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2,835,892 
ANTENNA USING. SINGLE MOTOR FOR 

ROTAON ANO NCD 

Otto E. Szekely, Philadelphia, Pa, assignor to O. E. 
Szekely & Associates, Inc., Philadelphia, Pa, a corpo 
ration of Pennsylvania 

Application May 29, 1951, Serial No. 228,951 
4 Claims. (C. 343-766) 

This invention relates to am improved radar antenna 
for use in aircraft. 
The essential features of an aircraft radar antenna 

consist of a spindle which carries a wave guide on which 
is mounted a source of primary feed, such as a cutler 
type primary feed that emits electronic rays and a para 
bolic reflector that directs the rays out and receives the 
returning reflected rays. The returning rays which im 
pinge on the reflector are carried to a screen and thus 
present a picture of the objects from which the rays have 
been reflected. - 

in order that the maximum area may be covered, the 
spindle, the wave guide, the cutler feed and the reflector 
are driven by a mechanism which causes them to rotate 
and to have azimuth angular deflection. Azimuth an 
gular deflection is frequently called nod or scan, 
The spindle may rotate and nod or scan at the same 

time. When this occurs, the wave guide, the cutler feed 
and the reflector move through a spiral configuration. 
Thus they scam a cone of volume directly forward of 
the airplane. This motion is continuous and rapid since 
the spindle, wave guide and reflector may rotate at 
speeds up to 1200 R. P. M. 
A reduction in the power required to drive this mecha 

nism results in a reduction in the weight and cost of 
the driving mechanism. The power is required to drive 
electric generators to provide current for electric mo 
tors. These motors, in turn, drive mechanical mecha 
nisms such as gears, shafts, racks and pinions to carry 
out the functions as described above. Therefore, it is 
evident that any reduction in the pover required will 
result in Substantial savings in cost, weight and size 
Of the mechanism since al items sich as generators, 
notors and mechanica mechanisms are reduced in pro 
portion to the reduced power requirement. Reduction 
in weight and size is cf utingst importance in ai airborne 
equipment, 

erciofore, it has been considered necessary to drive 
e sgi de in retätion by one motor and drive the nod 

by arother motor. In addition to the weight, cost and 
complications of two motors, this dual motor arrange 
meit has the even more serious disadvantage that, due 
te line voltage fiuctuations, these drive motors vary in 
Speed. Thus, the drive motor for rotation may speed 
up while the drive motor for nod may slow down or 
vice versa. Hience, the spiral configuration due to ro 

n:d is utpredictable. With a single motor 
producing both rotation and nod, the configuration of the 
spiral, throug: which the spindle and reflector proceed, 
is iniform, and the overlap between the successive Sweeps 
of Scanning Feehanism is aiways the same. This over 
p insures that all of the volume contained in the field 

of view is investigated during a cycle of operation. 
On wide Scan, that is when the unit is moding as much 

at 130 (plus 65° and minus 65 º fren the straight 
ahead center line of the unit) and rotating for example 
at 1200 R. P. M. the motion of the spindle, the wave 
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guide, the cutler feed and the reflector is extremely rap 
id near the point of extreme angular deflection. This 
motion is so rapid that even with electronic pulses at 
the rate of 570-4000 per second, so few returning pulses 
may be received that the electronic signal may decay be 
fore the following signal is received. When this occurs, 
no image appears on the screen and the target will not 
be seen at al. 

it is, therefore, an object of this invention to provide 
an improved radar antenna in which the spindle, wave 
guide, cutler feed and reflector are driven in both rota 
tion and nod by a single drive motor. 

it is a further object of this invention to provide an 
improved radar antenna, having a single drive motor for 
both rotation and nod, which can be shifted from wide 
to narrow scan by reversing the direction of rotation of 
the drive motor. 

it is a further object of this invention to provide an 
improved radar antenna, having a single drive motor for 
both rotation and nod, in which a novel shifting mecha 
nism is employed for shifting from wide to narrow scan. 

It is a further object of this invention to provide am 
improved radar antenna, having a single drive motor for 
both rotation and nod, in which a speed control device 
is employed which reduces the speed of the drive motor 
in proportion to the cosecant of the nod angle. This 
reduces the speed of the motion of the unit at the point 
of extreme angular defection in wide scan to such am 
extent that a minimum of three successive hits are ob 
tained on a target. This insures the production of an 
image of the target on the screen when the target is 
viewed near the point of extreme angular deflection of 
the unit, 
The accompanying drawings are ilustrative of one 

embodiment of this invention, in which: 
Figure 1A is a side view of the left-hand portion of 

the improved radar antenna showing the parts broken 
away. 

