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UNITED STATES
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PATENT OFFICE

2,018,820

PHASE ROTATION DETECTOR AND -
FREQUENCY REGULATOR

George L. Usselman, Port Jeﬂerson, N. Y, as-
signor to Radio Corporation of America, a cor-

poration of Delaware

Application December 10, 1832, Serlal No. 646,674
20 Claims. (CL 250—36) '

This invention relates to a method of and
means for comparing two alternating current
frequencies.

This invention also relates to a novel method

5. of and means for comparing two alternating

10

15

currents of high frequency as o frequency and
of producing energy representative of relative
shifts in frequency of said alternating currents.

This invention also relates to a novel method
of and means for comparing two alternating cur-
rents of high frequency as to frequency and of
producing energy representative of relative shifts
in frequency of said alternating currents, and of
utilizing the energy so produced to control the

_frequency of one of said currents in a sense
which tends to maintain said currents in status.

quo over an indefinite period of time.

More in detail, this invention relates to detec-
tors in general, and more in particular to pha.se
rotation detectors which detect and indicate
relative phase rotation between two alternating
current frequencies, and in so detecting and in-
dicating produce energies representative of the
direction of shift between said two alternating
current frequencies, which energies may be uti-
lized to control the frequency of one of said cur-
rents in g sense which tends to maintain gaid

- frequency the same as the frequency of the other

30

s“.

10

45

50

65

oscillation. The frequencies compared may, for
purposes of illustration, be taken as a source of
constant alternating frequency of relatively
small amplitude and a transmitter frequency,
that is, a carrier frequency of a radio transmitter
of considerable amplitude, the object being to
maintain the transmitter frequency constant
without the, use of crystal . circuits ' connected
therewith, etc .

- Phase rotation detectors have been known in
the prior art. In general, it has been the prac-
tice in the prior art to use tuned circuits and
audio filters to select the operating band of the
transmitter. In some cases this latter scheme
was not entirely satisfactory since the circuits
had false operating points which permitted the

transmitter to operate on the wrong frequencies.

Furthermore, the tuned circuits limited to some
extent the frequency range of the control device.
In other cases screen grid tubes are used in the
phdse rotation detectors. For example, see
United States Application No. 638,321, filed Octo-

“ber 18, 1932. I have found that the s:reen grid

type of detector in some cases is not eﬁlcient at
very high frequencies.

An object of the present invention is to pro-
vide a new and improved phase detector circuit

. and & new and improved means for utilizing the

component energy resulting from said detection
due to relative shift between the frequencies
compared to control one of said frequencies. -
- Another object of the present invention is to §
provide an arrangement as briefly described in= -
the preceding paragraph in which tuned circuits

- are unnecessary and in which thermionic tubes:

of the triode type are used so that the circuits
are applicable to comparison of and control of 10
comperatively high frequencies.

Briefly, the above ohjects are attained in ac-
cordance with the present invention by the use
of & source of low power constant frequency en-~
ergy of comparatively high frequency connected 15
in phase to the input electrodes of a pair. of
thermionic tubes in a phase rotation detector.
The tubes bave their anodes connected in out-
of-phase relation to a frequency source to.be -
compared and controlled. The constant fre- gp
quency source and the source to be controlled
should be substantially equal in frequency but
in operation it is assumed they may differ by
a beat note which may vary between, say, 0 and
10,000 cycles per second. Since the frequency 25
to be controlled is applied to the two anodes in
out-of-phase relation (assume about 60° shift) -
two low frequency beat notes of equal frequency,
which may vary if the frequency to be controlled
varies, are produced. The beat notes will have 39
a constant phase difference determined by the
phase shift between portions of the frequency to
be controlled as applied to the anodes of the
phase detector tubes. The amount of phase dif-
ference between the beat notes never changes 35
though the frequency may change. If the fre-
quency relation between the constant frequency
source and the source to be compared and con-
trolled changes from abave to below or vice versa
the phase relation between the beat notes will 40
change, that is reverse.. A reversal of phase re-

‘lation between the beat notes takes place each

time the frequency to. be controlled passes .
through the constant frequency. The anode .
circuits of the phase rotation detectors are cou- 45
pled to o tripping circuit which is actuated in
‘one direction or the other by the phase spaced
beat note currents of equal but varying fre-
quency in said detector output circuits, the di-
rection of the actuation being determined by the 50
direction of the phase or frequency shift of the
frequencies from the transmitter.

The tripping eircuit ‘or relay is of the type
described in application Serial No. 380,447, filed
July 23, 1929. The phase detector, as briefly 58
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described above, 1s coupled by way of separate -

audio frequency transformers to the control ele-
ments of two thermionic tubes in the tripping
 circuit. The two tubes have their anode and
5 control electrodes cross-connected by resistances
in such a manner that an incregsse of current in
one anode circuit applies negative potential to
the control grid of the other tube and results

in @ positive decrease in conductivity of the

10 other tube and decrease in the current in the
. other anode circult These tubés are normally
biased to a. point at which the desired tripping
action takes place when the potential on the

. grids changes. The phase relation between the
15 - beat notes determines which tube will be conduc-
. tive first, and, due to the cross-cornected resist-

ances, the instant one tube starts to draw the .

more current, the other tube is biased more neg-

-atively and draws less current, and the flow of

20 current is positively tripped to the first tube.
. This condition maintains until the beat note
pulse applied from the phase rotation detector

" biases the control grid of the other tube to &
value to cause it to draw current heavily, This

25 applies negative bias to the control grid of the
. first tube and trips current to the second or other

tube. The average current through these tubes .

will be greater in one tube than it will be in the

other,

30 mined by the relative phase rotation of the

transmitter and monitor frequencies, as win ‘be
explained later in detadl.

The tripping circuit, described more in detail

: hereinafter, includes in its output relay windings

85 connected in opposition so that when the aver-

age current predominates in one tube, as briefly

described above, one winding is energized exces-

sively and the other winding becomes deener- .
gized to a great extent due to the decrease of .

