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CHAPTER I

- INTRODUCT ION

I A. Background

Portable voice ~ommunication transceivers have traditionally been
and are still today an important aspect of military communications.
The antenna most commonly used on these portable manpack transceivers

- 
,. is the standard monopole or whip. These transceivers usually operate

in the low VHF and HF bands, for example, 30 to 76 MHz for the PRC-77
[1]. A 3 foot whip is normally used in this frequency range. Char-
acteristically, the whip antenna approaches a quarter wavelength in
height and has high efficiency and an omnidirectional radiation pat-
tern. These are usually desired features for such a communication
system. Attempts to substantially reduce the size of the whip usually
resulted in a significant loss of antenna efficiency, 10 dB or greater.
This loss is a significant factor, considering the limited power avail-
able in these portable systems.

B. Pur pose

The purpose of this report is to show the effects of the human
body on the radiation characteristics of the portable manpack trans-
ceiver antenna. The human body is modeled as a lossy dielectric and
the antenna is modeled as a thin-wire radiatior. These effects will be
demonstrated using numerical techniques which employ the method of

- moments . The computer program used in this analysis is essentially an
V extension of work by Tulyathan and Newman [2], which itself is a specific

extension of Richmond s thin-wire program [3]. Modifications to Tulya-
than an d Newman ’s program were necessary in order to compute the far-
fields radiated by the wire antenna in the presence of the dielectric
body. The results of these numerical techniques will be compared to
previous measurements [1].

-. C. Outl i ne

A brief outline of the moment method solution of a thin-wi re
antenna in the presence of a dielectric body is presented in Chapter II.
The moment method solution is based on the sinusoidal reaction formula-
tion [4] and is fairly general . The next part of this chapter deals-- with the computation of the far-fields radiated by the equivalent
currents of the wire antenna and the dielectric body.

. 1 
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I
Numer ical calcula tions based on computer resul ts are presen ted

in Chapter III. Various models of the human body were tested in the -.
computer program. The results of these tests, along with the field
pattern character i sti cs , are given in this section . Finally, Chapter
IV sumarizes this study and its practical implications.
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I CHAPTER II

THEORY

i
V The moment method solution using piecewise sinusoidal basis

I 
functions for thin—wi re antennas in a homogeneous medium is well
established by Richmond [4]. This program was modified by Tulyathan
[2] to analyze the effects of an arbitrary dielectric or ferrite body
in the presence of a thin-wire antenna structure . Antenna current

I distributions and induced vol ume polarization currents in the material
body were determined by Tulyathan [2]. The above work is extended to
permit the computation of far-zone radiation patterns of antennas in

I the presence of material bodies. To do this , the far-fields radiated V

by the induced volume polarization currents are added to the far-
fields of the wire antenna currents .

I The basic theory for a thin-wire antenna in the presence of a
dielectric body will now be briefly reviewed . Figure 2-la shows the
geometry of the problem to be considered . The impressed sources

1 (J j,M
~
), enclosed by volume V1, radiate the field (E,H) in the pre-

s~~c~~of two inhomogeneities. The first inhomogeneity is a thin-
wire structure in the volume Vw and enc l osed by surface Sw. The

1 second inhomogeneity is a dielectric body with consituti ve parameters

~~~ con fined to the volume V2. The ambient medium has parameters
(~~0,E0). All sources are time harmonic and the time dependence eJwt

1 is suppressed .

The first step in the solution of this problem is to replace the
wire and dielectri c inhomogeneities by equivalent currents . By the

I surface equivalence principle of Schelkunoff [51, the wi re is replaced
V by the ambient med ium , an d the fo l low i ng equ i valen t surface curren t

densities

-

~~~~~~~~~~~~ -

J5 = n x !i (1)

1 M5 = E x n  (2)

are introduced on the wire surface S~, where n is the outward norma l
vec tor on SW . Next, the dielectric inhomogeneity is replaced by the
ambient med i um and equivalent electric volume polarization currents

• I
. 1  

3



r~~~~~ ITTT~ 
- _ _ _ _ _ _ _ _ _ _ _

- 

I
C.

