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UNITED STATES PATENT OFFICE 
2,680,223 

ANTENNASCANNING APPARATUS 

Robert L. Hammett, Cambridge, Viass, assignor 
to the United States of America, as represented 
by the Secretary of War 

Application January 7, 1946, Serial No. 639,654 
(C. 318-28) 13 Cairns. 

This invention relates to Sector scanning mech 
anisms for use with radio direction finding sys 
tems, and particularly to means for automatically 
SCanning a desired Sector continuously. 
The invention is intended primarily for use with 

direction finding equipment arranged for manu 
ally controlled scanning, and will permit continui 
Ous back and forth SWeeping of a desired Sector 
without the attention of an operator. The direc 
tion finding System may be of any type, but is 
ShoWn here adapted to radio Operation. The 
Same principies could be utilized with SOnic, Super 
Sonic, infra-red, or radar operation, as Will be 
apparent to those skilled in the art from the 
following disclosure. 

In brief, the operation is effected by utilizing 
a voltage obtained from a "Selsyn' generator 
linked to the antenna, applying this Voltage to 
the control grid of a gas tube, and controlling the 
direction of an antenna, drive motor through a 
relay connected in the output circuit of the gas 
tube. 
The primary object of the invention is to make 

possible automatic Scanning of a Sector by an 
otherwise manually controlled direction finding 
equipment. 
Another object is to provide for autonnatic Scan 

sion of a sector of any desired angular Width. 
Still another object is to improve the operation 

of direction finding equipment. 
The invention is illustrated in the accompany 

ing drawing, in Which: 
Fig. 1 is a schematic diagram ShoWing the COIn 

ponents of a radio direction finding Set utilizing 
the invention; and 

Fig. 2 is a circuit diagram of the invention. 
Referring now to the drawing from a detailed 

description of the invention, in Fig. 1 is ShoWin 
Scheinatically a motor driven directional antenna, 
System from which radio frequency energy is 
delivered to a receiver 2 having Suitable indicat 
ing means such as a telephone headset . 
A transmitting "Seisyn' 5 (Fig. 2) mechani 

cally coupled to the antenna array 6 and forming 
a part of antenna system , Supplies properly 
phased A.-C. voltage to an antenna, position indi 
cator , not shown in detail, which includes a 
conventional receiving “Selsyn' to actuate the 
indicating elements. 
Transmitting "Selsyn' 5 also supplies A.-C. 
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2 
Voltage to the sector Scan control unit 9 Which 
returns motor controlling Woltages back to Sys 
ten to effectuate the desired automatic scan 
SO. 
The transmitting "Selsyn' S is energized by 

A.-C. current fed to the rotor winding C (Fig.2) 
by a transformer Connected to a suitable power 
Source 2. “Selsyn' stator windings 4, 5 and 
i8 are connected equi-angularly to a ring poten 
tionetter tapped by diametrically opposed slid 
ing contacts 9 and 25. The potential between 
cGintactS 9 and 26, which is the single phase 
resultant of the three phase potentials induced in 
the stator WindingS, is used to Control the input 
circuit of a gas tube 2. 

Since the rotor it is mechanically coupled to 
the antenna, array 6, the Voltages induced in 
stator Windings A, 5 and 6 will be dependent 
On the angular position of the antenina, array. For 
any position of array 6, a position may be found 
for sliding contactS 9 and 2 in which the result 
ant potential acroSS tinen Will be Zero. This 
position determines the mid-sector or Zero posi 
tion of the antenna. Scan. AS the array 6 rotates 
in either direction from this position, potential 
Will build up acroSS contacts 9 and 2, and when 
it turns through the Zero position, the polarity 
of the potential will reverse. 
The potential acroSS contactS is and 2E is ap 

plied through a Current initing grid resistor 22 
across control grid 23 and cathode 24 of the gas 
tube or “Thyratroin' 2, together with a pulsating 
D.-C. grid biasing voltage obtained by tapping a 
resistor 25 connected across a bridge rectifier 26. 
The position of the tag. On itesister 25 is variable, 
and aS Will hereinafter appear, may be used to 
determine the angular limits of the sector to be 
Scanned. The Irectifier is fed by a grid bias Wind 
ing 2A on a transformer 29. Transformer 29 also 
Supplies power to heat cathode 24 through a 
heater Winding 30, and provides anode potential 
from anode Windings 3 and 32 having a center 
tap 34. The priinary 35 of transformer 29 is 
fed by the Saime A.-C. power source as is the 
"Seisyn' energizing transformer , so that the 
Currents flowing through the “Selsyn' 5 and the 
potentials applied to the tube 2 will have the 
desired frequency and phase relationships. 
The anode return from center tap 36 to cath 