40 anode current in the other tube. The winding

may actuate a contact closing member or relay

tongue. The relay tongue moves to one side or

the other when unequal currents flow in the

v windings. The, direction of movement.depends
45 on which winding 'is energized more, The relay
‘tongue or contact closing device may in turn

. control a motor to rotate a tuning element in
the transmitter circuit in one sense or the other,

the sense in which this' tuning element is being’

. 50 turned depending on which tube in the tripping

circuit is drawing the most average current. The

1atter, of cotrse, depends upon the sense of the
constant phase difference between the two equal

frequency currents or beat notes supplied from:

53 the phase rotation detector and resulting from a

comparison of out-of-phase and in-phase eur- .

rents in sald tubes.

The tripping circult relay tongue-and fre- -

quency control circuits are so coordinated that
60 when the average current is greater in one tube

it tends to-tune the frequency to be controlled.

toward the frequency of the monitor so that, if
the tuning action 1s continued due to the trip-

ping action of the tripping circuit, the frequency ~

65~ of. the source to be controlled will be brought to

the frequency of the constant frequency source.

If the tripping action continues longer there will

be a reversal of phase relation between the beat

- notes and the average current will be greater in

70 the other tube. Thissta.rtsthetunlnmtrolin
the other direction.

Obviously, where sald relay circuit is utilized

to control a tuning element, failure in any por-
tion of the phase rotation detector, of the refer-
- 18 encesource.orofthetrammitternomcemlght

The sense of this unbalance is deter- .
"' positions of stability, has in a sense three posi- g9

resultinthetripp!nzc!rclntremaininglnone ,
position of stability for a time sufficient to move
the tuning control entirely out of the range of-
the phase rotation detector and/or the tripping - ..
circuit. '3

A turther object of the present invention is to
provide means whereby the normal function of -
the relay or tripping circuit, as.described in said
application referred to above; is inhibited under
certain circumstances, as, for example, a failure 19
of the phase rotation detector circuits, the refer-
ence frequency source, or of the source of oscil-
lations to be checked.

Novel means' is also provided in accordance .
with, the present invention whereby, in case of 15
failure of the currents of varying phase relation~ -
ship, for any reason whatever, the tripping cir-

- cuit is thrown out of normal operation so that .

the output windings again are set in equilibrium
or draw equal amounts of currents, possibly of gg -
different intensity than during normal operation, .
so that the relay tongue contact member con-
trolled thereby may, under its spring bias or
polarizing bias, return to the normal control po-
sition so that the tuning element associated with. g
the circuit to be controlled is not moved. In
other words, in accordance with the present in-
vention, the tripping circuit which, as described

in the application referred to above, had two '

tions of stability, that is, the first position where
one tube draws excesslve cwrrent, the second posi- -
tion where the other tube draws excessive cur-
rent, and the third position where both tubes
draw a like amount of current, or no current at 35

-all, In the latter case the relay tongue returns,

by spring pressure, to a position midway between
the two stationary contacts. -

The novel features of my-invention have been
pointed . out with particularity in the claims ap- “ﬁ

" pended hereto.

The nature of my inyention and the method
of operation thereof will be best understood from
the following. detailed description thereof and -
therefrom when read in connection with the 4x
drawings, throughout the several figurés of which

‘like reference characters indicate like parts, and

in which: -

Flgure 1 shows & phase rotation detection cir-
'cuit arranged in accordance with the present gq
inverntion in combination with a source of con-
stant frequency, a transmitter, or work circuit,

- the frequency of which is to be compared and

controlled, a tripping circuit connected with the
phase rotation detector, and control means inter- gg
posed’ between the tripping circuit and the fre-
quency determining portion of the work circuit;

Pigures 2 to 9 inclusive show mod;ﬂcations of
the arrangement of Figure 1;

Figures 10 to 13 inclusive are curves and graphs 60
which serve to éxplain the theory of operation

" of the phase detector and tripping circuit; while

: Figure 14 shows in detail the polarized relay C.
Before describing in detail the arrangement of -
Figure 1, it will be noted that in all of the modifi- g%

catlonis the schematic diagram and the circuits.
thereof may be divided into seven component
parts, which parts have been designated by the
reference letters A, B, C, D, E, F, and G. . :
Part A comprises the. elements and circuit of 79

“a phase rotation detector circuit which is a fea-

ture of the present invention. The remaining
parts of the figure show how the invention is.

‘used- to correct and maintain the proper traps--

mitter carrler frequency. .
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Part B is the tripping circuit.
Part C is a polarized relay made to operate on

relatively small currents..

Part D is a pair of contactors.
Part E is a reversible motor.

Part F is the transmitter whose carrier fre-

quency is to be controlled.

Part G is the monitor oscillator of substa,ntially
constant frequency and power. This oscillator
may consist of a low frequency oscillator and any
suitable number of frequency multipliers or am-
plifiers, or both.

A description of the circuit for detecting the
phase shift or relative rotation of oscillations
from the source to be checked or controlled and
the reference source will'now be given. .

Detection of the phase shift or direction of
phase rotation is accomplished by means of a
pair of thermionic triode tubes {1 and {2 having
anodes 8 and 10, control grids T and 8, and fila-

ments or cathodes 5 and 6 respectively. The fila-

ment heating currents for filaments 5 and 6 of
tubes 11 and 12 are supplied from the secondary
winding SW of filament transformer T: through
the quarter wave length choke coils | and 2, as
These choking inductances
in each of the filament leads are of the electrical
length specified for a reason which will appear
more in detail hereinafter.
may be in the form of double conductors, one for
the supply and ‘the other for return of the fila-
ment current. The midtap of the secondary
winding SW of transformer T: is connected as
shown directly to ground. The ends of chok-
ing inductances or coils | and 2 adjacent the
transformer T: are grounded for radio frequency
potentials through by-pass condensers-41 and 42
as shown. One end of resistor 8 is connected for
radio frequency to both sides of filament 5 of
tube {1 through condensers 5(-—51. The corre-
sponding end of resistor 4 is connected for radio
frequency potentials to both sides of filament 6
of tube 12 through condensers 52—52. The other
ends of resistors 3 and 4 are connected together
and to the oscillator G through the blocking con-

. ¢lenser 43.

The grid electrode T of tube 11 is connected to
ground for radio frequencies through the con-

denser 45. Grid electrode 8 of tube {2°i5 con-

nected to ground for radio frequencies through
condenser 44. Grids T and 8 are both connected
together and to the negative end of power source

38 by way of lead 56. The anode electrode 9 of
triode tube {1 is connected to one end of the re-.

sistor 13. The other end of resistor 13 is con-
nected to ground for radio frequency potentials
by way of the condenser 41. The anode electrode
10 of tube 12 is connected to one end of resistor

‘18, The other end of resistor {4 is connected to

60 .

