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11 Claims.

This invention relates to directive antenne and
is especially concerned with antenne of the uni-
directional type.

In the communication of intelligence by radio

5 between stations it is the practice to employ di-
rectional antennz which have the property of
radiating or receiving radio waves in a larger
proportion along the direction of transmission
than other directions. Such antennz may be
either of the bi-directional or unidirectional type.
The latter type, to which this invention has ref-
erence, has been found to be more desirable both
from an engineering and economic standpoint
since it is highly efficient in communication and
has the advantage, to a certain extent, of secrecy.

A system of this kind is disclosed in my United
States Patent No. 1,974,387, granted September
18, 1934 wherein there is described one way of
obtaining a directive antenna system by means
20 of long V wires energized in phase opposition and

disposed at an angle such that principal radia-
tion takes place along the bisector of the angle.
Teo effect the unidirectional characteristic, a sim-
ilar parallel pair of V wires are placed an odd
number of quarter wave lengths away from the
radiators proper in a direction along the bisector
of the angle formed by the wires. This second
pair of wires may be left unenergized or floating,
or may be energized in proper phase such that
in one direction radiation cancellation occurs,
whereas in the other direction there is a strength-
ening of the propagated radiated waves.

In practice it is frequently desirable, in the
interest of economy, to use a single unidirectional
antenna system of the type described above for
communication in opposite directions. Due to
the reaction which takes place between the unit
acting as the antenna and the unit acting as
the reflector it has not been heretofore possible
to reverse the direction of radiation of a beam
system constructed in the usual manner. It has
been the custom in the past in reversing a beam
system to completely retune and readjust the cir-
cuit in order to obtain the same high degree of
efficiency, a matter of adjustment which usually
required several days. This retuning has been
found to be necessary due to the upsetting of the
phases and the current balance between antenna
and reflector.

A primary object of the present invention is to
overcome the foregoing disadvantage by enabling
the reversal of the direction of radiation of a
beam system in a small fraction of time, of the
order of a second or so.
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A further object is to accomplish such reversal
by remote control means.

An important advantage of the present inven-
tion resides in the fact that a single unidirection-
al antenna system may now be used for com-
munication in two opposite directions, whereas
heretofore two antenna systems were required.
Accordingly, there are effected appreciable sav-
ings in cost of construction, maintenance and
operating personnel.

A better understanding of the invention may be
had by referring to the following detailed de-
scription in connection with the accompanying
drawings. It is to be distinctly understood, how-
ever, that although the invention is described
with reference to the V type antenna this is done
for purposes of illustration only and it is not lim-
ited thereto since it lends itself readily for use
with other types of antenna systems.

Figure 1 shows in conventional box form two
radiators indicative of an antenna and a refiector,
separated from each other by a distance equal to
an odd number of quarter wave lengths. This
figure is given to aid in the explanation of the
principles underlying the present invention.

Figures 2a, 2b; 3a, 3b, 4¢ and 4b are vector di-
agrams showing the phase relations of currents
and voltages in the two radiators of Figure 1 for
non-reactive and reactive conditions existing in
the reflector.

Figure 5 shows the relative radiated power in
two opposite directions as the reactance in the re-
flector of Figure 1 is changed.

Figures 6, 7, and 8 illustrate the present inven-
tion applied to different types of antenna systems.

Figures 9 and 9a show one suitable type of re-
mote control switch which may be employed.

Referring to Figure 1, there are shown two
boxes ¢ and b representing an antenna and a
reflector respectively, separated from each other
by an odd number of quarter wave lengths equal
to

(2n—1) X%

where n is an integer and \ is the length of the
communication wave. Assuming that radiator a
is energized and b unenergized, it will be evident
that an electromotive force will be induced in b
which falls off in intensity as b is moved away
from . 'This induced E. M. F. will also shift
in phase with a movement of b, due to the finite
time taken for the energy to travel through the
space between the radiators.

