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ABSTRACT
SCATTERING OF ELECTROMAGNETIC WAVES
BY HUMAN BODY AND ITS
APPLICATIONS
By

Devendra K. Misra

This dissertation presents a study on the scattering of electro-
magentic waves by the human body alongwith some related applications.
After introducing the aim and scope of this study in Chapter 1, the
responses of three orthogonally aligned E-field probes, near a cylindrical
model of human body illuminated by TE and TM waves, are determined
theoretically in Chapter 2. In Chapter 3, theoretical results of the
probe responses are verified experimentally using a cylindrical di-
electric shell filled with saline solution and at the frequencies of
2GHz, 2.45GHz and 3GHz. The theoretically computed results are also
compared with the experimentally recorded probe responses when the shell
is empty. An excellent agreement is found between the theory and the
experiments. Some additional theoretical results of the response of the
probe near the biological body are also presented in this chapter. A
large shadow region behind the body and the difference in the probe
response with and without the presence of the body are noted.

In Chapter 4, the expressions for the backscattered electric

fields from a cylindrical and a spherical body illuminated by plane EM



waves are obtained and their behaviours are studied when the body-
radius changes with time. It is observed that the phase of the return
signal changes approximately linearly with change in the radius, while
the magnitude of this signal is not linearly affected.

Two different techniques for detecting the breathing and heart
beats of humans from large distances are presented in Chapter 5 using
a magic tee in one and a circulator in the other. Detection of the
breathing and heart beats from about 100 feet and also through a con-
crete wall is reported in this chapter.

Finally, Chapter 6 summarizes the whole work and Appendices

A to D present the computer programs and the printouts.
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CHAPTER 1
INTRODUCTION

Many reports and papers are available in the scientific literature
dealing with the interaction of EM field with the biological systems.
These studies were motivated by the controversy over the potential health
hazards due to non-ionizing EM radiation and increasing medical ap-
plications in therapeutic and diagnostic treatment involving EM energy.
For that purpose, theoretical methods of calculating the internal EM
field accurately in an irradiated body have been developed [1]. However,
the EM field scattered by the biological body,which is the subject of
this thesis, has not been studied thoroughly so far [2,3]. In the
present work, the scattered EM field near as well as away from the
simplified models of human body, has been studied and some of its pos-
sible applications have been demonstrated.

In Chapter 2, the human body is modeled as two concentric
cylinders of infinite length, illuminated by a linearly polarized plane
EM wave. The responses of single and orthogonal E-field probes near the
body are determined by solving the boundary value problem. These re-
sults are experimentally verified in Chapter 3 using a cylindrical
dielectric shell filled with saline water. A few computed results for
the probe response under various conditions are also presented in this

chapter.



An expression for the backscattered electric field from a
cylindrical body illuminated by a plane wave with electric field parallel
to its axis, is first obtained in Chapter 4. The behaviour of this field
is then studied when the radius of the cylinder changes with time.

In the latter part of this chapter, an expression for the backscattered
electric field from a spherical body exposed to the plane EM waves is
obtained and the effect of the change in the radius of the sphere on

the magnitude and phase of the field is studied.

Chapter 5 presents two different techniques, one using a magic
tee and the other using a circulator, to detect the breathing and heart
signals of the human beings from the long distances (~ 100 feet or so)
as well as through a concrete wall. These techniques may be useful
for remotely detecting the physiological status of humans at distance
or trapped living beings behind barriers. |

Finally, Chapter 6 summarizes the whole work and the computer

programs are given in Appendices A to D alongwith the computed results.



CHAPTER 2

RESPONSE OF E-FIELD PROBES IN THE PROXIMITY OF
HUMAN BODY - THEORETICAL CONSIDERATIONS

An E-field probe is often carried by a man on his body surface
for sensing the intensity of the EM field he is exposed to. It is,
therefore, worthwhile to study the response of these probes in the
proximity of human body. In this chapter, the two cases - TE and TM
polarized incident fields are considered. For simplicity, the human
body is assumed as circular cylinder of infinite length with complex
permittivity. The equivalent voltages induced in the receiving probes
have been determined after obtaining the expressions for the scattered
fields from a two-layer concentric cylindrical model. The experimental
verification is presented in the following chapter using a cylindrical

dielectric shell filled with saline water.

2.1 Human body exposed to a TE-polarized EM wave

In order to determine the equivalent voltage induced in the
receiving probe near the human body, the total fields at the location
are required. Since, by superposition, total field is sum of the in-
cident and scattered fields, the expression for the latter is first
obtained in the following section and then the expression for induced

voltage is obtained.



2.1.1 Determination of scattered EM fields

The geometry and the coordinate systems related to the problem
are shown in Figure 2.1.1 Specialized form of Maxwell's equations

suitable for the present system are,

1 aEz .
-3F, .
13 (w4 _ Y aHr _ K2 E (2.1.3)
r ar ¢ r 3¢ jwuo z Tt
. . 5 _ _
with the assumption of 3z 0 and Er = E¢ = 0, and
2 2 .
K™ = wuge (1-3 i) (2.1.4)

The time dependence exp(jwt) is assumed and suppressed
throughout.

The expression for z-polarized incident plane wave is assumed

to be

gl -3 Eg, exP(-Jkgx) = z Eg, exP(-Jkgr cos ¢) (2.1.5)

From equations (2.1.1) - (2.1.3), the partial differential

equation for Ez(r,¢) is obtained as,

2
3 Ez

2

oF 9 E

z , 1 z 2 -

Br‘+:2— 2+k EZ_O (2.1.6)

+ 1
r 3

8?‘2
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Fig. 2.1.1. A TE-polarized plane wave illuminates a vertical
receiving probe located near a long sheathed
conducting cylinder.



Now assuming Ez(r,¢) = R(r)¢(¢) to obtain a separation of

variables solution, equation (2.1.6) gives,

2 2

d-¢
3 (2.1.7)

-
In.
P

+ k2r2 = -

LN
Q ja
*NI

r
*R

[=%
| —

r

Since the left hand side of equation (2.1.7) is only r-dependent,
both should be equal to the same constant. Furthermore, the field is

single valued, i.e.,

E,(r.¢) = E(r,0 + 2r)

Therefore, the above mentioned constant should be an integer.
Now since the incident field, expressed by equation (2.1.5) is even in ¢,

the scattered field E°

is expected to be even in ¢. Hence, keeping in
mind the properties of Bessel functions, the scattered field in three

regions may be written as,

’
a Jn(k]r) cos(n¢) r<ory
E3 (r,e) = [b H(])(k r) +c H(z)(k r)J cos(ne) r.<r<r
zn' "’ < nn 2 nn 2 ‘ 1 2
(2) ’
\dn Hn (kor) cos (N¢) r>r,
(2.1.8)

Where an, bn, cn

for Bessel and Hankel functions are employed. Hence the total electric

and dn are constants and usual notations

field Ez(r,¢) in three regions are,
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4
nZO a Jn(k]r) €os (n¢) r<r

v (1) (2)
nZO TboHy * (kor) + ¢ H “(kr)T cosey vy < r <,

A

E (r,¢) =

EOz exp(-jkor cos ¢) + nZO dnHéz)(kor)cos(n¢) r>r,
\
(2.1.9)

For evaluation of constants, boundary conditions, the continuity

of tangential fields, E_ and H, , at " and r, are used. For that

z ¢
H¢ is evaluated from equation (2.1.2) as

2

4 oo
k] nZO a Jé(klr) cOS (N¢) | r<onr

H¢(r,¢) = < k2 nZO [angl) (kzr) + anéz) (kzr)]cos(n¢) rp<r<n

Juug

-jk0 cos ¢ EOZ exp(-jkor cos ¢) +

T (2)"
k0 nZO dan (kor) cosng) r>r,
(2.1.10)

Now, in order to satisfy boundary conditions, the following

four equations must be satisfied.

v _nou(l (2) -
nzo [aan(k]rl) ann (kzr]) - ¢ H (kzr])Jcostn¢) 0 (2.1.11)

v (1) (2) _ a2
nZO [ann (kzrz) +Can (kzrz) dan (kor‘z)]cosmq»

= EOZ exp (-jkor2 cos¢) (2.1.12)
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(o]

k . I .
nzo [anda(k]r]) B Ef_ {anél) (kzr]) + CnHr(IZ) (kzr‘.l)}]cos n=0
(2.1.13)
and
= k
(2)' _g (")l (2)'
nzo Cd Hy (korz) - K, {ann (kzrz) + ¢ Ho (kzrz)}]cos(n&

= j cos ¢ EOz exp(-jkor2 cos ¢) (2.1.14)

Equations (2.1.11) - (2.1.14) can be solved for a_, b_, ¢

n’> n* n
and dn‘ From equation (2.1.11),
- oull) (2)
aan(k]r]) ann (kzr]) + Can (k2r1) (2.1.15)
while from equation (2.1.13),
a d'(kory) = “2 1y WD ey + e i@ (or) ] (2.1.16)
nn 11 k] nn 21 nn 2°1 T
From equations (2.1.15) and (2.1.16),
bn = -chn (2.1.17)
where
poaitgr) K W e
AT H£25(k2r])
H2) (kr))
x = -0 < $
n (2.1.18)
SR AL ki) k, B (ko)
1M1/ X2 My " KN
(k) T Ky H(i)(kzr]) )
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Now, using equation (2.1.17), equation (2.1.12) may be written as,

[

- 1 2 2
nzo {L-XnHé )(kzrz) + Hg )(kzrz)] c, - d H( )(k o'2)} cos (n¢)

= EOz exp(-jkor2 cos ¢) (2.1.19)

Multiplying both the sides of equation (2.1.19) by cos (mg)

and then integrating over 0 to 2w, one gets,

X (ory) + 12 ()1 = 4P (k)
€m
= ??'EOZIm(kOrZ) (2.1.20)
where
I (k0 2) 213" (k0 2) (2.1.21)
and

= Neumann number

The orthogonality property of cosine functions is utilized in equation

(2.1.20).

From equations (2.1.14) and (2.1.17),

EO{ E—{ H(1) (k ry ) + H( )! (k2r2)]cn - danz)'(korz)}cos(n@
n=
= -j cos ¢ EOZ exp(-jk0r2 cos ¢)

As before, multiplying by cos m , integrating them over 0 to
2w, and provoking the orthogonality property of cosine functions, the

above equation reduces to,
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k
2 _y (1)’ (2) (2)
| k0 L XmHm (kzrz) + Hm (kzrz)]cm - dem (korz)
_ €m '
= 50 EOzIm(kOrZ) (2.1.22)
where,
1} (kgrp) = 2nj_mJ6(k0r2) (2.1.23)
and

em = Neumann number

c, can be expressed in terms of dm using equations (2.1.20)

and (2.1.21) as follows:

(2)
.. Hm (k0r2) s
" ”;2)(k2r2)'xm”;])(k2”2) "
J (kar,)
+ .M 02 "?mEOZ (2.1.24)

;
”éz)(kzrz)'xm“&])(kzrz)

Now, substituting for c_ = from equation (2.1.24) into equation (2.1.22)

and then solving for dm’ one gets,

J' (kaT,)
-m m 02 -y
d = Eyed Intkor)  [In(kor?) _m (2.1.25)
Hne” (gry) y - Hn? (ko)
m H;Z)(korz)
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where
(2)" (1)
k Hm (kzrz) - XmHm (k

2
y - e—
m kg Héz)(kzrz) - XmHél)(k

")

(2.1.26)
2"2)

Thus, the electric field outside cylinder is given by,

, - v (2)
Ez(r,¢) Eo, exp(-Jkor cos ¢) + nZO d Ho (kor)cos ned (2.1.27)

Where dn is given by equation (2.1.25) with m replaced by

2.1.2 Equivalent voltage induced in a receiving probe

The EM fields in three different regions have been determined
in the previous subsection. Now, consider that there is a small cylindrical
receiving antennaata distance of R (R > rz) from the axis of the
cylinder and aligned along z-axis, as shown in Figure 2.1.1. Then the
boundary condition to be satisfied at the antenna surface is

z . Ep = Vg 8(2) = 7,15 s(2) (2.2.1)

Where V0 is the voltage across the load ZL due to current

I0 at z =0 of the receiving antenna, and

I

p t self * image (2.2.2)

> . > . . . *a
Et is the total E field given by equation (2.1.27), Ese]f

is the electric field maintained by the induced current on the receiving
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be and E2
probe and Ej. oo

created by the presence of the cylindrical body.

is the electric field maintained by its image
The induced current in the antenna is a function of z and can
be expressed as
I(z) = Iof(z)
Where f(z) 1is the current distribution function. Since,
1(z=0) = IO, f(0) = 1.

Therefore, from equation (2.2.1),

h >
J_hf(z)z-Epdz - 7,1, (2.2.3)
or
- h f o +'i h ~ ->a +
ZLI0 = J-h (z)z-Etdz + J_hf(z)z.Ese]f dz
h .
+ J hf(z)i-E?mage dz (2.2.4)
Therefore, if
h >4 A
~ 1 a
J-hf(z)z-Etdz = Veq (2.2.5)
h >
~ a é
J_hf(z)z-Eself azf -z, 1 (2.2.6)
and,
h >
~ a a
f_hf(z)z-Eimage dz = - 711 (2.2.7)
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Here the induced EMF method [4] is used to get equation (2.2.6).
The effect of probe-body coupling is included via image theory, except
that the strenth of the image is approximated by weighting it with
appropriate reflection coefficient [5,6,7]. Zm is the mutual impedance
of the antenna and its image for the perfect conducting body case.

Hence from equations (2.2.4) - (2.2.7),

v
I, = o
0~ 7 *Z +r1,I

For a small probe, Zin is very large. For example, for a probe
of 2h = 1.3 cm, Z;, at 2.45 GHz is found to be about 2-j1137 Ohm [8].

The load impedance, ZL’ for a 10k Ohm 1in parallel with 6pF capacitor
which is a typical value for the probe, is approximately -j10.8 Ohm,

If two of these probes are placedin parallel 2.54 cm apart, which re-
present the probe and its image, the mutual impedance, Zm, can be com-
puted [9] as 2.06 - j2.07 Ohm. Since |[r [ <1, |Z + Ll >,z |
Therefore, for practical purposes,
Ve

Iy ~7

(2.2.8)
L * Zin

Veq is determined as follows:

h s
- 5 ¢l
Veq = f_hf(z)z-Etdz

[+ <]

h
- . (2)
= th(z)[EOz exp(-JkOR cos ¢) + nZO dan (kOR)cos(ndndz

or
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h

_ : S 2
Veq = [EOZ exp(-JkOR cos ¢) + nzo dan )(kOR)cos(n@] f_hf(z)dz

(2.2.9)

Assuming a triangular distribution of current over the probe

which is a short dipole as,

f(z) = 1 - lzl 0<]z| <h
The equation (2.2.9) reduces to

V__ = hlE

s v (2)
eq 0z exp( JkgR cos o) + nzo d Ho (kOR)cos(néh (2.2.10)

Hence, the load current I0 can be determined for a given probe

with known input-impedance Zin and load impedance ZL‘

2.2 Human body exposed to a TM-polarized EM wave

When the human body is exposed to a TM-polarized EM wave, the electric
field will be coupled to both azimuthally as well as radially aligned
probes. Again, the human-body is modeled as two layered infinite cylinder
of complex permittivities. The expressions for the scattered field
distributions are obtained in the following sub-section. The induced

voltages in the two probes are then obtained from the total E-field.

2.2.1 Determination of the scattered EM-field

The geometry and the coordinate system for the analysis are

depicted in Figure 2.2.1. The magnetic field components Hr and H¢

are zero. The electric field component Ez is also zero. The relations
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Fig. 2.2.1.

15

A TM-polarized plane wave illuminates a horizontal

receiving probe located near a long sheathed conducting

cylinder for (a) the probe oriented azimuthally and
(b) the probe oriented radially.
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among other three field components are obtained via Maxwell's equation,

assuming that the partial derivative with respect to z 1is zero, as

follows:
£ = - 3:20 1 ag; (2.2.1)
e, - 3:20 % (2.2.2)
while Hz satisfies the following partial differential equaiton:
2 2
:_r:l»r%i:_% +l_2 a_a% +k2H, = 0 (2.2.3)

Now using the method of separation of variables and following
the procedure similar to the TE-wave case, the scattered magnetic field

Hz(r,¢) in the three regions is found as,

fandn(k]r) cos (n¢) r<or
H;(rs¢) = 204 [angl)(kzr) + anéz)(kzr)]cos(n¢) rp<r<rn
n=
LdnHr(‘Z)(kor) cos (n¢) r>r,
(2.2.4)

Where an,bn,cn and dn are constants. Hence the total magnetic

field Hz(r,¢) in the three regions can be expressed as

([
nZO a J (kqr) cos(ng) rer
Ho(rse) = < E (b H(])(k r) +c H(z)(k r) Jcos (ng) ry<r<r
AR ns0 N 2 nn 2 1 2
kHOZ exp(-jkor cos ¢) + nZO dnHéz)(kor)cos(n@ r>r,

(2.2.5)
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For evaluating the constants, the continuity of the tangential

fields, HZ and E¢, at g and r, s imposed. E¢ is evaluated

using equation (2.2.2) as follows:

(2% 5 4 3 (ke costne)

) a J'(kyr) cos(n¢ r<r

k] nsg N 1 1
Jwpy ' '
E¢(r,¢) S it nZO [angl) (kyr) + angz) (kor)lcos (ng) ry <r<r,

jqu . .
L kO [-j cos ¢ HOZ exp(-JkOr cos ¢) +

+ E dnHéz)'(kor)cos(n¢) r>r,

n=0
(2.2.6)

Now enforcing the boundary conditions at g and ros the

following equations are obtained:

§0 [aan(k]r]) - anél)(kzr]) - angz)(kzr])]cos(n¢)= 0 (2.2.7)
n=

©o

1o D (kyry) + e 1B (k) -a W) (ko) c0s (ng)

Lo 2"2 2"2
= H02 exp(-jkor2 cos ¢) (2.2.8)
o k
(1) (2)' _ 2 .
nZO [b Hy (kzrl) + ¢ Ho (k2r]) E;-andn(k]r])]
. cos(ne) = 0 (2.2.9)

and,
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© k [] ] ]
Lt Fg'{angl) (kyr) + coHZ) (kyrp)y - d WP (kgra) 1 -
n=
« cos(ng) = -j cos ¢ HOz exp(-jkor2 cos ¢) (2.2.10)
Thus as bn,cn and dn can be evaluated from equations (2.2.7) -
(2.2.10). Equations (2.2.7) and (2.2.9) can be solved to get
bn = -chn (2.2.11)
where
(2)"
J n(kyry) ) El Hao! (kory)
1@ (o) Ik~ &y 1 (ke )
_n 21
oy ] o kqry) Ky B (ke f @212
n ‘2" 1" %1 T 2"
Jn(klrl) 2 1D (k,r,) J

Now substituting for bn

from equation (2.2.11) into equation

(2.2.8) and then multiplying the resulting equation by cos m¢, and in-

tegrating over 0 to 2w, one gets,
(1) (2) (2)
['XmHm (k2r2) * Hy (k2r2)]cm'dem (kOrI)
€
= 2 1 (ko 2) (2.2.13)
where

1 (kgrp) = 2nj'mom(k0r2) (2.2.14)

And by a similar process, equations (2.2.10) and (2.2.11) lead to,
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k
0 oy (! (2) (2)
_kz [ XmHm (k2r2) * Hm (k2r2)]cm - dem (k0r2)
_ €m '
o HOZIm(kOrZ) (2.2.15)
where
I'(kgry) = 2nj'mJ$(k0r2) (2.2.16)

and, €n in equations (2.2.13) and (2.2.15) is Neumann number.

Now equations (2.2.13) and (2.2.15) can be solved for dm to

get
( Inlkorp) y )
9 (korp) | ntko™2) m
d = e H,J TZ) y YN > (2.2.17)
H (korz) g - H? : (korz)
' m 2
\ Hm (korz) 4
where
(2)° (n'
y =_k_0. Hm (k2r2) ” mem (k2r2) ] (2.2.]8)
mky H;Z)(kzrz) - XmHé1)(k2r2)

Thus, the magnetic field outside cylinder is given by,

Hz(r,¢) = HOz exp(-jkor cos ¢) + nZO dnHéz)(kor)cos(n@
(2.2.19)

where dn is given by equation (2.2.17) with dummy integer m

changing to n.
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2.2.2 Equivalent voltage induced in an azimuthally aligned receiving
probe

The expression for Hz(r,¢) is now known. Therefore, the
expressions for Er(r,¢) and E¢(r,¢) outside the cylinder can be

obtained from equations (2.2.1), (2.2.2) and (2.2.19) as follows:

Er(r,¢) = quOZ sin ¢ exp(-jkor cos ¢)

+ éEQ_ ; nd H(z)(k r) sin(ng (2.2.20)
kar - nn 0 cE
0 n=0
and,
E¢(r,¢) = EOHOZ cos ¢ exp(-jkor cos ¢)
5 (2)
+ Z d H " (kgr) cos (ng) (2.2.21)
n=0
e o . “Ho o0
where d_ 1is given by equation (2.2.17) and ¢, = —= [ — =
n 0 k0 60

intrinsic impedance of the free space.
Thus, the total electric field at any point is region

r>r, is given by
Ey(rse) = FEL(rie) + 4E, (rse) (2.2.22)

where Er(r,¢) and E¢(r,¢) are given by equations (2.2.20) and
(2.2.21), respectively.
When the probe is parallel to ¢-axis and located at ¢ = Y

the boundary condition to be satisfied at its surface is

. 8(¢-¢¢) 8(4-4¢)
§oE(ryg) = Vg —— =71 —— (2.2.23)
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where

-> 2 >3 >a¢
E(rae) = Ep(rie) + Egopelrae) + Ejp oo(rso)

If f(¢) 1is the current distribution function over the antenna

and I0 is the current at its center, then

and, since
I(o = ¢g) = Iy 5 flog) =1
Hence
0% R
J fo)o-E(r,¢)rds = Vyf(sq) = 51, (2.2.24)
%0~%

As before, the effect of probe-body coupling may be included

through the image theory. Therefore,

0% h
£(6)5-E2%  (r,e)rd .z r I (2.2.25)
image' °’ ¢ me ¢ 0 i
%0™%n
Where Zm¢ is mutual impedance of the probe and its image,
while r¢ is weighting coefficient.
¢0+¢h ~ 2a A
f flo)o-Egarerde = - Z; I (2.2.26)
0%

and
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%0*n %o**n
£()$-E do = A M
¢)9-E;(rs0)rde flo)E (rio)rde = V (2.2.27)

eq
¢0_¢h ¢0_¢h

Hence, from equations (2.2.24) - (2.2.27),
vTM,¢

1. =4
0" 7

* Zin * r¢Zm¢

Noting that [z, + Zin|>>|r¢Z for a short dipole, as

mo|
illustrated in TE-wave case, the expression for I0 may be approximated

as
I, ~ 2.2.28)
0 L * Zin
T™,9.

Evaluation of Veq

As the probe is very small, a triangular distribution of current

over it can be assumed. Hence

¢'¢0 ¢0+¢h
( - —_— = (U h _ ¢ (4 +
(] ¢h ) ( ¢h ¢h ) ¢0<¢< \¢h ¢0)
flo) = 9
¢0'¢ ¢h‘¢0
]_-—: _+L -
u " ) = | o o ) 4 0> (egmep)

Therefore, from equations (2.2.21), (2.2.27) and (2.2.29)

™

N =
eq for r =R may be found as

)
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b9 ¢
yiMse gAR Ell—il 0 [H,, cos ¢ exp(-jk,R cos ¢) +
eq 0 % b 0z 0
0 *h
LT (2)
+ nZO dan (kOR)cos(ndﬂd¢ +
+
on*o0. (10 %
+ ¢ R [ ] [(H,, cos ¢ exp(-jk,R cos ¢) +
0 h s 0z 0
0
cv g n(2)
+ nzo dan (kOR)cos(n@Jd¢ +
coR %0
+ — [(H,. cos ¢ exp(-jk.R cos ¢) +
% 0z 0
%0-%h
. 2)"
+j nZO dnHSI ) (koR)cos (ne)lo do +
n (0"
4
20 -3ikR-
o % [Hy, cos ¢ exp( JkOR cos ¢) +
v (2)
+j nZO dan (kor)cos(n@]¢ dé (2.2.30)

Thus, the integrals involved in equation (2.2.30) are of the form

%2
I] = A( cos ¢ exp(-ja cos ¢)d¢
8

%2
2 Bf cos n¢ do
8

—
]

%2
I3 = CJ ¢ cos ¢ exp(-ja cos ¢)d¢
"
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and
2
14 = DJ ¢ cos n¢ do
o1
Clearly, the evaluation of 12 and I4 is straight forward,
r B (¢2 - ¢]) n=20
12 = <
%—[sin(n¢2)- sin(n¢9] n>1
and
(D.2 2
T (n¢,)
¢,5in(ng,)-¢, sin(ne,)
D [ 2 2™ o,
\ n
cos(n¢2)- cos(n¢])
+ > ] n>1l

n

However, evaluation of I] and I3 is a bit tricky. The
integrals can be evaluated in form of series, using Jacobi-Anger ex-
pansion [10]. Alternatively, the numerical techniques can be employed
for this purpose. For the present case, however, integration interval
is small because of the very short probe. Therefore, the exponential
term exp(-ja cos ¢) can be pulled out of the integrals I] and 13.

Hence

I] ~ A[sin 4o - sin 971 exp(-ja cos ¢a)
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and

13 ~ C[¢2 sin 99-94 sin 97 *+ cos ¢, - cos ¢]]exp(-ja cos ¢a)
where ¢, = (o7 + ¢,)/2
Further, using the trignometric relations
o9 sin(neg) -(6g-0p)sin nloy-¢,)-(og + ¢ )sin n(eg + o) + ¢ sin(ne,)
= 2¢g sin(ngy)C1-cos nop,1-26y, cos(n¢0)sin (noy,)
(op-0g)sin nlog-0,)-(o, + ¢g)sin n(e, + ¢()
= -2¢h cos(n¢0)sin (n¢h)-2¢0 sin(n¢0)cos(n¢h)

and, noting that o is very small, therefore

. %
sin (7T) ~ ¢h/2

T 56

eq is found from equation (2.2.30) as,

the expression for V

*h

taHn, 0 R ¢
™o 00z2°h [cos(¢q - 7?-) exp{-JkgR cos (6 - 53 ¥

Veq ~ 2

% . *h
+ cos(sg + 7) exp{-jk,R cos(¢y + 779}] +

+ jc0d0¢hR Héz) (kOR) +

d '
;%-{]-cos(n¢h)}cos(n¢0)H£2) (kOR)

(2.2.31)

chOR o
)
h n=1

+
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2.2.3 Equivalent voltage induced in a radially aligned receiving probe

When the probe is radially aligned and its center is at r =R,

the boundary condition that must be satisfied at its surface is

a

r-E(r,¢) = Vod(r-R) = ZLloé(r-R) (2.2.32)
where

Zar

-+ > >
E(ra0) = Eg(rse) + Egoqe(rse) + Eqp o(rso)

Assuming f(r) as the current distribution function over the

probe and IO’ the current at its center,

I(r) = Iyf(r)

and, since I(r =R) =1

0’
f(r = R) =1

Therefore,

Rt

f F(r)R-E(ra0)dr = VF(R) = 7,1 (2.2.33)

R-h
Also,

R+h a > A

ar A
JR-h f(r)r-Eimage(r,¢)d¢ = 'Zmrrrlo (2.2.34)

Where Zmr is mutual impedance of the probe and its image,

which is collinear. L is a suitable reflection coefficient weighting

factor.
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R+h N
AO a é - -
JR-h f(r)r Ese]fdr ZinIO (2.2.35)
and
R+h > R+h A TM.r
f f(r)r<g (r,¢)dr = f f(r)E (ry¢)dr = v 2 (2.2.36)
R-h t Reh T eq

Thus, from equations (2.2.33) - (2.2.36),

T™,r
I
0 ZL * Zin * I‘rzmlr'

As illustrated for TE-wave case in section 2.1.2, for the
typical probe and the load, Zin + ZL is approximately 2-j1148 Ohm at
2.4SGHZ. When two similar probes are collinear, then the mutual im-

pedance, Zmr’ can be computed [9] as 2.51 + j6.50 Ohm. Since

Itpl < Vs |2 + Z5,1 >> T still holds for a small probe. There-

rzmrl
fore, I0 can be approximated as
vTM,r
~ -89
I0 ~ ZL s Zin (2.2.37)

THM,r.
eq

For a short probe, current distribution function, f(r), can be

Evaluation of V

assumed as triangular. Hence,

[-&;ﬂ--ﬁ-] R<r< (R+h)
f(r) = (2.2.38)
[h%R-+£-] R>r>(R-h)
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Therefore, from equations (2.2.20), (2.2.36) and (2.2.38), an

T™,r

eq can be found as follows:

expression for V
TM f [ ] : [H..sin ¢ exp(-jk.r cos ¢) +
) Reh 0z ¢ expl{-Jkyr cos ¢

+ —g— 2 nd, s1n(n¢)H(2)(k r)ldr +
N1

h+R R+h : :
+[57] ¢ JR [Hy, sin ¢ exp(-jkqr cos o) +

d 5 : (2)
+ o nZ] nd, s1n(n¢>)Hn (kor)]dr +

g (R
1 JR-h [r HOz sin ¢ exp(-JkOr cos ¢) +

+ it-nzl ndn sin (n¢)H£2)(k0r)]dr +

o (R*h . .
Y JR [rHy,sin ¢ exp(-Jkor cos ¢) +

+ 2 nd s1n(n¢)H(2)(k r)ldr (2.2.39)
Ko n¥1

Thus, equation (2.2.39) involves the integrals of the form,

"2
A] J exp(-jar)dr

oA
1
r Héz)(kor)

1, = A, a0 g
"

13 = A3 Jr r exp(-jar)dr

and



29
r
2
- (2)
14 A4 fr Hn (kor)dr
1

Integrals I] and 13 are simple and can be evaluated as,

A . .
I] = —5—-[exp(-3ar2) - exp(-Jar])]
and
- A rzexp(-jarz)-r] exp(-Jar]) .
3 3 a
. exp(-jar,) - exp(-jar,)
- j 5 ]

a

While 12 and 14 should be evaluated numerically. However,
under the assumption that probe is small, the interval of integration

is very small, and these can be approximated as,

(rytr,)

A H(z){k0 —5— } an(r,/ry)

Io = RHy

and,

(r]+r2)

- (2)
I4 ~ A4(r2-r1)Hn {k0 }

™,r

eq is found from equation

Hence, an approximate expression for V

(2.2.39) as,
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4z k hcos¢

™, ;

Veq e ;;g'HOz tan ¢ sec ¢ sin? ( 0 > )~
0

. exp(-jkoR cos ¢) +

j ®

+ EE%— 2] nd_ sin(n¢)[(h-R)H£2){k0(R- %)}
ns
.gn(—le—h) +

+ (h+R)H'(]2){k0(R+ %)}m('"h) *

—E—O- i{o nd, sin(n¢)[H'(12){k0(R— o
- Hr(lz){kO(R + g)}] (2.2.40)

Thus, the approximate expressions of V (and hence load current,

e
Io) for individual probes are now known. In pra:tice, the three probes
are orthogonally connected with diode detectors across the load terminals.
In that case the square of the current amplitudes of each is added up,
assuming the detectors are behaving as square-law. In the following
chapter, the theory presented here is verified experimentally and some

of the theoretically computed results are also given.



CHAPTER 3

RESPONSE OF E-FIELD PROBE IN THE PROXIMITY
OF HUMAN BODY-EXPERIMENTAL VERIFICATION

The simplified theory for the response of E-field probes is
presented in the preceding chapter. Here in this chapter an attempt
is made to verify that theory experimentally. For that purpose a
cylindrical dielectric shell filled with saline water was used to
simulate the human body. The experimental results thus obtained, are
compared with computed ones, for both, including the effect of the wall
thickness of the shell as well as by ignoring it. Also, the probe
response near the empty shell is compared with theoretical results.
Finally, some computed results of the probe-response near the body are

given.

3.1 Set-up of the experimental system

The experimental set-up used for verification of the theory is
shown in Figure 3.1.1. A GR type 1360-B signal generator was used as
source. Since it had a built-in calibrated frequency dial and a variable
attenuator, its output was used directly through a 10 dB pad, to excite
~ the pyramidal horn antenna.

A plexiglass cylindrical dielectric shell (inner and outer radii
0.146 m and 0.1524 m, respectively, and 0.83 m high) was filled with
saline water (salt/water = 1/75 by weight) to simulate the human body

31
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Anechoic Chamber

<:::: Horn antenna

O

Pad Source
Antenna
] Pattern
Recorder
10 dB GR
type 1360-B
microwave
oscillator

Fig. 3.1.1 Experimental set-up for recording the response of E-field
probe near the cylindrical body.
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[11,12]. A short probe with diode detector [22] was fixed at a suitable
distance on the surface of the shell and the detector output was coupled
to antenna pattern recorder (Scientific Atlanta) through the resistive
leads of the probe [13]. The probe was oriented axially, azimuthally
and radially with respect to the cylinder to measure the three components
of the electric field on the surface of the cylinder. The polarization
of the incident field was varied by changing the orientation of the
transmitting horn antenna. The experiment was carried out at three
different frequencies, viz, 2GHz, 2.45GHz and 3GHz for all the three,
axial, azimuthal and radial field components near the body.

After the responses of the axial, the azimuthal and the radial
probe are experimentally confirmed, the response of an orthogonal probe
can be easily predicted by combining the responses of the former three

single probes.

3.2 Results and inference

The experimental results obtained by the method described in
the preceding section are illustrated in Figures 3.2.1- 3.2.27 along
with the corresponding computed results. Figure 3.2.1 shows the response
of an axially aligned probe as function of azimuthal angle, ¢, when
a TE-polarized plane wave of 3GHz is incident on the saline water
filled shell from ¢ = 180° direction. In this case, the response
shows a maximum on the front side (i.e., ¢ = 180°) and a very small
output on the backside (i.e., ¢ = 00)1 This type of probe response is

understandable via shadow region formation behind a conducting body
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illuminated by EM wave. In this figure, the thickness of the shell

was taken into account in theoretical results. These results are in
good agreement with the experimentally recorded response of the probe.
The theoretically computed response of the probe in the absence of the
body is also shown in the same figure, which is in the form of a circle
with a radius little smaller than the maximum of the response in the
presence of the body. When the thickness of the shell is ignored

(i.e., € = eo) in the computation, the results depicted in Figure
3.2.2 are still in good agreement. However, the response of the probe
in the absence of the body is lower in this case in comparison with the
previous case. In Figures3.2.3 and 3.2.4, the experimentally recorded
response of the probe at 2.45GHz is compared with the computed results,
in the former the thickness of the shell is included while in the latter
it is ignored. Again, in both figures the experimentally recorded
results are in close agreement with theoretically predicted values, and
the level of the probe response in the absence of the body is higher

in the former case. A comparison of the experimentally observed response
of the probe at 2GHz in Figures 3.2.5 and 3.2.6 also shows a good
agreement with the theory, and the probe response in absence of the body
is lower when the effect of the shell is ignored in Figure 3.2.6.

When a TM polarized plane wave of 3GHz is illuminating the
sheathed conducting cylinder, the azimuthally as well as the axially
aligned probe both respond. The response of an azimuthally aligned
probe is illustrated in Figures 3.2.7 and 3.2.8, while that of a radially
aligned probe is shown in Figures 3.2.13 and 3.2.14. The response of

an azimuthally aligned probe shows a maximum on front side (¢ = 180°)
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and a very small output on the backside (¢ = 0°) in the presence of the
body. Theoretically determined response of the azimuthally aligned probe
in which the effect of the shell is included, is compared with the
experimental results in Figure 3.2.7, while in Figure 3.2.8 only the
saline water column is considered in theoretical computation. In both
cases, the theoretical response is very close to experimental values.
The probe response in the absence of the body is also depicted in Figures
3.2.7 and 3.2.8 for respective cases over 90° <¢ < 270° range. For
2700 < ¢ < 360° and 0° < ¢ < 90%, this is same as for 900 < ¢ < 270°,
hence omitted for brevity. The shadow on the back side of the body
and the higher response level in the absense of the body in Figure 3.2.7
in comparison with Figure 3.2.8 are noted.

The computed response of a radially aligned E-probe depicted
in Figure 3.2.13 for 3GHz in which the effect of the shell is included,
is in relatively better agreement with experimental result in comparison
with that of Figure 3.2.14, where only the saline water column is con-
sidered for the theoretical calculations (i.e., € = eo). The calculated
probe response in the absence of the body is a lTittle smaller in the
case of the sheathed conducting cylinder illustrated in Figure 3.2.13
with respect to the corresponding results in Figure 3.2.14 where sheath
is ignored.

Figures 3.2.9 and 3.2.11 illustrate the response of an azimuthally
aligned E-probe near a sheathed conducting cylinder illuminated by a
TM polarized plane wave at 2.45GHz and 2GHz, respectively. The re-
sponses of a radially aligned probe for these cases are shown in

Figures 3.2.15 and 3.2.17. The corresponding results when the effect
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of the sheath is ignored in the computation are compared with the re-
spective experimental responses in Figures 3.2.10, 3.2.12, 3.2.16 and
3.2.18. The theoretically predicted results shown in these figures,

are in fairly close agreement with the corresponding experimentally
recorded responses at both frequencies, viz, 2.45GHz and 2GHz. General
behaviour of these results is similar to that of corresponding 3GHz
cases discussed earlier and therefore omitted here for brevity.

When a TE polarized plane wave of 3GHz frequency illuminates
a cylindrical dielectric shell (i.e., €, = €,) from ¢ = 180°
directtion, the response of the axially aligned E-probe in its proximity
shows a large peak at ¢ = 0° as depicted in Figure 3.2.19 alongwith
a circular response computed when shell is not there. The experimentally
observed response of the probe is still in close agreement with
theoretically predicted results. Figures 3.2.20 and 3.2.21 illustrate
these results for 2.45GHz and 2GHz, respectively. These responses
are quite different from the one, shown in Figure 3.2.19 for 3GHz.
However, these unusual probe responses can be accurately predicted
theoretically.

The response of an azimuthally aligned E-probe near a cylindrical
dielectric shell illuminated by a TM polarized plane wave at 3GHz is
illustrated in Figure 3.2.22 alongwith the computed results of response
in absence of the shell. Relatively higher response in ¢ = 0°
direction with respect to ¢ = 180°, and some depressions in the peaks
when the shell is present are the main features to be noted. Figures
3.2.23 and 3.2.24 depict the response of the azimuthally aligned probe

near the cylindrical dielectric shell for the illuminating TM polarized
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plane wave of 2.45GHz and 2GHz, respectively. A good agreement
between experimentally recorded and computed results is found in all
these figures.

