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PREFACE

The great content of Electromagnetic wave theory snd its
applications mekes it impossible to deal with subject in
any detail within the scope of two one hour lectures.
And it is not our purpose to systematically relate any
concrete problems or to derive any foraule. We coenfine
ourselves only to the presentation, by a few examples,
of how the radiopropagation physics is intimately rele-
vant to the progress of human community. It might sti-
mulate our enthusiasm for wave propagation researches.

PART [

INFORMATIVE PROPERTIES OF ELECTROMAGNETIC WAVES AND
TRO ERAS OF HUMAN HISTORY

1.1 Electromagnetic Wave Is One of the Elements in the Nature

Although electromsgnetic wave was understood by mankind only
about one hundred years ago, it coexists with celestial bodies in the
nature., So we say, electromaghetic wave is one of the elements of the
nature. It is s form of energy and implies frequency. Frequency is one
sort of special natyrsl resources belonging to whole mankind as the
air. The electromagnetic spectrum is devided into subdivisions used
for various purposes. It is shown in Figure I1.1'',

1.2 Wave Parameters and Their Availability

1.2.1 Wave parameters. The uniform plane wave in free space is given
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Figure I.1 Theveléctroilgnetic spectrum. The horizontal lines indicate
the approximate spectral ranges of various physical phenomena and
practical applications.
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Five parameters: frequency (f), amplitude (E,), phase (¢ ), polariza-
tion direction (x) and time (t).
All of these five parameters can be used to carry the informa-
tion. :
$.2.2 Active carry.
Amplitute wodulatijon
Ua(t)olls {I+macosQt)cos{wcte+d) {1.3)
where Q=2nF; we=2nfc; Ua(t) is seplitude wodulation signal; Uc is
carrier amplitude; fc is carrier frequency; F is modulation frequency;
#» is amplitude modulation coefficient and ¢ is initial phase ol
carrier.
Frequency modulation
Ur(t)=UcC05(uct"'lrﬁingt*¢) (I-‘l’
where Up(t) is frequency modulation signal and my is frequency modu-
lation coefficient.
Phase modulation
Us {t)sUccos{wct+A b cosQtro) {1.5)
where U,(t) is phase modulation signal and A ¢ is phase modulatior
coefficient. It is the maximum shift of the carrier phase varying witl
frequency modulated.



1.2.3 Passive CBITY. Exanpie 1. Information detected from frequency
veriation. Principle of speed measuring Doppler radar: In Figurel.2,

target B moves with velocity v with respected to

radar A. 8 is the angle between v snd line AB. Ve
Then v is given by?!? v
_Acfo
¥=7cos 0 (1.6)

where Ac is the operating wavelength. v is ob-
tained by measuring the Doppler [requency fo.

Example 2: Inforwation detected from time
delay. Principle of ranging radar: 1In Figure
1.3, to is the time delay of the object s res-
ponse with respect to pulse transmitted, then Figure 1.2

the distance beiween radar and object is given by

ctip
D=--2-—' a.n
Exsaple 3: Information detected by potari~

A

zation variation. Principte: In Figure 1.4, A
is the scattered electric field from target B
illuminated by incident electric field £'. The I-ﬂtu-.l
relationship between #* and E' can be formulated Figure 1.3
by scattering matrix. If the polarizations of £!

snd E® are expressed in terss of circular
polarization cowponents, we obtain the Fr ’ / gn
scattering watrix for circular wave cosponents \\
as follows?'. -
E Ann An Eh :

- 0.8
. g2 | VAT [ Aun Ay EL s
where the eclements of [A] are functions of
parameters and orientation of the target. The
subscript R and L refers to pight and left Figure 1.4
hand circular coumponent respectively. We de-
fine the circular polarization ratio as!:

q=EL/En (1.9}
The difference between qi and q; may be used to discriminate the
targets. The principle is used in hail studies radar to distinguish
petween the rsin and the hail in Alberta, Csnada'!. The results of ex-
periments are shown in Figure 1.5. The ordinate is the circular de-
polsrization ratio (CDR} and the abscissa is the reflectivity. The da-
shed curve in Figure 1.5 seperales most, but not all, hail {>0.5 cm
diaseter) reports f[rom the rain and shot-sized hail (<0.5 cs diame-
ter) reports. Below reflectivities of 30 dBZ only rain or shot-sized
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Figure 1.5

hail was received at the ground surface while reflectivities sbove 50
dBZ were always associated with hail. For any reflectivity in the
transition region bgtween 30 and 50 dBZ, hail likelihood increases
with incressing CDR. Thus while reflectivity alone gives some indica-
tion of hail occurrence, the CPR evidently supplies additional infor-
mation in the important range from 30 to 50 dBZ.

Electromagnetic wave possesses guch properties that it is
natural in connection with information. Really, any electromagnetic
waves in the nature or produced by wankind - always carry some infor-
mation with thes.

1.3  The Era of Unconscious Usage of ENW.

Elsctromagnetic Wave (EMW) is one of the elments of the nature,
and its tight parts are earliest experienced by msnkind. At that time,
people did not know the electromsgnetic character of light, but they
had used it to understand the nature and to treste life. For exasples:

People observed the celestial bodies by their lights and set ca-
lender for agriculture and life.