65

70

75

ground for radio frequency oscillations by way
of condenser 46. The anode electrode 9 of tube
11 is'also connected to a point of high frequency
potential in the transmitter F through the re-
sistor 48 and the phase retarding element 49,
and the blocking condenser 51. The anode elec-
trode 10 of tube {2 is connected to transmitter ¥
through the phase advancing element 58 and the
blocking condenser 51. In other words, phase
shifting elements 49 and 50 are both connected
through blocking condenser 51 to transmitter F.

The two output leads 53 and 54 of phase rota-
tion detectors 12 and {i are connected to the out-
put circuit between resistor 14 and condenser 46
and between resistor 13 and condenser 47 re-
spectively

These choke coils

" lead 7.

© 39 or other tuning devices.

3

The output of the phase rotation detector is
connected to the input of tripping circuit B. The
nature and operation of a tripping circuit similar

" In some respects to this one has been. set forth

in considerable detail in U. S. application Serial 5
No. 380,447, filed July 23, 1929. A brief descrip- -
tion of the tripping circuit will be given herein.
Leads 54 and 53 from the circuit in unit A are
connected to the primary windings 15 and 16 of
transformers T: and T: respectively. The other 10
ends of windings {5 and {6 are connected to the
positive end of power source 38 by way of lead
55 to supply positive potential to the anodes of .
tubes 11 and 12 respectively. One end of the
secondary windings (7 'and 18 of transformers T3 15
and T is connected to resistors {9 and 20 re-
spectively. The other ends of windings T and
18 are connected by lead 66 to the negative end .
of power source 38. .

The cathode electrodes 21 and 22 of tubes 21 20
and 28 are both connected to the secondary
windings SW’ of filament transformer T:. The
midpoint of this secondary winding SW’ is con-
nected directly to ground. The other ends of
resistors 19 and 20 are connected to the grid 25
electrodes 23 and 24 of thermionic tubes 27 and
28 respectively. The grid electrodes 23 and 24
are also connected to resistors 29 and 30 re-
spectively., The other ends of resistors 29 and 30
are cross connected to the anode electrodes 26 30
and 25 of tubes 28 and 27 respectively, as shown.
The anode electrodes 25 and 26 are also con-
nected to resistors 31 and 32 respectively. The

- other ends of resistors 31 and 32 are connected

to the coils 33 ‘and 34 of polarized relay C, as 35
shown in Figure 1. = The other ends of relay
coils 33 and 34 are connected together and to
the positive end of power source 38 by way of
The tongue 37 of relay C is normally
biased to a neutral position by springs SB and 40
is connected to ground G by way of the lead 58.
The showing of the biasing means SB for nor-
mally maintaining the relay tongue 37.in a non-
contact closing position is purely illustrative, and
in no way limiting. In an embodiment con- 45
structed and operated a polar relay of the stand-
ard Western Electric type was used. In this
relay the tongue 37 is as shown in Figure 14, an
extension of a flat spring rigidly fastened to a
permanent magnet PM.  The tongue 37 extends 50

_between north and south poles N and S, of the

magnet to cooperate with the contacts 35 and
36. The armature or tongue 37 is magnetized by
the windings 33 and 34 in the output circuits.
of the tripping circuit. The windings 33 and 55

34 may be mounted or supported on the arma-

ture 37 which they magnetize. This relay may
be and preferably is incorporsated in each of the
control circuits shown in Figures 1 to 9 inclu-
sive of the drawings. Contacts 35 and 36 of 60
relay C are connected to the coils (not shown)
of two contactors in unit D, - The contacts of the
two contactors in:D are cohnected between the
power source 38 and motor E, as shown. The
nature of contactors D and reversible motor E 65

.is not shown since they may be of any suitable

type.

The shaft 59 of motor E is.cc .ected to oper-
ate and change the capacity: of tuning condenser
The. tuning con-
denser 39 determines in some suitable manner
the transmission frequency sent out by transmit-
ter F. The coil 40 and condenser 39 may con-
stitute a tuned tank circuit which, by means not.
shown here, controls the frequency of oscillations 756

70



- transmitter F.
‘the antenna 60. -

10

15

in transmitter F.. ‘60 represents the work cir- .
cult which may be an antenna connpected to -

Other lIoad cquuits- may replace

Transformers T: and Tz are supplied with 60
eycle power from some external source. An -
intermediate point of power source 38 is ground-
ed, as shown in Figure 1, so as to provide a source

‘of both positive and negative voltage..

Assume that all cathodes are properly heated

-and that all grids and anodes are provided with

proper potentials. = Also assume that power of
constant frequency and' substantially .constant
amplitude is being supplied from G and that
transmitter F is operating within the range of

“&/trequency equal to the frequéncy of
the source G or differing from the frequency of
source-G by less than 10,000 cycles per second.

Cathodes .5 and 6. of tubes i and 2 will
receive high frequency alternating voltage from
the reference source G through condenser 43,
resistors 3 and 4, and blocking condensers §{—31,
§2—52. This excitation voltage is prevented

x.pis/ f/ir?qugncy comparing and correcting device,
L,”e,,', 4

. from escaping to ground by the action of the
“choke coils | and 2, which are electrically sub-

stantially one-quarter wave length long with'
respect to the monitor frequency from G. Since
grids 7 and 8 are negative with respect to cath=
odes 5 and 6 and are grounded for alternating
currents and voltages, the excitation energy sup-

- plied to the cathodes will be repeated and am-

45

plified by the action of tubes | and 12 so that
a greater amount of energy of the ‘'monitor fre- .

_quency appears on the anodes 9 and 18 of tubes

{1 and (2. . Since the excitation voltage on the
cathodes is cophasal, that is, of like phase, the
amplified energy of monitor frequency appearing
on anodes 9 and 10 will also be cophasal. Anodes
9 and 10 are also supplied with .alternating volt-
age or exeitation energy from the transmitter F

‘through the phase shifting elements 48 and §0.

