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The Electric Field due to a System of Two
Linear Oscillators similar in Form to
a Bent Antenna.

By

Wakae Nakayama.

(Received June 15, 1917.)

As the treatment of the electric field due to a bant antenna is
not easy, let us here consider a simple case in which an antenna is
made up of two linear oscillators, one of which being vertical and
the other horizontal, both being so near situated to take an inverted
L shape. )

For the sake of simplicity, let us assume that the length of the
horizontal part of the antenna is twice that of the vertical and that
oscillation currents with the same phase are excited in each part.

Now, as is well known, the horizontal component &V and the
vertical component dZ of the electric force due to a Hertzian doublet
oscillator at a point distant » from its centre are given by

(v = ~g{(3,~ 22 sin n (¢ ~ 2 ) +3% cosn (¢~ = )Jsin 0 cos
v ¢{<1’3 V)smn 1/>+ rzcosnt o /Sy cos

; e (1),
A7 = ¢[.~2{L3 sin 7 (z‘- §>+% cos z (z‘— f_)}

¥

3 Y sinn (2 L)+ 3% ~ Vsino
-f-{(?s 7>smn(t U)-f— - cosn(z‘ 7})}smﬁJ (2),

where @ is the electric moment of the doublet and 7 and # are so

related that = =-%Z and %=v, A being the wave length of the emit-

ted wave and v the velocity of light in vacuum.
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" If dz be the length of the doublet and @ denote its rﬁaximum
charge measured in £.S. U., we have

8 = Qds.
Let us assume that the oscillatory current in the oscillator is

given by
i=Q 2 sin 7,

then (1) and (2) may be written

(24 ()2 2.1—7
A% % 00z (T)d ......... (3),
fv & v 1 9 -t
dZ:(?@‘y“z zw)( 7o) de @

The fundamental oscillation in a linear oscillator of length 2/ is

i—acos(”z)sin (m/
2/ 2./’

where « is the amplitude of the current at its centre.
Since we may consider a long linear oscillator as the combination
of many Hertzian doublet oscillators in series, substituting the above

value of 7 in (3) and (4) we get

<

given by

d¥y= -{;— 777[ cos (-Z—'j—) sin 2Ll (v2—7) sin @ cos 0 dz

— 32 cos ( s cos—;r/— (v2—7#)sin 0 cos 8 dz

7 2l
— % ?—1 cos (%) sin% (v2—7)sinf cos 0 dz ... (5),
iz == 2 T cos (g_) in = (vt—7) sin'0 ds
+ %z cos (%}(3 sin%ﬁ— 2> cos —ZEZ— (ve—7)dz
+ % iﬂl— (3 sin20—2) cos (—Z—'?) sin _;Ef (vt—»)dz ... (6).

These expressions give the , # components of the electric force
due to an elementary portion &z of the long linear oscillator. There-
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fore, to find the components due to the whole oscillator, we must

integrate the above expressions with respect to # from —~/7 to +/Z

Let us consider the electric force at a point 7 at a great distance
7, from the centre of the oscillator, where we may neglect terms con-

taining the fourth power of its reciprocal.

As shown in Fig. I we have
A recosb=r,coslly—2z .voocvriniiianil, (7),
1 P rsin0=z,sin b, ........... e (8),
'(\o T 1
'i’L , r = {ry+2—2ry3 cos 0}
% ) 2 1
xY 69"/ = 'ro{ 1+-2 —22 cos 00}’ oo (oY,
) 7y
2 | G-
=] —— 0 — — 20
mp ;0{ o cos Uy + z 73 sin“f,
Fig. L i
€ +1 2 sin%,cos 00} ...... (9).
2 7
By the relations (7) and (8) we get
H 2
sinfcosb _ 7 sin 8, cos 00—1‘1 zsind,
7 7
- 2 _3
__ sin 8, cos 8, {I+—3§-2—Z—cos 00} 3
"o oo o T
~ 2 b i 22 2 cosn) by (o)’
e ‘ 7l 7o 4 y 9
_ sinf, cos', { s 2 3 4 2
——T I 37;(:0500'}"2—‘—703(5 Cosﬂo—l)}
~—z—Sin—0°—{I+ icos(?] (10)
S 3 , b e .
Similarly we have .
in 0 cos . ; _
sin ::os _ sin 002005 00{1 145 00}_ zslr;ﬂo (1),
2 7 7 7
sinf cos @ _ sin 0, cos 8,
5 = e (12),
sin’d sin“’ﬂo{ £ 3 & 1
=" "14+3 % cosy+2> = 20, -~
" - 3 r(co's b + > 702(5COS b I)I
. e . (13),
sin sin®f, z
= 1+4° ,
2 . { + 4 70 cos b, } (14)
sin®0 sin%f, :
= 0 vevess (I5),
P o (15)
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1 1 z
= Tl a
and
11
= ceeeas (I7)

