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UNITED STATES PATENT of FICE 
2,644,158 

DRECTIVE ANTENNA SYSTEM 

Sterling R. Thrift, Washington, D. C. 
Application November 6, 1946, Serial No. 708,044 

(C. 343-118) 

(Granted under Title 35, U. S. Code (1952), 
Sec. 266) 

4. Claims. 

This invention relates to a directive antenna, 
System and more particularly to an improvement 
in the system disclosed in the application Serial 
No. 701,857, filed October 8, 1946, now Patent No. 
2,576,150 granted to Clifford N. Simpson. 
As disclosed in the aforementioned applica 

tion, it is frequently desirable to provide a direc 
tion finding system which will exclude signals 
from an unwanted direction, and yet possess the 
direction finding properties of a conventional di 
rection finding system with respect to Signals 
from any other direction. While the aforemen 
tioned application illustrates a variety of an 
tenna arrangements for accomplishing this pur 
pose, I have found that a rotatable loop antenna, 
constructed as herein taught, provides a meas 
ure of compactness and portability heretofore 
unknown to the art. 
Other objects and advantages of the inven 

tion will be apparent from the following detailed 
description when taken in conjunction with the 
accompanying drawings which illustrate pre 
ferred embodiments of the invention and in 
Which: 

Fig. 1 is an embodiment of the mechanical 
features of the invention; 

Fig. 2 is an embodiment showing the electrical 
components of the invention, and 

Fig. 3 shows an antenna arrangement elec 
trically equivalent to the arrangement of Fig. 1. 

Figure 3A is a diagram showing the response 
pattern of the antenna, arrangements of Figures 
2 and 3. 
In accordance with the present invention, dis 

crimination against signals from a particular 
direction is accomplished by Synchronously ro 
tating a loop antenna, at each end of a shaft. 
The shaft itself is simultaneously rotated about 
its mid-point at the same rate as the antennas 
but in the opposite direction thereto. In this 
manner the azimuthal Orientation of the loops 
remain fixed throughout each revolution of the 
shaft, and as hereinafter described, the un 
wanted signalis excluded by choosing the orienta 
tion of the loops to coincide with the direction 
of the unwanted signal. 

In Fig. 1, to which reference is now had, there 
is shown an assembly consisting of a rotatable 
shaft 0 having identical loop antennas fi and 
2 rotatably mounted at each end thereof. The 

shaft is free to rotate about its center point by 
means of the pivotal joint 3 while antennas if 
and 2 are free to rotate about the pivotal joints 
4 and 5, respectively. The subject system con 
templates that the complete assembly will rotate 
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about the pivotal joint 3, while each of the 
loops and 2 will follow at the same speed as 
the complete assembly, but in a reverse direction 
thereto. The rotation will take place such that 
the planes at the two loop antennas are always 
parallel to each other and maintain the same 
orientation. This action may be obtained by 
means of any suitable Well known mechanical 
linkage between the drive motor 5 and loop 
antennas if and 2. Included in this linkage 
are the shafts O and 50, and pivotal points 3,. 
4 and 5. Such linkages are well known to the 

art therefore the details as to a specific linkage 
are believed to be unnecessary to an understand 
ing of the invention. 

Fig. 2 shows the electrical components of the 
System. These comprise the loop antennas 
and f2 and associated transformers 20 and 2 f, 
the primaries of which are connected to the out 
puts of the loop antennas and 2, respectively. 
The secondaries of the transformers 2 and 2 
are cross-connected such that terminals 6 and 

of transformer 20 connect to terminals 9 and 
8, respectively, of transformer 2. The output 
22 of the system is taken from the cross-connec 
tions between the transformers. . . 

It will be seen that as the assembly rotates, at 
One instant, such as shown in Fig. 2, the planes of 
the loops will be so aligned that the extension 
of the plane through one of the loops will also 
include the other loop and also the shaft 9 hold 
ing the loops. When the shaft () has rotated 90° 
to the position of Fig. 1, the loops will have ro 
tated 90° with respect to the shaft and now the 
loops, although still being parallel to each other 
Will be perpendicular to the shaft it. Since a 
loop is closely similar in its pickup properties to 
two non-directional antennas located at the 
Same position as the vertical arms of the loop, 
an antenna system similar to that shown in Fig. 
3 and described in detail in the aforementioned 
application will result. The positions of the an 
tennas 26 and 27 and the antennas 28 and 29 cor 
respond to the positions of the vertical arms 22 
and 23, and the arms 24 and 25 of the loops 
and 2, respectively, as depicted in Fig. 2. When 
a rotation of 90° has occurred, the position of 
the antenna, 30 corresponds to that of the ver 
tical arm 22; likewise, the antennas 3, 32 and 
33 correspond in position to the vertical arms 23, 
24 and 25, respectively, of the loop antennas 
and 2. Additionally, the connections between 
the antennas of Fig. 3 correspond to the connec 
tions made in the loop antenna system shown in 
Fig. 2. Thus, since the vertical arms of each. 