Beacon-fire was used to give border alarm in ancient China. That
was the beginning of utilizing light relay to pess the information.

Convex lens was used to get fire. That was an outstanding
exasple of utilizing the electromagnetic wave energy.

That is the era of unconscious usage of ENW in human history.



1.4 The Era of Conscious Usage of EMW

J.C.Maxwell announced his electromagnetic theory in 1864.
H.R.Hertz demonstrated the existence of electromagnetic wave by his
experiment in 1887. These two great events indicate that people had
got the rational knownledge about EMW and began to aaster it
actively, Since then, human history has advanced into the era of
conscious usage of ENW. That was first used in the communication, then
in the broadcasting, and made information transmission more rapid and
distant.

Besides, the advances of radiopropagstion physics promote the
developments of radar and remote gensing technology. They are exten-
sively used in the military, agriculture, forestry, mapping, prospec-
ting and traffic regulation. Owing to immense quantities of radiation
systems operated, people live in the electromsgneric envircnment now-
adays. Radiation damage to organism especially te human body and
electromagnetic compatibility are going to be the serious problems. On
the other hand, EMW is extensively used in the biowedical field, Ir-
radiation of microwave and laser become a powerful trestment in curing
the cancer. The application of electromagnetic wave energy is growing
rapidily as well. Microwave ovens have got into families. A programme
for setting up space power station has been proposed by some country.
The idea is that the solar energy is turned into microwsve energy in
the stetion, then it is transmitted fo the earth by sntenna and
svailable power is about five million kilowatts. It is meaningful to
overcoming the energy crisin, but serious electromagnetic environment
is quite a problem not to be tolerable, ALl of the above aspects need
absorb the nourishments frow studying problems of EMW,

‘ In sciences, electromagnatic wave theory is more and wore inte-
racted on plasma physics, space physics, solid physics and signal pro-
cessing, and new branches of science are sprouted.

It is worth while to point out that the transient electro-
magnetic field is noticegbly studied in recent years, and bresk-
through might be enpected,

In conclusion, rsdiopropagation physics is intimately relevant
to science advances, information community, natural resources exploi-
tation, energy engineering, ecological environment etc.

PART I

THE EFFECTS OF RADIOPROPAGATION PHYSICS ON THE
DEVELOPKENT OF MODERN SCIENCE AND TECHNOLOGY

There sre msny kinds of communication, but we would confine our-
seives only to showing 8 few of them. Of course, all of thew are wire-
less. There are three basic demands in the communication, and they
are: quality, capacity and secrecy. The progress of communicetion is
really the progress of realizing these three demands.

2,1.1 Short wave communication. Short wave (usually, 4~21 MHZ) com-
munication is dependent upon the reflection of radio wave from the
ionosphere. The typical distribution oo
of liopization in the ionosphere is
shown in Figure 2.1. It should be
pointed out that Figure 2.1 represents
a long-term aversge and that the actu-
al electron-dengity distfibution is =
function of the time of day, sesson,
latitude and yesr relating to the
eleven-year sunspot cycle'!,
Determination of the  working

g

Righ abeve ground (Km)
g &

y ¢
. Q o8 0 1§ 0 110
frequency, transmitted power, eleva- #umber of free elecieons per cc
tion of antenna and site for station Figure 2.1

of the short wave communhication are

dependent upon the laws of radiopropagation in the ionosphere.
Example: Determination of the working frequency.

The related knowledge: (1) The critical frequency {fca) for any given

layer is

fen®/B81Nuax 2.1)
where Nuax 16 the maximum ionization « {'};; T H j If;t-l f
density (electrons per cubic meter). ‘“"7;TT]] i ‘“”l —1]
Because the ionosphere vary through- T }]";;ﬁl
out the day, and vary regularly with L 55 1 t; - : 4 ] T
season of year as well, the critical T h{‘ iy Falw N
frequencies and virtual heights vary "rﬁr H1HH HHHH ,
with these factors. Figure 2.2 shows R ' Jrd
the diurnal varistion of critical & HHHH - P
frequency end virtual height of the =™ 1= oW T a3l
regular ionospheric layers: (a) T 3 ;qwinﬂ
sumsmer at period of sunspot minimum; . o s st o
(b) summer at sunspot maximum; (c} § '——% e A TH . . } B
winter at sunspot winisum; (d) win- ¥ : 'GAT‘ H j 1
ter at sunspot wmaximum®’. (2) The z/’*l}sf iy ‘*; pn
maximum usable frequency (MUF)} is: inHaREEy ;“. 1 T A

MUF=fcasecd, (2.2) ) ca
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where @ is the angle of incidence.

