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ANTENNASECTOR, SCAN CONTROL 
Ted B. Morse, Evanston, Ill., and John F. Yeager, 

Cochituate, Mass., assignors, by mesne assign 
ments, to the United States of America as rep 
resented by the Secretary of the Navy 
Application May 3, 1946, Serial No. 666,882 

(C. 318-30) 8 Claims. 

This invention relates to sector Scanning 
mechanism for a radar antenna, and mOre par 
ticularly to means for automatically Scanning 
any desired sector. 
The invention is intended primarily for re 

motely controlling Sector Scanning of a radar 
antenna, in a radar relay System. Wherein a 
searching radar is used to obtain radar data and 
relay Such data to Some remote location. 

It is an object of this invention to provide 
automatic Scanning of a Selected Sector by a 
radar antenna. 
Another object of this invention is to provide 

means for Selecting the Sector to be Scanned. 
A further object of this invention is to pro 

vide means for Scanning a Sector of any desired 
angular Width. 
These and other objectS Will be apparent from 

the following Specifications when taken with the 
accompanying drawing in which: 

Fig. 1 is a Schematic illustration of one form 
of the invention; and 

Fig. 2 is a block diagram Of a System includ 
ing the circuit of Fig. i. 

Referring first to the system of Fig. 2 there is 
shown an antenna, 5 coupled to antenna, drive 
motor 6 by a mechanical link Schematically illus 
trated by the dashed line T. Power is supplied 
to antenna, dirive motor 6 from a Source 9 
through a reversing control 0. Reversing con 
trol to is shown coupled to antenna, drive mo 
tor 6 by connections 8. Antenna, drive motor 6 
may be any form of electric motor that may be 
reversed by changing the polarity or phase of 
the power Supplied thereto. However, the notor 
6 may take other forms if desired, for example, a 
reversible Steam driven engine or turbine. If 
an electric motor is employed, reversing control 
it may take the form of a relay controlled 
double-pole, double-throw reversing switch, the 
energy to the relay coil being Supplied at termi 
nalS , . 

In certain applications of the present inven 
tion it may be desirable to locate the antenna. 5, 
the antenna, drive motor 6 and the reversing con 
trol in a moving vehicle, for example an air 
plane in flight, while the control circuit 2 is 
located at a fixed point on the ground or in a 
Second vehicle. If this is the case, the control 
signal appearing at terminals a of control cir 
cuit f2 may be coupled to terminals by a suit 
able radio relay link illustrated as dashed lines 
if b in Fig. 2. For reasons that will appear pres 
ently, it will also be necessary to couple position 
data from antenna, 5 to control circuit 2 as illus 
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2 
trated by the dashed lined in Fig. 2. This may 
be accomplished by a second radio relay link 
or by a second channel in radio relay link b. 
The broken line A-A in Fig. 2 has been added 
to clearly point out the line of separation between 
units in the moving vehicle and units at the Sec 
Ond location. 
In still other applications of the present inven 

tion all of the units shown in Fig. 2 may be lo 
cated in the same vehicle in which case the 
dashed line 7 a. may represent an appropriate 
mechanical connection and dashed lines if b ap 
propriate electrical connections. Since the pres 
ent invention is primarily concerned with the 
novel features of the control circuit 2 rather 
than the Specific arrangement of the system in 
Fig. 2, the details of control circuit 2 will now 
be explained by reference to Fig. 1. 

Briefly, the circuit of Fig. 1 operates as foll 
lows: Azimuth information from the radar an 
tenna, 5 is Supplied to Synchro 3 by connection 
d. Synchro 3 Supplies this azimuth data to a 

control transformer 5. The rotor of the con 
trol transformer 5 is positioned manually by 
hand control. 5a to select the bearing of the 
Sector to be Scanned. The control transformer 
develops an error voltage whose phase and mag 
nitude are proportional to the error between its 
manually positioned rotor and the antenna, posi 
tion data, Supplied by the synchro. 
voltage is variable in amplitude to set the size of 
the Sector scan and is used to operate a differen 
tial relay. As the antenna, rotates away from 
the Selected Sector bearing the error voltage de 
veloped by the control transformer after cov 
ering a certain angle becomes large enough to op 
erate the differential relay to operate the an 
tenna reversing means. The antenna, then passes 
back past the Selected sector bearing and de 
velops an increasing error voltage in opposite 
phase. When the antenna has traveled far 
enough the error voltage developed again oper 
ates the differential relay to operate means for 
reversing the antenna again. Thus the antenna, 
is made to Scan a Selected amount either side of 
Said Sector bearing. 