Introducing the above several relations into the expressions (5)
and (6) we obtain

9

T - (w2 . =« ‘ Iz .
d¥V= a [—— cos (——) sin —— {vt—ro+z cos ,—— 2 sin%,
_2/ 2/ 2/ 2 7
3 : : 2
£ . sin 6 0 2 sin 0, cos®
— % = sin®f, cos 00}{ 0 €0S Yo 1 3251 0o COS Uy
7

2

7y o

3 2*(5 cos™, - 1)sinf,cos B, zsinb, 32%in b, cos 00}
3 : 0 0

+ 3
2 %o 7o L)

2
7z T 1 2.
— 3 cos (———) cos —- {w‘— #y+ &.cos 8,— — = sin*f,
2/ 2/ 2 7
1 2 ., sin 8, cos 0 sin 0, cos®, zsin @
sin®d, cos 00}{ 0805 Doy 4z 0 0 4

o % 7 7

-3 2 cos ( it ) sin —{yt—7, +2 cos @ L sin’@,
T 2/ 2/ 0 ®T 2 4 ¢
o ;
| S sin 0, cos
—— ——; sin’f, cos 00}*"3—" dz ......(18),

r2
dZ=a [—l cos (K) sin -~ {w‘——ro—i-z cos 00—}— £ sin’@,
_ 2/ 2/ 2/ 2 7

sin®f, 38 sin®f, cos 00+ 3 22( 5 cos?,— 1) singdo}
T 2 Y 3

3
1 2.
——-=_ sin’f, cos 00}{
2 7'0

7y 7y

Tz T 1 2.
+ 3 cos <727) cos —- {vt—ro-l-z cos 6’0—; - 5111200}

3
| S L
— = -2 _sin%, cos 0,
7’0‘

}{ sin®f, +as sinf, 3cos f,)
7’04 7’0 I
' T Fia 15,
— 2 cos (—El—) cos — - {vt—ru+ Z cos 00—_; sin’f,

2 N

1 22 ., 1 )
—— ~= sin*f, cos ﬂo} { S+ 22 5053 0
2 7o 7o ()

2/ w2\ . 1 2.
+3 = cos (——) sin ——-~ {wt-f’o+z cos f,— — = sin’f,
T 2/ 2/ 2 7%

- in?4,
—— = sin®, cos 00} S 7
2 7

0 7y
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7z . ' S G- L
-2 2 cos( sin ——Ivt—r0+z cos Bp—-— Z- sin%,
T L 2 7

2/ 2/ )
| - 1
T sin®f, cos 6, } —70—3] dz .. (19).

Putting

TZ o,

27

sin —gl—(w - 7) = S

cos _;% (vt —7y) = C,
and

2 3
7 1 2. I 2 .
= (z cos fy— — = sin®, — — = sin®, cos 00) = 4,
2/ 2 7 2 7

the equation (19) simplifies to

d7 = —adzs = cosu
2/

X {S-cos 4 ( sin’fy +3 sin*fy cos 0, +3 2%(5 cos’,—1) sin200>

B 3
7y ) 2 ¥y

+ Cosin 4 ( sin%, by 32 sin®#, cos 8, + 3 2(5 cos®0,—1) sin*00>}
7 7o 2 7o

+ 3adz cos u {C-‘ cos A ( S‘: 0, 844z sin’f, cos 6“)

