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My invention relates to directional radio 
apparatus or radio compasses utilizable on 
shipboard, aircraft, or at shore stations, for 
determining with accuracy or nicety the di 
rection or bearing of a radio beacon or other 
distant radio transmitter. 
In accordance with my invention, there 

are provided means for automatically main 
taining a predetermined relation between 
components of an electrical system, such as 
a directional radio system, and more partic 
ularly for maintaining, notwithstanding dis 
turbing influences, symmetry or predeter 
mined degrees of symmetry between a closed 
circuit and a path, such, for example, as a 
closed circuit of a directional radio system 
with respect to an earth connection or equiv 
alent path thereof. -- " 

Further in accordance with my invention, 
a closed circuit of a radio directional system, 
and including a rotatable coil or other means 
having a directional characteristic, is auto 
matically maintained symmetrical with re 
spect to an open antenna path of earth con 
nection, by variation of electrical means by 
a member, such as a cam, having a form rep 
resentative of the compensations or correc 
tions required for effecting the aforesaid 
symmetry or predetermined degree of sym 
metry. 
My invention resides in a system, appara 

tus and features of construction and arrange 
ment hereinafter described and claimed. 

For an illustration of one of the various 
forms my invention may take, reference is 
to be had to the accompanying drawings, in 
which: - 

Fig. 1 is in part electrically diagrammatic 
and in part an elevational view of apparatus 
in accordance with my invention. 

Fig. 2 is a vertical sectional view of the 
automatic correction structure. . 

Fig. 3 is a horizontal sectional view, partly 
in pian, taken on the line 3-3 of Fig. 2. 

Referring to Fig. 1, A is a rotatable in 
ductance or coil absorbing electro-radiant 
energy directly from the natural media and 
having a non-uniform directional charac 
teristic, as well understood in this art. The 
coil A is included in a closed circuit with the 

condenser C variable for tuning the closed 
circuit to the radiant energy received from 
a distant radio beacon or other transmitter. 
The coil A and the slip rings 1 and 2, con 
stituting terminals of the closed circuit, are 55 
carried upon and rotatable with the ver 
tical shaft 3 rotatable by the operator by 
means of the hand wheel 4. 
In shunt to the condenser C is the usual radio receiving apparatus, such as amplifiers (::) 

and detector, indicated at B, and compris 
ing; for example, one or more stages of 
radio frequency thermionic amplifiers, fol 
lowed by a detector tube followed in turn by 
One or more stages of audio frequency am- : 
plifying tubes, in the anode circuit of the 
last of which is connected the telephone or 
other signal-translating instrument T. 

Bearing upon the slip rings 1 and 2 are 
the brushes 5 and 6, respectively, electrically ( ) 
connected with the stationary condenser 
armatures C1 and C2, between which is dis 
posed the movable condenser armature or 
plate C3, whereby there are in effect two 
condensers in Series with each other and : 
in shunt to the condenser C or connected 
across the terminals of the coil A. The con 
denser, arnature C3 is connected to earth, ship's hull or counter-capacity E, this con 
nection a forming in effect an open path with 30 
respect to which the symmetry of the closed 
circuit AC is determinable by the comple 
mentarily variable condensers C1 and C2, 
movement of the common armature or plate 
C3 calising decrease in the capacity of one 
of these condensers and increase in capacity 
of the other, without material effect upon 
the tuning of the closed circuit AC. In ap 
paratus of the character described, it is 
found, particularly on shipboard, that sur 
rounding conducting masses, such as masts, 
smoke stacks, etc., exert such influence that, 
for a predetermined or fixed position of the 
condensei armature C3, corresponding, for 
example, with symmetry of the closed cir- 95 
cuit with respect to the earth connection, 
the symmetry of the closed circuit with re 
spect to the earth path is disturbed or al 
tered for different positions to which the 
coil A is rotated about its vertical axis, 
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When determining the bearing of a radio 
beacon or distant radio transmitter, the op 
erator, by the hand wheel 4, rotates the coil 
A through the medium of the shaft 3 to a 
position of critical response, such, for ex 
ample, as minimum response in the tele 
phone T, when the plane of the coil A is 
normal to the direction of propagation of 
energy from the distant beacon or transmit 
ter. The position to which the coil is SO 
rotated may not be true bearing position, 
for that some slight signal may still be 
heard in the telephone T. The condenser 
armature C3 is moved backwardly and for 
wardly while the coil A is also moved back 
wardly and forwardly within a narrow arc 
until absolute silence in the telephone T is 
obtained, this position of the coil corre 
sponding with that position of the condenser 
armature C3 for which the closed circuit 
AC is strictly symmetrical with respect to 
the earth connection or open antenna path 
a, and for this position of the coil A its 
plane is normali to the bearing (disregard 
ing wave front distortion) of the distant 
beacon or transmitter. in other words, it 
is desirable for sharp bearing determination 
to have the closed circuit, AC strictly syn 
metrical with respect to the earth collanec 
tion a, for all positions of the coil A 
throughout the circumference of its nove 
ment. But the influence of conducting 
nasses, as aforesaid, is such that for diffei'- 
ent direction-determining positions of the 
coil. A the closed circuit will not be sym 
metrical with respect to the earth connec 
tion unless the position of the condensei 
armature C3 be varied to effect symmetry 
for each position of the coil A. 
The aforesaid movement or adjustment of 