Figures 3.2.25 - 3.2.27 illustrate the response of the radially
aligned E-probe near a cylindrical dielectric shell illuminated by a
TM polarized plane wave at 3GHz, 2.45GHz and 2GHz, respectively,
alongwith the corresponding computed results with and without the
dielectric shell. When a 3GHz TM wave is illuminating the shell,
peaks in the probe response are observed at ¢ = 65°, 909, 270° and
295% while null for ¢ = 0° and 180°. The computed results are still
very close to the experimentally observed response.  Similar agreements
are noted for 2.45GHz and 2GHz in Figues 3.2.26 and 3.2.27, respect-
ively.

A 10 k Ohm resistor in parallel with a 6 pF capacitor is taken
as load to the probe for the computations. The other related data are
given in respective figures. The computer program developed for
theoretically predicting the response of the probe is given in appendix

A while the computer print-outs are included in appendix B.

3.3 Some theoretically computed results for the cylindrical biological
body
Figures 3.3.1 to 3.3.3 illustrate the response of an orthogonal-
probe-system as well as its individual components when the body is ex-
posed to an incident plane wave field of 3GHz, 2.45GHz and 1.5GH ,
respectively. The permittivities of the body at these frequencies are

also given there [11]. Polarization angle of the incident plane wave
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is taken as 45°. Hence TE as well as TM waves are equally in-
cident. From these results, it seems that axial alongwith azimuthal
component contributes dominantly at 3GHz and 2.45GHz. The response
of orthogonally connected probe in the absence of the body is also
shown in Figures 3.3.1 and 3.3.2, which indicates a little increase in
the probe output for ¢ = 180° and a shadow region formation for
¢ = 0% 1in the presence of the body. At 1.5GHz as shown in Figure
3.3.3, the radial component dominates over the other two taken together.
Figures 3.3.4 to 3.3.6 depict the probe responses with polariza-
tion angle of 0°, 30°, 60° and 90° at aforementioned three frequencies.
For 3GHz, the maximum occurs when polarization angle is 6 = 0% in
Figure 3.3.4, while at the other two frequencies, viz, 2.45GHz and
2GHz, it is for o = 900.
Finally, Figure 3.3.7 shows the probe response as a function
of spacing between the probe and the body at the azimuthal angles of
180°, 135° and 90°, when the incident field is polarized at 45°, As
expected, this gives a standing wave pattern with decreasing amplitude
as probe moves away from the body for each azimuthal angle. This is

computed only at 2.45GHz.
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CHAPTER 4

SCATTERING OF EM WAVES BY SIMPLE MODELS
OF HUMAN BODY

In this chapter, the scattering of EM waves by a human body
will be studied. The purpose of this study is to provide a theoretical
basis for the development of a distant life detection system. When a
human subject is illuminated by an incident EM wave, the scattered
wave from the human body is modulated by the body movements due to
breathing and heart beat. If the backscattered wave is received and
detected properly, the breathing and heart signals which modulate the
backscattered wave can be measured. In our study, the microwave with a
frequency in the X-band or the L-band will be employed and the human
subject is located at a distance of 100 feet or farther from the
antenna.

To analyse the nature of the backscattered field from the body,
two simple models of human body, an infinite cylinder of complex per-
mittivity with a time-varying radius and a sphere of complex permit-
tivity with a time-varying radius, are considered. We aim to find the
perturbance of the phase and the magnitude of the backscattered field
due to the variation of the radius of the body model which simulates

the breathing and heart beat.

4.1 Scattering of a TE-polarized EM wave by a circular cylinder of
complex permittivity.

The EM wave scattered by an infinite cylinder of complex

73
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permittivity when it is illuminated by a TE-polarized wave can be deter-
mined following the procedure presented in Chapter 2. Here in this
section, equations (2.1.18) and (2.1.25) to (2.1.27) are specialized
for the case when k] = k2 = k and ro = a, as follows:

For k] = k2 = k, equation (2.1.18) can be simplified using

the wronskian formulas for Bessel function as

X = -1 (4.1.7)

and from (2.1.26) and (4.1.1),

ng)'(ka) + Hél)'(ka)

=k
¥n ky = ky =k X0 [ ng)(ka) + H§1)(ka)
Y‘2=a
Since,
H2) (ka) + 11 (ka) = 2 3! (ka)
and
Héz)(ka) + Hgl)(ka) = 2 3 (ka)
Therefore,
J!(ka)
k n
L 4.1.2
Tn ky = k; =k (ko) Inlkal #1-2)
r‘2'a

Hence, for the present case equation (2.1.25) may be written as
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'(5 dntka) . dp(kga)
e 4 J?;soa) ﬁ ko Jn(ka) Jnékqaf
" 20 w8k | k) W8 (k)

~(Fo J (ka) i H’(IZ)(koa) ) (4.1.3)

Whereas the scattered electric field outside cylinder is given

by
s - ¥ (2)
Ez(r,¢) = nZO dn Hn (kor) cos(ng) (4.1.4)
Thus, the backscattered field,when kor is very large and the

series is nicely converging such that the infinite series can be term-

inated at n = N with |k0r| >> N, is given by,

S 2 . T N N
E(ry =) ~ ;E—;-exp{-a(kor - z)} z (-3) d. (4.1.5)
0 n=0
Hence
S 2 2 2
[E,(rse = n)|" Trk0,.|T|
where
N k.a
A . A .
T= 20(-3)"dn £ (=) (@ +3P) (4.1.6)
n:

A computer program was prepared for computing |E§(r,¢ = n)|2,
phase (in degrees) of Ei(r,¢ = 1), Q and P. The computed results
for a highly conducting cylinder (¢ = 99.995/m and €. = 1.0) as
well as for a cylinder with a conductivity of 0.6685/m and a zero

relative permittivity (hypothetical case) are compared in Figure 4.1.1
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with known results [14] which are in excellent agreement. Figures

4.1.2 and 4.1.3 depict [ES(r = 30.48m, ¢ = 7)|® and phase of

Ez(r = 30.48m, ¢ = m) as functions of koa for a cylinder of complex
permittivity at 3GHz and 10GHz, respectively. At 3GHz, both the
magnitude and phase of the backscattered field vary linearly with

koa. However, at 10GHz, the magnitude of the backscattered field does
not vary linearly with koa even though the phase still does. For this
reason it is desirable to measure the phase of the backscattered field
if the variation of 'a' is to be detected. The computer program and

tabulated results print-outs are given in Appendix C.

4.2. Scattering of plane EM wave by a sphere of complex permittivity

In this section, the scattering of plane electromagnetic wave
by a sphere of complex permittivity and radius a 1is considered. As
shown in Figure 4.2.1, the x-polarized incident wave is propagating in
positive z-direction. The time variation of exp(jwt) is assumed and
suppressed throughout.

This scattering problem is treated as a boundary value problem.
The partial differential equation being, of course, the vector Helmholtz

equation,

2

@ e+ Kl

¢=0 (4.2.1)

Where k = 2n/x, and ¢ may be either the electric E or
the magnetic field H. Solutions of (4.2.1) are obtained in the form

of infinite series containing unknown constants. To complete the
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solution of the problem, these constants are determined by matching the

-> >
boundary conditions for E and H on the surface of the sphere.

4.2.1 Solution to the vector Helmholtz equation in the spherical co-
ordinate system
It can be proved that the solutions of the vector Helmholtz
equation (4.2.1) in the spherical coordinate system are the spherical

vector wave functions [15],

L(r,0,0) = vf(r,0,¢) (4.2.2)
> > -
M(r,0,6) = vx[rf(r,0,¢)1] (4.2.3)
> 1 -

N(r,o,¢) = AL M(r,6,¢) (4.2.4)

Where ; is the radial vector in spherical coordinates and

f(r,0,¢) is the solution to the scalar Helmholtz equation,

v2f(r,e,¢) + k2 f(r,0,¢) = 0 (4.2.5)

->

In the region surrounding the scatterer, V-E = v-ﬁ = 0.
Since V-t(r,6,¢) # 0, only the M(r,e,4) and ﬁ(r,e,¢) solutions
can be used to represent E and ﬁ.

It is well known that the solutions to equation (4.2.5) in

spherical coordinate system are of the form,

fgmn(r,e,¢) = zn(kr)Pg(cos 8) {:?: Ezz;} (4.2.6)
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Where m and n can be any integer, e denotes "even" for the
use of cos(me) and O denotes "odd" for the use of sin(m¢). Pz(cos 6)
is the associated Legendre polynomial, and zn(kr) represents the
spherical Bessel functions of the first kind, jn(kr), of the second
kind, nn(kr), spherical Hankel function of the first kind, hgl)(kr),
or of the second kind, héz)(kr), respectively.

The desired solutions to the vector Helmholtz equation are then
the spherical vector wave functions obtained from equations (4.2.3),

(4.2.4) and (4.2.6),

> _ = m m sin(m¢)1 -

M=% ="z (kr)P"(cos &) { x

Smn sih 6 n n COS(mq))J

- zn(kr)[g% Pﬂ(cos 6)] cos(m¢)} $ (4.2.7)
sin(mg)
and
N = nntl) (kr)P(cos o) [cos(m¢)} ;4
Smn r n n Isin(m¢)

1 35 3 pm cos(m¢)] =
* & 3r [ 2, (kr) 1055 P (cos 6)] {sin(m¢)} 6 +

+1

m ) m sin(mp)) - n
—=—— — [rz_(kr)IP (cos ) } ) (4.2.3)
kr sin 8 ar n n cos(mp)

4.2.2 Transformation of the plane wave into spherical coordinate system

The x-polarized plane EM wave propagating in +z direction can

be represented as,
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E' = xE0 exp(-jkoz) = xE0 exp(-jkor cos 6) (4.2.9)
and
b e o . - Fo
H' =y T exp(-Jkoz) =Y exp(-jkor cos 9) (4.2.10)
0 0
Where tg = “O/e intrinsic impedance of free space.
0

Since x =(sin & cos o) r +(cos 8 cos ¢)6-sin ¢ ¢, equation (4.2.9) can
be written as,

>3

E' ={(sin 6 COS ¢)r +(COS B COS ¢)6-Sin ¢ $}E0 exp(-jk.r cos 8)

(4.2.17)

0

Now, after comparing equation (4.2.11) with (4.2.7) and (4.2.8),

it can be concluded that

>3 ’
E' = E

>
0 b N

>
[anMOIn + b Noip? (4.2.12)

)
n=0

and, since the incident field is finite at r = 0, only first kind of

Bessel functions are allowed for ﬁo and ﬁéln‘ The coefficient

n

bn is determined by comparing r components of both the sides as

follows:

sin 6 cos ¢ exp(-jkor cos 6) = 20 bn Ei%%ll jn(kor)Pl(cos 8) cos ¢
n=
(4.2.13)

Now, noting that é%{exp(-jkor cos 0)} = jkor sin o exp(-jkor cos 0)

. _ .\N .
and, exp(-JkOr cos §) = nZO (-3)"(2n + 1)Jn(kor). Pn(cos 8), b, can

be evaluated from eqaution (4.1.13) as,
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b, = (-3)" 4 (4.2.14)

~ >3
To determine as r component of H

field is compared.
Since y =(sin 6 sin ¢)F +(cos 6 sin ¢)6 + cos ¢ ¢, equation (4.2.10)
can be written as,

; E
+ ~ ~
H' ={ ¢in 8 sin ¢)r +(cos 6 sin ¢)6 + cos ¢ ¢ }—Q-exp( Jkor cos 6)

o (4.2.15)

o
Now from Maxwells's equations and equation (4.2.12), H' s found to

be,
_L -> .
o f (a, vXM01 + bn vXNe]nJ (4.1.16)
0 n=0
. > _ -»> -> _ > .
Since VXMO]n = kON01n and VXNeln = kOMeln’ equation (4.2.16)
reduces to

i T rad
H - Z [anNmn b Me]n] (4.2.17)
on—O

Now, comparing r components of equations (4.2.15) and (4.1.17),

and after some mathematical manipulations, a, is found as,

_ .\n  (2n+1
a = (-3) %TE?T%_ (4.2.18)

o
and H' can be written as

2 ()" {20 i)+ i) (4.2.19)

2i

Thus E

and
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>j - .'_l © _s\n 2n+1 +(]) '-y(])
" g, nZ'I( 3) n(n+ [Me]n 'JNo]n] (4.2.20)

i

0

Where superscript (1) on M and N denotes the first kind of

the spherical Bessel function.

4.2.3 Construction of solution and computed results

When the incident EM wave represented by equations (4.2.19)
and (4.2.20), illuminates the sphere, there should be a similar series of
functions representing the fields scattered by as well as the fields
transmitted into the spherical medium. Since the fields are finite at
the origin and bounded at infinity, the appropriate expressions may be

written as,

B =gy 10" B0 o )+ e il (0.2.21
i - -%‘; rlZ(-j)" (2nt]) e WH) _jq R4 (4.2.22)
E' - g, 7 (-3)" %}% [fnﬁé}’)‘ + jgnﬁé}’)]] (4.2.23)
n=1
and
= - Eg'nz](-j)n nZZI] [gnﬁé}% ) jfnﬁé}%] (4.2.24)

-> ->
Where superscript (4) on M and N in equation (4.2.21) and
(4.2.22) represents the use of spherical Hankel function of second kind
and ¢ in equation (4.2.24) is intrinsic impedance of the medium.

The superscripts s and t used in equations (4.2.21) - (4.2.24)
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represent scattered and transmitted fields, respectively.
Since the tangential fields must be continuous across the

boundary at r = a, therefore,

(£, + (E5), = (EY), at r=a (4.2.25)
2i 2sy  _ (2t -
(E )¢ + (E )¢ (E )¢ at r=a (4.2.26)
(), + (), = (A, at r=a (4.2.27)
and,
i sy _ ot -
(), + (), = (A%, at r=a (4.2.28)
From equations (4.2.7), (4.2.8) and (4.2.19) - (4.2.28) one
can get,
pog .\n (2n+1 . (2) P;!‘(COS e)
nZ](-J) n(n+1) Wn(kga) + dghp ™ (kga)-f 3, (ka)] —gqro—
%, an-1 (2n41) (90 oo, ©n
= nz](ﬂ) ﬁﬁ [HW {Y‘Jn(kY‘)} - %a .
3 e (2) B R 3 (p!
3 {rhn (kor)} - koa ar {rJn(kor)}]L ss{Pn(cos 8)}
=a (4.2.29)

§]<-:i)" 20t 1) L3, (kga) + d,h2) (kga)-F 3, (ka)] 24Py (cos o))
n= .

n(n+ BN
_ Tgn-1 (2n41) On o L e 5., (2)
A SR Ty arirdg (k) - Roa ariMn (kor))
1
P (cos o)
1 ] . n
- EB;‘EF'{rJn(kOV)}] ~sine (4.2.30)
r=a
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P](cos 8)

TN (2n41) . (2) 0 s n
nzl( 37 amnery Lglkga) + e h ®(kga) - —= g3 (ka)] —o

w f
- _syn=1 (2n+] Eg_ n 3 ... ]
nZ]( I AT [ ke ar (g (kedd - ol

d
2 (ri (k) - 2 en(B(kgr)1l] 2 () (cos o))

k~a ar
0 r=a
(4.2.31)
and,
S a0 (2n41) . (2) S0 . 3 pl
nzl( 37 ety Lip(kga) + ephp®/(kga) - == gpdp (ka)] 5P (cos 6)}
o f
- n-1 (2n+1) %0 'n 3, . 1
= nZ](-J) nin+ 1) [T ka ari"n(kr)? - K
5 dn 5 (2) Pl(cos 9)
) S?ﬂrjn(kor)} - Eah EF{rhn ‘ko”)}] sin o (4.2.32)
r=a
. 9 _ '
Noting that S;ﬂrzn(kor)} = koazn(koa) + zn(koa), and
r=a
1 2
Pn(cos 8)

I 2 . .
sin o 4 [ae {Pn(cos 8)}]° for arbitrary n, equations (4.2.29) -

(4.2.32) are always true if and only if,

i (kga) + dnhgz’(koa) - £ 3 (ka) = 0 (4.2.33)
3, (ka) n{2) (k) 3 (kg2)

2 (2)' 3! =
gn{Jn(ka) YTk enihy (koa) * koa } 'Jn(koa) - kopa 0
(4.2.34)
(ka) + e nl@ka) - 2 g3 (ka) = 0 (4.2.35)
Jn 0 nn 0 4 gan o

and,
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(2)
ka h <7 (k
20 ¢ 131 (ka) + I,y n2) (ge) + 0 e,
0
_ Jp(kpa)
- Jplkga) - ———155;— =0 (4.2.36)

Thus, equations (4.2.33) - (4.2.36) can be solved for the un-
4
. 0 _
known constants dn’ e fn and 9, Since —f"Wlir and
k = ko./er, the constants dn and e, which are needed for the present

problem, are found as,

_Verdn(ka)ig(kga) - 3p(kgadip(ka)
H i (ka)h'8) (K a) - fe (ka)h(z)(k a)

(4.2.37)

and,

Jp(kga)dp(ka) 3 ntked) Jp(kg2)
VE;-jn(ka) ‘f';ka ~Jdn (ka) - koa

e -

n )(k a) 3 (ka)h(z)(k a) hgz)(koa)

oa \/‘; ip(ka) 1/;; ka (4.2.38)

Now, since dn and e, are evaluated in equations (4.2.37)

h(z)'(k a) +

and (4.2.38), the remaining two constants, fn and g, can be found
from equations (4.2.36) and (4.2.35), respectively. The fields out-
side and inside the sphere are in turn, determined by equations (4.2.19) -
(4.2.24).
For the present, the only backscattered field is of interest,
which can be found after evaluating ﬁ and ﬁ for o = 180° and
= 180°9. Further, r-component of the fields, which is due to r

2

component of ﬁ, is inversely proportional to r~. Hence for large r,

only transverse components, which are inversely proportional to r,
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survive. Hence,

Es(r+m,e=ﬂ,¢=n):éEe(r‘+°°,6=1r,¢=1r)=E
= .n (2n#] (2) Py(cos o) )
) 'Eonzl('J) nln+1; LdaPn (ko) s l MR

2 qr h(z)(k r)} = Pl(cos o)

2 pl (4.2.39)

6=m

Since,

(cos 8) = V -nz ————-- L[ (n-m+1)(n+m) P Pm+]]

de n n

Therefore, SE'P (cos ) = %[n(n+1) P(o)(cos m) - Péz)(cos m)]

But, sz)(cos n) = Psz)(-l) =0 and, Pg(cos m) = (-1)".

Hence,
2 pl(cos m) = (-1)" Mot (4.2.40)
Also,
1
pn(:?: Z) - FENY n;1 (4.2.41)

Therefore, equation (4.2.39) reduces to,

h{ )(k r)

.N ‘2n+]> [ d h(z)(k Y‘) + Je {h(z)'(k Y‘) + 0" }]

Epe = -En J
BS © 770 4

(4.2.42)
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At this point if one defines another type of spherical Bessel

functions [16] as follows,

1 (ax) = [BX Zp 41, (AX) (4.2.43)

Where Zn+%(xx) are usual cylindrical Bessel functions. Then,

z (Ax) = %,; Z,(xx) (4.2.44)
Also,
oy} Zrii(kx) ] 2
z'(ax) X o > Zn(Ax) (4.2.45)
and
. 2.(x) 7 (xx)
zn(xx) * X X (4.2.46)

Therefore, equation (4.2.38) may be written as,

J (kg a)J (ka) - \/_r .J;‘(koa)ﬁn(ka)

- _ (4.2.47)
\/‘rum (kga)d, (ka) - A1) (kja)3 (ka)
Further, using the relation,
Z' (A x)Z (A,x) Z(A )Z(A )
2! (Ax)2, (Apx) = " 0% 2t (4.2.48)
(xyx)+(2yx) (x x) (A5x)
equation (4.2.37) may be written as,
\/" J! (ka)J (kqa) - 3-(k a)& (ka)
(4.2.49)

I 12 (kqa)d (ka) -\ 3 (ka)H(z)(k a)
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The backscattered field, EBS’ may be written in terms of

Zn(kor) as,

-E oo

-0 .n a(2 . a(2)
fas * Zkor 1] (1) [-d i) (kor) + ge AlPN(kor)] (4.2.50)

As a special case, when conductivity is very high, terms having
W/‘r as a multiplying coefficient in equations (4.2.47) and (4.2.49)

dominate and hence en and dn reduce to

lin e = -3"1(k0a)/|:|r(12).(koa) (4.2.51)
g->o
and
Tim d_ = -Jn(koa)/ﬁf]z)(koa) (4.2.52)
g

Here, it is to be noted that,

5 3 = ﬂl_l: i ..r.‘l-
]12+m Jn(ka) = cos(ka - > 2) sin( 5 ka) (4.2.53)

Therefore, this term is never zero even for the infinite con-
ducitivity. Hence the expressions for e, and dn’ as given by
equations (4.2.47) and (4.2.49), approach relatively slowly to the
perfectly conducting case in comparison to the fields scattered by an
infinite cylinder.

It is a normal practice to determine the backscattering cross-
section (also known as echo area) of the sphere, which is defined as,

2 2

|Egs | E
A = Tim (4n® BS) = qin (4n?‘2|—g§+ ) (4.2.54)
- IE I I 0
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Normalized backscattering cross-section can be defined as

T - 2
Ae = Ae/na (4.2.55)

where a is the radius of the sphere.

A computer program is prepared for calculating the EBS as
well as Ké from equations (4.2.50) and (4.2.55). The program is
tested for its correctness with known data [14]. These data are plotted
in Figure 4.2.2 for the case with a conductivity of 99.995/m and a
relative permittivity of 1 as well as for the case with a conductivity
of 2.21S/m and a relative permittivity of 7.8 at 3GH;; our computed
results and the existing results are in excellent agreement. Figures
4.2.3 and 4.2.4 illustrate the change in |EBS|2 and phase angle of
EBS (in degrees) as a function of koa for the case with a conductivity
of 2.285/m and a relative permittivity of 46 at 3GHz, and for the case
with a conductivity of 10.3S/m and a relative permittivity of 39.9
at 10GHz. These conductivity and relat%ve permittivity represent the
properties of the biological media at the specified frequencies [11].

The computer program and printout results are given in Appendix D.

From Figures 4.1.2, 4.1.3, 4.2.3 and 4.2.4, it may be observed
that the phase of the backscattered field varies linearly with the change
in koa while its magnitude does not have this linear relation. There-
fore, for the detection of small change of a, which varies slowly with
time, it is easier to detect the phase change in the backscattered

field.
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Fig. 4.2.2. Normalized backscattering cross section (a),
and phase of backscattered field E; (b) from
a sphere as a function of koa at 37GHz.
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Fig. 4.2.3.
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Fig.4.2.4. Phase and square of the magnitude of the back-
scattered field EBS from a sphere as a function

of koa at 10GHz at a distance of 30.48m.



CHAPTER 5

THE DISTANT LIFE DETECTION SYSTEM DESIGN
AND TESTING

In the preceding chapter, it has been observed that when the
radius of a circular cylinder or a sphere changes, it affects the
amplitude as well as phase of the return signal. However, in general,
if the radius is changing in time as rou(t), the magnitude changes as
Aou](t), while the phase behaves as ¢0u2(t), i.e., they are not linearly
related. Similarly, when a human being is exposed to an electromagnetic-
wave, the return signal is expected to vary in magnitude and phase with
breathing as well as with heart beat. Although these variations may
be related in a very complicated way, these give definite signals of 1life.
In this chapter, two different systems, viz, the one based on a magic
tee and the other, based on a circulator, are analyzed and tested for
detecting the breathing as well as heart signals from long distances
(~ 100 feet or over). The effects of body orientation, clothing and

polarization of EM wave are also studied experimentally.

5.1 Analysis of the magic tee system

A simplified block diagram for detecting the breathing and heart
signals using a magic tee is shown in Figure 5.1.1. The microwave signal

is connected to the port 3 (H-arm) of the magic tee while a detector

96
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Fig, 5.1.1. Circuit diagram of an interferometer using a magic tee
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(so far, it may be magnitude or phase detector) is connected to port 4
(E-arm). A variable attenuator and an adjustable short is connected

at port 1, and an antenna at the port 2. When the EM wave is radiated
by the antenna, it hits the different objects and the backscattered
field is intercepted by the antenna and this signal works as an input
to port 2. Hence, the effective impedance connected to port 2 may be con-
sidered as the antenna impedance and the impedance offered by different
objects connected in parallel, through a transmission line of length

2. Now, if some parts of an object are vibrating, then the length 2
and the impedance for that region is also changing, which, in turn,
affects the reflection coefficient (both, magnitude and phase) at port
2. Hence, it can be assumed that an effective impedance Z(t) is con-
nected at port 2 [17, 18], which gives rise to a reflection coefficient
rR(t) at this port. Also, it can be assumed for generality, that the
detector gives rise to a reflection coefficient of Tp at port 4,
attenuator and the short offers a reflection coefficient T at port 1.
The source is also mismatched with a reflection coefficient of r, at
port 3. Hence, it can be described in terms of scattering parameters

as follows [19],

C . - ;
byl IS S12 Si3 Suig T 3
N I O S a, (5.1.1)
byl [Sa1 S22 Sz S a3

L b4~ i41 Si2 Sa3 544_ La4 -



99

Where a; and bi are the incoming signal to and the outgoing

signal from the ith port of the magic tee junction, respectively.

Furthermore, a;

3y = Ty By

a, = rR(t) b2
ag = bG + T b3
3, = Tp b4

and bi are related as

(5.1.2)

(5.1.3)

(5.1.4)

(5.1.5)

If the four port magic tee junction is perfect, the equation

(5.1.1) may be written as

b. ] 0 0 1
1
b, |= l1lo o -
\/2
b4 U 1 0

0

-y

(5.1.6)

Ecuation (5.1.6) represents 4 equations in 4 unknowns, viz,

b], b2’ b3 and b4 which can be solved for known excitation bG.

However, the behaviour of b4/bG only need to be studied for the

present problem. From equation (5.1.6),

%Zb] -Tg b3

/?bz +T.b

G "3

-I"D

-I“D

(5.1.7)

(5.1.8)
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-Tp by + rR(t)b2 + ¢§b3 =0 (5.1.9)
and,
-I‘Ab]-I‘R(t)b2 + V2 b3 =0 (5.1.10)
Thus, from equations (5.1.7) to (5.1.10),
b r, - rp(t)
4. A R (5.1.11)

bg Z-FGFR(t) - rDrR(t) - Telp - Tpfa t 2rGrDrArR(t)

Now, if source and detector are matched, ¢ =Tp = 0, and
equation (5.1.11) reduces to,
b r, - I'p(t)
S AR (5.1.12)
G
Thus, equation (5.1.12) represents the ideal case. It is to
be noted that if the source and/or detector is not matched, equation
(5.1.11) should be used, while the imperfections of the magic tee can
be incorporated by including appropriate coefficitents of [S] in

equation (5.1.1) at the first place.

If Tp = pp exp(-jeA) and PR(t) = [pR + ApU](t) exp{-jAeuz(t)}]
- exp(-jop)
Where u1(t) and uz(t) are arbitrary time function repre-

senting the effect due to the vibration of the body and op exp(-jeR)

represents the clutter, then,
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b

4 . . .
by - oy exp(-3o,)-pp exp(-jop)-aou; (t) exp{-jlep + aou,(t)13] (5.1.13)
Therefore,

2
|bg/bg|”™ = k[oi + pﬁ + {Aou1(t)}2 - 2pp0p COs(6p-6,)
- 2pAApu](t) cos{eR-eA + Aeuz(t)}
+ ZQRApu](t) cos{Aeuz(t)}] (5.1.14)

If the attenuator and variable short is adjusted in such a way
that Pp = PR and 6y = Ops SO that the clutter is cancelled, then

equation (5.1.14) reduces to,

|bg/bgl% = & uy (1)) (5.1.15)

The phase angle By of b4/bG can be found from equation
(5.1.13) as,

-pp Sin 8y + pp sin op + Apu](t)sin{eR + Aeuz(t)}
pp COS B - pp COS B -Apu](tjcos{eR + Aeuz(t)}

(5.1.16)

84 = arc tan [

For Pp = PR and eA = eR, it reduces to,

0,4 = -6p -Aeuz(t) (5.1.17)

Thus from equations (5.1.15) and (5.1.17), it may be noted that

the magnitude detectors, which behave as square-law, will respond to
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the square of the half of the variations, while the phase detectors will
respond linearly. Since these variations are assumed very small, the
phase detectors may be preferred over the magnitude detectors for re-

latively large sensitivity.

5.2 Analysis of the circulator system

Figure 5.2.1 illustrates a simplified circuit using a three
port circulator which can be used for detecting the breathing and heart
signals. As discussed in the preceding section, the antenna is replaced
by a load which offers a reflection coefficient rR(t). In general,

any three port network can be described by,

- - - j r -

by S 312 Sy3 3

byl =[S;7 Sy Sp3 2, (5.2.1)
b3 P S Sz | %3]

Where a's and b's are as defined in the preceding section,
and for the present system (tuner connected at port 2 in Figure 5.2.1

is ignored for time being),

ay = bG + T'g b] (5.2.2)

a, = rR(t) b2 (5.2.3)
and

ag = Tp b3 (5.2.4)
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Thus, equations (5.2.1) - (5.2.4) give three algebraic equations
in three unknowns, viz, b], b2 and b3, which can be solved easily.
However, for the present problem, only b3/bG is of interest. Further,
assuming that the three port circulator is an ideal circulator, its

scattering matrix may be found as [20],

0 0 1
[§] =11 o o (5.2.5)
0 1 0

Hence, from equations (5.2.1) - (5.2.5), b3/bG is found as,

by _ ra(t)
b

= (5.2.6)
G 1 - FDFGPE(t)

It can be simplified further assuming that the source and the

detector are matched such that FG = PD = 0. Therefore,
b3/bG = rR(t) (5.2.7)
If

rp(t) = [op + sou;(t)exp{-jasu,(t)}]exp(-Jjep)

Where pp exp(-jeR) is due to clutter and Apu](t)exp{-jeR-jAeuz(t)}
is due to the vibration of the body, then the phase, 835 and the square
of the magnitude of b3/bG is found as,

-poSin 6, -Apuq(t)sin{e, + asu,(t)}

63 = arc tan[
pR €OS 8p * Apu](t)COS{GR + Aeuz(t)}
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and

2 2 2
]b3/bG| = pp + {Apu](t)} + 2pRApu](t)cos{Aeu2(t)} (5.2.9)

Now, if the tuner connected at port 2 of the circulator is ad-
justed such that PR = 0, or the clutter is cancelled, equations (5.2.8)

and (5.2.9) reduce to,

03 = -eR-Aeuz(t) * (5.2.10)
and

lb3/bG|2 = [Apu](t)]2 (5.2.11)

Comparing equations (5.2.10) and (5.2.11) with (5.1.17) and
(5.1.15), respectively, it may be noted that both systems have similar
response. However, the circulator system has an advantage of having
a 6 dB higher magnitude of the return signal in comparison to magic

tee system.

5.3 The magic tee system for life detection

The schematic diagram of the X-band 1ife detection system using
a magic tee is shown in Figure 5.3.1. A klystron microwave generator
generates a c.w. microwave at 9.35GHz with a power of about 10 mW.
This wave is passed through an isolator, a frequency meter, a fixed
attenuator, another isolator and a tuner before entering arm 1 of the
hybrid T. This incoming wave is divided into arms 2 and 3 of the hybrid

T. One wave E] = A] cos wt coming out of arm 2 of the hybrid T passes
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through another tuner and then radiates out through the antenna. 1In

the beginning, the two tuners are adjusted in such a way that hybrid T
behaves as a magic tee [21]. The wave radiated through the antenna
illuminates the subject and the surrounding, and the reflected wave

Es coming back to the antenna may consist of a scattered wave modulated
by the subject's body motion caused by heart beat and breathing and a
clutter wave reflected by the stationary surrounding. The modulated
signal can be expressed as A2 cos (wt + Apu(t)), where a¢u(t) re-
presents the phase perturbation caused by the heart beat and the breathing.
The clutter wave can be expressed as A3 cos(wt + ¢c). Another wave

E] coming through arm 3 of the hybrid T gives a reflected wave,

E3 = -A3 cos(wt + ¢c), which is the negative of the clutter wave, when
the variable attenuator and the variable phase shifter (variable short)
are properly adjusted. When E2 and E3 are combined in the hybrid

T, the clutter wave is cancelled and the resultant wave E4 coming out
of arm 4 of the hybrid T contains only the modulated wave, A2 cos (wt +
aou(t)). It is now aimed to measure the phase perturbation agu(t)

by mixing E4 with a reference wave E5 = A5 cos(wt + ¢) 1in the second
hybrid T ( it is also tuned to behave like a magic tee). Eq is fed
into an arm of the second hybrid T after passing through an isolator

and a tuner. The reference wave Eg is obtained from the main wave-
guide through a 10 dB directional coupler and its amplitude and

phase are adjusted by a variable attenuator and a variable phase shifter
before it is fed into another arm of the second hybrid T. The phase

¢ of E5 is adjusted in such a way to maximize the sensitivity in the

detection of a¢u(t). As E4 and Eg are fed into two arms of the



108

second hybrid T, two outputs from two other arms of the second hybrid

T take the forms of E4-E5 and E4+E5. When these two waves are de-
tected, the resultant outputs are E6 and E7. The wave E6 consists
of -A2A5 cos(a¢u(t) + ¢) and a d.c. component and, similarly, E,
includes A2A5 cos(a¢u(t) + ¢) and a d.c. component. When E6 and

E7 are fed into a differential amplifier, it gives an output of

2 A2A5 cos(a¢u(t) + ¢). This output signal is of extremely low frequency
(heart beat or breathing frequency) and can be measured by a scope, a
chart recorder or an acoustic indicator.

The typical measured heart and breathing signals by this X-
band 1ife detection system are shown in Figure 5.3.2. Figure 5.3.2(a)
shows the recorded heart signals when the human subject was sitting at
a distance of 17 feet facing the antenna which radiated a power of
4.5 mW at 9.35GHz. The heart signal was recorded when the subject
was holding the breath. In this figure, the heart beat is clearly
observed at an interval of about 0.87 second. The large signals at
both ends of the recording are due to the breathing. As the distance
between the human subject and the antenna was increased beyond 20 feet,
the heart signal became obscure. However, the breathing signal was
detected at a distance of upto about 90 feet. Figure 5.3.2(b) shows
the recorded breathing signal of the human subject who sat at a distance
of 80 feet facing the antenna. The subject was breathing at an interval
of 2 to 3 seconds.

A significant improvement in the performance of the system was

found when a phase-locked oscillator was used in place of klystron



(a)

breathing heart beat breathing

Recorded heart signal; the human subject holding the breath at
the distance of 17 feet. The heart beat is clearly seen at an
interval of about 0.87 second. The large signals at both ends
of the recording are due to breathing. The antenna radiated
power is 4.5 mW.

(b)

breathing

Recorded breathing signal; the human subject at the ditance of
80 feet was breathing at an interval of 2~3 seconds. At this
long distance only the breathing pattern can be clearly observed.
The heart signal is immersed in the noise. The gain of the
amplifier system was increased from case (a) for this recording.

Fig.5.3.2Heart and breathing signals measured by the x-band life detection

system.
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(a) background noise

(b) recorded heart signal

Fig 5.3.5.%ecorded heart signal of a human subject at a distance
of 20 feet. The antenna radiated with a power of 0.5 W
at 2 GHz.
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source, and the second hybrid T detection scheme was replaced by a low-
noise double-balanced mixer. After using a 30 dB microwave amplifier
before double-balanced mixer, the system was able to pick the heart and
breathing signals of a human subject lying on the ground at a distance
of over 100 feet. Figure 5.3.3 depicts these results for a radiated
power of 5 mW as well as 2.5 mW.

A similar detection system was realized in L-band at 2.0GHz
using a 90° hybrid, as shown in Figure 5.3.4. The recorded heart signal
of a human subject at a distance of 20 feet are shown in Figure 5.3.5
alongwith the background noise. In this case noise level was high
probably because of relatively less stable generator, and higher noise

figure of TWT amplifiers and the mixer used in the system.

5.4 The circulator system for 1ife detection

The schematic diagram of the X-band 1ife detection system using
a circulator is shown in Figure 5.4.1. A phase locked oscillator at
10GHz produces a stable output of about 20 mW. This output is amplified
by a low-noise microwave amplifier to a power level of about 200 mW.
The output of the amplifier is fed through a 6 dB directional coupler,
a variable attenuator, a circulator and then to a horn antenna. The
6 dB directional coupler branches out 1/4 of the amplifier output to
provide for a reference signal for clutter cancellation and another
reference signal for the mixer. The variable attenuator controls the
power level of the microwave to be radiated by the antenna. Usually,
the radiated power was kept below 20 mW only. The microwave signal

coming out of the variable attenuator is fed to the horn antenna through
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a circulator. The horn antenna radiates a microwave beam of about 10°
beamwidth aiming at the human subject 1lying on the ground. The re-
ceived signal by the antenna consists of a large clutter and a weak
return signal scattered from the body. The large clutter signal is
cancelled by a reference signal, the amplitude and phase of which are
adjusted by a variable attenuator and a phaseshifter, in a 10 dB direct-
jonal coupler. After this clutter cancellation, the output of the
10 dB directional coupler contains only the weak scattered signal from
the body. This body-scattered signal is a 10GHz cw microwave modulated
by the breathing and the heart beat; This signal is then amplified by
a low-noise microwave preamplifier of 30 dB gain. The amplified, body-.
scattered signal is then mixed with another reference signal in a double-
balanced mixer. In between the microwave preamplifier and the double-
balanced mixer, a 10 dB directional coupler is inserted to take out a
small portion of the amplified signal for monitoring its intensity.
This monitoring is mainly for checking how well the clutter is cancelled.
The mixing of the amplified, body-scattered signal and a reference signal
(7 ~ 10 mW) in the double-balanced mixer produces a low frequency
breathing and heart signals which modulate the scattered microwave from
the body. This output from the mixer is amplified by an operational
amplifier and then it passes through a low-pass filter (4 Hz cut-off)
before reaching a recorder.