1t has been found, however, that when the
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spacing between radiators becomes a quarter
wave length the induced E. M. F. will not have
rotated in phase ninety degrees from that of zero
spacing. The reason for this is discussed by me
at some length in an article entitled “Circuit re-
lations in radiating systems and applications to
antenna, problems” published in the proceedings
of the Institute of Radio Engineers for June 1932,
pages 1004 to 1041. Since the theoretical analysis
is quite involved and the circuit relations com-
plicated they will not be repeated herein. In

——general; Thave slown by theoretical analysis that

the phase of the E. M. P. induced in a radiator b
(note Figure 1) by a current I, in a radiator “a”
is not equal to an angle -

s
27~
x

where s is the spacing, but depends upon g num-
ber of factors in addition to the spacing, such as
the type and length of each radiator. The am-
plitude and phase of the current in b due to the
induced E. M. F. will depend upon the effective
impedance of b, the phase angle being capable of
being shifted through a wide range of variation
of the effective reactance. The present inven-
tion Is based upon an understanding of this phe-
nomenon. .

Figure 20 represents a vector diagram of the
currents and voltages in a perfectly tuned ra-
diating system “a” shown in Figure 1, and Figure
2b represents g vector diagram of the conditions
existing in reflector “b” spaced from “¢” by a
distance equal to

(Zn——l)Xg

where 7z is an integer and A is the wave length,
when said reflector b is non-reactive.

Referring to Figure 2a, let it be assumed that
Eo is the E. M. F. impressed upon “a” which re-
sults in & current I. and an induced E. M. F.
therein of Ea.. Assuming that reflector b is per-
fectly tuned, there results phase relations of cur-
rents and E. M. F.’s approximately as shown in
these figures, where Eps is the E. M. F'. induced
in b by the current I. in “e¢” and Eps is the effec-
tive back E. M. F. in b due to current Ip in b. Eap
is the induced E. M. F. in “e” due to the current
In in b. Eo, of course, is equal and opposite to the
vector sum of Eas and Eap.

For b to act as the most efficient reflector for
antenna a, Ir must lead I. by a phase angle of
(@2n—1) X90° the spacing distance being

(Zn——l)g

and this can be accomplished by the addition of
an inductive reactance to reflector b. Maximum
radiation will then take place in the direction of
b to a. The resuliing vector diagrams are
shown in Figures 3¢ and 3b which represent
conditions existing when an inductive react-
ance is inserted in series with the reflector b.
It will be noted that this insertion results in the
current in b lagging the voltage by a phase angle

- depending upon the value of the inductive re-
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actance inserted in series. It is assumed, of
course, that the reactance is that required to ro-
tate the phase of the current so.that it becomes
in quadrature relation with the current in the
primary radiator.

If desired, maximum radiation may be caused
to occur in the direction “a” to “b” by the in-
troduction of sufficient capacity reactance in b to

2,040,079

make In lead Ep, by a phase angle sufiicient to
result in b giving a boosting action to the radia-
tion from ¢. Vector diagrams showing the con-
ditions existing when a capacitive reactance is
inserted in b to effect this result are illustrated
in Figures 4a and 4b.

Figure 5 shows curves illustrating the relative
radiated power in the two opposite directions a
to b and b to a as the reactance in b is changed
from an inductive to a capacitive value.

. From the foregoing it will be seen that if a
reactance is inserted in b of exactly the right
amount to give maximum radiation in the direc-
tion b to @ and a switch used to change to the
condition giving maximum radiation in the direc-
tion a to b there results a quickly changeable re-
versible system, which briefly comprises the pres-
ent invention. A switech suitable for this purpose
is shown in Figures 9 and 9a, wherein a switch
blade 0, connected to a motor [l through a
shaft 12 and gears 13, is controllable from a re-
mote point over leads i4. Blade 18 is arranged
when in the closed position to insure the desired
reversal by short-circuiting contacts 15, 15. In
order to avoid the need for insulation, shaft 12
is connected to the center of switch blade {8
and is thus always at neutral potential whether
the switch is in the open or closed position.