Mhe lawean - mamala aF imnidanrca dh. Fiours 7 2



that can be obtained in F-layer reflection is of the order of 74 de-
grees. This occurs for s ray that leaves the earth at the grazing
angle. Then
MUF {max)}==3.6 fca (2.3)
(3) The lowest useful high frequency (LUHF) is defined as the lowest
frequency (in the high-frequency band) that wil] give satisfactory re-
ception for a given distance and given power. It depends upon the fol-
lowing factor: (s} The effective rasdiated power. (b) The absorption
characteristics of the ionosphere for the paths concerned. {(c¢) The re-
quired field strength, which depends upon radio noise at the receiving
point and the type of service involved.
The working frequency {(fy) is determined by
LUHF < fu ¢ MUF (2.4)
Actually, the optimum working frequency (for) for transmitting between
any two points is selected as:
for=0.5~0,85 MUF (2.5)
Owing to the fca veries with the time of day, season etc., the fy, of &
given path should be varied accordingly. Suffering from serious fading
caused by ionosphere disturbance and multipath propagation, short wave
communication is not at good quality, besides its capacity is rels-
tively small and its secrecy is bad. Therefore the short wave
communication has been gradually replaced by other means, but in some
speciael cases, especially wmobile communitation, short wave is still
used nowadays.
2.1.2 Microwave relay
Based on the principle of gspace wave propagation, microwave re-
lay was developed after World Wer [l. Propagation researches relating
to microwasve relay are involved in the following two aspects:
(1) The effects of terrain on the space wave propagation
The effects of terrain on the space wave propsgation are very
romplicated in the microwave band. Here, we would only show the calcu-
lation of space w¥ave intensity under the ideal conditions.
~30P
E= B— ¥

(2.6)

where P is transmitted power (watt), R is the distance between trans-
sitter and receiver (Km}, V is interfering factor which depends upon
R, terrain, sntenna elevation, oantenna directivity, electric
parameters of the ground surface and the refractive index of the
troposhere. In wmost actual cases, the wmodule of reflection co-
efficient of the ground approximstes to | and its phase approximates
to 180° !, Then

Va (2+2cos[n + T;T'::_in_.r 1)r7 2.7

where H, is the clearence of the path.

n=odd corresponding to reflected wave is inphase with the incid-
ent wave, i.e. the hig est point ¢f the path is at the odd order Fres-
nel zone. Then V is maxisum.

n=even corresponding to reflected wave is out of phase with the
incident wave, i.e, the highest point of the path is at the even order
Fresnel zone. Then V is minimum.

The profile of the path
concerned is shown in Figure 2.3 .

{2) The effects of cliwmate and at- A _

mosphere on the space wave propaga- :::::::::::::jﬂrhh__!

tion.

The effects of climate and at-
sosphere on the space wave propaga-
tion may be summarized as follows: L Cdd
a, Attenuvation caused by the reson-
ance of gas molecule may be ignored,
if wave length is longer than 2 cen-
timeters. b. Additional attenuation Figure 2.3
caused by rain, fog and snow becomes ,
considerable, if wavelength is shorter than 5 centiweters. c. Have
refraction caused by inhomogeneous structure of the troposphere seri-
ously affects the signal received. This effects say be depicted appro-
xisately by equivalent radius (Rx) of the earth.

R
R'S-T:-IEEEE 2.9
2"dh

where R is the radius of earth. If value of the permittivity (e) of
atmosphere decreases with increasing in height h, Ra> R and wave will
bend down to the ground. It is equivalent to enlarging the H.. If €
increases with increasing in height h, Rg< R and wave will bend upward
awsy Ffrom the ground. It is equivalent to decreasing the H.. The
variation of permittivity of the atwosphere mainly causes the siow
fading of the signal at the receiving point and at the worst cases,
the communication will be interrupted.

T//
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2.2 Sound and Visual Broadcasting

There sre many kinds of broadcasting such as long wave, medium
wave, short wave and ultra-short wave sound broadcssting; conventionsl
television and satellite direct broadcast TV. As for most courtries,
usually the medium wave broadcasting and conventional television s
mnet meanineful. Therefare we are interested in the radiopropakation



2.2.1 Medium wave broadcasting

In medium wave (usvally, 0.5~1.6 MHz) brosdcasting, the space
wave is very weak and can be ignored. Hence wave propagates to the
receiving point wmainly by ground surface and sky. In the day time
owing to the existance of D layer, the sky wave is greatly attenuated
and only surface wave plays a role in the service, This service
coverage is limited in the region with radius sbout 100 Xa frow the
transmitter. At night time, the D layer disappears. The sky wave is
reflected by E layer and interferes with the surface wave, thereby
causing fading at distances between 100 and 200 Ka. Beyond the fading
region the sky wave is dominant, and there is a secondary service

region of relative inferior reception which lies between about 250 Ka
and 750 Km from the transmitter.

If surface wave is used to cover a country with a vast terri-
tory, it is necessary to set a number of stations. For the purpose of
freeing from interference between the adjacent frequencies and getting
good quality reception, we must proceed to draw up a broadcasting co-
verage programme of the country by theoretical catculations and
uractical measurements. Here, we will toughly relate some formulae for
calculating the field strength in the broadcasting coverage programme
se follows'' 51 1

Euy =220/ NP p gy, (2.10)

where Ewv is field strength in millivolts/meter; P is radiated power
in kilowatts; f is antenna efficiency; R is distance from radiator in
weters; F(h) is normalized horizontal fieid strength, with respect to
the horizontal field strength of short verticsl radiator, for antenna
of height *“h”; A, is surface wave attenuation facter and A, is sphe-

ricasl esrth factor. At the surfsce of the earth, A, has been evaluated
as follows.

