
June 2, 1953 W. SCHAK 2,640,915 
CIRCULARLY POLARIZED ANTENNA ARRANGEMENT FOR RADAR 

Filed Dec. 28, 1950 

7 1/WTWWA 
ElAMEW76 

2. NVENTOR 
MAA AM S/Charg 

BY g ; 1. 
At TORNEY 

  



Patented June 2, 1953 2,640,915 

UNITED STATES PATENT OFFICE 
2,640,915 

CERCULARLYPOLARIZED ANTENNA 
ARRANGEMENT FOR RADAR 

William Sichak, Lyndhurst, N.J., assignor to In 
ternational Standard Electric Corporation, 
New York, N. Y., a corporation of Delaware 

Application December 28, 1950, Serial No. 203,054 
(C. 250-13) 9. Claims. 

The present invention relates to circularly 
polarized antenna arrangements for use especial 
ly. With radar and particularly to such an ar 
rangernent. Which transmits circularly polarized 
Waves of one screw sense and is adapted to receiye 
circularly polarized wave of the opposite screw 
SeSe. 

It has heretofore been proposed to use circular 
ly polarized antennas for radar. See article in 
the Proceedings of the I. R. E., August 1948 page 
1997 etc. “Antennas for Circular polarization.' 
*When however a circularly polarized Wave of one 
ScreW Sease is transmitted and strikes a highly 
ECCInducting Snooth surface the reflected wave 
:Will have the opposite screw sense. Heretofore 
circularly pelarized antennas have had the prop 
erty that they will not receive a Wave with a 
Screw sense opposite to that which they trans 
Init, Since in radar practice it is desirable and 
:Customary to use the same antenna, arrangement 2 
for transmitting and receiving, the problem of 
3.Crew Sease has proven an obstacle to the use of 
Circularly polarized antennas for radar. 
An object of the present invention is the pro 

Vision of a circularly polarized antenna arrange 
rent adapted to transmit circularly polarized 
WaVeS in One Screw. Sense and to receive circular 
ly.polarized waves according to the opposite-screw 
Sense. 
A circularly polarized Wave may be produced 

:using two orthogonally polarized elements such as 
a set of vertically polarized dipoles and a set 
of horizontally polarized dipoles. Circular. po 
larization is obtained when the line feeding one 
polarized element, Such as one set of these di 
poles, is a quarter wave longer at the operating 
frequency of said arrangement than the line 
feeding the other set. It is theoretically possi 
ble to reverse the Screw Sense of this arrangement 
'by rotating one of said elements through 180 de 
igrees. As a practical matter this is not feasible 
for high Speed operation such as Would be re 
quired for radar operation. 
In accordance with a feature of the present 

invention it is proposed to provide a circularly 
polarized antenna, arrangement adapted to trans 
nit a wave having a given screw. Sense and to 
receive, a wave having the opposite screw sense, 
the particular screw sense being controlled ac 
cording to the amplitude of the energy being fed 
through the arrangement. According to gne 
aspect of the invention the reversal of the sgrew 
sense is accomplished by effectively shifting the 
energy in one of the transmission lines; or Wave 
guides, leading to one of the two orthogonally 
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polarized antenna elements by 180° or an odd 
multiple thereof. 
According to another aspect of the present in 

vention the reversal of the serew sense is accon 
plished by effectively adding or subtracting an 
extra half wave length transmission section or 
odd multiple thereof in one of the lines or wave 
guides leading to one of said antenna, elements. 
The above-mentioned and other features and 

objects of this invention and the manner of at 
taining them will become more apparent and the 
invention itself will be best understood, by refer 
eace to the following description of an embodi 
rent of the invention taken in conjunction with 
the accompanying drawings, wherein: 