Referring again to Fig. 1 the operation of the 
circuit Will be described in detail. Azimuth in 
formation is received by antenna synchro 3 at 
connection a, which causes synchro 3 to ro 
tate in Synchronism with the antenna 5. The 
rotor of Synchro 3 is energized from an alter 
nating voltage source illustrated in Fig. 1 by 
terminals 4 and 6. Alternating current is also 
Supplied at terminals 8 and 20 to contact 22 of 
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3 
manually operated switch 28 and at point 24, 
one end of the primary winding of filament 
transformer 26. The filament transformer 26 is 
supplied current by closing switch contact 22 in 
either position to heat the filaments of duotriode 
tube 30. The alternating voltage Supplied at 
terminals 4 and 6 is applied from terminal f4 
to the center taip 32 of winding 34 on transformer 
36 and from terminal 6 through contact 38 
of switch 28 to the common junction 40 of coils 
42 and 44 of differential relay 46. 
The rotor of control transformer 5 is posi 

tioned by a hand control. 5a and determines the 
bearing about which the sector Scanning is done. 
When the position of the rotor in control trans 
former 5 corresponds to the position of the co 
tor in the antenna, Synchro, there Will be no out 
put voltage from the rotor of control transformer 
5. The rotor of control transformerº 5. Con 
nects through potentiometer 48 to the primary 
52 of transformer 36. 
An error voltage is produced in Winding 52 

- whenever the angular position of the rotor in 
control transformer 5 differs from that of the 
rotor in the antenna Synchro. The phase of the 
error voltage depends upon whether the rotor of 
control transformer leads or lags that of the 
antenna, Synchro, and the amplitude of the error 

- voltage depends upon the extent of lead or lag. 
'The secondary of transformer 36 is center-tapped 
So that error voltages of the same amplitudebut 
of opposite phase are applied to grids 54 and 56 

: of the two halves of rectifier tube.33. If there is 
no error voltage, the plate current will be the 
same in the two halves of tube 30, and in the 
coils. 42 and 4 of relay. 46. This holds contact 
:58, in its neutral position. When an error volt 
:age is present it will be essentially in phase with 
the plate voitage on one half of tube 39 and 
essentially 180° out of phase on the other half. 
The output, of one half of tube 30, is increased 
and that of the other half is decreased. When 
this error voltage-reaches a predetermined Value, 
it will actuate relay, 46 which in turn actuates 
latch-in relay, 63, which is latched in the “up' 
or “down position depending upon the relative 
angular position of the antenna at the time. 

ike angular position of the rotor of control 
transformer 5 is Set manually to select the 
center bearing about which the sector scanning 
is performed. The amplitude or size of the sec 
tor is controlled by variable tap 62 on potenti 
Qmeter 38; This pick-Off tap determines the 
fraction of the error voltage that is applied to 
the priinary 52 of transformer 36. The lower 
tha Setting of resistance 43, the greater naust 
he the error voltage from control transformer. 5 
to- actuate differential. relayº fè. As a result the 
Scan anplitul die is increa Sed. 
NoW that the basic components, have been de 