the condenser armature C3 to effect sym 
metry of the closed circuit with respect to 
the earth connection for ail positions of the 
coil A is automatically effected by the state 
ture of the character hereinafter described. 
The shaft 3 has a bearing in the fixed 

member 7 having the upwardly extending 
arms 8 terminating in the ring member 9, 
upon which is carried the housing member 
10. Carried by the shaft 3 within the hous 
ing 10 is the sleeve 11 of insulating mate 
rial, upon which are secuted the aforesaid 
ship rings 1 and 2. Disposed within the 
housing 10 and secured thereto by screws 12 
is the bracket 13 of insulating material hav 
ing the arms 14 and 15. The condenser 
armature C1 has the lug or boss 16 secured 
by screws 17 to the aims 14 and 15 of the 
bracket member 13. Similarly, the con 
denser armature C2 has the lug or boss struc 
ture 18 Secured by screws 19 to the bracket 
member 13. Secured to the armatu:e men 
ber C1 by bolt 20 is the brush 5, electrically 
connecting with the amature C1 and bear 
ing upon the slip ring 1. Similarly, there 

1,807,919 

is secured upon and electrically connected 
to the armature C2 the bush 6 bearing upon 
the slip ring 2. Extending through the 
arms 14 and 15 of the bracket 13 are the 
pivot screws 21 and 22, upon which is piv 
oted the niovable armature member C3, to 
which is secured the arm 23 for rocking it 
upon its pivotal axis and thereby moving it 
With espect to the stationary condenser 
amatures C1 and C2, which may carry upon 
their inner faces adjacent the armatilie C3 
inica or equivalent dielectric material. 
Upon the outer end of the arm 23 is pivoted 
the can follower or roller 24 pressed down 
Wardly, by Spring 25, confined between the 
bracket 13 and the arm 23, into engagement 
with the cam member 26, which may be 
rigid and cut or engraved to proper can 
face form, or which, as indicated, and pref 
erably, is a deformable sheet or plate of 
metal supported upon the disk 27. Disposed 
in a circumferential series in the channel 
28 are the cam-deforming and adjusting 
Screws 29, each threaded through the rigid 
disk 27 and having an upper end portion of 
reduced diameter extending freely through 
an apeiture in the cam plate 26 and termi 
nating in a head 30, between which and the 
screw 29 the cam plate 26 is confined, though 
the Screw 29 may rotate with respect to the 
plate 26 and therefore raise or lower it lo 
cally. Each adjusting Screw 29 may be pro 
vided with a squared end 31 to receive a 
socket Wrench or key for adjusting the screw 
29, which may then be locked in adjusted 
or desired position by the lock nut 32. 
Cam structure of the character described, 

comprising a sheet deformable in directions 
substantially parallel with the axis of the 
shaft, is disclosed and claimed in Brower ap 
plication Serial No. 34,006, filed June 1, 1925. 
The roller or can follower 24 engages the 

eam plate 26 outside of the annular series of 
screws 29. 

Inasmuch as the cam 26 is fixed to the shaft 
3 and rotates there with, the plate 26 is de 
formed or Waved locally by the adjusting 
Sci'eWS 29 to cause the plate C3 to take such 
positions with respect to the armatures C1 and 
C2 for all successive positions of the coil. A 
that the closed circuit AC remains or is 
inlaintained symmetrical with respect to the 
earth connection a. 
The data for determining the deformation 

of the calm plate 26 are obtained in any suit 
able Way. For example, a radio transmitter 
is disposed upon a small boat which travels 
completely around the vessel upon which the 
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radio compass is installed and within sight 
thereof. &W, . 