Fig. 1 is a schematic and block diagram of an 
antenna, arrangement in conjunction with a radar 
transmitter and receiver in which the antenna, 
arrangerent is provided with screw sense re 

ing control means. 
Fig. 2 is a schematic diagram of a coaxial form 

of screw sense-control means. 
Fig. 3 is a coaxial form of ring circuit pro 

viding such gontrol means and 
Fig. 4 is a magic T wave guide arrangement 

providing such control means. 
Referring now to Fig. 1 a trans-ceiver for 

radar is coupled to an antenna, arrangement gen 
erally designated by the numeral 2, by means 
of a mainline 3 which has two branches 4 and 5 
connected respectively to antenna elements 6 and 
7 which antenna elements are orthogonally 
polarized with respect to each other and which 
are used to provide circular polarization by hav 
ing one of the branch lines, for Example 5, a 
quarter wave length longer than the other branch 
line 4. Thus for example if branch line 4 is a 
length, the length of branch line 5 is 

l+. 
The trans-ceiver f is adapted to transmit pulses 

of relatively high amplitude or energy content 
to the antenna arrangement 2, the antenna, ar 
:rangement then receiving the relatively low am 
plitude or energy content echo pulses and feed 
ing thern via lines 3, 4 and 5 back to the trans 
ceiver . . The trans-ceiver may include all the 
usual radar arrangements such as TR boxes to 
keep the transmitted pulse out of the receiver 
and if desired to keep the received pulses out of 
the transmitter. 
The coupling means for coupling the trans 

initter-receiver to mainline 3 may be conven 
tional. While we have referred to elements 3, 
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4 and 5 as lines hereinbefore, this term is being 
used in a very broad sense to cover all forms of 
transmission media in which the transmitted en 
ergy follows a limited predetermined path and 
includes wave guides, dual transmission lines, 'G' 
lines and coaxial lines, etc. While the plane 
polarized antenna elements 6 and T are illus 
trated as single dipoles, each of these may con 
sist of a number of antenna, elements and may 
be of any conventional form for producing cir 
cularly polarized radiant action. 
The screw sense of the circularly polarized 

Wave transmitted by the antenna, arrangement 
will be determined by the length l in branch lines 
4 and 5 and by the position of the antenna, ele 
ments. Thus for example if one of the dipoles 
is rotated 180° it will change the screw sense of 
the Wave. Likewise if the length of one of the 
branch lines 4 or 5 is increased or decreased a 
half wave length or an odd multiple thereof, the 
screw sense will likewise be reversed. This in 
crease or decrease of the length of either of the 
branch lines produces an 180° phase shift, or odd 
multiple thereof in the energy transmitted 
through the line whose length has been altered : 
and it is also therefore possible to change the 
screw sense by altering the phase shift of the 
energy in one of the branch lines by 180° or odd 
multiple thereof. In accordance with the pres 
ent invention a control means 8 is provided in 
One of the branch lines, such as for example in 
branch line 4, to effectuate this 180° or odd mull 
tiple thereof additional phase shift of the energy 
in said line. Such control means may take a va 
riety of forms such as those indicated in Figs. 2, 
3 and 4. 
The control means illustrated in Fig. 2 phys 

ically causes the energy therethrough to traw 
erse an extra half wave length when transmit 
ting, which half wave length is removed from 
the path when receiving. The network or cir 
cuit of Fig. 2 is illustrated as being a coaxial line 
and consists of a direct or main section 9 of co 
axial line Which may form part of branch line 4. 
One end A of said section being towards the 
transmitter-receiver side and the other end B be 
ing towards antenna, element 6. At an interme 
diate point between these ends or points A and 
B there is provided a stub line to which is half 
a wave length long and is terminated by a TR 
box or tube if (see Microwave Duplexers Radia 
tion Lab. Series 14 McGraw-Hill page 5 etc.) 
This tube is adapted to short circuit the stub line 
O. When a pulse of the amplitude of the trans 

mitted pulse passes along the section 9. At a 
quarter Wave length from stud line it, two addi 
tional stub lines 2 and 3 are provided each a. 
quarter wave length long, the points at which 
they meet the main Section being designated by 
the letters C and D. These two stub lines 2 and 
3 are open ended and are connected together 
at their outer ends E and F by a half wave length 
line 4, lines 2, 3 and 14 providing a shunt path 
for the energy when transmitting pulses, in con 
trast to the direct path between points C and D 
When receiving. To aid in controlling this shunt 
path a quarter wave length stub line fS termi 
nated in a T. R. tube 6 is connected at point E 
with lines 3 and f 4. 
The operation of this arrangement is as foll 