Figure 1B is a side view of the right-hand portion of 
the improved radar antenna showing the parts broken 
aWay. 

Figure 2A is a top view of the left-hand portion of the 
improved radar antenna showing the parts broken away. 

Figure 2B is a top view of the right-hand portion of 
the improved radar antenna showing the parts broken 
away. 

Figure 3 is a sectional view taken on line 3-3 of Fig 
ure 1B, 

Figure 4 is a sectional view taken on line 4-4 of 
Figure 3. 

Figure 5 is an end view of the shifting mechanism tak 
em on line 5-5 of Figure 2B. 

Figure 6 is a sectional view taken on line 6-6 of 
Figure 5. 

Figure 7 is an end view of the speed control unit tak 
en on line 7-7 of Figure 6. 

Figure 8 is a sectional view taken on line 8-8 of 
Figure 1B. 

Figure 9 is a schematic perspective view of the com 
plete improved radar antenna. 

Figure 10 is a Wiring diagram showing electrical con 
nections between elements of the speed control appa 
atuS. 
Referring specifically to Figure 1A, cutler feed 2 is 

mounted on the end of wave guide 4. Wave guide 4 has 
dipole 6 mounted thereon and is joined at its right-hand 
end to azimuth pinion 8, as shown at 7. Azimuth pinion 
8 is journalled in supporting bracket 18 on bearings 13 
and 14. Secured to the top of azimuth pinion 8 as 
by press fitting, welding or other convenient means, is 
Weight frame 12. Weight frame 12 is rotatably mount 
ed on Supporting bracket 10 at the bottom thereo, as 
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viewed in Figure 1A, by pin 15 which engages bearings 
16. 
As best seen in Figure 2A, weight frame 12 has two 

ears 18 and 20 projecting from the front thereof, having 
two holes therein for the reception of bearing sleeves 22 
and 24, respectively. Journalled in bearing sleeves 22 
and 24 are headed machine bolts 26 and 28 respectively, 
each of said bolts being threaded into reflector support 
ing bracket 30. Mounted on reflector supporting bracket 
30 are bearings 32 which support reflector backing plate 
34. Reflector backing plate 34 is secured to bearings 32 
by cap member 36 and bolts 38. Secured to reflector 
backing plate 34 is perforated parabolic reflector 4? 
which may be secured to the backing plate as by rivets 
42 or other convenient means. 

Details of the rotatable mounting of the parabolic re 
flector are disclosed and claimed in my copending ap 
plication, Serial No. 223,216, filed April 27, 1951, now 
issued as Patent No. 2,653,240, dated September 22, 
1953. 

Referring again to Figure 1A, wave guide 4 has a pas 
sage 44 therein which connects with passage 46 through 
azimuth pinion 8. Supporting bracket 10 has an aper 
ture 48 for the reception of one end of elbow 59 which 
connects with passage 46 in azimuth pinion 8. Elbow 
50 at its other end is received in aperture 52 formed in 
supporting bracket 10 and connects with passage 54 ia 
hollow spindle 56. - 
As best seen in Figure 2B, passage 54 in hollow spin 

dle 56 connects with passage 58 in stationary housing 
end plate 60. End plate 60 has a tube 62 received in 
an aperture therein having passageway 64 therethrough. 

Referring specifically to Figure 1B, azimuth pinion 
supporting bracket 10 is fixedly secured to hollow spin 
de 56 as by pin 66. Hollow spindle 56 is journalled in 
housing 68 on bearings 70 and 72. Bearings 76 are sup 
ported by housing end plate 74 having sealing gasket 76 
mounted therein. Housing end plate 74 is supported by 
bracket 75. Bracket 75 may be afixed to an aircraft by 
any desired means. Housing 68 may be secured to end 
plate 74 as by machine bolts 77. Mounted adjacent end 
plate 74 is breather 78. 

Mounted on the upper right-hand end of housing 68, 
as viewed in Figure 1B, is tilt motor 80. Tilt motor 89 
has a pinion 82 mounted thereon which engages rack 
84, the purpose of which is to shift colar 86 on hollow 
spindle 56. Shifting colar 86 is rotatably mounted on 
spindle 56 and has a rod 88 attached thereto which en 
gages a tilting fork, not shown, which is mounted in azi 
muth pinion 8. The purpose of tilt motor 80 is to tit 
the reflector in a vertical plane when the mechanism is 
modding only. 