vessel at suitable intervals throughout the 
complete circumference of its travel, and for 
each bearing taken by sight a radio coni 
pass bearing is taken, and for each radio com 
pass bearing there is determined the position 
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of the armature C3 necessary for effecting 
balance or symmetry of the closed circuit with 
respect to the earth connection. From these 
various settings of the armature C3 for the 
various positions of the coil Ait is readily 
determinable to what extent and in what di 
rection each of the screws 25 shall be ad 
justed suitably to deform the can plate 26 
to cause the condenser armature C3 to main 
tain symmetry for all positions of the coil A. 
Upon an extension shaft 33, Secured to the 

shaft 3, is disposed a bracket 34 carrying the 
sighting wires 35 and 36, disposed One verti 
cally above the other and co-acting with the 
direction scale 37, which may be the card of a 
magnetic compass Or which may be the card 
of a dumb compass, or the card of the re 
peater of a gyroscopic compass. 
When the critical bearing position of the 

coil A is obtained, as hereinbefore described, 
the bearing may be read off upon the Scale Ol' 
card 37 by sighting down thereon with the eye 
placed vertically above the wires 35 and 36. 
Upon the support or binnacle 38 may be 

disposed the fixed correction scale 39 hav 
ing thereon markings which indicate the cor 
rection to be applied to the bearing read upon 
the scale or card 37 to correct or coinpensate 
for wave front distortion of the energy trans 
mitted from the distant beacon or transmit 
ter and caused by the mass of the ship or 
other masses adjacent the compass station 
when on shore, as described in my applica 
tion Serial No. 425,834, filed November 22, 
1920. 
However, the scale 39 may be omitted, and 

automatic compensation for Wave front dis 
tortion may be obtained by the compensator 
indicated at 40 and comprising means, such, 
for example, as described in application Se 
rial No. 531,079, filed January 23, 1922, for 
causing the lower portion of the shaft 3 to 
take correcting or compensating positions 
with respect to the upper portion of the 
shaft 3. . 

It will be understood, however, that the 
compensating structure 40 may be disposed 
below the structure for complementarily 
varying the condensers C1 and C2 for main 
taining symmetry, in which case the shaft 33 
will be divided into two parts, the lower 
pointer-carrying portion of which will be 
shifted with respect to the upper portion to 
compensate or correct for Wave front distor 
tion. 
When the compensator 40 is above the sym 

metry-maintaining structure, the can 26 of 
the latter is shifted in position with respect 
to the shaft 3 in accordance with corrections 
for wave front distortion, and for each cor 
responding true bearing position of the 
pointer structure 35,36, the symmetry-main 
taining structure maintains balance or sym 
metry of the closed circuit with respect to 

3. 

the earth connection for all positions of the 
coil A. 

If the sense of direction of a radio beacon 
or distant transmitter is desired in addition 
to its bearing, it is only necessary, after the 
bearing has been obtained, to close the SWitch 
41, normally held in open position, thereby 
connecting the auxiliary antenna or absorp 
tion structure D to the closed circuit, upset 
ting or changing its symmetry. With respect 
to the earth connection E, and thereby afford 
ing means, as described in my prior applica 
tion Serial No. 9,936, filed February 18, 1925, 
for determining sense of direction, which 
may be indicated by the pointer 42 carried by 
the shaft 33. 
While I have more particularly referred 

to variable capacity for affecting the Sym 
metry of the closed circuit with respect to the 
open path or earth connection, and more 
specifically for maintaining symmetry, it 
will be understood that impedance variation 
broadly, including variation of inductance 
or of inductive reactance, may similarly be 
used. 
What I claim is: 
1. The combination with an electric circuit 

including a movable element, of variable 
electrical means for determining the degree 
of symmetry of said circuit with respect to a 
point therein, and means movable in response 
to change of position of said movable ele 
ment to vary said electrical means. 

2. Radio apparatus comprising a closed 
circuit including a movable coil effecting in 
terchange of high frequency energy between 
itself and a natural medium, a path, variable 
electrical means for determining the degree 
of symmetry of said closed circuit with re 
spect to said path, a bearing scale, a pointer 
co-operating therewith means for compen 
sating for wave front distortion, and means 
varying said electrical means in response to 
changes of position of said coil. 

3. Radio apparatus comprising a closed 
circuit including a movable coil absorbing 
radiant energy directly from a natural me 
dium, a path, variable electrical means for 
determining the degree of symmetry of said 
closed circuit with respect to said path, and 
means comprising mechanism movable by 
said movable coil to vary said electrical 
means to maintain symmetry between said 
closed circuit and said path for different po 
sitions of said coil. 

