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1 Claim. (Cl 343--794)

This: invention relates to a multiconductor type broad
band ‘antenna which can effectively operate over an ex-
tremely broad frequency band. )

When a plurality of parallel conductors are suitably
combined a current component serving as radiation and
a current component acting as a reactance element are
produced. - We have found that the input impedance, di-
rectivity and other characteristics of an antenna can' be
improved over a wide frequency band because of the dif-
ference in frequencies between low frequency band and
high frequency band used in television by suitably combin-
ing said current components. .

The present invention is based on the above described
discovery and contemplates a multiconductor type broad
band -antenna characterized in that symmetrically dis-
posed component sections of the antenna are short cir-
cuited by short circuiting elements at points other than
their ends and that said component sections are respec-
tively connected to feeder elements.

Accordingly it is' the principal object of this invention
to provide a novel antenna which can effectively operate
over a broad frequency band.

Another -object of this invention is to provide a novel
television antenna of simple construction but can operate
over a very wide frequency band.

While the specification concludes with claims particu-
larly pointing out and distinctly claiming the subject mat-
ter which we regard as our invention, it is believed that
the invention will be better understood from the follow-
ing description taken in connection with the accompany-
ing drawing, in which

FIG. 1 shows a diagram for explaining a multiconduc-
tor type circuit;

FIGS. 2(A), 3(A) and 4(A) show the component cir-
cuits of the circvit shown in FIG. 1;

FIGS. 2(B), 3(B) and 4(B) show the respective cross
sections of the circuit components shown in FIGS. 2(A),
3(A) and 4(A) and

FIG. 5 represents a diagrammatic elevational view of
an antenna embodying the principle of this invention.

Referring now to the accompanying drawing FIG. 1
thereof shows a circuit comprising three parallel con-
ductors 1, 2 and 3 with conductors 1 and 3 short circuited
at an intermediate point. When it is assumed that a volt-
age is applied to one end, ie. the lefthand end, of the
conductor 2 and that the opposite ends of the conductors
1, 2 and 3 are short circuited as shown in FIG. 1, then
it is able to comsider that the circuit shown in FIG. 1
is constituted by three component circuits as shown in
FIGS. 2(A) to 4(A). Impedances Z,, Z, and Z, of
these component circuits are given respectively by

Zu=Ru+qu
Zb=jWb tan 2w /A
Zo=iW, tan 2/

where Z, Z, and Z, represent respectively the impedance
of the component circuits, R, resistance component, X,
reactance component, Wy, the characteristic impedance of
the component circuit shown in FIG. 3(A), » wave length,
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W, the  characteristic impedance of the component ¢ir-
cuit shown in FIG. 4(A), L, the distance between the
lefthand end-or the supply end .of conductors 1,2 and 3
and short circuiting point along conductors 1 and 3. and
L, represents the total length of the circuit.

In order to fulfil these three critical transmission con-
ditions'the input impedance Z;, should be represented by:
Z. =Zu‘%Zb+Zch+(% 2}{1Z},Zc
B Myt 2+ (1— (%)), (1)

For the purpose of giving those skilled in the art, a
better’ understanding of the invention, the derivation. of
Equation 1 is given below:

By representing the current distribution factor as “a,”
and the voltage drop across and currents through the in-
dividual conductors in the transmission lines of FIG. 1
by Vi, Vg, Vs, and Iy, I, I, and, the supply voltages
and currents through the individual conductors in trans-
mission lines of FIGS. 2(A) to 4(A) by Vy, Vp, Vo,
and Iy, Iy, I, the relationship among these values can
be represented by the formula:

VN /1 % 12\ /.

