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9- Claims. 

The present invention Irelates to devices for in 
dicating angles, such for example as earth induc 
tor compasses, which indicate the horizontal an 
gle between a given reference line and the hori 
ZOntal component of the earth's magnetic field. 
The present invention is useful in connection 
With such compasses, and is described as emi 
bodied in an instrument of this type, but it will 
be understood that the invention has many other 
LSes, and is not in any Way limited to compaSSes 
Or other like instruments. 

Broadly, the present invention relates to means 
for developing two alternating electromotive 
forces of identical frequency but differing in 
phase according to the direction of the magnetic 
field employed in generating one of Said forces. 
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Such electromotive forces are then employed, in 
a Well known manner, for energizing a phase ini 
dicator, which shows the phase angle between 
the two generated Woltages. When the earth's 
magnetic field is used in generating one of said 
Woltages, said other Voltage being generated by 
means not in any way responsive to said field, 
the phase indicator will in fact serve as a con 
pass. The same apparatus, however, may be 
used to indicate the angle between any predeter 
mined reference line and any desired magnetic 
field, as will be obvious from the description 
Which follows: 

It is a general object of the invention to pro 
vide means for generating two alternating volt 
ages of identical frequency, Which means shall 
be Small, light in Weight, compact, and inexpen 
sive. Another object is the provision of Such 
means, one of said voltages being generated with 
out the use of any natural or artificial magnetic 
field, whereby the phase relation of the two volt 
ages does not depend upon the direction of the 
earth's field or any other magnetic field. 
More specifically, it is an object of the present 

invention to provide a rotor having a coil adapt 
ed to be rotated in a magnetic field, and a con 
denser plate adapted to be rotated past a fixed 
condenser plate, and means for driving said ro 
tor, thereby setting up two alternating voltages 
of identical frequency but differing in phase ac 
cording to the direction of said magnetic field. 
A further object is the provision of a novel, con 
pact, inexpensive and advantageous earth induc 
tO COmpa SS. 
Other and further objects, features, and ad 

vantages will be apparent from the description 
which follows taken in connection. With the ac 
companying drawings in Which: 

Figure 1 is a diagrammatic showing of the 
general arrangement of the three essential parts; 

Figure 2 is a view partly in Section of the cas 
ing of an indicator, the coils and gearing being 
shown in side elevation; 

Figure 3 is a sectional View through the inte 

(CI. 33-204) 
rior of the indicator with the casing removed; 

Figure 4 is a plan view of the indicator; 
Figure 5 is a side elevation of a vertically dis 

posed inductor unit; 
Figure 6 is a vertical sectional view through 

the inductor unit on the line 6-6 of Figure 5; 
Figure 7 is a sectional view on the line - 

Figure 5; 
Figure 8 is a sectional view on the line 8-8 of 

Figure 5; 
Figure 9 is a diagrammatic circuit view of the 

inductor units; 
Figure 10 is a diagram showing the connections 

between the inductor unit and the indicator, in 
cluding the amplifier circuit; 

Figure 11 is a diagrammatic view showing the 
Circuit connections of a modified form of indi 
cator; 

Figure 12 is a diagrammatic view showing the 
Circuit connections of an electrostatic form of 
indicator; and 

Figure 13 is a view in perspective of a magnet 
and pole piece in detached relation. 
In order to facilitate an understanding of the 

invention, reference is made to the embodiment 
thereof shown in the accompanying drawings and 
detailed descriptive language is employed. It Will 
nevertheless be understood that no limitation of 
the invention is thereby intended and that war 

of 

ious changes and alterations are contemplated . 
Such aS WOuld Ordinarily occur to one skilled in 
the art to Which the invention relates. 

In carrying Out Iny invention I provide a sim 
ple inductor for generating an alternating voltage 
resulting from the relative motion of a coil With 
respect to the horizontal component of the earth's 
magnetic field and also to set up another alter 
nating Voltage resulting from the varying capaci 
tance between a fixed and a moving electrode. 