PN

—S.sin4 ( sin®f, 0445 sin%f, gos 00)}
7y 7

2
‘*‘3“‘{3—2;[‘,@5%{5-%5/1 Sm?"+€-sin/1 sin 00}

7, 7

2/ 1 . )
——zadzf_t—cosu{S-cosA——?j C-s1nA——3}
7 re 7o

7 sin%f, 7 3 sin%f, cos 8,
= —a S{ 2= 0 cos uecos A+ — 3——————zcosucosA
%o 27 7o

.3 (5 cos’y— 1)sin’f,
21 2 vy

sin%d

-Zecosu-cos A+3 cos u-sin A

O
1 a2,
sin’f, cos 6 . I .
+34 ——25——"ez-cos usin A—2 —; cos #-sin 4
0 )
cos 8 2/ sin’f 2l 1
~ 2t - acosusind -3 2" LcosucosA-22 —cosu cos A dz
7® T T

0

—-a-C{ér—ing—cosu sin A+ nl M—ZCOSZ{SH’IA

¥ 2 7y
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—1)sin%f, . sin’,
+ 5.3 (5 cos’ty I) in % z%cos # sin A—3 cos % cos A
2/ 2 7o 7
%0 d, 1
34S—m—°—ms—zcosucosA+2—zcosu cos 4
7o 0
cos 0 2/ sin’f
+22 S8 s cos wcos A—3 - = cosusin A
7’0 T 1/0
2/ 1
+2-=- —; cosusin A}a’z veeene (20).
T 7

Now let us find the integral

+2 +1
cos # cos A cos % 7 T g . z "
43=J { cos (— 2c0s 00>cos — ——s1n200(—~ +="5cos b,
7 % 2/ 2/ 2 " %

pos} -1

. (T .l e . z g
7 s cos b T & g+ )]}d.
+ sin (zlzcos o)sm[zl ~ sin 00( r0+ r02cos 0, 2

T
— 2 COS 00 =%,
2/

If we put

and expand the cosine and sine of the small angle

. -
|:-— ——sm"’@ (—Z—+—z§cos 00>J in series, the integral becomes
2 Yo ¥

+1
CoS % 17z 2 . gz 2 :
J- I:cos %, {I —— | = = sin%, (——+ —=, cos 00)] }
7 2| 2/ 2 Yo %

+ sin 2, { % % sin’f, (% + —'g—é cos 00) }] ds

7’0
+1
COS 2 COS %, v om sm“ﬂ
= | =225 %0 g &'cos u cos u, dz
7 2 e °
0
—i
in26 + 24 f f
., T sin T sin?f,cos
+ . oj &%os u sin #y de+ —— _._..__0 * ) &%cos u sin #, ds.
al 7 2/ 7y

—1 2

But since we have

T
+4 +1 ; ©0s (-—2 cos 00)
— 773 == 4 ’
J COS # COS %, ds _J. cos (——2 7 ) cos( 7 Cos 0, z)a’z - sin'l,

: —
. T
i 425111 (—-— cos 00) cos 0,
2

4 47°
g'cos % cos uoa’z_ sl cos (L cos b,

7 sin®f,
-1
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3-4%05(% cos 00)(1 + 3 cos™l,) 3~4zsin(%cos 00>([ + cos’0,) cos 6,

=* sin't, 7® sin’f,

273 cos(—Z— cos 00)(1 + 10 cos*y+ 5 cos*f) }
+ s

7t sin®l,
41
j Zcosusin#yds = O
-7

and
+1 34 cos(—n— cos 00) cos 8,
j 2°c0s u-cos uds = 4z {sin (-ﬂ_cos 0 )— 2
7 sin‘f,l \2 0 7 sin*f,