lows. When a pulse is being transmitted, the 
leading edge of this pulse (the initial energy 
thereof) causes TR tube to fire and short the 
end of line ?o. Since line lo is a half wave length 
line, the short appears across section 9 at point 
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4. 
G in parallel with said section and since the dis 
tance from G to C is a quarter wave length this 
short at G will appear as an open circuit at C and 
the transmitted pulse cannot go from point A 
into the portion of section 9 between C and D but 
instead follows the path through stub line f2 
and half wave length line 4 to point F. The 
initial portion of the energy at point F enters 
stub line 5 causes the TR tube 6 to fire short 
ing the outer end of stub line 5 and producing 
an open circuit at point F so that the rest of the 
energy of the transmitted pulse travels up 
through stub line 3 until it arrives at point D. 
Since at point G there is effectively a short and 
D and F are a quarter Wave length apart, an open 
circuit is produced looking to the left into the 
portion of section 9 between D and G and there 
fore the energy arriving at D proceeds towards 
the end B of the network and towards the an 
tenna, element 6. 
When energy is being received from antenna 

element $ it travels from point B directly along 
section 9 to point A and cannot follow the indi 
rect path through stub lines 3, 4 and 12. The 
reason for this is as follows. When pulses are 
being received their amplitude is insufficient to 
fire tubes and S. Since the distance from 
TR tube 8 to point D is a half wave length and 
the stub line & is open-ended at 6, an open cir 
cuit appears at point D looking into stub line 
3. Therefore the received pulse travelling from 
B to D Will not enter stub line 3. On the other 
hand looking into the section 9 from D towards 
G. a closed circuit Will appear in parallel. With 
the section 9 at point D since the distance from 
tube to point D is three quarters of a wave 
length and section 3 is open at tube . This 
open circuit is inverted in the quarter wave length 
of the line between G and D to produce a closed 
Circuit in paralle With the portion between ID 
and G. The received pulse travels from D to G 
and continues towards C. It cannot enter stub 
line because looking into the stub line from 
point G. an open circuit is presented. At point C 
the received pulse continues on to A for it can 
not enter stub line S2 since froin the outer end 
of stub line 5 to point W via half wave section 4 
is a full Wave length and the outer end of stub 
line A5 is open circuited (tube 6 unfired), so that 
an open circuit is presented looking into stub 
Section 2 fron line C. Thus the energy of the 
received pulse goes on towards point A and to 
Wards the trans-ceiver . 

It Will thus be Seen that the received pulse trav 
els between points C and D a distance equal to 
half a Wave length. On the other hand the trans 
mitted pulse travels between points C and lo via 
stub lines 2, 3 and 3 a distance of a full wave 
length. Thus the transmitted pulse travels a half 
Wave length more than the received pulse and is 
shifted in phase by 180° more than the received 
pulse by virtue of its passage through the net 
Work. Accordingly, the antenna, arrangement 
has its circularly polarized screw sense during 
transmission, reversed with respect to its screw 
Sense during reception. 
In Fig. 3 a magic T in the form of a ring 

circuit is illustrated which serves to reverse the 
Screw sense by, in effect, producing 180° addi 
tional phase shift on the transmitted pulse over 
the phase shift effected on the received pulse. 
The ring circuit generally designated by the 
numeral f is in the form of a coaxial line ar 
rangement and includes a coaxial ring 8 to which 
coaxial lines 9, 20, 2 and 22 are connected at 
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points H, I, J and K, the distance between points 
H. and I, I and J, J and J and K, being One 
quarter wavelength and between K. and H being 
three quarters of a wave length. Lines 9 and 
2 may be referred to herein as the side arms 
and are terminated by TR tubes. 23 and 24, re 
spectively. One of the arms 9 and 2, for ex 
araple line 9, has a length land.the other arm 
2 has a length 

l+. 
Of the other two arms 20 and 22 One is con 
nected to the trans-ceiver and the other is 
connected to antenna element 6. Arms 20 and 
22 being inserted in a break in a branch line 4. 
Arms 20- and 22 may be considered as the main 
arms and 9 and 2 as the side arms. 
This arrangement operates as follows. Dur 

ing transmission a pulse is fed into line 20 and 
upon reaching point divides equally and goes 
into lines 9 and 2. The TR tubes 23 and 24 
fire thus making lines 9 and 2 appear as short 
circuited lines. ... The energy is reflected from the 
outer erads of these lines back to points H and J 
where the energy appears 180° out of phase due 
to the extra quarter wave length in line 2. 
Since the reflected energy at H and J is now 180° 
out of phase it will not feed back to line 20 but 
will be fed to point K and into line 22, towards 
the antenna element 6. 
Upon reception of the echo pulse on antenna 