The typical measured breathing and heart signals are shown in
Figures 5.4.2 - 5.4.4. For the results shown in Figure 5.4.2, the

antenna radiated with a power of 45 mW at 10GHz and the microwave
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1ying on the ground with face up (body perpendicular to the beam)

breathing

R

with face down (body perpendicular to the beam)

heart (holding breath)

breathing

> T
i

I
|
I
i

lying on the ground with face down (body parallel to the beam)

breathing heart (holding breath

Fig.5.4.2+cart and breathing signals of a human subject lying on the ground
measured at a distance of 100 ft. with a power of 45 mW at 10 GHz.
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ying on the ground with face up (bog_perpendmu]ar to_the beam)
: LT S Ll iheart (M“ L‘s'.‘L 15

beam)

fig.5.4.3.Heart and breathing signals of a human subject lying on the ground
mea>ured at a distance of 100 ft. with a power of 11.25 mW
at 10 G (Amplifier gain increased).
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h face up (body perpepdicular
BN RSN N

s

heart signal (holding the breath)
lying on the ground with face up (body perpendicular to the beam)

Fig.5.4.4.Heart and breathing signals of a human subject lying on the ground
at a distance of 100 ft. measured with a microwave beam with a
power of 4.5 mW at 10 GHz. (Amplifier gain further increased).
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beam was aimed at a human subject lying on the ground at a distance of
100 feet. The top figure shows the results when the subject's body
with face-up was perpendicular to the direction of the microwave beam.
The left portion of this figure shows the breathing signals (superim-
posed with the heart signals) and the right portion of the figure in-
dicates only the heart signal when the subject held the breathing.
In this figure, both the breathing and heart signals are clearly recorded.
The second figure from the top of Figure 5.4.2 shows the recorded
breathing and heart signals when the same subject lay face-down on the
ground at the same location. It is interesting to observe that with
the face-down position, the breathing and heart signals unexpectedly
became stronger than the face-up case. The third figure from the top
of Figure 5.4.2 shows the recorded breathing and heart signals when the
position of the human subject was rotated to the direction parallel to
the microwave beam. For this case, the breathing signal was clearly
measured but the heart signal became rather obscure. It was found that
when the body position was slightly adjusted, the heart signal could be
enhanced. The bottom figure of Figure 5.4.2 shows the recorded back-
ground noise. It is noted that the background noise varied from day
to day depending on the movement of the machines, air conditioners and
elevators in the building. On some occasions when the background noise
was lower, it was easier to measure heart signals of human subjects
lying in various positions at a distance of 100 feet or farther.

Figure 5.4.3 shows the measured breathing and heart signals of
the same human subject when the antenna radiated power was reduced to

11 mW and the gain of the operational amplifier was increased. The



5 mh
radiatec
power

breathing y neart (holding breath)
| | ! |
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radiated
power

L]
! 2.5 mW
|
|
|
|

lying on the ground with face up (body perpendicular to the beam)

background noise

Fig5+4.5. Recorded heart anc breathing signals of & human subject lying on the
ground at a distance of 100 ft. The life detection system uses a
circulator and the radiated power is 5 mW or 2.5 mW at 10 GHz.
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human subject lay at a distance of 100 feet with face-up or face-down
position and with the body perpendicular to the direction of the micro-
wave beam. It is observed in this figure that the breathing and heart
signals were clearly recorded and the background noise was also reduced.
Figure 5.4.4 shows the measured breathing and heart signals of
the same human subject lying at the same location when the antenna
radiated power was further reduced to 4.5 mW and the gain of the operational
amplifier was increased further. Surprisingly, with a lower radiated
power the recorded heart signal seemed to be even clearer than the
previous cases of higher radiated power. This phenomenon may be ex-
plained as follows. As the radiated power is increased, the clutter
and the body scattered signals are both increased and when they exceed
a certain level the microwave preamplifier may start to saturate.
Therefore, the increase in the antenna radiated power may not enhance
the amplitude and quality of the measured breathing and heart signals.
Figure 5.4.5 illustrates the breathing and hearth signals of a human
subject lying on the ground at a distance of 100 feet with radiated

power of 5 mW or 2.5 mW only.

5.5 Effects of clutter cancellation, polarization, and the clothing

of the human subject on the system performance

When the 1ife detection system operates at different backgrounds,
the nature of the clutter also varies. With the present system, it is
easy to cancel or minimize different clutters with amplitude and phase
adjustment in the cancellation circuit. When the clutter is not can-

celled, the sum of the clutter and the body scattered signal can easily
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saturate the microwave preamplifier, and consequently, leading to the
failure of heart signal detection. To study this effect a series of
experiments were performed and the results are shown in Figures 5.5.1 -
5.5.2. In this series of experiments, the antenna radiated power was
kept constant while the level of uncancelled clutter was varied by
detuning the clutter cancellation circuit. The top figure of Figure
5.5.1 shows the recorded breathing and heart signals when the power level
after the microwave preamplifier was 3 mW. This condition represents

a good cancellation of the clutter and a significant portion of the
input signal to the microwave preamplifier may consist of the body-
scattered wave modulated by the heart beat. Because of this condition,
the breathing and heart signals were clearly detected. The second
figure from the top of Figure 5.5.1 indicates the recorded breathing
and heart signals when the clutter was not very well cancelled, by
purposely detuning the clutter cancellation circuit slightly, and the
power level after the microwave preamplifier was increased to 5 mW.
This increase in the output power of the microwave preamplifier was
entirely due to an increased level of the uncancelled clutter because
the antenna radiated power and the position of the human subject were
unchanged from the previous case. Under this condition, the breathing
and heart signals were still clearly recorded, implying that the micro-
wave preamplifier was still working in the linear range. When the un-
cancelled clutter was further increased to a level that the microwave
preamplifier output reached 60 mW, the recorded breathing and heart
signals start to deteriorate as shown in the third figure from the top
in Figure 5.5.1. This phenomenon clearly indicates the start of the

saturation of the microwave preamplifier.
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breathing

heart (holding breath)

3 mW after

preamplifier

5 mW after

preamplifier

60 mW after
preamplifier

S aighs
P e

.....

level (heart signal plus clutter) input to the mixer.

Fig.5.5.1.Performance of the system as a function of signal power



80 mW after

preamplifier
(without an
attenuator{

with 3 dB
attenuator
connected after
preamplifier

with 3 dB
attenuator
connected before
preamplifier

background noise

e —— e

T.T

T L

without attenuator with 3 dB attenuator

Figs.5.2&ffect of microwave preamplifier saturation on the system
performance. The output of the preamplifier was 80 mW
and the preamplifier was saturated due to a large un-
cancelled clutter. Under this condition, the heart signal
was obscure even though the breathing signal was detect-
able. A 3 dB attenuator connected after the preamplifier
can not recover the heart signal. The attenuator
connected before the preamplifier can neither recover the
heart signal because it reduced both the clutter and the
body-scattered signal input to the preamplifier.
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When the uncancelled clutter was increased to a level that the
output of the microwave preamplifier became more than 80 mW, the
saturation of the preamplifier caused the recorded heart signal to be
quite obscure even though the breathing was still very clearly recorded.
This phenomenon is shown in the first figure at the top of Figure 5.5.2.
To further study this effect, a 3dB attenuator was inserted after and
before the microwave preamplifier in an attempt to undo the saturation
of the preamplifier. In either case, a clear heart signal could not
be recovered due to the following probable reasons. When the 3dB
attenuator was inserted after the microwave preamplifier (the second
figure from the top in Figure 5.5.2), the saturated and distorted heart
signals after the preamplifier were reduced in amplitude but its quality
was not improved. Also from this experiment, it is observed that the
deterioration of the heart signal was not due to the saturation of the
double-balanced mixer, but rather was due to the saturation of the
microwave preamplifier. When the 3dB attenuator was inserted before the
preamplifier to undo the saturation of the preamplifier (the third
figure from the top in Figure 5.5.2), a clear heart signal was not
recorded either. The reason for this result was probably due to the
fact that the 3dB attenuator while reduced the clutter it also reduced
the body-scattered wave. Thus, the heart signal became too weak to be
detected. The bottom figureé in Figure 5.5.2 show the background noise
levels in the experiment.

The results of Figures 5.5.1 - 5.5.2 indicate the importance
of the clutter cancellation and the operating range of the microwave

preamplifier. It is essential to operate the microwave preamplifier
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fi9.5,5.3,Measured breathing and heart signals from a human subject lying

on the ground at a distance of 100 ft. with a microwave beam
of 20 mW at 10 GHz with different polarizations; (1) circular
pclarization, (2) linear-vertical polarization and (3) linear-
horizontal poiarization.
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in its linear range and to avoid the preamplifier saturation by a proper
control of the clutter cancellation.

The second factor which may affect the system performance is the
polarization of the microwave illuminating the human body. It was
suspected that a certain type of polarization may lead to a best heart
signal detection. To test this conjecture the circular polarization,
the linear-vertical polarization, and the linear-horizontal polarization
were employed. The circularly polarized wave was produced with a cir-
cularly polarized horn antenna commonly used in the car radar system.
The linear-vertical and horizontal polarizations were produced by a
home made pyramidal horn antenna. The results of the measured breathing
and heart signals of a human subject 1ying on the ground at a distance
of 100 feet with these three polarizations are shown in Figure 5.5.3.

It is observed that the different polarizations did not cause a signi-
ficant difference in the detection of breathing and heart signals when
the human subject was lying on the ground at a distance of 100 feet.
However, for shorter distances (20 ~ 40 feet) and the human subject
lying on a metallic ground plane, the polarization effect on system
performance is found to be more significant.

As one of the requirements, it is highly desirable to design
a distant life detection system which performance is not significantly
affected by the clothing of the human subject to be illuminated by
the microwaves. Ideally, a microwave of particular frequency should
be selected which can easily penetrate the clothing. It has been found
that the X-band microwave at 10GHz can penetrate the clothing quite

well as evidenced by the results shown in Figure 5.5.4. The top figure
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covered with four layers of clothing lying on the ground at a
distance of 100 ft.

Fig.5.5.4, Effect of the clothing of the human subject on the performance
of the distant life detection system.
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of Figure 5.5.4 shows the measured breathing and heart signals of a
human subject with one layer of clothing lying on the ground at a distance
of 100 feet. The antenna radiated a linear-vertically polarized wave
with a power of 10 mW. It is observed that both breathing and heart
signals were clearly detected. The bottom figure in Figure 5.5.4 shows
the recorded breathing and heart signals of the same human subject
covered with four layers of clothing, three of them were heavy, lying
at the same location. This result shows a slight reduction in the
amplitude of the measured heart signal but the quality of the measured
heart signal remains good. After many more experiments it is concluded
that the effect of clothing on the heart signal detection is not signi-

ficant at the X-band around 10 GHz.

5.6 Detection of breathing and heart signals through a concrete wall

For the completeness, the performance of the life detection
system was also studied through a concrete wall. It may be interesting
to test whether the system can detect the breathing and heart signals
of human subjects located behind a concrete wall. Surprisingly enough,
the system was able to detect the breathing and heart signals of a
human subject sitting at a distance of 10 feet behind a concrete wall
with an antenna radiated power of only 20 mW. With a higher radiated
power, the detectable distance is expected to increase further. The
results of this experiment are shown in Figure 5.6.1 where the measured
breathing and heart signals of a human subject sitting behind a 6 inch

concrete wall at a distance of 2, 7 or 10 feet are given. The antenna
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Fig.5.6.1.Measured breathing and heart signals from a human subject
sitting behind a concrete wall ?6" thick) at various dis-
tances. The antenna of the 1ife detection system was located
at the other side of the wall and radiated with a power of 20
mW at 10 GHz.
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was located close to the wall and radiated with a power of 20 mW.

In this experiment, it was necessary to use a matching (tuning) circuit
between the antenna and the circulator to match the antenna through

the wall, or to reduce a large reflection of microwave from the wall.

In Figure 5.6.1, the breathing and heart signals are clearly recorded

for all the three distances.



CHAPTER 6
SUMMARY

This thesis presents a study of the scattering of electromagnetic
waves by the human body and also demonstrates some of its possible appli-
cations. The aim and scope of this study is presented in Chapter 1.

In Chapter 2, the EM field near a cylindrical biological body illuminated
by a plane wave is analysed and the responses of the single and
orthogonal E-field probes located near the body-surface are determined.
These results were experimentally verified in Chapter 3 using a
cylindrical dielectric shell filled with saline solution at the fre-
quencies of 2GHz, 2.45GHz and 3GHz. The theoretically computed results
for the empty shell are also compared with the experimentally recorded
probe responses. An excellent agreement is found between the theory

and the experiments. Some additional theoretically computed results

of the probe response near the biological body are also presented in
this chapter. The shadowing effect due to the body and the difference
in the probe response in the presence and in the absence of the body

are noticed.

In Chapter 4, an expression for the backscattered electric field
from a cylindrical body illuminated by a plane wave is obtained. The
variations in the magnitude and phase of this backscattered field is
then studied assuming the body-radius changes with time. In the latter
part of this chapter, an expression for the backscattered electric field

from a spherical body exposed to the plane EM waves is obtained and the

132
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effect of the change in the radius of the sphere with time on the
magnitude and phase of the field is studied. It is noted that the change
in the phase of the backscattered field is linear with the change in
the radius of the cylindrical or spherical body. However, the magnitude
of the return signal is not linearly affected by the change in the
radius in both cases.

Two different techniques are presented in Chapter 5 for detecting
the breathing and heart beats of humans from large distances. In one,
a magic tee is used while in the other, a circulator is employed.
The breathing and heart signals from the distance of upto 100 feet and
also through a concrete wall are reported in this chapter. The ap-
plication of these techniques for remotely detecting the physiological
status of humans at distances or trapped living beings behind the

barriers is noted.
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PROGRAM SHELL (INPUT,OUTPUT,TAPE 10 = INPUT,TAPE 20 = QUTPUT)
DIMENSION BJRE (75), BJIM(75) ,YRE (41), YIM (k1)

COMPLEX BODY1,BODY2,WK1,WK2,WKIR1,WK2R1,WK2R2,ZLOAD,ZINPUT,FACTR2
*,FACTR1,VEQPH!,CURENT,VEQRAD,DHARA,VEQTE , TELOAD

COMMON WK1,WK2,WK1R1,WK2R1,WK2R2,CKO, CKOR, CKOR2

AR ARA R AR AREAARRAERRRARKAARKRARRRRARRRRARRARAARRAR K AARK AR RRA KRR
THIS PROGRAM COMPUTES THE LOAD CURRENT DETECTED BY E-FIELD PROBE
NEAR TWO CONCENTRIC CYLINDRICAL MEDIA OF COMPLEX PERMITTIVITIES.
SIGMA) AND SIGMA2 ARE CONDUCTIVITIES OF INNER AND OUTER MEDIA,
RESPECTIVELY,WHILE DIELCY AND DIELC2 ARE RELATIVE PERMITTIVITIES.
IT READS THESE DATA AND FREQ FROM FORMATTED DATA CARDS.FIELD IS
MAGNITUDE OF INCIDENT E-FIELD,ANGLE IS ITS POLARIZATION ANGLE
MEASURED FROM THE PLANE PASSING THRO, THE PROPAGATION AXIS AND
AX1S OF THE CYLINDER.R1 AND R2 ARE THE RADII OF INNER AND OUTER CYLINDERS.
HEIGHT IS HALF OF THE LENGTH OF PROBE LOCATED AT R FROM THE CYLINDER
AX1S. A 10 KOHM RESISTOR IN PARALLEL WITH 6 PF CAPACITOR IS
ASSUMED LOAD FOR THE PROBE AND SQURE-LAW DETECTOR IS ASSUMED.

IN THE OUTPUT,IT PRINTS THE CURRENTS FOR THREE INDIVIDUAL PROBES
AS WELL AS THE TOTAL CURRENT FOR THE THREE ORTHOGONALLY CONNECTED
PROBE SYSTEM AROUND CYLINDER AT & DEGREE INTERVAL.

KRR A R AR AR KA A AR AARRARARRAARAAA KA ARRER AR AR AR A ARk KA RLAAX
FIELD=2.0

ANGLE=4L5.0

HE | GHT=0.0065

Rl = 0.146

R2 = 0.1524

R=0.156

Pl = 4L.,0 % ATAN (1.0)

DO 99 M = 1,3

READ (10, 1) SIGMA1,SIGMA2,DIELCT,DIELC2,FREQ

FORMAT (2F6.4,2F5.2,E11.4)

FREEMU = 4 .OE-07%P|

VACCUM = 8.85LE-12

PHI0=ATAN (HE | GHT/R)

VELITE = 3.0£+08

OMEGA = 2.0 * Pl * FREQ

CKO = OMEGA / VELITE

DIERT = DIELC! * VACCUM

DIER2 = DIELC2 * VACCUM

BODY1 = CMPLX (DIER1,- (SIGMA1/0MEGA))

BODY2 = CMPLX (DIER2,-(SI1GMA2/0MEGA))

SQROMG = OMEGA *%2

WK1 = CSQRT (SQROMG*FREEMU*BODY1)

WK2 = CSQRT (SQROMG*FREEMU*XBODY2)

WKIR1 = WK1%R]

WK2R1 = WK2*R1

WK2R2 = WK2%R2

CKOR2 = CKO*R2

CKOR = CKO*R

RLOAD=1.0E+0k4

XLOAD=1.0E+12/ (6.0%0MEGA)
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ZLOAD=RLOAD*CMPLX (0.0, -XLOAD) /CMPLX (RLOAD, -XLOAD)
BETAH=CKO*HE | GHT
RINPUT=18.3% (BETAH%*2) % (1.0+0.086% (BETAHX%2)) °*
XINPUT=-396.0% (1.0-0.383* (BETAH#%2) ) /BETAH
ZINPUT=CMPLX (RINPUT, X INPUT)

FACTR1=Z INPUT+ZLOAD
FACTR2=Z INPUT+ZLOAD
ANGLRD=ANGLE*P!/180.
WRITE (20,2) FREQ,FIELD, ANGLE
2 FORMAT (1H1,5X, 1 THFREQUENCY =,E11.4,5X,7HFIELD =,F5.2,5X,
*JHANGLE =,F6.2,/)
WRITE (20,75)
75 FORMAT (2X,6HPHI IN,3X, 15HLOAD CURRENT SQ, 3X, 15HLOAD CURRENT SQ,
*3X, 15HLOAD CURRENT SQ, 3X, 15HLOAD CURRENT SQ)
WRITE (20, 750)
750  FORMAT (2X, 3HDEG,6X,7HFOR PHI,11X,5HFOR R, 13X,6HFOR TE, 12X,
*SHTOTAL,//)
PHI = 0.0
DO 4 | = 1,15
DO Lik4k J = 1,5
PHIR = PHI * Pl / 180.0
CALL TMPHI (PHIR,VEQPHI,PHI0)
CURENT=F | ELDXVEQPH | *#S IN (ANGLRD) /FACTR]
CALL TMRAD (PH!,VEQRAD,HE IGHT)
DHARA=F | ELD*VEQRAD*S IN (ANGLRD) /FACTR2
CALL TEWAVE (PHIR,VEQTE,HEIGHT)
TELOAD=F | ELD*XVEQTE*COS (ANGLRD) /FACTR]
AA=CABS (CURENT)
BA=CABS (DHARA)
CA=CABS (TELOAD)
AASQ=AAX%2
BASQ=BAX%2
CASQ=CA#x2
DA=AASQ+BASQ+CASQ
WRITE (20,200) PHI,AASQ,BASQ, CASQ, DA
200  FORMAT (2X,F6.2,3X,EV1.4,7X,E11. 4, 7X,E1V.L,7X,E11.4)
PHI = PHI+5.0
IF(PHI .GE.365.0) GO TO 99
LLL  CONTINUE
WRITE (20,111)
111 FORMAT (1HO)

L CONT INUE
99 CONTINUE
sToP
END

SUBROUTINE TMPH! ( PHIR,VEQTMF,PHIO)

COMMON WK1,WK2,WKI1R1,WK2R1,WK2R2,CKO,CKOR, CKOR2
DIMENSION BJRE (75) ,BJIM(75) ,YRE (L1) ,YIM(L1)
COMPLEX WK),WK2,WK1R1,WK2R2,BSRS,DM,UP,HANKLR,UP1,HNKLR1,DERHKL,
*COFCNT,BSERIS,X,Y,XANDY,VEQTMF ,WK2R1

Pl = L.0 % ATAN (1.)

R = CKOR/CKO

BSRS = CMPLX (0.0,0.0)

DO Lk N=1,20

Q=FLOAT(N) - 1.0

CALL DMPART (N,PI,DM,0.0)

IF (ABS (CKOR) .LE. 50.0) GO TO 1

FRONT= SQRT (2.0/ (PI1*CKOR) )

UP=CMPLX (0.0,~CKOR+PI* (2.0%FLOAT (N)+1.0) /4.0)
HANKLR= FRONT * CEXP (UP)

UP1 = CMPLX (0.0,-CKOR+P1% (2.0%FLOAT (N+1)+1.0) /4.0)
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HNKLR1=FRONT*CEXP (UP1)
GO TO 2

] CALL COMBES (CKOR,0.0,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
HANKLR=CMPLX (BJRE (N) ,-YRE (N))
HNKLR1=CMPLX (BJRE (N+1) ,-YRE (N+1))

2 DERHKL= (Q*HANKLR/CKOR) -HNKLR1
IF (N’])50596

5 COFCNT=DM*PH | 0*DERHKL
GO TO 9

6 CX = -2.0/ (Q*PHI0)

QTETAR=Q%*PHIR
REMAIN=(1.0/Q) * (1.0-COS (Q%PH10) ) *COS (QTETAR)
COFCNT=-CX*DMXDERHKL*REMA IN
9 BSRS=BSRS+COFCNT
Ly CONT INUE
BSER|S=BSRS*CMPLX (0.0, 1.0)
X1=CKOR* COS (PHIR- (PH10/2.0))
Y1=CKOR*COS (PH IR+ (PH10/2.0))
DOME 1=C0S (PHIR- (PH10/4.0))
DOME 2=C0S (PHIR+ (PHI10/4.0))
X=CMPLX (DOME 1,0.0) *CMPLX (COS (X1) ,-SIN(X1))
Y=DOME 24CMPLX (COS (Y1) ,-SIN(Y1))
XANDY= (X+Y) *PH10/2.0
VEQTMF=R%* (BSER | S+XANDY)
RETURN
END
SUBROUTINE TMRAD (PHI,VEQTMR,HEIGHT)
DIMENSION BJRE (75) ,BJIM(75) ,YRE (1) ,YIM (L)
COMMON WK1,WK2,WKIR1,WK2R1,WK2R2,CKO,CKOR, CKOR2
COMPLEX WK1,WK2,WKI1R1,WK2R2,SERIES,DM,UP1,HN1,TERM1,UP2,HN2,
*TERM2,TOTAL,C1,C2,C3,E1,E2,E3,BODYNO, VEQTMR ,WK2R1
Pl=L . 0%ATAN (1.0)
PHIR=PHI*P)/180.0
R=CKOR/CKO
SERIES=CMPLX (0.0,0.0)
DO Lk N=1,20
Q=FLOAT (N) -1.0
CALL DMPART (N,PI!,DM,0.0)
RMINUS=R-HE IGHT/2.0
RPLUS=R+HE | GHT/2.0
ARGU 1=CKO*RMINUS
ARGU2=CKO*RPLUS
IF (ABS (ARGU1) .LE.50.0) GO TO 1
X1 = SQRT (2.0/ (P1%ARGU1))
UP1=CMPLX (0.0, ~-ARGUI+PI* (2.0%FLOAT (N)+1.0) /4.0)

HN1=X1%CEXP (UP1)
GO TO 2

] CALL COMBES (ARGU1,0.0,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
HN1=CMPLX (BJRE (N) ,-YRE (N))

2 TERM1=(1.0+ (1.0-R/HE I GHT) *ALOG (R/ (R-HE IGHT) ) ) *HN1

IF (ABS (ARGU2) .LE. 50.0) GO TO 3
X2=SQRT (2.0/ (P1%ARGU2) )
UP2=CMPLX (0.0, -ARGU2+P 1 % (2.0%FLOAT (N) +1.0) /4.0)
HN2=X2% CEXP (UP2)

GO TO &

3 CALL COMBES (ARGU2,0.0,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
HN2=CMPLX (BJRE (N) , -YRE (N)) ,

L TERM2= ((1.0+R/HE I GHT) *ALOG ( (R+HE IGHT) /R) -1.0) #HN2

TOTAL=(Q/CKO) *DM* (TERMI1+TERM2) *SIN (Q*PHIR) *CMPLX (0.0,1.0)
SERIES=SERIES+TOTAL
Ly CONT INUE
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Ly

IF(PHI.EQ.90.0) GO TO 6 140

IF ( PHI .EQ. 270.0) GO TO 6

C1=CMPLX (0.0,-CKO*R*COS (PHIR))

C2=CMPLX (0.0,-CKO* (R-HE I GHT) *COS (PHIR) )
C3=CMPLX (0.0, -CKO* (R+HE | GHT) *COS (PHIR))
E1=CEXP (C1)

E2= CEXP (C2)

E3=CEXP (C3)

D INOM=HE | GHT* (CKO*%*2)
TRIG=(SIN(PHIR)) / ((COS (PHIR) ) *%2)

BODYNO= (2.0%E 1-E2-E3) *TRIG/D I NOM

GO TO 66

BODYNO = HEIGHT*SIN (PHIR)
VEQTMR=BODYNO+SERIES

RETURN

END

SUBROUTINE TEWAVE (PHIR,EZRPHI,HE|IGHT)
COMMON WK1,WK2,WKIR1,WK2R1,WK2R2,CKO,CKOR,CKOR2
DIMENSION BJRE (75) ,BJIM(75) ,YRE (L1) ,YIM(L1)
COMPLEX WK1,WK2,WKIR1,WK2R2,WK2R1,VSERIS,DM,HANKEL,SUM,C6,C7,
*EZRPH|

Pi=L4 . O%ATAN (1.0)

VSER|S=CMPLX (0.0,0.0)

DO 4L N=1,20

Q=FLOAT(N) -1.0

CALL DMPART (N,P1,DM,1.0)

IF (ABS (CKOR) .LE. 50.0) GO TO 1

C5=SQRT (2.0/P1*CKOR)

TN2=CKOR- (2.0%Q+1.0) *P|/4.0

BES=C5%C0S (TN2)

BES2=C54S|IN (TN2)

HANKEL=CMPLX (BES,-BES2)

GO TO 8

CALL COMBES (CKOR,0.0,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
HANKEL=CMPLX (BJRE (N) ,-YRE (N))

PHICOS=COS ( Q#PHIR)

SUM=DMXHANKEL#*PHICOS

VSER|IS=VSER|IS+SUM

CONTINUE

C6=CMPLX (0.0,-CKOR*COS (PHIR))

C7=CEXP (C6)

EZRPHI= (C7+VSER!S) *HE | GHT

RETURN

END

SUBROUTINE DMPART (N,PI,DM,TE)

DIMENSION BJRE (75) ,BJIM(75) ,YRE (1) ,YIM (k1)
COMPLEX WKIR1,WK2R1,XN,WK2,WK1,WK2R2,B2,B3,HNKL,DHNKL,B4,C3,Cl,
*C3L4,COMPXJ,DECOM, DM

COMMON WK1,WK2,WK1R1,WK2R1,WK2R2,CKO,CKOR, CKOR2
CALL ABC (WKIR1,WK2R1,N,PI,XN,WK2,WK1,TE)
CALL BCD (WK2R2,wWK2,CKO,N,P!,XN,B2,TE)

B3 = B2

Q = N-1

IF (ABS (CKOR2) .LE.50.0) GO TO 1000

ARGYO1 = CKOR2- (Q*P1/2.0) - (3.0%P1/L.0)
ARGUO2 = ARGUO1+(P1/2.0)

C) = SQRT(2.0/ (PI*CKOR2))

BI=C1*COS (ARGUO1)

B= COS (ARGUO2) * C1

TN1 = CKOR2 - (2.0%Q+1.0) *Pi/4.0

BESEL2 = C14SIN(TN1)
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HNKL = CMPLX (B,-BESEL2)
GO TO 10
CALL COMBES (CKOR2,0.0,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
B = BJRE (N)
Bl = BJRE (N+1)
HNKL = CMPLX (BJRE (N) ,-YRE (N))
PART = Q*B/CKOR2
DERBES=PART-BI
B! = DERBES/B
C2 = 2.0/ (PI*CKOR2*B)
DHNKL = B1 % HNKL - C2 * CMPLX ( 0.0,1.0)
B4 = DHNKL/HNKL
C3 = (B1-B3)/ (B3-Bk4)
C4 = B/HNKL
C3k = C3%Ch
IF(N-1) 20,20,16
EPCLON = 1.0
GO TO 7
EPCLON = 2.0
COMPXJ = CMPLX (0.0,1.0)
DECOM = COMPXJ#%* (N-1)
DM = EPCLON * C3L/DECOM
RETURN
END
SUBROUTINE ABC (WKIR1,WK2R1,N,P!,XN,WK2,WK1,TE)
DIMENSION BJRE (75), BJIM(75), YRE (L1), YIM(L1)

COMPLEX WK1,WK2,WKIR1,WK2R1,XN,DEBES1,B1,BI11,PART11,A1,DEBESH,

*BH,COEFF1,BESEL2,PART21,BH21,DBES,HNL221,HNL121,WRON,DHL221,
*DHL121, A2, A4, A3,CB]

REWK!1 = REAL (WKIR1)

AMWK11 = AIMAG (WKIR1)

REWK21 = REAL (WK2R1)

AMWK21 = AIMAG (WK2R1)

Q=N-1

IF (CABS (WK1R1) .LE. 50.0) GO TO 1

ARGU1) = REWK11 - (Q * Pl / 2.0) - (3.0 *# Pl / 4.0)
ARGU12 = ARGUII+ ( PI / 2.0)

CB1=CSQRT (2.0/ (PI*WK1R1))

Bill= CB1*CMPLX (COS (ARGU11),-SIN(ARGU11) *TANH (AMWK11))
Bl = CMPLX (COS (ARGU12), - SIN (ARGU12) *TANH (AMWK11)) *CB1
GO TO 10

CALL COMBES (REWK11,AMWK11,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
Bl = CMPLX (BJRE (N), BJIM (N) )

BI11 = CMPLX (BJRE (N+1), BJIM (N+1) )

PART11 = Q * Bl / WKIRI

DEBES1 = PART11 - BI11

Al = DEBES1 / BIl

IF (CABS (WK2R1) .LE. 50.0) GO TO 2

ARGU21 = REWK21 - ( Q*P1/2.0) - (3.0 *PI / 4.0)

ARGU22 = ARGU21 + (PI / 2.0)

COEFF1 = CSQRT ( 2.0 / ( PI * WK2R1) )

BH21=COEFF 1*CMPLX (COS (ARGU21) ,-SIN (ARGU21) *TANH (AMWK21) )
BH = CMPLX (COS (ARGU22),-SIN(ARGU22) *TANH (AMWK21) ) *COEFF1
COSINE = ( EXP ( AMWK21) + EXP (-AMWK21) ) / 2.0

TN = REWK21 - ( 2.0%Q+1.0)%P1/4.0

BESEL2 = COEFF1%COSINE* (SIN (TN) +TANH (AMWK21) *COS (TN) *
CCMPLX (0.0,1.0))

GO TO 3

CALL COMBES (REWK21,AMWK21,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
BH = CMPLX ( BJRE (N), BJIM (N) )

BH21 = CMPLX (BJRE (N+1), BJIM (N+1) )
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BESEL2 = CMPLX (YRE(N), YIM (N) )
PART21 = Q*BH / WK2R)
DEBESH = PART21 - BH21
DBES = DEBESH /BH
HNL221 = BH + BESEL2 * CMPLX (0.0,-1.0)
HNL121 = BH + BESEL2 * CMPLX (0.0, 1.0)
WRON = 2.0 / (PlI * WK2R1 * BH)
DHL221 = DBES * HNL221 - WRON*CMPLX (0.0,1.0)
DHL121 = DBES * HNL121 + WRON * CMPLX (0.0,1.0)
IF(TE-1.0)5,6,6
A2= (WK1%DHL221) / (WK2%HNL221)
Ab= (WK1%DHL121) / (WK2%HNL121)
GO TO 47
A2 = (WK2 * DHL221) / ( WK1 * HNL221)
AL = (WK2 * DHL121) / ( WK1 * HNL121)
A3 = HNL221 / HNL121
XN = A3 % (A1-A2)/ (A1-AL)
RETURN
END
SUBROUTINE BCD (WK2R2,WK2,CKO,N,PI,XN,B2,TE)
DIMENSION BJRE (75), BJIM(75) ,YRE (L1), YIM (L)
COMPLEX DEBES2,B,BESEL2,COEFF2,PART22,B122,HNL222,HNL122,DBES2,
*WRON2,DHL222,DHL 122, UNUM,DINOM, B2,WK2R2,WK2, XN
REWK22 = REAL (WK2R2)
AMWK22 = AIMAG (WK2R2)
Q=N-1
IF (CABS (WK2R2) .LE. 50.0) GO TO 1
ARG2) = REWK22 - (Q*P1/2.0) - (3.0%P1/L.0)
ARG22 = ARG21 + (PI /2.0)
COEFF2 = CSQRT (2.0/ (PI1*WK2R2) )
B122=COEFF2*CMPLX (COS (ARG21) ,-SIN (ARG21) *TANH (AMWK22))
B = CMPLX (COS (ARG22),-SIN(ARG22) *TANH (AMWK22) ) *COEFF2
COSINE = (EXP (AMWK22)+EXP (-AMWK22) ) /2.0
TN = REWK22 -(2.0%Q+1.0)*P1/L.0
BESEL2=COEFF2*COSINE* (SIN (TN)+COS (TN) *TANH (AMWK22) *
CCMPLX (0.0,1.0) )
GO TO 10
CALL COMBES (REWK22,AMWK22,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
B = CMPLX (BJRE (N),BJIM(N) )
BESEL2 = CMPLX (YRE(N),YIM(N) )
B122 = CMPLX (BJRE (N+1) ,BJIM(N+1) )
PART22 = Q*B/WK2R2
HNL122 = B+BESEL2 * CMPLX (0.0,1.0)
HNL222 = B+BESEL2*CMPLX (0.0,-1.0)
DEBES2 = PART22 - BI22
DBES2 = DEBES2 / B
WRON2 = 2.0/ (P1%WK2R2*B)
DHL222 = DBES2 * HNL222 - WRON2 * CMPLX (0.0,1.0)
DHL122 = DBES2 * HNL122+WRON2 * CMPLX (0.0,1.0)
UNUM = DHL222-XN*DHL122
DINOM = HNL222 - XN * HNL122
IF (TE-1.0)5,6,6
B2= (CKO*UNUM) / (WK2*D | NOM)
GO TO 47
B2 = (WK2 *UNUM) / ( CKO * DINOM )
RETURN
END



143

c dedededededdedede sk dedk s de ot ek de vtk sk e e stk sk e e skt ek bk kb sk st e e ke ek ek ok
C SUBROUTINE " COMBES " [23]
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SUBROUT INE COMBES (X,Y,ALPHA,BETA,N,BJRE,BJIM,YRE,YIM)
D I MENS | ON BJRE(75) BJIM(75) YRE (1) YTM (L)

CALL BEGIN(X,Y
LPHA BETA,K,R,BJRE,BJIM)

CALL JRECUR (X
CALL JSUM(ALP ETA, BJRE BJIM,SUMRA SUMIA)
X LPHA, BETA R)

= Y
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+ALPHA,BETA,N,BJRE,BJIM,YRE,Y M)
]211 X,Y,N,BJRE,BJIM,YRE,YIM)

D
CBESLO2 BEGIN SUBROUTINE PART 2 OF 16
SUBROUT NE BEGIN(X Y,N,K,R)
SSQ=X%24Y k2
KT N=SQRT§SSQ)+20.0
NTEN=1ABS (N)+10
M=MAXO (KTEN,NTEN) /2
K=2%M+1
R=K+ 1

3 PART 3 OF 16

EN
CBESLO& JRECUR SUBRO
uB ?ETA,K.R,BJRE,BJIM)

U

ROUTINE JRECU
DIMENSION BJRE (1
RALPHA=R+ALPHA
55Q=X*x2+Y*x2
BJRE (K+2) =0
BJIM(K+2) =0
BJRE (K+1)=1.0E-37
BJIM(K+1)=0.0
DOLI=),K
Li=K+1-1
RALPHA=RALPHA-1.
=((2.0%X*RALPH
B=((-2.0%Y*RALP
BJRE L1;- A%BJR

4 BJIM(L1)=(B*BJR
RETURN

END
CBESLOL JSUM SUBROUT
SUBROUTINE JSUM
DIMENSION BJR;!
i
B

oo+

0

3

*BETA*Y);
O*BETA%X

g- B*BJIM
+ (A%BJIM

mmMm I e

+(2. S
)+ (2, /s
L1+] Ll+ -BJRE (L1+2
L1+] L1+1)) -BJIM(L1+2

PART L OF 16
JRE,BJIM,SUMRA, SUMIA)

B
(BJIM( )*BETA;
2.0) *BUIM(3)

801 SUMRA=(BJRE (
SUMI A= (BETA*
GRE=1.0
GIM=0

BETA,K,
IM (100
2.0)) -
(ALPHA+

GREN=2(GRE*(ALPHA+S 1. 0;)-(BETA*GIM;)/S
G I M= ((GIM* (ALPHA+S-1.0) )+ (BETA*GRE) ) /
GRE=GREN
ALPTS=ALPHA+2.0%S
GJR=GRE*BJRE{I;
GJI=GIM*BJIM (I
GJRI-GRE*BJIM&
GJIR=G | M*BJRE
SUMRB=ALPTS’§G
SUMIB=ALPTS* (G
IF (SUMRA) 1; 21
15 1F (ABS ( (SUMRB/$
IF (SUMIA) 20,11

R-GJ!) -BETA%* (GJIR+GJR 1) +SUMRA
% R+GJR1) -BETA* (GJ1-GJR) +SUMI A
u
2

g A) -1.0) -.00000005) 21,21,10

!
|
J
J

21



20
10
6
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lF(ABS((SUHIB/SUMIA)-l 0) -.00000005) 11,11,10
SUMRA=SUMRB
SUMIA=SUMIB

1 RETgRN
CBEShO?UBFACTOR SUBROUTINE PART 5 OF 16

ROUTINE FACTOR (X,
CALL LOGGAM ALPHA+I.
CALL COMLOG (X,Y,A1,B
A2=ALPHA%®A1- BETA*B]
B2=BETA*A1+ALPHA%*B]
A2=-A2
B2=-B2
CALL COMEXP A2,B2,A3,B3)
Abk=.693] ; OG*ALPHA
BL4=.6531L71806%BETA
CALL COMEXP (AL,BL4,A5,B5)
A6=A3%A5-B3%B5
B6=B3%:A5+A3%B}

CALL COMEXP (U,V,A7,B7)
=A6*A;- *B
=B6%A7+A6%B

RETURN

EBESh06 COMLOG SUBROUT INE PART 6 OF 16

6

§

COMPLEX LOGARITHM - BRANCH CUT ON NEGATIVE REAL AXIS
SUBROUT INE conLoc(x
PI-g 141592654
*ALOG(X*X+Y*Y)
IF(X)5
B=.5%P
IF(Y)2.3.3
B=-B

GO TO 8
B=0.