W I R E  DIELECTRIC
— a

(E , H )

V (/ Lo , Eo) —

H

Figure 2—la-- A wire antenna in the presence of a - -

dielectric inhoniogeneity . 
- -

= iw (c-c~)~ (3) -

wh ich are con fined to the vo l ume V2. - .

The equivalent problem is shown in Figure 2-lb s where in the homo- - :
geneous med i um ~~~~~~~ the sources (J1,M1), (J 55M5) and J radiate the
fields (E,H) exterior to 5w an d (O ,O

~~i~
fferioFt

~~S~. When radiating
in the amb ient medium (~J0,C 0), the sources (J 1,M1

1
), (~~~M~) and J pro- V

duce the fields (E1,H1) , (~~,H5) and (E~,H~)7~~~pectiveT~. In the
equivalent problem tl1~ curr en~t~ (J5,M5J and J are unknown since thefield (E,H) is unknown. These cu?Feiits are determined as fol l ows. 

- •  V 

-

Two cou pled i ntegral equa ti ons for the un known curren ts are now
presented. Consider the wire to have a circular cross section defined
by the right-handed orthogonal coordinate system wit~ unit vectors(ñ ,3,~) where n is the outward normal vector to SW, 9. is directed alongthe wire axis and -

• (4) - -
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Figure 2-lb--An equivalent problem.

Using the “thin-wi re approximation 11 [4], the surface current is
related to the total current inside the wire 

~~9.) by

J ~~~‘(9. ) I(9.) 5— 2lTa - 2,ra (

Thus , the tangential electric field on the wire surface S~ is

E5 = Z ~~Js (6)

Where Z~ is the surface impedance for exterior excitati on. From
Equations (2) and (6), the magnetic surface current density is

Z5 I ( 9.)
M5 = Z 5J5 x n = ~~ 2ira (7)

By placing a test source of current density 
~m 

in the interior of
the wire volume Vs., and employing the reactiorrintegral equation (RIE)
[4] , we have

5
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I.

- f I(9.)(E~~Z5H~)d9. - f ff ~L~
m dv = V m (8)

V2 T
where L represents the overall wire length and 

-
~~

• Vm = ff J (~~.Em_
~,.Hm) dv (9)

V1

1 2T~~E~ = 

~~ J (9. • Em)d P (10)

= h- f~ 
Hm)~~ . (11)

The test source radiates the field (Em,Hm ) in the ambient medium 
-

~
(p O,C~~

) .

In the dielectric inhomogeneity , the field E is related to the
current density 3 by Equati on (3). Therefore,

E = E5 + E + E1 
~~~~~~~~~~~~~~ 

in V2 . ( 12)

Multiplying Equation (12) by the vector weighting function ~~ andintegrating over the dielectric volume V2 gives

1ff (~+~& 
jw(~-co)) 

. dv = 4ff E~~~ dv . (13)

V 2 
V 2

Thus Equations (8) and (13) are the two coupled integra l equations 
-

which can be used to solve for the unknown currents L(9.) and 3. 
-
~~~

Next we present the moment method solution of these equations.
In a rigorous sense, they must be satisfied for arbitrary 

~m 
and 

~~~~~
. CIHowever , in the moment method solution we only enforce theiirfor N

distinct ~~ and ~4 distinct 4, which leads to N+M simultaneous linear
integral equations . The ne~t step in this solution is to tranform
these simu l taneous linear integral equations to simultaneous linear
algebraic equations . To accomplish this transformati on we expand the
unknown currents 1(9) and 3 into a finite series as follows : ]

I

- 
I I
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N
- .  ‘ (9 .)  

= 
~ 

I~ F~~9) (14)
V 

n— l

• N+M
~ m n Gn (15)

• • V n=N+l

and substitute these equations into Equations (8) and (13).

In this expansion , 
~~~~ 

an d Gn are known as the basis functions and
the compl ex cons tan ts I~, are ~ tnples of the currents I(p~) and 3.
Changing the order of integration and summation we obtain equations
of the form