Fixedly secured to spindle 56 is spindle drive gear 90 
which meshes with worm gear 92, said worm gear being 
rotatably mounted on cross-shaft 94. Mounted below 
spindle drive gear 90 is indexing solenoid 96, the pur 
pose of which is to index spindle 56 so that dipole 6 is 
in the vertical position when the spindle is stationary. 

Referring specifically to Figure 3, worm gear 92 is 
rotatably mounted on shaft 94, said shaft being jour 
nalled in housing 68 on bearings 96 and 98. Splined to 
shaft 94 is clutch 100, which is actuated by a solenoid, 
not shown. The purpose of clutch 100 is to engage 
Worm gear 92 for rotation with shaft 94. Shaft 94 
has gear 102 mounted at the right-hand end thereof as 
viewed in Figure 3, said gear meshing with gear 14. 
Gear 104 is supported by bearings 106 and 198. Gear 
104 is slotted at its left-hand end and is engaged by a 
tongue on the drive shaft of main drive motor 110, as 
shown at 112. Main drive motor 110 is a direct cur 
rent compound wound reversible motor. Mounted at 
the top left-hand end of the main drive motor 119, as 
shown in Figure 3, is conduit fitting 1.4 which carries 
Wires which may be joined to a source of current. 
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Afixed to housing 68 at its lower right-hand side there 
of, as viewed in Figure 3, is azimuth potentiometer 116, 
the purpose of which is to determine the magnitude of 
the sweep on the osciloscope. The gearing arrangement 
for driving potentiometer 116 is not shown. 

Referring specifically to Figure 2B, tilt potentiometer 
118 is mounted adjacent the top right-hand end of hous 
ing 68. Potentiometer 118 is actuated by shaft 120, 
having gear i22 thereon. Gear 122 meshes with gear 
24, which is journalled in bearings 26 and 28. Gear 
324 has a gear 32 afixed thereto which is rotated by a 
rack mounted on shifting fork 134. 

Referring specifically to Figure 2A, azimuth pinion 3 
has a colar 136 mounted thereon, said coliar being se 
cured to pinion 3 by machine bolt 138. Collar 136 has 
teeth 140 cut thereim, said teeth engaging with corre 
sponding teeth 142 on rack 144. Rack 144 has rod 146 
threadedly received in the end thereof, the other end of 
rod 146 being threaded into shifting colar 148. Shift 
ing colar 148 is rotatably mounted on hollow spindle 56. 
As best seen in Figure 8, shifting colar 148 is en 

gaged by two bearing members 50 and 152, respec 
tively, which are supported by shifting fork i54. Shift 
ing fork 154 is rotatably secured to housing 68 by headed 
machine bolt 56. Shifting fork 3.54 is provided with 
a slot 158 in the left arm thereof, as viewed in Figure 8. 
The left arm of the fork is provided with a pair of aper 
tures on either side of the slot 58, for the reception of 
stem 168 of bearing member 150. Mounted on stem 160 
by means of bearings is one end of a connecting rod 
162. On the top left-hand side of the slotted left fork 
arm are provided rack teeth 164 which mesh with cor 
responding teeth on gear 1.66. Gear 166 is mounted on 
the shaft of generator potentiometer 68, the purpose 
of which is to maintain the generator output constan, 
irrespective of changes in the speed of the drive motor. 
As will be seen from Figure 2B, connecting rod 162 

is made in three parts and a sleeve is provided inter 
mediate the ends thereof so that the length of the con 
necting rod may be varied by threading one end into the 
sleeve. 

Connecting rod 162 is driven by stud 170, as best 
shown in Figures 5 and 6. Connecting rod 162 is sup 
ported on stud 170 by bearings, and is secured thereto 
by castelated nut 172. Threaded stud 170 is formed 
integral with a slidable plate 174, which is interposed 
between plates 176 and 178. Plates 176 and 178 may 
be joined together as by screws 189. Plate 178 has a 
U-shaped opening 182 formed therein and it will be seen 
from Figure 5 that stud 170, made integral with slidable 
member 174, is driven from one end of slot 182 to the 
other as the direction of rotation of plate 178 is reversed. 
Secured to plate 176 is plate 184, having threaded stud 
186 formed integral therewith, said plate 184 being se 
cured to gear 188 by a castelated nut 190. Gear 188 is 
secured to member 192 as by pins 194, said member 192 
being formed integral with shaft 196. Shaft 196 has a 
pilot 198 at the end thereof which projects through gear 
188, plate 184 and into plate 176, thus helping to secure 
these members together. 

