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Martin A. Edwards, Scotia, N.Y., assignor to Gen 
eral Electric Company, a corporation of New 
York 

Application October 3, 1942, Serial No. 460,590 
(C. 250-11) 6 Claims. 

The present invention relates to directional 
SCanning antennas, known as Scanners or spin 
ners, for use in radio locating equipment. 
In use the antenna, is rotated in azimuth While 

the elevation may be continuously varied so the 
antenna transmits or receives radio waves from 
a Sector of a spherical sector coordinated with 
the azimuth and elevation of the antenna, 

It is desirable that the antenna, be rotatable 
in azimuth at a high speed, that the elevation 
ba controllable through a wide angle, and that 
the Support for the antenna, cause a minimum of 
interference with the radio waves. In prior con 
Structions the desired speed has been prevented 
by excessive vibration, and the support has caused 
interference with the radio waves at some eleva 
tions. 
The object of my invention is to provide an 

improved antenna, construction which is mechan 
ically balanced so as to permit the desired high 
Speed rotation, which has an improved control, 
and Which has a Support causing a minimum of 
interference. 
The novel features which I believe to be char 

acteristic of my invention are set forth with 
particularity in the appended claims. My inven 
tion itself, however, both as to its organization 
and ninethod of operation, together with further 
objects and advantages thereof, may best be un 
derstood by reference to the following description : 
taken in connection with the accompanying 
drawings in which Fig. 1 is a perspective rear 
view of an antenna, embodying my invention; Fig. 
2 is an elevation, partly broken away, of the turn 
table; and Figs. 3 and 4 are control diagrams. 

Referring to the drawings, there is shown ath 
antenna, projecting along the axis of a parabolic 
reflector 2. The antenna and its associated re 
flector comprise a parabolic antenna unit which 
transmits or receives radio waves along a narrow 
beam concentric With the axis of the reflector. 
The antenna, and reflector, which preferably is 
parabolic in form, are supported for tilting about 
a horizontal axis so as to vary the elevation of 
the antenna, by trunnions 3 and 4 associated with 
hackets 5 and 6 fixed to a reinforcing channel 5a 
On the back of the reflector. The trunnions are 
at the upper ends of standards 7 rising from a 
tir(table journaled for rotation on a vertical 
axis (in azimuth) by ball bearings 9 (Fig. 2) 
Carried in a base . The antenna is rotated in 
azimuth by a motor on the base having a pin 
ion a driving a crown gear 2 fixed to the turn 
table. The antenna is tilted about the axis of 
the trunnions 3 and 4 to vary its elevation by a 
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reversible motor 3 driving a countershaft f4 
through reduction gearing 5 and connected to 
the antenna through a crank arm 6 fixed to the 
countershaft, which moves a link is connected 
to a crank arm 8 fixed to the channel 5a on 
the back of the reflector 2. 
The elevation of the antenna, is controlled by 

a can shaft 2 carried in a frame 2 on the 
housing for the reduction gearing 5 and having 
a gear sector 22 which meshes With a gear Sector 
23 fixed to the countershaft f4. The can Shaft 
29 accordingly moves through the same angle 
as the countershaft 4 and at any instant has a 
position corresponding to the elevation of the 
antenna. The Cam Shaft 2 is connected through 
bevel gears 24 to a rotating potentiometer 25 
supported on the turntable and connected 
through slip rings 26 and 27 (Figs. 3, 4) to coils 
28 and 29 which shift the beam of a cathode 
ray tube 30 vertically in accordance with the 
elevation of the antenna. A similar rotating po 
tentiometer 3, supported on the base 0, driven 
at the same Speed and in phase with the turn 
table by reduction gearing having a pinion 32 
meshing with the gear f2 on the turntable, is 
connected to coils 33 and 34 which shift the 
beam of the cathode ray tube horizontally in 
accordance with the azimuth of the antenna. 
Through the rotating potentionleters 25 and 3 
the position of the trace on the Cathode ray tube 
screen is directly related to or coordinated with 
the azimuth and elevation of the antenna. 
The electrical connection to the antenna is 

through a coaxial transmission line 35 which ex 
tends up through the center of the turntable and 
in through the center of the trunnion 3 and the 
back of the reflector 2 to the antenna. A rotat 
ing joint 35 at the trunnion 3 and a similar 
rotating joint (not shown) at the turntable per 
mit the necessary relative movement between the 
parts of the transmission line. 
The antenna, presents a difficult balance prob 

