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This invention relates in general to the field of 
high frequency signalling systems, and more par 
ticularly concerns an automatic antenna array 
control. - 

In present day television and frequency modiu 
lation reception systems, a dipole antenna or 
dipole antenna, array is generally utilized as the 
signal receiving element. These antennae are of 
fixed construction and of fixed orientation and 
are generally disposed upon the roof of the build 
ing housing the receiving apparatus. The instal 
lation of these television and frequency modula 
tion a tenna systems generally comprises the 
positioning of the antenna System upon a pole 
or other suitable support and the determination 
of orientation which provides optimum signal 
strength for the bands desired. 

In many simple installations of dipole antennae 
or arrays, the structure is merely aligned in the 
direction of the transmitting station. In other 
instances, the antenna orientation is successive 
ly adjusted until an operator of the receiving set 
obtains the desired signal condition. 

It has been well understood that this type of 
antenna structure and installation methods pre 
Sented several severe disadvantages which made 
proper reception difficult in many instances. For 
example, it is understood that a receiving set may 
be installed at a location central with respect to 
several transmitting stations. Accordingly, the 
antenna structure may be adjusted initially for 
maximum signal strength for only one of the plu 
rality of transmitters. A manual adjustment of 
the antenna, orientation would be required to 
properly receive signals from the other transmit 
ting stations. 

It is also well understood that multi-path prop 
agation of high frequency signals of the type 
utilized in connection with frequency modulation 
and television transmission may result in serious 
distortion. This multi-path transmission is due 

2 
does not necessarily involve the azimuth alone, 
but will include the proper antenna positioning 
with respect to the polarization plane and the 
vertical directivity. 
The choice for any particular transmitted sig 

nal will, of course, depend upon the reflections 
encountered and the presence of interference, 
as ignition noise and diathermy apparatus. Here 
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to the multiple reflections encountered in the 
propagation of a wave wherever large masses may 
interfere. 
In television reception the receipt of an echo 

signal results in a double image which is unpleas 
ing and unclear. In frequency modulation re 
ception, echoes may result in acoustical distor 
tion. It has been discovered that for a particu 
lar antenna structure there exists an orientation 
of the system which will provide the most de 
sirable signal condition for a particular station. 
This optimum position, of course, will be a func 
tion of the location of the transmitter and the 
location of the receiver. This desired orientation 
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tofore it has been necessary to manually adjust 
the antenna structure utilized on a frequency 
modulation or a television receiver until the op 
timum condition for a given station was obtained. 
Thereafter, it was necessary to re-adjust this posi 
tion for each channel-the adjustment being ac 
complished by actually moving the antenna struc 
ture. In order to avoid this manual adjustment, 
it has been the practice to install a plurality of 
antenna structures each oriented for optimum 
signal strength on a single channel. If the con 
ditions affecting the signal strength and inter 
ference were to change, it was necessary to manu 
ally re-adjust the entire structure. 
This invention contemplates an antenna sys 

ten through which optimum orientation of ultra 
high frequency antennae may be obtained on any 
channel by purely automatic means. The posi 
tion of the receiving antenna structure is gov 
erned directly by the channel selector switch upon 
the receiving apparatus. The antenna structure 
is operative so that all initial adjustments for de 
termining the optimum position for a particular 
receiving channel may be made by the operator 
viewing the television picture or listening to the 
frequency modulation receiver. The adjustment 
for a particular receiving channel as established 
by the operator is left fixed upon determination 
of the most desirable receiving conditions. 
Thereafter, the proper adjustment is automati 
cally obtained whenever that channel is utilized 
in the receiving apparatus. The adjustment for 
each receiving channel on the television or fre 
quency modulation apparatus may be entirely in 
dependent of the other channels, and all adjust 
ments remain fixed and invariable after the op 
timum conditions are determined. 

