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ABSTRACT. A theorctical study has heen made of the eflect on the intensity of the fild
radiated from a shunt excited antenna when the point of excitation 1s gradnally altered. From
thr knowledge of the distribution of current in the upper and in the lower parts .of the antenna,
mathematical equations have been obtained for caleulating the intonsity of the field radiated
hom it Yield strengths for quarter, half and full wave long antennoe have been caleulnted at
a wronnd distance of  one wave-length fiom  the bhasc and suitable points for excitation have
b en indicated. . '

INTRODUCTION

I'he shunt excited antenna recently developed by Morrison and Smith!'®
has very closely drawn the attention of radio engincers due to its various advan-
tages.  Such an antenna offers a high economy in the cost of ercction, owing to
the elimination of base insulators and tower lightniug chokes which are always
associated with the insulated tower antenna so widely used for commercial broa_d~
casling purposes, ‘The shunt excited antenna is essentially a vertical antenna
efficiently grounded and excited at a suitable point on it above the ground. Tt
nmay be mentioned that this type of antenna is of recent origin - and much work
has not heen doue as yet with it, Baudoux? has lately studied theoretically ' the
radiation, resistance and space radiation characteristics of such an antenna. It
has been incidentally observed by the previous workers that thy situation of the
excitation point changes the field characteristics of such an antenna, 1hough
detailed and systematic results are still lacking.

In view of the importance of such an antenua, it has been felt necessary to
study the various aspects of this in a more elaborate manner. The preseglt' con-
munication deals with the effect on the intensity of the field radiated from a shunt
excited antenna when the excitation point is gradually altered. Considerimg the
distribution of current in the lower and wupper parts of the antenna,
the portion of it above the excitation point is assumed to behave like au insulated
system. FEquations have been obtained for the computation of the radiatcd cuergy
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following the method of Carter? and subsequently developed by Banerjee.® ‘The
present method possesses the advantage of being able .to calculate the field
strength for antenna of any length and for the excitation point being situated
at any point above the ground. The ficld strengths due to quarter, half and full
wave anfennae at a distance of oue wave-length on the ground have been calculat.
ed and their variation with the alteration of feeding point has been graphically
shown. It may be noted that in the case of a quarter wave antenna the radiated
ficld strength is not affected by changing the excitation point asthe current
distribution along the antenna remains unaltered by a change of the feeding
point.

METHOD OF CALCULATION

Let AB in Fig. 1 be an antenna of length I grounded at its base B. Let it
be excited at a point C in it which is at a height & above the ground.

If I donotes the maximum amplitude of the current and i the instantaneous
current at an  arbitrary point on the antenna at a vertical distance I from the
ground, it can be shown that the instantancous current 7, at a point in the upper
part of the antenna AC is given by,

i,=1sin m (I—lz)ejml
where ) m=2m/[A,
and w=the angular frequency of the wave. .

Simijar current, i, at a point in the lower part of the antenna, BC, is given by

. jw
i, =1 cos mh ¢ ¢

where I'=1cos m (1=hg)/sin mhy.

In view of the above distribution of current, the field strength at any point P
in space can be calculated from the resultant of the ficlds radiated by the part AC
of the antenna which 1may he treated as insulated and by the part BC which is a
grounded antenna.

We shall first find out the ficld strength due to the lower part BC of the
antenna in which the distribution of the current is given by

i=I’¢']wt cos mh - — v (D

If p denotes the charge density at any point on the antenna and i the current

at the same point, both in the electrostatic units, then according to the law of
continuity we may write,

from which we get p= =i {.‘" wf sin mh, v (2)
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where ¢ =velocity of light.
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FIGURE 1

The electric force If, at P (Fig. 1) parallel to the length of the antenna and
due to the length BC may be determined from the retarded vector and scalar
potentials V and A respectively from the relation,

A _1 DA
L,=—grad, V P «. (3)
o [P]{ —
wliere —-[ e dh e g)
ho [1] ~
and A= T Ean e ()

r
(Y]

From equations (1), (2), (4) and (5), after putting sin m/ in the exponential form,
we get,

: ho —JimCr—h) —im(r s 1)

V= _r c]wl f [E_..,.J_\_.j.w_w +."__l,____ 4._](1,,, .. (6)
2c J 7 r
T iwl ho o | fmir-m C-jm(rw.)“. H

and A=——¢ f = - -deh e ()

2c ] 0z T T

dr d
It can be shown from Fig. 1 that - = —EII:'

Using this relation, it can be shown after integration that

—jmry
E.,=~j~ c]mt £ e sin mhy

LA
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As the part BC of the antenna is grounded, the actual ficld strength will he
given by
=Ny

. Il Ja \ L
Jdl - sin mhy, e ()