Referring to Figure 6 of the drawings, there
are shown a transmitting radiator “a” and g re-
flector “b” of the type described in my United
States patent referred to above, adapted for the
quick reversal of the direction of radiation in
accordance with the teachings of the present in-
vention. In the V type of system this is readily
accomplished by simply opening and closing a
short-circuiting strip on the tuning loop of the
reflector b, as indicated in the drawings. By
adjusting the tuning loop, any value of capacity
or inductive reactance from zero to infinity may
be obtained. For this purpose use may be made
of the knowledge that a short circuited section
of transmission line less than one-quarter wave
length long acts as an inductive reactance where-
as a short circuited section of transmission line
greater than one-quarter wave length but less
than one-half wave length acts as a capacitive
reactance, the value of either being equal to

Zo tan 271/x

where 7 is the length of line section and Z¢ the
surge impedance. In the adjustment of the cir-
cuit, short-circuiting strip X is first regulated
to the position giving maximum radiation in the
direction b to @. A second strip is then adjusted
to the position giving maximum radiation in the
direction « to b, and at this position there is
placed a control switch S for controlling the open-
ing or closing of the tuning loop at this point.
Switch 8 may be of any suitable type controliable
either by a relay or dashpot and is preferably re-
motely controlled through any suitable means.
Considerable improvement in the radiation
characteristics may be obtained by using a sys-
tem of three units where power is fed to the
middle unit as shown in Figure 7. In these draw-
ings there are illustrated three units e, a, and b
of which only unit @, the middle one, is energized
from the transmitter. In this case there are used
two switches S. located on unit ¢ and Sy located
on unit b, both of which are suitably adjusted
with respect to the tuning loops in the manner
indicated above. These switches are preferably
operated simultaneously by remote control al-
though, if desired, they may function independ-

75



20

25

30

35

40

50

2,040,079

ently. In the system indicated in the drawings,

maximum radiation is in the direction a to‘b

whereas by opening switch Sy .and closing switch -

S. this direction is reversed so tha radlatlon
occurs in the direction b to a.

Figure 8 illustrates a “booster” system of a
type wherein the present invention may be used.
This system makes use of the principle of ad-
vancing the phase by tuning the unfed units so
that the several units act as a “booster”: system
for the first. These units b, ¢, and d may also

be tuned for radiation in the opposite direction,

that is, inductively, so that they act as a mul-
tiple reflector system. "A system of switches sim-

ilar to those indicated in Figures 6 and 7 is shown .

designated as Sp, S, and S« for effecting quick

_reversal.

Although the present invention has been de-
scribed with particular reference to the V type
antenna, it will be apparent that its scope is not
limited thereto since it may be used in various
other arrays where the principles outlined above
are used, such as with three half wave dipoles,
three units where each unit is an array, ahd other
similar combinations of long wires. It will also
be apparent that the invention described above
may be extended ‘to include several units of V
antenna systems in the usual broadside arrange-
ment and to systems in which the V’s lie in a
vertical plane as well as any of the modified ar-
rangements shown in my above-mentioned pat-
ent.

I claim:

1. A reversible unidirectional antenns system
having, in combination, two radiating elements,
one of said elements having a two wire line con-
nected thereto, and switching mechanism in cir-
cuit with said one element for shunting out a
portion thereof of said line for reversing the di-
rection of radiation of said system.

2. A unidirectional antenna, system comprising
a pair of angularly disposed linear conductors,
means for exeiting the conductors in phase op-
position for effecting bidirective radiation,
another pair of conductors parallel and similar to
sald first mentioned pair and spaced therefrom
an odd number of quarter wave lengths measured
in a direction along the bisector of the angle of
the conductors for effecting unidirective radiation
from said system as a whole, and switching mech-
anism connected to said second pair of conduc-
tors for shunting a portion thereof wherehy re-
versal of the direction of unidirectional radiation
from said system is effected.

3. A unidirectional antenna system comprising
a palr of angularly disposed linear conductors,
means for exciting said conductors in phase op-
position, a second pair of conductors parallel and
similar to said first mentioned pair of conductors

v and spaced therefrom an odd number of quarter

wave lengths measured in a direction along the
bisector of the angle of the conductors and in the
direction of radiation, a third pair of conductors
similar to said first pair of conductors and also

7 spaced along the bisector of the angle of the con-

ductors, but in the direction away from the di-
rection of radiation, switches connected to said
second and third pairs of conductors and ar-
ranged such that when one is in an operative
position the other is in an inoperative position,
and vice versa, said switches when operated be-
ing adapted to change the tuning of said sys-
tem for reversing the direction of radiation.