~ 
I~ J Fn(9.)(E

I ZsH~)d} 
+ 

~ 
I~ ffJ Gn.Emdv

~1 
= Vm

V2 (16)

n~1 ~ ~~~~ dV]. +

• ~ 
I~ {JJJ (~~ jw~~~E~J) 

.
~~~~~, dv}

= - JJJ Ej W~ dV (17)
V2

where E5~ an d E~ represent the electric fields radiated by ~~ an d G~,
respectiVely, 1W the ambient medium ~~~~~~ These eaua tions can
wr itten in compact form as

N+M

~ 
Tn Zmn = Vm , m=l ,2,•.,N+M (18)

n=l

or in matrix form as

z I = V

where Z is the M x N square impedance matrix , I is the current column
containing the unknown expansion coefficients and V is the excitation

-
~ voltage column .

V 

7
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It is necessary to define specific expansion and weighting func-
tions in order to obtain numerical results from Equations (16) and
(17). For the purpose of our analysis we will make use of the fol l ow-
ing functions. The expansion mode for the wire current is If~ . For ~~we use the piecewise -sinusoidal function used by Richmond (41. The
expansion mode for the electric volume polarization current is ~~~~~~.

For G~ we use a unit magnitude vector volumetric pulse function. The
dieliEtric volume V2 is divided into smaller rectangular parallel-
epipeds or cells. It is necessary to have three orthogonal vector
volumetric pulse functions occupying each parallelpiped , since the
volume polarization current has arbitrary polarizatio n . Thus, eac h
of the three ~~ occupy i ng the same cell will have a different polari-
zation , for example , defined by the unit vectors x , y and i as show n
in Figure 2-2.

For the wire test modes , J~~, we use the piecewise -sinusoidalfunction. The choice of piecewi se-sinusoidal functions for both the
expansion and test modes enable us to use the thin-wire computer pro-
gram of Richmond [3] to evaluate some elements in the impedance matrix.
For the vector weighting function Wm we use a del ta function l ocated
at the center of, and which has th~~same polarizati on as, the volumetric
pulse expansion function 

~~~~~~
. I f (x m,ym,zm ) is the center of Gm then

Wn~ ~ 6(x X ni)S (y yni)ó(Z Zni)

The result of using this test mode is that Equation (13) is being sat-
isfied at discrete points in volume V2. This is an application of the
point-matching method .

In this analysis we are also interested in the radiation from
the dielectric body V2 and the wire antenna . The effects of the
dielectric on the input impedance of the antenna were considered by
Tulyathan [2]. Now we will briefly review how to compute the far-
field of the composite system. Let EW represent the electric field
of the wi re current I(z) and E0 represent the electric field of the
volume polari zation current 3, when radiati ng in the ambient medium
(~~05 C0). By superposition , the total field of the composi te system is

E = E W + E I) 
. (19)

We can express the electric fields EW and E0 in terms of the expansion
current modes as follows : —

8

l l j -~
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where ~~ and E~ are the fields of the expansion modes F,, and ~~respectively. The electric fields ~~ are computed usiii~ avaiTäbleroutines in Richmond ’s thin-wire computer program [3]. The computa-
tion of the fields ~j in the far-zone is discussed below.