Thus, it will be seen from the foregoing description 
that plates 176 and 178, having slidable member 174 in 
terposed therebetween, are mounted eccentrically with 
respect to shaft 196. Thus it will be seen that as the 
direction of rotation of member 176 and 178 is reversed, 
stud 170 will be caused to shift to the opposite end of 
slot 182. For example, if the device is turned clockwise, 
as viewed in Figure 5, the length of the crank arm driv 
ing the connecting rod 162 will be from the center of 
shaft 196 to the center of threaded stud 170. If the 
direction of rotation is reversed so that the plate 178 
rotates in a counter-clockwise direction, as viewed in 
Figure 5, threaded stud 170 will shift to the opposite 
end of slot 182, as viewed in Figure 5, and the length 



of the crank arm from the center of shaft 196 to the 
center of stud 170 will be reduced as a result of the ec 
centric mounting of plates 76 and 178 with respect to 
shaft 196. Due to the fact that connecting rod 162 actu 
ates shifting colar 148, rod 146 and rack 144, which 
turns azimuth pinion 8 about its vertical axis as viewed 
in Figure 1A, it will be appreciated that the azimuth 
angular deflection of the wave guide and reflector will 
be reduced. 

Shaft 196 is journalled in bearings 200. Meshing with 
gear 188 is worm gear 202, cut on shaft 204, as bes 
shown in Figure 4. Shaft 204 is journalled at its upper 
and lower ends in bearings 206 and 208, respectively. 
Mounted on the top of shaft 204 is gear 210 which 
meshes with worm gear teeth. 211 cut on shaft 94. 
Thus it will be seen that the rotation of shaft 94 serves 

to rotate spindle 56, when clutch 100 is engaged, and 
also drives wave guide 4 and reflector 40 through azi 
muth angular deflection or nod due to the drive through 
shaft 204, gear 188, stud 170, connecting rod 162, shift 
ing colar 148, rack 44 and colar 136, mounted on 
azimuth pinion 3. 

Shaft 196, at the lower end thereof, as viewed in Fig 
ure 6, has a gear 212 secured thereto by key 234. Shaft 
196 is threaded at its lower end and has castellated nut ; 
216 mounted thereon. Gear 22 meshes with gear 218 
formed integral with shaft 226. Shaft 226 is journalled 
in bearings 222 and is threaded at its upper end to re 
ceive castelated mut 224. Gear 28 has a slot at the 
lower end thereof, as viewed in Figure 6, to receive a 
tongue portion of drive shaft 226 to the speed control 
unit. Shaft 226 at its lower end, as viewed in Figure 6, 
has a cap plate 223 secured thereto by machine boi 233 
Cap plate 228 holds backing plate 232 in engagemeit 
with shoulder 234 formed on shaft 226. Shaft 226 has 
a colar 236 mounted thereon which supports insulating 
ring 238 and Spacer member 243. Colar 236 is sup 
ported at its upper end, as viewed in Figure 6, by b 
ing sleeve 232, and is secured at its upper end by bearig 
plate 244 and spring colar 246. 
A rotating switch indicated generally at 237 in Fig 

ures 7 and 10 includes, as best shown in Figures 6 and 
7, a contact arm 248 Secured to an insulating ring 233. 
The contact arm 248 mounts a member 239 engaging a 
slip ring 259 mounted on insulating ring 252, said rig 
252 also Supporting a plurality of contact buttons 23:4 
which are engaged by the other end cf arm 2:3. { 
tact buttons 254 and slip ring 233 are ceaected 
means of Wires to a resistor box 255 shown in Figure 
10 having a plurality of resistors therein for a purpose 
to be hereinafter described. Insulating ring 252 is se 
cured to supporting member 256 by bolts 253. Mem 
ber 256 is secured to plate 269 by a plurality of threaded 
studs 262, said threaded studs being secured to plate 264 
by nuts 266. Secured to shaft 226 by screw 263 is cam : 
270. As shaft 226 rotates, cam 276 trips two micro 
switches 272 and 274, as best shown in Figure 2B. 
Micro-switches 272 and 274 are supported by threaded 
studs 276. The purpose of these micro-switches will be 
hereinafter described. 
The operation of the device is as follows: 
Assuming that it is desired to drive the radar antenna 

