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This invention relates generally to the art of 
control devices and more particularly to such de 
vices in which it is desired to operate an indi 
cator or a control mechanism according to the 
position of a continuously rotatable member. Still 
more particularly, my invention relates to con 
trol apparatus in which the position of a pick 
up or controlling member with respect to a mag 
netic field is continuously made evident or effec 
tive at a distance by the operation of an indica 
tor or by the actuation of some controlled de 
vice. 

I am aware that use has already been made 
of the deflection of the beam of a cathode ray 
tube in response to the earth's magnetic field in 
an attempt to provide remotely or locally indi 
cating compasses, but the known devices are de 
fective in numerous ways. Aparticular disability 
Common to all prior devices having in mind the 
consummation of the objects of my invention lies 
in the fact that they are able to deliver only an 
insignificant amount of power, and for that rea 
son they are in a commercial sense inoperative 
except for instruments for viewing said defection 
of the cathode ray beam. With my invention, the 
limit on the power available, controlled in accord 
ance with the position of the controlling element, 
is set only by the desire of the user. 
An object of this invention is to provide an 

improved remotely indicating, or operating com 
paSS. 
Another object of this invention is to provide 

an improved electronic system for continuously 
transmitting the angular position of a continu 
ously rotatable member, 

Still another object of this invention is to pro 
vide a remotely indicating or operating device 
which is continuously responsive to the angular 
position of a controlling or pick-up member. 
Yet another object of this invention is to pro 

vide a cathode ray tube having a plurality of 
target plates upon which the beam is adapted to 
impinge or between which it is adapted to pass, 
combined with means for modulating the inten 
sity of the beam. 
Other objects and advantages of the present 

invention will become apparent upon a study of 
the specification and claims, and of the figures 
of the drawing which is attached hereto and 
which I make a part hereof, and wherein the 
single figure is a diagrammatic showing of the 
electrical circuit and of the cathode ray tube 
arranged in what I consider a preferred embodi 
ment of my invention, the cathode ray tube being 
shown in side elevation. 
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In the figure, element refers generally to 

a cathode ray tube. Reference numeral refers 
generally to the amplifier which I use in associa 
tion with my cathode ray tube. Reference nu 
meral f2 refers to a split phase motor which is 
used in accordance with the practice of my in 
vention as is set forth below. Element 3 refers 
to a power supply and numeral 4 refers to a 
potential divider arrangement, all of which will 
be discussed in detail in the specification which 
followS. 

In Cathode ray tube comprising a portion 
of my invention, reference numeral 5 refers to 
an evacuated and sealed envelope enclosing the 
electrodes of the tube. A cathode 6 is connected 
by a conductor 8 to a point on potential divider 
4 and thence to ground through a portion of the 
divider and conductor 29. The Cathode is indi 
rectly heated by a filament . Coaxial electrodes 
29, 2 ?, and 22 are arranged to provide a con 
centrated beam of electrons moving through the 
tube in the direction of the arrow. Electrode 20 
is a control grid whose purpose is to vary the in 
tensity of the beam current. Electrode 2 t is a 
focusing anode for concentrating the electrons 
into a beam, and electrode 22 is an accelerating 
anode for increasing the velocity of the electrons 
comprising the beam. Physical elements 7, 6, 
20, 2 and 22 comprise what has come to be re 
ferred to in the art as an electron gun. Spaced 
On either side of the intended normal position of 
the electron beam and located at a distance from 
the accelerating anode are a pair of deflecting 
plates 23 and 28 whose function, as is well known, 
is to cause a deflection of the beam away from 
its normal axis. 

I now come to more novel features of my in 
vention. In my Cathode ray tube I provide an 
additional pair of electrodes 25 and 26 spaced 
along the normal axis of the beam from the de 
flecting plates, and having the same oppositely 
disposed relation about the axis of the beam as 
do the deflecting plates. With respect to one 
another, however, the pair of deflecting plates is 
in 90 degree rotated relationship about the axis 
of the beam with respect to the pair of target 
plates. Irefer to these electrodes as target plates, 
and these target plates are spaced mutually a 
sufficient distance so that the properly focused 
electron beam may pass between them without 
impinging upon either plate, although deflection 
of the beam in either direction may cause it to 
inpinge upon one or the other of the target plates. 
The operation of this portion of my invention 

55 is as follows. It is well known that a cathode 
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ray traversing a magnetic field is deflected out 
of its normal path in one direction or the oppo 
site, depending on the relation of the polarity of 
the field to the direction of electron flow. 
terms of my invention, if the horizontal com 
ponent of the earth's magnetic field, or any other 
artificially created field which it is designed to 
use in the practice of my invention, has a direc 
tion H. perpendicular to and into the plane of 
the paper, the beam is deflected from-the normal 
path suggested by the solid arrow into a path 
suggested by the upper broken arrow, and the 
beam impinges upon plate 26. 