Ode 24 may be connected to shielding grid 36, 
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although the shielding grid 36 may be omitted 
in some cases, as will be understood by those 
skilled in the art. Anode potential is applied to 
the anode 37 through a reversing Switch 39 aSSO 
ciated with an impulse relay 48, the latter being 
shunted by a capacitance A. Relay 40 is arranged 
to actuate anode potential reversing Switch 39 
and antenna, motor drive reversing control Switch 
42 simultaneously. 
Assume now that potentiometer contacts 9 and 

20 have been adjusted for Zero potential for a 
given position of antenna, array 6 and the phases 
of the applied grid and anode voltages are the 
same. Rotation of the array by the motor ele 
ment, not shown in detail, of antenna Systein , 
will cause an alternating potential to be applied 
to control grid 23, increasing in amplitude as the 
angle through which it is turned increases. AS 
soon as the amplitude of the applied alternating 
potential exceeds the cutoff bias on the grid Sup 
plied by the bridge rectifier 26 through resistor 25, 
since the anode voltage maxima are in phase With 
the applied alternating grid potential, tube 2f 
Will become conducting. 
The current flow actuates relay 46 which in 

turn actuates reversing switch 39, first cutting off 
and then reversing the applied anode potential. 
Relay 40 also actuates the reversing control 2 for 
the antenna, drive motor, reversing the direction 
of antenna, Scan. 
The tube 2 i will immediately cease conducting 

as soon as the anode potential is cut off, and Will 
continue in that state, since the anode potential 
maxima will occur 180° out of phase with the 
positive grid maxima. As soon as the antenna, 
6, rotating in the opposite direction, passes 
through zero position, the alternating grid po 
tential will reverse and begin to build up in phase 
with the anode potential, until the positive 
maxima, again exceed the pulsating negative biaS 
supplied through resistor 25 and tube 2 becomes 
conducting, operating relay 49, and repeating the 
cycle. 

It will be apparent that the size of the arc Or 
Sector through which the antenna, SWingS can be 
controlled by varying the bias resistor 25, Since 
this will determine the bias voltage which must be 
overcome to render the tube conducting, and 
hence the angle through which the "Selsyn' rotor 

must SWing to produce such a potential. 
the particular sector to be scanned will be de 

termined by the setting of potentiometer con 
tacts 9 and 20, since this determines the mid 
Sector position of the array S. 

It will be obvious that the same principles may 
be used to effect automatic SWeeping through an 
angular range in a vertical plane, or any other 
desired plane, as well as through an azimuthal 
plane. 

It will be apparent that the System described 
will produce a controllable, automatic Sweeping 
of an antenna over a sector of any desired angular 
size, and will relieve the operator of the necessity 
for continuous or frequent manual adjustments. 
It is applicable to radar and radio direction find 
ing systems of any type utilizing a highly direc 
tional antenna, which must be mechanically tra. 
versed to explore a desired area, in space. It is 
also applicable to the control of rotating appara 
tus of many other types, as will be apparent to 
those skilled in the art, in which a movable ele 
ment is to be reciprocably rotated through a con 
trollable angle. 
What is claimed is: 
1. In a direction finding system, the combina 
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4. 
tion, with a highly directional antenna, array, of 
motor means arranged to turn said array about 
an axis, and means for effecting continuous back 
and forth sweeping of a desired sector, compris 
ing a rotary transformer having rotor and Stator 
windings, means mechanically coupling said rotor 
to said array, means for energizing Said rotor 
from a source of alternating current, a potenti 
ometer connected to said stator, and means for 
deriving a resultant voltage from said potention 
eter, a gas tube having at least an anode, a cath 
ode, and a control grid, means for applying Said 
resultant Woltage to said control grid, means for 
applying a bias potential to said control grid, 
means including a center-tapped transformer 
Secondary Winding for deriving alternating po 
tentials from said source of alternating current, 
means for applying said alternating potentials to 
Said anode, a relay in circuit with said anode, 
switching means operable by said relay arranged 
to Supply said anode from opposed ends of Said 
center-tapped secondary winding, and motor re 
versing control means-, operable by said relay 
Simultaneously with said switching means. 