GO T0 8
B=ATAN (Y/X)

B=ATAN (Y/X)
IF(Y)6,7,7
B=B-P|

GO TO 8
B=B+P|
RETURN

CBEShOZUBCOMEXP SUBROUT INE PART 7 OF 16

CBES&OB JNORM SUBROUT |

101
12

13
100
102

]0? BJRE
L RETUR N

END
CBESbogUBYSUM SUBRO

ROUTINE COMEXP (X,Y,A,B)
C=EXP (X)
A=C*COS§Y;
B=C*SIN (Y
RETURN

E PART 8 OF 16
RA SUMIA,BJRE,BJIM)

Réﬁi%jéﬁf 4k

N

SUBROUTINE JNORM (K

DIMENSION BJRE 100
S= 2SUMRA+BJRE
SUMIA+BJIM

lg A?S(S) ABS(T) 10

Tss% S*(l 0+ (TS*%2)

’
)
*
*

—'CC-—‘z

~ OO0 O

DO13!I=1
ng N=(BJRE(I)+BJIM(I)* g
BJIM I;-(BJIM(I) -BJRE (1) * TSSQ
BJRE BJREN

go TO

ST58=T*((ST**2)+I .0)
BJREas(BJRE(I)*ST+BJIM( )){STS?
BJIM ;-(BJIM(I)*ST BJRE (1)) SQ
=BJREN

I

1

uT PART 9 OF 16
ROUTINE YSUM ETA,K,BJRE,BJIM,ASUMR, ASUMI)
DIMENSION BJRE ( )

Al=ALPHA-1.0

A2=A1-1.0

AB-AI+ALPHA

AL=BETA*%2

A5=2 ,0%AL

NE
(X,Y,ALPHA, B
00} ,BJIM (100
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ABSQ= (- A1)**2+Ah

GAM E={ 0+ALPHA)*( A1) -Ak) /ABSQ
GAMIM= (BETA* /Aasg
ASUMR=GAMRE * JR£23;- AMIM*BJ|M{3;
#S?MlsGAMIH*BJRE 3) +GAMRE*BJ I M (3
oo 5oo |=5,K,2
T=T+1.0
Bl1=2. O*T
F1=B1+ALPHA
F2=A3+T
F3=AT+T
FE=T-ALPHA
Fb=A2+B1
G1=F 1%F2-A5
GZ=(F2+2 O%F 1) *BETA
H1=G1%F3-G2*BETA
stsz*r +GI*BETA
P1=F5xFB+AL
P2=(F5-F6) *BETA
PaaPl**2+P2**2
c E=i HI*PI+H2*P23/P ;/T
CiM=( (H2*P1-H1%P2) /P3) /T
TEMP=- (CRE*GAMRE-C | M*GAM| M)
GAMIM== (C | MXGAMRE+CRE*GAM| M)
GAMRE=TEMP
BSUMR=GAMRE*BJRE§I GAMIM*BJIM& +ASUMR
BSUMI=GAM| M*BJRE (1) +GAMRE*BJIM (1) +ASUMI
IF ABS((BSUMR/ASUMR)-I 0)-.00000005)521 521,510
521 |F (ASUMI) 520,511,520
520 |F (ABS ((B UMI/AS M1)-1.0) -.00000005)511,511,510
10 ASUMR=BSUMR
00 ASUMI=BSUMI
1M REIERN
CBESL1O YGNU SUBROUTINE PART 10 OF 16
SUBROUT I NE YGNU(X,Y,ALPHA,BETA.S.R,ASUMR,ASUMI,BJRE,BJIM,YRE,YIM)
DIMENS|ON BJRE (100) .BJIM (100) , YRE (50),Y I M (50)
Pl=3, lhlg9265h
TPI=
RE=TPI*(Q**2 Rit%2)
IM=TP|%2,0%Q*R
RE=QRE*ASUMR-Q | M*ASUM
DIH=Q|H*ASUMR+ RE*ASUM
lFéALPHA)l
2 IF (BETA)
3 CALL YZERO(X Y,ALPRE,ALPIM)
GO TO 720
1 PALPHA=P | AL PHA
COX=C0S PALPHAg
SiX=SIN (PALPHA
EXY=EXP (P *BETA)
EXY1=1.0/EXY
COSH=. exv+zxv1
SINH=.5% (EXY-EX
DEN= sux*cosn)**2+(cox*suuu)**2
ERE= (S1X*COX) /DEN
E IM=(~COSHXS|NH) /DEN
ABSQ3=2.0% (ALPHAX*2+BETA%%2)
ALPRE=ERE- £ REXALPHA+BETA% |M;/ABS ;
ALPIM=E | M- ( (0| MXALPHA-BETAXQRE) /ABS
720 YRE§ ;tALPRE<BJRE£13-ALP|M* JIM(]3+ E
{é“ é =ALPIM*BJRE (1) +ALPRE*BJIM(1)+DIM
END
CBESL11 YZERO SUBROUTINE PART 11 OF 16
SUBROUT I NE YZEROéX Y,ALPRE,ALPIM)
TP|=2.0/3.1h1532 5l
KCbReCoR Tt X Y8 caun)
ALP | M=TP | *B
CBESL12 WRONSK SUBROUTINE PART 12 OF 16

SUBROUTINE WRONSK (X,Y, RE
DIMENSION BJRE (100) ,BJIM(10
SSQ=X*%2+Y k%2
TPI=2.0/3.141592654
AZRE=TPI*X/SS

AZ|M=-TP| %Y/ 8

ZRE-BJRE(Z)*YR (1) -BJIM(2) xYIM(1)
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ZIM=BJIM(2) *YRE (1) +BJRE (2) xYIM (1)
BZRE=ZRE-AZRE

BZIM=ZIM-AZIM

BJS =BJRE§I;**2+BJIH(I)**2
CZRE=BJRE (1) /BJS

CZIM=( BJIM(I)) JSQ

YRE (2 -BZRE*CZRE BZIMACZIM

YIM(2) =BZ | MXCZRE+BZRE*CZIM

e
CBEShlg NEGN SUBROUT INE PART 13 OF 16
UBROUTINE NEGN(X,Y,ALPHA,BETA,N,BJRE,BJIM,YRE,YIM)
DIMENSION BJRE (100), BJIM(]OO).YRE(SO).YIM(SO)
L=1ABS (N) +1
SSQ=X*%2+Yx%2
TX=2.0%X
TY=2.0%Y
RALPHA=ALPHA
A= TX*RALPHA+TY*B£TA){SSQ
B= (-TYXRALPHA+TX*BETA) /S ?
BJRE& ;-A*BJnssl -B*BJ|M2 3-BJRE$23
BJIM(2) =B*BJRE (1) +A*BJIM (1) -BJIM (2
YRE$2;~A*YRE§ ; B*YlMil;-YRﬁgzg
YIM -B*;RE +AXYIM(1)-YIM(2
2 l- oL
RALPHA- ALPHA-1.0
A=2TX*RALPHA+TY*BETA) 552
B= (-TYXRALPHA+TX*BETA) /S S
BJRE&!}-A*BJRE I-l;-B*BJI 2!-13-BJR52|-2;
BJIM(I)=B*BJRE (I-1)+A*BJIM(I-1)-BJIM(1-2
YRE |;-A*YRE§|-1; B*YIM&I-]K-YRESI-Z;
] YIM(1)=B%YRE (1-1)+A*xYIM(I1-1)-YIM(I-2
3 CONTINUE
RELgRN
CBESLIL YRECUR SUBROUTINE PART 14 OF 16
SUBROUT INE YRECUR(X BJRE,BJIM,YRE,YIM)
DIMENSION BJRE (100) ,BJIM(100),YRE (50) ,YIM(50)
SSQ=Xvck2+Y k%2
TPI=2. 0/3 1&159265&
AZRE=TP|%X/SS
tZIM=-TP|*Y/S Q
IF(L-3)3,2,2
2 D01 1=3,L
ZRE=BJR gl *YRE I-l;-BJIM l}*Ylﬂzl-lg
ZIM=BJIM (1) *YRE (1-1)+BJRE (1) *YIM(I-
BZRE=ZRE~AZRE
BZIM=ZIM-AZIM
BJS =aJR£21-1;**2+BJ|M(|-1)**2
CZRE=BJRE (I -1 /BJSS
CZIM=(-BJIM(1-1)) /BJS
YRE l;-BZRE*CZRE-BZIH CZIM
1 YIM(I)=BZIM*CZRE+BZRE*CZIM
3 CONTINUE
RE;gRN
CBEShlg YGNUP SUBROUTINE PART 15 OF 16
UBROUTINE YGNUP (X Y,ALPHA,BETA,S.R,ASUMR.ASUMI,BJRE,BJI
DIMENSION BJRE (100) ,BJ1M (100), YR (50) ,YIM(50)

Pi=3.141592654
TPI=2, 0/??
RESTPI*(Q**Z R¥%%*2)
IM=TP| %2, 0*8*R
RE=QRE*ASUM IMXASUMI
= IM*ASUMR+ RE*ASUMI
g PHA)I ]

L YZERO X,Y,ALPRE, ALPIM)
T0 720
PHA=P | XALPHA

éﬂ
o
AL
0
AL
0X
I X=S|N PALPHA
Y
)
N
N=
E=
M=

-EXP

H=. g XY+EXY1

H=, EXY-
SIX*COSH)**2+(COX*SINH)**2
S1X*COX) /DEN

D
|
|
o
G
P
c
S
E
E
c
S
g
3 -COSHXS1NH) /DEN

X
XY
0
I
E
R
I

M,YRE,YIM)
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CBESL]

LOGGA
HIS
OMP

HER

(alalalslslslely)
£ o-Ho
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ABS&E*Z.O* ALPHA%*2+BETA%*2)

ALPRE=ERE - S RE*ALPHA+BETA*Q|M) /ABS g;

ALP I M=E | M- IMXALPHA-BETA*QRE) /ABS

TRE=ALPRE*BJRE 2;-ALPIM*BJI 22 +DRE

TIM=ALPIMXBJRE (2) +tALPRE*BJIM(2)+DIM

ALPRE=-$ kX+R*Y) / (Xkk2+Y k%2

ALP|M=- g*Y / (Xkk24Y%%2

YREf ;tALPRE BJRE lg-ALPIM*BJiﬂ 1) +TRE

YIM(2)=ALPIM*BJRE (1) +ALPRE*BJIM(1)+TIM

REﬁ RN

6 YSUMP SUBROUTINE PART 16 OF 16
SUBROUT INE YSUMP(X. H ,BETA,K,BJRE,BJIM,ASUMR,ASUMI)
DIMENSION BJRE (100), M (100)

AlsALPHA 1.0

A2=A1-1.0
AB=A]+ALPHA

=BETAX%2

g 2.0%AL
ABSQ= (-A1) k%2+Ak
ROLDRE=§(2 .O+ALPHA) * (-A1) -AL) /ABSQ
ROLDIM= (BETA%3, o) ABSQ
RES1=-ROLDRE/2.0
VMS1=-ROLD1M/2.0
STORE= .*éALPHA*X+BETA*Y;/ x**2+v**2g
STOIM=3.% (X*BETA-ALPHA%Y) / (X%*2+Y%%2
RESZ=2 OLDRE*STORE-ROLDIM*STOIMg
VMS2= (ROLDRE*STQIM+ROLD I M%STORE
ASUMR=RES 1*BJRE (2) ~VMS1%BJIM(2)
ASUMR=ASUMR+RES2*BJRE (3) VMSZ*BJIM(3)
ASUMI=VMS1%BJRE (2) +REST*BJIM (2
#S?Mé ASUMI+VM52NBJRE(3)+RESZ*BJIH(3)
DO 500 I=3,K,2
T=T+1.0

B1=2.0%T
F1=B1+ALPHA

F1%F2-

(F2+2. OxFl)"BETA
GI*F3-G2*BETA
G2*F3+G1*BETA

r?xr +AL

(F5-F6) *BETA
Pl*x2+P2**2

Eei HI*P1+H2*P2;/P3;/T
CIM=((H2*P1-H1%*P2) /P3) /T
TEMP=- (CRE*ROLDRE=-C | M*ROLD ! )
RNEWIM=- (C| M*ROLDRE+CRE*ROLD M)
RNEWRE=TEMP

RES1= ROLDRE-RNENRE;/Z.O

VMS 1= (ROLDIM-RNEWIM) /2.0
RES2= (RNEWRE*STORE-RNEW|M%STO

IM
VMS2= RNENRE*STOIM+RNENIM*STORE§
BSUMR=RES1*BJRE (I+1) -VMS1%BJIM(1+1)+ASUMR
BSUMI=VMS1%BJRE (1+1)+REST1*BJIM(I+1)+ASUMI
BSUMR=RES2*BJRE (|+2) ~VMS2*BJIM (1+2) +BSUMR
BSUMISVMSZ*BJRE I+2)+RES2%BJIM (1+2) +BSUMI
I F ABS((BSUHR/ASUMR -1.0) -.00000005) 521,521,510
IF (ASUMI) 520,511,520
| F (ABS ( (BSUMI7ASUMI) -1. 0) -.00000005) 511,511,510
ASUMR=BSUMR
ASUM|=BSUMI
ROLD ! M=RNEWIM
ROLDRE=RNEWRE
RETURN
END
SUBROUTINE_LOGGAM(X,Y,U,V)

M LOG OF THE GAMMA FUNCTION OF COMPLEX ARGUMENTS FORTRAN 1|
SUBROUTINE COMPUTES THE NATURAL LOG OF THE GAMMA FUNCTION FOR
LEX ARGUMENTS, THE ROUTINE IS ENTERED BY THE STATEMENT

EALL LOGGAM(X,Y,U,V)

X IS THE REAL PART OF THE ARGUMENT
Y IS THE IMAGINARY PART OF THE ARGUMENT
U IS THE REAL PART OF THE RESULT
V IS THE IMAGINARY PART OF THE RESULT
DIMENS ! ON Hég)
H(1)=2.269488974
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APPENDIX B

The probe response near the cylindrical body - computer
print outs. .
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TABLE

FREQUENCY .3000E+10

PH] 1IN
(] 4

100.00
108 00
110.00
118 oo
120 o0

128 00
130 oo
138 ©o0
140 .00
148 00

180 ©0
188 00
180.00
168 ©O
170 oo

200.00
208 .00
210.00
218 .00
220.00

228 .00

238 .00
240 .00
248 .00

280.00
288 .00
280.00
288 00
270.00

278 .00
280.00
288 .00
290.00
208 .00

150

B-1 : Probe near a sheathed conduct

LOAD CURRENT SO
FOR PHI

.3827€-12
-13328-12
.8828E-13
.38078-12
-2973E-12

S1186E-12
L) £-12
. S4E-12
-3882€-12
.6387€-12

.1014E- 1
.9828E-12
1123&-11
L1787E- 111
.2008¢E-11

.2841E- 11
3813E8-11
.4788E- 1
.89868E- 1
.8078E- 1

C1V11E-10
.1433€-10
.1840F-10
.2399E-10
.3040E-10

.3%780E-10
48778-10
.8848E-10
-8847€-10
. 7849E-10

. -10
.9888E-10
.10488-09
L1118E-09
1171¢-00

.12042-09
.12168-09
.1204E€-09
L1171 -00
.1118€-09

.esavE-10

.8848E-10
.4877¢-10
.3%7802-10
-30808-10
.2399€-10

.18480E-10
.14332-10
L111ig-10
.80788E-11
.S988R-11

.478088&- 11
.38138-11
.24818-11
.2098E-11
L17878- 11

L11238-11
.0828E-12
.10148E-11
.63870-12
.38828-12

seg-12
. 3e-12
.11808-12
2073¢-12
.3807R-12

.G828E-13
.13328-12
.38278-12

Incident field =

(Figs. 3.2.1,3.2. ;2 g 3?

- 18680E-10
.2209E-10
4682E- 1
.1421€-10

.3"'!-!0
. SE-10
.1998E-10
.4828E-10
.4329K-10

.3933E-10
.87288-10
-7089E-10
-7833E-10
-9988E- 10

.1238E-09
.1220k-0
.1383E-09
.1898E-0O
.1800E-08

.1870E-00
.18742-09
.1688E-09
. 1800k -09
.1802€-09

.1321€-09
-11488-09
-9389E- 10
.T797€-10
.6368E-10

.47788-10
.32898-10
2099K-10
.12828-10
.BO&TE- 1Y

LI1ST70E- 11
2838¢-38
- 187980 -
. a7E-1
.12828-10

.2099E -0
.32608-10
.47788- 10
-6388E-10
.7797€-10

.9380k-10
.11482-09
.13212-09
.14022-09
. 16008& - O

.1088E-00
.1874g-09
.1870K-09
.1800E-00
.1898¢€-00

.13832-09
.12208-09
.12382-09
.9888E-10
.78338-10

-7980E-10
.6728E-10
.3933¢-10
.43208-10
.4828E-10

SE-10
lll!l-'o
.3108¢-10
.14218-10
.4882E-11

.22008-10
.1680E-10
.3080E-34

FI1ELD » 2 .00

LOAD CURRENT SO
FOR R

ANGLE & 48 .00

LOAD CURRENT SO
FOR TE

.8ss8ag-14
-2209E-14
.2770E-14
.10907E-13
.1887E-12

.2202E-13
.4384E-13
7381€-13
-1218€-12
. 2133E-12

988eE-12
REITIIX
[2384E-11

3800E-11
- 8384E- 11
.7808€-11
.1100£-10
.1508E-10

.2013E-10
.26188-10
.3322€8-10
.41112-10

983E-10

asit-10
.8748k-10
-76228-10
.8486E-10
. 28€-10

-0028E-10
.10848E-00
.1108E-09

11482-09
-1178g-09

.1184E-09
.1200E-09
.1194E-00
.1178€-09
.114082-08

.88818-10
.4983E-10
.4111E-10

-3322€-10
.2619E-10
.2013g-10
.1808E- 10
.1100E€-10

.TOO0BE- 11
.8384E-11
.3600€-1
.2384E-1
LISI0E-1 1Y

.88848-12
.88088-12
-3611E-12
.21338-12
.13182-12

.22028-13
. 16878-13
.10807€-13

.27708- 18
.2200E-14
.80848E- 148

ylind
3.0GHz.

LOAD CURRENT 30O
otTaL

-38838-12
. 1884K-10
.2308¢2-10
.6043E -1
.1482E-10

.3208E-10
. 1004810
.2081E-10
.4878E-10
.84148-10

.40%70L-10
.8881E-10
.81978-10
.78808-10
. 10840E-09

.1207€-09
-1309E-09
.1479E-09
.17682-09
.18312-09

.18832-09
.20798-09
.21738-09
.2181¢-09
.22028-09

2280E-09
-22776-09
.2288€-09
.2280k-09
.2318E-09

.23278-09
-2337E-09
.23812-09
.23882-09
.2408E-00

.2414E-08
-2618E-00
.24148-00
.26408€-09
.23888-09

-23618-09
.2337€-09
.23278-09
.23142-09
.22808-09

.2277K-09
.2280K-09
.22028-09
.21818-09

.2173E-09
.2079E-09
.1883¢-09
-18312-09
.1788E-09

-1479E-09
.1308E-09
.1207€-00
.1080L-09
.7880E-10

.8197¢-10
.88818- 10
.8070E-10
.8818E- 10
.487882-10

.20818-10
-1904E-10
.32088E-10
.14828-10
.S083E- 11

.23088-10
.18842-10
.38838-12
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TABLE B-2 : Probe near conducting cylinder.
Incident field = éz LS deg.) V/m,f=3.0GHz.
(Figs. 3.2.2,3.2.8,3. .u.?

FREQUENCY .30008¢10

PHI 1IN LOAD CURRENT 30O LOAD CURRENT SO LOAD CURRENT SO LOAD CURRENT SO
FOR TE

DEC FOR PHI FOR TOTAL
©.00 .2200E-12 o. .G8IVTE- 18 .2208€-12
$ oo .9181E-13 .8002€- 11 .2693E-14 .8086E8-11
10 oo .3180E-13 .8828E-1 .J434E- 14 .6681E- 11
18 .00 -2289E-12 .2828E- 11 L 1334E-13 .27882-11
20.00 .2669E-12 .3481E- 11 .18178-13 .3736E-1
28 oo .1803E-12 . " .2780€-13 .1001€-10
30 .00 L2879E-12 . 0908E- 1 .S843E-13 .1034E-10
3% oo .8021E-12 .9021E-11 .9814E-13 L981T7E- 1
40.00 .4T788E-12 .1878E-10 -1860E-12 .17418-10
48 .00 -SSA4SE-12 .26819E-10 -2802E-10
80 .00 .88828-12 .2800K-10 .8700E-12 .2734E-%0
s oo .1013E€-11 . TT767E-12 .3600E-10
60 .00 . VO80E- 11 . 12708- 1 .$1302-10
s oo S1230E-11 . .2037€-1 .8218E-10
70.00 S1337E- 1 .8917E-10 J194E- 11 .73708-10
78 oo S1188E- 1 -8771E-10 .4908E- 1 .9378E-10
80 oo .92908-12 -1081E2-09 L 7388E-11 -11342-089
88 o0 -8371E-12 .1187€-09 .10738-10 -1281E-08%
90 .00 -23208-12 1306E-09 .1818E€-10 .1460E-09
98 oo .1287€-13 .14847E-09 .2093€-10 . 1888E-0O8
100.00 2888E-12 .1807€-09 -2803E-10 .1790E-09
108 .00 L13S3E-1 .1812€2-09 -36S8E-10 1891€-00
110.00 .3817€-11 .1802E-09 .80488E-10
11% oo .8089E- 11 .1842E-09 -87828-10
120.00 .1480E- 10 1317€-09 .6084E-10
128 oo .2328K-10 -VI1ST7E-O9 .8188E-10 .2218€-09
130.00 .3488K-10 .1012€-09 -9&833E-10 .23032-09
138 .00 . s1E-10 .848SE-10 -1068E-0O8 .23902-09
140 .00 .6488E-10 .8780E-10 .1181E-09 .2801E-09
148 .00 .8188€-10 .S181E-10 .12878-09 .28218-09
180 .00 .9081E-10 .3780E-10 1383€-09 -2787E-09
188 .00 .1169E-09 .2821€-10 .1488E-08 .2808E-09
180 .00 .1328¢-09 -1882E-10 .1838¢E-08 -3028E-09
188 .00 .1488E-09 . 9187E- 1 .1889E-08 .31398-09
170 o0 .1889E-09 . 80042 -1 .1828E-09 .32278-09
178 oo -1622€-09 -986828-12 .1082E-09 -3284g-09
180.00 .1844R-09 .11002-38 . 16808 -09 -3304E-09
188 00 .1822€-09 . 628-12 .1882€-09 .32848-08
190.00 .1880E-0 O&E- 11 .3227€-09
198 .00 .1488E-09 .9187E- 11 .3138E-09
200 .00 .1328¢-09 -1882€-10 -1838E-08 .3028e-09
208 .00 -282V'E€-10 .14888-09 .2808E2-09
210 o0 .3780Ek-10 .13832-09 .2787E-00
218 .00 . .BI1S1E-10 .1287€-09 .2621€-09
220.00 .8488K-10 . 074010 .1181E-09 .2801E-09
228 00 .4881E-10 .8488E-10 .2390E-09
230.00 .34882-10 .10128-09 .23038-09
238 .00 .2328E-10 -1187€E-00 . -2218E-09
280 .00 .1880E- 10 .1317€-09 .8944E-10 .2188E-09
248 .00 .GOBOE-11 .14422-09 .8782E-10 .20972-09
280 o0 .3817E-11 .1802E-00 .464SE-10 . 20048 -09
258 oo L1383E-1 .1812E-09 .3688E-10 -1891E-09
280 .00 .2688E-12 . 1807E-09 .2803E-10 .1790E-09
288 .00 .1287E-13 .14478-09 .2003E-10 -1088E-09
270.00 -2320E-12 -1308E-08 -1B19E-10 . 1880E-00
278 .00 .83718-12 .1187€-09 .1073&-10 .12812-00
280 .00 -1081E-08 ST7389E-11 113 o9
288 .00 87718-10 -8908E- 11 -93788-10
290 .00 S1337E-1) -8817E-10 -3104E-11 -73708&-10
298 .00 L1230E-11 .88928-10 -2037£-11 .8218E-10
300.00 .1080E-11 .4890E-10 .1270&-11 .8§1308-10
308 .00 -1013E-11 .34218-10 .3800E-10
310.00 . 82E-12 .2600E-10 .2734E-10
318.00 .SS4BE-12 .2419R-10 .27088-12 .2802EK-10
320.00 .4788E-12 .1878&-10 .18808-12 .1781E-10
328 .00 .80218-12 .0021E- 11 .9414E-13 -9CITE- 1
330.00 .2879E-12 .99 .8843E-13 .1034E- 10
338 .00 .1803E-12 . .2780E-13 L
340.00 .28002-12 . L1819 13 1
348 .00 .2280E-12 .2828E-1 -1334E-13 "
380.00 .31802-13 .68288- 1 -3434E-14 .G88I1E-11
388 .00 .9141E-13 0028-11 .28938-18 sE-11

. .8
380.00 .22008-12 -3840E-38 .8817E-18 .2200€-12



TABLE

FREQUENCY .2480E*10

PH1 IN
DEC

28 oo
30 oo
38 oo

as o0

100 oo
10¢ oo
110 00
118 oo
120 o0

128 oo
130 o0
138 oo
140 0O
148 0O

180 oo
188 o0
180 oo
168 o0
170 o0

178 oo
180 o0
188 o0
190 oo
198 o0

200 o0
208 .00
210.00
218 .00
220 oo

228 oo

23% oo
240 .00
248 OO

280 .00
288 oo
280 00
288 oo
270.00

278 .00

300 .00
308 .00
310.00
318.00
320.00

328.00

B-3 : Probe near a sheathed conduct
Incident field = (2,
(Figs. 3.2.3,3.2.9,3

LOAD CURRENTY SO

FOR Ph1

- 1884E-12

7948E-13
- 7204E-14
.9826E-1]
. 1893E-12

S13168-12

727%€-13
S1781€8-12
.2987€-12
-2819E-12

.283SE-12
-3887€E-12
S790E-12
-8881E-12
. 7830E-12

.QABABE- 1
-8839E- 11
8378E- 11

1728€-10
.2104E- 10
.2819E-10
2978E-10
.3480E-10

8340k-10

.8804E-10
.8880E-10
-8S04E-10

$3840E-10
.8084E-10

S13788-10
J1078E-10

.0881€- 1

.8790E-12
.38876-12
.28
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FIELD

LOAD CURRENT SO
FOR R

. -1
-1793E-10
.1081E2-10
-3387E- 11

-1383¢-10
.2802E-10
.2028€-10

1874E-10
.2880E-10

.43828-10
.8281E-10
.4217€- 10
- 8833E-10
.7880E-10

.78308-10

“1osaE-o09
“1106E-09

.1081K-09
.11228-09
L]

e91E-10
.8233E-10
.7200E-10
.S883E-10
.4838E- 10

.3423E-10
.2494¢-10
18672¢8-10
28-1
4303E-1

.10687E- 11
.10772-38
.1087E-1
.4303E-11
.98828- 1

.1872E-10

.7200E-10
233k-10
1E-10
.9808E-10
.1100E-09

.1188E-09
.11222-09
-1081£-09
.1108E-09
.10942-09

. °
-7839E- 10
7860E-10
338-10

.4217€-10
.4281E-10
.‘ -10
. =10
."70!-10

20208-10
28022-10
1363¢-t0
3387K-1

.1783&- 10
-1
-38

543 957

m

ANGLE *» &3 .00

LOAD CURRENT 30
FOR TE

13388-13

1777€-13

.2891E-13

3s8€-13
. 18€-13
.13788-12

-2106E-12

.3827€-12
.8828E-12
.8698E-12
-1208E- 1

. 1808E- 1
.2747E-11
.3887E- 11
.8328E-11
CTITIE- 1Y

.9438E- 1
214E-10
s26e-10
1878E-10
.2280k-10

.32042E-10
.J0412-10
.3438E-10
.3818E-10
.41728-10

.44988-10
.47882-10
.80308-10
. 26k-10
.8388E-10

.8488¢E-10
. ag-10
. ssg-10
.8388E-10
s228k-10

.34388-10
.3041E-10
.2042K-10
.2280E-10
.1878¢2-10

.1828¢-10

12164E-10
.0430E-1
LTITIE-
.8324E-1

.3087€-11
-274%€-1
.1004K-1
-12888-11
.8 e-12

.88282-12
.3827€-12
.21968-12
. T78E-12
.8818E-13

LOAD CURRENT SO
TOvAL

18108-12
8778k - 1
1794EK- 10
1071€-10
3S889E- 1

.1377€-10
.2812E-10
.2081E-10
-1813€-10
.29228-10

10

.4338¢-10
.4330E- 10

.11748-09
.1214E-09

.1127¢-09

.1148E-09

.1394E-09
. 1300E-09
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-L near a conductmg cylm
TABLE B-l : ng?gent fteld = (2,45 eg V/m f=2.L5GHz.
(Figs. 3.2.4,3.2.10,3. 2.

FREQUENCY = . 2480810

PHI 1N LOAD CURRENT $0O LOAD CURRENT SO LOAD CURREWT SO LOAD CURRENT SO

(114 FOR PHI FOR R For TE TOTAL
© oo S1788E-12 [] .7188E- 14 .|.’7I-l3
$ oo . .2782E- 11 .3937E-14 .
10 o0 .82728-1 .2148€-14
18 00 476408- 11 .0201E- 148
20.00 .2208E-12 . 2084E- 11 S1778E-1) .23028-11
28 .00 .2088E8-12 .47608E-1 .2372€-13 .80008K- 11
3o oo . 1488E-12 .1023€-10 .3877E-13 -1042E-10
38 oo .2328E-12 .1180E-10 7183E-13 .1191E-%0
40 oo 4088E-12 .10848-10 -1190E-12 . 1107
48 .00 .14640E-10 . 1876€-12 . 1308E-10
so oo -A488E-12 -2288E-10 .30178-12 -2383E-10
%8 00 .8488E2-12 .6873E-12 .299 =10
0 oo .72008-12 -7674€-12 .3327€-10
s oo -7701E-12 SV184E- 1 .4083E2-10
70 oo .6088E-12 17998- 1 -8313E-10
7% .00 $337€-12 .2878E- 11 -8488E-10
80 oo .8838E-12 .387688-11 .72842-10
88 oo .36008-12 -8480R- 11 .8184E-10
90 00 C1381E-12 .7873R- 1 .96809E-10
8 o0 -32138-13 .1023E-10 -10822-09
100 .00 1468E-12 .1348EK-10 11188-09
108 oo -8322€-12 . 17372-10
110 00 S1TSSE- 1 .21888-10
118 oo .37208-1) .2683E-10
120 .00 . 8873k -32218-10 12838-09
128 00 1073E-10 8008E- 10 3782810 .1288E-09
130 00 .1804E-10 .6978E-10 .8382E-10 .1203¢8-09
138 oo .2288E-10 .898SE-10 . -13128-09
140 00 .3002K-10 .4813E-10 .13378-09
148 o0 -3808E-10 .38828-10 -13632-09
180 00 .4838E-10 .2888E-10 .64824K-10 .1393¢€-09
188 oo .8487E-10 .2000E- 10 .68308k-10 .
1860 oo .8108E-10 1289E-10 .71728-10
168 oo . 10 . 732 .T884E-10
170 .00 .73218-10 .32078- 11 -7842E&-10
178 oo 10 .83108-12 -77828-10
180 00 10 . se-37 .7803E-10 B
188 00 10 .83190E-12 .7782E-10 .18472-09
190 o0 10 .3207E- 1 .78428-10 .18208-09
198 o0 10 .73288-11 .78848-10 .18018-09
200 oo .8198E€-10 .1280E-10 -71728-10 .1488E-09
208 00 . .20008-10 .08308-10 .142088-00
210.00 .2808E-10 424E-10 .1393€-09
218 .00 . .38828-10 . 3E-10 .1383€-0
220.00 -30028-10 .4913&-10 .s4g808k-10 . 1337E-09
228 oo .2288E-10 .89888%-10 .49188-10 -13128-09
230 oo . 1808E-10 =10 .43828-10 -1203¢-0
238 .00 ©73¢8-10 .8008E-10 -37828-10 .1288E-00
240.00 .8873E-11 .8048E-10 .3221€-10 .1283K-09
248 .00 - 37208- 1 .9878E-10 .20832-10 .1283€-0
280 oo L1788E-11 .9810E-10 .2188E-10 -12178-09
288 oo -83228-12 .9837¢-10 -1737€-10
280 oo - 1488E-12 .9812€8-10 .1340E-10 .
268 oo -3213E-13 .9404L-10 .10232-10 .
270 .00 S1381E-12 -ss3ee-10 7873011 .ps09k-10
278 .00 .360008-12 .7880Ek-10 .84808-1 .8188E-10
280.00 38E-12 .88 10 . .
288 .00 3378-12 . -10
200.00 . S8E-12 .8084E-10 . .
288 .00 .7T701E-12 .3888EK-10 118881 .40838-10
300.00 .72008-12 -3178k-10 -7874E-12 .3327€-10
308 .00 .B488E-12 .2888E-10 -8873E-12 .2000k-10
310.00 .4488R-12 22888-10 -30178-12 -2383g-10
318.00 .46788-12 .14408-10 -18748-12 .1808¢€-10
320.00 . 12 .1084E-10 .11008-12 .11072-10
328 .00 -23208-12 .1180€-10 .71638-13 .11818-10
330.00 .14888-12 .10238-10 .38778-13 .1082E-10
338 .00 .5000K- 11
380.00 . .23028-11
348 .00 .92018-14 .88438- 1Y
380.00 .184738-13 .2148 .8 E-11
388 .00 ose-12 .39378-14 .2808EK-1

380.00 :|7'll-12 .13832-38 -7188E- 18 L. 18278-12



TABLE B-5 :

FREQUENCY .20008¢10

PHI IN
DEC

10.00
18 .00
20 o0

2% o0
30 o0
3% oo
40 0O
4% 00

$0 .00
$$ oo
80 o0
8 oo
70 oo

100 .00
108 00
110 00
118 .00
120 oo

128 o0
130 o0
138 o0
140 00
14% 00

180 oo
188 00
180 o0
1868 00
170 o0

178 oo
180 o0
188 o0
190 oo
198 .00

200 .00
208 oo
210 00
218 .00
220 00

228 .00
230 .00
238 oo
240 .00
248 .00

280 o0
288 .00
2680 .00
288 .00
270.00

278 .00
280.00

290 .00
298 .00

300.00
308 .00
310.00
318.00
320.00

328 .00
330.00
338 .00
340.00
348 .00

Probe near
Iincident field = (2,45 de 5)

154

hed conductin
2 3heatheisC V/w, $22.0GHz.

(Figs. 3.2.5,3.2.11,3.2.1

LOAD CURRENT SO
FOR PH]

.8830E-1)

4430E-13
.81288-14
.1836E-12
.86127€-13

8882E-13
.7010E-13
4S88E-13
6370E-13
L1218E-12

.162382-12
TE-12
1729€-12
2338€-12
.3877€-12

.8083E-12
e7€-12

8023€E-11
.9828E-11
.11768-10

18182-10

.2208€-10
.2388€-10
2688E-10

.2833€-10
.2988E-10
-2833E&-10
10
10

.2208E-10
.2024E-10
.18182-10
.180082-10
.1383E-10

.11788-10

.38808-11
.20008-11
.2277R-11
.18688- 11
L1178E- 11

.883088-12
78-12
. €-12
.3877€-12
.2338€-12

1720812
.1867€-12
.16238-12
.121482-12
.68%708k-13

.4808€-13

.70108-13

88682¢€-13
7

.81288-14
30E8-13
.08308-13

Fl1EL0 * 2 .00

LDAD CURRENT SO
FOR R

.4832€-11
.1208E-10
. 12208-10
.S949E- 11

.3901E-11
.11122-10
. 198

.4008E- 10
.820BE- 10
.8287€-10

agose-10

‘7043E- 10

.726808-10

‘74738-10
.87812-10

.s1280-10
.S878E-10

Je7%0E- 11
.3188E-1

.a09882-12
. 11900

. 1
.87%0E-11

.7128€-1%0

.890128-10
.80728-10

.1208¢-%0
.4832€-11
.18218-38

LOAD CURRENT S$0Q

ANGLE s 48 0O

FOoR TR

.4807E- 14
3

s78E-14
1114813

.16982-13
.2283E-13
oE-13
. €E-13
.9303E8-13

.16488-12
.2 €-12
.336402-12
4982E-12
.72728-12

.2079€-10
.22122-10
.2328¢8-10
.241388-10
.2488E-10

.9393€-13
-S704E-13

.34408-1)
.2283€-13

-3 14
.48072-148

cylinder.