Essentially the antenna control system of this 
invention comprises a mechanism for proper 
orienting of an antenna along any of the three 
axes. The antenna adjustment for each axis may 
be determined by a source of motive power con 
trolled by apparatus installed in the receiver. 
The operation of the automatic adjustment for 
the antenna, about the three axes is governed by 
a plurality of bridge circuits which are automati 
cally balanced immediately after the channel Se 
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lector switch is operated. Whenever the receiv 
ing channelis changed, the automatic System op 
erates to realign the antenna about the three axes 
until the optimum signal conditions are obtained. 
The system to be described for automatically 

controlling antenna orientation is comparative 
ly simple in operation, and may be directly applied 
to outdoor or indoor antenna structures. 

In addition, the antenna control System is com 
pletely self-contained such that it may be made 
optional for receiver sets; that is, by the inclu 
sion of an additional contact upon the station se 
lector switch of the frequency modulation or tele 
vision receiver. 

It is thus an object of the present invention to 
provide a novel, fully automatic antenna. Orienta 
tion control System. 
Another object of the present invention is to 

provide a novel automatic system for controlling 
antenna adjustments for a plurality of channels. 
A further object of the invention is to pro 

vide a novel high frequency antenna structure, 
the orientation of which is directly controlled by 
the station selector switch at a receiver or the like. 
A still further object of the present invention 

is to provide a novel antenna control System for 
automatically governing the orientation of an 
antenna structure for optimum signal strength 
on a plurality of receiving channels. - 

Still another object of the present invention 
is to provide a novel automatic antenna orienta 
tion system utilizing a plurality of bridge network 
adjustments. 
These and other objects of this invention will 

now become apparent from the following de 
tailed specification taken in connection with: 
The figure, which is a generalized Schematic 

view of the antenna control system of the inven 
tion. 
The antenna structure to be controlled by the 

novel automatic system to be described is not an 
important part of this invention. 
As previously mentioned, the antenna struc 

ture may be one designed for suitable reception 
for television or frequency modulation. For best 
results in television systems, the antenna struc 
ture may be a dipole array tuned broadly enough 
to cover the existing broadcast channels. For 
very high frequency work, the antenna structure 
should give the maximum feasible gain. The 
need for a non-directional design is completely 
eliminated by the automatic orientation system 
to be described. - 
No particular antenna structure is therefore 

illustrated in the figure. However, the mecha 
nism for Orienting the particular system utilized 
comprises essentially three electric motors -, 2 
and 3; each of which drives a worm Such as 4 
and a worm gear 15. The worm gear shafts f6, 
7 and 8 associated with the three motors fi, 2 

and 3, respectively, are coupled to the antenna, 
structure so that each shaft controls the antenna. 
orientation about one of the three axes, X, Y, 
and Z. The coupling mechanism utilized between 
the worm gear shafts 6, 7 and 8 and the 
antenna structure is not illustrated but may 
comprise a suitable simple mechanical system. 
Each of the motors t, 2 and 3 may be op 

erated upon an alternating current line, and are 
of the reversing type. As all the motors , 2 
and 3 are of identical design and wiring, the 
following description of operation will be re 
stricted to a single unit such as . Thus, as 
illustrated in the figure, a lead 2 from each of 
the three motors is connected to ground over 
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4. - 
conductors 57 and 6 of the electrical system. 
Two other leads, such as 22 and 23 on motor , 
extend through the control system, through a 
relay which connects either of these two leads 22 
or 23 to the ungrounded side of the power source 
Over conductor 92. In operation, lead 2 is always 
grounded. When lead 22 is connected through 
the armature of a relay to be described, to the 
high potential side of the power source, the motor 

rotates in one direction. When lead 22 is 
disconnected and lead 23 is connected through 
the arnature of a relay to the ungrounded end 
of the power source, the motor. If runs in the 
Opposite direction. 
As will be described below, the three motors if, 
2 and 3 are operated until the shafts 6, and 
f8 orient the antenna structure into the optimum 
position as predetermined by a trial and error 
adjustment. The position of shafts 6, 7 and 8 
for any one channel at which the receiver is 
operative is determined by a plurality of poten 
tioneters, a set of three for each channel. 
In the System illustrated in the figure, auto 

