1,
becames therefore
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C.2.1l4

/ / g eg‘l/a-/z}/
== Ux [[[FxE )T

In this format, tho problem is recognized as the determination of the surface
integral for a ficitious magnetic surface source current distribution equal
to that of the tangential component oi the incjdent electrical field. The
back scatter field (i.e. the reflected field E'\T/' in region I) is found by
symmetry considerations in conjunction with the original slot screen
diffraction system.

Referring to Equations C.1.6 to C.1.7' and the transition Equations
C.2.10 and C.2.10' the following relations are valid at the image points
r* of region I relative to r in region II for the camplementary strip
diffraction system:

— / — /
E//‘)//-t-x}: +h'-)/£ ﬁl/ﬁ/cﬁy" €.2.15

Fh)yﬁ)(/"h-’//?/é//;/o;}/+
+ 7 /‘7/’%}1(/?/)

c.2.16
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In this format the problem is recognized as the determination of the TiTP
surface source current distribution equal to that of the tangential cg@m‘
of the incident electrical. e

C.3 SIDE SCATTER OF POIARTZATION MODUIATED RADEQ WAVE SIGNALS FROM GIRIP -
SHAPED CONDUCTORS & ‘

IS )

(a) Statement of the problem:

A thin strip shaped conductor of lzngth 1 gvwd width b (1 » 'b) ts
located to the side of and in the plane of the crossed dipole transmitter-
antenna A. The distance f3 Dbetween this scatter strip and the antenna ig
large, such that the incident primery field at 8 corresponds to the antennas
radiation field. Simiarly the observer's location shall be in the rediatien
field regions of both, the direct and the scatter waves from the transmittep
and the scatter strip respectively. This situation is {llustrated beléw ip
Figure C.3.1.

0 6f ér VP/’: e
7 - Recesver

Figure C.3.1. Geometry of the Scatter Problem

/>t 28

For /»\f, % e where <‘/4 1s the approximate distance of trarsition from
Fresnel type to Frauenhofer %ype diffraction. The effects on the antenna
of scatter strip produced secondary field interacti-ns can be neglected,
and the field at the observer-receiver location P_ obtained by super
position of the direct(primary) and the scatter f?eld from respectively

the crossed dipole transmitter antenna and the scatter strip.

(b) Formulation-Solution of the Problem for Regular Polarization
Modulation

_(1)App1y'ing Equation A.3.5 for the formulation of the radiation

field E° "incident on the scatter strip (Figure C.3.1) the following
speciilizations must be introduced
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W20, - e By
’f:ﬁ ﬂﬂaﬁ,/j-QO/ ¢.3.1
o =/~%l-4ﬁ+%+of 7

Dropping the reer field terms in Equation A.3.5, the tangentially
incident t'leld on 8 becomes:

£/ £ (o:fs
V_l, ﬁf (afd ¢.3.2
~ [I+‘3€’)~S/ﬂo§}' cos ';@

where from Figure C.3.1:

X
=
Si= Cos <P, e
Js= Xsiny « . ?/an%
Considering Equation C.3.2 as the real part of a complex function, E ( ) in
complex notution is expressed by: _ . . e
2 .
m }/ﬁo A 42 glAp-w, 2y /
- @ v
47 oﬁc C.3.4  C.3.b
..4 //-v‘
(_

In this complex format, E serves in accordance with Equation C.2.13 as

source of the fictitious Egnetic surface current density and the resultant
scatter field.

For the in practice most important case of signal reception at points
P, close to the z axes (Figure C.3.1) and interference from scatter radiat‘on
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emanating from 8, the following approximate rchtiool Yetween tbo

coordinates /4, j '_ of Py and o v t

fzzjof’e.’ﬁz-z.ﬁ'f"(o’/%'% - | C.3.9
/’22; z;-ff{- Z;‘ffz*ﬁz' Zﬁﬁ 0505/”.-%) c.3.6

vhich gi.vel

.=z,,//+-li_£ﬁ f’f‘m/r 2

for Bep<Zp
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where

j the unit vector in the +y dire~tion of the

and
4’) fl K X, ¥, £ carthesian systenm.