2. The combination, with a directional antenna, 
array, Of notor means arranged to rotate said 
array about an axis, and means for causing con 
tinuous back and forth sweeping of a desired 
Sector by said array, comprising a rotary trans 
former having rotor aind stator windings, means 
rotating Said rotor in synchronism with the ro 
tation of said array, means for energizing said 
rotor from a source of alternating current, ad 
justable potentiometer means connected to said 
Stator, means for deriving a resultant potential 
from Said potentiometer, a gas tube having at 
least a Cathode, an anode, and a control grid, 
means for energizing said gas tube from said 
alternating current source, means for applying 
Said resultant potential to said control grid, 
means for applying an adjustable bias voltage to 
Said control grid, a relay connected between said 
anode and Said cathode, means actuable by said 
relay for shifting by 180° the phase of the alter 
nating current energizing said gas tube, and 
ineans simultaneously actuable by said relay for 
reversing the direction of rotation of said motor 

62.S. 
3. A System for oscillating a rotatable element 

about its axis through a given angle relative to 
a given reference position, comprising drive 
means for rotating Said rotatable element, a ro 
tary transformer comprising a primary coil hay 
ing a single winding across which an alternating 
potential is impressed and a secondary coil hav. 
ing three Windings, said three windings being 
equiangularly displaced relative to each other and 
interconnected to provide a three terminal output; 
circuit from which a three phase potential out 
put is derived, means rotating one of said coils 
relative to the other in synchronism with the 
rotation of Said rotatable element, a thermionic 
tube having at least an anode, cathode and con 
trol grid, means for impressing said alternating 
potential on Said anode, means for impressing 
a bias potential on Said grid, a ring potentiometer, 
connections from said three terminals, respec 
tively, to three points on said potentiometer 
Spaced at 120 intervals, a pair of taps on said 
potentiometer separated by 180°, one of said taps 
being coupled to said grid and the other to said 
cathode, a relay in circuit with said tube and 
energized by current flow therethrough, and 
means actuated by Said relay for simultaneously 

75 reversing the direction of rotation of said drive 
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means and shifting by 180 the phase of the al 
ternating potential impressed on said anode. 

4. The system as set forth in claim 3, further 
including means to adjust the size of said given 
angle, comprising means for adjusting the bias 
potential impressed on said grid. 

5. he system as set forth in claim 3, further 
including means to change said given reference 
direction, comprising means foir adjusting the po 
Sition of Said taps on Said ring potention eter 
while maintaining their 180° separation. 

6. The system as set forth in claim 5, further 
including means to adjust the size of Said give 
angle, comprising means for adjusting the biaS 
potential impreSSed on Said grid. 

7. The combination, with an antenna, arranged 
to be rotated about an axis by motor neans, 
of means for Sweeping said antenna, back and 
forth through a controlled arc comprising, a iro 
tary transformer having rotor and Stator Wind 
ings, neans rotating Said rotor in Synchronistin 
With the rotation of Said antenna, IleanS for Sup 
plying an alternating potential of fixed phase to 
Said rotor, neans for deriving a Single phase rear 
Sultant voltage from Said stator varying in Sense 
depending on the direction of notion of Said an 
tenna, from the mid-point of Said arc, a gas tube 
having at least an anode, a Cathode and a COin 
trol grid, means for applying Said resultant volt 
age to said control grid, an alternating Voltage 
Source connected in the anode circuit of Said tube, 
biasing means arranged in the non-conductive 
condition of said tube to render said tube no 
Ynentarily conductive when Said resultant Voltage 
reaches a, initing value toward which it is diriVen 
in either direction from the mid-point of Said 
arc, and a relay having the coil thereof con 
nected in the anode circuit of Said tube and haW 
ing first and Second pairs of contactS respec 
tively adapted upon conduction of Said tube to 
reverse Said notor aid to simultaneously reverse 
the phase of the alternating potential applied 
to the anode of Said tube. 

8. A system for oscillating a rotatable element 
back and forth through a given angle about a 
reference position comprising, a reversible notOf 
coupled to said element, a voltage source having a 
nowable element driven in Synchronism. With Said 
motor for varying the output Voltage in One Sense 
or another depending on the direction of notion 
of Said rotatable element from Said reference po 
sition, a gas tube having at least an anode, a 
cathode and a control grid, means for applying 
said output voltage to Said control grid, an al 
ternating voltage source connected in the anode 
circuit of said tube, biasing means coupled to 
said alternating voltage source and arranged in 
the non-conductive condition of Said tube to 
render Said tube nonentarily conductive When 
said output voltage reaches a limiting value to 
wards which it is being driven in either Sense, 
and nears connected in the anode circuit Of 
Said tube and operable by momentary conduction 
of said tube simultaneously to reverse Said motor 
and to reverse the phase of the alternating po 
tential applied to Said anode. 