The frequency of this energy usually. will be. a
little higher or lower than that of the monitor
G. The phase shifting elements 48 and 80 are
set to split the phase of the transmitter excita-

‘tion on anodes 8 and 0, at the optimum angle-

- for best efficiency of the detector.. We will as-

50

. advanced 30 degrees by the phase shifting ele-

56

. more in detail in my United States application
_ Serial No. 623,558, filed July 20, 1932,

70

in ‘these two tubes will have &
difference due to the assumed 60 degree phase .

: . difference in
75

sume, for the sake of argument, that this phase
shift is 60 degrees.  In other words, the exci-
tation from the transmitter F on anode 10 1s

ment 50 while the. excitation on anode -9 from
transmitter F is retarded 30 degrees by the phase
shifting elements 48 and 48.- Resistor 48 is for
the purpose of equalizing the resulting excitation
through the phase shifting elements 43 and 80
on the anodes, which would otherwise be unbal-
anced due to the effect of plate to grid capacity -
in tubes (I and 12. . The manner in which this
equalizing action takes place has been set forth

“ 'Phe current flowing in anodes 9 and 18 of tubes
{1 and 12 will both be modulated by both the
monitor frequency and the transmitter fre-
quency. If there is a normal amount of fre-
quency difference between the transmitter and
the. monitor, equal-audio or low frequengy ‘beat

notes will appear in the anodé currents-of-both

tubes i and 12. However, the audio components -

a 60 degree phase.

e excitation by. the oscillations -
F on each anode: _ ;

!

_of equal amount and like phase from the substan-

9,018,820

- In proceeding further with the theory of the
invention, reference will be made to Figure 10.
The phase rotation deteétor cathodes are each
supplied with radio frequency current and voltage

tially constant frequency oscillator or monitor, -

- This energy may. be represented by th#yector M

in Figure 10. The anodes of the phase rotation
detector each receive equal amounts of radio
frequency current and voltage from the trans-
mitter whose frequency is to be controlled and
compared ‘with the monitor frequency. How-
ever, the two portions of the energy supplied to
the anodes from the transmitter passes through
two phase shifting devices so that the phase of 15.
the energy supplied to.one anode is advanced &
certain amount and the phase of the energy sup-
plied to the other anode is retarded or lags a:
certain'amount. The portions of energy supplied
to the first anode may be represented by vector 10 2o
in Figure 10, and the portion of energy supplied
to the second anede may be represented by the
vector 9 in Figure 10. Now we may assume that
the frequency of rotation of moniior vector M is
F1, and that the frequency of rotation of both o3
vectors 8 and §0 (transmitter frequency) is Fa.
But since there is a constant phase displacement
between the two portions of energy supplied by -
the transmitter to the two anodes of the phase
rotation detector tubes, we can represent the 3p.
lagging portion, or vector 9, as having a ire-
quency and phase relation of Fa—é/2 and the
leading portion, or vector 10, .as having a fre-
quency and phase relation of Fz-+6/2. The total
phase difference between portions 9 and 10 is 6. 35-
This is constant and is fixed by the phase shift-.
ing elements 48, 49 and 8§0. . . RN
The side bands of these two frequencies may.
be represented by Fi+Fz, and F1—Fz.or Fa—Fu
We are interested only in the lower frequencies 4.
F1—Faand Fa—F1. If frequency Fi is higher than ™
¥ then the low frequency beat note will be
Fi1—Fi. If frequency Fa is higher than Fi then
the low frequency beat note will be Fa—Fi1. This
can be visualized by considering vectors 9 and 10 45.
as standing still and for frequencies where F1 is
higher than Fg, vector Fi will rotate counter-
clockwise at an audio. or beat frequency rate of
Fi—Fs. Likewise, for frequencies where Fa is
higher than Fi the vector F1-will rotate clockwise 5p-,

- at a beat frequency rate of Fa—F1.

Now consider frequency Fi higher than Fa

(counter clockwise rotation of vector M relative .
vectors 9 and 10), the beat frequency .of vectors

M and 9 will be F1—(Fz2—6/2 and the béat fre- 55
quency of vectors M and 10 will be Fi1—(Fa+46/2).
This gives two equal béat frequencies having a
phase difference of angle 6.- In this case'the beat
frequency of vectors M and 9 is' leading that of
vectors M and 10 by the angle 6. . ] .
'However, when frequency Fz is higher than Fi,

“vector M rotates clockwise, relative to vectors'9 .

and 10, &t beat frequency rate and by the same:

process of reasoning it can be seen that we will
.again have two equal beat frequencies having a 65

phase difference of angle 4,-but in this case the
beat frequency.of vectors M and I8 is leading that -
of vectors M and 9 by the angle &, R .

‘It should be noted that as the trarismitter fre-
quency changes relative to the monitor frequency 7o .
the frequency of both beat notes (phase rotation -
detector outputs) change but are always equal
and have a constant phase difference. The phase
relation.of the two beat notes reverses as the beat
frequency passes through zero. -‘This is evident 7g-
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by considering the rotation of vector M relative
to vectors 9 and 10, as pointed out above. The
amplitude relations of these energies can be ob-
tained by addition of the vectors in the usual

‘manner. This would give two sine waves ¢ and

b having a phase difference of ¢ as illustrated in
Figure 11. '

The alternating component of one portion of
the energy delivered by the detector passes
through transformer Ty in Figure 1 to the trip-
ping circuit, and the alternating current compo-
nent of the other portion of the energy delivered
by the . detector passes through transformer Ti
in Figure 1 to the tripping circuit. It should be
remembered that transformers of iron core type
also act as filters, that is, they are very inefficient
or will not pass extremely high or very low fre-

. quency energy.

it

If the amount of phase split is increased or

‘decreased the amount of phase difference in the
low frequency component of current in anodes 9 .

and 10 will be correspondingly increased or de-
creased.
. These two out of phase low frequency compo-

‘nents are transmitted to the tripping circuit B

over the lines 53 and 54. Resistors 13 and 14
serve as a load on tubes |1 and 12. Radio fre-
quencies are by-passed to ground through con-
densers 471 and 46, but these condensers are small

“and act as a high impedance for low frequencies

so that the latter are passed on to the next stage,
while the high frequencies are absorbed by re-
sistors 18 and 14 and condensers 47 and 46.