Nin

For the practical conditions z zg LY I‘Q s
and j(% one gets approximstely:

2

£ =¥, .]//+’V§,-‘,6//+§$) c3q
and vith )0‘2 :/are /a»v y"/(r)z(( 1
P X2 [1+tonts) 2 x2(1+¥?
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Region I : x < x,
Region II: xg < x

Figure C.3.2. Scatter Problem (Geomatry)

Introduction of the approximation Equation C.3.6 into the Green's function
Equation C.2.7 gives:

6//‘/9//7:):.- —oe 74‘ /’z = 6142:. c.3.70
et d El AL "’/% A/

’

and Equation C.2.14 yields t.hen the scatter field vith
g t B d (/2

F/’/éZx-Z (4, b/FT Gl 7).

s - / c.3.:10°




2

and (12’ 7{; o :t&
s =V //;‘- 7‘5)42 ¢.3.10"

Substitution of Equation C.3. lO 'reduces Equation C.3.ﬂﬂfo approximately:
e,  lheu.d
E.-/,()/. Vx_}/—' /44 b é’j é)?/, Ual‘ ,‘/;]
v :
P} °/4"7)'2’ézﬂ

where 7‘2 has been neglected as small compared to one in the exponent
of (e).

Tnc integral expression in Equation C.3.11 involves:

*é ,‘443 - e.3.11"
:7= 0/7& - 40’/(0170 l&ff#:mf,{m/]

Fr = "jé [reglible 1l ¢, 1)

/7’ fz,( _/a/(wf /1- %/v‘/f/ﬁ;ﬂ/

a’ﬁ &

4 ' .
5 G ;e,;acmﬁ ijéjg‘ﬂ”%’/
a. smip
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and where we set:

'A""s ’ -.Ef’ = A | C.3.11'"

Zp

In terms of the integral-solution ?0

Equation C.3.11:
EM=p ;/,«o A#‘ e;‘[ioz,,—a,t- wl
»‘x = /9'-} ’ﬁf:{ | T 3.2
B ).

gl 2% 3

Reintroduction of carthesian coordinates

X'f "ff COJ;” / JP =_ﬁ, J‘/h”, c.3.12'
‘_/t), A * b yields then:

44‘ ﬁ»*&a por)- ).

f//;/(/ c.3.13
¢ //" Aé % e /
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The formation of the curl: Vp X c . -

%o, 0
-2 A .
4 X ) ’4}
72

e ¢ 0

and requires the following differentials

4. /2. to flers
q%/eiéo ffef/xf‘)/_?/‘;o;%{.c/ {t’, 4/

wtlere c.3olu'

involves the operation:

Lot

C.3.1k4

/
(/eh'xr}" ?/*’9*2'};’,/6"*7;*4‘/' :;
J and
/- &1

M2, ??‘ 22 /xf C.3.1k
and similarly

x4 R

er 8,
further €.3.15

LA}



Collection of the respective differentials ,equs.C.3.1lk to .15
in conjunction with equation C.3.13 gives the following field equations
for f’ﬂ’ in region II , x> xg

/l) W‘; AXA __J/-,z(./.?é/ €.3.16
o ‘/7")2 . szz 3
Pt As XpX

%, [x x"é’ {/z K or. z,]

/)’
é o c.3.16
£ e 2842 -J/"af‘ #l
4”.)2 C.3.16

ﬁ» Al onn 2 ”sf ’/
-.Jﬁf,’ﬁc///%/ zgz Z;P

) fm/// ) #/[M// zz,-
7(0 XY ;/ Z% X, Zf
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=(t )"I'he reflected field in region I, x< x Figure C.3.2 follows from
E

by application of Equation C.2.15, whére in our case the normal
and tsngential field components relative to the scatter strip surface

correspond to the x and the y, z components respectively.

Further, since of interest are here the fields primary and scattered
on or close to the z-axes (Figure C.3.1 and F gure C.3.2) where:

fr €% %o wg gk, oo

we let ‘Xf 1-,
E; —= 0 / Z’ — 0 c.3.18

and via De L'Hospital's rule

/7// / c.3.18"
;’—’0/}'{‘;’ / v 2?

Introduction of these approximations into Equations C.3.17 and
C.3.16 respectively, gives the following equations for the scatter
field components on and close to the z-axes:

/) . = /4/425'1 c.3.19
2] +-FfkeL
J‘ X,//-»‘ X's

@ %
. .. ﬂ wo/ ]
o//+£)2;f"-df{ .84 %

[// Z?, )*74.‘ Zp
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e

Mho »in prectice wvhere

(e, )/ i</ o

thcb.kocatto nono- close to the s-axes ( rig.c.3.1)
approaches

/f/n/ }/— Ak oL

f,-»o /47) "Y ?f

.[//+1') 4 ]

7’/{;/,01*)’;) 0,‘{-7?]

/ép/n)' =0 c.3.20"
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