A volume current dens i ty J , as shown in Figure 2-3, radiating in
the free space medium (ii~~,c0) produces the far field given by

E (r ,O,~) = - 
~ O ~~~~ fj f J (x ’ ,y’ ,z’) ~ikg dv’ (22)

where

g = x ’si necos~ + y ’sinesin~ + z’cose

and the integration is over the source volume V ’ described by coordi-
nates (x’,y ’ ,z’ ). In our case, the electric current density 3 is a
unit volumetric pulse function of polarizations x , y or z, as shown in
Figure 2-2. Thus, the distant field is given in terms of the constant
rectangular components of 3 by

~~ e j”
~~E0 = - r (J x~050c054 + Jycosesins - J2s i n e) Q (23)

E, 
= ~~ 

e~~~
’ 

~~~~ - J~cos4) Q (24 )

where

10 _
~,J 

H

~~L 1
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I

J 2

SOURCE 

- 8 (r ,9 
~
# )

Figure 2-3--A volume current density J radiating
i n free space.

Q 1(ejk fbc0
~~~ - i)

k3sin 2Ocos4sin~cosO L’~
(eik5 1

~~~ - i) (e
iI~

050
~~

_ 

~)] (25)

and AX , AY , AZ are the dimensions of the constant current cell.
Equations (23) and (24) are thus used to compute the far-zone field
associated with each expansion current mode ~~~~~ . As an example of the
computation of these fields, consider an expansion mode wi th y polar-
i zed current, then Jx=Jy=O. Equations (23) and (24) show that the
electric field of tb-i s current density has both E~~and E~ components.Three computations, associated with the x , y, and z polarizations ,
are thus requi red for each cell.

11
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CHAPTER III

NUMERICAL RESULTS

In this chapter we will present numerical results illustrating
the effects of the human body on the manpack antenna patterns. Various
models of the human body ~ill be considered illustrating the effects
of the head , arms , and 1e~s. Some of these results will be compared
to measurements [1]. The 3-foot whip antenna , including the manpac
set, is modeled as a 6-foo t symmetrically fed dipole. The human body
is modeled as a biologi cal body composed of high-water-content tissue.
A lossy dielectric of complex permittivity ~‘= ,‘-j ~~ where, c ’=coi’r
is used to represent the human body. For the range of frequencies of
i nterest we choose -~=O.75 mho/m and ~

-V r=89~° 
[6).

Now we will present the various models used for the human body.
These models are chosen to represent a typical six foot man. The
front and top views for each model are shown in Figures 3-1(a-h).
The simplest model , shown in Fi gure 3-la, is a 6 foot dielectric block
with a rectangular cross-section of 18 by 9 inches. This model is the
crudest representation of the human body. In the next representation
a one foot section from the head region of the 6 foot block is removed.
Thus , the body is modeled without a head as a 5 foot dielectric block ,
as shown in Figure 3-lb. In the next l evel of approximation , the head
is modeled using a small dielectric block. This model is shown in
Figure 3-ic. In the next model , Figure 3-id , we attempt to show the
effects of the arms and legs. This is done by representing the leg
region of the body with a narrower dielectric block and the torso,
including the arms, with a wider block. As our best representation of
the human body we show the different positions of the arms that may be
assumed by the manpac operator. The l eft arm is at the operator ’s
side in Figure 3-le, pointing straight ahead in Figure 3-if, pointing
left in Figure 3-Ig, and pointing straight up in Figure 3-lh. In
these models, the l eft arm is modeled as a 2 foot long dielectric - 

V

block , 3 by 4-1/2 inches. The operator ’s right arm usually assumes a - •
folded position while the manpac transceiver is being operated. We
represent this by modeling the right arm as a one foot long block with
twice the thickness of the left arm, i.e., 3 by 9 inches. Thus, a
total of four dielectric blocks are used in the models of Figures 3-1
(e-h), one each for the arms, head and body.

- I
12
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Figure 3-l(a-d)--Die lectric models of human body
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A. Pattern Description

The radiation pattern of an ideal dipole antenna in the azimuthal
plane is omnidirectional . Thus in the absence of the operator, the
manpack whip antenna has essentially the same omnidire ctional pattern .
In the presence of the human body, the radiation pattern of the whip
antenna is perturbed. The geometry and coordinate system for this
problem are shown in Figure 3-2.

This figure shows the relative locati on of the dipole antenna and
the dielectric models, using the simple model C of Figure 3—lb. The• dipole antenna is located on the z-axis. It is position ed so as to
best represent the actual location of the manpack whip antenna with
respect to the human operator. The feed point of the whip antenna on
the manpac set is essentiall y at the shoulder level of the operator ’s
right side. Therefore, the feed point of the dipole antenna is located
at the 5 foot level for each of the models of Figure 3-1. The most
~~~~~~~~~~~~~~ effect on the ideal pattern is that the radiation intensity
in the forward direction , through-the-body, is greater than the radia-
tion in the backward direction. Thus , the typical azimuth pattern i’s
a very broad pattern with , beam maximum near •~=O° , a minimum near