A=lt-jv e, e Plerteljvpr) | 2.0
. 1 oo -yl .
erfc(jvp;)s2ame |. dv {2.12)
Y v Jive °
p,=pel? (2.13)
P=numerical distance== {n Rcosb) /(A x) (2.14)
b=phase constant=arcig|(e ,+1)/x] {2.1%)

x=18X 10° 0 /fuy, {2.16)

where erfc{ ) is the complementary error function, €, is the rela-
tive permittivity of the earth; A is wavelength in meters and o is

the earth conductivity in whos per meter. The A, for idealized earth
constants is shown in Figure 2.45?

earth is perfect

s s R R

[ (1) vertical polarization if
conductor (2} vertical polarization if earth is

constant |. Practically, in case of vertical polarizntion{ curve (1)
is fairly accurate for wmedium waves over seaoﬂatcr. and is a r:?gh
approximation for medium waves over good conducting groynd. For me 17;
waves and poor ground conductivity the exact curve lies between (

and (2). For short waves curve (2) is a |

feir approximstion. o ,;;H
In China, the field sirength of sky o
wave at night time is calculated by the o3 A
curve shown in Figure 2.5 *'. This curve 7
is based on the curves offered .by o1 :
C.C.I1.R.(International Radio Consultative 008 1
Committee} Report, Proc. I.R.E. Oct. 1938. f
The field strengths in the former are the s
*sedium values” which are defined as the !
field strengthe exceeded instlntaqeously ool H 7 1 o3 o3 ol
50 per cent of the time, while in Fhe . .443.; ;n
latter sare “quasi-maxisum values” which Figure 2.

defined as the field strengths .

:::eeded instantanecusly sbout § pfr cegt of t::etlIE. And
i valuex=0.35X quasi~maximum vs ]

The curve.ﬁﬂ:u;izure 2.5 is based on 1 kilowatt Fffectlve ::w:;
radiated by sonopole. If we use it to qalculnte the field strcu;t of
any ptactical cases, the value obta{ned from the ciire ;::.tion
aultiplied by the gain of power and gain of antenna at e e
concerned. o
2.2.2 Conventional Television

the transmission of con-
ventional television is depen-
dent on the space wave inclu-
ding direct wave and reflected
weve. The calculation of Field L1 —
strength at the receiving

Lo dB (0¥ /u)
+

~

1 o

-20
point is quite the same as

that of the microwave., _u

Generall conventional tele- I '
v:sion i:’apernted on the VHF, 0 7000 4000 000 tuo. 10000 |zm:;:
therefore the fading caused by Figure 2.5 Sky propa;a$1op :urvediu.
interference of direct wave medium wave (yearly midnight me

with reflected wave is not value}

serious. However, the ghost ‘
caused by the ti-e delay of reflected wave seriously ;ffefts S:Te
i i iminlate the ghost is concerned univer -
reception quality. How to elimin is ( e
i i f eliminating the ghos
. Some has intended to find the u?y o
:zilizing the wave propagstion mechanism and proposed to transwit the



television by circularly polarized wave, .
It is well known thast in the case of a conductive plane
reflector at normal incidence,

the circularly polarized (CP) e
wave is totally reflected, but ' }S e
the sense of rotat:ion is
reversed. If the perforeance of
receiving antenna responds to
Airect wave, the reflected wave
will be rejected, However, the
characteristics of the CP wave
sfter reflection from a surfasce
is quite dependent on the nature x
of the surface and grazing angle W T e
of the incident weve. Hence the AEIAL BATIS 6F wAVE NATLECTED FOON SWAFACE WItH £-T.f.000
profit of wusing CP wave in TV Figure 2.6
transsission 15 worthy to be
studied. Figure 2.6 shows the dependence of axial ratio and rotatien
sense of the reflected wave on the grazing angle ¢, when a CP wave is
incident on the surface with permittivity € =3-j0.009 which is said to
be typical of large city industrial areas'®’'. In the Figure 2.6 the
reflected wave is in opposite sense in the interval of grazing angle
p frow 30° to 90°, Evidently, the ghost can be weskened in the wmost
part of TV coverage.