4. A direction changing beam system.compris-
ing an antenna, means for energizing said an-

3

tenna, an unenergized reflector spaced an. odd
number of quarter wave lengths away from-said
antenna, said reflector having a short-circuited
section of transmission line less than one-guarter
wave length long arranged as an inductive re-
actance for the directional radiation of energy
from- said system and means for changing the
effective length of said section of transmission
line to a length greater than one-quarter wave
length but less than one-half wave length ar-
ranged as a capacitive reactance for effecting a
change in the direction of radiation, the value

of said sections being equal to BRI

21r1
Z tan 3
where [ is the length of the section, A the wave
length, and Zo the surge impedance.

5. A reversible uni-directional antenna system
having, in combination, two parallel radiating ele-
ments, each of said elements having two arms, the
arms of one of said elements being coupled to
high frequency apparatus and the arms of said
other element being connected together by a
transmission line, and means for effectively
shunting out at will a portion of said transmis-
sion line.

6. A direction changing antenna system com-
prising an antenna having a pair of arms, high
frequency apparatus coupled to said antenna, a
second antenna spaced from said first antenna
and having a similar pair of arms which are re-
spectively parallel to the arms of said first pair,
a short-circuited transmission line having a
length greater than one-quarter of the length of
the communication wave, but less than one-half
of the communication wave connected to the pair
of arms of said second antenna, and switching
mechanism for effectively shortening said trans-
mission line to a length less than one-quarter of
the length of the communication wave.

7. A uni-directional antenna system compris-
ing a pair of linear conductors, means for excit-
ing said conductors, a second pair of conductors
respectively parallel and similar to the corre-
sponding conductors of said first pair and spaced
therefrom an odd number of quarter wave lengths
measured in the direction of radiation, a third
pair of conductors similar to said first pair of
conductors and also spaced from said first pair
of conductors but in a direction away from the
direction of radiation, switches connected to said
second and third pair of conductors and arranged
such that when one is in an operative position
the other is in an inoperative position and vice
versa, said switches when operated being adapted
to change the tuning of said system in the direc-
tion of radiation.

8. A uni-directional antenna system compris-
ing a pair of linear conductors, means for ex-
citing said conductors, a second pair of conduc-
tors respectively parallel and similar to the cor-
responding conductors of said first pair and
spaced therefrom an odd number of quarter
wave lengths measured in one direction, a third
pair of conductors similar to said first pair of
conductors and also spaced therefrom in said
one direction, switches connected to said second
and third pair of conductors and arranged such
that both are either in operative or inoperative
positions simultaneously, said switches when
operated being adapted to change the tuning of
said system for reversing the direction of radi-
ation as compared to the direction when said
switches are inoperative.
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9. A reversible unidirectional antenna system
having, in combination, two radiating elements,
each of said elements comprising two arms, one
of said elements including a short-circuiting con-

5. nection coupling together the two arms of said

element, and a switch for shunting out a portion
of said short-circuiting connection for revers-
ing the direction of radiation of said system.

10. A reversible unidirectional antenna system

10: having, in combination, two radiating elements,

means for energizing only one of said elements,

___ __the other-of-said-elements comprising two arms

which are angularly disposed with respect to each
other and energized in phase opposition, a con-

15; nection between said two arms and switching

mechanism in circuit with said connection for
changing the effective impedance thereof between
said two arms for reversing the direction of
radiation of said system.

11. A reversible undirectional antenna system
having, in combination, an antenna and a re-
flector, said reflector comprising two arms which
are angularly disposed with respect to each other
and energized in phase opposition, a conductive
connection between said two arms and switching
mechanism in circuit with said connection for
changing the effective impedance thereof be-
tween said two arms for reversing the direction
of radiation of said system.

: PHILIP S. CARTER.
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