4. Radio apparatus comprising a closed 
circuit including a movable coil absorbing ra 
diant energy directly from a natural medi 
um, a path, variable electrical means for de 
termining the degree of symmetry of said 
closed circuit with respect to said path, and 
means for maintaining symmetry of said 
closed circuit with respect to said path com 
prising a member having a Surface repre 
sentative of dissymmetry of said closed cir 
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cuit with respect to said path for different 
positions of said coil, and a member coil 
trolled by said surface for varying said elec 
trical means to maintain symmetry of said 
closed circuit with respect to said path for 
different positions of said coil. 

5. Radio apparatus comprising a closed 
circuit including a movable coil absorbing 
radiant energy directly from a natural me 
dium, a path, variable electrical means for 
determining the degree of symmetry of said 
closed circuit with respect to said path, and 
means for maintaining symmetry of said 
closed circuit, with respect to said path com 
prising a member movable with said coil and 
having a surface representative of dissym 
metry of said closed circuit with respect to 
said path for different positions of said coil, 
and a member controlled by said surface for 
varying said electrical means to maintain 
symmetry of said closed circuit with respect 
to said path for different positions of said 
coil. 

6. Radio apparatus comprising a closed 
circuit including a movable coil absorbing 
radiant energy directly from a natural me 
diurn, a path, electrical means having a mov 
able member for determining the degree of 
sy ninety of said closed circuit with respect 
to said path, a can movable by said coil hav 
ing a surface representative of degrees of 
symmetry of said closed circuit with respect 
to said path, and a co-acting can follower for 
actuating said movabie member of said elec 
trical means. 

7. Radio apparatus comprising a ciosed 
circuit including a movable coil absorbing 
l'adiant energy directly from a natural me 
dium, a path, complementarily variable in 
pedances determining the degree of Syrin 
metry of said closed circuit with respect to 
said path, and means movable in response 
to change of position of Said movable ele 
lment to vary said impedances. 

8. Radio apparatus comprising a closed 
circuit including a movable coil absorbing 
radiant energy directly from a natural ine 
dium, a path, complementarily variable 
capacities determining the degree of sym 
inetry of said closed circuit with respect to 
said path, and means novable in response to 
change of position of Said movable coil to 
vary said capacities to maintain symmetry of 
said closed circuit with respect to said path 
for different positions of said coil. 

9. Radio apparatus comprising a closed 
circuit including a movable coil absorbing 
radiant energy directly from a natural nine 
dium, a path, complementarily Variable 
capacities determining the degree of sym 
metry of said closed circuit with respect to 
said path, said capacities comprising fixed 
and movable armatures one of which is com 
mon to said capacities, a cam representative 
of degrees of dissymmetry of said closed cir 
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cuit with respect to said path for different 
positions of said coil, and a cam follower 
actuating said movable armature. 

10. Radio apparatus comprising a closed 
circuit including a rotatable coil absorbing 
radiant energy directly from a natural line 
dium, a rotatable shaft carrying said coil, 
a bearing scale, a pointer co-acting therewith 
and with said shaft, a path, complementarily 
tariable capacities determining the degree of 
symmetry of said closed circuit with respect 
to said path, a housing enclosing said capac 
ities, a cam on said shaft within said housing 
having a surface representative of dissym 
metry of said closed circuit with respect to 
said path for different positions of said coil, 
and a co-acting caim follower effecting com 
plementary variation of Said capacities. 

11. Radio apparatus comprising a closed 
circuit including a rotatable coil absorbing 
radiant energy directly from a natural me 
dium, a shaft, rotatable with said coil, a path, 
complementarily variable capacities for de 
termining the degree of symmetry of said 
closed circuit, with respect to said path, said 
capacities comprising a pivoted armature, 
stationary armatures disposed on opposite 
sides of Said pivoted armature, a can rotat 
able with said shaft and having a surface 
representative of degrees of dissymmetry of 
said closed circuit, with respect to said path, 
and a can followei' for moving Said pivoted 
arnature. 

12. In a radio compass, a rotatably mount 
ed coil arranged to act as an absorbing device 
for receiving electromagnetic radiations, said 
coil being arranged near objects having mate 
rial disturbing effect upon the electrical sym 
metry of the coil, and means operated in 
response to the rotation of the coil for elec 
trically compensating the coil for this dis 
turbing effect. 