<V2>=<1 ; _2a> <V>

Vs 1 —% 1-2a Ve (1-1)
II a 1 }é Iu
<12>=<1_2a ; _1>(fb)

I e —1 )\ (1-2)

and from these equations balanced and unbalanced voli-
ages and currents-can be obtained as

Va ¢ 1—2a « vV,
GHE 0

V. % —1 3% Vs (1-3)
I, 1 1 1 1,
G

I, 1—2¢ —2 1—2¢/ \I* (1-4)

Since the second wire of the array of FIG. 1 is con-
sidered as being open-circuited at an intermediate part,

Il =O
and since the third wire is short-circuited,
V3=0

and

and

Hence, impedances Z,, Z;, and Z, of respective trans-
mission line components can be given as

_Vu___aV1+ (1—2a)V,

* Iu 12+13 (1—5)
Zy=Lo 1
Ty — W, (1-6)
and
go=Ven  AVi=Vy
I, —2al,+ (1—2a)1, (1-7)
These values leads to the equation:
1—2q 2 Za Zy —a I,
0 = 0 “Z, —1 I
—1 —2aZ, (1-2a)Z, —% Vi
(1-8)
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From this equation it follows:

I 1 WZy+(1—20)Z, %Zyta(l—2a)Z,
I, |=5 207, —WZ—202Z,
Vi —aZvZ,

where

~ZwZ

D=Y4Z,Zy+-ZoZ =217, (1-10)

From the above, the relation desired between voltage
V3 and current I, can be expressed by

L= Y204+ Zut (1-20)Z,)

‘ (1-11)
thus, the desired input impedance Zy; is:
7. _K?_%Zqu—}—ZuZo—i-(Qa)?%ZbZo
B Uz Zu- (1—2a)242, (1-12)

FIG. 5 shows our novel antenna having such an in-
put impedance.
More particularly, where Z, approaches infinity, the

Equation 1 becomes:
7 7.2, o _on
L= (3/)2 u_,l._ .1/, -—9 u_1— Z
in (A) (%)2 /4" &b b (2)

On the other hand if the impedance Zj, approaches to
infinity, the Equation 1 becomes:

Zin=Zuy+(%)*Z, (3)

Referring now to FIG. 5 of the accompanying draw-
ing there is shown an antenna according to this inven-
tion. The antenna comprises a pair of symmetrically dis-
posed component sections 10 and 11 each including three
parallel conductors 10,, 18y, and 10, and 11,, 11, and
11, which are interconnected by conductors 104 and 114
at their outer ends. A suitable source.of high frequency
energy 12 is connected across the inner terminals of
the second conductors 10, and 11, of each section and
the first and third conductors 10, and 18, and 11, and
11, of each of said component sections are interconnect-
ed or short circuited by conductors 16, and 11, respec-
tively, at points intermediate the opposite ends of each
section.,

In order to provide the desired characteristics, in ac-
cordance with this invention the length L;, FIG. 5 or
the distance between the short circuiting conductor 10,
or 11, and the inner end of the component section is
selected to be equal to ¥4 of the wave length at a suit-
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—Zu~}éaZb 1—~2a
Zy 0
— 2.7y —1 (1-9)

able frequency in a higher frequency band and the length
L, of each section to V4 of the wave length at a suitable
frequency in a lower frequency band. By this design
it is possible to provide an improved antenna which can
satisfy the Equation 2 in a lower frequency band while
the Equation 3 in a higher frequency band, thus operat-
ing effectively over a very wide band.

While the invention has been explained by describing
particular embodiments thereof, it will be apparent that
improvements and modifications may be made without
departing from the scope of the invention as defined in
the appended claim.

What we claim as new and desire to secure by Letters
Patent of the United States is:

A multiconductor type broad band antenna compris-
ing a pair of symmetrically disposed component sections,
each including three parallel conductors, means to inter-
connect the outer ends of said conductors of each of
said component sections, means to interconnect the inner
ends of the first conductors of each of said component
sections, means to feed an electric energy across inner
ends of the second conductors of each of said component
sections and means to short circuit the first and the third
conductors of each of said component sections at a point
intermediate the opposite ends thereof, the length of each
of said component sections being selected to be equal to
Y4 of the wave length at a frequency in a lower fre-
quency band and the length of the conductor between
said short circuiting means and said feeding means of
each of said component sections being selected to be equal
to ¥4 of the wave length at a frequency in a higher fre-
quency band. '

References Cited by the Examiner
UNITED STATES PATENTS

8/1963 Anderson
1/1965 Guertler

Re. 25,437
3,167,775

343—802
343—508

HERMAN KARL SAALBACH, Primary Examiner.
R. F. HUNT, JRr., Assistant Examiner.