If the influencing field is directed out of the 
paper, the beam is deflected in the opposite 
direction, to impinge on plate 25. If on the other 
hand, the influencing field has a direction par 
allel to the axis of the ray, the field has no de 
fiecting effect on the path of the beam, causing 
it to impinge upon neither plate 25 nor plate 28, 
but rather allowing it to pass through the Space 
between them. Accordingly, it will be seen that 
if the cathode ray tube comprising a portion of 
my invention be rotated about an axis other 
than that of the beam in its normal state, for 
instance an axis normal to that of the beam and 
in the horizontal plane of the paper, there is a 
position of the tube in which the beam is not de 
flected either upwardly or downwardly. This 
position I will refer to as the normal or zero 
position of the tube. - 
Now suppose my cathode ray tube to be 

mounted in a vehicle, for example, an aircraft 
with its axis in fixed relation parallel to the lon 
gitudinal axis of the craft, and in such rotated 
position that the horizontal component of the 
earth's magnetic field acts in a direction normal 
to the plane of the paper in the drawing. Then 
it will be clear that when the axis of the craft 
is in a magnetically north and South direction, 
the beam of the tube is undeviated and no poten 
tial appears upon either plate 25 or plate 26. As 
long as the craft continues to travel along the 
course indicated, this situation continues. How 
ever, if the craft deviates from the course indi 
cated, the beam of the cathode ray tube is de 
flected to fall upon plate 25 or plate 26, depend 
ing upon the direction of deviation of the craft 
from its course, and a potential appears upon 
the plate receiving the beam. It is clear that 
by properly focusing the beam and by properly 
proportioning the space between the plates 25 
and 26, the sensitivity of my tube can be sub 
stantially adjusted. 

If now a modulating potential be impressed 
upon the control grid 20, and the beam be de 
flected so that it impinges, for example, on plate 
25, a potential modulated in intensity appears 
upon plate 25 with respect to cathode f6, and 
the frequency of this modulated potential is the 
frequency of the modulating potential impressed 
upon grid 20. I conceive it to be a part of my 
invention to so modulate the beam, and to make 
use of the modulated potentials in a manner I 
am about to describe, and in other suitable 
applications. 
Conductors 27 and 28 lead respectively from 

plates 25 and 26 to the ends of a resistor 3. 
Center tap 32 of resistor. 3 is adjustably main 
tained at a high positive potential with respect 
to the cathode by being connected by conductor 
33 to the movable arm 34 of a potentiometer 35, 
which draws its energy from potential divider 
4. Plates 25 and 26 are further connected by 
conductors 36 and 37, coupling condensers 46 
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4. 
and 47, conductors 50 and 5, and conductors 32 
and 53 to the grids 54 and 55 of vacuum tubes 56 
and 57, all respectively. Cathodes 60 and 6 of 
Vacuum tubes 56 and 57 are grounded as by 
conductors 63, 64 and 65. A pair of resistors 66 
and 6 are provided having a common connec 
tion grounded as by conductor 68. The other 
end of one resistor 66 is connected as by con 
ductors 50 and 52 to condenser 46 and grid 54 
of tube 56, respectively. The other end of the 
other resistor 67 is connected as by conductors 
5 and 53 to condenser 47 (electrically equiva 
lent to condenser 46) and grid 55 of tube 57, 
respectively. 
Thus it will be seen that there is a continuous 