matic antenna control is provided for three chan 
nels. However, it will be evident that the auto 
matic adjustment provided may be readily ex 
tended to any number of antenna channels with 
out altering the basic system. For each of the 
three channels labelled A, B and C in the figure, 
three potentiometers, as for example 3, 32 and 
33 for channel A, are provided. These three 
potentiometers are directly connected across the 
Source of alternating current power 34. In series . 
with the alternating current mains extending 
from terminais 34 are a relay 35 and a contactor 
36. The contactor 36 may be directly ganged 
with the channel selector switch of the television 
or frequency modulation receiver to which the 
automatic antenna system is joined. 
When the contactor 36 for channel A is closed, 

as illustrated in the figure, a circuit is completed 
from the alternating current source 34 through 
the relay 35. Energization of the relay 35 re 
SultS in closure of the triple-pole single-throw 
switch 37. The armature contacts 37 are nor 
mally opened as illustrated in the connection for 
channels B and C which are opened when chan 
nel Ais closed. 
The potentiometers 3, 32 and 33 each comprise 

essentially 2 of a four-arm Wheatstone bridge. 
Thus, the central movable taps 4, 42 and 43 
respectively, divide the potentiometers into two 
unequal resistors. When the armature contacts 
37 are closed, Subsequent to closure of channel 
Selector Switch 36, the variable taps 4, 42 and 
43 of the potentiometers are connected through 
the armature contacts 37 of the control circuit 
to be described, to conductors 44, 45 and 46, re 
Spectively. The four-arm bridge circuits includ 
ing the potentiometers 3 f, 32 and 33 are com 
pleted by potentiometers 5, 52 and 53, which 
as illustrated are mounted with the antenna 
Orientation System so that the variable taps 54, 
55 and 56 are operative from the shafts 6, 7 
and 8, respectively. The outer terminals of 
potentiometers 5, 52 and 53 are connected back 
through leads 56 and 57 and through a cable con 
nection 58, which joins the movable antenna 
structure to the receiving set, to the leads 6 and 
62 which as illustrated are connected at the ter 
minal 34 across the alternating current power 
Supply. 

Essentially, therefore, the potentiometers 3, 
32 and 33 are paired with the potentiometers 5, 
52 and 53 so that the outer fixed connectinns of 
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the potentiometers form the input end of a 
Wheatstone bridge, and the variable taps the out 
put circuit thereof. 
variable taps 54, 55 and 56 of the potentiometers 
5, 52 and 53 respectively, are connected back 
through individual leads 63, 64 and 65 respec 
tively, through the cable connection to the con 
trol circuit within the receiver. The cable con 
nection 58 again joins each of the leads 63, 64 
and 65 to one end of the primary of an output 
transformer 66, 67 and 68 respectively. The 
other ends of the three transformers 66, 6 and 68 
are returned to the leads 46, 45 and 44 respec 
tively. 

It will now be evident that with the channel 
selector switch 36A closed, potentiometers 3 and 
53 are connected to form a four-arm Wheatstone 
bridge across the power source 34, and the output 
between variable taps 4 and 56 are connected 
across the primary of a coupling transformer 68. 
Potentiometers 3 and 53 are identical as are 

the other coupled pairs of potentiometers 32 and 
52 and 33 and 5. Accordingly, bridge balance 
will be obtained when the movable taps Such as 
4 and 56 of the potentiometers 3 and 53 are in 
the same relative position. The resultant alter 
nating voltage across the coupling transformers 
68 will under these conditions be equal to Zero. 