2,644,158 
3 

ioop are connected through the primary wind 
ings of a transformer, the antennas 26 and 27, 28 
and 29, 30 and 3, and 32 and 33 may be con 
nected to each other through the primary Wind 
ings of the transformers 34, 35, 36 and 37. The 
secondaries of diagonal pairs of antennas are 
cross-connected to correspond to the croSS-con 
nection shown in Fig. 2. Thus, terminals 38 and 
39 of transformer 34 are connected to the termi 
nals 4 and 40, respectively, of transformer 35. 
Likewise, the terminal 42 is connected to the ter 
minal 45 and the terminal 43 to the terminal 44 
in the Secondaries of the transformer 36 and 37. 
As in Fig. 2, the output from the cross-connected 
transformers may be combined into a resultant 
Output. 

Because the action of the loop antenna, System 
of Fig. 2 is similar to that of the Vertical antenna, 
System of Fig. 3 and the System of Fig. 3 can be 
more easily understood than that of Fig. 2, the 
operation of Fig. 3 will be described. It should be 
understood, at the beginning, however, that the 
system of Fig. 3 results from the interacting ro 
tations of the loop assembly and the loops then 
selves of the Systern described in connection with 
Fig.2. 

Referring, then, to Fig. 3, consider now the sig 
na. 54 which is conning from Such a direction that 
its Wavefront is parallel to the planes contain 
ing the antenna, sets. 
reach the antennas 30 and 3f at the same time, 
voltages of equal amplitude and the same phase 
will be induced in these antennas and these volt 
ages will appear at the ends of the primary wind 
ing of transformer 36. Thus, because of the fact 
that no voltage difference existS across the pri 
mary Winding, no Voltage Will be induced in the 
secondary winding of the transformer 36. Like 
wise, no voltage will be induced in the Secondary: 
winding of the transformer 3 because of equal 
voltages on the antennas 32 and 33. Thus, no 
resultant Woltage can be taken from the CrOSS 
connections of the transformers 35 and 3. In 
like manner, antennas. 25, 27, 38 and 29 will re 
ceive equal voltages and thus the secondary Wind 
ings of the transformers 34 and 35 will receive no 
electromotive force to be transmitted to the cross 
connections to the transformer and to be taken 
therefrom. Thus, no resultant output will be de 
rived from the antenna, System for a signal hav 
ing the direction of the signal 53. In like man 
ner, no response will be obtained for a signal 
coming from an exactly opposite direction, Such 
as the signal 55. 
Consider, however, the signal 52 whose Wave 

front is perpendicular to the planes containing 
the collector sets. Now, the voltage intercepted 
by the antenna 3i, will be different in phase than 
the signal intercepted by the antenna, 30. Thus 
a resultant voltage will exist between the anten 
nas 30 and 3? and this voltage will be induced 
from the primary winding to the secondary wind 
ing of transformer 36. Also, since the anteranas 
32 and 33 are in the same position as the an 
tennas 30 and 3, respectively, with respect to 
the Wavefront of the signal 52, the same Voltage 
difference will appear between the antenna's 32 
and 33, and therefore across the secondary of 
the transformer 31, as will appear across the sec 
endary of the transformer 36. By cross-connect 
ing the two secondary windings, therefore, the 
current from one secondary winding will be equal 
in amplitude and opposite in phase to the current 
from the other winding, leaving no resultant cur 
rent in the cross-connections, Consequently, the 

Since the wavefront will 
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4. 
total reaction of the antenna, pairs 30-3? and 
32-33 to the signal 52 is the same as if the an 
tenna pairs were replaced by the single antennas 
of an ordinary Adcock System. 