LOAD CURRENT SO
TOoTAL

.73118-13
.4880E-11
.1207€-10
.1222€-10
.8021E-11

.8008E- 1
L1121 10
.1994E-10
.2103E-10
.17288-10

19228~
.2092

.8087E-10
.4368E- 10
.43682-10

.77388-10
.7980K-10

.7107€-10
.81838-10

.4087€-10
.20028-10
.19228-10
.17288-10
.21038-10

.19048-10

.12228-10

.12072-10
.a880k-11
.T73118-13
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TABLE B-6 : Probe near a conductlng cylinde

Incident field = (2,45 '} = .
(Flgs. 3.2.6,3.2.12, 3 2, la ) /m f=2.0GHz

FREQUENCY -20002+10

PHI 1IN LOAD CURRENT SO LOAD CURRENT 80 LOAD CURARENT 80O LOAD CURRENT S0

DEC FOR PHI FOR R FOR TE TOTAL
0 .00 .13608-12 .O883E-14 -16068-12
s .00 .916828-13 .43688E-14 .19908-11
10 oo -2368E-13 .2 E-14 B 28-11
18 00 .3 -13 . 3E-18 . 12€-11
20 oo 1778€-12 LIS11E-13 .3818E-1
28 oo .V888E-12 .13"!"3 .2688E-11
Jo o0 1768E-12 . oE-13 4O9E- 1
38 oo 13728-12 l?.l!"’ -1018E-10
40 00 1719€E-12 .8108E-13 .12028-10
48 o0 .2847K-12 . 1289E€-10 S1318E-12 .1301E-10
80 oo -3770£-12 -1363E-10 .20328-12 .1401E-10
8 oo .3e88E-12 1836€-10 - 3097€-12 .1908E-10
80 oo 38392-12 .2876E-10 .4717E-12 .2880E-10
s oo .3180E-10 .7072€-12 .3270E€-10
70 oo .3688E-10 .1038E- 1 .3832€-10
7% oo .3888E-10 S 14T78E- 1
80 o0 .4827E€-10 . 2078E- 11
88 oo .$338E-10 L2871E-11
20 o0 .8931E-10 .3888E-11
28 o0 .8200E-10 .S184E- 11 .7I|l~|°
100 00 .92398-13 .8324€-10 .8 E-11 .7002E-10
108 .00 -3303&-12 .0482E-10 .8Q89E- 1
170 .00 .8808E-12 .1088E-10
118 o0 L 1819E- 1 .12828-10
120.00 .32008-11 .1827€-10 7.'0!*'0
128 oo .S097E- 11 .1782E-10 .77008-10
130 oo T874E- 1 .2043E8-10 .7888&-10
138 oo .1082E€-10 .2302E€-10 -74884E-10
180 o0 1818E-10 .3433€-10 .2883E-10 .76400K- 10
148 o0 . 1794E-10 .2781E-10 2790E-10 -73388-10
180 o0 .2184E-10 -2080€-10 .3008E-10 .72712-10
188 00 .2884E-10 1404K-10 .32018-10 - 72298-10
180 .00 .2918€-10 .9808E -1 .3384E-10 -7220K-10
188 00 3216E-10 .8208E-11 -3408E-10 .7281E-10
170 .00 .2383E- 1 . 91E-10 .72742-10
178 oo 10 .S8868R-12 -3840E-10 -73022-10
180 o0 10 .7313E-10
188 o0 10
190 oo . 10 .
198 .00 -3218€-10 “Il'!-|| 724!!-'0
200 .00 .29718E€-10 .3384E-10 .7220¢-10
208 oo . -3201 10 .72208-10
210 o0 .2080E-10 .3008K-10 -7271€-10
218 oo .2781E-10 .2780E-10 -7338E-10
220.00 -3433E-10 .2883E-10 .74008-10
228 .00 .10828-10 .8100E-10 .23028-10 .7484E-10
230 o0 .7874E- 1 .47882-10 .20432-10 .7888E-10
233 o0 .80970- 11 .84088-10 .17828-10 .7700€-10
240 00 .3200E-11 O4E&-10 .1827€-10 -7880E-10
248 00 -1818L- 1Y -8818€-10 .1282E-10 -7880&-10
280 .00 .8808BE-12 .1088E-10 -76893E-10
288 o0 .3303E-12 .8 .73442-10
280 .00 23 .
268 o0 .4T7I0E-13 .S1B4E- 1
270.00 .8734E-13 .8831E-10 .3888E-11
278 .00 . 17338-12 .8338E-10 L2871E- 11
280 .00 -29828-12 .4827€-10 -2079E-11
288 .00 .40042-12 S14T78E- 1Y .4048E-10
290 oo .1034E-11 .3832E-10
298 .00 .70728-12 .3270€-10
300.00 .287¢2-10 .4717€-12 -2680E-10
308 .00 .1836E-10 .30972-12 .1908¢2-10
310 00 .1343E-10 -10
318.00 .12890E-10 . 12 .1301E-10
320.00 .12808-10 .8108E-13 .1202E-10
328 .00 .87904E-12 .1018E-10
-3110€-13 .88
.23188-13
SISVIE-13
.S183E- 14
380.00 -82128-1
388.00 ..|l)!-|’
380.00 .13808-12 .1408E-12




TABLE

pHI
Dec

100
108
1o
118
120

128
130
138
180
1a8

180
188
180
188
170

178
180
186
190

200

218
220.

22%
238

240

280
288

280.
288 .
270.

278 .
280.
288 .
2%80.

300
308
310
318
320

FREQUENCY

oo
o0

.00

oo

.00

.00

oo
-1
oo
oo

1]
(1]
1]

.00
.00

B-7 : Probe near a
Incident fie
(Figs. 3.2.19

LOAD CURRENT SO
FOR PHI

7837E€-10
.77882-10
.8092E-10
.8482E-10
8803EK-10

.82808-10

.41172-10

.4078E- 10
.38138-10
.2002E-10
.1103E-10
.9806E- 1

.1130€-10
.1022E-10
.7833E- 11
.$128€-11
.JO48E- 11

a083E2-11

.2688E- 10

.1988E-10
1903€E-10
.2812E-10
4383E-10
.8882E-10

.8888E-10
.7180€-10

008SE- 10
.8498K-10

.6988E-10
.7180E-10
.6888E-10
-S882E-10
.4383E-10

.26
-2978€-10

.23488-10
. 10
4083E-11
.3048E-11
.8128E-11

LI833E- 11
.1022¢2-10
.1130E-10
- 989
.1103E-10

.2092€-10
.3413E-10
.4078E-10
-41VTE-10
.44088E-10

.SC88E-10
.7198E-10
.8280E-10
.8803E-10
.8482E-10

.8092€-10
.77068E-10
-76378-10

3000E+10

°
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- —
wan

PlELD = 2 OO

-8393E-1)
-3321€-12

.9OTSE- 1Y

17

-10
g-10
. g-10
.71828-10
-8704E-10

.8814E-10
. =10
. -o9
.1387E-08
.13088-09

.11642-09
.11988-09
. 13228-09
. 1304E-09
.1134E-09

1008E-09
.1017¢-09
.10742-09
.1080E-09
.9382E-10

.8004E-10
.7031E-10
-6380E-10
-8893E-10
a728-10

.3918E-10
.2909E-10
. 1¢8-10
. eg-10
.SO078E- 1)

. 1274E-11
.1210E-38
.1274E-1)
. SOTSE- 1Y
.1128E-10

-1981E- 10
.2908E-10
.39182-10
72E-10
3e-10

.8360E-10
.7031E-10
.8004E- 10
-9342E- 10
.10802-09

-1008E-09
.1134E-00
. 1304E-09

.8704E-10
.71428-10

.33218-12
.83938-13
.38438-38

LOAD CURRENT SO
FOR R

LOAC CURAENT SO

lectric shell.
V/m, f=3,0GHz.

ANGLE ¢+ &8 OO

FOR TE

.38142-09

. 1487E- 1

.GJABE- 1
.8770E€-10
-1870E-09
.17188-09
. 14382 -00

- 1848E-09
.1011E€-09
.17038-00
.17228-09
.2049E-00

.17322-09
. 1044E-09
.1103¢-09
.18048-09
.11888-09

.G128E-10
.8873E-10

.8808E-10
.9100€-10
.78

“essiE-10
[8749E-10
‘ss7se- 10

.9348E-10

8088EK-10
-4738k-10
.83928-10
-1188E-09
. 1804E-09

.1103€-00
.1044£-0)

J17228-08

.17038-09
1 (1]

e os
L14388-08
L17188-09

.1870E-00
-87708-10

.38148-09

LOAD CURRENT SO
TO0TAL

.42782-09
.3281E-09
eg-09
228€-10
-9887€-10

.108ag-09
.18788-09
.2608E-00
.2878¢2-09
-2717E-09

.20388-09
.3197€-09
.3092E-09
-3200E-08
.34812-09

.J000E-09
.23422-08
28008 -09
.2860E-09
.2380E-09

.1888E£-08
. 1810E-09
.21188-09
.22
.19

.1898E-09
-13282-09
. 13308-09
-1818€-09
19838-09

.20898-09
.1920E-09
) 7%-09

. oL -09
.13282-09

12776-08
1268¢-09
-12772-09
.13282-09
.14802-09

.16878-09
.1920E-09
.2089E-08
. €-09
.18182-080

-2118E-00
.1810E-09
.186882-09
.23802-09
-2880E-09

[
.20388£-09
-2717¢-09
.28782-09

.20082-09
-1878E-09
.1 g-09

e-10
.82282-10
A £-09
3

.32 1
.42788-09



TABLE

[ 0}
DEC

10

20

28

38
40
a8

78
8o
a8
80
(2]

100
108
110
s
120

128
130
138
140
148

180
188
160
188
170

178
180
188
190
198

200
208

210.
29

220

228
230

238 .

240
248

280
288
268
270

278
280
288

208

300.
308 .
ano.
318
320.

348.

B-8 : Probe near a cy
Incident field
(Figs. 3.2.20,3.2.

FREOQUENCY @ .2480E+10

00

oo
1]
(-1

-1
-1
oo
00

.00

1]
(-X)
(-1
°0
(-1

(1]
o0
oo
oo
(14

oo
©0
oo
oo
(1]

0o
(-1
-1
oo
©0

1]
1]
1]
©0
1]

.00

-1}

.00

LOAD CURRENT SO
FOR PH]

s483E-10
. S&881E-10
-8828E-10
.$868E-10
.SSTI1E-10

S477€-10
si1sae-10
463V1E-10
37s8eE-10
.2788E-10

19312-10
L 1497E-10
1348E-10
1164€-10
.7048E-1

-373380-1
1080E -1
.23818-12
.3238E-12
1608E- 1

-$284E-11
.1103E-10
1813€8-10
1792&-10
18S1€-10

1477€-10
18862-10
.2091E-10
2878¢-10
3728€-10

a4soE-10
10
10
10
10

.ss96E-10
ssoz2g-10
S$98E-10

.8866E-10

-s487k-10

s313¢g-10
.4988E-10

.2091E-10
. 188
.1477€-10
.1681E-10
.17928-10

.1813E-10
. 1103E-10
.8284E-1
.1808%-1
-3238E-12

.23812-12
.1080E-11
.3733E-1
.794882-11
.1184E-10

.1348E- 10

.27
.37882-10

.48318-10

.8828K-10
°
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FIELD

2 oo

LOAD CURRENY 30
FOR

16148E-12

.923688-12
-3208E-11
ST7988E- 11

1487€-10

.2186E-10

2809%E-10

-3$72€-10

4703E- 10

1o
10

J89%8¢-10

.8811E-10
.8191E-10

7340E-10

-67968¢C-10

.6888E-10

7120E-10

70328-10

L E19T7E-
.2810E-11

TIIIE-12

.88S3E-37
STIIIE-12
.2810E- 11

e1g97E- 11

.10728-10
-1818E-10
.2209E-10
.2800k-10
-3330€-10

-37832-10

.8101E-10

S$11E-10

.7898E-10

2232-10
480EK- 10

.8888E- 10

80E-10
18-10

_a703K-10
.38728-10

J1e872-10
L7998E- 11
3208811

-12

<0

ANCGLE s 48 OO

LOAD CURRENY SO
FOR TE

-73138-10
.8248E-10
. 93E-10
. 28-10
.G288E-10

.8204E-10
. 3g-10
.8884E- 10
9807E- 10
- 1337€-09

.13882-00
1103E-09
.8907€-10

S113JE-10
SS17E-10

.S888E-10
.8848E2-10

sssstE-10
.$880E-10
.87828-10

.2961E-10
.2028¢&-10
.4048E-10
.8938€-10
.7228E-10

.8808E-10
.8398E-10
.soosk- 10
.64438-10
.8283E-10

.90008-10

.8907&-10
.11038-09
.1388E-09
.1337¢-09
.9807R-10

.8884E&-10
.4993K-10
.82082-10

.4803€-10
.82488-10
.73138-10

ctric shell,
/m, f=2 L5GHz.

LDAD CURRENT SO
TovaAL

12788 -09
11742 -09
.1031¢2-089
-1083E-09
.12820-09

.13172-09
- 1238E-09
131282-09
-1888E-00
.2083¢E-09

.2187E-09
.19212-09
160 1E-09
.1881¢-09
-17128-09

. 17828 -09
.17812-09
.17212-00
.1886E-09
.13408-09

.1280R-09
.1363E-09
sg-o0
. t-09
.13162-00

.8838E-10
.ss82e-10
.1101E-09

.11782-09
.12128-09
.1210£-09

17888-09
.1183E-09

.11288-09
~11188-09
.1128¢-09

1183E-09
.11882-09

.12108-09

12128-09
.1178¢-09
.11012-009
.98828-10

-8838E-10
.8730¢2-10
.10328-09
.13188-09
. 188 o9

.1848E-09
.1383E-09
.12808-09
. oL -09
.18668E-09

.1721€-089
.17818-09
.17828-09
.17128-09
.18818-09

.16912-09
.1821E-09
.2187€-09

.13128-09
.1238E-09
-13172-09
.12828-0¢
.10832-09

.10318-09
.1174E-09
.12700-08
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TABLE B-9 : Probe near a cylindrical dielectric shell.
Incident field = (2 bg deg.} V/m,f=2.0GHz.
(Figs. 3.2.21,3.2.24,3.2.%7

FREQUENCY .2000€+ 10 FIELD * 2 0O ANGLE = 4% OO
PHl 1IN LOAD CURRENT SO LOAD CURRENT SO LOAD CURRENT SO LOAD CURRENT SO
DEC FOR PN} FOoR R FOR TE TOoTAL
© oo 4018R-10 o .TI143E- 11 4733E-10
s oo .3977E-10 27728-12 9198E-11 .4826E-10
10 oo -3888E-10 .1180E-11 L17128-10 .8888E-10
18 oo -3878E- 10 2883E-11 -3304E-10 .7287€-10
20 ©o .3880E-10 -S883E- 1 $3792-10 .s40882-10
2% oo .3226E-10 S 9793E-11 .7018E- 10 11228-09
30 oo .2990E€-10 1473€-10 -73342-10 1780k-09
3% oo .2 1E-10 1949E-10 .8340E-10 .1103E-09
40 00 2448C-10 .2333€-10 .so04ag-10 .98242-10
48 o0 2086E-10 .2688E-10 .4683E-10 -8387€-10
80 oo .1897€-10 .Josag-10 .SSB8E-10 1021€-09
8 oo .1097€-10 .3811g-10 .89468E-10 .1168E-09
80 oo .8709E€- 11 4288E-10 .7682E-10 .1287E-09
88 oo 39711 4718E-10 .7188E-10 -1227K-09
70 .00 .2720E- 1 .4047E-10 .89438-10 .1106E-09
7% oo .22108- 11 4ss7e-10 .4900E- 10 osg-10
80 oo 1789€- 11 O4E-10 .4808E-10 sg-10
a8 oo 137 AR 33e-10 .48088-10 782-10
90 oo 1S78E- 11 4776E-10 .48V118-10 .8784E-10
s oo .28128 -1 -$013E-10 .4821E-10 .1019R-09
100 o0 .MO01SE- 1Y .8012E-10 .8932€-10 .1038E-09
108 oo .8021€- 1 4730E-10 .48228- 10 .1003¢e-09
110 oo $378E- 1 .42288-10 .8484E-10 .9249E-10
118 o0 S$700E- 11 .37428-10 .388%082-10 .8202E-10
120 oo 7083€-1 -33808-10 -32208-10 7288E-10
128 00 1014E-10 .3078E-10 .27M11%- 10 .e883¢2-10
130 oo .14812-10 .2827€-10 .27338-10 .70818-10
138 oo .2028E-10 .28390E-10 .3084E-10 .7627€-10
140 o0 .2838E-10 .2189E-10 .388SE-10 -8282E-10
148 ©0 29432-10 .1788E-10 .3981E-10 8717K-10
180 oo 3227€-10 .1374€-10 .42172-10 sg-10
188 o0 3388¢-10 .9824E-1 .4289E-10 30E-10
1860 o0 .3484E-10 .G404E- 1 .4173€-10 .8277€-10
168 oo .3490E-10 .3048E-1 .4039%2-10 -T803E-10
170 oo -3403E-10 . 2€8-11 .39142-10 .78708-10
178 oo -3489E-10 .0008E8-12 .38328-10 .73828-10
180 o0 .3487€-10 ) .38048-10 7291E-10
188 oo . 98-10 .3832¢-10 .73628-10
190 oo .3493E-10 .1832€-11 .30168-10 .7870E-10
198 o0 .3490EK-10 -3048E- 1 .403082-10 7803E-10
200 oo .J484E-10
208 oo .33882-10
210 oo .3227%¢-10 .8818E-10
218 oo .2948E-10 .1788E-10 .8717€-10
220 oo .28382-10 .21808-10 . ¥ .8282€-10
228 oo .202ag-10 .2839E-10 -3084g-10 .7627E-10
230 oo .14812-10 .328278-10 .27338-10 .70818-10
238 oo .10148-10 -3078€-10 .27718-10 .6883E-10
240 00 .7088E- 1 .33808-10 .32208-10 T288Ek-10
248 00O .8700&- 11 .37%7828-10 .3890E-10 .8202E-10
280 oo .8$378¢2-11 .4228€-10 .44342-10 .8249E-10
288 oo .8021€-11 47108-10 .4822E-10 1003E-09
260 o0 .8018E- 11 .8012E€-10 .49328-10 .1038E-09
288 .00 L2812€- 11 .8013E-10 .4921€8-10 1019¢2-08
270 .00 L1878E- 1Y .4776€-10 .48112-10 .9744K-10
278 oo 1378811 .4833E-10 .92768-10
280 o0 .4804E-10 .9188E-10
288 oo . .4887E-10 8E-10
290 o0 .27208-11 7€-10 .11082-00
29% .00 .39718- 11 .4718¢8-10 .12278-09
300 00 .6709E-11 .82848-10 .12878-00
308 .00 .1007E-10 .36v12-10 -1188E-09
310 o0 .1897E-10 .3084K-10 . . 1021E-09
318 00 .2088E-10 .28088E-10 .8883E-10 .9387R-10
320.00 .264802-10 .2333€-10 .8084E-10 .9824R2-10
.27018-10 .1940E-10 .6340€-10 .1103E-09
.29908-10 .1473€-10 .1180E-08
7938~ .11228-09
3E-11 . .94088K-10
.28083E-1 .33048-10 .72872-10
380 .00 .3888E-10 .11008-11 .17128-10 .8 g-10
388 .00 .3977E-10 .27728-12 .9 -11 .48288-10

3600.00 .4018R-10 .1417€-38 .7143€- 1Y .47338-10



TABLE

PH]
DEC

100
108
110

ns.

120

12%
130
138
140
148

180
188
180
168
170

178
180
188
190
198

200.

208

210.
218 .
220.

228.
230.

238
240

248 .

280
288
280

268 .
270.

278 .

280

288 .
280
298 .

300.

308

310
318.
320.

328 .
330.
338 .
340

348

(-1
oo
oo
oo
oo

oo

oo

(1)
[-1-]
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B-10 : Probe near a
Incident field
(Fig. 3.3.1)

FREQUENCZY -3000&+ 10

LOAD CURRENT SO
FOR PN

.1898K-12
.8897E- 1]
~2813E-13
- 1698E-12
-19T8E-12

.1188E-12
.2248E-12

38182-12
.389038-12
.0881E-12

OE-12
OE-12
.8849E-12
1047E- 11
L11208- 11

. 1007E- 11
-8878E-12
.G289E-12
.3016E-12
. 18838-12

.8TSAE-12
. 1840E- 11
-3878E -1
.787€- 11
1388€-10

.2228E-10
.3322e8-10
.4681E-10
.8170E-10

78238-10

.98290E-10
1119¢-09
.1270£-09
- 1397E-09
.1894E-0O9

.188SE-0O9
.1878g-09
. 18SSE-08
1494E-0
.1397€E-09

.1270€-09
1110E-0O8
2%¢g-10
.7823€-10
.8170E-10

.40812-10
-3322E-10
.2224E-10
.1388E-10
L7878

.3878E- 1
.1840E- 1
.6784E-12
.1883E-12
.3016E-12

.8289E-12
.8ST8E-12
.1007€- 11
~11208-11
.1047E- 11

.381088-12
.2248E-12
.1188E-12
-19078E-12
.1894E2-12

.2813€-13

cy

indrical biolo
(2,45 deg.) V?

LOAD CURRENT S0 LOAD CURRENT SO
FOR TE

ical body.
m,f-3.0G‘z.

LOAD CURRENT SO

FomR R TOTAL
o. .7681E-14 .18748E-12
-3287€- 1 .2876E-14 -33382-11
.8371E-1 . SE-14 .$400E-11
.2087E-11 .1801E-13 22842811
. 2984E- 1 .2037€-13 .3202E-11
.8211E-11 .3048E-13 .8387E-11
. .GO08SE-13 .8881E-11
228-12 8332811
. .1693E-12 .1818E-10
.2077!'\0 .2981E-12 .2182E-10
.2277€-10 .8080E-12 -2397€-10
-3088E-10 -8293€-12 .322V€-10
.4342E-10 13672-1 .4883E-10
.8237€-10 .21847€-11 .s8872-10
.8283E-10 .3387E-11 .6701E-10
.7988E-10 -8120€- 11 .8889E-10
. €E-10 .7688E- 11 .10378-09
. -o8 B =10 .1184E-09
.1203E-09 .18 <10 .1363E-09
.1334E-09 .2139E-10 .1880E-08
.1394E-09 .1884E-09
. -0 .1794€-09
. SE-09 .19128-09
.1380E-09 . .2006E-08
.1230E-09 .8920E-10 .2070E-08
.
.1103E-09 .8128€-10 .2138E-09
ssse-10 .9321E-10 .2223E-09
.8019E-10 .10472-09 .2314E-09
.8407E-10 .118SE-0OF .2813E-09
914E-10 -1284E-09 .2828E-09
.3818&-10 .1343€-09 .2687E-09
.280682-10 L1419E-09 .2788¢-09
. g-10 .1882E-09 .20112-09
.8 -1 .1832E-08 .30 -09
.38486-1 .1s88E-09 -3101€-09
.9803€-12 .1890E-09 .3188E-09
.1071E-38 - 7E-09 .3173E-09
©03E-12 E-09
. -1 . E-09 .
.8788E-11 .l'!!! o .3018K-09
.1889E-10 .20112-08
.2 -2788E-09
. 1] .2 €-09
.|zlnt-o. .2828E-09
.8807¢-10 .1188E-09 -24132-09
-8019€-10 . 1047E-00
E-10 -8321E-10
-1103E-09 .8128E-10
.1239E-08 .8920E-10 .2070E-09
- 1380E-09 .8768E-10 .20068L-09
. 1808E-00 .4876€-10 .18128-09
- 1408E-09 .3697E-10 .1704E-08
-1384E-09 =10 -1884E-08
-1334E-08 -10 .1880E-09
.1203€-0 1882E-10 .13838-089
.1088E-09 .1184E-09
B .10372-09
. o
. .3387E- 11 .
-8237€-10 L 2187€-11 .8887¢-10
.43428-10 - 1347E-1 .4883E-10
.3088E-10 1] €-12 .32218-10
.2277€-10 . -12 .2397¢-10
.2077€-10 .2981E-12 .21828-10
-1482&-10 .'l.’l'l’ .1818&-10
.1022E-12 .8 1"
.G088E-13 .8801E-11
.3048E-13 .8387E-11
.2037€-13 .32028-11
.18018-13 .2282E-11
.83718-11 -8400E- 11
.3287€-1 .29782-14 .3336E-11
.2022E-38% -7681E-14 .1874E-12
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TABLE B-11 : Probe near a cy!
Incident field =
(Fig. 3.3.2)

indrical biological body.
(2,45 deg.) Vim.f=2.455Hz.

FREQUENCY .24808¢10

PHI IN LOAD CURRENT SO LOAD CURRENTY SO LOAD CURRENT SO LOAD CURRENT SO
FOR R

DEC FOR PH1 FOR TE TOovAL
© oo .1308E-12 ] .8278€E-18 -13872-12
$ oo .7326E-13 . 3 .2469E- 11
10 o0 LY1V1E-D .8373E-11
18 oo .7V148E-1] .80

20 oo - 1680E-12 - 1903E- 11
2% oo 1881812 .8463E2-11
30 oo S1132E-12 .9120E-1
3s . o0 L1881E-12 .1038E-10
40 .00 .3200€-12 .9820€-11
a4s oo .3828E-12 .1387E€-10
80 oo .3867€-12 .2130E-10
s$s oo .44768E-12 .26878k-10
8o oo . .3018E-10
6§ oo -373

70 oo .09

7% oo .B8178-12 " .8043E-10
80 o0 . 1" .8711E8-10
88 oo .34028 - 1

90 oo S1836E-12 . 1" .8839E-10
2% oo L1S8I1E-12 .8813¢8-10 .1080K-10 .S889E-10

100 o0 .3381E-12 .1392€-10

108 oo . .17888-10

110 o0 .223e88-10

118 oo .2738¢-10

120 .00 .32888-10

128 oo .1078E- 10 .3819€-10

130 oo .1890E-10 .4373&-10

138 oo .2223€-10

140 00 .2949E-10

148 oo 3738k- 10

180 oo ¢lJast-10

188 oo ¢728e2-10

180 o0 704882-10

188 oo 73008-10

170 o0 7488K-10

178 oo .1813E-09

180 00 -1810E-09

188 oo .7930E-12 .1813¢2-00

190 oo .3188E- 1

198 oo B SE-11

200 00 .8083E-10 .12208-10 .T048E- 10 .14348-09

208 oo .8333¢e-10 .1903€-10 .87282-10 .13968-00

210 oo .4842E-10 .2722¢-10 .8348E-10 .13018-09

218 oo .3738E-10 -3881E-10 .89118-10 .13318-09

220.00 .-20849E- 10 . s28-10 .84318-10 .1308E-09

228 .00 .2223¢8-10 .8883K-10 .4918¢-10

230 oo .188082-10 .e8128-10 .4373€-10

23% oo €-10 .38 10

240 00 -10 .32 °

248 .00 .9008E-10 .27382-10

280.00 .9223E-10 .2238€-10

a2ss oo 209&-10 © .1788E-10

260.00 . .9128€-10 - 13928-10

288 .00 L1881E-12 .88138-10 .1080E-10

270 .00 .18368-12 .80318-10 .78018- 11

278 .00 .7027¢€-10 .74~ 11

280 o0 E-10 .408488-11

288 .00 SO0SE-10 -1

290 o0 . g£-10 L19IBE- 1Y

298 .00 .3842E8-10 .1288€-1

300 oo .88008-12 .2874E-10 .82288-12

308 .00 .4470E-12 .2881E-10 .82 12

310 oo -3 €-12 .2082€-10 -3 e-12

318 oo .36208-12 .1310€-10 .2043E-12

320.00 .32008-12 .9369E-11 .13108-12

328 oo .18618-12 1008€-10 .79288-13 10

330.00 .11328-12 738-11 .8 =13 "

338.00 . .4281E-11 .20298-13 "

380.00 . . 1807811 L10788-13 "

348 .00 .7148€-13 .GO1SE- 11 .1019€-13 "

380.00 S111IE-13 .8360E- 11 .2378E-148 .83738-11

388 .00 -73208-12 .2391E- 1 2608081

380 .00 .1308E-12 L1141E-38 .1387€-12




TABLE

pHl
DEC

78

(1]
20
"%

100
108
110,
118
120

128
130.
138
140
148

180
188
180
168
170

178 .
180
188
190 .
198

200
208 .
210
218
220

22% .
230
238 .
240
248

280.
288
200

270.

278
280
288
290
298

300.
308 .
310.
318
320.

328.
330.
338 .
340.
348

380.
388 .
380.

.00

(-1
(-1
oo

.00

L1

.00

o0
(-1
[-1]

oo
(-1
-1

(-1

.00
.00
.00

.00

(]
00
(1]

B-12 : Probe near a cyli
Incident field =

161

(Fig. 3.3.3)

FREQUENCY ¢ . 18008+10

LOAD CURRENT SO
FOR PMI

.B4TI1E-1]
-BV4TE-1]
-2800E-13
.8892E- 14
-2213E-13

.8280E- 11
8833¢E- 11
.1079E- 10
1180E-10
.1287€-10

.1308E-10
.1322€-10
1308E-10
.1287E-10
1180€-10

.1012€-

.s882e-12
- 30208-12
. 1800E-12
.8893E-13
.494982-13

.49448-13
.S793E-13
- 7888E-13
1101812
-13878-12

-13878-12
.11208-12
.83812-13
.7411E-13
.88928-13

.9891E-12
.9038E-113
.8784E-13
.2213€-13

8492814

.2400E-13
-S147E-1)
.0471E8-13

LOAD CURRENTY SO
FOR R

.1108E- 1
.3844E-11
s E-11
.s4g80E- 11

.8078E-
. 2082E-

871E-1
.88108-1
TOSAE- 1

1324€-10
.1418E-10
.1481E-10
.1608E-10
.1988E-10

26442€-10
-2888E-10
-3128E-10
.323882-10
.3298¢€-10

.33828-10
.JBIBE-10
.3888E-10
-3828E-10
.3317€-10

3000E-10
2833¢e-10
.2280K-10
.1897E-10
18544E-10

-1200E-10
8728E-1
.S788E-11
.3332€-11
. 1803E- 11

-3788E-12
. ¢E-37
-3788E-12
1803E-11
-3332€8-11

.ST788E-1
.8728E-11
1200€-10
- 18484E-10
.1897€-10

.2200E-10
.2833E-10
.3000E-10
-3317€-10
.3s282-10

-33828-10
.3288E-10
.3238e-10

.3128E-10
.2888E-10
.2442E-10
.1988E-10
.1808E-10

.1481E-10
.18418E- 10
- 1324E-10
.1084E-10
.G910E-11

.38718-1
.29828-11
.4078E-11
. 480K~
.8440E- 1

.38448- 11
.1108E- 11
.8883E-38

LOAD CURRENT SO
FOR TE

.6828E-14
-S3T7SE-14
.2978E- 14
.3800E-148
.8873E- 148

L1740E-13
.2884E-13
-3843E-12]
.8106E-13
.7832E-13

.11828-12
S 1728E-12
S2878E-12
.3488E-12
.8848E-12

-68738-12

.2024E-11

.2882E8-1
-31828- 11
-3880E-11
.4808E-11
.S42VE- 1

.G278E -
STIANE-

-1043E-10
.1110E-10
-1188E-10
.1212€-10
.1248E-10

.1268€-10
. 1272E-10
.1288E-10
. 1248E-10
-1212€-10

.1168E-10
.11108-10
.1043E-10
-9887€- 11
.8877E- 11

.8023E-11
.7180E- 11
.8278E- 11
-S421E-11
.48O08E-11

-38S0E- 11
-3182E-11
.2882E-11
. 2024E-11
L1I8T78E-1 1

.1207€-11
.9087€-12
.0873K-12
.4888E-12
.34882-12

.20780E-12
. 1728E-12
-11828-12
.76322-13
.81088-13

-3643E-13
.28842-13
-1749E-13
.8873E-14
-3800E- 14

.297SE- 14
.8378E-14
.6828K-14

logical bodﬁ.
V/m,f=1.5GH2.

LOAD CURRENT SO
TOTAL

-7184E-13
C1VS1E- 1Y
3871E- 1Y
.6482E-11
.$820€-11

.A184E- 11
.3090E- 11
4006E -1
-T7047E- 11
.1078E-10

. 1384E-10
.1848E-10
1880¢2-10
.1888€-10
.2024E-10

.2817€-10
-2966E-10

3283E-10
.3397€-10
.3804g-10

.3881E-10
-3881E-10
.8028E-10
-4087€-10
.4017€- 10

-3889E-10
.3871E-10
.3494E-10
.33840E-10
.32028-10

.3080E-10
.2841€-10
-2823E-10
.27288-10
.2882E-10

.2008€-10
.2893E-10
.2808E€-10
.2882&-10
.2728E-10

.28238-10
.28418-10
-3088E-10
-3202€-10
.3340£-10

.3494R-10
.3871€-10
.3889E-10
.40172-10
.4087E-10

.4020E-10
-3881E-10
.3881E-10
.3804E- 10
.3307£-10

.3283€-10
.20868¢-10
.2817E-10
.20248-10
-1888E-10

.1888E-10
. 1848E-10
.13648-10
.1079K-10
.7087E-11

-4008E- 1
.3080E-11
.G188E-1
]
]

-3871E-11
) 1€-11
.T184E-13
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TABLE B-13 : Probe near a cylindrical biological body.
- .
Incident field = (2,0 deg.) V/m,f=3.0GHz.
(Fig. 3.3.4)
FREQUENCY . 30008+ 10 FIELD = 2.00 ARNGLE = ©.00
PHI 1IN LOAD CURRENT SO LOAD CURRENT SO LOAD CURRENTY SO LOAD CURRENT SO
DEGC FOR PHI FOR R FOR TE TOTAL
0.00 o ° 185282-11 .1820E-13
$ oo ° ° .8981€-14 .S981E-14
10.00 (] (-] .76128-14 .78128-14
18 o0 o © .3003E-13 .3003€-11
20 oo [ [] .QO0T&E-13 .8074E-13
2% .00 L] (-] .8080E-13 .G000EK- 13
30 oo o © L1213€-12 L12138-12
3% 00 [ (] .20848-12 .2008E-12
40 00 ©° o .3387€-12 .3387€-12
48 00 o o .59838-12 .8983€-12
$0 .00 o (-] L1012B-1 .1012€-11
[ -1 o L] .1889E- 11 .188OE- 1
80 00 (-] (-] 28942-11 .2604E- 1
6% 00 (] (] .42068K-11 . S4E- 1
70 o0 ] © .6093E-1 .0803E- 11
78 o0 o ° . 10282-10 .1024E- 10
80 00 [ [J .18208- 10 .18202-10
48 00 (-] (] .2217€-10 .2217€-10
90 .00 o ° .3123¢-10 .31238-10
28 00 (-] © .42778-10 .8277€-10
100 00 () 0. . 880 -10 .S688E-10
108 ©o© ° 0. 7398E-10 .73082-)%0
110 ©0 () o .8383E-10 .9383¢&-10
11§ .00 () (-] .1183E-08 11838 -
120 00 © o .1388E-09 .13882-09
128 oo (] (-] .18268E-09 1826E-09
130 o0 (-] (-] M ] £€-09 .1884E-08
138 ©00 0. [ .209%E-09 .2098E-00
140 0O © o .23118-09 .23118-09
148 ©O o [ .2809E-09 .2808E-08
180 .00 © o .28688¢8-09 .2688E8-09
188 ©0 ©° 0. .28382-09 .2838E-00
180 00 o 0. .209088€2-09 .2068¢E-09
188 ©0 () [} .3088K-09 .30888-08
170 00 ° 0. .31372-09 .3137¢-09
178 ©00 © (-] -.31808-09 .3180E-00
180 00 (-] © .31988-09 .3198¢-0
188 oo o 0. .31808-08 .3180€-0
190 00 () 0. .31372-09 .31378-08
198 .00 o o. .30888-00 .30888-09
200 00 (-] o. .2088¢E-00
208 .00 © o. . .28382-090
210 00 L] ©. . .2088E-00
2'% 00 ° ©o. .28098-09 .2809E-09
220 .00 ° o. .23118-09 .2311E-08
228 o0 o ° .20982-09 .2008E-09
230.00 o. o .1864E-00
238 oo ©o. ° . 6E-09
240 .00 0. o . .1388E-09
248 00 [ o .1183¢8-09 .11836-09
280 .00 © o .93838-10 .9383€-10
288 .00 (-] (-] . .7398E-10
260 .00 © 0. . .8898E-10
268 o0 © 0. .84277¢-10 .8277€-10
270 .00 © o. .31238-10 3123€-10
278 .00 (] o .2217&-1%10 .2217¢-10
280.00 ©. L] .1820¢-10 .182082-10
288 .00 -] o .10248-10 .10268E-10
200.00 ©. o .B883E- 1Y 93E-11Y
208 .00 [} ° .4208E- 1 .8298E-11Y
300.00 o o .2084E- 1 .208042-11
308 .00 © ° . sE-11 .1889E- 1
310.00 0. [} .1012E-11 1012811
318.00 ©. [-] .89638-12 .8983E-12
320.00 ° o .33878-12 .33878-12
328 .00 0. © .20848-12 .208488-12
330.00 ©. (] L12138-12 .12138-12
338 .00 o. (] .80808-13 .8000E-13
340.00 o. ] .8074E-13 .40748-13
348 .00 0. (] .3003E-13 .30038-13
380.00 (] 0. .78128-14
388 .00 ° o. sSiR-18