In accordance with the invention, the resultant 
voltage across the transformer primary 68 is op 
erative to cause rotation of motor 13 in that di 
rection which will rotate the variable tap 56 of 
the potentiometer 53 to the position of bridge bal 
ance. Correspondingly, the motors 2 and f may 
be operated automatically to adjust their associ 
ated variable potentiometer taps to the identical 
position of those taps of potentiometers 32 and 33 
respectively. 
The potentiometers 3, 32 and 33 may be small 

units suitably disposed upon the automatic an 
tenna control system and adjustable by means of 
screw driver slots in the drive shaft. These ad 
justments need not be placed on the receiver 
panel in that they are semi-permanent-that is to 
say, after an initial adjustment for a given re 
ceiver and antenna location, these adjustments 
may be considered fixed. 
The adjustment of the potentiometer 3f, 32 and 

33 so that the antenna structure will be oriented 
in the most desirable conditions for receiving sig 
nals on channel. A may be initially performed by 
a skilled operator who may view the television 
screen or listen to the received frequency modul 
lation signals while adjusting the antenna. The 
control circuits for all three Wheatstone bridges 
formed by the opposed potentiometers as de 
scribed comprise essentially double triode differ 
ential amplifiers such as 8, 82 and 83. As these 
amplifiers and associated circuits are identical 
for each axis of orientation, the following de 
scription will be confined to amplifier 8 which is 
operative to control the rotation of motor 3. 
As previously described, the primary 68 of the 

coupling transformer is connected across the out 
put circuit of the Wheatstone bridge. The Sec 
ondary 85 of this transformer has its center tap 
grounded and its ends connected to the control 
grids of associated triode amplifiers 86 and 8 
which in turn may be confined within a single en 
velope 8?. The cathode of the amplifiers 86 and 
87 are joined and connected to ground through a 
resistor 88. The plates of each amplifier 86 and 
87 are each coupled through A of a differential 
relay 9? to the source of alternating current power 
Over leads 92. 

Thus, as illustrated, the 

6 
The operation of the differential amplifier coma 

prising double triode tube 8 f is well understood 
in the art. Briefly, the alternating current signal 
output of the Wheatstone bridge is coupled to the 

5 two grids of the double triode tube. The phase of 
the voltage applied to the grid is of course deter 
mined by the direction of unbalance of the 
Wheatstone bridge formed by the potentiometers 
3f and 53. Since the plates are essentially in 

10 parallel, the triode plate which will conduct is 
that one which is positive when its associated 
control grid is also positive. Thus, when the 
bridge circuit formed by the potentiometers is 
off-balance in one direction, the grid of one of the 

15 triode elements 86 or 87 will be positive when the 
plates are positive. If the unbalance is in the 
other direction, then the grid of the other triode 
section will correspondingly be positive when its 
plate is positive. 

Therefore, current will flow only in A of the 
differential relay 9 and this current flow is de 
termined by the direction of unbalance of the 
bridge circuits. As illustrated, the differential 
reday is provided with its individual pivoted arma 

25 ture 93 which is connected to the high potential 
Source through leads 92 and controls circuit 
closures selectively over the two contacts 94 and 
95 as determined by which section of the differ 
ential relay coil 9 í is energized. 
The leads extending from the contact 94 and 95 

pass through the cable connection 58 from the 
receiver to the antenna structure and comprise 
the reversing leads for the motor f3 such as the 
leads 22 and 23 described in connection with 

35 motor f. Since the differential relay 9 connects 
only one of the contacts 94 or 95 to the high pg 
tential source 34, the motor 3 will operate in a 
direction governed by the direction in which the 
unbalance of the Wheatstone bridge occurs. 