—1

2.3 sin(i;— cos 00>(I +3 cos®ly) 234 cos(-Z— cos 00)(1 +cos,) cos 00}
+ : ’

n* sin’th, =3sin’l,

the required integral can be written

Fo T sin*f, T 2.4%% ¥? msin't,

ﬂ ' .
14l cos (—? cos 00) 7t sin'f, 4/2° {COS (.75_ cos 00)
2

42sin(%— cos 00) cos b, 3-4%os (-7—;- cos 00)( 1+ 3 cos?,)

7 sin%, B 7sin’f),

3-47sin (izr—cos 00)( I + cos*8,) cos b,
sin’t,

2. 3.4‘-’cos(% cos 00)(1 + 10 cos’y+ 5 cos'f)
+

755’0,
T
34 cos(’; cos 00) cos 0,

7 sin®f,

. g 4 A
% sin®y cos 6y 4 { sin(-g‘ cos 00)_

47 7y 7 sin®f,

2%3 sin(—;r-cos 00)(1 +3costy) 2%3-4 pos(—g-cos 00)(1 + cos®,) cos ﬁo}

7sin’f, 7°sin’0,
ie.

; T
+ cos (— cos b, 3J
cos#ucos 4 1 47 2 2lm ., 7
—— S de=— T L ") sin*f,cos| —cos by
7 7o T sin%0, il 2 ' 2
-
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cos (% cos 00)( 1+ cos’d,)

7 sin®,

+ sin (—;r—cos 00) cos 0y—2-3

s n(—72i cos 00) cos (3 + 11 cos%,)

+ 2-
3 %sin’d,

cos (% cos 60)(1 +6cos?l,+ cos“ﬂo)} ........ (21).

+ 24.3. —
n3sin®,

Similarly we get
cos (i;— cos 6’0) cos b,

7 sin®d,

+1
2 COS 7% Cos 3l . (=m
J-*__z_A_a’gz _Z_E si (_ cos 00> —2%3

sin(—g cos 00)(1 + 3 cos’ly) cos(—Z— cos 00>(I + cos’f,) cos 00}
—2%3 +2%3

wsin’t, T’sin’,
......... (22),
o cosf, sin(l cos 0,
&%cos u cos A 42 1 T 3 2
" ds= . —— ) cos| — cos b, )+ 2 s
S v msin?l, 2 7 sin’d,
-1
l _ ,
(1+3 cos200)cos(—"— cos 00)
o 2 (23),
200
7*$in*0,
' , [T
+ . R cos 0, sin( — cos 0,
cos # sin A VA i s 2
S dz=— ") cos| — cos b, )+ 2 —_—
7o I 2 7 sin®,
—
(1+ 3 cos’y) cos(E cos 00)
3 2 e, (24),
—_— 2 T
msin’t,
=+ . 0 T
. . cos b, cos{ — cos 8,
cos # sin A / 4 N 9 2
g dz=-"- — T _Vsin| = cosly)—2" ———MMM— 7L
7 7?7 sin®f, 2 7 sinll,
—1
......... (25)
and
+ ; 4
2* cos  sin
J FCOEMLEds=0 e . (26).
0

-

Using these integrals, we get from (20)
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7
_ cos ( — cos 00) .
=— aS[i\ sin? 00{ iy _\2 ) P2 (%sinmo cos(% cos 00)

Yo T sin®tl, 7

cos ( % cos 71'0)(1 + cos?f,)

7 sin’f,

+ sin (% cos 00> cos ,—2-3

sin(—z75 cos ﬂo)cos b, (3+ 11 cos’t)

7%sin'f,

+2-3

3

cos (_75 cos 00)( I + 6cos®y+ cos'l,) - 7
4 2 ),+5”Z-3 sin’fl, cos 0 X

+2%3

7%sin®t, X
cos (i;« cos 00> cos 8,
. T 2,
X { sm(—2~ cos 00)— 2%3 sl
sin(-g— cos 00)(1 + 3 cos’) cos (% cos 00>(I + cos®fl,)cos 00}
_ 8, 28,
23 7* sin*f, +2°3 wsin®f,

T .3 (5 coslo—r1) sinfy 25, — L (1 )
+§ ?(5 cos’tly—1) sin*, foznsinzﬂo{cos 2cos(?0