direct current path, when the beam is deflected, 
from the negative terminal of potential divider 
f4 through a portion of the divider, thence by 
conductor 8 to the cathode 6 of the cathode 
ray tube, to plate 25 or plate 26 of the cathode 
ray tube, to center tap 32 of resistance 3 by way 
of conductor 27 or conductor 28, to the positive 
pole of potential divider 4 by way of conductor 
33 and potentiometer 35, and back through the 
potentiometer. There are also a pair of con 
tinuous paths for modulated currents from the 
negative terminal of potential divider 4, 
through a portion of the divider, thence by con 
ductor 8 to the cathode of the cathode ray tube, 
to plate 25 or plate 26 of the cathode ray tube, 
then either to grid 54 of tube. 56 by way of con 
ductor 27, conductor 36, condenser 46, conductor 
50 and conductor 52 or to grid 55 of tube 57 by 
way of conductor 28, conductor 37, condenser 47, 
conductor 51, and conductor 53. The potentials 
are thus impressed upon the grids of the tubes: 
the circuits are completed through the resistor 
66 or resistor 6 to ground by conductor 68 and 
thence back to the negative terminal of potential 
divider f4. The values of resistors 66 and 6 
are so chosen that the IR drops across them, 
which are the potentials impressed on the grids 
of the tubes respectively, due to impingement of 
the beam on the target plates are within the 
range desired. 
The modulating potential for grid 20 of my 

cathode ray tube is taken from one secondary 
winding 70 of a transformer having a plurality 
of such secondary windings. A potentiometer 
30 is connected across winding 70, and one ter 
minal of the potentiometer is grounded as at 3. 
The movable arm 32 of the potentionnetter is 
connected to the grid 20 by conductor 33, con 
densers 34, and conductor 35. Another Sec 
ondary winding 72 of transformer 7 has its 
terminals connected to the plates 73 and 74 of a 
pair of tubes 75 and 76, respectively, while its 
center tap 77 is grounded through a winding 82 
of split phase motor f2 and a conductor 83. A 
condenser 78 is connected in parallel with motor 
winding 82. A third Secondary Winding 80 of 
transformer 7 provides potential to the other 
winding 8 of motor 2 through a condenser 79, 
and one terminal of this winding 8 is connected 
to the grounded terminal of motor winding 82. 

Plate 84 of tube 56 is connected to one terminal 
of a primary winding 85 of a coupling trans 
former 86, and the other terminal thereof is con 
nected to plate 88 of tube 57. A center tap of 
this winding is connected with the positive ter 
minal of potential divider 4 as by conductor 8. 
Thus, a signal impressed upon grid 55 will cause 
current to flow through primary winding 85 in 
one direction, while a signal upon grid 54 will 
cause current to flow through primary winding 
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85 in the opposite direction. One terminal of a 
secondary winding 90 of transformer 86 is con 
nected to the grids 9 and 92 of tubes 75 and T6 
as by conductors 93, 94, and 95. The other ter 
minal of secondary 90 is grounded as by con 
ductor 96, while the cathodes 97 and 98 of tubes 
75 and 76 are grounded as by conductors O, 
02, O3, condenser 04, resistor 05, and con 

ductor O6. Condenser 04 is in parallel with 
resistor 5. 
In my drawing I have also shown a conven 

tional power supply for providing the potentials 
necessary in the operation of my invention. 
This power supply, as Will be seen, comprises a 
pair of diodes 0 and if , the plates of which 
are provided with potentials from still another 
secondary winding 2 of transformer 7. A 
filter comprising chokes 3 and if 4 and Con 
densers 5 and 6 is provided to Smooth out 
the ripple in the rectified output current, and 
this filter current is applied to resistor 9 of po 
tential divider 4 by conductors and 8. 

It will be seen that numerous potentiometers 
have been connected in parallel with the resistor 
9 at various points for the purpose of adjustably 

taking off potentials which may be suitably 
varied. The purpose of potentiometer 35 has al 
ready been set forth. Potentiometer 20 is to 
provide proper bias potential to the grid of the 
cathode ray tube as by conductor 40, resistor 
4 and conductor 35. Potentiometer 22 is to 
provide a suitable accelerating voltage upon the 
accelerating anode 22 and is connected thereto 
by conductor 42, and potentiometer 23 is to 
provide a suitable voltage on the focusing elec 
trode 2 and is connected thereto by conductor 

3. Potentioneter 2 is to provides a proper 
potential difference between deflecting plates 23 
and 24 for a purpose about to be set forth. 
Thus far I have discussed only the horizontal 

component of the earth's magnetic field. How 
ever, it must be remembered that there is also 
a vertical component to this field, and that this 
component is directed downwardly in the North 
ern hemisphere and upwardly in the Southern 
hemisphere. If the cathode ray tube is mounted 
as I have shown and described, with its axis hori 
zontal and the opposed edges of the target plates 
also horizontal, the effect of this vertical com 
ponent alone is simply to deflect the beam longi 
tudinally in the space between the target plates. 
For moderate vertical components this may not 
be serious, but for large vertical components, 
especially in combination with large horizontal 
components, the force may be sufficient to deflect 
the beam entirely off the target plates, thus ren 
dering the device wholly inoperative. 