scribed, the details of relay operation etc., will 
be described by following through a cornplete 
cycle of the System. Switch 28 is normally in the 
tip or continuous Scan position, relay, 6 is in the 
up position and the antenna is continuously ro 
tating in a clockwise direction. Assumes that 
switch 28. is thrown “down' for sector scanning 
as the antenna; is approaching the selected sec 
tor, bearing. As soon as the antenna passes the 
selected bearing, an error voltage of increasing 
amplitude is developed and is applied in phase to 
grid 36 of the lower half of discriminator rectic 
fier 39 and out of phase to grid 54 of the upper 
half of tube 3). As the outer boundary, of the 
scan sector is reached the output of rectifier 30 
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4 
is large enough to operate relay 46 and pull con 
tact 58 down which energizes coil 62 to close con 
tact 66 at point 68. This closes the circuit to 
the terminals a With the result that rotation 
of the antenna is changed to the counterclock 
Wise direction. This direction of rotation is con 
tinued until the antenna, again passes the center 
of the sector and reaches its other limit. After 
passing the selected bearing an error voltage of 
increasing magnitude but opposite in phase is 
developed. When the amplitude is large enough, 
coil. 42 of relay 46 is energized to pull contact 58 
to the-up position which in turn energizes coil 
64 of relay, 60. Coil 64 opens contact 66 which 
breaks the circuit to the radio control trans 
mitter which results in reversing the antenna, 
rotation once more. 
When switch 28 is returned to the up position 

for Continuous antenna rotation, the heater of 
rectifier tube 30 is kept energized to keep the 
circuit ready for immediate Sector Scanning oper 
ation. Also if relay 60 was last in the down 
position to provide counterclockwise antenna, 
rotation coil 84 is energized through contacts 70 
to operate relay 60 and open contact 66 to give 
clockwise antenna, rotation as before on contin 
uous Scanning. 
Thus it may be seen that our invention pro 

vides a means for automatic scanning of any 
predetermined angular width about any selected 
bearing angle. It should be noted that although 
our invention has been described as proyiding 
azimuth Sector Scanning. it may readily be used 
for angular scanning in any plane. 

It is believed that the construction and opera 
tion as well as the advantages of our improved 
Sector Scan control will be apparent from the 
fol'egoing detailed description thereof. It will 
also be apparent that while. We have shown and 
described our invention in a preferred form, 
chaiages may be made in the circuit disclosed 
Without departing from the spirit of the inven 
tion as Sought to be defined in the following 
claims. 
What is, claimed, is: 
1. In a motor driven scanning antenna system 

including means for reversing the drive of said 
motor in response to a change in signal applied 
thereto, an electrical system for causing said an 
tenna to oscillate through a predetermined arc 
comprising, a Synchro transmitter unit and a 
control transformer electrically coupled at their 
reSpective stator windings, said synchro unit hav 
ing its rotor mechanically coupled to said an 
tenna. So as to rotate in synchronism therewith, 
means coupled to said control transformer for 
positioning the rotor thereof at a predetermined 
angle With respect to the stator of said control 
transformer to select a reference point on said 
Scanning arc, a differential relay having first and 
Second coils, first and second phase-sensitive de 
tectors electrically coupling the rotor of said 
control transformer to said first...and second coils 
respectively, the relative amplitudes of the sig 
nals applied-to-said first and second coils of said 
relay being a function of the phase and amplitude 
of the:Signal at the rotor of said control trans 
former, Said, relay being adapted to complete a 
first circuit when: the unbalance of signals ap 
plied to: Said; two coils reaches a predetermined 
magnitude, in a first direction and to complete 
as Second circuit when said unbalance in signals 
reaches a predetermined magnitude in the op 
posite direction and means cotipied to said relay 
and said drive reversing means for reversing the 
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direction of said drive upon the completion of 
either circuit by said relay. 

2. An electrical Systeria as in clailin i, Said SyS 
tem further comprising an adjustable signal di 
vider coupled betweein the rotor of Said control 
transformer and said first and second phase 
Sensitive detectors for controlling the magnitude 
Of Said Scanning arc. 

3. An electrical System as in claim 1, Said Sys 
ten further comprising in anually operated SWitch 
means for disabling said phase-Sensitive detec 
tors to cause said antenna to Scan continuously 
in One direction. 