Experimental CP TV has been carried out in Awerica and also in
China by National! Broadcasting Administration Bureau. CP-CP is com-
pared with HP-HP at five outdoor receiving points in Beijing under the
conditions of that the transmitter was alternately connected to the CP
or HP transmitting antenna and that the gains of CP and HP antenns
were identical in transmitting and receiving. Some regults are shown
in Figure 2.7 ''', The ghosts are weskened by CP-CP evidently.
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Figure 2.7 Experiment CP TV Compared wigh HP TV in China

2.3 Radar and Rewote Sensing

2.3.1 The basic equations. Remocte sensing may be classified into two

kinds— passive and active. The active remote sensing is to detect the
information from the received EM field scattered by the object. In
this systes, a transmitter is necessary. The passive rewocte sensing is
to detect the information involved in the electromagnetic waves from
the thermal radiation of substances. In this system, only receiving
system is necessary. Radar is usuelly classified into bistatic radar
'ich has the transmitting system and receiving system situated at
) terent locations, and wmonostatic radar which has these systeas
located at the same place, usuaily sharing the same antenna. The per-
formance of radar and active rewote sensing are both governed by the
radar equation as follows'?',

2
P-‘%ﬁ%ﬁ%*%iﬁél Ardn 9y 0 4L, (2.17)

w

_where Pa is received power; Py is transmitter. power; Gy is gain of tﬁé

transeitting antenna in the direction of the target; Ga is gain of the
receiving antenna in the direction of the target; n, is efficiency of
the transmitting system; n . is efficiency of the receiving system; R
is range between the target and the receiving antenna; Ry is range
between the transmitting antenna and the target; A, is sttenuation
factor allowing for propagation loss in the medium of transmittine
path; A. is attenuation factor of receiving path; o is radar cross
section of the target; A is operation wavelength of radar and L, is
nuaerical factor allowing for polarization loss.
For monostatic radar sharing the same antenna system,

61=G.=G, Ry=R, Ar=A|=A. then

2 2

Pa “”‘l); 41 ;A AT n e ale {(2.18)
In the above equations, target is characterized by the quality o
which has the dimension of ares and is dependent on the direction and
polarization, It is defined as

. Le
d=bn lie R? —E—-.—.E.—-
- o E* . E*°

(2.19)

where E' and E* are the incident and scattered electric fields, respe-
ctively.

For passive remote sensing, the basic equation is Planck’s ra-
distion law. Actording to Planck's radiation law, a blackbody radiates
uniformly in all directions with a spectral brightness By given by.

A G (2.20)
where By is Blackbody spectral brightness, Wa-?Sr-'Hz"'; h is Planck's
constant=6.63X10-?' joules; F is frequency, Hz; K is Boltzmann's
constant=1.38X10-%3, joule K''; T is absolute temperature, K; and c
is velocity of light=31Xx 10" as-',



A family of curves of Bs 8s 8 function of Frequency with T as
parameter is shown in Figure 2.8'%7.
2.3.2 The dependence of imaging on electromagnetic wave theory

There are three stages in
the visual sense of wmankind. They
are discovering, discriminating
and imaging. The advances of the
functions of radar systems also
follow these ctages, and imaging
is the highest stage that we want
to attain. In EMW peint of view,
all of the discovering, dis-
criminating and imaging is just
the inverse-problems of the scat-
tering. We will discuss the

—
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Brightness Bp, Wm~*Hz"'Sr"!

mechanise of imaging in the aspect

e 0
of EMW theory to look for the Br Frequency, ta —
: iz i AL e o PP wira PPN
possible way of vrealizing it. - it = Tz T
The amount of information ~— Wawsiength, m
involved in the various imaging Figure 2.8 Planck radistion-law
theories: curves

(1) Imaging based on geometrical

optics theory

Geometrical optics theory of wave
propagation is based on the high frequency
approximation. Its main idea is that the
wave propagstion can be depicted by
successive wavefronts and an associated
family of rays as shown in Figure 2.9. The
surface S{x,y,2)=S, and S{x,y,z)s5,+8§ are
the wsvefronis at time to. and te*81t
respectively. Geometrical optics is then
concerned not only with the form of these
surfaces but also with a peint-to~point Figure 2.9
trensformation from one wavefront into the
succeeding one. The peint-to-point correla- t'
tion of wavefronts is established by the
“rays”, a f[amily of curves having at each
point the direction of the energy flow in the 4
field. By these conceptions, Lhe magnitude of
the scattered field emplitude |E»|] at a
distance p along the reflected ray from a
given point p on the conductive reflector (as
shown in Figure 2.10) is given by equstion''’: Figure 2.10

IEe [=|Eal [ (Rl,p;"(::,p, Jre {2.21)

where |Ea| is the magnitude of reflected field at the point of
reflection, and R,, R; are the principal radii of curvature of the
reflected wavefront,

It should be noticed from the above discussion that in the far
region Fe involves only the information of the reflection point of the
object.

The typical example of imaging based on the geometrical optics
theory is vsing the Radon transform in the tomography. The Radon
tronsfors of a function at a given hyperplane is defined as the
integral of the function over that hyperplane's'. The Radon problem is
the determination of a function from its Radon transform. The Radon
traneform is defined in the n-diwensionsl space, but for simplicity,
we will confine our remarks to the problem in the 3-dimensional space.
A hyperplane in 3-dimensional Euclidean space is defined by

E . X=p (2.22)
where x is the spatial position vector; E is a8 unit vector orthogonal
to the hyperplane; ond p is the Euclidean distance from the origin.