Application of proper potentials between plate 
23 and 24 brings electrical force to bear, return 
ing the cathode ray to a central position longitu 
dinally of the space between the target plates, 
but the polarity of this recentering potential 
must be opposite in the two hemispheres. Thus 
for a craft which is to be operable in any desired 
locality means must be provided both for vary 
ing this potential in magnitude and for reversing 
it in polarity. I follow the customary practice 
and maintain one of the target plates at cathode 
potential, while impressing the recentering po 
tential upon the other plate. For this purpose I 
use a reversing switch of the conventional double 
pole double throw type, as indicated at 54. To 
the input or center terminals of the Switch I 
connect the cathode 6 and the movable is in of 
potentiometer 2 as by conductors 55 and 49, 
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respectively. The output terminals of the re 
versing switch are connected to plates 23 and 24 
as by conductors 56 and 57, respectively. Thus, 
when switch 54 is thrown in the left position 
plate 23 is positive with respect to plate 24 which 
is at cathode potential, while when Switch 54 is 
thrown in the right position plate 23 is at cathode 
potential and plate 24 is positive with respect 
thereto: the magnitude of the potential differ 
ence in either case is regulable by adjustment of 
potentiometer 2. 

It will now be evident that when the beam is 
deflected to impinge on one of the target plates 
an alternating potential is impressed on the grid 
of one of the tubes 56 and 57. This potential 
has the same frequency of alternation as does 
the alternating potential in secondary winding 
70, and the phase relationship between the two 
alternating potentials depends primarily on the 
characteristics of condenser 36 and of condenser 
86 or condenser 47 as the case may be. Since 
condensers 46 and 47 are electrically equivalent, 
the grid potential is in the same phase relation 
ship to the potential in secondary winding 70 
whether it is impressed upon grid 55 or grid 55. 
Moreover, the change in phase due to tube 56 
is the same as that due to tube 5. 

However, the potential across the primary of 
the transformer 86 due to impressed potential 
on grid 54 is 180° out of phase with the potential 
across the primary due to impressed potential 
on grid 55. The change in phase due to the 
transformer is the same regardless of which grid 
supplies the signal potential. Therefore the po 
tentials impressed upon grids 9 and 92 due to 
beam impingement on target plates 25 and 26 
respectively are 180° out of phase and have other 
wise a relationship with the potential across sec 
ondary winding 70 influenced by the effect of 
elements 34, 46 (or 47), 56 (or 57), and 86. 
Since, the electrical characteristics of these ele 
ments have been selected so that in the present 
circuit their Overall phase shifting effect is neg 
ligible, this means that the grid potentials on 
tubes T5 and 76 are either in phase or 180° out 
of phase with the potentials in secondary wind 
ing 70, and therefore with the potential in sec 
Ondary winding 72 which has the same primary. 
The plate of tube 75 is negative when the 

plate of tube 76 is positive and at the same in 
stant the grids of both tubes are either positive 
or negative, depending on the direction of de 
viation of the beam. Current can flow in tubes 
75 and 76 only when the plates are positive, and 
when tube 75 is conducting current flows through 
field winding 82 of motor 2 in a direction op 
posite to that in which it flows when tube 76 
is Conducting. This corresponds to a reversal of 
phase in field winding 82, with respect to the 
Current in secondary winding 72 or secondary 
winding 80 which again has the same primary. 
The other winding 8 of the motor is always in 
a fixed phase relationship with the secondary 
winding 80 and, as is well known, reversal cf the 
phase of current in field winding 82 cause re 
Versal of the Inotor. 

It will therefore now be clear that I have found 
a means for operating motor 2 in a forward or 
reverse direction, depending on which target 
plate of the cathode ray tube is impinged upon 
by the deviated beam. 