lem. For effective Scanning it must be rotated 
at a high speed and the elevation must be capable 
Of continual change between rather wide limits. 
In the particular antenna, illustrated the an 
tenna, is rotated in azimuth at a speed of 360-400 
R. P. M. and is tilted in elevation between limits 
of -10° and --65° from the horizontal at a rate 
of 30° sec. (5 R. P. M.). The structural parts, 
as obvious from the drawings, are not Symmetri 
cal about the axis of rotation. The mechanism 
for varying and controlling the elevation of the 
antenna, (the motor 13, gearing f5, cam shaft 20 
and its associated gearing, link , potentiometer 
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2, etc.) is mounted back of the axis of the turn 
table as viewed from the front of the reflector 
So as to provide a clearance permitting tilting 
of the reflector to an angle below the horizontal 
(or above the horizontal if the antenna is in 
verted and suspended from a top support). For 
the same reason the standards may be shifted 
or bent to Ward the back of the tirntable. The 
center of gravity of the antenna, and its aSSO 
ciated reflector 2 is forward of the axis of the 
turntable. The link and the associated crank 
arms f S and 8 cccupy different positions for each 
elevation of the antenna, and accordingly intro 
duce a variable unbalance. 

It has been found that the antenna, can be 
balanced for satisfactory operation at the desired 
high speeds by counterbalance weights 3, 33, 39, 
and 89. The counterbalance weight 3 is carried 
by arms 3 projecting from the back of the re 
flector and holding the weight in line with the 
antenna . The counterbalance weight 3 shifts 
tha center of gravity of the antenna and reflector 
to a point, slightly forward of the turntable axis 
as Viewed from the front Of the reflector. The 
balance weight 3, the antenna, f, and the re- 2 
flector 2 are equivalent to a weight directly over 
the axis of the turntable and an additional weight 
on the antenna in front of the reflector. If 
the counterbalance weight 3 is large enough to 
bring the center of gravity of the weight of the 
antenna, and the reflector directly above the axis 
of the turntable, the operation will be improved if 
an additional balance Weight is fastened to the 
antenna, in front of the reflector. In the present 
construction the balance weight 37 is accordingly 
equivalent to this larger balance weight and the 
additional Weight on the antenna. The balance 
Weight, 33 on the trunnion 3 acts as a counter 
balance for the transmission line 35 and the ro 
tating joint 36. The balance weight 39 carried by 
an a 32X 32 depending from the channel 5a, at 
right angles to the arms is acts as a counter 
balance for the link it since it has a novement 
Opposite that of the link, The counterbalance 
Weight is is fixed to the front edge of the turn 
able, and it, together with the unbalanced weight 

Ci tha antenna, reflector and weight 37 (in front 
of the turntable axis as described above), coun 
terbalances the weight of the motor 3 and the 
2.SSociated partS. on the back of the tirntable. 
the unbalance due to the motor 3 and its asso 
ciated parts should theoretically he counterbal 
anced by an equal and opposite weight at the 
front, Gif the turntable. If this were done the 
Weight is would be above the turntable and Would 
interfere with the tilting of the reflector unless 
th.6 tilitanions 3 and A were raised further above 
th8 turntable. Since space is at a premium a 
incre coin pact, antenna, assembly is obtained by 
counterbalancing the motor 3 and its associated 
parts With the balance weight 4 (below the cen 
tier Qi gravity of the motor 3, etc.) and the un 
balanced weight of the antenna, , reflector 2, 
and weight 3? (above the center of gravity of the 
notor 3, etc.). 
Because the center of gravity of the antenna, 

reflector, and balance weight 3 is in front of the 
turntable axis, the counterbalancing effect varies 
With the elevation of the antenna. This is com 
genSated by the weight 39 which has 3in effect, 
cancelling the variation due to the elevation of 
the antenna, 
With the balance weights as shown it is possible 

to distribute the weight so the moment of inertia 
of the entire rotating system about the mechani 
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cal axis of rotation is greater than the moment 
of inertia, abolit, a cross axis through the centel' 
{f gravity of the System so the System rotates 
Stahly about its mechanical axis. As indicated 
in the description, the functions of the balance 

i eights are not linited to counterbalancing cer 
3i: gaits, and for best results the Weight:S should 
2 V3,3ried experimentally for each antenna, Sys 

ticin, the location of the balance weights and 
the arrangement of the parts is, however, slich 
tat only a Sinail annount of experimentation 
Should be required. - 