element 6 the energy thereof is fed along line 22 to 
point Kwhere it divides and is fed to point H and 
J where it appears 180° out of phase. The energy 
then goes into side arms 9 and 2 which now 
are open ended at both ends since the energy 
of the received pulse is insufficient to operate TR 
tubes 23 and 24. Since there is an extra quarter 
Wave length in line 2 the reflected energy at J 
and at H will be in phase. This energy will then 
not go back to line 22 but will be fed out of 
line 20- to trans-ceiver . It is to be noted that 
when a line is open as are lines. 2 and 23 during 
reception of a pulse it is the same as if this open 
end were an extra quarter wave-length shorted 
stub away from the open end. In other words 
the effect of the open end is to produce 180° phase 
shift in the energy reflected from that open end 
as contrasted with What would occur if the end 
were shorted. Thus during reception the trans 
fer of energy between lines 22 and 20 is increased 
by 180° as contrasted with the phase shift pro 
duced during transmittal when the TR tubes 23 
and 24 short circuit the side arms 9 and 2. 
Accordingly the requisite 180° phase shift for 
changing the screw Sense of the circularly polar 
ized wave is produced in the ring circuit of Fig. 
3. While the ring of circuit of Fig. 3 has been 
disclosed as a coaxial arrangement a ring circuit 
composed of wave guide sections is obviously 
substitutable in place thereof especially for 
higher frequencies. Iikewise a wave guide type 
magic T arrangement could be used to produce 
the required 180° phase shift for changing the 
Screw Sense of the circularly polarized wave 
emitted by the antenna arrangement as indicated 
in Fig. 4. 
The magic T wave guide network or arrange 

ment 25 provided in Fig. 4 consists of the usual 
two side arms 26 and 27 lying in the same phase as 
the H section 28, the E section 29 extending 
from between the arms in a plane at right angles 
to the aforementioned plane. Details of such 
structures may be found in the book referred to 
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6 
hereibefore entitled 'Microwave Marker Wave 
Duplexers' on page 361 etc. For the purposes of 
the present invention, one side arm, for example 
27, is made a quarter wave length longer than 
the other arm and both arms 26 and 27 are pro 
vided with TR boxes 30 and 3 respectively at 
their Outer ends. 
The trans-ceiver may be connected to either 

arm 28 or 29 and the antenna element 6 may be 
connected to the other of said two arms. In Fig. 
4 arm 28 is shown as connected to the trans 
ceiver whereas alm 29 is connected to the antenna, 
element 6. The arrangement operates in a man 
ner similar to the arrangement of Fig. 3 and will 
be but briefly described herein. A pulse from the 
trans-ceiver passes from arm 28 into lines 26 and 
27 causing the T. R. boxes to operate and reflect 
the energy into the arm. 29. When an echo pulse 
is received it is fed via arm. 29 into the side arms 
26 and 27. Since the received echo pulses are of 
insufficient armplitude to ignite the T. R. tubes 
the energy reflected back from said side arms, 2S 
and 27 into arm 28 in effect travels a half wave 
length longer in each of said side arms, or is 
shifted 180° in phase in each of the side arms, 
more than in the case of the high amplitude pulse 
from the transmitter. This additional phase 
shift is due to the fact that the side arms 26 
and 2 when open-ended produce a 180° shift in 
phase more than the same length of side-arm 
When closed by firing of the T. R. boxes. It will 
thus be seen that there is provided the required 
180° extra phase shift for the received pulse than 
for the transmitted pulse, so that consequently 
the Screw sense of the antenna, arrangement is 
reversed in changing from transmission to re 
ception. 
While I have hereinbefore described several 

devices for effectuating this change of screw 
Sense it will be seen that other arrangements 
Such as transmission line bridges or their wave 
guide equivalents may be employed for this same 
purpose. 
While I have described above the principles 

of my invention in connection with specific ap 
paratus, it is to be clearly understood that this 
description is made only by way of example and 
not as a limitation to the scope of my invention 
as set forth in the objects thereof and in the ac 
companying claims. 