The audio output of defector tube 1l passes

“through the primary winding 15 of transformer -

T; and the audio output of detector tube 12
passes through the primary winding {6 of trans-
former T4. This audio voltage is here trans-
formed and again appears in the secondary wind-
ings 1T and 18 of transformers T3 and Ti..
Now the action of tripping circuit B is that
when there. are no disturbing variations in.the
circuit voltages, only one of tubes 27 or 28 will
draw current. When the plate and grid voltages
are first applied, both tubes will start to draw
current, but due to the constants and peculiarities
of this circuit, the first tube drawing the more
current will cause the second tube to be biased to
cut off. The second tube, which is being cut off,
will cause the grid of the first tube to become more
positive. The result is that the current will posi-
tively trip to one tube. If the grid of the second
tube, which is not drawing current, be given a
positive kick sufficient to overcome the first tube
which has been drawing current, the circuit cur-
rent will trip to the second tube and stay locked in
the last position until a positive kick on the grid of
the first tube again restores it to the original con-
dition. If we put two equal alternating voltages
on transformers Ts and Ty, sufficient to operate
the tripping circuit, and having 180 degrees phase
difference, the average current in each side of
the tripping circuit will be equal. Now if we
change this phase difference to 60 degrees, as we
have assumed in this case, the currents on the two
sides of the tripping circuit will be unbalanced.
The tube with leading phase will carry current
the smaller part of the cycle and the tube with
lagging phase will carry current the larger part of
the cycle. This unbalance is caused by the fact
that each tube carries current over the phase
angle until the next- tube trips the circuit. 'Thus
in;the assumed phase adjustment the leading tube
and lagging tube would have an average current -

5

ratio of aboul; 60/300 if other constants in the
circuit do not tend to decrease this ratio.

" Now the phase rotation detector supplies two
alternating voltages to the tripping circuit.
These two alternating current voltages can be 5
adjusted to have a-phase difference of less than
180 degrees as I have explained before and we
have assumed a setting of 60 degrees. Also, as
I have explained before, as the transmitter fre-
quency passes through the monitor frequency, 10
the position. of leading and lagging phase is re~ .
versed.” This causes the tripping circuit current
to become unbalanced: in the opposite direction.
This operation will be better understood if we
assume an instant in the operation of the tripping 15
circuit when tube 28 is drawing current and tube
‘27 is blocked off, and that frequency ¥ is higher
than Fa. When the vector sum of vectors M

.and 9 become great enough, the potential of

grid 23 of tube 27 will be “kicked” far enough 20
positively to overcome the locking bias imposed
on it by tube 28. Instantly the circuit trips so
that tube 21 is now drawing heavy current and
tube 28 is blocked off.  This Iocked condition con-
tinues until vector M (still rotating.counter clock- 25 -
wise) approaches vector {0. When the vector
sum of vectors M and 16 becomes great enough
the potential of grid 24 of tube 28 will be “kicked”
far enough positively to overcome the locking -
bias imposed on it by tube 21. Again the circuit 30
instantly trips so that tube 28 now draws heavy
current and tube 27 is blocked off. The circuit

now stays tripped or locked in this position until

vector M rotates around the major part of the
revolution and again approaches vector § when 35
the cycle will be repeated. In other words, tube
21 draws current over the angle ¢ and tube 28
draws current over the angle 360—¢. Figure 12
‘illustrates the blocks of current drawn by the
tubés in the tripping circuit when frequency Fi 40

. is higher than Fa.

If frequency F: Is lower than Fa the vector M
will rotate, as explained before, clockwise rela-
tive to vectors 9 and 8. Using the same line of

_ reasoning as above,.tube 28 now draws current 45
-over the angle 6 and tube 2T draws current over

the angle 360—¢. Figure 13 illustrates the blocks
of current drawn by the tubes in the tripping
circuit when frequency F1 is lower than Fb.

- Since the anode currents of the tripping cir- 80
cuit pass through the coils of the relay C, as
shown in Figure 1, the relay tongue 37 will be
thrown on one side or the other. This operates
the contactors D through either contact 85 or
36 of relay C, depending on the position of the 65
relay tongue 31. Contactors D may be connected
to the reversible motor E so that it will operate
always to correct the frequency of transmitter ¥
through the tuning means 39.

If we employ a constant frequency oscillator G 60
the phase rotation detector circuit A operating
through tripping circuit B, relays C and D and
motor E, will operate to maintain substantially
constant frequency 'in the transmitter F.

Referring again to Figure 1, the reason for 85
using three element tubes instead of screen grid
tvbes in the phase rotation detector cireuit A is
that the three element tube Is a much better
detector, especially when excitation must also be
applied.to the anode of the tube. The three ele- 10
ment tube gives much greater detector response.
The purpose of the radio frequency grounded .
erids of these tubes is to introduce electrostatic
shielding -between the anodes and the cathodes.
This uncouples or rather prevenis capacitive %
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*‘the anodes.
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‘coupling between the oscillator G excitation on
the cathodes and the transmitter excitation on
. 'There is some coupling between the
‘cathode and the anode due to the tube current
but this does not cause sny trouble, and it is

Telatively small compared with ihe capacitive
coupling which would exist ‘at.high frequencies
'if the grids were not grounded. .

I have not stated previously the purpose of
resistors 8 and 4.- These resistors absorb some
of the monitor energy and are detrimental to &

‘sthall extent but they are quite necessary to

reduce the coupling between cathodes § and 8.

‘It the cathodes are closely coupled together, the

anodes 8 and 10 will also be sufficiently coupled

together through the tube currents to interfere

with the action of the phase splitting circuits.

The use of resistors 3 and 4 reduces this coupling -
to'a value which is no lohger noticeable. Re-.

sistors 18 and 14 also serve to reduce the coupling
between anodes 9 and 18 and thereby improve the

‘action of the phase splitting circuits containing

elements 48, 48 and §0.
In practice it is preferable that non-inductive

resistances be used in circuit B and imperative
that non-inductive resistances be used in circuit
‘A for proper operation of the invention at high
frequency. ° In other words, all of the resistances

connected with tubes{{, 12, 27 and 28 should be
non-~inductive, while all of the resistances con-
nected with tubes { | and 12 must be non-inductlve
to obtain best results.

The specific embodiment of the present inven-
tion, as illustrated in Figure 1, may. be modified
by using either'an inductance and a ‘capacity-for
‘phase shifting elements 49 and 86, or I may use
lines of different electrical length for this pur-
‘pose, as illustrated in my United States appli-
cation Serial No. 607,932, filed April 28, 1932,
Other circutt modifications may be made without

. departing from the scope of the invention.