9. The System as set forth in claim 8 further 
including means to adjust the Size of Said given 
angie comprising means for adjusting Said bia S 
ing means to change the bias potential applied 
to said grid. 

10. A scanning system comprising a Source of 
voltage having a novable element, a reversible 
motor arranged to displace Said element in either 
of two directions for varying the output voltage 
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6 
in one sense or another, respectively, an electron 
tube having at east a control grid, a cathode aid 
an anode, aeans connecting the grid and cathode 
of Said Source acroSS the output of Said Source, 
an aiternating voltage Source connected in the 
anode circuit of Said tube, biasing nealinS ar 
iranged in the non-conductive condition of Said 
tube to render Said tube nonentarily conductive 
When Said output voltage reaches a controliaie 
value toward which it is being driven in eitheir 
of said two directions, and a relay having the coil 
thereof connected in the anode circuit of Said 
uice aid having a first pair of contactS adapted 
upon conduction of Said tube to reverse Said no 
tOr aid having a Second pair of contactS adapted 
Simultaneously to reverse the phase of the alter 
nating potential applied to the anode of Said 
tube. 

li. A System for Scanning a rotatable element 
back and forth through a given angle about a 
mid-position comprising, a reversible motor hav 
ing itS arnature connected to Said element, a 
gas tube having at least an anode, a cathode and 
a control grid, an alternating potential Source 
Connected in the anode circuit of Said tube, means 
coupled to Said alternating potential Source for 
applying a controllable bias voltage to said grid, 
neans responsive to the rotation of Said notor for 
producing a Voltage having a Sense depending oil. 
the direction of notion of Said element from Said 
mid-position, means for applying Said last-men 
tioned voltage to Said control grid for counter 
acting Said bias Voltage to render said tube no 
mentarily COEnductive When Said rotatable ele 
ment is driven to either extremity of said given 
angle, aid Switching means responsive to the 
nonentary conduction of Said tube for Simulta 
neously reversing said motor and reversing the 
phase of the alternating potential applied to 
the anode of Said tube. 

12. An electrical System for causing the arma 
ture of a motor to oscillate through an arc com 
prising, first Switching nineans for reversing the 
direction of movement of armature, a thermionic 
tube having at least an anode, a cathode and a 
Control grid, a Source of alternating potential, 
a relay for actuating Said first Switching means 
having the coil thereof connected in the anode 
circuit of Said tube and including second Switch 
ing neans for Selectively connecting said Source 
of alternating potential to said anode circuit in 
Opposite phase, neans for applying a controlia 
ble bias Voltage, and means responsive to the co 
tation of Said armature for counteracting the 
bias Voltage On Said grid. 

13. A System for causing the armature of a, 
notor to OScillate back and forth through a 
given angle about a mid-position comprising, a 
gaStuge having at least an anode, a cathode and 
a control grid, a Source of alternating potential, 
a center tapped transformer coupled to said 
alternating potential Source and connected ira 
the anode circuit of Said tube, means including 
a rectifier coupled to Said alternating potential 
Source for applying a controllable bias voltage to 
the grid of Said tube, a Source of Woltage having 
a movable element movable in Synchronism with 
Said arnature for producing an Output voltage 
having a sense depending on the direction of 
inotion of Said alignature from Said mid-position 
aiad a magnitude proportional to the amount of 
notion from Said mid-position, means for apply 
ing Said output Voltage to the control grid of said 
tube for counteracting said bias voltage to ren 
der said tube momentarily conductive When Said 
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Output voltage is driven to a limiting magnitude References Cited in the file of this patent 
in either direction, means connecting the center- UNITED STATES PATENTS tap of said transformer to the Cathode of said 
tube, and a relay having the coil thereof con- Noer Name Date 
nected in the anode circut of said tube and 5 1311,208 Blood----------- July 29, 1919 
having first and second pairs of contacts adapted 2,356,922 Eltigroth ----------- Aug. 29, ; 
upon momentary conduction of said tube to 3:25 SE - - - - - - - - a - - a E. E. as 
simultaneously reverse the direction of move- 3.416.563 Asiderson--man - a E. 25. 1947 
naent of Said arnature and reverse the Connection as www as a waxwatawawa Awwala - - - - - - a dws 

of said transformer to the anode of said tube FOREIGN PATENTS 
whereby the phase of the alternating potential Number Country Date 
applied to the anode of said tube is reversed. 420,832 Great Britain ------ Dec. 10, 1934 