Referring particularly to Figures 5 to 9, inclu 
Sive, Of the drawings I have shown therein an in 
ductor unit including a coil of moderate turns 
of fine Wire which is nounted in a groove in a 
cylinde" 2 inade of insulating material. 

the cylinder and the coil on a vertical axis. At 
the lower end of the cylinder there is a bucket, 
Wheel 3. Which is rotated by air jets emerging 
from nozzles 4 as a result of pressure difference, 
Or by other Sluitable neans (not shown). A semi 
circular plate or electrode 5, which may be a thin 
piece of aluminum foil, is secured to the surface 
of the cylinder 2 to revolve thereWith. 
A fixed plate or electrode 6 of semi-cylindrical 

shape is disposed adjacent to and concentric. With 
the electrode 5 as shown in the drawings. In 
actual USe in a COinpa SS, the inductor unit just 
described Will be mounted in giinals or controlled 
gyroscopically or by any Suitable means (not 

The 
latte' has Stub shafts 2X for rotatably mounting ; 
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2 
shown) so that the axis of the rotor will be main 
tained in a vertical position. 
The construction just described forms a Sim 

ple inductor for generating two alternating Wolt 
ages of the same frequency. One voltage is set 
up by the rotation of a coil in a magnetic field, 
in this case the horizontal component of the 
earth's magnetic field. The other voltage is Set 
up by the varying capacitance between the fixed 
and the noving plates 5 and 6. 
The indicator is illustrated in Figures 2 to 4. 

It consists of an exterior casing 7 which bears a 
circular glass plate 8 beneath which is a compass 
card 9. 
At O (Fig. 4) I have indicated a lubber's line 

formed on the underSide of the glass plate 8, and 
at ff, a steering and course indicator. Secured 
to the casing 7 is a base 2 upon which is mounted 
a bearing ring 3. Carried by the bearing ring 
are four pole pieces 4. An upper pole piece 5 
is connected by the field cores 6 to the lower 
pole pieces 4 and coils Ta and Tb are provided 
as shown in the drawings. A gear 8 is mounted 
on the upper pole piece 5 and the compass card 
9 is mounted on the gear, as shown, to turn there 
with. A coil 9 is disposed between the pole pieces 
as shown, and this coil is secured to the pivot 
shaft X of the needle so that the latter is 
turned with the coil. The coil 9 is in the field 
of the magnetic flux set up by current flowing 
through coils 7a and Tb as will be hereinafter 
explained. A collar 20 is threaded into the base 
2 and forms a guide for the bearing ring 3. 

This collar is held in position by means of a nut 
2. A knob. 22 is provided with a shaft 23 cen 
trally disposed in a guide 24 carried by the casing 
T. The shaft bears a pinion 25 meshing With the 
gear 8. A plate 26 having a thrust bearing 27 
Supports the pivot shaft X. 

In Figure 10 I have shown the circuits by means 
of which the device is operated. In this figure A 
indicates in general the amplifier input circuit. 
This includes the inductor coil associated with 
a grid 28, and the electrode plates 5 and 6 asso 
ciated with a grid 29. B indicates in general the 
Output circuit including the plates 30 and 3 of 
the output tubes. Phase splitting and phase con 
trol circuits for the electromagnetic type of in 
dicator are shown in general at C and the indi 
cator circuits at D. 
Two alternating voltages are set up in the fol 