When the phase detecting means, as fllustrated
in Pigure 1, is used to check the frequency of a

""telegraph transmitter having a single oscillator

" frequency range of the frequency regulator cir- .

55

F0.
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- gtage, no excitation voltages are supplied to the
‘phase detector by the transmitter when the
" transmitter is not keyed., During long intervals

between .signals this might permit the tripping
circuit B to run the freguency determining con-

- -denser 39 past the point at which it tunes its cir-
ciilt to the correct frequency. }I'he condenser 39

might tune the circuit to a frequency out of the

‘cult A—B. Under these circumstances the trip-
ping circuit current will continue to flow in that
tube 28 or 27 in which it was last caused to flow
‘by the action of the phase rotatlon detector cir-

‘euit 11, 12,13, 14 ete.

. The same thing occurs if the excitation voltage

' from mionitor G for any reason fails. Also when

the transmitter ¥ is keyed or, rather, when the
key in F.is opened and the signal from the trans-

“mitter is stopped, transformers T3 and T4 often

give a. reverse kick or pulse of current which re-
verses the action of the tripping circuit B, and
during this time when the signal is off, condenser
39 is_turned the wrong_direction for correcting
the frequency of the transmitter F. This action

_continues until the signal is again put on, &t

which time the frequency of the transmitter F
may ‘be completely outside of the operative fre-

“quency range of the regulator circuit, In order

to stop this incorrect operation of the frequéncy
regulator it is necessary to stop the action of the

,tripping circuit B when the phase rotation de-
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tector A-is not producing proper output poten-
tials.

" Means are provided in accordance with the
present: invention to stop the action of the trip- .

‘ping circuit B when there is no output from the g

phase rotation detector A or when its output fre- .
quency is above or below the range of trans-
formers Ts and Tk,

_In Figure 2 I have shown means whereby the
tripping circuit B is prevented, even under ad-
verse conditions, from running the condenser 39
to a point at which it tunes the transmitter to a

frequency outside of the range of the regulator.

This is accomplished by connecting a resistor 64
in the filament return of the final stage of the
transmitter. ' A tap from this resistor is connect-
‘ed to the midpoint of the secondary winding 62
of transformer 83 which furnishes heating .cur-
rent for the filament of & modulator tube: 64,
The grid 65 of this modulator tube is connected 20
to ground.. e plate 66 of the modulator tuhe is
connected tad the direct current source 38 which
supplies potential to the plate of the tubes in the
tripping circuit by way of a resistor R. This re-
sistor R is also connected between the power sup- 25
ply 38 and the plates 25, 26 of the tubes in the
tripping circuit B. Now, when the transmitter is
keyed and sends out oscillations, current will
flow in the fillament return including the re-
sistor- 84. The potential of the filament of 20
the modulator tube 64 will swing positive rei-
ative to the potential of the grid electrode

88 since the grid electrode is at ground poten-
tial. This results in decreasing the conductivity

of tube 84 and the plate current of this modulator 38
tube will be decreased. Under these conditions
the tube 64 places no additional load on the
source 38. allows the tripping circuit to
function normally. Conversely, when there is
no signal sent out by the transmitter the filament 40
of the modulator tube 64 will be less positive be-

“cause there is less potential drop in 6, the con-

ductivity of 64 will increase, and pla,te current
will flow. . 'The potential drop of this extrs cur-
‘rent through the modulating resistor R will cause 48
the tripping circuit to cease functioning. The

" springs BS bring the tongue to a central non-

contact -closing position. This is the action de-
sired.

In case the monitor oscillator or circuits be- 50
tween said oscillator and the phase detector A’
fail, the ‘tripping circuit may cause the conden-
ser 39 to tune the transmitter to a frequency out-
‘side of the regulator range. ‘To prevent this from
taking place the arrangement of Figure 3 may 58
be used. In Figure 3 a thyratron rectifier, com-
prises two tubes Vi and Vz with their plate elec-
trodes grounded through the center tap of the
‘secondary winding 10 of the transformer ‘Ts, the
primary winding of which may be connected to 60
any low frequency source of energizing. current.
The cathodes or fllaments 12 and 13 of V1 and Va -
are connected by lead ?3' to the relay coils 33
and 34 in the tripping circuit and supply rectified
alternating current to the tubes 27 and 28 of the
tripping circuit. The grids T4 and 15 of the
thyratron tubes Vi'and Vi are normally biased to
cut-off by the niegative voltage source 76 connect- -
‘ed thereto by way of:resistance 11, and they also 74

65

recelve excitation potentials from the phase ro-
-tation detector A. These potentials may be re-
“celved directly from A or, if desirable, through

a 200 cycle high pass filter 19, as shown, and
through a blocking condenser 18, or an audio. 78
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frequency transformer not shown in the figure.
When the phase rotation detector operates, exci-
tation is supplied to the rectifier grids 74 and 15
so that rectification of the alternating current
applied from transformer 10 to the plates of Vi,
V2 takes place on the positive excitation peaks.

This rectified current potential is applied from .

the cathodes 72 and 13 to the tripping circuit
by lead 73’, thereby allowing the tripping circuit
to operate in a normal manner. If either the
monitor G. or -the transmitter F stops, this
thyratron rectifier will also stop since no excita-
tion is supplied to the grids thereof from A. This
prevents the tripping circuit from operating un-
less G, F and A are operating normally. In some
cases this circuit may not be satisfactory because
of the ripple produced by the rectifier. Of course,
smoothing circuits could be applied but then the
rectifier might not follow the transmitter keying
sufficiently close to obtain the best results.

In Figure 4 I have disclosed an arrangement
which includes all of the desirable features of
the arrangement of Figure 3 and none of the de-

fects thereof. In Figure 4 the plate power sup- -

ply lead 57 of the tripp'ng circuit passes through

the normally closed contacts 80 of a direct cur--

rent relay. The actuating winding 81 of this re-
lay is in the anode circuit of tube 82 and in this
winding flows the current fto the anode 83 of
‘The filament 84 of tube 82 is
connected to ground as shown and to a filament
power supply source not shown. A by-pass con-
denser 85 allows.the audio component of the an-
ode to filament current to flow directly from an-
ode 83 to cathode 84. The tube 82 is biased to

' cut-off by ma:ntaining a proper negative voltage
"on grid 86 from bias source 76 through resistor.