Eine control diagrams of Figs, 3 and 4 are guite 
Sirnila.1' 9xcept in the arrangement for selecting 
tiie range of elevation of the antenna. Corre 
Sponding parts in the control diagra?s are ac 
Cordingly indicated by the same reference nui. 
nerals. 

fin each of the control diagrams the azinnuth 
rotor is a direct current motor having a fied 
Wilding 63 shunted across the arnature termi 
nals, one of which is grounded and the other of 
which is connected through conductors & 3 and 5 
to a switch & 6 in the high side of a direct, current, 
power Supply 3. The azimuth motor accordingly 
Operates continuously when the switch 4S is 
closed. In addition to rotating the antenna in 
&Zinuth, as described above, the azimuth hotor 
i thirough a suitable connection indicated by 
the dotted line 49 rotates a ca.In A3 which controls 
a switch 58 in circuit with the transmitter, indi 
Cated by the block. ; , and arranged so that the 
trai)Si2ittei' is cut off during part of the azimuth 
st e of the antenna. For example, tins antenna 

, night be nounted on a ship in a position such 
that the structure of the ship blocked the an 
tenna, beam during part of its azimuth range. 
in rig. 2 the cam 43 and the switch 5 cornprise 
a slip ring with a suitable brush (not shown) at 
the bottom of a stack of slip rings fixed to the 
underSide of the turntable S around a Supporting 
sleeve 52. The other slip rings in the stack are 
Connected to the parts on the turntable. The 
receiver, indicated by the block 53, is not coin 
trolled by the switch 53 but, is on af, all times since 
there is no need for cutting the receiver off. 

trig the rotation of the antellina in azimuth 
the train Srinitter 5 is effective to trans: nit, direc. 
tional pulses of radio waves throughout the die 
Sired 2,2inuth range. Reflections of the trans 
ritted Waves picked up by the receiver 33 are 
translated in frequency and rectified and Sup 
pied to the grid 36 of the cathode ray tube 33 
to modulate the beam of the cathode ray tube 
So as to provide the desired indication on the 
Cathode ray tube screen. As explained above, 
the position of the cathode ray tube beam is co 
trollied by the coils 28, 29, 33, and 34 so that, it is 
coordinated with the azimuth and elevation of 
the antenna. 
The elevation motor 3 has a field tyinding 55 

Connected through slip rings 58 and 5 and con 
ductors 45 and 58 to the high and grounded sides 
of the power supply 4. 

65 

70 

7:5 

The difference between the control diagrams of 
FigS. 3 and 4 lies in the manner of controlling 
tie connections to the armature of the elevation 
notor 3 so as to control the elevation of the 
antenna. 

In Fig. 3 the arnature of the elevation motor 
f3 is controlled by reversing relays 59 and 6 hav 
ing an interlock which prevents simultaneous 
energization. When the relay 59 is energized, its 
arnature 62 is raised from the normal position ill 
lustrated, completing a circuit to the elevation 
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motor arrnature which extends from One side of 
the armature through conductors 63, 64, slip ring 
65, conductor 66, contacts 67, and conductor 68 to 
the high side of the power supply, and from the 
other side of the armature through conductor 69, 
limit switch 7, conductor , slip ring 72, con 
ductor 73, and contacts 4 to ground. Energizing 
the relay 59 causes the elevation motor 3 to run 
in the direction to depress or lower the antenna. 
When the relay 69 is energized, its armature 76 
is raised, completing a circuit to the elevation mo 
tor armature which extends from One side of the 
armature through conductors 63 and 64, slip rings 
65, conductor 66, and contacts 77 to ground, and 
from the other side of the armature through con 
ductor 69, limit switch 70, conductor 7 f, slip ring 
72, conductor 73, contacts 78, and conductor 68 
to the high side of the power supply. When the 
relay 60 is energized, the elevation motor runs 
in the direction to raise the elevation of the an 
tenna. 
The limit switch T0 is controlled by a cam 75 

on the cam shaft 20. If the antenna, should pass 
its uppel' or lower limit of elevation, the cam 
75 moves the switch 7 to contact 79, short cir 
cuiting the elevation motor armature and bring 
ing it quickly to rest by dynamic braking so as to 
prevent travel beyond the desired limits. The 
limit switch is a Safety device which is not nor 
mally in use. 
The elevation of the antenna is controlled by 

normally closed switches 80, 81, 82, 83, and 84 
which are controlled by cams 85, 86, 37, 88, and 
89 on the cam shaft 20 arranged to open the 