lowing manner in Figure 10. The rotating coil 
is connected between the grid 28 and the ground. 
The rotating plate 5 is connected to the ground 
and the fixed plate 6 is connected through a 
blocking condenser to grid 29. Grids 28 and 29 
are biased sufficiently negative so that at no time 
is there grid current flowing. A fairly high D. C. 
voltage is maintained between -B and the 
ground. This potential acting through the high 
resistance 39 holds a substantially constant 
charge on plate 6. When the rotor of the in 
ductor unit Spins an alternating voltage is set up 
aCrOSS grid 28 and the ground due to the action 
Of the earth's magnetic field upon coil . At the 
same time plate 5 is also revolved, and so the 
capacitance between plates 5 and 6 is fluctuating. 
Since the charge on plate 6 remains constant and 
the voltage across 5 and 6 must fluctuate this 
gives rise to an alternating voltage between grid 
29 and the ground. Obviously these two voltages 
must be of the same frequency since coil and 
plate 5 are mechanically tied together and rotated 
as a lunit with no relative motion between them. 
Since plate 6 never changes its position with re 
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Spect to the ship that is carrying the compass 
and since the ship does change its position with 
respect to the earth's magnetic field, it is evident 
that the phase angle between the two alternating 
Woltages can have any value between 0 and 360 
degrees. 

In the system described thus far there is prac 
tically a Zero current flow, that is, it is a potential 
Operated System. This means that if resistance 
Variations are introduced into the circuits as the 
Stub shafts 2X rotate in their bearings no objec 
tionable effects will be set up in the system. 
This arrangement then provides a means for 

generating two alternating voltages of the same 
frequency and whose phase angle is controlled by 
the direction in which the system is pointing with 
respect to the direction of the earth's magnetic 
field or Such other field as may be used. 
In carrying out the invention use is made of 

the forces set up by a rotating field acting upon 
a simple alternating one. 
In Figure 10 two sets of coils Ta and Tb are 

ShoWn. These are the field coils of the indicator 
and are located physically 90 degrees apart. The 
circuit consisting of the condenser 44, the resistor 
4; and the coil 7a obtains its energy from the 
Same amplifier as does the circuit consisting of 
the coil 43 and resistor 42 and the coil 7b. The 
electrical values of the elements of these two cir 
cuits are SO chosen that the phase angle between 
the current flowing in coil 7a and that flowing 
in coil b is 90 degrees. The magnetic flux set 
up by these two currents in the field structure of 
the indicator then has the well known rotating 
characteristic. Coil 9 is situated in this field 
and is mounted on a shaft so that it is free to 
rotate, and this coil is supplied with current frora 
the other amplifier. This current sets up about 
coil 9 a simple alternating magnetic field. Since 
the frequency of the rotating and the alternating 
fields is the same, the forces set up by the action 
of the two fields are such that coil 9 assumes a 
position of rest and this position is determined 
by the phase angle of the two amplifier output 
voltages. 
The circuit elements 45, 46, 47 and 48 provide 

compensation to prevent indicator errors which 
Would ordinarily appear whenever the Speed of 
the inductor rotor deviated from some pre-as 
signed value. 
The device, as pointed out above, consists es 

sentially of three units, the inductor unit shown 
generally at I in Figure 1, the amplifier unit at II, 
and the indicator unit at III. Between the induc. 
tor unit I and the amplifier unit II are two wires 
32 and 33 enclosed in a shell 34 which can be 
metal tubing or metal braid and forms the grOund 
return of the circuits. Between the amplifier 
unit and the indicator unit there are three wires 
indicated at 35, 36 and 37, respectively, en 
closed in a shell 38. It will be noted that there 
are absolutely no mechanical connections be 
tween these three units. 
From the foregoing description of the various 

parts of the device the operation thereof may be 
readily understood. The circuit illustrated in 
Figure 10 is for the electromagnetic type, as 
Stated. 
ASSunning that the rotor has been se, in opera 

tion, the coil rotating in the earth's field in 
presses a sine wave of voltage across the grid 
28, the battery --B acting through 39 charges 
the fixed electrode 6. As electrode 5 rotates the 
capacitance of 6 to ground varies and so the 
Voltage across 6 and ground varies. Hence the 
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21,156 
voltage impressed across grid 29 varies in the 
same Way. The electrode plates 5 and 6 are so 
shaped that the voltage Wave impressed on the 
grid 29 is sinusoidal. Thus there are two sine 
Woltages generated. Since the coil and the mowa 
ble electrode 5 are mechanically connected to 
gether and turn about the same axis there can be 
no frequency difference between the two voltages 
but since the stationary electrode never changes 
its position with respect to the moving body to 
which it is attached, and since the course of the 
moving body does change With respect to the di 
rection of the earth's field, the phase between the 
two generated voltages Will change and in direct 
proportion to the course changes. 
These two induced voltages are amplified and 