But a response will be obtained from the reac 
tion of antenna, pairs 26-27 and 28-29. Con 
sidering first the collector Set 26-27, the Voltage 
induced in antenna, 27 will be different in phase 
than the signal intercepted by the antenna, 26. 
This voltage difference will appear across the ter 
minals 38 and 39 of the transformer 34. All 
though the difference in phase between the an 
tennas 28 and 29 will be the same as the differ 
ence between antennas 26 and 27, the resultant 
output voltage from the collector set containing 
antennas 26 and 27 will be different in phase 
from the resultant output voltage of the collector 
set containing antennas 28 and 29. This phe 
nomenon occurs when the distance between the 
midpoints of the two antenna pairs is different 
than the wave length of the signal, or integral 
imultiple thereof. Consequently, the difference of 
vector voltage between antennas 26 and 2 is equal 
in amplitude to, but different in phase than, the 
difference of vector Voltage between antennas 28 
and 29. Thus, a voltage difference Will appear 
across the two cross-connections between the 
transformers and this voltage difference will be 
equal to the output of the terminals 22 shown in 
Fig. 2. The feature of phase differences between 
antennas of an antenna, pair and also between 
antenna pairs is maintained for signals from any 
direction except signal 54 and signal 55, which is 
travelling in a plane 180 different in azimuth 
from signal 54. Since. no response is obtained 
from signals having the direction of Signals, 54 
and 55 and since maximum response is obtained 
from a Signal having the direction of signal 52 
and signal 53 which is 180 different in azimuth 
from Signal 52, it may be seen that the response 
pattern of the antenna, arrangements of Figs... 2 
and 3 Will be a "figure eight' pattern as shown in 
Fig. 3A. Thus, by rotating the loop arrangement 
of Fig. 2, a position may be found where no volt 
age is-induced therein from a sigraal which it is 
desired to exclude, but at the same time voltages 
Will be induced in the antenna, arrangeanent for 
signals from any other direction. 

It should be noted that although the antenna, 
arrangement of Fig.2 has been discussed from the 
viewpoint of receiving incoming signals, this same 
arrangement may also be used as an arrangement 
for transmitting antennas. This may be accom 
plished by introducing the output of the trans 
mitter to the same terminals-i.e., the terminals 
22-which would normally connect to the receiv 
ing equipment. 
While certain preferred embodiments of this 

invention have been described, it is realized that 
many modifications and variations of this inven 
tion may be made and no limitations upon this 
invention - are intended other than may be in 
posed by the Scope of the appended claims. 
The invention described herein may be manu 

factured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalties 
thereOnior therefor. 
What is claimed is: 
1. A directive antenna, System having sub 

stantially zero responsiveness to signals from a 
certain directien but finite responsiveness to 
signals from all other directions, said system 
comprising a rotatable member, a pair of identi 
cal loop antennas attached to said rotatable 
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member at opposite ends thereof, means for ro 
tating said member and to simultaneously rotate 
each of Said loop antennas in an opposite direc 
tion to the rotation of said member such that 
said loops are always parallel, and means for 
combinining the outputs of said loops to indicate 
the direction of incoming signals. 

2. A directive antenna system, having sub 
stantially zero responsiveness to signals from a 
certain direction but finite responsiveness to sig 
nals from all other directions, said system com 
prising a rotatable member, a pair of identical 
loop antennas attached to said rotatable member 
at opposite ends thereof, means for rotating said 
member and to simultaneously rotate each of 
Said loop antennas in a direction opposite to the 
rotation of said member such that said loops 
are always parallel, and transformer means in 
terconnecting the loop antennas of each of said 
sets to produce an output signal therefrom chair 
acteristic of the direction of the incoming signal. 

3. A directive antenna system, having sub 
stantially zero responsiveness to signals from a 
certain direction but finite responsiveness to Sig 
nals from all other directions, said System com 
prising a rotatable member, a pair of antenna, 
means attached to said rotatable member at op 
posite ends thereof, means for rotating said 
member and to simultaneously rotate each of 
said antenna, means in a direction opposite to 
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the rotation of said member such that the plane 
of the antennas remains fixed in bearing, and 
means combining the outputs of said antenna, 
means to indicate the direction of incoming 
Signals. 

4. A directive antenna system, having sub 
Stantially Zero responsiveness to signals from a 
certain direction but finite responsiveness to 
Signals from all other directions, comprising at 
least One pair of antenna, means oppositely dis 
posed With respect to a common axis rotatable in 
a circuliar path about the common axis, means 
maintaining the plane of said antennas fixed in 
bearing during their circuit of rotation, and 
means combining the outputs of said antenna, 

...means to indicate the direction of incoming sig 
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nals. 
STERLING R. THRIFT. 
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