4. In a notor driven Scanning antenna Sys 
ten including means for reversing the drive of 
Said motor in response to a change in signal ap 
plied thereto, an electrical System for causing 
Said antenna to Oscillate through a predeter 
mined arc comprising a synchro transmitter unit 
and a control transformer electrically coupled at : 
their respective stator windings, said synchro 
unit having its rotor mechanically coupled to said 
antenna, so as to rotate in synchronism therewith, 
means coupled to Said control transformer for 
positioning the rotor thereof at a predetermined 
angle with respect to the Stator thereof to select 
a reference point on Said Scanning arc, a dif 
ferential relay having first and Second coils, said 
relay being adapted to close a first circuit in re 
Sponse to an unbalance of Signals applied to 
said coils of a predetermined magnitude and a 
first direction of unbalance and to close a Sec 
ond circuit in response to an unbalance of sig 
nals of a predetermined magnitude and the Op 
posite direction of unbalance, first and Second 
phase-sensitive detectors electrically collpling 
the rotor of Said control transformer to Said first 
and second coils, respectively, of said relay, the 
relative amplitudes of the Signals applied to said 
first and Second coils of Said relay being a func 
tion of the phase and amplitude of the signal at 
the rotor of Said control transformer, a two posi 
tion, latch type relay coupled to said drive revers 
ing means to control the operation thereof, Said 
differential relay being coupled to said latch 
type relay to cause it to assume a first position 
upon completion of Said first circuit and to cause 
it to assume a second position upon completion 
of said Second circuit, said drive reversing means 
reversing the direction of the scan of said an 
tenna, each time Said latch type relay changeSpo 
Sition. 

5. An electrical system as in claim 4, said sys 
ten further comprising an adjustable Signal 
divider coupled between the rotor of said con- 5 
trol transformer and Said first and Second phase 
sensitive detectors for controlling the magnitude 
of the Scanning arc. 

6. An electrical System as in claim 4, Said SyS 
tem further comprising manually operated 
switch means for disabling said phase-Sensitive 
detectors to cause Said antenna to Scan continu 
ously in one direction, said latch type relay be 
ing connected to assume Said first position upon 
the operation of said manually operated SWitch 
to disable said detectors. 

7. In a motor driven Scanning antenna System 
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6 
including means for reversing the drive of said 
notor in response to a change in signal applied 
thereto, an electrical System for causing said an 
tenna to Oscillate through a predetermined arc 
comprising a Synchro transmitter and a control 
transformer, each having a rotor winding and 
Stator Windings, means electrically connecting 
together the respective stator windings of said 
Synchro transmitter and said control trans 
former, means mechanically coupling the rotor 
of Said Synchro trainSmitter to Said antenna. So 
as to rotate in Synchronism therewith, means in 
cluding an alternating current source for ener 
gizing the rotor Winding of said synchro trans 
mitter, said control transformer being operative 
to produce at its rotor a single error signal hav 
iing a phase and amplitude proportional to the 
angular difference between the rotors of said 
Synchro transmitter and said control trans 
for ilei, means coupled to Said control trans 
for her for mechanically positioning the motor 
thereof at a selected angle with respect to the 
Stator to select a reference point on said scan 
ning arc, a phase-sensitive detector including a 
pair of electron tubes, each having at least an 
anode, a cathode and a control grid, means cou 
pling the anodes of Said tubes to said alternat 
ing current Source and arranged to apply in 
phase energizing potentials to said tubes, means 
coupling the rotor of said control transformer 
to the control grids of said tube for applying 
Said error Signal to Said grids in phase-opposition, 
a differential relay having first and second coils 
connected in the anode circuits of said first and 
Second tubes, respectviely, said relay being ar 
ranged to close a first circuit in response to an 
unbalance of currents in said coils of a prede 
termined magnitude and a first direction of un 
balance and to close a second circuit in response 
to an unbalance of currents of said predeter 
inlined magnitude and the opposite direction of 
unbalance, the relative amplitudes of the cur 
rents in Said first and second coils being propor 
tional to the amplitude and phase of the signals 
respectively applied to the grids of Said first and 
Second tubes relative to the energizing potential 
of Said anodes, and means operable by said relay 
for Operating Said reversing means. 

8. Apparatus in accordance with claim 7 fur 
ther comprising an adjustable signal divider cou 
pled between the rotor of said control trans 
former and the control grids of said first and 
Second tubes for controlling the magnitude of 
Said Scanning arc. 

TED B. MORSE. 
JOHN ”. YEAGER. 
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