5 

20 

Switches at the arbitrarily selected degrees of ele- *, 
vation indicated above the respective cams. The 
Switch 80 which controls the upper limit of eleva 
tion of the antenna is in Series with the coil of 
the relay 60 which causes elevation of the antenna, 
and at the upper limit opens the circuit through 
the relay and causes it to open the circuit to 
the elevation motor. The circuit through the 
switch 8 extends from conductor 90, connected to 
the high side of the power supply through the slip 
ring 56, through conductor Si, switch 80, conduc 
tor 92, slip ring 93, and conductor 94 to the relay 
60. The switch 84 which controls the lower limit 
of elevation of the antenna is similarly in series 
with the coil of the relay 59 which causes lower 
ing of the antenna, through a circuit which ex 
tends from conductor 90 through switch 84, con 
ductor 95, slip ring 86, and conductor 97 to the re 
lay 53. The SWitches 3, 82, and 83 which control 
the elevation of the antenna, intermediate its up 
per and lower limits are connected to common 
ground condictors 98 respectively in series with 
conductors 99, fe), and iO, slip rings 02, 03, and 
f04, and conductors (5, 06, and OT to contacts 
08, 9, of an upper limit selector switch 

and contacts 2, 3, and 4 of a lower limit se 
lector Switch 5. The contacts of the selector 
switches and 5 are labeled in degrees cor 
responding to the Switches so as to aid in under 
standing the Operation. It is obvious that the 
degrees are arbitrarily chosen. 
In use the elevation motor runs in one direc 

tion until the desired limit of travel is reached, at 
which it is reversed and ruins to the other limit. 
The extreme upper and lower limits are controlled 
as described above by the switches 80 and 84 which 
Open at the respective limits. At the upper limit, 
the Switch 80 opens the circuit to the relay 6), and 
when the armature 76 drops to the position illus 
trated the relay 59 is energized through a circuit 
which extends from conductor 9), connected to 
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6 
the high side of the power supply, through switch 
84, conductor 95, slip ring 96, conductor 97, relay 
59, contacts 6, conductor 7, and lower limit 
selector switch 5 to ground. When operating 
between the extreme upper and lower limits the 
selector switches and 5 will be connected 
to the grounded contacts corresponding to the up 
per and lower limits. When the relay 59 picks 
up, the elevation motor is energized in the direc 
tion to lower the antenna. Upon reaching the 
lower limit the switch 84 opens, opening the cir 
cuit to the relay 59 and causing its armature 62 
to return to the illustrated position. In this po 
Sition the relay 6) is energized through a circuit 
extending from the high side of the power supply 
through conductors 90, 91, switch 80, conductor 
92, slip ring 93, conductor 94, relay 60, contacts 
. 8 and selector switch f f l to ground. 

It is sometimes desirable that the scanning be 
limited to a range of elevation intermediate the 
upper and lower limits. This intermediate range 
is controlled by the selector switches and 5 
through the normally closed switches 81, 82, and 
83 which are opened at the designated limits. 

; The operation of the switches will be explained 
for the position illustrated in which the upper 
limit selector switch f is set at 20° and the lower 
liinit Selector Switch 5 is set at 5°. When the 
antenna, is moving toward the 20 position, the 

is relay 59 is deemergized and the relay 60 is ener 
gized through a circuit extending from the high 
Side of the power Supply through conductors 90, 
9, Switch 30, conductor 92, slip ring 93, conduc 
tor 94, relay 69, contacts 8, selector switch , 
contact fo9, conductor 06, slip ring fo3, switch 
82, and ground conductor 98. At the 20° limit the 
switch 82 opens, deenergizing the relay 60 and 
causing the energizing of the relay 59 through a 
circuit which extends from the high side of the 
power line through conductor 90, switch 84, con 
ductor 95, slip ring 96, relay 59, contacts 6, con 
ductor f7, lower limit selector switch 5, con 
tact 2, conductor 07, slip ring 04, conductor 
f0?, Switch 83, and ground conductor 98. At the 
5 limit the Switch 83 opens, deenergizing the re 
lay 59 and energizing the relay 60 through the cir 
cuit described above. 
When it is desired that the antenna, be kept at 