in rotation and nod at wide scan, impulses are trans 
mitted through passageway 64 and member 62, passage 
way 54 in hollow spindle 56, through holow elbow 3 
through passageway 46 in azimuth pinion 8 and through 
passageway 44 in wave guide 4 and through cutler feed 
2 against reflector 40, from which they are directed for 
ward of the antenna. 
skilled in the art that received as wei as transmitted 
impulses pass through this same channel. Drive motor 
110 is energized and due to the driving connection be 
tween gear 104 and gear 102, shaft 94 will be rotated. 
Clutch 100 will be engaged and worm gear 92 will driy 

It will be appreciated by those 

() 

5 

30 

{{) 

(33 

75 

2,s:35,892 
main spindle drive gear 96 which will rotate spindle 56, 
azimuth pinion 8, wave guide 4 and cutler feed 2. The 
rotation of shaft 94 will also rotate gear 210 afixed to 
shaft 204, and worm gear 202 on shaft 204 will rotate 
gear 88. Gear 188 will rotate plates 176 and 178 hav 
ing slidabie member 174 interposed therebetween and 
since stud 170 is formed integral with slidable plate 174, 
it will also rotate and will reciprocate connecting rod 
162. It will be appreciated that in order to drive the 
mechanism in wide scan, stud 170 must be positioned 
in slot 182 as it is shown in Figure 5, since this arrange 
ment provides a long crank arm from the center of rota 
tion of shaft 196 to the center of stud 170. 
As connecting rod 162 reciprocates, it in turn, recip 

rocates shifting colar 148 rotatably mounted on spindie 
56. This results from the fact that connecting rod 162 
is secured to shifting fork 154, which has bearings en 
gaging shifting colar 48. Attached to shifting colar 
48 is rod 146 having rack 144 secured thereto at its 

left-hand end, as viewed in Figure 2A. Rack 144 has 
teeth 42 thereon which engage with teeth 140 on colar 
36 and since colar 36 is fixedly secured to azimuth 
pinion 8, it will be appreciated that the reciprocation of 
shifting colar 148, rod 146 and rack 144 will cause 
azimuth pinion 8 to rotate about its vertical axis, as 
viewed in Figure A. The reciprocating motion of rack 
144 Will cause the wave guide, cutler feed and reflector 
to move through an azimuth angular deflection or nod. 
Since spindle 56, having azimuth pinion 8 and wave 
guide 4 afixed thereto, is rotated, it will be appreciated 
that the wave guide 4, cutler feed 2 and reflector 40 will 
move through a spiral configuration. As gear 188 ro 
tates, it, in turn, wii rotate shaft 226 of the speed con 
trol unit, de to the driving connection between gears 
22 and 218. As shaft 226 rotates, arm 248, mounied 
on insulating ring 238, is caused to travel around button 
contacts 254 of switch 237. Button contacts 254 are 
connected to a plurality of resistors and the resistor box 
255 as shown in Figure 10 in such a manner that when 
the Spindle, wave guide, cutler feed and reflector are 
near the point of extreme angular deflection, resistance 
is put in series with the drive motor, which serves to de 
crease the speed of the drive motor at the point of ex 
treme angular deflection, thus insuring a suficient de 
crease in speed of the drive motor so that a minimum 
of three successive hits are obtained on the target by the 
transmited pulses. Also at the point of extreme angu 
ar de n, micro-switch 272 is actuated by cam 270 
tO ( the current to the motor for a short period in 
order to rapidly decrease the motor speed. The func 
tion of micro-Switch 274 is to prevent the speed control 
unit from becoming operative until the device is rotating 
at the desired speed. These functions of the switches 
272 and 274 are made evident by the Wiring diagram of 
Figure 10. 