The Radon transform T{& ,p) of a functien f{x) over the hyperplane is
given by

(s p=l. f(x)ds (2.23)
x - Egp

where & i & surface element on the hyperplane and is of degree 2, and
ds is its differentiai. In reconstructive tomography, the 3-
dimensional structure of an object is recovered by reconstructing
succesGive cross sections orthogonal to a comson axis. Messurements of
tranemitted radiation such as X-rays provide the projections of the
density of & cross section. The
projection p ie¢ simply the line
integral of the density in the
direction of projection ¢ as
illustrated in Figure 2.11.

P(w,p)m IL(".p)f(la.lz)dL (2.24)

The equation (2.24) is the Radon

transform in two dimensions, and
hence the problem of recovering \\\\\\
f{x:,xz) is the Radon problem with
n=2. This Radon problem is given by

-t -
fix)=r— p(E, & « x)}d .25
() 4a JIE |=|HL(E E e (2.25) Figure 2.11 Geometry of

wvhere H denotes "Hilbert transform of”. 2-D projection problem
Radon transform used in tomography is
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very successful, but it needs a great deal of measurements to get
necessary information for inversion. :
(2) Imaging based on physical optics theory

Figure 2.12 shows that the wavefront Wave front
of impulse electromagnetic field is r >
sweeping across the object (conductor) snd A

its left part (without shadow) has been A
illuminated. The formula for scattered
field of the object based on physical ¢
optics theory is as follows!®!,

fi*(r,t)=

2 TG, 1) XRalds',  (2.26)

bnre At }illu. ' . J .
T =t-R Figure 2.12
J(r, t)=2nx H* (F, ) (2.27)

where ii®(r,t) is scattered magnetic field at the observetion point;
' (r,t) is incident magnetic field; n is outward unit vector normal to
surfece of the object; r is position vector to the obsérvation point
p; T' is position vector to the integration point s; fs i unit vector
from the integration point to the far-field observer; t is time in
light metres; and r, is distance to the far field observer.

Evidently, the scattered field obtsined under the physical
optics approximation involves only the information of illuminated part
of the object and never involves the information of the rear of the
object, but it is more than thst obtained under the geometrical optics
approximation. Therefore, it is ressonable to expect that the aspects
needed to take measurements in the imaging based on physical optics
theory may be less than that needed based on geometrical optics
theory. '

(3) Imaging based on exact electromagnetic theory
In fact, the induced currents J(r,t) st any points on the object

are not only determined by the local incident field fi*{r,t). but also
causally correlated with any other points on the illuminated part of
the object. Exact electromagnetic theory has pointed out that J¢r,0,
that is equation (2.27), in equation (2.26) must be corrected as
follows.
J(F,0=220x " (F,0)+Jc (7, 1) (2.28)
35(;,t)=i-|;fs "‘x“""li?‘% %l](?',r)xﬁ]ds'.tﬂ-k (2.29)
vhere ﬁ=(;-;')/R. R=lc-r'l.
Substituting equation (2.28) into equation (2.26), the scattered
magnetic field H*(r,t) can be calculated strictly. When integration is

performed causally all over the object, f*(f,t) at the observation
point consequently invalves the information of the whole object.

Frow the above discussions we can conclude: For getting the
information of the whole object, to take data in all aspects round the
object is necessary, if imaging is performed on the basis of
geometrical optics theory. In many practical cases, it is not allow-
able to do so, and we always expect to reconstruct the object by
taking measurements in the finite number of aspects. From the above
three theories for iwaging, it is evident that enly the exact electro-
nagnetic theory might provide the possibility of decreasing the number
of measuring aspects te the minimum. However, how to seperate the
information of each point of the object from ii® received is quite a
problem. This is just the work that we should do.

2.4 Environmental protection snd biomedical engineering

Now people live in the electromagnetic environment, and the
effecte of EMW on the organism, particularly on the human body cannot
be ignored, Really, an excess of electromagnetic wave has been
regarded as the pollution of the environment. For the safety of the
people living or working near the high power radiation source, the
protection regulations are being set ip many countries, and the
related problems are being studied. There are two kinds of damages:
One is the thermic damage—organism burned by the heating effect of
the wave, and the other is the non-thermic damage such as the func-
tions of nervous system disturbed by induction of the electro-
mzgneticm. On the other hand, electromagnetic wave may be used to cure
diseases. For instance, the cancer is cured by the irradiation of
microwave or laser. For Lhe purpose of svoiding the blind operation
and improving the treatments, it is necessary to study the wave propa-
gation in the organism, so that we can fix the exact location to be
irradisted and give the necessary dose of irradiation.

The related topics have been studied theoreticaslly in our
laboratory, and some interesting results have been obtained. They arc
shown in Figure 2.13 '"', In Figure 2.13, (a) is a lossless dieiectr;
cylinder with radially stratified relstive permittivity. (b} and (c}
are the electric field distribution inside the cylinder under the
eccentric irradiation of electromegnetic beaw. There are two points
which should be noticed: |, Internal Field distribution is no*
symmetric to the axis of the beam. 2. The location of maximum fiei:
intensity does not align with the axis of the beamw.

It is reasonable to imagine that if radially inhomogeneous
conductivity is considered as well, the problem will become more out



of Eoreknowledge. Evidently, if we have not mastered the mechanism of
wave propagation in the human body to cure disesses by irradiation,
the normal tissue would be damaged, but morbid tissue will be free due
to the insufficient dose.