E,=—2j
¢ 1
‘T'he distibution of current in the upper portion AC, which may  be ticated
as insulated, is given by
i=1 sinm (1=h).
Procceding in the same manner as above, it can be shown that field strength due

to this part will be given by

, —jmn, —jinry
I, =j %_c]wt [e N_€

————cos m {l—hg)— —|. e (o)
™ )
Assuming the feeder lines {o be non-radiating, the total field strength at P
duce to the shunt excited antenna AR may be written from equations (8) and ()
as

—qjmr —mry —jmry - v
I ¢ 2¢ cos m(l—h .
Ii.=j ° cos m(l—=hy)—" . =2 25 ~~;——(»~~——-9~’~. sinmhy |.
c ) Ty 7 sin mhg
(10))
I'aking only tle real parts, equation (10) may be written as ‘
-

R jwi | sin m sin mr

K,.=- Lot RITE cos m(l= ho)+ 22 Mol (11)
C ) To

I‘or the sake of convenience of calculation, we may express the lengths
involved in the above equation in  terms of the wave length and thus we may
wiite

[==MA, iy =NXand 14= KA, where M, N and K are some constants.

Therefore, rg=A ¥ K?+4 M?=2KM cosb

and 11=AVK®+N%Z-2KN cost

Equation (11) may then be written as

sin_2m VK2-+N*%—2KN cost

L.=—-A >~ cos 2r (M—N)
VEK?+N?%—-2KN cosf .

Lsin 2m VK2 + M?=2KM cosf e (2)
VK2 +M?—2KM cosf

A= 1 (‘,jwl.

where .
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It should be mentioned that when the length of the shunt excited antenna
is Al4, the distribution of the current in both the partsis given by i=1 cos mh,
and therefore the entire length of the antenna may be treated as one quarter wave
carthed antenna  The field strength due to such an antenna will then he given by

I Jwt sin mrg
c To

E,=—-2 cos ml

and this is independent of the excitatiou point.

CALCULATHED RESULTS

Iiields radiated from antennae having half and full wave-lengths at a“radial
distance of A from the base of them have been calculated by equation (12) for
different excitation points. Tables I and IT below show the results for half wave
and full wave antennae 1esepectively. In order to compare the radiation from
shunt excited antenna with that froni the base insulated one of the same  length,
the intensities of the fields emitted from the latter type have been calculated.
‘These values are shown at the bottom of the tables for the corresponding lengths
of the antennac.

Tasre T TavsLe 11

Half wave antenna Full wave antenna

ITeight of excitation
point from the grcund
in fractions of A

Meight of excitation .
point from the ground .Flfe}d :tr t‘ﬂgt{h
in fractions of A n iractions of A

Field strength
in fractions of A

1/323 —.6046 1/32 —.3639

1/24 -~ .5089 1/24 ~.369)

1/16 —.5030 1/16 —~.3753

1/8 --.0331L 1/8 —.3002

1/4 -.6046 1/4 -.3630

1/3 - 7678 1/3 “=.2007

— —_ 2/5 " oIk

- - 1z + 2407

—_ —_ o 2/3 + 0326

- . - : 3la - =.3639
L ’ . _ ~ s SR

Insulated L -~ .6046 Insulated T 3630
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The variation of the field strength with the change of excitation point for the
ahove antennae has been depicted graphically in Fig. 2, neglecting the direction
of the field indicated in the tables. The continuous curve represents the field
intensities for half wave antenna and that with the broken lines represents the

same for full wave antenna.

0 T

o4 -1
T

inil | I
z ‘ |
i I\ |
2 | I
% Il \\ II
o ’ \ K
~ [
A
! Vo
] \ ]
o \ )

%

] N A
. MEIGHT OF EXCITATION POINT
. ABOVE GROUND

F1GURY 2

It will be observed from these curves that the radiated field strength from the
half wdve shunt excited antenna very rapidly falls when the point of excitation is
lifted beyond the height of A/4 from the ground. This kind of rapid fall, how-
ever, is not observed in the case of full wave antenna, Comparing the 'intensity
of the fields radiated from a shunt excited antenna with that radiated from the
insulated one of the same length, it may be concluded that the proﬁtdple : rpdiﬁt of

excitation for the half wave antenna would be below A/16 and above: A/ 4 Such
ht of a Q\lal"ter wave

points for the full wave antenna should be above the heig

from the ground.

WIRELESS SECTION,
Prysics LABORATORY,
BENARES TIINDU UNIVFRSITY,

REFERENCES

J. I, Morrison and . H. Smitl, Proc Inst. Rad. Eng., 28, 685 (1936).
J. F. Morrison and P, H. Smith, Proc. Inst. Rad, Eng , 28, 673 (1937).
P. Baudounx, Proc. Inst. Rad. Kng., 28, 271 (1940). '

P. 8. Carter, Proc. Insi., Rad. Eng., 20, 1004 '1937)% -

S. S. Banerjee, Phil. Mag., 19, 787 (1935).

s W -_

o





