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G S R 10 Claims..

This 1nvent10n relates to-a dxrectlve antenna

system’ and, in particular, to directive -antennae-
" which comprise as constituent: elements thereof

.. one or more V type antennae.
8" An antenna to which my invention is particu-
larly adapted is the rhombic or diamond an-

tenna, one form of which: is an arrangement
with horizontal wires disposed in a ‘diamond.
shaped plan.. The principle mvolved in such an

10" antenna is that the sides are of such lehgth that
the signal current will hgve to travel 180 degrees
further in the wires than is traveled by the sig-

nal wave front which induces the inerement ‘of -

Cvoltage in the wires. As antennae of this: type

15" are ordinarily constructed the electrical velocity.

in the wires is approximately that of the speed
of light or the same as the speed of propagation
of the electro-magnetic wave front ‘of the- sig-
nal. It is, therefore, hecessary to -either make

20+ the width of the structure great or the sides a =
number of wave lengths in"length ‘in order to:
It is;

obtain ' the desired phase relationship.
often inconvenient to have the antenna struc-
ture occupy so much territory and, furthermore;
28 if the distance between the wires i5 too great - a

rahdom phase displgcement between the voltages

induced in the wires may reduce the gam from
the anticipated value.

In the co- ppndmg appliéation No, 63, 483 ﬁled'

‘ 3'05Februa1y 12,1936, by H. O. Peétersén and’ assigned

to the assignee: of this application; there- are’.

shown methods whereby optimum signal build-

up may be obtained in a rhombic or diamond an- .

_ terina of reduced dimensions by loading the an-

35% tenma conductors so that the velocity ' of ‘cur-
rent propagation along the antennsa ‘is redueced
from the mnormal free space value.

sultant voltage built up along the who;e antenna
407 decreases.

The present -disclosure” provides mea,ns f01,'
maintaining the antenna. at' high efficiericy ‘at”

freqiiencies above the optimim frequency as de-

termined by the condition of 180 desrees’ phase'
45"1ead of the voltage increment at the widest Dait

‘ -of the antenna with respect to. the increment -
: tra,nsmltted ‘to that point from the end of the‘

antenna along the wires.

An object, therefore, of my mventlon is Lo pro--

505 v1de a compact 'V type antenna’ havmg a wider

frequency 'Tesponse than generally obta,mable

heretofore.

Another object is to increase the velomty of :

signal waves of ‘higher frequency ‘over that pre-
55 vallmg at the optimum frequency :

‘Above the
optimum frequency of such: an anternd the re-

(CL ?50—-—33)

Still another chject is to provide an antenra
with a-primary peak response for & parmcular
vertical angle of incidence of the signal wave of
one frequency and'a. secondary peak- -response

to a different Vertlcal angle of incidence of 2’

second signal wave of a ‘higher frequency.

A better understanding of my invention may

be had by -reference to- the followmg detailed
description ‘which  is accompamed by chawmgs
wherein Figure 1 shows an arrangement, accord-

ing to the application above. referred to, and of

which “my arrangement. is an improvement,

-while ‘Figure ' 2 shows ‘my 1mprovement which. .

provides for 1ncreased efficiency at hwher fre-
quencies.  Figure 3 shows'a practxcable method
of effecting the prineciples of this dlsclosure, be-
ing an enlarged view of -a portion of Figure 2.

B S U1 T8

10

15

Figures 4, 5, 6 and’ 7 show modifications of my -

invention.

It is-well known that the velocity of propa—
gation ‘along any current-carrymg conductor
system in space. is’ substantially that of hght
‘waves. . This is true for o single wire svstem as
well as a system comprising two' or more wires
in parallel. ‘The arranigement shown in Figure
1 has a velocity lower tHan that of light by virtue
of the fact that the loading members: | carry
substantxally no current.