"d'l B! ,A
Figure 2.13

2.5 Energy soutrce

ENW is one sort of energy, If we want to develop a new frequency
band for scientific snd technicsl purposes, the prerequisite is having
the energy source. It means that first of all we wust develop the
device working st this frequency band. However, the operation
mechanism of any device, vacuum or semiconductor, is based on the
interactions of the charged perticles with electromagnetic wave
(field). Therefore electromsgnetic wave theory is very useful 1to
investigating the wmechanism of the new device or equipment. The
development of free-elctron laser (FEL) is one instance of successes.

FEL is a device in which @ . avcs magaet
beam of relativistic electrons s . 13.2 om pesiod) ] .f_"s‘m‘
injected into a wiggler magnet, s~ f‘—::a-ummmmn—-ﬂ'—r Beam

periodically alternsting wagnetic | P“:i”‘**
field {period 1,) as shewn in oo T estnaior
Figure 2.14 191191223 gnd the il ::;:’u
coherent radistion produced is at of curvalure = 730 cm o curvaturs = 780 em
wavelength Figure 2.14 schematic of o free-
1 electron laser [cited from
2 30
M T .38 reference 22|

where v 2=(1-v?/e?) ' is the re~

lativistic factor, ¢ and v sre the velocities of light and electron
respectively. FEL consists of electron beam source, wiggler and
resonator three parts. It is anticipated that FELs may be as sources
of tunadle, coherent, high-power {both cw and pulsed) radiation in the
far infrared (long-wavelength) and vacuus wultraviolet {short~-

wavelength) region.

The directed EM energy in space is an attractive problem to the
scientists in recent years. Tai Tsun Wu has pointed out in 1985 that
under transient excitation the energy transmitted by an antenna »f
finite size to a farawsy receiver can decrease much more slowly thgn
the usual R"?*. Instead, by & suitable choice of excitation, this
quantity can decresse as slowly 8s one wishes, under the physical
restriction that the total energy radiated by the antenna is finite.
It encourages the dcientists to study'thlt.problel. In our laboratory
the radiation of s disc excited by iapulse current has been stud;.‘
theoretically, and foilowing results are obtained:*°!

(ap )orfcte)” 2.

where Zpax is the maximum distance of the existance of the
unattenuated propagstion; a is the radius of disc; p is the distance
from centre of the disc to the projection of the observation point on
the disc plane; and t, is the width of exciting impulse. It should be
noticed that Zuax exists only in the tylindrical space confined by the
disc, decreases as the rsy going away from the central axis of the
disc, becomes zero near the edge of the cylinder. For instance, if
2239, Zuax=10°m required, then to=1.5X10"''sec, and Znax=0 would
happen at p =2.937n. This phenomenon is just like a missile, so it is
termed EMP missile. Although EMP missile is hard to be reslized in the
technology st present, it is very interesting theoretically and
practically, and it will be useful for civil and military purposes.
Now we are going to see that EMW is asvailable net only to the
survey of the petroleum, but also to exploit it. MWD (measurement-
while-drilling) system is very profitable to the drilling. When
drilling a well, data from downhole is currently brought to the
surface priwarily by wmud pulse or wireline systews. Unfortunately,
wireline system is very hard to be manipulated and wud pulse system
offers too low dats transmission rate. People expect to realize MWD by
means of EMW propagation, i.e. modulated ultimate-low frequency wave
is radiated frow downhole and transmitted to the ground surface via
propagstion. It is necessary to investigate the mechanisa of
ultimate-low frequency wave propsgation in the stratum, before we
answer the gquestions about the possibility of transmitting
information, the waximum usable frequency, the effective radiated
power required and the kind of receiving system. The related topics
are studied in our laboratory, and the electric field strengths on the
surface are calculated?!?'. The configuration of EMW-MWD system is
shown in Figure 2.15. In the Figure, region (1) is the free space,
region (I1) is the stratum, and region (M} is the mud. If L=3000m,
D=2990m, a=8cm, b=63cw, o0 ,=0.2mho/m, © ;=8.0mho/m, and V=lvolt, the

Zuax



electric field strengths st the surface calevlated are shown in Figure
2.16. The abscissa p is the distance to the centre of the holf, and
the ordinate is the field strength. fvidently, the nttenu{tlon of
propagation is strongly dependent on the frequency, if well is deep.
Therefore EMW-MWD system must operate on the ultimate-low freq?ency
such as lower than 5 Hz, and the dats transmission rate is relatively
high. The correlation reception system is required for detecting the

weak signal from the serious background.
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Figure 2.15 Figure 2.16

CONCLUSIONS
It has been briefly discussed above how radiopropagation is
relevant to the huwan civilizetion, and from these discussions, we can

conclude that there are three natures in the radiopropagation physics.