40 The System is electrically connected so that the 
differential relay 9 when actuated will cause ro 
tation of motor 3 in that direction which will 
cause variable tap 56 to restore bridge balance. 
When this condition occurs, the input voltage at 

45 the primary coil 68 of the coupling transformer 
is essentially Zero, and the differential relay con 
tactor 93 is restored to its neutral position where 
by neither of contacts 94 or 95 are connected to 
the high potential source 34. If the potentiometer 

53 is adjusted, the bridge balance will be disturbed 
and the differential relay 9 will operate, and re 
Sult in rotation of motors 3, and accordingly 
potentiometer arm 56, to that point where bridge 
balance is reestablished. In a similar manner, 

55 the differential amplifier 82 controls the direction 
of Irotation of motor 2 and the amplifier 83 con 
trols the direction of rotation of motor . 
Adjustment of the potentiometer 32 will cause 

operation of the differential amplifier 82 and a 
60 corresponding rotation of motor f2 which will re 

store bridge balance by adjustment of the variable 
arm 55. This operation is similarly true for the 
potentiometer 33 and motor i i. 
Summarizing the operation of the antenna ad 

65 justments, therefore, it is clear that an adjust 
ment of potentiometers 3, 32 and 33 for receiver 
channel A followed by closure of selector switch 
36 will result in a rotation of motors it, f2 and 
3 which will establish bridge balance in all three 

70 circuits. This rotation of the three motors may 
be utilized directly to orient an antenna structure 
in three dimensions So as to obtain the most de 
sirable reception conditions. 

In actual practice, the unit illustrated to the 
75 right of cable connection 58 in the figure, may 
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be mounted wherever best reception may be ex 
pected. The control cable is then connected be 
tween the antenna unit and the control circuit 
ilustrated to the left of the cable connection in 
the figure. 
A particular channel, as for example channel 

A, is then tuned in on the television or frequency 
modulation receiver. For the initial adjustment 
of the antenna system, a skilled operator may 
watch the television, picture or listen to the fre 
quency modulation reception, and manually ad 
just the movable arms of potentiometer 3, 32 
and 33. The adjustment of these arms will cause 
corresponding rotation of the antenna. Orienta 
tion motors f, 2 and 3. This adjustment may 
be made therefore while the operator is at the 
receiver itself, and no one need be present at the 
antenna structure. 
The three adjustments are continued until the 

optimum receiving conditions are obtained as rea 
gards the elimination of echoes and other spuri 
ous undesirable effects. At this point, the poten 
tioneter arms may be set by suitable means and 
need not be adjusted again. Similarly channel B 
may be tuned in, which is accompanied by closure 
of the switch 36 in channel B and the opening of 
switch 36 in channel A. The three potention 
eters illustrated for channel B are then adjusted 
until optimum operating conditions are obtained 
and again set permanently. Correspondingly, 
any number of tuning channels may be pre-set in 
this manner by merely arranging a triple poten 
tioneter arrangement illustrated in connection 
with channels A, B and C. 
The vacuum tube differential amplifiers and 

the antenna structure will remain the same inde 
pendently of the number of channels to which the 
set may be tuned. After the initial adjustment 
is accomplished, it is evident that any operator 
of the set by merely throwing the channel selec 
tor switch will cause antenna rotation to that 
position giving optimum operating results. 
The antenna, control System illustrated in the 

figure is, of course, basic and subject to various 
modifications. The System illustrated is of course 
subject to use with most antenna designs. As an 
additional feature for obtaining optimum recep 
tion characteristics, the antenna System may be 
electrically resonated for each channel. Of 
course, the three dimensional control systems 
illustrated may often prove unnecessary. That 
is to say, for certain suburban installations where 
interference and reflections are at a minimum, 
it may be desirable to merely utilize a single di 
pole and reflector unit which may be rotated in 
horizontal plane to that position giving best re 
ception. Accordingly a single control motor such 
as f and single differential amplifier and relay 
could be utilized to provide the necessary control. 
In other installations, merely two adjustments 
would be sufficient. 
The electro-mechanical System which is not 

described in great detail herein of course may be 
Subject to many different constructions. Thus, 
Since various modifications of the present inven 
tion will be evident to those skilled in the art, 
it is preferred not to be bound by the specific 
disclosures set forth above but only by the ap 
pended claims. 
What is claimed is: 
i. In an antenna, control system for a radio re 