I will now point out the utility of my invention. 
Suppose the cathode ray tube of my invention 
to be mounted in a craft in such a direction that 
the earth's magnetic field is that of Ha when the 
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craft is on its proper course. If now the craft 
departs from that course in One direction or 
the other, the beam will be deflected to im 
pinge on plate 25 or plate 26, and as set forth 
above, current will be induced in one winding 
of motor 2 in phase with or 180 degrees: out 
if phase with the current in the other winding 
which will cause motor 2 to rotate in One direc 
tion or the other, depending upon the direction 
in which the craft veered from its course. This 
motor may be mechanically connected to oper 
ate a control device having to do with returning 
the craft to its course. 
Another modification of my invention may be 

conceived to operate in the following fashion. 
My cathode ray tube may be mounted to rotate 
about an axis, which may be, for example, sub 
stantially vertical and normal to the axis of the 
beam. For this purpose I have shown my tube 
as supported on a large disc fso arranged for 
rotation as at 53 and having gear teeth in its 
periphery for engaging with a gear 5 carried 
by a shaft 52 operatively associated with mo 
tor, f2. The axis of the beam may be considered 
to be approximately horizontal so that the an 
gular position of the beam with respect to the 
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form shown and described, but rather by the 
Scope of the appended claims. 
I claim as my invention: 
1. In a device of the class described, in com 

bination, means normally directing a beam of 
electrons along an axis to comprise a beam cur 
rent, said beam being adapted for deflection from 
Said normal axis in response to change in a con 
dition from a normal value, means for modulat 
ing the intensity of said beam, target means 
Comprising an Odes located about said axis for 
inpingement by said beam upon deflection from 
said axis, an envelope hermetically enclosing said 
foregoing means, a source of , alternating cur 

5 

horizontal component of the earth's magnetic 
field may be varied. The tube may therefore be 
so set at any time with respect to the earth's 
magnetic field that, the craft keeping on an ap 
pointed course, the beam of the tube will be 
undeviated. Should the craft now depart from 
its course, operation of the motor will take place 
as set forth above, and this motion may be used 
to operate an indicator at a distant point show 
ing the departure of the craft from its course, 
and at the same time to cause rotation of my 
Cathode lay tube about the axis to which I re 
ferred, so that simultaneously the beam will be 
brought back into its undiverted position, and 
the indicator will come to rest at a point show 
ing the extent to which the craft has varied from 
its course. 

It will also be clearly understood that it is 
within the spirit of my invention to provide a 
second set of plates similar to plates 25 and 26 
but at right angles thereto, so that the beam of 
the tube will be responsive not only to deviation 
in a single plane, but deviation in a plane at 
right angles to that plane. By this means, it 
will be seen that the cathode ray tube may be 
maintained in a given position with respect to 
the earth's magnetic field regardless of the level 
neSS of the axis of the craft in which it is mount 
ed; for instance, in an aircraft which can descend 
Or ascend at a steep angle. 

I further wish it clearly understood that I do 
not intend my invention to be limited to the 
use of this device in connection only with the 
magnetic field of the earth, since I conceive it to 
be a part of my invention to provide this type 
of indicating or controlling device wherever a 
controlling and indicating instrument responsive 
to rotation may be desired. This can be done, as 
I have pointed out before, by providing an arti 
ficially created magnetic field having the desired 
angular relationship with the beam, the two being 
mounted for relative rotation as I have set forth 
above. 
While I have shown a preferred embodiment 

of my invention, it is obvious that many other 
modifications and adaptations of the present in 
vention will occur to those skilled in the art. 
Therefore, is should be clearly understood that 
the invention is not to be limited only to that 

rent of a desired frequency, means energizing 
said modulating means from said source where 
by to modulate the intensity of said beam at . . . 
the frequency of and in phase. With the current 
from said source, anode circuits including said 
target anodes, impingement of said beam upon 
a target anode, causing the flow in the related 
anode circuit of modulated anode current hav 
ing a component of said desired frequency, means 
combining said anode currents, the combined 
current due to impingement of a first of said 
anodes being in phase with that from said source, 
the combined current due to impingement of a 
second of said anodes being of opposite phase 
to that from said source, an electric motor op erable at said frequency upon energization by 
two currents of said frequency and of displaced 
phase, discriminator: means energizing said 
motor with a first current which is in phase with 
or of opposite phase to the current from said, 
Source depending on whether said first or said 
second anode is impinged by said beam, and 
means energizing said motor, with a second cur 
rent displaced in phase by ninety degrees from 
the current from said source. 
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2. In a device of the class described, in com: 
bination, means normally directing a beam of 
electrons along an axis to comprise a, beam cur 
rent, said beam being adapted for deflection 
from said normal axis in response to change in 
a condition from a normal value, means for 
modulating the intensity of said beam, target 
means comprising anodes located about said axis 
for impingement by said beam upon deflection 
from said axis, an envelope hermetically en 
closing said foregoing means, a source of alter 
nating current of a desired frequency, means 
energizing said modulating means from said 
source whereby to modulate the intensity of said 
beam at the frequency of and in phase with the 
Current from said source, anode circuits includ 
ing said target anodes, impingement of said beam 
upon a target anode causing the flow in the re 
lated anode circuit of modulated anode current 
having a component of said desired frequency, 
means combining said anode currents, the com 
bined Current due to impingement of a first of 
Said anodes being in phase with that from said 
Source, the combined current due to impinge 
ment of a second of said anodes being of op 
posite phase to that from said source, an electric 
motor Operable at said frequency upon energiza 
tion by two currents of said frequency and of dis 
placed phase, discriminator means energizing 
Said motor with a first current which is in phase 
with or of opposite phase to the current from 
Said Source depending on whether said first or 
Said second anode is impinged by said beam, 
means energizing said motor with a second cur 
rent displaced in phase by ninety degrees from the 
current from Said source, means mounting said 
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envelope for rotation about an axis other than 
said normal axis of said beam, and means aSSO 
ciating said motor in driving relation with said 
last named means. 

