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Correspondence .—

Analysis of Split Coaxial Line Type

Balun*

Since the split coaxial type balun was

developed, it has been widely utilized as a
microwave radiator with dipole, and a du-

plexer of television transmitting unit for its

superior working capacity. There are several

papersl–$ on the analytical theory of this

balancing unit. But, strictly speaking, there
are still some points remaining to be re-
scrutinized, such as the radiator receiving
the effect of the split coaxial and its lines
from the earth.

We have not thoroughly discussed how
the input admittance will change with the
balancing of the load and the unequally

divided cylinder, or what effects the admit-
tance will have between the outer and split

conductors, when it is utilized as a duplexer.

SPLIT COAXIAL TYPE BALUN

We will consider the problem on the
split coaxial type balun which is cut in two
sections and has a dipole between each seg-
ment of the outer cylinder, as shown in Fig.
1. This type of balun has a special character

which does not cause any earth current,

compared with the other types. But, when
it is divided unsymmetrically, the character

will not work. In practical use, it is impos-

sible to make it completely symmetrical.
Furthermore, if we use it in the arbitrary

split, it will be utilized as a matching ele-
ment because the variable transform ratio

is derived. In such a case, the earth effect
will be taken into account for the input im-
pedance.

Generally, the antenna load forms the
distributed circuit, but we can analyze it

by using the simplified theory, replacing it
with the equivalent concentric constant.

An actual circuit is shown in Fig. 2, where

the load is symmetrical, Y is the admittance

inserted between terminals 1 and 2 directly,
Yl and Y2 are the admittances inserted

through the earth, and Ya is the admittance

existing between the coaxial line and the

earth measured from the right boundary
surface. Input impedance can be calculated
as follows:

\
Yin=~=+ I“+Y*+YI(l-Q)

+ [F2CY– Y,(1 – a)](Y, + ciY8)
—————. —

YI+Y, +Y, I

where Y, =j Y,o cot (31 and Y,o is the char-
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acteristic admittance~ of the slot and 1 is the

slot length.
IVhen the voltage between the electrodes

2 and 1, 3 in a body is applied, the current

distributed factor a is given by the current
on the conductor 1. A numerical calculus is
shown as follows:
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V,= I’o[l+t(a++)], Y,= Fo[l–k(a–+)].

From the above relations, the numerical
results are shown in Figs. .3, 1, and 5.

SPLIT CO~XI~L T~P~ lDuPL~xE~
WITH OUTESL CONDLTCTOR

For the purpose o{ making a branch from

the coaxial line A to the other coaxial lines
B and C, the split coaxial-type duplexer will

Fig. Z—Equivalent circuit o; split coaxial
type balm.
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Fig. 3—Relationship between input admittance Yin and current distributed
factor a for Y.a=1/10 v, Y+Y. =1/100 0.
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Fig. 4—ReMionshiP between imut admittance yin and current distributed factOr ~ fOr
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Fig. 5—Relationship bet ween imput admittance Yin and current distributed factor
a for YO=1 /1000 v, Y+ I’. =1/100 0.

be used frequently with the outer conductor loaded with Yu, Y14. To simplify it, the

as shown in Fiz. 6. We shall now consider slot width shall be made very small and the

the impedance ~ransform and the power di- capacity of each electrode shall be propor-
vision to the coaxial lines B and C. In Fig. 6 tionate to the segment area. Equivalent in-

suppose that the unsymmetric duplexer seg- put admittance at the terminal from the ce-

ment 3 and 4 is split by the ratio 1: n and ‘axial side is as follows:

n+l

()

?2+1 ‘4
YMY, – y,4y3/?Z + ~ Yl,y, + ‘~ y13~14

Yin=%=
()

f’+1 2
— Y2+— .

n Yla + Y,~ + Y~

(B)

Y,

\ Y.

(c)

(a)

~--------o+-----i,
(b)

Fig. 6—Split type duplexer with outer conductor;
(a) construction, and (b) electrode capacity.

Next, we will consider the power distributed
to Ylt, Y14 and the equivalent input admit-

tance as follows:

1) In the case when ~ls = Y14:

()
n+l

Y13 ~ + Y,

~13 = – ‘—— m,
7- Yla + Y8

()

r3+l
Y13 — + Y8/n

Vl, = —
n

2 Y18 + Ya
—— u;

the power distributed to each branch is not
equal. Equivalent input admittance is as

follows :

()?2+1 2
Yi. = — Y9

n

“’[(’++)“+(+)’y”l
+

2 Y13 + Y3

where Y8 = —&/v3 =j Y1–234 cot pl, and Y3 is

the input admittance at the terminal be-
tween 1 and 2, 3, 4 in a body, and Yl_z,8,a
is the characteristic admittance.

If Y=O, then,

‘in=W2(Y2++)
2) In the case when Y18# YM) Ys =0:

VI, Y14
—. —,

VI,
Zin =

Y13 ()
& ‘(z,, + z14)n z,,

the voltage division to the ratio of the load
impedance.

3) In the case when Y~,/a. = F,*:

VI,

‘=”) ‘in=(+YY’+(+)’13V14

input admittance is derived independently
from Y3.

4) In the case when n = 1:

Yin =2
[ 1
(y14+Y3/2)(Y13–Y14) +( Y,4+2Y,) .

Y,,+ Y14+Y3

When the load is symmetrical, Y13= Yia = 2 Y,
Yin ‘2 Yli+4 Yz ‘4( Y+ ‘2).
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