any One of the designated limits, both selector 
SWitches , ? 5 are moved to the same position, 
thereby opening the circuits to the relays 59 and 
60 at the Selected position. Both relays then 
move to the position illustrated in which the 
Conductor's 66 and 73 in series with the eleva 
tion motor armature are short circuited through 
a dynamic braking resistor 9 and contacts 2G 
and 2i. The dynamic braking quickly brings the 
elevation motor to rest at the desired angle. 
The control of Fig. 4 is not so flexible as Fig. 3 

Since the upper limit of elevation of the antenna 
is fixed and only the lower limit is variable. 
As in Fig. 3 the elevation motor armature 3 

is connected through the safety switch 70 which 
is controlled by the cam 75 on the cam shaft, 29 
So that the safety switch opens when the antenna 
moves beyond the upper and lower limits. 
The circuit to the elevation motor slip rings 65 

and 2 is controlled by a reversing relay i22 hav 
ing contacts 24 and 25 energizing the motor 
in the direction to raise the antenna, contacts 
26 and 27 energizing the motor in the direc 

tion to lower the antenna, and holding contacts 
i28 for holding the relay in its raised position 
in which the contacts 26 and 27 are closed. 
The circuit to the motor extends from the Slip 
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ring 65, connected to one side of the motor, 
through a conductor 28 to either the contacts 
A 25 or 27 and from the slip ring 72, connected 
through the safety switch a to the other side of 
the motor, through a conductor 3, a selector 
switch 3, and a conductor 32 to either the 
contacts 34 or 26. The contacts 25 and 26 
are alternatively connected to the high Side of 
the power supply, and the contacts 24 and 27 
are alternatively connected to the low Side of the 
power supply. 
The elevation motor is controlled at its upper 

limit by a normally open switch 33, and at the 
selected lower limits by normally open switches 
36, 35, 36, 37, each of the switches being 

controlled by cams 33d, 34a, 35a, 36a and 
36 on the can shaft 2 each of which causes 

its respective switch to be closed only at the des 
ignated angular position of the antenna. For 
convenience the Switches are labeled in the arbi 
trarily selected degrees of elevation of the an 
tenna, corresponding to the positions at which 
the Switches are closed. 
When the relay 22 is in the deemergized posi 

tion illustrated, the elevation motor 3 is rotating 
in the direction to raise the anterara. When the 
antenna, reaches its upper limit, the switch 33 
closes and energizes the relay 22 through a cir 
cuit, which extends from the high side of the 
power supply through switch 46, conductor 38, 
resistance 39, the coil of relay 22, conductor 
| 33, slip ring i? , switch 33, and conductors 44 
and it 5 connected to the slip ring 5 which is 
connected to the grounded side of the power Sup 
joy, This causes the relay to pick up, opening the 
contacts 23 and 25 and closing the contacts 
23, 2, and 28. The contacts 28 are holding 

contacts which hold the relay in its raised posi 
tion. The elevation notor now runs in a direc 
tion to lower the antenna, and the switches 34, 
835, 36, and 3 will be momentarily closed at 
the desigrated positions. The Switches 34 to 
3 are respectively connected to selector switches 
iÉ6, 4, 48, and 49 which are moved in unison 
With the Selector Switch 3A, and each of Which 
has a contact connected through a conductor 55 
to one side of the relay coil 22. The other side 
of the relay coil 22 is connected through the 
conductor if and slip ring 4 to a conductor 
És connected to the other side of each of the 
Switches. When the antenna, reaches a position 
corresponding to the setting of the lower limit 
Seiector switches 43-59, the closure of the cor 
responding Switch short circuits the coil of the 
relay 22 and causes it to drop to the position 
iiistrated in which the elevation motor is en 
ci'gized in the direction to raise the antenna. 
In the Fig. 4 construction the antenna, accord 

iingly is continuously raised and lowered between 
the upper limit and the selected lower limit. Each 
of the Selector SWitches has an off position in 
Which the elevation motor is deenergized. When 
the selector Switches are moved to the off position 
the antenna accordingly Will remain in the posi 
tion to which it has been moved. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
l. In combination, an antenna, a reflector 

therefor, bearings Supporting Said antenna, and 
reflector for tilting about a horizontal axis, a 
turntable carrying the bearings for rotating the 
reflector about a vertical axis, mechanism carried 
by the turntable for varying the tilting of the 
reflector within predetermined angular limits, 
Said mechanism having a moment of inertia, 