3. In a device of the class described, in con 
bination, means normally directing a beam of 
electrons along an axis to comprise a beam Cur 
rent, said beam being adapted for deflection from 
said normal axis in response to change in a con 
dition from a normal value, means for modulat 
ing the intensity of said beam, target means 
comprising opposed anodes spaced about said 
axis for impingement by said beam upon deflec 
tion from said axis in a first direction, means for 
electrostatically deflecting said beam in a Second 
direction perpendicular to said first direction, an 
envelope hermetically enclosing said foregoing 
means, a source of alternating current of a de 
sired frequency, means energizing said modulat 
ing means from said source whereby to modulate 
the intensity of said beam at the frequency of 
and in phase with the current from Said Source, 
anode circuits including said target anodes, in 
pingement of said beam upon a target anode 
causing the flow in the related anode circuit of 
modulated anode current having a component of 
said desired frequency, means combining said 
anode currents, the combined current due to in 
pingement of a first of said anodes being in phase 
with that from said source, the combined cur 
rent due to impingement of a second of Said 
anodes being of opposite phase to that from 
said source, means mounting said envelope in a 
normal orientation with respect to the ambient 
magnetic field, in which orientation said beam 
passes along said axis, movement of Said enve 
lope from said normal orientation causing in 
pingement of said beam upon One of Said anodes, 
and means responsive to said combined current 
for correlating said combined current with the 
change in orientation of said envelope. 

4. In a device of the class described, in Com 
bination, an electron gun directing a beam of 
electrons of modulated intensity along an axis 
to comprise a modulated beam current, said beam 
being subject to the effect of a magnetic field, 
spaced target anodes displaced along Said axis in 
the direction of said beam, means for electrostat 
ically deflecting said beam in a second direction 
perpendicular to said first direction, an anode 
circuit for each of said target anodes, said beam 
impinging a predetermined one of Said target 
anodes for each orientation of said axis with re 
spect to said field, impingement of said beam on 
each said anode resulting in modulating anode 
current in the related anode circuit, Said anode 
circuits including means combining currents 
flowing therein, said combined current changing 
in phase with respect to a standard with change 
in the anode impinged by said beam. 

5. In a device of the class described, in combi 
nation, means normally directing a beam of elec 
trons along an axis to comprise a beam current, 
said beam being adapted for deflection from said 
normal axis in response to change in a condition 
from a normal value, means for modulating the 
intensity of said beam, means for deflecting said 
beam with respect to said axis in a Selected plane, 
target means comprising anodes located about 
said axis for impingement by said beam upon de 
flection from said axis in a direction having a 
component normal to said plane, an envelope 
hermetically enclosing said foregoing means, a 
Source of alternating Current of a desired fre 
quency, means energizing said modulating means 
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from said source whereby to modulate the in 
tensity of said beam at the frequency of and 
in phase with the current from said source, anode 
circuits including said target anodes, impinge 
ment of said beam upon a target anode causing 
the flow in the related anode circuit of modul 
lated anode current having a component of said 
desired frequency, means combining said anode 
currents, the combined current due to impinge 
ment of a first of said anodes being in phase with 
that from said Source, the combined current due 
to impingement of a second of Said anodes being 
of opposite phase to that from said source, an 
electric motor operable at said frequency upon 
energization by two currents of said frequency 
and of displaced phase, discriminator means 
energizing said motor with a first current which 
is in phase With or of opopsite phase to the 
current from said source, depending on whether 
said first or said second anode is impinged by 
said beam, means energizing, said notor with a 
second current displaced in phase by ninety de 
grees from the current from said source, and 
means energizing said deflecting means to main 
tain said beam centered with respect to said 
plane, said energizing means being of reversible 
polarity. 