— 28

7 sin’f, 7sin’f,

cosf, sih(—% cos 00> (1 + 3cos%,) cos(% cos 00)}
+2° '

e
cos b, sm(—2— cos 00)

7 sinf,

.9 ZZ T
— 3 sin’ 00-7«3{ cos (? cos 00) +2°

0

(14 3 cos®f,) cos (% cos 00)
3

7%sin*f,

2

-2 < v
7 m sin®f,

} + 3+4 sin®f, cos b,

7 sin’f, 7y 2

- cos 8, cos(lzr— cos 00) 22 -
x ‘ sin(—z— cos 00)—4 +2 {cos( cos 00>

+2°

cosf, sin(—g— cos 00> (1+ 3cos’b,) cos(% cos 00)}
— 028

7 sint, n’sin*f,
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4
) cosf, cos(—~ cos 00)
9 / 4 . (T 4 2
—2%08 ) —5 ——- | sin|[ — cos b, }— —
7 wsin’t, 2 T sin’d,
T T
cos (— cos»(?o) cos (_ cos 00)
2] .9 1 4 2 2l 1 44 2
—3.Zsin®fy — " ——p— 2 - 2
T S sin‘d, T ¥ T sin*f),

i e . sin (—;i cos 00)
—aC 7 sin‘-’ﬁo{ - (cos (—2— cos 00) + 2%cos 8, s

v

(1 + 3cos’) cos(—”— cos 00)) }
2 +

I3 sin’f, cos 8, J-; 4 __x

— 2

=%sin’l, 2/ 7 7 sin®f,
s T
cost, cos (—— €os 00) cos(— cos 00)
X sin(ﬂ cost’?)—4 2 — 3 sin®d 7 2
2 0 7 sin®fl, v m sin®f,
cos ( T cos )
+2 L 2 :
e T sin*d,
This reduces to
ks
- . 2 cos(~2— cos 00>
Z=—asin — (vt—7ry)| — ; sin 6
2/ ( ) 7y sin 0, °

2

)= T . . e .
i b cos{ — cos 00) sin®f, sin 0,— 7 sin ~ cos 8, ) sin®f, cos 8,

%

- 4 sin(—g— cos 00)

— - —2sinf )32 N 7
cos( ~ cos ﬂu)(z 3 sin*fl) = S0

48 cos (% cos 00> cosgﬂo}:'

+— -
T sin',

(1 + cos™y)sin b, cos b,

T / . .
+a COS'Zf (vt—7y) [707 {—g cos (—Z— cos 00) sin , sin 8,
— 2 sin (-g— cos 00) cos HO}J ......... (27).

Similarly we obtain

T
. 2 cos (— cos 00)

V=asin Z(vt—r)| L+ — 2 7 o5,
21( ) % sin 0, s
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2

VAN 4 T . T . (T .
— ~ 1= cos| = cos 8, )sin*f, cos by +— sin (= cos 8, )sin 8,(1—2 cos®t,)
3 2 0
7| 4 2 2. 2

r . sin (—725 cos 00)
+ cos (? cos 00)cos fly sin 6,4+ P e N (61 cos®,+29) cos’d,

cos(” cosﬂ'>
- 1)
4 48 2

2 -
sin®f,

. cos (143 coszﬂo)}

s [ (= T .
—@cos —- (vt—wy) [_7’(?{ = cos (? cos 8, ) sin 6, cos 6,

+ 2 sin (% €os 00) sin 00}] ..... eee (28).

These are the expressions for the component electric forces due to a
single linear oscillator.

Now in the present problem it is, of course, necessary to take
image effects into account; in Fig. II OA is the vertical part of the

. al A 5 o A F
g Al WD /
] 1 !
? A /
1 A i
. : c o * X,
T THRANNS ——t=
| \ %
1
i Ty 3
B' Al B 3
B'/ MI .A’ E
T
' Fig. 1L~ Fig. 1IL

antenna, AMB its horizontal part, while 04’ and A'M'B’ are their
respective images.