13. In a radio compass, a rotatably mount 
ed coil arranged to act as an absorbing device 
for receiving electromagnetic radiations, said 
coil being arranged near metallic objects 
having material disturbing effect upon the 
electrical symmetry of the coil, a ground con 
nection leading to the coil so that there are 
two paths leading from the coil to ground, 
a variable impedance device in each path, 
and means responsive to the movement of the 
coil for oppositely varying the impedance 
devices, whereby the disturbing effects are 
compensated. 

14. In a radio compass, a rotatably mount 
ed coil arranged to act as an absorbing device 
for receiving electromagnetic radiations, a 
ground connection leading to the coil so that 
there are two paths leading from the coil to 
ground, a variable condenser in each path, 
and means responsive to the movement of the 
coil for oppositely varying the condensers. 

15. In a radio compass, a rotatably mount 
ed coil arranged to act as an absorbing device 
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for receiving electromagnetic radiations, a 
ground connection leading to the coil so that 
there are two paths leading from the coil to 
ground, a variable impedance device in each 
path, and means responsive to the movement 
of the coil for oppositely varying the imped 
ance devices, comprising a cam and a fol 
lower, said can and follower being connected 
one to the variable impedance devices and 
the other to the coil. 

16. In a radio compass, a rotatably mount 
ed coil arranged to act as an absorbing device 
for receiving electro-magnetic radiations, a 
variable condenser in series with the coil for 
tuning it, a receiving circuit associated with 
said coil and condenser, a ground connection 
having a pair of branches, each leading to 
one of the coil terminals, a variable condenser 
in each branch, and means responsive to the 
movement of the coil for oppositely varying 
the condensers. 

17. In a radio compass, a rotatably mount 
ed coil arranged to act as an absorbing device 
for receiving electromagnetic radiations, a 
variable condenser in series with the coil for 
tuning it, a receiving circuit associated with 
this coil circuit, a ground connection having 
a pair of branches, each leading to one of the 
coil terminals, each of said branches having 
a stationary condenser plate, a movable con 
denser plate disposed between the two sta 
tionary ones and forming the junction point 
for the two branches to ground, and means 
responsive to the movement of the coil for 
moving the movable condenser plate. 

18. In a radio compass, a rotatably mount 
ed coil arranged to act as an absorbing device 
for receiving electromagnetic radiations, a 
receiving circuit associated with the coil, a 
variable impedance device arranged to af 
fect the coil and the circuit, and means for 
varying said impedance device, comprising 
an adjustable cam connected to the coil, and 
a cam follower connected to the impedance 
device. 

19. In a radio compass, a rotatably mount 
ed coil arranged to act as an absorbing device 
for receiving electromagnetic radiations, a 
receiving circuit associated with the coil, a 
variable condenser having a stationary and a 
movable plate, for affecting the coil and the 
circuit, and means for moving the movable 
plate, comprising a cam formed of a resilient 
disc, means for adjusting the disc so that it 
can be warped at the edges to a desired de 
gree, and a cam follower, said cam and fol 
lower being connected, one to the coil and the 
other to the movable plate. 

20. In combination, a movable device the 
position of which affects its electrical condi 
tion, and means for compensating for the 
yariation in the electrical condition, compris 
ing a variable impedance device, a disc cam, 
means for distorting the disc cam near its 
edge, and a cam follower, said cam and fol 

5 

lower being connected, one to the movable 
device and the other to the variable imped 
ance device. 

21. In combination, a movable device the 
position of which affects its electrical condi 
tion, and means for compensating for the 
variation in the electrical condition, compris 
ing a variable condenser having a movable 
plate, a disc cam, means for distorting the 
disc cam near its edge, a cam follower, said 
cam and follower being connected, one to the 
movable device and the other to the movable 
plate, whereby said plate is moved in accord 
ance with the movement of said movable 
device. 

22. In a radio compass, a coil forming a 
loop absorbing device for electromagnetic 
radiations, a support rotatable about a ver 
tical axis, for said coil, a variable condenser 
in series with the coil for forming a tuned 
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circuit therewith, a receiving circuit con 
nected to this loop circuit, a pair of oppo 
sitely disposed stationary condenser plates, 
connected respectively to the terminals of 
the coil, a plate movable between the two 
stationary plates and connected to ground, a 
flexible disc concentric with the rotatable 
support, a plurality of adjusting screws for 
distorting the disc near its edge, and a cam 
follower riding on the disc near its edge and 
connected to the movable plate so as to vary 
its position as the coil is rotated. 

In testimony whereof I have hereunto af 
fixed my signature this 19th day of May, 
1925. 

FREDERICK A. KOLSTER. 
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