3680.00 °. °. J1sase-13
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. . . .
TABLE B-14 : Probe near a cylindrical bnoloaucal bodm.
Incident field = (2,30 deg.) V/m,f=3.0GHz.
(Fig. 3.3.4)
FREQUENCY .3OCOE+10 FIELD : 2. 00 ANCLE = JO OO
PHI IN LOAT CURRENT SO LOAD CURRENT SO LOAD CURRENTY SO LOAD CURRENT SO
pec FOR PH| FOR R FOR TE TOoTAL
o oo 7988E-112 ©. C1148E-13 .913SE-13
s oo -3299E-12 1634E- 1) .A4B4E- 14 1671E- 11
10 oo 1268E-13 2685E -1 S$70%E-14 .2704E- 1
18 oo 8471E-13 1029€-11 . 2282E-12 SV138E-11
20 oo 9881E-13 1492811 30S6E-1) 1621€- 1
28 oo $781E-13 4108E- 1 4868E-13 .8209€-11
30 oo 1122€-12 .8183E- 1 SOS7E- 13 43S E6E- 11
3s oc¢ 3934E- 11 1$33€-12 4278E- 11
40 o0 7310E-11 2540E-12 STTRBE- 1Y
4% oo 1039€E-10 4872E-12 1108€-10
80 oo JA49SE-12 1138E-10 T7SS0CE-12 1249€-10
$8 oo 407SE-12 -15288-10 12844E-11 .1883E-10
0 oo 432SE-12 2171€-10 .2021E- 1 .2418E-10
¢s oo $23SE-12 2818E-10 .3220E- 11 2 €-10
70 oo $S647E-12 3127€-10 .$020E -1 3ssse-10
78 oo $O36E-12 .3878€-10 .7680E- 1 -4796E-10
80 o0 4288E-12 47S9E- 10 .1147€-10 s$949E-10
85 oo 3129E€-12 $332€-10 .1883E-10 .7027€-10
80 o0 18S08E- 12 .8017€-10 2343€-10 8374E-10
98 o0 s4ssg-113 S87I1E-10 .3208€-10 9887E-10
100 00 2377€-12 69TI1E- 10 .4274E- 10 1127€-08
108 o0 7701E- 12 T048E-10 .8848€-10 1 ]
110 oo 1938E-1) -7028E-10 .701SE-10
118 oo 3936E- 11 -6782E-10 .8647E- 10
120 ¢o S926E-1 S193E-10 .1039%E-09 1728€-09
128 oo 1112€-10 1219€-09 18828 -09
130 oo 18661E-10 .1398E-08 .2084E-09
138 oc 2326E-10 .18T1E- 0O .2208E-09
140 00 Josse-ro0 1733E-09 2382¢e-09
148 o0 3911E-10 1882E-08 25 18E-09
180 oo &478SE- 10 1808E-10 .2014€-09 26712-09
158 o0 S594E-10 1283E-10 .2128E-09 2813E-09
180 o0 S$348E-10 . TR&BE -1 2224E-0) .2938€-09
165 oo 6988E-10 4399E -1 .2299¢-09 Joa1E-09
170 oo 7472€-10 1923¢E-11 .2383€-09 3119E-09
178 oo 7776€-10 2388E-09
180 ©o L]
188 oo 238SE-09
190 o0 23s83¢e-09
198 oo S838E- 0 .2289¢€-08 3041E-OF
200 ©0 6JssE-10 . T04BE- 1 .2228E-09 2938¢ -0
205 00 . 1283E-10 .2128€-09
210 oo -1808E- 10 .2014g-09
218 oo .3911E-10 .2487E-10 .1882E-09
220 oo JO08SE-10 .3203¢8-10 .1733€-09 .2382€-08
228 oo .2328€-10 .8009E-10 1ST1E-0O9 .2208¢-09
230 oo 1861E-10 4794E-10 . 1388E-09 .2084€-09
238 oo 11128-10 ssi18€-10 1219¢-08 .1882E-09
240 0O .8928E- 1 823€-10 .1039¢€-09 17288 -09
248 OO -3936E- 1 .8782€-10 .8687€-10 1879E-09
280 oo .7028E-10 .7018E-10 1423€-09
288 oo .7048E-10 .SB48E-10 1267€-09
280 o0 .8871E-10 .4274E-10 .1127€-09
288 o¢ .8871€8-10 -3208€-10 . 87€-10
270 oo .801T7E-10 -2343€-10 .8374E-10
27%8 oo -31208-12 -$332€-10 .7027€-10
280 oo -4788E-10 .8
288 o0 -3878€E-10
280 .00 .8847€-12 -3127€-10 B
298 o0 .8238E-12 .2819€-10 .20038-10
300 oo .4328K-12 .21718-10 .2418E-10
308 .00 4078E-12 -1828E-10
310 o0 -3488E-12 .1138E-10
318 oo .2248E-12 .1039¢€-10 .88728-12
320.00 . 18478-12 -73108-11 .2840E-12
328 .00 .1908€-12 .3034E- 11 .1833€-12
330 .00 .11228-12 .8183E-11 -9087€-13
338 .00 .8781E-1] .8108E- 11 .48688-13
340.00 9881€-13 .14828-11 .3088E-11]
348 .00 TIE-12 .1029E€-11 .22828-13
380 .00 12882-13 -2088E-11 .8700E-14 .2704E-11
388 .00 1834811 .6 E-14 1671€-11
380 o0 .14818-38 .11482-13 .9136E-13
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B-15 : Probe near a cylindrical biolo
Incident field =

(Fig. 3.3.4)

FREOUENCY ¢ 3000E+10

PH1
DEC

10
18
20

28
30
3s
a0
as

so
sS
(1

70

78
80
ss
30
s

100
108
V1o
"ms
120

128
130
138
140
148

150
188
180
168
170

178
180
188
190
198

200
208
20
218
220

228
230
2138
240
248

2%0
288
280
268
270

278
280
208
290
208

300
308
310
318
320

oo
oo
oo
oo
oo

oo
1]
o0
(-1
00

oo
oo
oo
oo
oo

oo
(-1}
(-1
14
o0

oo
oo
[-X]
o0
oo

oo
oo
oo
oo
oo

oo
L-1-]
oo
oo
oo

(1)
oc
oo
(-2}
oo

oo
o0
00
oo
0o

oo
oo
00
oo
©o

(-1
14
-1
oo
o0

(.1
oo
(-1
1]
o0

LOAD CURRENT SO
FOR PHI

L 2397E-12
. 9896E-13
L3769%E-12
.2881E-12
.2964E-12

1734E-12
3367E-12
$723€E-12
$840E-12
6738E-12

1088E -
1223€-1
1297€-1
1570€ -1
1694E-1

1S11E- 1
.128C6E-1
9388E-12
4823E-12
2840E- 12

TIIVE-12
2310E- 1
SSI14E- 1
1181€-10
2078€-V0

333se-10
4982E-10
6977€-10
$28SE-10
1173E-09

1429¢€-09
1678E-09
190SE-09
2096E-09
.2242€-09

.2333€-09
2364E -
2333E-09
2242E-09
.2098E-00

1181€8-10

S8r14E- 1
2310E-1
L7130V €-12
.2%40€-12
4823E-12

FI1ELD : 2 OO

LOAD CURRENT SO
FOR n

490K -
8OSGE -
.3086E -
Q&876E -

1232¢€-10
1248E-10
1180E-10
.2193E-10
3116E-10

.3418¢-10
.4884E-10
CS13E-10
7886E-10
.9380E-10

1193€-00
1428¢€-09
1800k -09
1808¢E-09
2001E-09

2091E-09
21148 -
2108¢€-09
2026E-09
.1888E-09

1¢83¢2-09
1438E-09
.1203E-09
ssi10L-10
7372¢-10

$423¢E-10
3760E-10
2384E-10
1320¢-10
STS9E- 11

1428E- 1
.1607E-38
1428E- 1
S769E- 1
1320E-10

2384E-10
.3780E-10
s$423E-10
.7372€-10
.9810E-10

1203¢-09
1438€E-09
.1688E-09
188 BE -
.2028€-00

.2108E-00

2114LE-09
.2091E-09
.2001E-09
.1808¢-09

.1000E-08
.1428E-09
.1193¢-09
.9380E-10
.7886E-10

.6813E-10
.4884E-10
.3418E- 10
.3116E-10
.2193E-10

.1180E-10
.1248E-10
. 1232810
.4876E- 1
.3088E- 1

.8O88E- 11
.4901E- 11
.4384E2-38

ical bodﬁ.
2.

(2,60 deg.) V/m,f=3.0G

ANGLE = 60 ©OOC

LOAD CURRENT SO
FOR TE

.3821E2-14
1488E-14
.1903E- 14
7807€-14
1019E-13

1823€-13
.3032£-113
.8110E-113
sa86E- 13
1491E-12

.2830E-12
Q146E-12
$73ISE-12
1073E-11
1873E-11

2880E- 11
3822€-11
.B843E- 1
7800E-11

.8713€-10
709S8€E-10
7412€-10
7662E-10
7842E€E-10

79S1€-10
7987E&-10
7981€-10
7842E-10
.78828-10

.8110€-13
3032¢&-13
.1823€-13
.1010€-13
.78078- 14

.19038-14
.1888E- 18
.38218-14

LOAD CURRENT SO
TovTAL

263IB5E-12
$001E-11
SO9GE- 11
3348E- 1
.4782€-11

1281€-10
1283E-10
1243€-10
2287€-10
-3198E-10

.384S3E-10
4748E-10
6710E-10
8120E-10
9716E-10

123 -09
1479E-09
168SE-O9
1888E-09
2111E-09

.22412-09
2322€-09
2400E-09
2432E-09

.2412€-09

2398¢E-09
2403E-09
2424E-09
2884E-09
.2838E-09

2843g-09

.3182E-09
3163€E-09
3142€-09
.3083€E-09
20%4g-09

[26432-09
.2838€-09
[2484€-09

2424E-09
.2803E-09
.2398E-09
.24128-0
.2432E-09

.2400E-09

2322€-09
.2261E-09
L21V1E-09
.1888E-09

.8120E-10

.8710E-10
.8748E-10
.3 E-10
.3198E-10
.2287€-10

.12438-10
.1283€-10
.12812-10
.47828- 11
.3348E- 11

.809
.8001E-11
.24382-12




TABLE

(LB}
DEGC

10
18
20

28
3o
3s
40
as

O
ss
60
(33
70

78
80
s

100
10¢
1170
1S
120

128
130
138
140
148

150
15¢
160
185
170

178
180
185
190
198

200
209
2'0
218
220

228
230
23%
280
248

280
288
26¢C
288
270

27
280
288
290
298

300
308
310
318

320.

338 .
340.
348 .

B-16 :

FREQUENCY s

N

00
00
(-]

(-1}

oo
00
oo
[-1-]
o0

o0
(1]
1)
oo
oo

oo
(X
oo
00
oo

(1
oo
oo
(-1}
(1)

oo
oo
oo
oo
oo

oo

oo
oo
oo

oo
oo
oo
(1)
oo

oo
oo
(1]
(14
oo

(1]
oo
oo
oo
oo

1]
.00
(1)

oo

LOAD CURRENTY SO

FOR PH]

165

Probe near a cylindrical bij
Incident fieldy=l "85 2aen 10

(Fig.

3000E+10

J198E -
1319€ -
.BO28E -
3380¢E -
. 3982E -

2312€ -
4490E -

7631

73878 -
ang2e -

1398E-
1630E -
1730€ -
209 4E -

22%9

2014€ -
1718€ -
1282E -

6031

3386E -

9SOBE -
3080E€ -
TS 3E -
1874E -
2770E€E -

qaas

S643E -
$303E -
1234E-09
1568t -09

12
12
12

12

NN - - -

1
1
L

-~

10

10
10
10

1906E-09
2237¢-09
2939€-09
279SE-OF
2989€-09

3110E-09
3182€-09
3110E-09
2989¢ -09
2798E-09

.2838E-09
.2237¢€-09
1906E -0
1868E-09
12348 -0

83013¢€ -
.8643E -
.a848¢ -
2770€ -
1874E -

TISIE -
3080E -
.9B08E -
3386¢€ -
€031

10
10
10
10
10

L7631

. 8490E -
23128~
.30828-
33888

. 50208 -
C1J19E -

3.3.4)

FIELD : 2 o0

LOAD CURRENT SO
FOR R

683ae -
1074E -
4118E-1
. B9GBE-

-0 =

1642€E-10
16618-10
1874E-10
.2924E-10
C184E-10

48S3E-10
$113E-10
8884E-10
1047€-09
1281€-09

1891€-09
1904E-09
.2133E-09
2807E-09
2868t -09

2788E-09
.2818E-09
28108-09
2701E-09
2477¢-09

22068E-09
1918E-09
1804E-09
1281¢€-09
9829%E-10

723'€E-10
$013€E-10
J178€-10
1780€-10
TE92E- 1

1901E-1
21422-36¢
1801E-11
. T692E- 1
1760E-10

3178€-10
.$013¢-10
7231E-10
.9820E-10
.1281E-09

1804E-09
1918E-09
2208e-09
2877E-09
.2701E-09

.2810E-09
.2818E-09
.2788E-09
2688E -
2407E-09

.2133¢e-09
.19048-09
.1801E-09
1281£-09
. 1047E€-09

.88848-10
.6113¢€-10
.4883E-10
.4184E-10
.2924E-10

.1874E-10
.188Y€-10
. 2€-10
.SOBBE- 1
.4118E8- 1

.1074E-10
S6E34E -1
.S848ER-38

(2,90 deg.) V

ANCLE * 90 OO

LOAD CURRENT SO
FOR TE

.2388E-4)
.9293€E-42
1 sE 1
ass9E -4
6362€-4

9809E -4
. 1894E-40
3192€8-40
$283E-40
$311E-40

1880€ -39
2%90€E-39
4207€-39
$704E -2
104SE-338

1899€-33
.23C7E-38
.3482€-38

7e-38
.8878E -3

ssosE-38
1188SE-37
1480E-37
1800E-37
2164E-17

.2%38E€-37
29112-37
3270£-37
3608E-37
3917E-37

4193E-37
4431€-37
4629%9€-137
.47868E-17
4898E-37

49688 -37

4898¢€-37
.47888E-37

443'2-37
.4193E-37
.3917€-37
.3808€-37

3270€-37
.2011€-37
.2838€-37
21664E-37
. 1800E-37

1460€-37
1188E-37

‘as77e-38

.36482E-38
.2387€-38

1890E-38
.1048¢2-38
.8704E-39

4207€-39

.8288E-40

.31028-40
.1894L-40

ical body.
m.f-3.0Gﬁz.

LOAD CURRENT $O
ToTAL

3108E-12
SOGE -1
<10
L} E-1
.63863E-11

.1668E-10
1708E-10
1 E-10

.2 g-10
4284E-10

3E-10
¢27¢6€-10
8887E-10
1063E-09
.1273E-09

1811'¢-09
.18921E-09
2148E-09
2413E-09
26722 -09

27982 -09
.2849¢-09
.2888¢E-090
2088¢-09
2784E-09

.2881'E-09
2582¢8-09
2S34E-09
28182 -09
2%47€-09

28292 -09
273%E-09
2887E-09
.2970¢€-09
.3088L-09

3129¢€-09
3182€E-09
3129¢-09
3O086E -0
.2970¢-09

2887¢€-09

.2818€-09

.28342-09
2882e-09
.2631E-09
.2784E-09
20838¢-09

.1088E-09

2887&-10

10802-10
.1708E-10
.18682-10
.8383E-11

1079€-10

. eE-11
3108K-12



TABLE

PHI
DEC

$0
85
80
(1]
70

100
108
10
118
120

128
130
138
140
148

150
188
180
188

B-17 : Probe near a cy
Incident field = (2,0 deg.)

166

(Fig. 3.3.5)

FREOUENCY = 248010

t70.

178
180
188
190
198

200
208
210
218
220

228
230

240

248 .

280 .
288 .

280
288
270

278 .
280.

288
290
298
300

310

318
320.

3328 .
330.
338 .
340

3a8

380.

IN

oc
oo
(1)
oo
oo

oo

oo
oo
-1

LOAD CURRENT SO
FOR PHI

00000 00000 00000 00000 00000 00000 00000

00000

00000 00000 00000 00000 00000 00000

o000

FIELD ¢+ 2 OO

LOAD CURRENT SO
FOR R

00000 oco0o00O0 00000 00000 00000 00NOO 00000

00000

00000 00000 0000 00000 00000

00000

L X-X-

lindrical biological bod
m

ANGLE ¢ 0 0O

LOAD CURRENT SO
FOR TE

. 1088E-13
.9120E- 148
.4780E- 14
.2039E-13
3980E-13

.8288E-13
.8882€E-13
1888E-12
26208-12
4087E€-12

.2784E-10
.38T71E-10
.8872€-10
$470E-10
SS3ICE-10

.1S10E-09
1827¢€-09
.1819€-09
.1497E -0
.14808-09

.1808E-09
.1348E-08
-1283E-09
.1182E-09
.1088E-09

.9830E-10
8748E- 10
.7838E-10
.8836E-10
.8470E-10

.84872€-10
.3871E-10
.27848-10
.2121¢€-10
.1878E€-10

.4087E-12
.28208-12

. 1888812
.8882E-13

.3980E-13
.2039K-13

.4780R-14
-9120E-18
-188SE-13

v/

Lo
TO

, f=2.L5G

AD CURRENT SO
TAL

1688E-13
9128E-14
47s0E-14
2039E-13
-3980E-13

.S289E-13
8882E-13

‘a087E-12

.8829E-12
1089€-11
1848E- 11
2830E- 1
3830E-11

2121¢-10

.2784E-10

387VE-10
.48728-10
.8470E-10
.8836E-10

7838E-10
8748E-10
9830E-10
.1088E-09
1182E-00

1819E-09
1827€-09
.1819E-08
14972 -09
1480E -0

1809E-09
13 -09
E-O8
.1182€-09
. 1088E-09

.9830E-10
.8748E- 10
7838€-10
.6836E-10
s470E-10

.4872E-10
.3871E-10
.2784E-10
.2121g-10
.1878€-10

. 1188E-10
81

.3830E-1
.2830E-11

. 1848E- V1

.8087E-12
.2620E-12

.2039€-13

4780E-14
-9120E-148
-1888E-13

k.
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TABLE B-18 : Probe near a ¢
Incident field

lindrical biological body.
(Fig 35 is (2,30 deg.) Vam,fsz.kSEHz.

FREQUENCY o2 .2480E+10 FIELD = 2 OO ANGLE = 30 00O
PHI IN LOAL CURRENT SO LOAD CURRENT SO LOAD CURRENT SO LOAD CURRENT SO
DEC FOR PN FOR R FOR TE TOTAL
©.00 $623E-13 ° L 1281E-13 .7764E-13
s oo 3663E-13 S1198E- 1 .CB4TE-4 12390E- 11
10 00 SSS4E- 14 2880E- 11 -3862E-14 2080E-1
18 o0 .3872€-13 2007E- 11 1$29€-12 .2088E- 1
20 oo .8300E-13 .903SE-12 .2983E-13 1018€-11
2% 00 . 7804E-13 .2140E- 11 3944EK-13 .2288E- 11
30 o¢ SES9E- 11 .4488E- 1 s438E-13 .4807E- 1
3% oo 9306E-13 .S080E- 11 . 82%2E-1)
40 0O 1600CE-12 SA4E- 11 . SOM1E- 1Y
45 00 S1813E-12 .6BS2E- 11 .7040E- 11
L 1] 1783€E-12 - 10J1E-10 4897€-12 1098E-10
$s oo 2238E-12 .1290€-10 7880E-12 .1382€E-10
so oo 2048E- 12 1437€-10 . 1234E- 1 .1890E-10
&3 oo 3140E-12 1771E-10 L1897€-11 L1982E-10
70 o0 . 2912€-12 -23238-10 . 2872E-11 -2839E-10
78 oo 27S8€-12 .2802E-10 .8281E- 1 .3288E-10
80 00 2467€-12 .3127E-10 .8128E-11 .3784E- 10
8% o0 L1701E-12 .3814E-10 8812E-11 .4392€-10
90 oc 9182€-13 .4018E-10 1184E-10 .8$208E-10
s ©00 7906E- 1) .8807E-10 1890E- 10 .8008E-10
100 o0 1601E-12 .4864L-10 .2088E-10 .6889E-10
108 00 4804E-10 .2878E-10 -7326€-10
170 o0 .4812E-10 .3384E-10 .808BE-10
V18 oo .8804E- 10 .41028-10 .8803E-10
120 00 3402E- 11 4207€-10 .4902E-10 .9448E-10
128 oo s3rse- 1 .3777¢-10 $729E-9%0 .1004E-09
130 oo L7982E- 11 .3308E-10 $SEOE- 10 1088E-O8
13% oo 1112E-10 2826E-10 .7372€-v0 .1131E-09
140 00 1478E-10 .2331E-10 8147€-10 .1198E-09
148 00 1867€-10 1831€-10 .8887E-10 .1286E -0
180 00 2271&-'0 1361E-10 9818€-10 .1318E-09
188 00 .2687€-10 9S8 17E- 1 1009E-09
180 00 3031E-10 C143E -1 .1087€-09
168 00 -3342E-10 S3497E-11 1098E-09
170 oo .3878E-10 1ISTIE-11 -1123E-08 .1488E-09
178 oo .3727€-10 .3968E-12 .1139€-09 .1S16E-09
180 00 .3777€ -0 .4319E-37 11488-09 .1823€-09
188 00 .3727€-10 .3DESE-12 .1139E-09 1818E-09
190 oo .3879E-10 1873E-11 1123E-09 1498E -
198 oc¢ .3342E€-10 .J897E- 1 1098E-09 .1884E-09
200 oo .3031E-10 .B148E- 11 .1087E-08 .14218-09
208 00 2867€-10 L9BITE- 11 .1009E-08 .1371€8-00
210 oo 2271€-10 _1381E-10 .9818E€-10 .1318E-09
218 o0 1887€-10 .183V1E-v0 .8887E-10 .1288E-09
220.00 .1478E-10 .2331E-10 .8187E-10 .1198E-09
228 o0 L1112€8-10 .2828E-10 .7372€-10 .1131E-09
230 .00 CT9S2E- 1Y .33082-10 .6880E-10 .1088E-08
238 oo .8378E- 1 .3777¢-10 .8729¢8-10 . 1004E-09
240 00 .J802E- 11 .8207E-10 .4902E-10 .9449E- 10
248 OO S1887E- 1 .4804K-10 .8102E-10 .8803E-10
280 .00 .9088€-12 .4812E-10 .33%4E-10 .8088E-10
288 ©O .4337€-12 .4804E-10 .2678E-10 .7326E-10
280 00 1891€8-12 .48648E-10 .2088E-10 .GGE9E-10
268 o0 .7906E€-13 .8807E-10 .18908€-10 .GO00SE- 10
270 .00 .91822-13 .4018E-10 .1188E-10 .8208E-10
278 .00 L1T701E-12 .3814E-10 .88128-1 .4382€-10
280 o0 .26487€-12 .3127€-10 .8128 .3784E-10
28% .00 .2788E-12 .2802E-10 .4281E- 11 .3288€-10
290 ©0 .2912€-12 .2323€-10 .2872€8-11 .2839E-10
298 00 .31408-12 .1771€-10 L189TE- 11 .1992E-10
300.00 .2948E-12 .1437E-10 L1238E-11 1890E-10
30% .00 .2238€-12 .1290E-10 .T869E-12 .13928-10
310.00 S1783E-12 .1031E-10 .G89TE-12 .10988-10
318 .00 L1813€-12 .SSB2E- 1 .3088E-12 .7040E- 11
320.00 .1800E-12 .4884E-11 .19688-12 .8081E- 1
328 .00 .9308E-13 .S040E- 11 L11898-12 .S2828-11
330 oo .8880E-13 .a4882-1 .G436E-13 .480T7E-11
338 .00 -7804E-13 .21640E-1 .3984E-13 .2288E€-11
340 .00 .8300E-13 .9038R-12 -2083E-13 .1018E-11
348 .00 .38728-13 .2007E-11 .1829E-13 .2088E8-11
380.00 .SSB4E-14 .2880E- 11 .3862E-14 .2888E- 11
388 00 .36832-13 L11908E-11 .8847E-8 - 1230E-11

380 o0 .8823E-13 .S$703E-36¢ S1241E-13 -7766E-13
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. . . .
TABLE B-19 : Probe near a cylindrical bipological bodé.
Incident field = (2,60 deg.) V/m,f=2.45GHz.
(Fig. 3.3.5)
PREQUENCY = .2480E<10 FIELD = 2. .00 ANGLE : 80 0O
PH] IN LOAD CURRENT SO LOAD CURRENT S¢C +0AD CURRENT SO LOAD CURRENTY SO
DEC FOR PH] FOR R FOR TE TorvaL
© oo 198 T7E- 12 (-] 4138E-14 . 1988E-12
s oo 1090€-12 3S87E- 1 .2282E-14
10 00 .1668E-13 8040E- 1 L1V8T7E-14
1$ 0O 1072€-12 $022€-11 8097€- 148
20 o0 .2490E-12 .2710E-1 9878¢E-14 .2060E- 11
28 oo 2361E-12 . B&821E- 11 L1318E-13 S6BB8E-1
30 oo S1898E-12 1346E-10 2148SE-11 .1368E-10
3% oo L2792€-12 1812€8-10C .3 3E-13 18 E-10
40 0O 4800E-12 1408E-10 sss0g-13 1480E€-10
48 o0 $439€-12 1968EC-10 1022€-12 .2030K-10
$0 00 $380E-12 .3093E-10 .16328-12 318628-10
55 oo C7184E-12 .3871E-10 .2823E-12 .386S€E-10
60 ©O .883IBE-12 43V1E-10 Q118E-12 4440F-10
85 oo 84212-12 $313E-10 .6328E-12 .B871E-10
70 o0 .8TISE-12 .6989E-10 .9874E-12 T182E-10
7% 090 8278E-12 o7€-10 1417€- 11 .8831E-10
80 0O .7800E-12 .9381E-10 .2042E-11 .9889E-10
8S oo $103€E-12 1084E-09 L287VE- 1 1088E-09
20 0O 2788E-12 .1208E-09 .394SE-1 1287€-09
98 oo 2372€-12 .1322E-09 .$JO1E- 1Y 1377€-09
100 0O $072€-12 1388E-09 .8968O0E -1
108 00 1301E-11 .1381E-09 .8927€-11
110 o0 299SE-1 1384E-09 Y118E-10
118 00 S901E- 11 1351E-09 1387€-10
120 00 1021E-10 .1282E-09 1634€-10 .1828E-08
128 00 1613€-10 1133-09 1910E-10 .1488E-0OF
130 oo 2J8GE-10 . 176-10 .21878-10 1 E-08
138 00 .333S8E-10 . 79¢E-10 .2487E-10 1427€-09
140 ©O 4428E- 10 .6992E- 10 .2716E-10 .1813E-08
14% 00 $802E-10 2E-10 .2066E-10 .1406E-09
150 00 es18E-10 4083E-10 3173E-10 .1807E-09
155 00 .8000E-10 .28S88E-10 .3383E-10 .1422€-09
1860 00 9094E-10 .1843E-10 .3823€-10 ] sE-09
168 o0 1003E-09 .1049E-10 .3680E-10 .18473€-08
170 00 1078E-08 .4718E- 11 .3742E-10 149SE-0O8
178 o0 1118E-09 1190E-11 .3798€-10 .1S10E-08
180 o0 1133E-09 .1296E-36 .3817€-10 18$182-09
188 o0 L1V18E-08 1190E- 11 .3798E-10 1810E-09
190 00O 10748 - .4T18E- 1 .3742€8-10 1 SE-o9
198 oo 1003E-09 1089E-10 .3680E- 10 .1473E-09
200 oo .9094&E-10 .1843E-10 .3823¢-10 .1848E-09
208 oo .8000E-10 .288$SE-10 .3383E-10 14228 -09
210 00 .88V18E-10 4083E-10 .3173€-10 . 1807E-09
218 oo .$602¢8-10 . .2988E-10 .1408E-0%
220 o0 44242-10 .2716E-10 .1813E-09
22% 00 .333SE-10 .2487E- 10 .184278-08
230 oo .2386E-10 .2V87€-10 .1449E-08
23% oo 1813E-10 1810E-10 .1488E-09
280 0O 10218-10 .1834E-10 . €-00
248 0O $901E- 1 .1381E-09 .13867E-10 .1847E-09
280 o0 .29908E-1 .1384E-09 .1828E-09
288 00 1301€-11 1381E-09 .1488E-0Y
2860 .00 .8072&-12 .13 -09 .1848E-09
268 o0 .23728-12 .1322E-09 .1377E-09
270 00 L2788E-12 .1208E-09 .1287€-09
278 oo .8103E-12 .1084E-09 L2871E- 11 .1088E€-09
280 .00 .7T400E-12 .93812-10 .2042E-11 £-10
288 o0 .8278E-12 .8407€-10 L1817€-11 .8831€-10
290 oo .8736E-12 .6909E-10 . 9874E-12 .7182E-10
298 .00 .98421E-12 .8313E-10 6328E-12 .8471E-10
300 o0 .8838E-12 .8311E-10 . 4V114E-12 .4480L-10
308 o0 .8714E-12 .3871E-10 .2823E-12 .39 E-t0
310 o0 .8380E-12 .3083E-10 .1632€8-12 .3182E-10
318 o0 .S4390E-12 .19868E-10 .1022€-12 .2030E-10
320.00 .4800E-12 . 1808E-10 .6880E-13 .14680E- 10
328 .00 .27928-12 .18128-10 .3963E-1) .18848E-10
330.00 .1898E8-12 .1348E-10 .2148E8-13 .13888-10
338 .00 .23818-12 .G821E- 1 L1318E-13 G8s8E- 1
340.00 .24008-12 .2710€-11 . SE-14 E-11
348 .00 .1072E-12 .8022E-11 .SO8TE- 14 .G134E-1
380 00 .1888E-13 .8040E-11 LY187E-14 .8088E- 11
388 .00 .1099E-12 .3887€-11 .2282E-14

380.00 L1987E8-12 EAR] £3 17 . 4138E-18
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TABLE B-20 : Probe near a cylindrical biological body.
i?gédegt3féfld = (2,90 deg.) V?m.fsz.bséHz.

1g. e Je

FREQUENCY .2480E+ 10 FIELD = 2 .00 ANCLE : 90 OO
PHI IN LOAD CURRENTY $O LOAD CURRENT SO LOAD CURRENT SO LOAD CURRENT SO
DEGC FOR PNM] rFor w FOR TE ToTAL
© oo 2809E-12 0. .2B848E-4 2809E-12
$ oo 1485€-12 4783E- 11 .V42SE-41 .4920E- 1
10 oo 2222€-13 1072€-10 .T7418€-42 .1074E-10
18§ oo 1429E-12 .8029E- 1 . 8V72E-11
20 oo 3320E-12 .3618E- 11 .3948E- 1
28 oo .3122¢-12 8881E-11 .8211E-41 .88T3E- 1
30 o0 2284E-12 .1798E-10 13402-40 L1817€-10
35 oo - 3722€-12 .2018E-10 2083E-10
4c o0 G400E-12 1874E-10 1938€-10
4% 00 7282E-12 .2821€-10 .2693E-10
80 oo T13JE-12 .4123€-10 C198E-10
8s oo 8982E-12 .81862E-10 .8281E-10
80 oo S1178E-1 S748E-10 -10
6§ oo 1266E€-11 7084E- 0 . -10
70 00 1168E- 11t .9292€-10 .9408E-10
7% oo .11212-09 1132€-09
80 00 1281E-09 .1281E-09
8s oo 140SE-09 .1412€-09
80 o0 .1808E -0 1810E-09
s oo 3162E-12 1763E-09 .3311E-38 .1788E-00
100 00 C762E-12 1826E-09 4347E-38 . 1832E-09
tos oo S1738E- 1 .1842E-08 7SE-38 -1 E-O9
110 oo L3994E- 11 .1848E-09 3€-38 . SE-OF
118 00 .T788B8E- 11 .1802E-09% .8S81E-38 . 1880E-09
120 00 1381E-10 18683¢€-09 1021€-37 .1813E-09
12% oo 2180E-10 1811E-08 S1193E-37 .17262-09
130 o0 3181€-10 1322¢€-09 .1840E-09
138 oo SE-10 113V1E-0O8 .1878E-09
140 o0 S898E-10 .9323€-10 1822¢€-09
148 co T489E-10 .7323E-10 .1879E-09
180 00 908SE-10 .1982E-37 1483E-09
188 o0 1067E-08 .2100E8-37 1847¢€-09
1860 00 1213E-09 2200E-37 1488E-09
168 o0 1337€-09 .2280E-37 .1477€-09
170 ©co 14328 -09 - 6291E- 11 .2337€-37 .1498E-09
178 oo 1491E-08 S 1S8CE- 1) .2372€-37 1807¢€-09
180 00 1S11E-09 .1728E-36 .2384€-37 .1811E-09
188 o0 1491E-09 .23728-37 -1807€-08
1432€-09 .2337€E-37 . 1498E-09
198 oo 1337€-09 .2280E-37 .1477E-09
200 oo .1213€-09 .2488E-10 .2200E-37 . 1488E-09
208 00 .1087¢8-09 .3807€-10 .2100E-37 .1487E-08
210 00 -9088E-10 .8444E-10 .1483E-09
218 .00 . sE-10 -7323E-10 .1479E-09
220.00 .S898E-10 .93232-10 .1822E-09

228 oo .Q848E-10 .1131E-09
230.00 .31818-10 .13228-09
238 o0 .2180E-10 .1811E-09
240 0O 1361E-10 .18683E-09
248 0O .7888E- 1 .1802E-09 .8S41E-38
280 .00 300411 6983E-38
288 oo 173SE- 11 B .SC7SE-38
280 oo C782€-12 1828E-09 .4347€-38
288 o0 L3182€-12 .1783E-09 .3311E-38
270 oo - 3873E-12 .1808E-09 2464E-38 .1810E-09
.1408E-00 -1783E-38 .14122-09
.12818-089 .1278E-38 128 ©
.1V21E-08 .11326-00
.92928-10 .9408E-10
. 1288E-11 .7084E- 10 .7210E-10
300 .00 ST178E- 1 .8748E€-10 .2869E-39 .8888E-10
308 .00 .89082E-12 1638E-29 .8281€-10
310.00 STI3JE-12 .10 -39 .8 E-10
318.00 .7282E-12 .2821€-10 .83812-40 -2893E-10
320.00 .8400E-12 .1874K-10 .8091E-40 .1938E-10
.3722&-12 .2018E-10 .2478¢-40 .2083€-10
.22848-12 .1798E-10 .1340E-40 L1817

.31228-12 1€8-11
.33208-12 1 -1
1420812 .s0208-11
.2222€-13 .10728-10 .10742-10
.1488R-12 .4783E-11 .49209E-11
.26098-12 .2281E-38 .26098-12
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TABLE B-21 : Probe near a cylindr
Incident field = (
(Fig. 3.3.6)

ical biological body.
2,0 deg.) V/m,f=1_,5GHz.

FREOUENCY ¢ 1800E+10 PIELD : 2 OO ANGLE © oo

PHI 1IN LOAD CURRENY SO LOAD CURRENT SO LOAD CURRENT SO LOAD CURRENT SO
DEC FOP PH: FOR R FOR TE TOTAL

© oo © © 1366€-13 1368€-13

$ oo © © "3 .YOTSE-13
10 oc¢c [ © 14 S$949E-14
18 oo © o 14 . 7000E- 14
20 oo ° o 13 S 1778E-13
28 oo © © .3408¢8-13 . 3498E-13
30 oo © © $328E-13 $328¢-13
3% oo © © 72068E-113 T288E-13
40 00 c [J 1021€E-12 10218-12
45 oo © [J 1828E-12 . 1828E-12
80 o0 [ ©° 23248-12 23248 -
8 oo © © 34S1E-12 a8
60 oc o ©° 4987E-12 . 498 7E -
¢t oo © © S969E-12 sssoe -
70 co © ° 9892E-12 -9692E -
78 oo © © 1338E-11 133SE-1
80 oo ° © 1811€- 1 1811€- 11
8s oo © [ 264142- 1 261421
920 oo © © 3188E- 1 JISSE- 1
s oo © © 4048E- G04BE- 1
10¢ 00 ©° [ $103E-11 S$103E- 1
108 oc © ] €323¢€- 11 .8323E-11
110 00 ° © 7700E- 1) 7700E- 11
118 ocC [ o $218E- 1 218€-11
120 o¢ © © 1084 -1C 1084E-10
12% o0 © ° .1288E-10 128SE-10
13¢ oo © J 14308-10 .14308-10
128 oo © o 1808E- 10 1608E-10
140 o0 [ (-] 1778¢-10 1778¢-10
148 o0 © © . S 1937E-10 1937€-10
180 oo ° ©° 2087E-10 2087€-10
185 o0 © o 2220€-10 .2220E-10
1860 oo [ © 2333E-10 2333€-10
188 oo © o 24232-10 2423E-10
170 oo © o .2490€-10 24808-10
178 oo © (-] .2%30E-10 .2830€-10
180 o0 (-] © 2844E-10 28484E-10
188 oo © 4 .2830E-10 .2830E-10
190 o0 (-] © 2490E-10 2430€-10
198 00 o ° .2423€-10 2423€-10
200 00 © ©° .2333E-10 .2333¢e-10
205 oo o (] 2220€-10 .2220€-10
210 o0 ° o .2087€-10 .2087E-10
218 oo o ° 1937€-10 .1937€-10
220 oo © [ 1778¢€-10 .1778E-10
228 oo (] ° 160SE-10 .1808E€-10
230 oo o [ 1430€-10 .1430E-10
238 oo © o . 1288E-10 128SE-10
240 0O o () .1088E-10 1084E-10
248 o0 © o 9218E-11 .9218E- 1
280 o0 ©° o 7700E-11 .7700E-1
288 ©0 ©° o 6323€- 1 .8323E-1
280 o0 © o S$103E- 11 .8103E-11
268 oo © © 4048E-11 .8088E- 1
270 oo © © JISSE-1 Y L3ISBE- 1Y
278 oo (] (] .24V8E- 11 .24164E- 1
280 o0 ° [ Y ARYT SRR LI8VIE- 1Y
288 oo © o .1338E-11 L133BE- 1
2%0 00 © ©° .98828-12 .9892E-12
298 oo © ©° .6969E-12 .0980E-12
300 o0 o ° .4987E-12 .49878-12
3os oo © o .34818-12 .3481E-12
310 00 ° ° .2326E-12 .2328E-12
318 oo © 0. .1828E-12 S 18268E-12
320 .00 © © .1021€-12 L1021E-12
328 .00 © o .7288E-13 .72888-13
330 o0 o o $328E-13 .832882-13
338 .00 ° [ .3498E-1) .34082-13
380.00 . © C17T78E-13 ~1778E-13
348 .00 o. ° .7000E-148 . 7T000E-14
380 00 0. ° .S940E- 14 .S0A0E-18
388 oo 0. o _1078E- 13 1078E-13