Let us choose the rectangular coordinate system whose origin C
is the projection of J, the centre of AB, on the equatorial plane of
A'0A, the y-axis being taken in the direction of MA and the z-axis
in the direction of OA4 as shown in Fig. IIL

Let us find the electric force at a point 7, situated on the equa-
torial plane ie. on the xy-plane, at a distance & from C, » from O and
#, from M and its image M.
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Denoting the angles AMP, BMP and XCP by 6, 0, and ¢ [res-
pectively, we have

7o Cos by = d sin @
. S (29),
d +l = 7
P =d*+ =24 ]sing
= y— 2/r, cos 0, by (29),
r =7 {I—Z—Z—COS 00]%
7’0 I
1 /° | A
=7y—{ cos Uy— 2 T COS?QO_ e cos'ly ...... (30),
1 I 7 . 3 /2 1
iR 2 Qo+ ——cos®y§ veunnnn..
p 70{1 + 1/0cos o+ 2 cos 0OI (31),
T 1 /
== —;,;2{1 +2 - cos (90} ......... (32),
I I
= S e (33).

Putting O,=7/2 in (27) we get the electric force at P due to the
part A’OA in the direction of the sz-axis, viz.
T

” 12(1‘*“:—-;) . 2['2‘ -
Zy=—a P 51n—27-(w—r)+a p= cos—27(?1t~r).

By means of (30)—(33) this may be expressed in terms of », and &,
namely,

2 2/ (7 . .
Zoz—a[—— cos w+ 2{~sm o sin®*f,+ cos w cos 00}
% L4
72 ( .4 . .9 2 0
——3 ?COS‘”SIH‘70—”51110)(30500511100+(I—3cosﬁo)cosw sin
%o

2 . 2/ (7 . 9 .
—a{ = sin w— - ! = cos wsin*f,— sinw cos b,
% 7 L4

2 (2

n? . . .

— —3{ 7 sin  sin*f,+ 7 cos @ cos 0, sin’0, + (1 — 3 cos™,) smw}:l cos
70‘

where @ and £ are written for —Z— cos 0, and gl—(vt— #,) respectively. But
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the horizontal component of the electric force evidently vanishes i.e.
Y, =o.

Next putting #y=0, in (27) and (28) we get the electric force due
to the part AMB, namely,

cos (i cos 01)

Z, = —asinﬂ[i___?¢—~ sinﬂl—-l—,;{......}:l
% sin 8, 7

+acos ilz{ z cos(zr— cos 01>sin 0, sin 6,— sin( T cos 01>cos 6‘1}
7:\ 4 2 2

0

. 2’cosw . Vi
= —asin .Q|:- ———sinf,——{......
7o sinb, 7y

2/ (m . . .
+acos 8= {— cos w sin 8, sin 8, —sin @ cos 00}
w4

in the direction of the p-axis, and

S F PR
f asm!?[ro sl cos 8, 7
-l-acos.Q—Zi_

v

{% cos w sin 0, cos 0,4+ sin @ sin 00}
in the plane 4AMP at right angles to AMB.

From (27) and (28) we have at once the electric force due to the
part BM' A, namely

Z, =—asin 2| 2 05¢ sinﬁo—-l—z{ ...... }:I

%, sinf, 7

2l {7 . . .
+acos £ = {—— cos w sin 8, sin 0,—~sin o cos 00}
7y U4

in the direction of the y-axis, and

V. = .g[_z_cosw _Z"’(.“ ]
» =a sin 72 S0, cos 8, Al
+acos & _?;_2 {g— cos @ sin 8, cos 0, + sin @ sin 00}
0

in the plane 4'M'P’, directed perpendicularly to the part B/’M'A4'.
Since the part A’M'B’ is the image of the part AMB, Z, 2,
are equal to one another in magnitude but opposite in direction, while

1
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V4, ¥, are also equal to one another in magnitude, equally inclined by
an angle PEF, ¢ say, to, but on the opposite sides of the plane pass-
ing through 7 parallel to the plane of yz, as shown in Fig. III. Tt
is to be noticed that the line PZ is drawn perpendicular to the line
M'A" and the line EF parallel to the line OA.