- - 

~- =l8O°, and no sidelobes. Such broad patterns can be essentially
described by the front-to-back ratio.

Now we will present the ratio of the radiation intensity in the
forward direction , ~=0°, to the backward direction , ~=180°. These
numerical results were calculated us ing a computer program based on
the techni ques of the previous chapter [2]. Table 3-1 lists the front—
to-back ratios (FTBR) of the radiation pattern~ associated with each

V ‘odel of Figure 3-1 , and at a frequency of 50 MHz.

TABLE 3-1

Model Number of FTBR (dB) Beam
Dielectr ic Maximum

Blocks

A 1 4.91 20°
B 1 1.08 100
C 2 2.54 20°
0 3 1 . 6 0  10°

E 4 2.39 30~F 4 2.81 300
L G 4 2.10 200

H 4 -0.19 180°

15
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1~~
Ii Th e app rox ima te beam max imum for eac h model , to the nearest 10°, is

also given. Since the dielectric body is not symmetrical about the
dipole antenna, the beam maximum is slightly skewed from ~=0° . How-
ever , this effect is not important since these patterns are very broad
in this plane.

T Since the manpac transceiver may operate at various frequencies,
it would be hel pful to examine the effects of frequency on the radiation
pattern. Model C, of Figure 3-ic , was used in the computer program to

~~- examine these effects. Table 3-2 lists the computed front-to-back
- 

ratio and the beam maximum at 30, 40, 50, 60 and 75 MHz. Also listed
in this table, for comparison , are the front-to-back ratios obtained

• from previous measurements [13. Figure 3-3 shows the computed azimuth
patterns at 40 ahd 60 MHz.

TABLE 3-2

- Frequency Computed Measuremen t Beam
- 

(MHz) FTBR (dB) FTBR (dB) Maximum

30 0.15 0.5 00

40 0.74 1.0 00

50 2.54 2.5 20°

60 8.26 5.5 20°

75 4.64 4.0 20°

Note, that the results of Table 3-2 show a significant increase in the
front-to—back ratio at about 60 MHz. Thus , the resonance frequency of
a 6 foot man is the vinicity of 60 MHz.

17
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CHAPTER IV

SUMMARY

- - The purpose of this study has been to show the effects of the
human body on the radiati on characteristics of the manpack trans-
cei ver which uses the monopole whip antenna. The moment method solu-
tion for thin-wire antennas in the presence of a dielectric inhomo-

- geneity is presented. This technique is sufficiently general to treat
- thin-wire antennas or scatterers in the presence of inhomogeneous and

lossy dielectric bodies. Computation of the far-zone fields of the
composite wire and dielectri c body are presented.

- .. Various model s of the human body were considered illustrating
the effects of the head , arm s, legs, and torso. Front—to-back ratios

- .  presented indicate that, at mos t frequenc ies , the man pac trans ceiver
- 
. - 

antenna radiates on the order of one-th ird more power directly through
the human body than in the backward direction. However, when the body

- - length is on the order of one-half wavelength , the front-to-back ratio
can be substantially larger.

19
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