are impressed on the indicator in the manner 
shown in the drawings. It will be observed that 
the coil 9 carries alternating current whose 
frequency is the same as that of the indicator 
field. During one revolution of the indicator field 
the coil 9 is Subjected to a sinusoidally varying 
torque that reverses its direction four times. Be 
cause of its inertia, the coil cannot follow these 
torque reversals but takes up a stable position of 
rest. This position is at the point where the cur 
rent in the coil is a maximum. The point where 
maximum current occurs is deterlained by the 
phase angle of the two induced voltages in the 
inductor unit. Therefore the coil takes up a posi 
tion which is controlled by the heading of the 
moving body with respect to the horizontal com 
ponent of the earth's magnetic field. By pro 
viding the movable coil with a needle or pointer, 
such as that shown at . , that travels over a 360° 
scale, shown at 9, the device becomes a compass. 

It will be noted that in the device described 
above the output tube of one amplifier feeds into 
a phase splitting circuit. This circuit supplies 
two currents that differ in phase by 90°. To se 
cure a 90° phase displacement between the two 
field currents the resistances of 4 and 42 must 
be equal, and also the square root of the ratio of 
the reactance of 43 to that of 44 must be equal to 
the resistance of 4. Therefore to have proper 
phase control of the current flowing through the 
moving coil 9, 45 must equal 4, 46 must equal 
42, 47 must equal 43 and 48 must equal 44. The 
indicator derives its rotating field from these two 
currents. The other output, tube feeds into a 
phase control circuit from which is obtained a 
current for moving the coil 9 of the indicator. 
The reason for using this phase control circuit is 
to prevent indicator errors which would ordinarily 
appear whenever the speed of the inductor rotor 
departed from a pre-assigned value. 
In Figure 11 I have shown a circuit in which a 

low impedance metal ring or properly shaped 
iron vane 40 is employed moving in a field which 
is the resultant of two equal but oppositely ro 
tating fields, and carries the compass needle. In 
this form there is no external moving coil cir 
cuit. 
The double field magnetic type indicator with 

a single turn coil (metal ring) is the simplest, 
most rugged, and cheapest to build. This form of 
indicator is also advantageous in that the bear 
ings of the moving parts may be designed solely 
for supporting the moving system with a mini 
mum of friction, there being no necessity of pro 
viding electrical connection through the bearings, 
and the iron magnetic circuit of the indicator 
can be arranged in a very compact manner. 
The substitution of the electrostatic for elec 

tromagnetic effects Will produce the Same result. 

3 
In Figure 12 I have shown the circuits for the 
electrostatic indicator. Condenser 49 and re 
sistance 50 are placed in the phase splitting cir 
cuit While resistance 5 and condenser 52 are in 
the phase control circuit. 53 and 54 are the 
field plates and 55, shown partly in dotted lines, 
is the moving vane. For proper action the re 
actance 49 should be approximately equal to the 
resistance 50 and 5 and 52 should have cor 
responding values. 
Advantages of the electrostatic type of in 

dicator are that it can be used to measure the 
phase angle between fairly high frequencies, at 
which high frequencies the magnetic type in 
dicators of Figures 10 and 11 may be unsuitable 
for obvious reasons. Also, there need be only one 
electrical connection through the bearing for the 
moving System, and the current carried by this 
connection is exceedingly small. 