Figure 2 is similar to Figure 1 with the addi-
tion of condensers 2 at the free ends of loading
members I. The object of these condensers is to
allow current to ﬁoW‘th‘rough loading members
{ at high frequencies, thus increasing the ve-
locity of propagation of the system over that pre-
vailing at:the lower frequencies. . Thus a new
higher optimum- frequency is. provided. - This
frequency is determined by the dimensions: of

the antenna and the velocity of light; being that

for which the voltage increment at"A, traveling
along the-antenna to B. at nearly the velocity of

light, lags, the voltage increment at B by JSO»

degrees.
Figure 3 shows.in. enlalged detail the con-
struction of ‘the antenna conductors. The load-
-ing members | are connected in series with &
group of insulators 3 and one end of each con-

ductor is attached to the main aerial conductor .

by ‘means of members: 4.~ At the other end of
each of the conductors { a*condenser 2-is bridged
across to the main aerial conductor. ‘It will be
seen from this ﬁgure that the auxiliary con-
ductors which are used ‘to decrease the speed of

the wave along the-antenna wires may be con--

veniently - supported from the main antenna.
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structure without the necessity of complicated
supporting or guying structures.

Figure 4 shows a modification of my invention
wherein two diamond shaped antennae are con-
nected in parallel in order to increase the hori-
zontal directivity of the antenna system.

Figure 6 shows another modification including
two diamond shaped antennae which are, how-
ever, in this case connected in series.

Pigure 7 shows a corabination of the paraliel
connection of Figure 4 with the series connection
of Figure 6, thereby increasing the signal re-
sponse. The construction of the loading con-
ductors in each of these modifications is the
same as shown in Figure 3.

Figure 5 illustrates the application of my im-
provement to the V shaped antenna such as that
shown by P. S. Carter in Patent No 1 9”14 387,
dated September 18, 1934.

It is possible to proportion an antenna accord-
ing to the above principles so that for.the lower

optimum frequency maximum veltage build-up-
-takes place for a particular vertical angle of the

signal wave, while for the higher optimum fre-
quency maximum voltage build-up eccurs for a
different vertical angle. Thus, for example, if
desired, a low frequency vertical angle in the
neighborhood of 20 degrees may be provided for,

-while for the high frequency response a vertical

angle of 10 to 15 degrees may be chosen. 'This
may be illustrated by an example, as presented
below.

Assume that it is desired to receive & signal
frequency of 20 Mc/s., arriving at an angle to
the ground of 10°, and also to receive a signal
frequency of 10 Mc/s., arriving at an angle of
15° to the ground and from the same horizontsl
direction; also assume the maximum available
space in the direction of the arriving signal is
200 meters, shown as L, in Figure 2. At 20 Me/s.
the antenna may be proportioned on the basis of
velecity of signal travel in the wires being sub-
stantially the velocity of light, so that one-half
wavelength difference exists between.the travel
of the waves in the sides of the antenna and in
space, or

100 o 1
P —100X cos 10°=7.5 meters prn

li(')-oxcos 10°=1.05981
from which

$=70.°7 (¢ in Figure 2)

The velocity of propagation in the antenna
wires necessary to give optimum signal build-up
for the 10 Mc/s. signal is then found as follows:

Let v denote the ratio of velocity of propaga-
tion in the antenna to that in free space.
for optimum signal,

_ 100
TS ¢ —100X cos 15°=15 meters
but since
1 —
‘ sin ¢
we have .
105981 _ 1003 cos 15°=

15 meters
1_15--96.593_111.503

>~ 105.081 — 105087
105.981
={i1.503~ 9497

That is, a velocity in the wires of approximately
959, ’chat in free space is required. This will

Then -

2,104,554

enable the proper design of the loading sections
to be determined.

In a like-manner, the proper design for any
desired operating conditions may be determined.

While I have indicated and described par-
ticular arrangements for carrying my invention
into effect, my invention is by no means limited
to the particular arrangement shown and de-
seribed and modifications may be made without
departing from the scope and the spmt of the

" invention.