ceiver having a plurality of channels, antenna, 
control mechanism. comprising a plurality of 
bridge circuits, a plurality of pairs of branches 
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8 
note from said antenna, and a pair of branches - 
common to said plurality of pairs of branches, 
said common branch being connected to and op 
erated with said antenna being controlled, a 
Source of motive powerfor adjusting said antenna 
and said common pair of branches, means for 
connecting one of said pairs of branches at the 
receiver to said common pair of branches at the 
antenna, the antenna position thereupon deter 
mining the relative balanced condition of Said 
bridge, and means including circuit connections 
energized by an unbalanced condition in said 
bridge for driving said motor to adjust said an 
tenna and said common pair of branches until 
Said bridge is balanced. . . 

2. In an antenna control system for a signal- . 
ling System having a plurality of radio receiver 
channels. and an antenna system arranged to be 
oriented in azimuth; switching mechanisms lo 
cated at the receiver, a plurality of Self-balancing 
bridge mechanisms one for each of said channels, 
each of said balancing mechanisms being adjust 
able independently of the other of said balancing 
mechanisms, said adjustment being at the re 
ceiver and remote from said antenna system; and 
motor means controlled by said balancing mech 
anisms for effecting a predetermined Orientation 
of said antenna system, the adjustments of each 
of said, balancing mechanisms remaining undis 
turbed while another of said balancing mecha 
nisms effects orientation of said antenna system. 

3. In an antenna control system for a radio re 
ceiver having a plurality of channels, antenna 
control mechanism comprising a plurality of 
bridge circuits, a plurality of pairs of branches 
of said bridges being located at the receiver remote 
from said antenna, and a pair of branches com 
mon to said plurality of pairs of branches, said 
common branch being connected to and operated 
with said antenna being controlled, a source of 
motive power for adjusting said antenna and said 
common pair of branches, a differential amplifier 
Comprising a double triode and a differential re 
lay Connected in the Output circuit of said bridge, 
means for connecting one of said pairs of branches 
at the receiver to said common pair of branches 
at the antenna, the antenna position thereupon 
determining the relative balanced condition of 
Said bridge, and means including circuit connec 
tions controlled by said differential relay for ener 
-gizing said motor to rotate said motor in a prede 
termined direction until said bridge is balanced, 
said motor being thereupon de-energized. 

. 4. In an antenna control system for a radio re 
ceiver having a plurality of channels, antenna, 
control mechanism comprising a plurality of 
bridge circuits, a plurality of pairs of branches 
of said bridges being located at the receiver re 
mote from said antenna, and a pair of branches 
common to said plurality of pairs of branches, said 
common branch being connected to and operated 
with said antenna, being controlled, a source of 
motive power for adjusting said antenna, and said 
Common pair of branches, means for connecting 
one of said pairs of branches at the receiver to 
said common pair of branches at the antenna, 
the antenna position thereupon determining the 
relative balanced condition of said bridge, and 
means including circuit connections energized by 
an unbalanced condition in said bridge for driv 
ing said motor to adjust said antenna and said 
Common pair of branches until said bridge is bal 
anced, the setting of each of said plurality of 

of said bridges being located at the receiver re- 75 pairs of branches being pre-set to Secure a plu 
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trality of predetermined optimum settings of said 
antenna. 

5. In an antenna control System for a radio re 
ceiver having a plurality of receiving channels, 
antenna control mechanism forming part of the 
radio receiver for automatically adjusting the an 
tenna about a plurality of axes comprising a plu 
rality of bridge circuits, means controlled by each 
of said bridge circuits for effecting a predeter 
mined alignment of said antenna, switching 
means for selecting a receiving channel and for 
simultaneously rendering one of said bridge cir 
cuits effective to align said antenna system about 
the plurality of axes until optimum signals are 
obtained. 
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