6. In a device of the class described, in com 
bination, an envelope, an electron gun and a pair 
of spaced opposed target anodes enclosed by said 
envelope, said gun emitting a beam of electrons 
along an axis in the direction of said anodes 
to comprise a beam current, said envelope having 
an orientation in which said beam is deflected 
from said axis by the ambient magnetic field, 
change in Said. Orientation of said envelope re 
Sulting in deviation of Said beam from said axis 
to increase its effective impingement upon a tar 
get anode, said deflection of said beam having 
components in two mutually perpendicular 
planes, means for neutralizing the component of 
Said deflection in the first of said planes, said 
first plane passing between said target anodes, 
means modulating the intensity of said beam at 
a desired frequency, an and de circuit for each of 
Said anodes, impingement of said beam on each 
Said anode resulting in modulated anode current 
in the related anode circuit, said anode circuits 
including means combining current flowing 
therein, said combined current changing in phase 
with respect to a standard with movement of 
Said beam in the second of said planes from in 
Element On One anode to impingement on the 
Ote. i 

7. In a compass: a Cathode ray tube including 
an electron gun directing a beam of electrons 
along a normal axis from which it is subject to 
deflection in response to the earth's magnetic 
field, means energizable to modulate the inten 
sity of said beam, and a plurality of target plates 
mounted for variable impingement, according as 
Said beam is deflected, to transmit variable tar 
get currents; a reversible motor having windings 
designed for energization with alternating volt 
age of a Selected frequency; a source of alter 
nating voltage of said frequency; means ener 
gizing said modulating means from said source 
to give to Said target currents alternating com 
ponents having fixed phase relationships to said 
Source; means energizing one winding of said 
motor from said source; means, including means 
combining said target currents, for energizing 
the other phase of said motor in accordance with 
the relationship between said components of Said 
target currents, so that as said relationship re 
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verses the direction of operation of said motor UNITED 
also reverses; and controlled means actuated by STATES PATENTs & 
said motor. Number Name Date 

8. In a compass: a cathode ray tube including Re.20,506 Soller ------------ Sept. 14, 1937 
an electron gun directing a beam of electrons is 2,025,580 Englehart -------- Dec. 24, 1935 
along a normal axis from which it is subject to 2,027,393 McCreary ---------- Jan. 14, 1936 
deflection in response to the earth's magnetic 2,053,154 TaPierre ---------- Sept. 1, 1936 
field, means energizable to modulate the intensity 2,096,653 Soller ------------ Oct. 19, 1937 
of said beam, and a plurality of target plates 2,103,507 Zworykin ---------- Dec. 28, 1937 
mounted for variable impingement, according as 10 2,165,307 Skellett ----------- July 11, 1939 
said beam is deflected, to transmit variable tar- 2,165,308 Skellett ---------- July 11, 1939 
get currents; a source of alternating voltage of 2,176,599 Wingerhoets et al. -- Oct. 17, 1939 
a selected frequency; means energizing said 2,195,455 Hollmann ---------- Apr. 2, 1940 
modulating means from said source to give to 2,202,376 Hansell ------------ May 28, 1940 
said target currents alternating components hav- 5 2,214,019 Gray ------------ Sept. 10, 1940 
ing fixed phase relationships to said source; a 2,265,311 Preisach et al. ------ Dec. 9, 1941 
controlled device; and means, including means 2,269,688 Rath ------------ Jan. 13, 1942 
combining said target currents, for energizing 2,287,296 a Dallos ------------ June 3, 1942 
said controlled device with alternating voltage 2,305,617 Hansell ---------- Dec. 22, 1942 
which reverses in phase with reversal in the re- 20 23956 . Nokon------------ Jan. 19, 1943 

- lationship between Said Components of Said tar- 2,322,556 Ziebolz ---------- June 22, 1943 
get currents. 2,369,749 Nagy -------------- Feb. 20, 1945 

HENRY E. H.A.R.G. 
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