I claim:
1. In an aerial system, an antenna conductor,
radic apparatus coupled to one end of said

“antenna conductor, reactance elements coupled

at spaced points along said conductor for de-
creasing the velocity of propagation of a signal
wave of an optimum frequency along the con-
ductor as compared with the velocity of propaga-
tion of said wave in space, said reactance ele-
ments each comprising a relatively short con-
ductor disposed parallel to said antenna con-
ductor and having one end connected to said
aerial conductor and having a condenser con-
nected. between the other end and said aerial
conductor whereby the velocity of propagation

of waves. having a2 frequency higher than the

said optimum is increased.

2. An aerial comprising a plurality of con-
ductors disposed in a generally V shaped plan, a
receiver coupled to the vertex of said aerial and
reactance elements coupled af spaced points
along each conductor of said aerial for decreasing
the velocity of propagation of a signal wave of
an optimum frequency along the conductor as
compared with the velocity of propagation of
said wave in space, said reactance clements each
comprising a relatively short conductor having
one end connected to said aerial conductor and
having a condenser connected between the other
end and said aerial conductor whereby the veloc-
ity of propagation: of waves having a frequency
higher than said optimum is increased.

3. An antenna system in the form of a rhombus
and comvrising four conductors of substantially
similar length located in the same plane, a re-
ceiver coupled to one vertex of said antenna, an
impedance network connected to the onposite
vertex of said antenna which is equal to the surge
impedance of -said antenna, and reactance ele-
ments connected at spaced poinfs along each
conductor of said antenna for decreasing the
velocity of propagation of a signal wave of an
optimum frequency along the conductor as com-
pared with the velocity of propagation of said
wave in space, said reactance elements each com-
prising a relatively short conductor having one
end connected to said antenna conductors and
having a condenser connected between the other
end and said antenna conductor whereby the
velocity of propagation of waves having a fre-
quency higher than said optimum is increased.

4. An antenna system comprising a pair of
diamond shaped antennae; each antenna com-
prising four conductors of substantially similar
length located in the same plane, means for
connecting the conductors at one vertex of each
of said antennas together, a receiver coupled to
said means, an. impedance network connected o
the opposite vertex of each of said antennae
which is equal to the surge impedance of the
antenna associated therewith and reactance ele-
ments coupled ab spaced points along each con-
ductor of each of said antenna for increasing the
velocity of propagation of a signal wave of an
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optimum frequency along the conductors as com-~
pared with the velocity of propagation of said
wave in space, said reéactance elements each
comprising a relatively short conductor having
one end connected to said antenna conductors
and having a condenser connected between the
other end and said antennz conductor whereby
the velocity of propagation of waves having a
frequency higher than said optimum is increased.

5. An antenna system comprising a pair of
diamond shaped antenna, each antenna com-
prising four conductors of substantially similar
length located in the same plane, means {or con-
necting one vertex.of one antenna to one vertex
of the other antenna, a receiver ccupled to the
other vertex of one of said antenna, an imped-
ance network connected to the remaining vertex
which i5 equal to the surge impedance. of said
antennae and reactance elements coupled ab

spaced points along each conductor of ‘each of -
- said antenna for decreasing the velocity of prop-
agation of a signal wave of 'a predetermined.

optimum frequency along each conductor ‘as
compsred with the velocity of propagation of
said wave in space, said reactance elements each
comiprising a relatively shori conductor having
one end connected to said antenna conductor and
having a condenser connected between the other
end and said antenna conductor whereby the
velocity of propagation of waves having a fre-
guency higher than said optimum is increased.