I claim: 
1. A circularly polarized antenna, arrangement 

for a radar transmitter and receiver comprising 
a first antenna element providing radiant action 
in a given plane of polarization, a second antenna 
element providing radiant action in a plane of 
polarization substantially at right angles to said 
given plane, a transmitter producing pulses of 
relatively high amplitude, a receiver for receiv 
ing pulses which are of relatively lower amplitude, 
means coupling said transmitter and receiver to 
Said antenna elements, said means providing two 
transmission paths, one of said paths being an odd 
multiple of quarter wave lengths longer than 
the other of said paths and means coupled in 
one of Said paths for varying the effective length 
by an odd multiple of half wave lengths thereof, 
Said varying means including a switching device 
Operative in response to the higher amplitude of 
the transmitted pulses and unresponsive to the 
lower amplitude of the received pulses. 

2. A circularly polarized antenna arrangement 
according to claim 1 wherein said switching de 
Vice is a gaseous discharge gap adapted to fire in 
response to the transmitted pulses but not in re 
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"sponse to the lower amplitude received pulses, 
said varying means including a transmission Sec 
tion coupled in one of said paths, said gap coul 
pled to said transmission Section and adapted 
upon firing to vary the transmission characteris 
tics thereof. - 

3. A circularly polarized antenna, arrangement 
according to claim 2 wherein said Section is an 
open-ended section, said gap is a TR tube coul 
pled to the outer end of Said section and adapted 
upon firing to electrically close said outer end of 
Said Section. 

4. A circularly polarized antenna, arrangement 
according to claim 3 wherein said Section has a 
length which is a multiple, including One, of a 
quarter wave Section. 

5. A circularly polarized antenna, arrangement 
according to claim 1 wherein said coupling means 
is a magic Thaving two side arms and two main 
arms, one of Said main arms being coupled to 
Said transmitter and receiver and the other to 
one of Said antenna, elements, one of Said side 
arms being an odd multiple including one of a 
quarter Wave length longer than the other of Said 
side arms, said switching device comprising two 
TR tubes each coupled to the outer end of a sep 
arate One of Said side arms and adapted upon 
firing to electrically close its outer end. 

6. A. circularly polarized antenna, arranegment 
according to claim 5 wherein said magic T is in 
the form of a ring circuit with a center trans 
mission ring to which said arms are each con 
nected at their inner ends, the inner ends of said 
arms being Spaced, as measured around the ring 
going in one direction as follows: beginning from 
one side arm one quarter wave length to the one 
main arm, from the latter arm one quarter wave 
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length to the other side arm from the latter side 
arm one quarter wave length to the other main 
arm, from the last mentioned main arm three 
quarters of a wave length back to the beginning. 

7. A circularly polarized antenna arrangement 
according to claim 5 wherein said magic T is 
constructed of Wave guide sections, one of the 
main arms and the two Side arms lying in one 
plane, the other main arm extending in a plane 
at right angle to said one plane. 

8. A circularly polarized antenna arrangement 
according to claim 1 wherein one of said paths 
comprises a main path and a shunt path cou 
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8 
pling two points of Said main path, the shunt 
path being an odd multiple, including One, of a 
half wave length longer than the distance be 
tween said two points, said Switching device come 
prising an open ended transmission Section aSSO 
ciated with said main path, said switching device 
being in the form of a TR tube positioned at the 
outer end of said section and adapted to be fired 
by a transmitted pulse to close said outer... end 
and electrically block the main path between said 
two points thereby causing the transmitted pulse 
from the transmitter to travel around the shunt 
path. 
9. A circularly polarized antenna, arrange 

ment for use With a radar transmitter and re 
ceiver comprising a transmitter for transmitting 
pulses of relatively high amplitude; a receiver for 
receiving pulses which are of relatively lower 
amplitude; an antenna, arrangement coupled to 
said transmitter receiver and providing circular 
polarization of a given Screw sense comprising a 
first antenna, element radiantly acting with a 
given plane of polarization, a second antenna, ele 
ment radiantly acting with a plane of polariza 
tion. Substantially at right angles to said given 
plane, and neans coupling said transmitter and 
receiver to said antenna, elements, said coupling 
neans including two transmission paths each to 
a Separate one of Said elements, one of said paths 
being an odd multiple including one of a quarter 
Wave length longer than the other of said paths, 
and means for reversing the screw sense of said 
circularly polarized antenna arrangement in 
cluding a resonant transmission section coupled 
to One of Said paths, means responsive to the 
transmitted pulses for shorting said section and 
means responsive to the Shorting of said section 
for Varying the effective length of said path by 
an odd multiple including one, of a half wave 
length, 

WILLIAM SCHAK. 
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