360 00 °. °. C1366E-13 L1366E-13
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. . . :
TABLE B-22 : Probe near a cylindrical biological bod‘.
Incident field = (2,30 deg.) V/m,f=1.5GHz.
(Fig. 3.3.6
FREQUENCY : 1S00E+10 FIELD * 2 0O ANGLE ¢ 30 OO
PHI IN LOAD CURRENY SO LOAD CURRENT SO LOAD CURRENT SO LOAD CURRENT SO
DEG FOR Pn! FOR R FOR TE ToTAL
© oo 3238€-13 (] 1024E-13 4260E-13
s oc 2873¢€-13 .8820E-12 sos3e-14 S8S8E-12
10 oo 1200E-113 1772€- 1 . 14 1789E-11
18 oo 4246E- 148 -2720€-11 14 .2730E-11
20 oo 1106E-13 -2784E- 1 3 S2789E- 1
28 oo 2892€-13 1 -2623E-13 -2094E-11
30 oo asi18€-13 1 -3996E-1) S1876€E-1
3s oo 494SE- 13 ' =13 .2080E- 11
4c OO 4296E-1) 1 TESE-13 -3878E- 11
45 oo 3708E-13 1 SV148E-12 .SREBPE- 1)
$o0 oo 4191E-13 s822g- 1 S1743E-12 .6838E-11
$s oo $621€E-13 7080E- 11 2S88E-12 ST3I9SE- 11
6o oo .8837E-13 .7288€E-1 -3718E-12 769S8E -1
€8s oo 6788E-13 8031E-11 $227€-12 -86212- 11
70 oo SSO0SE- 13 9821€-11 T2898-12 .1080E- 10
7% o0 ~3933E-13 12218-10 1001E-11 .1328€-10
80 00 2897E-13 1438E-10 13S9E- 11 .1873E-10
8s oo 2472€-13 16848 -10 .V8I10E- 11 .174%7E-10
9¢c oo 2474E-13 1617€-10 2386E-11 .1886E-10
9t o0 3448E-13 1648E-10 . 3036E-11 . 198SE-10
100 oo 999%€-13 1898E-10 -3827€- 11 .2088t-10
105 oo 1818E-12 1787€-10 4742E- 11 .2287E-10
110 o0 2941E-12 -1792€E-10 $77SE- 11 23s8e-10
118 oo SO0SSE-12 .1782E-10 912E-11 .2804E€-10
120 oo .T7919€8-12 .1858€-10 -8132E-11 28S1E-10
128 oo 1T1S9E -1 1so00e-10 .B812E-11 .2887¢-10
130 09 1614E- 11 1317¢-10 1072€-10 .2880E- 10
133 oo 2188€-11 11J0€-10 1204g-10 2849E-10
140 ©0O 2778E- 11 9487E- 1 .1332€-10 .2S88E- 10
148 o0 3448g-1 T7198- 11 - VASJE- 10 2589E-10
180 oo 4130€-11 AR 1S68E-10 2878E-10
185 o0 QT9VE- 1Y L 1866SE-10 2880E- 10
160 oo $393E- 1 1T .1780E-10 .2878E-10
165 oo sso00E -1 " 2874E-10
170 oo s286€-11 12 .2871€-10
178 oo CS28E- 11 . 12
180 00¢ 6608E -1 .2743E-39
188 oo 6S26E- 11 L 1882€-12
190 00 .8288e-1 78138-12
195 oc¢ S$900E- 11 -1868E- 1
200 o0 . 839JE- 11 1 .1780E-10 .2878€-10
208 o0 4791€- 11 1 .1688E-10 .2880E-10
210 o0 .4130E-11 1 1868E-10 .2878E-10
215 o0 -J446E- 1 1 1483E-10 .2889E-10
220 oo 2776E- 11 1 - 13328-10 .2888¢-10
228 oo .1130E-10 1204E-10 -2889E-10
230 oo S1317E-10 1072€-10 .2880E-10
238 oo 1800E-10 S O&12E- 1) .2887E-10
240 o0 .1688E-10 31328-11 .2881E-10
248 ©0O -17828-10 SG912E- 11 .2S04E-1C
280 oo -1702€-10 SSTISE- 11 .2399E-10
288 0O . 1787€-10 A4742E- 11 .2247E-10
260 o0 -1898E-10 3827€-11 .2086E-10
288 oo .1848€-10 -3038E- 11 1988E-10
270 oo .24748-13 .1817€-10 L2368E-11 -1888E-10
278 oo .2472€-13 -1888E-10 -1810E-11 .1747E€-10
280 o0 -2897€-13 .1438E-10 L 1368€-11 -1873E-10
288 o0 .3933E-13 1221€-10 -1001E-11 .1328¢8-10
290 o0 .8808€E-13 . - T269E-12 .1080E-10
29% oo .6786E-1] .8227€-12 .88621E-11
300 o0 .6837€-13 -3718E-12 780811
3os . oo -8821€8-13 -2888E-12 T398E- 11
310 .00 .6191E-13 . 1743E-12
318 oo 3708E-13 L1148E-12 .
320 .00 .4296E-13 - T7689E-13 -3878E- 1
328 .00 .4948E-1] . .2080LK- 11
330.00 .4818€-13 188 1E- 11 -3 E-13 S1S78E- 11
338 .00 -2892€-13 .2039E-11 .2623€-13 .2004E-11
380 .00 .1108E-13 .27442-11 L1331E-13 .2789E-11
348 .00 .4288E-18 .2720E-11 -8280E-14 .2730E-11
380.00 .12008-12) S17728-1 2E-14 S1780E- 1
388 .00 -2873€-13 .8820E-12 -8083E-14 .S888E-12

380.00 -3236€-13 .3442E-38 . 1024E-13 -4280KE-13



TABLE

PHI
DEC

80
S5
6o
6s
70

toc
108
110
1"s
120

128
130
138
140
148

180
188
160
168
170

178
180
188
190
198

200
208
210
218
220

228
230
238
240
248

280
23%
280
268
270

27¢
280
288
200
298

300

B-23 : Probe near a cylindr
Incident field = (2,

172

(Fig. 3.3.6)

FREQUENCY .1800E+ 10

310
318
320

340

(1)
0
oo
(-1
(-1

oo

oo
oo
oo

(-1-]
oo
14
oo
oo

oc
oo
oo
oo
oo

(1]
1]
14
co
-1

oo
(-1
oo
oo
(1)

1]

oo
(-1
oo

oo

(1]

oo
oo

.00
330.
.00

348

388 .
.00

380

00

00

00

LOAD CURRENY SO
FOR PK]

9707E-13
7720€-13
3800E-13
1274E-13
3319€E-13

S887SE-13
1388E-12
1 4E-12
1289€-12
SV112€-12

1287€-12
1686E-12
.2081€-12
.2038E-12
16818-12

1180E-12
8690E- 1]
J416€-13
7423€-13
10J34E-12

2100€-12
AS84E-12
832ak-12
1$18€-11
2378E-11t

3477E- 1
4343E -1
. G473E- 1
832%E-11
1034E-10

1239E-10
1437€-10
1618€E-10
1770€-10
.1888E- 10

1088E-10
1982E-10
S3E-10
. 1888E-10
1770€-10

1818E-10
1437€-10
.1239E-10
.1034E-10
. 8329E- 1

.8473E- 11
.G843E- 11
.387TE- 1Y
.2378E- 1
S1818E-1

.8828E-12
.AB84E-12
.2100E-12
.1034E-12
.7423E-13

-T7418E-13
.8800E-13

1180E-12
S16SI1E-12
.2038E-12

.2

-1888E-12
.1287E-12
LVV12E-12
.1289E-12

. 1484E-12
.1388€-12
-88TSE-13
.3319E-13
.1274K-12

.3600E-13
.7720K-13
.9707E-13

FIELD ¢ 2 00O

LOAD CURRENT SC
FOR =

188B8E-11
.S3V17E- 11
8160E- 1
.8233E-11

.svige-t
.8&8T2E-
S8O08E -
1037€-1
1S98E-

.1987€-10
.2128E-10
2176E- 10
2409E-10
2946E-10

.3684E-10
&4304E- 10
.4692E-10
4882E€-10
4943E-10

.8O087E-10
.$272€-10
$377€-10
$287€-10
497SE- 10

4499E-10
.3980E-10
.3391E-10
.2888E-10
.2318E-10

1799E-
.1309E -
as7seE-
.A990E -
2284E-

JLilll
~ZZoo

$677¢€-12
8229E-37
$677€E-12
2284E-1)
L A999E- 1

.8CI8E- 1Y
1308E-10
S1799E-10
.2318E-10
.2888E-10

-3391E-10
.3980E-10

4898¢E-10
.4978E-10
.8287€-10

.$377€-10
.8272¢8-10
.8087E- 10
.4943E-10
.4882E-10

.4892E-10
.8304E-10
.3684E-10
.29488E-10
.2800E-10

.2178E-10
.2124E-%0
.1987€-10
.1898€- 10
.1037E-10

.8806E- 1
.4872E-1
.8V18E- 1Y
.8233E-11
.8100E-1

.8317E-11
.1886E-11
.10328-3%

ical
60 de

biolo
g.)

ANGLE :* 6C ©O

LOAD CURRENY SO
FoR TE

.3414E-18
28688E-14
1437E-14
17S0E-14
4437EC-14

.8744E- 8
1332€-13
1821E-13
2553€-13

.3816E-13

.S811E-11]
.8827E-13
.1239€-12
L V742E-12
.2823E-12

3338E-12
.8829E- 12
.803SE-12
T888E-12
S1012E- 1

S1278E-
1881E€E-1
1928E -

.2J048E -
271€-

3137E-1
3874E-
4012€-
S438E-
L) )

SE -

.S217€-1
SS49E- 1
.S832E-1
CGOS9E-
.8224E -

€328E-
.G3IS9E -
. 8328E -1
22421
.COS0E -

-

. 883281
.SBASE -
$217¢-
.4888E -
.4438L -

4012E-1
-3874E -
.3137€ -1
S2711€-
.2308E -

19288
1881€-1
L 1276E-1
.1012E-1
.7888E-1

SO038E-12
.6820E-12
.3336E-12
.24232-12
. 1742E-12

. 12239E-12
.8627E-13
.8811E-13
3

L1821
- 13328~
.8744E-
.44378R -
.1780E- 14

L14837E- 18
.2088¢€-14
-38148E-14

ical bod‘é

V/m, f=1.5G

LOAD CURRENT SO
TOTAL

.1008E- 1
S1T738E- Y
.SIBEE-
. 81T7SE-
. 8271E- 1

.8213E-11
4821E- 11
.S9T73E- 1
1082€-10
1610E-10

2008¢-10
2180E-10
.2200E-10

.3700¢€-10
.8388E-10
478%E- 10
4938E-10
.B0B4E-10

.$238E-10
.S478E-10
.58S8E- 10
.S870E-10
.88484E-10

.S181E-10

.3834E-10

.3880E-10
3302¢-10
.3069E-10
. 2878E- 10
.2734E- 10

.2887€E-10
.3618E-10
2647E-10
2734E-10
.2876E-10

.3089¢e-10
.3302E-10
3860E- 10
.3834E-10
4123€-10

4439C-10
4791E-10
10
10
10

.8888E-10

S8476E-10
-8238€-10
.8084E-10
.4938E-10

.4788E- 10
4388t-10
.3708¢€-10
. €-10
.2447E- 0

-2209E€-10
.2180E-10
.2008E-10
.1810E-10
.1082€-10

.S973E- 1
-4821E- 1
.8213E-11
.8271E-11
.8178E-11

.E384E-11
L1736R-11
. 1008E-12
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TABLE B-24 : Probe near a cylind
Incident field = (2
(Fig. 3.3.6)
FREQUENCY 1800E+ 10 FIELD = 2 ©0O
PHI IN LOAD CURRENT SO LOAD CURRENT SO
DEC FOR PHI FOR &
© .00 1294E-12 °
s oc 1029E-12 .2208E€-11
10 oo .8800E-11 . -1
15 o¢ 1698E-13 .1088E- 10
20 oo 4426E-13 .1098E-10
2s oo 1187€-12
30 oo .1807E-12
3s oo 1978€-12
40 cCO 1718E-12
4% oo 1482E-12
s$o oo 1676€-12 .28a9E-10
%55 00 2249€-12 2832€-10
80 oo 2738¢€-12 .2902E-10
€S oo L2718E€-12 .3212€-10
70 o¢ 2202€-12 .3928E-10
7% oo . 1873E-12
80 oo V1IS0E-12
85 00 13
s$c oo 13
s ©o0 12
100 ©0O 28008 -12 e783¢-10
105 00 S0S9E-12 -7030E-10
110 oo 1178E- 11 7170E-10
118 oo 2023E-11 7080E- 10
120 oo 3168E- 6833E-10
125 oo SE3T7E- 1
13¢ oo .GASTE- 1
13s oc .8830E- 11
140 o0 T11I1E-10
145 00O 1378€-10
180 oo 1682E-10
18 oo 1917€-10
180 oOcC 2137€-10
165 o0 .2380E-10
170 o0 2814€-10
178 oo 2810€-10 7870E-12
180 oo 2643E-10 1097E-38
188 o0 .2810€-10 7870E-12
190 co .2814E-10 JOOSE- 11
198 o0 .2360E-10 S88SE- 1
200 oo .2187€-10 10
208 oo .1817€-10 10
210 o0 1882€-10 10
215 oo .1378€-10 \ X4
220 o0 ARRRI ERT-] 10
228 .00 10
230 00 10
238 o0 10
240 0O 10
24% 0O -7080E-10
280 .00 1178E-1 .7170E- 10
288 oo .GOB8E-12 .7030E-10
280 00 .2800E-12 .8
26% 00 1379E-12 S$880E-10
270 .00 .98972-13 .8488E-10
278 .00 -9888E-12 .828SE-10
280 00 .11888-12 .S738E-10
288 .00 .1873E-12
2%0 oo .2202€8-12
298 oo L 2718E-12 .3212€-10
300 00 L2738E-12 .2902E-10
305 oo .2249E-12 2832€-10
310 00 S1876E-12 2848E-10
318 o0 . 2127€-10
320.00 1382E-10
328 .00 1978E-12
330.00 1807€-12
33% .00 12
340.00 13
368 .00 3
380.00 .48008-13 .7080E-11
388 .00 . 1029E-12 .2208E- 11
380.00 . 1294E-12 .1377€-38%

ANGLE = 90 ©O

LOAD CURRENT SO
FOR TE

.2132E-41

2771€-41

.SAGI1E-41
.8319E-4

1138E-40
-159SE-40
.2383E-40

.3629E-40
.83888E -
.7 OE-40
- 1088E-39
. 1813E-39

.2084E-39
.2828E-39
.3 -39

928E-39
.8321E-39

.7968E -39
.9873€-39
12028 -38
L1439E-38
1693E-38

.1989E-38
.2232€-38
.2%082-338
.2772€-38

3028E-38

72£-38

-3784E-38

2€-38
.3488E-33
-3288E€-32
.3028E-38
.2772£-38

.2506E-38

.4928E-39

.3769E-39

.7740E-800
.$388E-40
-3829E-40
-2383E-40
. 1808E-40

-1138E-40
.8319E-41

J21320-4)

7

ical bod‘.
m, f=1.5GHz2.

LOAD CURRENTY SO
ToTAL

1204E-12
.23118- 11
S71378- 11
.1090E-10
~1102E-10

-2668€-10
.2888¢€-10
.2929E€-10
-323%€-10
.3980E-10

.4901E-10
.8780E-10
G28SE-10
.G8T79E- 10
8804E- 10

.G81V1E-0

7080E-10
.7287€-10
.7282€-10
.8980E-10

sag3e-10
$912€-10
-8384E-10
.8908E-10
4488E- 10

S8081E-10
3882E-10
.33148-10
.3027€-10
2818¢-10

2888E-10
2s43e-10
2686E-10
.2818E-10
.3027€-10

.33148-10
-3882E-10
Q0B 1E-10
4466E-10
.8008E-10

7287€-10
.7090€-10
.8811E-10
.6804E- 10
.8479E-10

.3239€-10

.2920E-1%0
.2888E-10
.2688E-10
.21428-10
.1389E-10

.7980E-11
.8188E- 1
-82728-11
.1102€-10
.1080€-10

713781
.2311E-1
. 1284E-12
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TABLE B-25 : Probe response vs. separation between the probe
2 and the body along phi = 180 deg. (Fig. 3.3.7)

FREQUENCY : 2480E<1C FIELD : 2 OO ANGLE : 48 .00 PH]1 :18C ©O
S IN M LCAD CURRENT SO LOAD CURRENT SO LOAD CURRENT SC LOAC CURRENT SO
FOR PHI FOR R FOR TE TOTAL
© 00coO 2718E-1 1 1863E-3¢ 28SGE- 11 $274F- 1
ooac 1328€-10 1732€-3¢ 1270€E-10 2598€-10
ocosc 3783€-10 1422E-3¢ 3729€E-10 .7482€-10
o120 7076E-10 1071E-36 7132€-1¢C 1421E-08
ciec 1070E-0¢ 72248-37 1088E-08 2186E-09
o200 1402E- 08 C181E-37 142SE-0¢ 2827€E-09
0240 1649€-09 1810E-37 1677€-09 .3328€E-09
c2sc 1773€-0% 4O07GE -3¢ 1800E-09 3573€-09
o320 1758E-08 1744€-35 1779E-09 3837€-09
o3e6c 1610E-09 $813E-38 1620E-09 .3230E-09
oaoco 1384€-09 1924€-37 1382€-09 2706E-09
osac 103SE-0S .3786E-37 1022€E-09 2087€-09
oazc 7038E-10 .S860E-37 $833E-1¢ 1387€-09
0s2¢0 4128€-10 7834E-3" .390SE-10 8030E-10
0560 .2081E-10 9434E-37 1883E-10 3944E-10
0600 1138€-10 1048E-36 10S8E-10 .2198€-10
0640 1460E-10 1079€-3¢ 1$18E-10 2974€-10
o680 .2928E-10 1062E-36 3131E-10 8060E- 10
erzc $286E-1C s424g-3" $S9%E-1C 1086E-09
o76c 80S9E- 10 T873E-37 8481E-10 1684€-09
oso0 1084E-09 6274E-37 VT129E-08 22128-0%
osac 13164€-09 4S60E-37 138SE-09 2688¢-09
ossc 14S9E-CS 3048e-137 1480E-0% 29489€-09
0920 1498E-0% 1916E-37 1814€-09 3012¢-09
0960 1428E-09 1279€-37 1424E-09 .2849E-09
100c 1286E-09 1177€-37 1238¢8-0§6 2493€-09
1040 .1016E-0F 1877E-37 9867€-10 2003E-0§
1080 7487E-10 2379e-37 7130E-10 1662E-0¢
1120 4963E-10 3437€-137 4613E-10 . 9876E-10
1160 2992E- 10 4877E-37 L2719E-10 $711€-10
1200 1877€-10 $629E-37 1761E-10 .3618E-0
1240 1780E-10 . B887E-37 1813¢€-10 3$93E-10
128¢ 2890E-10 ¢92%8¢-37 .2898E-10 $888E-10
1320 4a3et-10 .70188-37 4792E-10 9226€-10
136¢C 6708E-10 $722€-37 7162E-10 1387€-09
1600 2124E-10 6112E-37 9808E-10 1873€-09
14ac 1128€-09 .8$287E-37 1172€-09 .2300€-0§
1680 1283€-09 4378E-37 13182-09 .2897€-09
182¢ 1381E-09 3soee-37 1367€-09 2718€-09
1856¢ 1324E-09 .2801E-37 1321€-09 2848E-09
160¢ 1207€-09 2347E-37 1188E-09 2393€-09
16ac 1019E-08 2191E-37 9887E-10 1]
1868¢C 7838€-10 2336€-37 7529E-1C 18878-08
1720 . B8T1E-10 2738E-37 .$268E-1C 1094E-09
1760 3763€-10 3324E-37 343eE-10 S7197€E- 10
180¢ 2516E-10 S3994E-37 2328€-10 4842E-10
1840 2123€-10 4848E-37 2110E-10 4233€-10
1880 2831E-10 L S173E-37 2804E-10 S438E-10
1920 3942€-10 $S2SE-37 4276E-10 .8218€-10

1960 S$82SE-10 SB841E-37 6270E-10 1209E-09




TABLE B-26 :
FREOQUENCY 2450E+1C
S IN ™M LOAD CURRENT SO
FOR PH]

© 0000 2252€- 1
o040 47708 -1
[-1-% X<} 1087€- 10
o120 .2054E-10
o160 3270E-10
o200 4E3I7E-10
0240 6022E€E-10
o28c T7283E-10
o320 8288E-10
0360 8928E-10
oaocC $133E-10
©440 8877€-1¢C
oc4s0 8184€-10
0s2¢C T128E-10
o0s80 S$818E-1C
0600 4333€E-10
0640 3010€E-10
ossc 181SE-10
0720 9352€ - 11
0760 4628E -1
©800 442SE- 1
osao 8706E -1
osso 18692E-1C
o920 2807E-0C
0960 4086E-10
1000 SJ81E-10
1040 6542€-10
108¢c 7437E-10
112¢ 7966E- 10
116¢C 8072€-10
1200 7744E-10
1240 702SE-10
1280 S§989E-10
1320 4786E-10
136¢C .3828E-10
1400 2383E-10
1440 1429€E-10
1480 82SSE- 1
1820 C180E- 11
1560 8233E-11
1600 1411E-10
164cC 2306E- 10
1680 3389E-10
1720 4553E-10
176¢ B646E-1C
1800 8S3SE-10
1840 T123€-10
1880 7342E-10
1920 T189E- 10
1960 6630E-10
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Probe response vs. separation between the probe
and the body along phi = 135 deg. (Fig.3.3.7)

F

Loap
FOR R

18L0 : 2 o0

CURRENT SC

8788E-10
8106E- 10
72288-1¢
S198E-10
s$108¢E-10

4038E-10
3070E-10
2281E-10
1717€- 10
1808E-10

.134%E- 10

1827¢-10
1888E-1C

.2407E- 10

2988E-10

3IsssE-10
408SE-10
Q438E- 10
47S8E-10
4B48E-10

4788E- 10
483S8E-10
4188E-10
3767E- 10
3323E-10

280SE-10
2888E-10
2310€-10
2189E-10
2187¢-10

2327e-10
2886E-10
2883E-10
J180E-10
34882-10

3773¢-10

-39T73E-10

4080E-10
4034g-10
3981E-10

3818E-10
3ISTI8E-10
3314€-10
30S0OE-10
2818E-10

28432-10
2842¢-10
2824E-10
2887€-10
2721€-10

ANCLE : 48 OO

LOAD CURRENT SO
FOR TE

188 1E€-11
7I8E -1
.2280€E-10
Q4CSE-10
7087E-10

9887E-10
1282€-09
1477E-09
1839E - 09
1724E-09

1722¢-08
18638¢2-09
1874€-09
1288E-09
.1004E-09

748SE-10
.8076E-10
3164E-10
1854E-10
1323¢-10

18$88E-10
2896E-10
4212¢€-10
€§238E-10
8438E-10

10SSE-09
1233E-08
1389E-05
1419E-068
1408E -0§

1323¢€-09
.1181E-09
s9s9e- 10
7914E-10
S388E-10

.8118E-10
.2800E-10
.2080E-10
.2027¢g-10
.28634E-10

38'7€-10
.5428€-10
7289E-10
9120€E-10
1076E-09

1200£-09
12718-09
127%E-09
1228E-09
1118¢-09

PH]l ®13% OO

Lpoap
ToTaL

CURRENT SO

913%E-10
$3628-10
1061E-09

.1272e8-09

1848E-09

18542 -09
2181E-09
2433E-09
2840t -09

.2787E-00

.2770€-09
.2878E-09

2482¢-09
2209€-09

.1884E-09

185428 -09

.1217€-09
.0887E-10

784s8€E-10
6631€-10

6798E-10

.8001E-10

1008¢-09
12812-09
1884E-09

1883E-09

.2143E-09

2334E-09
2434E-09
2433E-09%

.2333%E-09

2140E-09
1882€E-08
1S88E-09
12918-09

.1028E-09

8201€-10
SE-10

.8729¢€-10

T7448E-10

9043E-10
1131E-09
1398¢-090
1873€-09

- 1923E-09

.2118E-09

2237¢&-09

.2268¢-09
.2201E-09

2081£-09
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TABLE B-27 : Probe response vs. separation between the probe
7 and the body along phi = 90 deg. (Fig. 3.3.7)

FREQUENCY = 2480E+10 FIELD : 2 o0 ANGLE : 48 ©O PH] = 90 OO
S IN M LOAD CURRENT SO LOAD CURRENT SO LDAD CURRENT SO LOAD CURRENT SO
FOR PH] FOR R FOR TE TOTAL

© 0000 1077€- 11 S810E-10 2187€-12 .9839E€-10
[-1-X X 4416E-12 $328E-10 1128811 PABSE-10
oosc 1727€-12 8996E-10 3348E-11 .9348E-10
c120 1243€E-12 .878SE-10 .B8I1PE -1 SAL9E-10
0180 207SE-12 .8886E-10 1149E-10 973SE-10
o200 3671€E-12 840C0E-10 .1731E-10 .10172-09
©2ac0 SE89E-12 .8280E- 10 2621€8-10 1072E-08
©c280 TS10E-17 80728-10 .3211E-10 1138E-09
0320 1020€ -1 .7889E-10 4089E-10 1208E-09
o360 1247€E- 11 7887E-10 .8041E-10 .1288E-09
oa00 1487E€- 1 .T488E- 10 CO0S0E-10 1386E-09
o4ao0 1678E- 11 7226E-10 7096E-10 1449¢€-09
ocaso 1873€- 11 .8971E-10 .8187E-10 .1832E-098
.0820 2087E- 1 .8707E- 10 .9210E-10 1612€-09
os6¢C L2228E-1 .8439E-10 1023¢E-09 -1889E-0O98
0800 238SE-1 1 .8178E-10 .1110E-09 .1780E-09
o640 2529 -1 .$820E-10 .1207¢-09 1828E-09
o6eo 2681E- 1 S883E-10 .1284E-09 1878E-09
c720 2781E- 1 Sav1€8-10 1348E-09 1823¢8-09
0760 2889€ -1 .5289E-10 1397E-09 .188SE-OF
osoc 2987E- 11 .8142€-10 1430E-09 1974E-09
osac 3076E- 1 SO36E-10 1446E-0O9 .1980€-09
osso JI1ISSE-1 .4973E-10 1444E-09 1973€-09
0920 3227€- 1 488S4E-10 1424E-09 1981E-09
0960 3231€- 1 4930E-'0 1388E-09 1917€-09
1000 3348E- 1 $SOSOE-10 1332€-09 1870E-09
1040 3400E- 1 SI1S9E-10 1283E-09 1813E-09
1080 3446E - $306E-10 1180E-09 174SE-09
1120 3482E- 1 S483E-10 1087E-09 187T1E-09
11860 3E28E- 1 SS86E-10 9866E-10 .1590E-09
120c¢ 3889%- 11 $907E-10 8811E-10 1807E-09
1280 3$90E -1 .8138E-10 .7740E-10 1424E-09
128¢ 3617E- 11 6373E-10 CS88E-10 1342€-09
1320 3643E- 1 8802E-10 .8888E-10 1268E-09
1360 3666E- 1 S819E-10 4788E-10 1198¢€-09
1400 3887E- 1 .7017€-10 -39S4E-10 1134E-09
1440 3706E- 1) 7190E-10 .32808-10 1084E-09
1480 3723€- 1) 7332€-10 27¢1€-10 1048 -09
1820 .3738€-11 T439E-10 2413€-10 1023€-098
1560 3782€- 1 .7810E-10 .2247€-10 1013€-09
18600 3764E- 11 7842810 .2264E-10 1018E-09
1640 3774E- 11 .783%E-10 .26483E-10 -1038E-09
168C 3782E- 1 -T491E-10 2838E-10 1070€-09
1720 3788€- 11 7412E-10 .3363E-10 L1118E-09
1760 3794E- 11 7302€£-10 .8029E-10 1171E-09
1800 3708E- 1 7186E-10 430SE-10 1235€-09
1840 .3797€- 1 J009E-10 .B6GAE-10 1308E-09
1880 . 1 .8838E-10 .6873E-10 1379E-09
1920 3792€- 1 6S8E- 10 7499E-10 .1484E-09
19860 3787€- 1 .8477E-10 .8408E-10 1826E-09




APPENDIX C

Computer program and the print outs for the back scattered
electric field from a cylindrical body of varying radius,
il.luminated by the plane EM waves.
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O o000 O

75

80

999

178
OIS NN AR AIRKARRRREKXAA AR KR A RAAT TR KA AAR AR KK KK KKKk kKK kkkkk

THIS PROGRAM COMPUTES SQUARE OF THE MAGNITUDE AND PHASE OF BACK
SCATTERED FIELD FROM CYLINDER OF COMPLEX PERMITTIVITY. IT ALSO
PRINTS OUT THE PARAMETERS ''Q" AND "P" , DEFINED IN THE TEXT. THE CY
LINDER 1S ILLUMINATED BY PLANE WAVE, "A'" IS RADIUS OF CYLINDER AND
"R" 1S POINT OF OBSERVATION IN METERS. CONDUCTIVITY SIGMA,SOURCE
FREQUENCY AND RELATIVE PERMITTIVITY OF CYLINDER ARE REQUIRED AS
FORMATTED INPUT DATA. THIS PROGRAM NEEDS SUBROUTINE "COMBES' .

desk stk et e ke el etk Sk Rk KRtk ek Ak Rk Tk ket hRRki Kk
PROGRAM HEART1 (INPUT,OUTPUT,TAPE 10 =INPUT,TAPE 20 = OUTPUT)
DIMENSION BJRE(7§) BJlM(gE) LYRE (1) ,YIM(41)

COMPLEX BODY,WK,BN,HNKL RIES, TERMN sAA ,PC

SISg .OXATAN (1.0

DIELEC
)

DELCTR=DIELEC*VACUUM
BODY=CMPLX(DELCTR - (SIGMA/OMEGA))
ROMG OMEGA®%2
CSQRT(SgROMG*FREEMU"BODY)
WRITE (20 SIGMA,FREQ,DIELEC
FORMAT (1H1,5X, 14HCONDU TIVITY =,f6.3,3X, 1 IHFREQUENCY =,E11.4,
*3X, thPERMIT IVITY = ,F5.2

leTE(ZO
FORMAT ( gx , 3HKOA, 10X, 18 IELD MAGNITUDE SQ,5X, 12HPHASE IN DEG,
*5X, 1WHREAL PART Q.,5X, ILHIMAG PART P,//)

DO 9 I=1,12
DO 89 J=1,5
WKOR=WKO0*R
WKOA=WK O %A
P1=SQRT (2.0/ (P1*WKOR))
P2=W 0R+23 Oxpl/u 0)
PC=CMPLX (0.0,- P2)
ggkéggscanxéo .0,0.0)
=FLDAT (N) - ?
ALL COEFBN (N, wx wxo A,BN)
IF ( ABS (WKOR) go '0) GO TO 8
c1=ngT(2 O/(PI*WKO
C2=WKO éz 0aQ+1 0)*P|/h
AA=CMPLX (O c2)
HNKL=C1*CEXP(AA)
GO TO 80
CALL COMBES (WKOR,0.0,0.0,0.0,N,BJRE,BJIM,YRE,YIM)
HNKL=CMPLX(BJRE(N),-YRE( )

XxP|
$ERRN=(BN*HNKL*COS(Ql))/(PlfCEXP(PC))
SERIES=SERIES+TERMN
CONTINUE
X=REAL (SERIES)
;=¢}HAG(SERIES)
PHASER=ATAN (Z)
PHASEA=PHASER*180.
AMPL | = (X%%2+Y%%x2)
XI-EZ.O/WKOA *X
Y1=(2.0/WKOA) *Y
WRITE (20,11) WKOA,AMPLI,PHASEA,X],Y)

FORMAT } 6 L 10X, E11. b, 12X, E11.4,6X,E11.4,8X,E11.4)
(PI*IOO )

0/PlI
*(P1%

%2)

m

SUBROUTINE COEFBN (N,WK,WKOD,A,BN)
DIMENS I ON BJRE(zs) ,BJIM(75) ,YRE (I
COMPLEX WK,WKA,C1,CB1,BI1,B,PARTI1, ,H,HI11,DERHAN,D,E,COMPX




10

20

*J,BN, 179

AC
Pi=k. O*ATAN(I 0)
WKOA=WKO%A
WKA=WK %A
REWKA=REAL (WKA)
AMWKA=A | MAG (WKA)
C1=WK/WKO
Q=FLOAT (N- 13
IF (CABS (WKA 0 TO
ARGU1=REWKA- (3 O*Pl/h 0)
ARGU2=ARGU1+

CB1=CSQRT (

Bl 1=CBI*CMPL

B=CB1*CMPLX (

GO TO 10

2.

; -SIN(ARGU1) *TANH (AMWKA) )
CALL COMBE%

B

-SIN (ARGU2) *TANH (AMWKA) )
0.0,0.0,N,BJRE,BJIM,YRE,YIM)

m..

B=CMPLX (BJRE
Bl 1=CMPLX (BJ
PART 1= *B/¥
S
(

~—~ v
z
¥ .
—
~
~~

DERBES=PART
X1=C1%DERBE
CALL COMBES
c=(a/WKOA)-
H=CMPLX (BJRE
H11=CMPLX (BJR
DERHAN= (Q%H/WKOA) -
D=DERHAN/H

E=§BJR£(N)/H)*éx1 C) / (X1-D)

N-1) 20,2
EPCILN=1.

A~~~ | KO~ GXOM

——
Z.
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TABLE C-1 : Back scattered field from a conductin? ?{linder,

K

20
40

.60

8c
oo

20
40
(X
80
00

20
40
60
80
00

20
40
60

(-1

2¢
a0
80

(<1<

20
40
(X

oo

20
ac
(13
8o
(-1)

20
a0
60

(-1

20
a0
(1)

oo

coefficients Q and P vs. kga

COMDUCTIV:!TY =99 980

FREQUENCY ¢

oe FI1ELD MAGNITUDE SO

1441E-03
2982€-013
48319€-03
8882E-03
-9388E-03

1212€-02
1818E-02
1848€-02
2211€-02
.28028-02

3024€-02
3J4%ag-02
.3983€E-02
448'8-02
4998E-02

.8584E-02
S168€-02
$781€-02
74332-02

.8V13JE-02

8822€-02
s8680E-02
1033€-01
S1112€-01
1184E-01

1279%¢-0
1367€-01
1483E€ -0
18S2€E-01
1688E€E-0

1787€-C
1849¢€ -0
19S4E-0)
2061E-01
2172¢8-01

2288€E-01
.2401E-01
2520€-01
26841E-0
2768E-01

2883¢€-01
.3023¢-01
.3186E-01
.3291€-01
.3429E-01

.38%0¢e-01
.3714E-01
.3881E-01
.40102-01
.4182E-01

43172-01
447SE-0O1
4838E-01
4799E-01
.498SE-01

.8134E-01
.8308E-01
.8480E-01
.88687€-01

s837€-01

DR

.3000E+10

PHASE IN DEG

4348E+02
4098E+02
3823E+02
3282€+02
.3019E+02

.28008E+02
28318402
.3482E-02
23s4g+02
2242E+02

. 2189¢+02
2080E+02
1980E+02
1908E+02
1843E+02

1783€+02
17288+02
1677€+02
1830E+02
1888E+02

1848E+02
1807€+02
1472€+02
1438€+02
1406€+02

13782402
1347€+02
1320E+02
1204E+02
-1270E¢02

1287€+02
1224E+02
1203E+02
1183E+02
11642402

1148E+02
1127€+02
1110E+02
1093E+02
1078€+02

1062E*02
1047€E+02
1033E+02
.1019E+02
1008E+02

.9930E+0
SEe0O
8884E+0
.9887E+0
9484E+0

.8384E+0
.9237€+01
.9133E8¢01
.9032E+0O"
.8934E+0

.8839E<+01
.87488+0
8888E+0
88567E+0O
.0481E+01

PERMITTIVITY

REAL PART

.4387E+01
-3877%+01
.3237¢-+01
.3038E+01
.2908E+01

2808¢€+01
27348+01
2878E+01
2827¢+01
2886E01

2881E+01
2822¢e+0
2436E+01
.2873E+0
28832E+01

2434E+0
2418E¢+0
2402E+0
238%E+0
.2376E<0 1

2384E+0
2384E+01
2344g-01
2334E-0"
2326e-01

231801
2310801
2303€+01
.2296L+0
2200E<01

.2283E€+01
.2278€+01
.2272E+0

2287¢€+0
.2282E+0)

2287E+01
2283E+01
-2248E4+0
.2284E+01
2240E+01

223¢8¢+0
.2233€+01
.22209E4+01
.2226E+01
.22228+01

22108401
.2218E+01
.22138¢01
.22108+01
.2208E4¢01

.2208E+0"
.22028€+01
.2200E+01

2197€+01
.2188R+01

.2193E+01
.2181E8+01
L2188E+0
.2188E+01
.2184E+01

(Fig. k.

: 1 00

] I1MAGC PART [

4929E+0
3104E4+0!
.237284+0
19080€+0
.18908+0

1887E+01
1382E+0
1237€+01
- 11484E+01
1067E+01

- 1004E+0"
7see+00
.89087€+00
8888E+00
8172E+00

e

782%¢k4+0C
78208+00
72418+00
.8988E<00
8783E-00

.8838E+00
6339k +00
S185E+00
$984E+0O0
.8824E4+00

e e

8$874E+00
.8834E¢00
$8402E+00
$277€+00
S189E+0C

.soagge00
4043E+00
4843E+00

.4748E+00
asssg+00

e e

-.48728+00
- 4490E+00
- . 4811E+00
- 433%8E+00
« 4€283E+00

8194E+00
4127E+00
4083E+00O
4002E+00
.3942E+00

-.3888¢2¢00
- . 3830E+00
-.3777€¢00
3728E+00
.38788¢00

-.38288¢00
3882800
3837€+00
-34938¢00
- .34818+00

- 3810E+00
- .3370E+00
.3331Ee00
- .3294K<00
+.3287€¢00
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TABLE C-2 : Back scattered field from a cy dr

lin ical body,
" coefficients Q and P vs. koa (Fig. L.l )

.