8. In an aerial system, an antenna conductor,

. radio apparatus coupled to one end of said an-
tenna conductor, reactance elements coupled at :

spaced points along said conductor for decreasing

‘the" velocity of propagation of a signal wave. of

optimum frequency along the conductor as com-
pared with the velocity -of propagation of said
wave in space; said reactance elemenis each com-
prising a - relatively short conductor disposed
parallel to said antenna conductor and having
its end nearest said radio apparatus connected
to said aerial conductor and having a condenser
connected between the end remote from said
radio - apparatus and said -aerial ' conductor
whereby the velocity of the propagation of
waves having a frequency higher tha,n the said
gptimum. is increased. :

7. An aerial comprising a plurahty of con-~

ductors disposed. in a generally V-shaped plan, a.

receiver coupled to the vertex of said aerial, and
reactance elements coupled at spaced points
along each conductor of said aerial for decreasing
the velocity of propagation of a signal wave of
an optimurm frequency along the conductor as
compared with the velocity of propagation of
said wave in space, said reactance elements each
comprising a relatively short conducfor disposed
parallel to said antenna conductors and having

its end nearest said receiver connected to: said:
aerial conductor and having a condenser con--

nected between its end remote from said re-

ceiver and said ‘aerial conductor: whereby  the

velocity of propagation of waves having a fre-
quency higher than said optimum is increased.

8. An antenna system in the form of 'a
rhombus and comprising fotir conductors of sub-
stantially similar length located in the same
plane, a receiver coupled o one vertex of said

3

antenna, an unpedance network connected to
the opposite vertex of said antenna which  is
equal to the surge impedance of said antenna,
and reactance elements connected at spaced
points along each conductor of said antenna
for decreasing the velocity of propagation of a
signal wave of an optimum frequency along ‘the
conductor as compared with the velocity of prop-~

agatien of said wave in space, said reactance

eiements each comprising a relatively short con-
ductor disposed parallel to said antenna conduc-
tor and having its end nearest said receiver con-
nected to:said aerial conductor and having &
condenser connected between the end remote
from said receiver and said aerial conductor
whereby the velocity of the propagation of waves
having a frequency higher than the said optimum
is increased.

9. An . antenna. system -comprising a pair of
diamond shaped antennae, each antenna com-
prising four conductors of subgtantially similar
length located in the same piane, means for con-
necting the conductors at one vertex of each of
said  antennas together, a receiver coupled to
said means, an impedance network connected to
the opposite vertex of each  of -said antennae
which is equal to the surge impedance of the
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antenna associated therewith and reactance ele-. -

ments coupled at spaced points along each con-
ductor of each of said antenna for increasing
the velocity of propagation’ of a signal wave of
an optimum frequency along the conductors as

compared with. the velocity of propagation of,

said wave in ‘space, said reactance elements each
comprising a relatively short conductor disposed

parallel to said antenna conductor and having:
- its end nearest said receiver connected to' said

aerial conductor and having a condenser con-
nected between the end remote from said receiv-
er and said aerial conductor whereby the velocity

- of the propagation of waves-having a frequency

higher than the said optimum is increased.

10. An antenna. system; comprising a pair of
diamond. - shaped antenna, each antenna com-
prising four. conductors of substantially similar

length located in the same- plane, means for
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connecting one- vertex of one antenna to one

vertex of the other antenna, a receiver coupled

to the other vertex of one of said antenna, an -
Jmpedance network connected to the remaining
vertex which is equal to the surge impedance of

said” antennae and reactance elements coupled
at spaced points along each conductor of each

of said antenna for decreasing the velocity of -

propagation of a signal wave of a predetermined
optimum frequency along each conductor as

‘compared with the velocity of propagation  of

60

55

said wave in space, said reactance elements each . ‘

comprising a . relatively short conductor dis-
posed parallel ‘to said antenna conductor and
having its end nearest said receiver connected
to said: aerial- conductor and having a condenser

" connected between the end remote from said-
receiver and said aerial conductor whereby the-
velocity of the propagation of waves having a:

frequency higher tha,n the said optimum is in-
creased.
MARTIN KATZIN.
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