71.  The grid 86 of tube 82 receives excitation
voltage from the phase rotation detector through
the high pass filter 79 and direct current block-
ing condenser 18. Here, as in Figure 3, a cou-
pling transformer may be used to couple the
high pass filter to the grid electrode 86 of tube
82. The high pass filter may have a lower limit
of approx'mately 200 cycles per second.

In operation, since tube 82 is normally biased .

to cut-off when no excitation voltage is applied
from A, tube 82 will not rectify or pass anode
to cathode current and contact 80 will be open
as shown. When the grid electrode 86 receives
excitation voltage from A by way of the high pass
filter the normal blocking bjas will be overcome
and tube 82 will pass current. This current en-
ergizes coil 81 and causes it to actuate its arma-
ture 890 to close the path between the anode of the

tripping circuit and the anode source 38. This

allows the tripping circuit to function. When
the excitation voltage from A stops tube 82 is
biased to cut-off by 16 and 11 and the trippng
circuit also ceases to function since the current
in lead 57 is interrupted. 'The high pass filter
blocks off all low frequency so that the frequency
regulator stops regulating through a band 400
cycles wide about the correct frequency, as de-
termined by the frequency of the source G. .

In practice it has been found that the relay
81, 80 of this circuit may not in all cases be sen-
s'tive enough to follow with the high speed key-
ing operations. A regulator circuit of the type
described hereinbefore, and which inciudes all
of the advantages of the arrangements described
before and. in addition, a control means sensi-
tive enough to respond to high speed keying,
has been illustrated in Figure 5. In this mod-

ification of the frequency regulator circuit, the

7

‘biasing voltage for the control electrodes 23 and

24 of tubes 27 and 28 in the.tripping circuit is
supplied from the common source 38 through the
anode to cathode impedance of tube 88 and the

. primary winding P of transformer T. The cath- 5

ode electrode 89 of tube 88 is connected to the
negative terminal of the common biasing source
38, while the anode 90 of tube 88 is connected as
shown to the winding P of transformer T. One
end of the secondary winding S of transformer T 1¢
is connected as shown to the cathode 89 of tube
83. The other end of secondary winding S is

_connected through the filter condenser 9! and

negative bias source 92 to the grid 93 of tube
88. Load resistor Ri is connected as a load across 15
the secondary winding S of transformer T. The
resistance Rs, which may be replaced by a re-
actor, completes the direct current circuit be-
tween the positive end of bias source 92 and
cathode 89 of tube 88. By-pass condenser 84 20
furnishes an alternating current path for the grid

to cathode- circuits of tubes 21 and 28 around
the impedance of tube 88. :

When there is no energy in the output from
the phase rotation detector, tube 88 is blocked to 25
cut-off by source 92 so that the direct current
biasing circuit of tubes 21 and 28 includes the
high. impedance of the tube 88 and the negative
bias voltage is cut-off from the tubes 27 and 28
in the tripping circuit. Consequently, tubes 27 30 -
and 28 remain at equal positive potential. Under
these conditions the tubes 21 and 28 in the trip-
ping circuit carry equal current and no tripping
action takes place and the tongue 37 of the polar
relay remains in its spring biased neutral po- 35
sition and no frequency regulation takes place.
As soon as there is audio output from the phase
rotation detector unit, which takes place when
the transmitter frequency increases or decreases
with respect to the reference frequency, tube 88 40
passes current. This action takes place because

the alternating current from the phase detectors

is applied to the transformer T and from there -
to the grid 93 of tube 88 to overcome the normal
negative b’as applied thereto. Tube 88 becomes 45
conductive and the grid to cathode circuit of the
tripping circuit is supplied with normal nega-
tive bias instead of positive bias. Under these
circumstances a change in phase relationship of
the audio currents in T3, Ta starts a tripping ac- 50
tion in 28 and 24. Consequently, the tripping
circuit functions to operate the relay and fre-
quency correction occurs when necessary. This
circuit has proven successful in. operation.

The regulator circuit of Figure 6 is similar to 55

- the one described immediately above, and illus-.

trated in Figure 5, except that the plate cur-
rent for the phase rotation detector A, which
passes through the primary windings 15 and 16
of transformers T3 and Ts: from the source 38, 60
also passes through the primary winding P of
transformer T, and resistor Ri, which is con-
nected across this winding P. The anode 99 of.
tube 88 is connected to the control electrodes 23
and 24 in the tubes 27 and 28 of the tripping 65
circuit through windings 17 and 18 and resistors
19 and 20. This circuit functions practically the

‘same as the circuit illustrated in Figure 5 and de-

scribed above.

Another moadification of the frequency Tegu- 70
lator circuit is shown in Figure 7. This circuit,
and the operation thereof, is substantially simi-
lar to the circuits described above and in partic-
ular to-the circuits of Figures 5 and 6. The
present circuit, however, is different in that the 75
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~ giid electrode 93°0f tibe 88 irecelves its exci-

.35 between the phase rotation detector plates and |

-10

tation voltages from the resistor Rs, in the lead

the plate supply 88, through the direct current
blocking condenser 18.

the source 92 through reactor X to the control

grid 93 of tube 88. Here, as in Figures 5 and 6,

when no excitation voltage appears in the output
circuit of the phase rotation detector A, the con-
trol. grid of tube 88 is maintal at & negative
value sufficient to bias. 88 to cut-off so that the

" ‘high negative potential from source 38 is pre-

15

20.

25

vented from reaching the control grids 23, 24
of tubes 27, 28 tespectively. These grid elec-
trodes are at equal positive potential and equal
currents flow in the windings 33 and 34 so that

the armature 37 stays.in its central position at -
which it does not complete either of the circuits -

to the contactor D. Now assume that there is a
relative shift in the transmitter frequency with
Tespect to the reference frequency from G. A
low frequency component is developed in the
output of the phase rotation detectors in & man-
ner described in detail in connection with Fig-
ure 1. This results in excitation voltage. being
impressed from R to the control grid 3. 88 be-
comes conductive and a negative potential is ap-

. plied to the control grids of tubes 27 and 28.