Hence, if we assume that the current in the part 4B flows from
A to B when that in the part OA flows from O to A4, the resultant
electric force due to AMPB and B'M' A’ is given by

Zy = 2:cos ¢ V..

But we have the geometrical relation

cos <//’— 4
7ysin d, ’
and therefore we get
!
Zy=2 . 2
7, sin 0,
2al ) . 22 (7 .
=2.__Z_C__°_52,_cosﬁos1n9—2- 5 2 coswcosfly,+ sinw} cos £

7o sin'l, %y 4

where small quantities of the higher orders are neglected.
Finally by adding (34) and (35) we obtain the following electric
force at the point 2 under consideration due to the bent antenna :

Z =2yt
2 2/ {cosw T - }
=—ql| 2 — =2 Y2 (1 4 cos ) — - ]
a rocosw 77 s, (1 +cos ) a sin w sin’f,
12

2 2
- {{( I+ —%) — %2 cos®ly(1 + sin®fy) — 3 cosgﬂo} cos @

7e

— 7 cos B, sin®f, sin w}:l sin £

2 . 2/ | . » T .
- [~ sin 0+ {sm w cos 0,— = cos w sm200}
% %o 4

2 2 2
- 23 {{(I +%> - % cos?0,(1 +sin’p,) — 3 cos® 0} sin @

— 7 cos*fl, cos w— 4 sin w}] cosf.

Denoting the coefficients of sin £ and cos £ by p and ¢ respec-
tively, in the above expression, the amplitude of the electric force is
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4=/FE7

2a 2w 2 ‘w . 9 I
=—1+ 24 cos 00{ 1~2-595 } + —44 0?54 cos*f, + cos®,+ sin*w — ——}
% 7 sin*f, 7'\ sin*t, 4

where we have neglected small quantities of higher orders.
Therefore the intensity of the electric force at a point on the

2\1
equatorial plane at a distance 7, from M or d = (I——-%)“‘ from C is
0

0052(—72i cos 00)} e {cos‘z(g— cos 00>

sin*fl, sin'f,

proportional to

1=I+2—Z—C0500{I-—-2 cos'f,

7 7,2

4 cos’f, + sin‘"(% cos 00) —0.2 5} .

In the positive direction of the p-axis the second term is positive, while
in its negative direction this term is negative. Hence the intensity of
the electric force at the head-side of the antenna is greater than at
its tail side, and the longer the antenna, the greater this directive
property.

_In order to compare intensities of the electric field at different
points lying on a circle of the radius & with its centre at (, it is neces-
sary and sufficient to consider the change of the value 7 accompany-
ing the change of the angle @.

The relation between @ and 6, is given by (29) i.e.

. 7,
sing = 2l cos b,

d

= —="__cosf,

2 \—-1
== (1 -—Z?i) *cos b,.

0

For the sake of convenience, taking the value of & to be
ro{(l —IIB)—}? (this means the ratio //7, is equal to 1/10) and using

the above relation, the values of 7 for different values of @ are calcu-
lated as follows:
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b, 8 7
5° 44/ go° 1.30
7 37 8s 1.30
3 83 1.30
10 81 48/ 1.30
20 70 41 1.24
30 60 30 1.20
40 50 21 1.12
50 40 15 1.05
60 30 10 0.99
70 20 6 0.96
8o 10 3 , 0.96
85 5 0.97
89 1 0.99
89 50 o 10 0.99
90 o 0.99
91 1 10 0.99
05 5 2 1.0I
100 10 3 1.03
110 20 6 1.05
120 30 10 1.06
130 40 15 1.03
140 50 21 1.00
150 60 30 0.97
160 70 41 0.94
170 : ¢ 48 0.90
170 57 83 0.90
172 23 85 0.90
174 16 90 0.90

In the annexed figure, obtained by plotting the above result, the
radius vector of any point on the curve shows the relative intensity of
the field in that direction.
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