CONDUCTIVITY ¢ sss FREQUENCY .3000E+10 PERMITTIVITY : ©.00

xoa FIELD MAGNITUDE SO PHASE IN DEC REAL PART Q 1IMAG PART [

20 .8099E-08 +.20108+02 .1043E+01 - (1241
40 .3823€E-048 23382¢02 1$1SE*0 - 8S8S1Ee00
60 10898 -03 - . 2228802 - 1788E<0 1 - . 7228E+00
sc .2308E-03 - .2074E+02 A Ee01 -.7372€+00
oo .3997€2-03 - 18838+02 .20828+0 * . 7477E¢00
20 .8076E-03 < 1334E+02 .2128E¢01 - 7480E+00
40 .8808€-01 <. 1873E+02 2184E+0) = .73388¢00
(14 1127€-02 -.1818€+02 218780 =.71728+00
LY 1433E-02 .17861E+02 21989E+0 .- 818+00
oo 1769E€E-02 <. 1708g+02 2208E+0! -.6778E+00
20 .2134€-02 <. 1886E+02 .2208E+01 - Ee+00
40 2829€-02 < 1807E+02 . 2208840 - . 8361E+00
60 2982€-02 © 1580E+02 2208E+0! - 8184E¢00C
80 3404E-02 - 18518E+02 .2208E+0) - 878E+00
oo 388CE-02 < 1474E+02 .2204E+0 - . 8797E+00
20 4398E-02 ©.1834E+02 2202E+0 -.8830E¢00
40 SE-02 - 13978+02 2200E+01 -.847284+00
(1] $803E-02 - 136828+02 .2197¢+0 -.8328E+00
80 $100E-02 * . 1330E+02 2104E+0 - . 8188E+00
oo €726E-02 © 1200E+02 2102E+0 - .5088E+*00
.20 7381€-02 - . 1270€+02 2189€+0 - 32g+00
40 .8064E-02 -.1242€+02 2186E+0) - 16g+00
so 8778E-02 <. 1216€+02 .2188E+01 - 47088+00
8o 95 16E-02 - . 1182802 2181€+01 - 4803E+00
oo 1028€-0 - 1188E+02 2179801 - .4808E+00C
20 1108E-01 - 1186E+02 .217884+0 - 84128400
40 TI81E-01 © 1128E+02 2174E+0 - 3242+00
€0 127€6E-01 - 1108E+02 L2172E0 - . 4280E+00
80 1364E-0 - 1088E+02 .2170E<+01 - 4180E+00
oo 1488E-01 < 1087€+02 L2187€-0 - G8O084E+00
20 15492 -01 - 1040E+02 2188E+0 - 6011E+00
a0 . 1846E-01 - .1033E8+02 21838+0 - 3981E+00
60 174SE-01 - .1016€+02 L2181E+01 - 78E+00
80 18482-0 - 10018¢02 L2189E+0 -.38118¢00
(-1 1983E-01 -.9880E+01 .2188E+0 -.37%08+00
20 .2061E-01 * 9717E+0 .2188E¢0 - 3691E+00
40 2172€-01 ST79E+0 2164E+01 - .3638E+00
60 2288E-0 SE+0 2182E+0 -3

80 2801€-0 - 17€+01 .21818+01 -.3828E+00
oo .28521E-01 - .0184E+0 .2148E+0 -.3478E+00
.20 .2842E-01 .2147E+01 -.3430E+00
.40 .2787€-01 - . 3383E+00
60 .2898E-01 . - .3338E+00
80 .3028€-01 .2143E¢01 - .32948+00
.00 .3188E-0 .21418+01 - .32852€8+00
20 .3294E-01 2140801 -.3211E+00
a0 .3433E-01 .2130E+01 - .31718¢00
(1] .38748-01 .2137€+01 - .3133E+00
80 3718E-01 2136E+0 - .3098E+00
oo .3888£-01 .2138E+01 - .3080E+00
.20 .8018E-01 .2134E+0) -.3024E4+00
40 4168E-01 -21328+01 - .20090E+00
L1} 4323E-01 .21318+01 - .2887€+00
.80 .8 1€-01 .21308+01 .. ge+00
00 4842€-01 ~.T7741€+01 2120001 - g2+00
.20 .4808E-01 -.7864g2+01 .2128E¢01 - .2884E+00
.40 .4972€-01 7890€+01 .2127€+0 - .2834E+00
. 80 .81818-01 <. 7817E+01 .212688+01 - .2806E+00
.80 .8313E-01 - .7448R4+0" .2128E+01 ©.27778¢00
oo sasst -0 - .73772¢01 .2128E9+01 - .2780E+00



TABLE C-3 : Back scattered field from a ¢
biological body vs. koa at 3.0GHz. (

deooroe LXK wrans PULMLWL [FENENERENY N - -

*II9I

X

20
40
60
80
oo

20
40
(19
80
(-1

20
40
$0
30
14

20
40
[ 1)
80
0

20
acC
(1)
80
oc

20
40
(14
LX<
(-1}

2c
40
6o
LX)
oc

20
ac
60

oo

80
oo

20
a0
8o
8o

.00

.20

.80
.80

1]

.20

40

.80
.80
.00

CONDUCTIVITY : 2 280

FREQUENCY :

oA FIELD MAGNITUDE SO

1831€-03
S381€-04
1291€-02
1112E-03
1878E-03

1984E-013
2389E-03
2485¢-013
2853¢€-03
.3099E-01

3488E-03
3704E-013
3889¢-03
4244E-03
48$80E-03

4847E-03
$147€-03
$423€-03
8701E-03
.$984E-01

.6282€-03
6S79E-03
6871E-03
7183E-03

.7437€E-03

7726E-03
8023g-03
8318€-01
88CBE-0)
8894E-03

9181€-03
9473E-03
9769%E-03
.1006€E-02
.1038€-02

1064E-02
1T111E-02
1141€-02
1170€-02
1200E-02

1229€-02
1288E-02
1288E-02
L1317E-02
.13847€-02

1378€-02
1408E-02
1438E-02
1484E-02
.1894E-02

.18248-02
.1883E-02
.18828-02
.18128-02
.18841E-02

18718-02
.1700E-02
.1730£-02
L1780E-02
.1788¢2-02

182

.30002+10

PHASE 1IN DEC

.2888E+02
2018202
1801E+02
3280E+02
8084E+02

81288402
7410E+02
S114E+02
.2678E+02
.3810E+0

1974E+02
4287€+02
CS88E+O2
8918E+02
6787E€+02

44458+02
21428402
1801E+0
2469E4+02
4781E+02

7089E+02
.8809E+02
8309E+02
.4009E+02
1708E+02

S8974E+01
. 28998402
$197E+02
.74982+02
.82078+02

$908¢8+02
.3808E+02
13116402
.9800E+0"
.32828+02

.8879E+02
.7838E+02
T78648E+02
.8887E+02
3271€8+02

.9788E~01
.1321€E+02
.36817E+02
.5913E8+02
.8209E+02

.748382+02
.82012+02
.2908E+02
.8108E+0)
.1684E+02

3978802
.8274€4+02
.8888E*02
. 71378402
-48843E+02

.2888¢8+02
-2840K+01"
.2080E+02
.8334E+02
.8628¢E+02

PERMITTIVITY

REAL PART

.8811E+0
.1870E+0
.1997E+0
.1218€¢01
.7318E+00

.1944E+00
-.33178+00
-.8781E+00

8727€+00
8488E+00
.3443E+00
1198E-01
.2078E+00

e

.8§387€+00
. 4gE+00
.7093E¢+00
.82828+00
S$08E+00O

.21432+00
. SE-O01
282%E+00
.6678E~+00
8$720€+00

-.8832E¢00
- .8033E+00
- . 3480E+00
- . 184 1E+00C

.7820€-0"

.2788E+00
.42838¢00
ssge00
.8042E¢00C
.8237E+00

.2794E+00

2713E+00
-.3908E¢+00

- &8822E¢00
-.4810E+00
3898E+00
.23218+00
-.8188E-0)

1148¢+00
.28023E+00
.3784E+00
259E+00
.8058E+00

.3228E+00
. 1904E+00
.3099E-01
.1302€+00
-.2881E+00

.3814E+00
.3084E¢00

3s88e+00
.28368E+00
.1888E+00

lindrica
Fi

1
g. bL.1.2)

148 00

-] 1MAGC PART

.8731E+00
7833E+00
13128+0

.1283E+0)
1168E+0
.8418E+00

= .31328+00
- . 5982B+00
- 7891E+00
-.8070E+00
- .7209E+00

- .8288E+00
-.28673E+00
1983€-01
.2879E+00
70E+00

$874g+00
.3938E+00
.17888&+00

-.8103E-0)
- . 2788E+00
Oge+00
-.8388¢+00
- .5400E+00

- .48899E+00
- .3107E+00
- . 117884+00
.8763E€-01
.27338¢00

4110E+00
OE+0O
I9E+00C
.3873¢g+00
.2887E+00

.70847E-0

1088E+00
.2701E+00
-3883E+00
.84308+00

-.4272E8+00
~.3848E+00
21028+00
-.a887€-01

.1229E8+00

78+00
SE+0O
S$Ege+00
.38842+00
.30228+00

.17228+00
L1788E-0
-.13718+00
-.2878g+00
- .3839E+00
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TABLE C-4 : Back scattered field from a cylindri?al
Fi

c C
biological body vs. koa at 10.0GHz. g. 4.1.3)
CONDUCTIVITY ¢10.300 PREGUENCY » . 100081 Y PERMITTIVITY 39 90
xoA FIELD MAGNITUDE 80O PNASE 1IN BEG6 REAL PARY Q 1MAG PARY [ ]
28.909 .11128-02 .4883R¢02 .10088¢00 .19288+00
28. 490 .11472-02 - .73300+02 *.73188-01 . 2483800
27.00 .11888-02 -.18 .02 *.264808¢00 708-01
27.80 12 -02 .4 .02 . 19003800 - SEe00
28.00 .12488-02 -.81008¢02 .39118-01 - .34088900
28 .80 .12000-02 - .23918+02 .22888¢00 =.101488¢00
29.01 .12736-02 .33480+02 . 2088800 .13888+00
29.81 .12008-02 -.88798¢02 -.81288-02 .2428R¢00
30.01 .1208R-02 +~.31038¢02 -.2 ge00 .12380+00
30.82 .13108-02 .28788¢02 -.21218¢00 *.10708¢00
31.02 .13328-02 .84730¢02 -.21882-01
31.82 .13082-02 *.37408¢02 . 1863800 L]
32.02 .13988-02 .30130¢02 .21838¢00 .80382-01
32.83 .14382-02 .77808+02 .40138-01 .22728¢00
33.03 .14828-02 - .84730¢02 +.1847R+00 . 18328000
.188088-02 .02 - .22408000 -.80088-01
.18038-02 .02 -.7 2-01 *.21438¢00
.18172-02 -.82 +02 .13728¢00 <. 170482000
.1822€-02 .4828R¢0" .22228+00 .190182-01
.18278-02 .82768¢02 . 1008800 .10888+00
38.08 .18472-02 -.11188+00 .1870R¢00
36.88 .1878¢-02 -.217 00 778-02
37.08 .10082-02 -.12028¢00 . 01200
37.88 .10432-02 02 .87738-01 -.18788+00
38.08 .18782-02 -.08410¢01 .21310¢00 -.32388-01"
.17002-02 .8879R+02 . 18118400 . 1811200
.1723¢-02 *.73728+02 .. SE-01
.17628-02 *.18320¢02 - .20278¢00
.17402-02 .41188¢02 = . 1873000 .

.178088-02 -.81138¢02 -31938-01 -.20488¢00




APPENDIX D

Computer program and the print outs for the back scattered
electric field from a spherical body of varying radius,
illuminated by the plane EM waves.
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e dededodetfodol el e oo ook sk de e e dede e e e e sk e e e s st sk s e e st s e s ok ko e e ok o

THIS PROGRAM COMPUTES SQUARE OF THE MAGNITUDE AND PHASE OF THE SCAT
TERED FIELD FROM SPHERE OF COMPLEX PERMITTIVITY. IT ALSO PRINTS OUT
THE BACK SCATTERING CROSS SECTION NORMALIZED BY CROSS SECTION OF
THE_SPHERE. THE SPHERE IS ILLUMINATED BY PLANE WAVE. “A'" |S RADIUS
OF THE SPHERE AND 'R" IS POINT OF OBSERVATION IN METERS. CONDUCTI
VITY OF THE SPHERE SIGMA,FREQUENCY OF PLANE WAVE AND RELATIVE
PERMITTIVITY OF THE SPHERE ARE REQUIRED AS FORMATTED INPUT DATA.
THIS PROGRAM NEEDS SUBROUTINE ' COMBES ".

Sedeeddesedot e i de ettt ek st ot ok e e e e e ke ke ke ek ok ek ko e dek ek Fe ke ko k ek
PROGRAM HEARTZ EINPUT ,OUTPUT,TAPE 10 =INPUT,TAPE 20=QUTPUT)
DIMENSION BJRE BJIM(7§) ,YRE (41), YIM(&I)
COMPLEX BODY,WK,SERIES,COMPXJ, AN, TERMI DN,CN,HNKL1,HNKL2,DHNKL,
*EERE3 Bﬁ%ﬁgT(?UM ARGU1, ARGUZ2, HNKL]] TERMZ ARGU3 BODY]
|

E
Y =,F6.3,3X, 1 1HFREQUENCY =,E11.4,

VELITE=3.0E+08

OMEGA=270%P|%*FREQ

WKO=0MEGA/VELITE

DELCTR=DIELEC*VACUUM

BODY=CMPLX (DELCTR, - (S1GMA/OMEGA))

BODYI BODY/VACUUM

ROMG=OMEGA*’2
SRT (SQROMG*FREEMU*BODY)

wxon K0<

WRITE (20,75)

FORMAT( 5X,3HKOA, 10X, 18HF IELD MAGNITUDE SQ,5X, 12HPHASE IN DEG,
*G5X, ILHREAL PART OF E,5X,14HIMAG PART OF E,5X,22HSCAT-CROSS-SEC BY
*®AREA,//)

DO 9 1=1,12

DO 99 J=1,5

WKOA=WKO*A

SERIES=CMPLX {0.0,0.0)

DO 999 Nw=1, 30

N=NW+1

8 =FLOAT (N-1)

1=SQRT (P | *WKOR/2.0)
c2=£ Q+1. )*SQRT(PI/(Z O*WKOR))
ABS (WKOR) 50.) GO TO
CALL COMBES (WKOR.0.0,0 5,0.0
B1=C1*BJRE (N
B2=C2*BJRE (N
BB]CI*BJRE N+1)

HNKL1=C1*CMPLX BJREgN).-YRE(N\)
HNKL2=C1%CMPLX (BJRE N+l),-YRE(N+]))
DHNKL= (C2/C1) *HNKL 1-HNKL2
GO TO 100

cc2= +1.

9 SxPi/z
2RT(PI*WKOR/2 .0)
=CC OR
=SIN(X1)
1= (CC2/WKOR) *
GUI-CMPLxgo .0
ARGU2=CMPLX (0.0
HNKL 1=CEXP (ARGU
HNKL 11=CEXP (ARG
DHNKLR(CCZ/WKOR
COEFF= 8*Pl
ARGU3= MPLX(O 0,COEFF)
AN1T=T(2. o*g +1.0) / (Q*(Q+1.0))
COMPXJ=CEXP (ARGU3
AN=AN1/COMPXJ
TERM1=AN*CMPLX (B1,
CALL CNDN (WK,WKO,
TERM2=ANXDN*HNKL |

10
+N,BJRE,BJIM,YRE,YIM)

Xl
Bl
BD
AR

‘vc_n. wn

BD
A,
*(

1)
B?D;I.N,CN,DN) .
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999

N
99

99
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TERME =AN*®CN*DHNKL
BRAK T=TERM2+TERM3*CMPLX(O
Fedesededse et de ke ek etk :‘c**f’*********a*******‘k******a"*: b33 333 433

TERM1 SHOUD BE ADDED TO 'BRAKET' TO GET THE TOTAL FIELD AT '"R'".
HOWEVER, SCATTERING CROSS SECTION IN THAT CASE WILL BE DIFFERENT
FROM PRINT OUT RESULTS.

e des skttt ket sk e ek oy ok dede skt e ek ook e e s s s e s sk e s ol e ol
)*,?w

*BRAKET

IES+SUM
ES) % (=1.)
IES) = (-1.)

22) / (L .0% (WKOR%%2) )

1
CLx
ER
ER
SE

ninomceEsw:*

N<>XOOOVLUnNOO %
<>VZDXTH N *

|
R
2+Y %

(2)

PHASEA=PHASER:180.0/PI

AMP= (4,0 (Rs‘::‘cZ) )/ (A¥%3:2)

AMP2=AMPAMPL |

WRITE (20, II)WKOA AMPL | ,PHASEA,X,Y,AMP2

FORMAT }(PI lOO 1OX E11.4,12X L 8X,E11.4,8X,E11.4,8X,E11.4L)
b

D)
CONTINU
WRITE (20,111)
FORMAT (1HO)

S
E
Y
V4
R

CONT INUE
STOP
END
SUBROUTINE CNDN (WK,WKO,A,BODY,N,CN,DN)
DIMENSION BJRE (75),BJIM(75) ,YRE (L1) .YIM (k1)
COMPLEX WK,WKA,BODY,C1,SBFWKA,DSBFKA,D1,D2,HNKL,HNKL1,DHNKL,CY,
*AURG1, AURG2,EPCILN,CN,DN,DN1,DN2,CN1,CN2
Pl=k.0%ATAN (1.0)
WKA=WK %A
WKOA=WK 0 %A

EPCILN=CSQRT (BODY)
REWKA=REAL (WKA)
AEMWKA=A | MAG (WKA)
=FLOAT zn 1)
1 CSQRT (PI%WKA/2.0)

CE §*Pl/2
-REWKA
S—AEMWKA
= (EXP C5)+EXP}EC5;)/2.O

Cg=S RT (P1%WKOA
Lo

PI/(2. o*wkgA;;
IF (C BS&WKA) 0.0) GO T

(2.0%WKA
CALL COMBES(REWKA AEMWKA,O a,
SBFWKA=C1%CMPLX (BJRE (N) ,BJ1M(N)
ESB;SATCZ*cgkcanx(BJRE(N),BJ

)

0
8 8 N,BJRE,BJIM,YRE,YIM)
IM(N)) -C1*CMPLX (BJRE (N+1) ,BJIM(N+1))

—~% X%

o )

A LX(F1,F2)
S

A

PL

WKA=C6*CM
(ABS (WKOA) .
L COMBES (WK
WKO=C7*BJRE (
DSBFKO=C2*C8%BJ
HNKL=C7%CMPLX (B
HNKLI=C;*CHPLX(B
DHNKL=C2*C8%:CMPL
GO TO
X1=C3-WKOA
SBFWKO=SIN} 1
DSBFKO= (C2/W
AURGI=CMPLX§
AURG2=CMPLX
_HNKL 1=CEXP (A
HNKL=CEXP (AUR
DHNKL=(C2/WKOD

GO

nNO—UNOOTMTMO MM

?FKA =D]+D2
L
F

CVZO0 ~

>0 « O
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CNI1=EPCILN*SBFWKA*DSBFKO-SBFWKO*DSBFKA
CN2=HNKL*DSBFKA-EPCILN*DHNKL*SBFWKA
CN=CN1/CN2
DN1=EPCILN*SBFWKO*DSBFKA~DSBFKO*SBFWKA
DN2=DHNKL*SBFWKA-EPCILN*HNKL*DSBFKA
DN=DN1/DN2
Fedededede e dedededededk dedededededededesededokde s dedededtdededatat ek e e dod et sk e e de de st ake e de e ek

CN1,CN2,DN1 AND DN2 CARDS SHOULD BE CHANGED FOR CONDUCTING SPHERE
BECAUSE THESE WONT GIVE CORRECT VALUES AS LIMITING CASE OF INFINITE
CONDUCTIVITY AND UNITY RELATIVE PERMITTIVITY.

dedesese e e oS de s e S e e e e s ol ek e e ook sk sk st sk e e st s e st e s sk s e e e e

RETURN
END

TITINT
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TABLE D-1 : Back scattered field and normalized scattering
%Fqss-fe§t£$n of a conducting sphere vs. koa.
ig. bL.2.

CONDUCTIVITY 589 99C FREQUENCY 3000E+10 PERMITTIVITY = 1t 00
xo& FI1ELD MACNITUDE SO PHASE IN DEC REAL PARY OF E IMAG PART OF E SCAT-CROSS-SEC BY AREA
20 1448E-10 © 1389E+00C -2391E-01 - . 56732-048 1429¢8-01
a0 9038E-0° - 1824ak+0 1888E+00 - 4892E-02 2229E+00
6c 9831E-02 + $SO09E<+0 6106E+0OC - S889E-CH 1048¢E+0
ac 4209E-07 © 13S1E+02 1283E+01 - 3010E+00 2%98E-+01
1 00 3$216E-07 © 2260E+02 .1760E-01 - 7389E+00 .3638E+0!
1 20 1133€E-06 - .2783E+02 1870E+0 - . 9872€+00 .3108E+0
1 40 8633E-07 - 289SEe02 1660E+01 - 8078E+0O 1739¢2+01
1 80 3717€-07 - 8430E+01 1198E+01 - 1778&+00 8732€8+00
1 8¢ 26958E-07 SA483E+02 $944E+00 8438E+00 .3287€+00
s oo 1021E-06 8906E+02 .3297€-01 2007E+0 . 1007€+01
2 20 2189E-06 © 8189E+02 - 81478400 2911E+0 1786E+0
2 4o 2814E-0F - 7608E%02 - 8033E+00 323S€+0 1929€+01
2 60 2380E-06 © 6702E+02 c 1197E+01 2822€+C 1390E+01
2 80 141SE-OF - 4ST8E<02 * 18SOE~O) 1893E+0 T7127E+00
3 oo 1186E-06 - 28400E+01 - . 2182E+0 SO 1E-0 .8203E+00
3 20 23SEE-0OF6 3187E+02 - 2898E+01 -.1801E+0" S8084E+00O
3 a0 4180E-06 478SE+02 © 2726E+0! <.30128+01 1428E+0
3 60 $170E-06 $87SE~02 = 2344E-01 - 3862E+01 1878¢E+01
3 8o 4S44E-06 T172€%02 = 1328E+01 - 4022e+0! 1242E€-+01
4 00 3183E-06 - 8588E+02 2696E+0C <. 3%38E+0! T88SE+00
4 20 2868E-06 - 8962E+02 2180E+01 < 2863E+0 .6A18E+0O
4 40 Q8481E-08 - 1807E+02 3%81E+0 © 1288E+0) 90SEE+00
4 80 6B8L1E-OF 3157E+00 S211E+0 8329€E-0! 1284E+0)
4 80 B188E-06 1479E+02 BAPTE+O 1482¢€+0! 1403E+01
s 0o 7404€E-06 3022€+02 4872E+0 27218+01 1169E+0"
s 20 ST10E-06 $3248+02 2842E+0" 3804E+01 8338E+00
s 40 $320E-06 8858¢E+02 3S64E+00 4569E+0 7202E+00
s 6C 72€69E-08 - B877Ee0OZ - .2283E+0! 4846E+0 9181E+00
s 8c 1027€-0% - 4041E+02 - . 4548E+0 AASSE-0 120SE+01
6 oo 1188E-05 - 2854E+02 - . 8018E+0O1 3272840 1302801
6 20 1098E-08% *.1183E+02 - . 84S2E+01 13178+0 1128g8+01
€& a0 9002E-06 1187€+02 - $S840E+0! . 1198E+0) 8678E+00
6 60 8543E-0O6 4182802 - &343E+01 - 38s8¢t+0 7747€+00
6 80 1083E-05 §998E+02 = 2238E+0! < . B184E+01 .9248E+00
7 oo 1433E-08 - 8882E+02 1547€+00 - .7821E+01 1188¢E+01
7 20 1628€-08 -~ 7187E+02 2833€+01 - 7%98E<0 .1237€-01
7 40 1$29€-05 - $3J47E+02 8825E+0! - 8284E+0! 1103E+01
7 &0 1307€-08 - 3039E+02 .B196E+0 - . 3834E+0! 8932E+00
7 8o 125SE-0S - 1887E+0O 7036€+01 - .2281E+00 814C8E+00
8 o0 15S12E-05 2886E+02 8970E+0O 3334E¢01 .9328E+00
8 20 1908€-08 . 4730802 6379E+01 . 1120801
8 a0 2131€-08 CSS8E+02 . . S1E+0) C1192E«+0
8 60 2033E-08 8846E+02 8848E+00 .89 18E%0 1088E+01
8 80 1791E-08 - .T7282E+02 - 2828E+0) .8021E<01 91J1E+00
? oo 1733€E-08 - .4808E¢02 .. 12401 .588688+0) .808488EK*00
9. 20 20138-08 - . 1838¢8+02 . ge+0! .2807E+01 .9389E+00
40 .2451E-08 3789E+0" - 186E+0 -.8888E+00 .1086E+01
9 8o 2708E-08 2283E+02 - . 9828E+0 -.8010E4+01 1169E<+0!
9 80 2811¢€-08 4231E+02 © . 7808E+0! ~ . 8838E+01 1073¢&+01
10 00 .2383E-08 .6528E+02 - . 4038E+01 -.8783E+0" .9290E+00
10 .20 2287€-08 - . 88128¢02 .3114E+00 - 8878E+00
10 40 2886t -08 - . 8193E+02 .8784E+0) . .9840E+00
10.80 .3063E-06 - . 3983E+02 .8482E+0 .. .1078E+0
10 80 33s0€-08 < 19888+02 .1082E+02 - .390SE+01 .113J4E+0
11.00 .3263E-08 .8048E-01 .V138E+02 .17728-01 .1088E+01
11.20 2993E-08 .2298E+02 1001E+02 4238E4+01 .9420E+00
1ty 40 .2918E-08 .4898E+02 .7080E+0 .8094E+0 .8868¢8+00
11 80 .3232€-08 74728402 .2977E+0 .1090E+02 .9481E+00
11 .80 .3743E-08 - . 8287E+02 - . 18818+0 .1206E+02 .1061E%01
12

oo 4063E-08 - . 8249E¢02 - . 8849E+01 .1123E€+02 .11148E+01
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TABLE D-2 : Back scattered field and normalized scattering,
cross-section of a sYhere of complex permittivity
:
vs. koa. (Fig. 4.2.2
CONDUCTIVITY = 2 210 FREQUENCY = 3000E+10 PERMITTIVITY = 7 80O

XKO& FIELD MAGNITUDE SO PHASE IN DEC REAL PARY OF E IMAC PART OF E SCAT-CROSS-SEC BY ARER

20 1436E-10 6§323E+02 €S37E-02 1288E-0 $267€-02

40 9562E-09 6366E+02 S$2SSE-0O 106 1E+00 .8768E-01

60 1209E-07 SO39E+02 208 1E+00 JEE1E+00 4928E+00

8cC $450E-0" 4606E+02 6652E+00 7098E+00 B SE+0O
1 00 1333E-06 3017E+02 1209E+01 7028¢&+00 .19BS5E+0
120 1376E-06 2099E+02 132€6E+01 s088e+00 1802E+0
1 40 780SE-07 2028E+02 1004E+01 3708€E+00 -3842E+00
1 60 1629E-07 $228€+02 2991E+00 3887E+00 .9338E-01
v 8C 48 18€-07 - 8705E+02 - S787E+00 6217€+00 .2227E+00
2 oo 1831E-06 - 3566E+02 - 1332E+01 9SSEE+00C 8§718E+00
2 2¢ 3084E-06 - 3321E+02 - 1768E+0 11S3E+0O 8227E+00
2 4&c 2979E-0C - 29S4E-+0C - 1819E+01 1031E+01 71588E+00
s 6C 17SSE-06 - 18677€+02 < 1837Ee+0 46302+00 3810E+00
2 8c 9574E-07 2408E+02 - 1082E+01 - 483ISE+00 1791E+00
3 o¢ 1899E-06 6889E+02 - 8012E+00 - 1887E+0! 3008E+00
3 20 4082€E-0¢ 8638E+02 - 1849E+0O - 2438E+0 8819E+00
3 ac 5S32E-0¢ - 8458E+02 2703E+00 - 2836E<01 7020E+00
3 &c 49815 -06 - 7411E+02 7400E+00 - 2800E+01 $638E+00
3 8c 3288E-0¢ - 8§$362E+02 1303E+0! < 1768E+0) 3340E+00
&4 o0 2701E-0O8 - 1600E+02 1913E+0" - B48CE+OO 28478E+00C
4 20 4418E-06 1761E+02 2427E+0 7704€8+00 3674E+00
4 acC 7213E-06 3SeTE.02 2636E+0 1908E+0" .8486€+00
4 60 8598E-OC 4361E+02 .2343E+0" 2884E+0) $981E6+00
4 80 7827€E-06 $3S3E+02 14831E+0 2876E+0 8793E+00
5 00 $607E-06 8788E+02 1213E+00 .2886E+0 .3291E+00
s 20 S4C87E-Ob - S8S53E+02 - 1478E+0) 2616E+0 2988E+00
5 a0 7986E-0O¢ - 299SE+02 - 2960E+0 1706E+01 4003E+00
5 6C 1113E-0S < 1129E+02 - J962E+01 7913E+00 $206E+00
5 80 1228SE-0% 3909E+01 - &8230E+01 - 28918400 S$343E+00
6 oo 1073E-0S 2180E+02 - 3684E+0 - 1873Ee0O! 4373€+00
€ 2¢ 8804F-06 4732802 - 2436E+0 - . 2642F+0 .3360E+00
6 acC 82SO0E-06 T7828E+02 - .7684E+00 - 3807E8+01 .3313¢e+0¢C
6 60 124)1E-05% + 7S?7E+C2 1049E+0 1 - &136E+0O! 4178¢E+0C
6 80 1S76E-0S - 58669E+02 2640E+01 - 4018E+0" $000E+00
7 oo 16S4E-05 - .3970E+02 3790E+0 - .3147E+0" .4983E+00
7 2¢ 1469€-0S - 1983E+02 4368E+0 - . 1878E+0 41862 +00
7 40 1294E-05 6124E+0 4332E+01 484TE+00 .3468E+00
7 €0 V40 1E-OS 3493E+02 3717E+0 2898E+0 3889E+00
7 8° 1771€-08% $839E+02 .2598E+0) 4387E+0! 4270E+00
8 oo 2109E-05% .7830E+02 1071E+01 SA4S8E+0O 4833E+00

.21S1E-0% - . 8278R+02 - .7086E+00 $S73E+01 .4694E+00

19483E-08% - . 8187E+02 -.2843E8+01 4898E+0) .8048E+00
8 60O 1801E-0S -.3667€+02 - 4178E+0 .2997E+01 3872E+00
8 80 1969E-0S - BAQ0BE+01 - 8317E+01 .7888¢€+00 -37318+00
9 00 .2380L-08% .1819E+02 - $7028+01 - . 1549E+0 4310E+00
? 20 .2710E-08% .3612E+02 <. 8187E+01 - . 3827E+01 .8697E+00
8 40 2720€E-05 .88 1E+02 - . 3867E+01 -.8144E+0"
8 80 2508E-05 76E8E*02 - . 1811E+0 - B897E<01
9 80 .2400E-08% - .7780E+«02 . 1284E+01 + S800E+01 .
10.00 .2628E-0S -.8168€+02 -3881E+01 - .4887E¢0" .388284+00
10 20 .3088¢-08S - 2887E+02 .S890E+01 -.32078¢01 .4323E+00
10 40 .3382E-08 - .8280E+01 -8971E<01 =.1011E+01 .4887E+00
10 60 .336SE-0O5 .1198E+02 .68T74E+0 . 1488E+0 .4394E+00
10.80 .3184E-08 .3482E+02 .B808E*0O1 .388BE+01 .38087E+00
11.00 .3091E-08% .S988E02 .3382E+01 .B823E+01 .3748E+00
11.20 -3388E-0S .8820E+02 .8887€+00 700SE+01 .3938E+00
11 a0 .3828¢E-08 *.7204E+02 - .2311€+0 .7120€+01 .4321E+00
11 80 4127€-08 - .$138E+02 -.4880E8+0 .8078E+0 .644909E+00
11 8o 4089%E-08 - .3054E+02 6871E+01 .3836E+01 .4308E+00

12 .00 .3889E-03% - T7623E+01 - .T7487E+01 . 1002E+01 .3882E€+00
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D-3 :
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Back scattered field and norma
cross-section of a spnegug?l b

koa at 3.0GHz.

2 2680 FREQUENCY = 3000E«1C
F1ELD MAGNITUDE SO PHASE IN DEC

1381€-10 72328402
sas1E-08 - 7062E+02
2873E-07 .8224E+02
6877E-07 SSEIE+02
1835€E-06 42768+02
1843€-06 3513€+02
1141E-06 4105E+02
3079E-07 8§347€+02
€S6SE-0” - 4333E+02
2010E-06 -.23788+02
3768E-06 - 1811E.02
3900E-06 - 1289E+02
2820E-06 2594E+0C
1629E-06 Ji1885€E+02
232SE-06 7576E+02
46SI1E-OF - 8090E+02
6298E-06 - 88S1E+02
7022E-08 - §710€8+032
S380E-06 - 3933Ee02
4138E-06 - 8S47Ee01
$333E-06 2629€4+02
8480E-0O8 4943E+02
1107E-08% 8486E+02
1101€-08% T7880E+02
900GE - 06 - .7983E+02
78S3E-06 - . 8087E+02
9626E-06 - 1998E+02
1343€-05 2782E+0)
1622E-08 .2003E+02
1S9SE-0S .3720E+02
1374E-08

1279€-0%

1S 14E-05 - . 8488E¢02
1946E-05 - .4238E402
2237€-08 - .2388E+02
2192€-08 - 8212E+01
8122€-0% .2707€+02
8044E-0OS

7008E-0S

634SE-08 -
.7092E-08 .
.8961E-0S .

1086€E-04 - . 1832E+02
.1073E-04 .2963E+01
.9880E-08 .2389E402
.8748€-08% .8988E+02
9337€-08 . 7738802
L1133E-04 - .7810E+02
.1328€-04 - .8779E+02
.1378€-04 - .3894E+02
.1270E-04 .

.1827E-04

.1710g-04

.1820E+02

(Fig.

PERMITTIVITY 846 OO

REAL PART OF E

4322€-02
3702€-01
3024E+00
SE70E+00
1204E+0)

12312+0

.9756E+00

3002€E+00
7138g+00
1672E+01

2235€E+01
2334E+01
2034g+0
1313¢8+01
48478 +00

4132E+00
1164E+0 1
1744E+0
2173g+0"
2436E+0"

2808E+0)

.2294E+0

1712€+01
7117€+00

.64218+00

21868E+0)
3832E+0
4433E+0)
4BA3E+O!

.3883E+0

2318¢+0

.2313E+00
.2001€+01

J94a7€E+0
$238E+0)

.S848E+0"
.9720E+01
.7718E+0
.4V19E+01

8073E+00

$§3328+0)
34E+0)

.1201E+02
.1283E+02
.1088E*02

- .7348E+01

.28S8E+0
.2887E+0
.76441E+0
.1108E+02

.1297E+02
.1296E+02
.1103E+02
.7484E+0
.2773E+0)

1488E+02
.1822E+02

1
i

IMAaGC PARTY OF E

138¢€-01
1082¢E+00
ST748E+00
8291E+00
1114E+0)

86S9E+00
849SE+00
SO0 13E+00
6738E+00
6920E+00

7310E+00
S28A4E+00
- 9207€-012
- 8159E+00
< 17%0€+0

- 28570E+0)
- 29B1E+01
- 269SE+0"
- 1781VE+0
- 38681E+00

.1239E+0
2679€+0
3648E+0
398SE~0
3878E+0

.2622E+0
1284E+0
< 2139E+00
- 1671801
- 28928E+0

- 3847E+01
- 8328E-0
- 4267E<+0
- 3801E+0!
- .2318E+01

- 8$1528+00
€7E+01
SE+O

926SE+01
.9834E+01

-.8488¢E+00
S818E+0

-.8828E+0
.1182E+02
-.1281E8+02
<. 11818+02
-.8027E+0"

- 4270E+01
14708401
.7323€+0
1222€+02
.1820E+02

1884E4+02
.13388+02
.8787€+0
.2882€+0
- . 41378+01

ized scattering
ological body vs.

SCAT-CROSS-SEC BY AREA

.BO088E-02
7777E-0
117VE+01
1876E+01
.2691E+0)

18728+0)
.8838E+00
176SE+00
.2973E+00
7373800

114280
9934E+00
6119E+0O
3049E+00
3790E+00

.8663JE+00
8788E+0O
7949E<0OC
5466E+00
3792€+00

4438E+00
C426E+00
7674E+00
7008E+00
5285E+00

4281E+00
43E+00
628 1E+00
7074E+00
6S00E+0O

$243E+00
4882E+00
S$098E+00
.8173E+00
6898E+00

8204g+00
.2176E+0
.2043E+0)
.1890E+0O1
1484¢8¢+0)

1S47E+0
1863E+0
2098E+0
.2033E+0)
.17&48E+0

.1818E+0"
.1880E<+01

1803E+01
.2029E€+0
.2018¢€+0

.1791E+01
1870E+01
.1880E+0
1780E+01
.1873¢E+0

.2000E+0)
.182a2+0
. 1617E+01
.1878E+01
1728€4+01
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TABLE D-4 :
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Back scattered field and normal

cross-section of a s
koa at 10.0GHz. (Fig

116 300  FREOUENCY & . 1000E=1)

FIELD MAGNITUDE $0O PHASE IN DEC
.3889E-08 - 13818402
S1188E-07 - 37028902
1884€-07 82818002
L1997E-07 - 138202
.8871E-07 34338002
.3s00£-07 - s1718e02
1018E-06 - . 4142E%01
78802-07 L7789K+02
.1810E-08 - 3e89Ee02
1478€-08 .8018E+02
1788€-06 © 8440E+02
S9s1E-08 2240€+02
.9881E-08 - 1979Ee02
.8301E-06 - .2779Ee01
1241€8-08 70838402
1188E-08 - .2893E402
L18128-08
.1884E-08 -
1792€-0% 1485E+02
. 2012E-08 - . 83878402
.21008-08% - 1199Ee02
2807€-08 s7%08+02
(2481E-08 . €e02
.3018E-08 3988802
.29008-08 -.84778402
.3820E-0% .1138Ee02
.3427E-08 8870K402
a012€-08 - €Ee02
.40a1E-08 .81828¢02
4802E-08% -.84188002
.47272-08 .3a88E+02
.8012£-08 - 71378402
.84888-08 .70438401
.8870E-0S%
$207E-08 -
.8200E-08

s2€-0% -

8321€-08 .2808E+02
7882808 -.76082+02
~77382-08 L1121E8001 .
.8803E-08
.8828€-08
.91338-08
.9880E-08 -.83288¢02
.s8982-08 .21878%02

PERMITT IV TY

pherica; b

13t 90

REAL PART OF ¢

. 7420800
109801
.21938+00
- .73008¢00
=.28118¢01

.7806E+00
[ XY-3]
- 3142E¢01

.23328+01
9137€+01
-.22288¢+0"

-.18828+02
.1834E¢0

. 1810802
7806E+01
<. 1880ER+02
+. 1709802
.9268E0)

.2348E°02
.83808+00
.248 1802
.12128+02
.19044R+02

22868402
9132801
.20608+02
. 438720
.2976¢+02

.18208+02
-.2238€¢02
.2084E402
.8827840)
.38808+02

8879801
.33712+02
-2828E+02
.23638+02
-37288+02

1MAC PARY OF ¢

zed scattering
ological body vs.

= 176s8t+00 1309E+0
- 8282E+00 .1088E+0
1738E+0 76¢798+00
188024+0 78E¢00

=.1718E+01 .83208+00

- 23%4te0!
-.2s3see00
.3488E+0)
-2887¢¢01
- 3784E+01

- 4388¢+0 .8818E+00
-3768¢E+0 .1828E+0
.12368+02 .21018+0
$871E+00 . 18708401

* . 1343802 .2022E+01

-.6848E40" .1883E+01
.10 .02 )
.132084+02 1789E+01

- .4380E4+0) 1820E+01

- . 1800802 .1884R¢0)

- 3884E<0" 17848E¢0
18738+02 . 1900E+01
.124804+02 .1708E+0O 1

-, 18128002 1921E8+01

- 1987202 . 1702E+01
.4714C¢0 1010E+01
.23638%02 .1724g+0

.1877€+0

.. .17828¢01

-.18878+02 . 1838E*0
.18788+02 . 1804E¢0
.27098+02

+.3887E+01

B 81802
=. 1122802

-2800£+02 1788E+01

-2817€+02 .1882E+01

-.1880E¢02 1788R+01

-.3434E+02 -188289¢01

.6987E+00 . 177380

.

-18338¢01

. . 17040

c 29178402 .1812E+0

+.31888%02 8188+0
.18030+02 .17

SCAT-CROSS-SEC BY AREA