n International Nsture

Frequencies as the natural resources are the common wealth of
human beings. For the purpose of coordinating the usage of frequencies
in various regions and countries, Internstional Frequency Registration
Board and International Radie Consultative Committee regularly propose
the suggestions concerning efficient use of frequencies to his
geabers. On the other hand, in erder to get the complete feature of
radiopropagaticen for communication and other purposes, international
cooperatiens and  exchanging experiences such as ionospheric
forecasting are also necessary. These demonstrate that radio-

propagation physics is a highly internationsl science.
(2} Regional Nature

Because climate and geograph are quite different frem country to
country, we should not only absorb the advanced technology and
experience from abroad but also wmaster the domestic or regional
properties of radiopropagation in developing our own broadcasting,
communication etc. If we want to draw up 8 national medium wave
broadcasting coverage programme, we must have the knowledge of ground
conductivities over our country and some studies of wmedium wave
propagation should be made. If we want te lay s microwave relay route,
we must have the dats of attenuations due to rain and snow etc. of
respective regions. OF course, the typical data provided by other
countries are valuable to reference, but practically they cannot be
used to replace local data. Therefore, every country should study the
problems of radiopropagation according to his own requirements.

M Precedent Nature

The precedent nature of radiopropagation physics means: radio-
propegation study is usually prior to other work in developing any new
radio system, For instance, in the history of developing optical fibre
communication, the wave propagation studies such as that J.Tyndall
experiwented in light transmitted along a water column in 1870 and
D.Hondros & P.Debye theoretically studied EMW transmitted along long
dielectric cylinders in 1910, are the precedent work. These laid the
foundation of developing the optical fibre communication system. Up to
now, such precedent work is etill necessary to be done. In the
developing EMW-MWD system, first of all we must master the mechanise
of ultimate-low frequency wave propagation in the stratum, or we will
get into trouble, wasting our tise and funds.

On the whole, the studies of radiopropagation are very necessary
to every country and international coopersations are important.

REFERENCES
11 Uladby, F.T., et al. “Microwave Remote Semsing: Active and
Pagssive”, 1, Addison-Wesley, Reading, MA (1981},

2] Skolnik, M.1., "Radar Handbook”, McGraw-Hill, New York (1970},

3] Mott, H., *Pelarization in Antennas and Radar”, John Wiley & Sons,
Inc., New York(1986).

4] Barge, B.L. “Polarizstion Measurements of Precipitation Backscat~-
ter in Alberta”, Journal de Recherches Atmosphériques, 8, 163-173
(1974) .



5]
6]

7]

]|
9l

10]

12]

13]
14]

151

i6)

171

19]

20]
21)

221

Williams, H.P., “Antenna Theory and Design”®, 2, Sir Isaac Pitman &
Sons, LTD(1950).

Jordan, E.C. and Balmain, K.C., “Electromagnetic Waves and
Radiation Systems”, Prentice-Hall, Inc.{1968}.

Beijing Telecommunication College, *Microwave Relay
Cosmunication”, People's Telecommunicatjon Publishing House
{1962).

Laport, E.A., “Radio Antenns Engineering®, McGraw-Hill, New York
(1952).

China National Standards for Medium Wave Broadcasting Coverage
Technology GBZ017~80. -

Colline, G.W., “Effect of Reflecting Structures on Circularly
Polacized TV Broadcast Trapsmission” IEEE Trans. en Broadcasting,
BC-25, 5-13(1979).

China National Broadcasting Administration Buresau, “The Finsl
Report of Experimental Circular polerization TV Broadcasting”
(1978) .

Tsang, L and Xong, J.A., “Theory of Microwave Remote Sensing”,
John Wiley & Sons, Inc.(1985),

Krsus, J.D., “Radio Astronomy”, McGraw-Hill, New York{1966).
Silvear, S., "Microwave Antenna Theory and Design”, McGraw-Hill,
New York (1949).

Boerner, W.M., Ho, C.M. and Foo, B.Y., “Use of Radon's Projection
Theory in Electromagnetic Inverse Scattering”, IEEE Trans. on
Antennas and Propagation, AP-29, 336-341(1981).

Bennett, C.L., *“Time Domain Inverse Scattering”, IEEE Trans. on
Antennas and Propagstion, AP-29, 213-219(1981)

S.R., Zhang and W.Y. Wang, “The Electromagnetic Scattering by a
Radially Tnhomogeneous Dielectric Cylinder and the Inverse
Problem”, International Symposium on Radio Propagation (Beijing),
209-212(1988).

Committee on Science, Engineering, and Public Policy (U.S5.)
“Frontiers in Science and Technology”, W.H. Freeman snd Co.(1983).
APS Study Group Participants, “Report to The American Physical
Society of the study group on Science and Technology of Directed
Energy Weapons®, Review of Modern Physics 59, 3, Partll, 51-5201
(1987).

Xu, 2.Y., “Theoretical Study of EMP-Missile”, Thesis for Master
degree, Institute of Electronics, Academia Sinica (PRC), {1968).
Xia, M.Y., “Theoretical Study of EM-MWD Systen”, Thesis for Master
degree, Institute of Electronics, Academia Sinica (PRC), (1988).
Deacon, D.A.G. et al., “First Operation of a Free-Electron Laser”,
Physical Review Letters. 18, 16, 892-893 (1977).