In the electrostatic type the parts are of Smaller 
physical size and weight and Smaller power out 
put is required from the amplifiers to operate 
the indicator. However, it is not so apt to with 
stand Shocks and vibration to which it will be 
subject in service and more skill is required in 
building it. In addition the insulation of all the 
circuits must be maintained at a high value. 
In using either type of this device the navi 

gator rotates the gear 8 by means of the knob 
22, thus rotating the field coils 78 and b and 3 
the chart, so that any point on the scale can be 
made to coincide with the lubber's line. This 
enables the navigator to set the compass so that 
the compass course to be followed lies on the lub 
ber's line. The pilot then simply steers the course 
so that the needle of the compass aligns With the 
lubber's line, thus making of this instrument 
both a compass and a course indicator. 
The device has numerous advantages. The 

mechanical drive between the inductor unit and 
the instrument board is eliminated. There are 
no brushes, commutators, or slip rings. There 
are but two moving parts, the inductor rotor and 
the indicator moving coil. There are no delicate 
parts requiring precision adjustments for proper 45 
Operation of the compass. 
The actual compass course of a moving body is 

shown, and not merely whether the body is now 
ing along a previously determined course. 
Compass readings are not affected by varia.- : 

tion in the Strength of the earth's field nor are 
they affected by contact resistances, speed of the 
induction rotor, or by amplifier gain whether due 
to changes in supply voltages or aging of the 
tubes. 

Having thus described the invention, what is 
claimed as new and desired to be secured by Let 
ters Patent is: 

1. In an inductor compass, an indicator unit 
having a plurality of field coils provided with pole 
pieces, a rotatable coil centrally disposed between 
said pole pieces electromagnetically reacting With 
and controlled by the field set up by the coils, a 
needle carried by said coil, a direction chart, a 
stationary lubber's line, means for rotating said 
field coils, pole pieces, and chart simultaneously 
to bring said chart into registration with said 
lubber's line, and means for producing a rotating 
field in said field coils, said means comprising an 
inductor unit for generating an alternating volt 
age from the horizontal component of the earth's 
magnetic field, and a second means for generating 
an alternating voltage of the Same frequency, an 
amplifying means for each Voltage, One of Said 
amplifiers being associated with certain of said 
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4. 
field coils for energizing them and the other of 
said amplifiers being associated with other field 
coils, said rotatable coil and needle adapted to 
assume a position of rest, the position being de 
termined by the phase angle of the output volt 
ages of the amplifying means. 

2. In an inductor compass, an indicator unit 
having a plurality of field coils, a rotatable coil 
electromagnetically reacting with and controlled 
by the field set up by the coils, a needle carried 
by said rotatable coil, a chart disposed beneath 
the needle, means for simultaneously rotating the 
chart and field coils, a stationary lubber's line, 
means for producing a rotating field in said field 
coils, said means comprising an inductor unit 
for generating an alternating voltage from the 
horizontal component of the earth's magnetic 
field and a second means for generating an alter 
nating voltage of the Sane frequency, an ampli 
fying means for each voltage, a split phase circuit 
associated with one of Said amplifying means 
and having connections with certain of the field 
coils and a phase control circuit associated with 
the other amplifying means and being connected 
With the rotatable coil, said rotatable coil and 
needle adapted to assume a position at rest. the 
position being determined by the phase angle of 
the output voltages of the amplifying means. 

3. In a device for indicating the angular rela 
tion of a magnetic field with respect to a given 
reference line, a rotatable coil disposed in said 
magnetic field, a condenser plate rotatable with 
said coil, means for synchronously rotating said 
coil and condenser plate, a second condenser 
plate mounted adjacent to the orbit of said first 
condenser plate and fixed in relation to said ref 
erence line, means for keeping said condenser 
charged, a phase indicating device, and means 
connecting said indicating device to said rotat 
able coil and said condenser, said rotatable oil 
and said condenser being adapted to generate 
alternating potentials whose phase relation is 
dependent upon the direction of said magnetic 
field with respect to said reference line. wherehy 
said indicating device is caused to register the 
angular relation of said magnetic field to said 
reference line. 