Resistance is added in series with the drive motor by 
the rotation of shaft 226 having arm 248 afixed thereto 
so that the speed of the drive motor is reduced in propor 
tion to the cosecant of the nod angle of the spindie, , 
Wave guide and reflector. 
When it is desired to operate the antenna on narrow 

Scan, drive motor 110 is reversed and it will be appre 
ciated that this reversal causes a similar reversal in the 
direction of rotation of shaft 94 and spindle 56. Also, 
gear 88 will be driven in the opposite direction, which 
Will cause stud 170 to travel to the opposite end of slot 
182, from the position shown in Figure 5. This will 
shorten the crank arm from the center of rotation of 
Shaft 196 to the center of stud 170, which Will, in turn, 
decrease the travel of shifting colar 148 and rack 144. 
Hence, rack 144 Will drive azimuth pinion 8 through a 
smaller angular deflection than is the case when stud 170 
is positioned in slot 182, as shown in Figure 5. 

it will be appreciated that when operating on narrow 
Scan, the mod angle may be reduced as much as desired 
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by the proper positioning of slot 182, relative to shaft 
196. If the nod angle is suficiently reduced, the speed 
of the spindle, wave guide, cutler feed and reflector may 
be reduced suficiently so that it is not necessary to add 
resistance in series to the drive motor at the point of 
extreme angular deflection. Thus, when operating on 
narrow scan, the speed control unit may not be used if 
the nod angle is suficiently reduced. 
From the foregoing description it will be appreciated 

that the improved radar antenna provides for the elimi 
nation of one of the motors commonly used in radar 
antennae which perform a similar function. By the 
device of the present invention, a radar antenna may 
be driven in both rotation and nod by a single drive 
motor, thus eliminating the weight of the additional 
motor and, at the same time, insuring that the configura 
tion of the spiral through which the spindle and the 
reflector proceed is uniform and that the overlap between 
the successive sweeps of the scanning mechanism is 
always the same. This results from the fact that the 
speed diferences between the two motors formerly used, 
due to line voltage fluctuations, have been completely 
eliminated due to the fact that only a single motor is 
employed. 

Further, the device of the present invention provides 
for driving a radar antenna in both rotation and nod, and 
also for shifting from wide to narrow scan, using only 
a single drive motor. The device is shifted from wide to 
narrow scan by the simple expedient of reversing the 
drive motor, which decreases the nod angle as a result 
of the shortening of the crank arm, which actuates the 
rack in engagement with the azimuth pinion. 
The radar antenna of the present invention also pro 

vides for a better picture due to the action of the speed . 
control unit, which serves to decrease the speed of the 
drive motor when a target is viewed near the point of 
extreme angular deflection of the unit. 

It will be appreciated by those skilled in the art that 
various modifications may be made within the scope of 
this invention without departing from the spirit thereof 
and the scope of the invention is to be restricted only in 
accordance with the appended claims. 
What is claimed is: 
1. A radar antenna comprising a rotatable spindle, 

means mounting a wave guide and reflector on said 
rotatable spindle, Said mounting means being pivotable 
on an axis substantially perpendicular to the axis of said 
spindle, a reversible motor, drive means connecting said 
motor to said spindle to rotate said spindle, means con 
necting said motor to said mounting means to oscilate 

8 
said mounting means and nod the wave guide and reflec 
tor and including means actuated by reversing the drive 
motor for varying the angle of said oscillation. 

2. A radar antenna comprising a rotatable spindle, 
means mounting a wave guide and reflector on said rotat 
able spindle, said mounting means being pivotable on an 
axis substantially perpendicular to the axis of said spindle, 
a reversible motor, drive means connecting said motor 
to said spindle to rotate said spindle, means including a 
crank connecting said motor to said mounting means to 
oscilate said mounting means and nod the wave guide 
and reflector and including means actuated by reversing 
the drive motor for varying the angle of said oscilation. 

3. A radar antenna comprising a rotatable spindle, 
means mounting a wave guide and reflector on said rotat 
able spindle, said mounting means being pivotable on an 
axis substantially perpendicular to the axis of said spindle, 
a reversible motor, drive means connecting said motor 
to said spindle to rotate said spindle, means connecting 
said motor to said mounting means to oscilate said 
mounting means and nod the wave guide and reflector 
and means to reverse the current to said motor to rapidly 
decrease the speed of the motor in the range of maximum 
nod. 

4. A radar antenna comprising a rotatable spindle, 
means mounting a wave guide and reflector on said rotat 
able spindle, said mounting means being pivotable on an 

4) 
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axis substantially perpendicular to the axis of said spindle, 
a reversible motor, drive means connecting said motor 
to said spindle to rotate said spindle, means connecting 
said motor to said mounting means to oscilate said 
mounting means and nod the wave guide and reflector 
and speed control means for decreasing the speed of said 
motor in proportion to the cosecant of the nod angle by 
adding successive resistances in series with the motor as 
the nod angle increases. 
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