O 
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8 
about said vertical axis variable with the tilt of 
said reflector, a balance Weight on the reflector 
for counterbalancing forces due to the tilting of 
the reflector, and a second balance Weight now 
able laterally of Said vertical axis in accordance 
with the tilt of said antenna, to compensate for 
variations in Said moment of inertia. 

2. In combination, an antenna, reflector unit 
for rotation in azimuth and tilting in elevation 
So as to Scan an arc determined by its elevation, 
a turntable rotatable on a Vertical axis support 
ing the antenna, unit for rotation in azimuth, 
mechanism carried on and rotatable with the 
turntable for tilting the antenna, unit in elevation 
within predetermined angular limits, said mech 
anism being behind said vertical axis with respect 
to the front of said reflector and having a hori 
Zontal component of movement, a balance Weight 

20 

25 

30 

3. 5 

4 ) 

50 

55 

65 

70 

75 

mounted on the back of the reflector and So pro 
portioned that the combined center of mass of 
Said Weight and Said units lies in front of said 
vertical axis, a Second balance Weight on the 
front of said turntable to balance said unit and 
said first weight about said vertical axis, and a 
third balance Weight, mounted upon Said reflector 
and having a horizontal component of movement 
thereWith Opposite to that of said mechanism. 

3. In combination, a turntable rotatable on a 
vertical axis, a directional antenna, supported on 
the turntable for tilting on a horizontal axis, 
means for rotating the turntable, a reversible 
motor on the turntable for rotating the antenna, 
on its horizontal axis, and a control for revers 
ing the motor at upper and lower limits whereby 
the antenna Scans a sector of a sphere compris 
ing means on the turntable responsive to the tilt 
of the antenna, means remote from the turntable 
for selecting the limits, and reversing means con 
trolled by Said tilt responsive and limit selecting 
leaS. 

4. in combination, an antenna, and reflector 
unit, a turntable rotatable about a vertical axis 
and having trunnions Supporting said unit for 
tilting about a horizontal axis, mechanism car 
ried by said turntable for Varying the tilt of Said 
unit within predetermined angular limits, said 
mechanism having a moment of inertia, about 
said vertical axis variable With said tilt, and a 
balance Weight mounted upon said turntable for 
horizontal movement in accordance with the tilt 
of Said unit and in a direction to compensate for 
variation of Said moment of inertia. 

5. In combination, an antenna, and refector 
unit, a turntable rotatable about a vertical axis 
and having trunnions supporting said unit for 
tilting about a horizontal axis, mechanism 
mounted upon Said turntable on one side of Said 
Vertical axis and having a horizontal component 
Of movement to vary the tilt of Said unit. Within 
predetermined angular limits, and a balance 
weight mounted upon said reflector on the oppo 
Site side of Said Vertical axis and having a hori 
ZOntal component of movement opposite to that, 
of said mechanism, whereby variation of the mo 
ment of inertia of said mechanism about said 
Wertical axis is compensated by a similar varia 
tion of the moment of inertia of said balance 
Weight. 

6. In colnbination, an antenna, and reflector 
unit having the antenna in front of the reflector, 
trunnions supporting the unit for tilting about a 
horizontal axis, a turntable rotatable about a 
vertical axis and supporting said trunnions, a 
motor mounted upon said turntable behind said 
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vertical axis with respect to the front of said 
reflector, a link connected between said motor 
and said reflector for varying the tilt of Said unit 
within predetermined angular limits, said link 
having a horizontal component of movement 
whereby its moment of inertia about Said vertical 
axis varies in accordance with said tilt, a balance 
Weight arranged in conjunction. With said unit to 
counterbalance the Weight of Said motor about 
said vertical axis, and a weight mounted upon lo 
said reflector and movable horizontally in accord 
ance with the tilt of Said reflector to compensate 
Said variation of Said moment of inertia. 

MARTN A, EDWARDS. 
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