4. In a device for indicating the angular rela 
tion of a magnetic field with respect to a given 
reference line, a rotor disposed in said magnetic 
field and carrying a coil and a condenser plate, 
means for driving said rotor, a fixe? condenser 
plate mounted adjacent the Orbit of said first 
condenser plate, said condenser plate constitut 
ing a variable condenser, means for keeping said 
condenser charged, a phase indicating device, and 
means connecting said indicating device to said 
rotatable coil and said condenser, said rotatable 
coil and said condenser being adapted to generate 
alternating potentials whose phase relation is 
dependent upon the direction of said magnetic 
field with respect to said reference line, whereby 
said indicating device is caused to register the 
angular relation of Said magnetic field to said 
reference line. 

5. In a device for indicating the angular rela 
tion of a magnetic field with respect to a given 
reference line, a rotor disposed in said magnetic 
field and carrying a coil and a condenser plate, 
means for driving said rotor, a fixed condenser 
plate mounted adjacent the orbit of said first 
Condenser plate, Said condenser plate constitut 

21,156 
ing a variable condenser, means for keeping said 
condenser charged, said condenser plate being so 
shaped, relatively, that the capacitance of Said 
condenser varies substantially sinusoidally as 
said rotor revolves, a phase indicating device, 
and means connecting said indicating device to 
said rotatable coil and said condenser, said rotat 
able coil and said condenser being adapted to 
generate alternating potentials whose phase rela 
tion is dependent upon the direction of said mag 
netic field with respect to said reference line, 
whereby said indicating device is caused to regis 
ter the angular relation of said magnetic field to 
Said reference line, 

6. A device according to claim 3, said phase 
indicating device comprising a Scale, a needle, a 
rotatable short-circuited conducting member Se 
cured to said needle, and a field structure dis 
posed adjacent to said short-circuited member 
and comprising a group of coils adapted to be 
energized by one of said alternating potentials 
and a second group of coils adapted to be ener 
gized by said other alternating potential, Said 
field coils being so arranged and connected as to 
produce two oppositely rotating fields when en 
ergized. 

7. A device according to claim 3, said phase 
indicating device comprising a Scale, a needle, 
a rotatable Vane Secured to said needle, and a 
plurality of electrostatic field plates disposed ad 
jacent to said vane and adapted to be energized 
by One of Said alternating potentials to produce a 
rotating electrostatic field, said rotatable vane 
being adapted to be energized by said other alter 
nating potential. 

8. In a device for indicating the angular rela 
tion of a magnetic field with respect to a given 
reference line, means for generating two alter 
nating potentials of like frequency but differing 
in phase by an angle equal to the Space angle be 
tWeen Said field and said reference line, a phase 
indicating device, and means connecting said 
generating means and said phase indicating de 
vice, Said phase indicating device comprising a 
Scale, a needle, a rotatable short-circuited con 
ducting member Secured to said needle, and a 
field Structure disposed adjacent to said short 
circuited member and comprising a group of coils 
adapted to be energized by one of said alternat 
ing potentials and a Second group of coils adapted 
to be energized by said other alternating poten 
tial, Said field coils being so arranged and con 
nected as to produce two oppositely rotating fields 
When energized. 

9. In a device for indicating the angular rela 
tion of a magnetic field with respect to a given 
reference line, means for generating two alter 
nating potentials of like frequency but differing 
in phase by an angle equal to the space angle be 
tween said field and said reference line, a phase 
indicating device, and means connecting said 
generating means and said phase indicating de 
Vice, said phase indicating device comprising a 
Scale, a needle, a rotatable vane secured to said 
needle, and a plurality of electrostatic field plates 
disposed adjacent to said vane and adapted to be 
energized by one of said alternating potentials 
to produce a rotating electrostatic field, said ro 
tatable vane being adapted to be energized by 
Said Other alternating potential. 

HENRY D. OAKEY. 
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