- 30,

The tripping circuit functions in accordance with
the relative phase shift bétween the oscillations

> from G and F and the transmitter frequency is

40

cmrrected

“When, for some reason, !t is .more- preferable
to determine the: operativeness of the tripping
circuit by controlling the impedance of the anode
circuit thereof rather than the grid circuit there-
of, the arrangement of Figure 8 may be used.

The operatlon of this circuit is in.a general way.

similar to the operation of the circuits described
above, and in particular of the circuits illustrated
in Figures 2, 3, and 4.- In this circuit, however,

. the primary winding.P of. transformer T is con~

. lead 55 of the phase rotation detector.
Avinding P is connected also load resistor R: ahd-
8 low pass fliter which shunts most of the 200.

flected in series with the plate or anode supply

- cycle alternating current component around

- - b0

winding P, One end of ‘the secoridary winding 8
of transformer T is connected to ground and to
the cathode 89.of tube 88. The other end of
winding S is connected to the. grid 93 of tube 83

- through the biasing grid leak resistor Ra and con-

b5

denser Cs.
in parallel. . The anode 8@ of tube 88 is connected
to the positive supply lead §7 of the tripping cir-
cuit. The resistor R is connected between the

- positive terminal. of the power supply source 38

60

and the anodes of tube 88 and tubes 27 and 28
of the tripping circuit. “When there is na exci-

tation voltage in the output circuit of the phase

_-rotation detector, or when its output frequency

65

is too high to pass through the transformers T, T3

and T4, or when the output frequency is too low

and is shunted out of transformer T by the low
pass filter LPF, then there is no excitation energy
on the control grid 93 of tube 88 and its plate or.

. anode current is maximum, This space current

70

. 5

drop in resistor R ‘to lower the potential-on anodes
25 and 26 of tubes 27 and 28 and cause the anode

current in the tripping circuit tubes to be low

or cut off. - Then, since there is no current in the
coils 33 and 34 of the polar relay, the relay tongue

3 remalns in the mid-posltion touchlng neither .

the frequency correction

‘output from. the ph
‘Negative potential suf- -
ficient to bias tube 88 to cut-off is suppled from"

Across

The latter two elements are connected

’,013,820

contact 35 nor 36 due to the. spr!ng bias so that
mechanism remains - .
stationary. When there is alternating current. -
rotation detector, trans--
formed by fransformer T, excitation voltage is §
applied to grid 83 of tube 88. This causes the
tube 88 to be biased by the rectified grid current
passing through the grid resistor Rz so that the

“-anode current of tube 88 is thereby reduced.
. This reduction in tube 88 anode current decreases 10

the drop in R and consequently increases the volt- -
age applied to anodes 25 and 28 of tubes 27 and
28 in the tripping .circuit. The rise in anode

. voltage causes normal- anode current to flow in

the tripping circuit and it then: functions nor- 15
mally to correct the transmitier frequency.
The arrangement illustrated in Figure 8 may

'be modified as indicated in Figure 9. The circuit

in Figure 9 is different in that the grid 93 of tube
88 is supplied with excitation voltage from the 20
resistor Rs3, which is connected in series with the
anode supply lead §5 of the phase rotation de-
tector. The excitation energy from the phase

. rotation detector passes through the direct cur-

rent blocking condenser T8 and the parallel com- 28
bination of Cz and Ra to the grid electrode 98 of

-tube 88. The reactor X is connected between

cathode 88, which is also connected .to ground,

- and the end of Rz, which is away from grid: elec-

trode 93. This circuit functions practlcallg the 30
same as the circuit shown above. .

It should salways be remembered that the proper
functioning of these modified circuits depends on

“the requirement that the tongue 37.of the polar

relay returns to the central position touching 35
neither contact when equal currents flow in its
coils 33 and 34 or when no current flows in the
coils 33 and 34. 'When the relay is properly ad-
justed a spring SB holds the relay tongue in mid-
position when the {ripping circuit is not func- 40
tioning.

‘The modified frequency regulator will function
to correct the transmitter frequency when both
the ‘monitor and the transmitter are operating,
if the beat frequency between the two is not too 45
high or too low to pass through the transformers
and filters to the tripping circuit. During the .
interval betweeh signals, or if the monitor stops -
functioning, the frequency regulating or correct-

- ing circuits will remsain inoperative. If the beat 50

frequency between the monitor and the trans-
mitter is too high or oo low to pass through the
transformers and filters the frequency correcting
circuit will remain inoperative. This makes the

. frequency regulator quite fool proof and reliable, 55

It should be remembered that the function of this
invention is to keep the transmitter frequency
tuned or regulated closely to that of the érystal

. monitor output. ‘The monitor can be made small

in dimensions and of great frequency constancy 60
at moderate cost and the phase rotation detector

-and tripping circuits are also inexpensive, where- .
asa crystai controlled transmitter is usuaII“ very

expensive in’ comparison. .
. Having thus -described my invention and the 65
operation thereof, what I claim is: ,

1. The combination with a thermionic relay
having a high frequency oscillation eircuit includ~
ing tuning means of means for controlling said

tuning means to maintain the oscillations of said 70

circuit of constant frequency irrespective of any
tendency of said oscillations to shift in phase or

frequency which consists of a source of oscilla-

tions of constant frequency, thermionic devices,

-fur demodulating superimposed oscillations the 76
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relative phase of which may shift, coupled in par-
allel to said source of constant frequency, cir-
cuits coupling said devices with said oscillation
circuit, an additional eircuit coupled with said
thermionic devices and energized by €nergy pro-
duced by the demodulation action thereof, and
driving means operatively interposed between
said additional circuit and said tuning means,
said driving means being actuated by energy in

10 Said additional circuit.’

2. A phase rotation detector comprising, a pair
of thermionic tubes each having a cathode, an
anode and a control electrode, means for ground-
ing said control electrodes for high frequencies,
means for applying constant high frequency oscil-

-lations in phase to the cathodes of said tubes,

and means for applying the oscillations to be de-
tected in unlike phase to the anodes of said tubes.
3. A phase rotation detector comprising, a

" pair of thermionic tubes having their con-

trol electrodes grounded through condensers, in-

ductances connected between the cathodes of each

of said tubes and ground, means for applying

constant frequency oscillations to said cathodes.

in phase, a circuit for applying oscillations to be
detected to the anodes of each of said tubes in
unlike phase, and an indicating circuit connected
with the anodes of said tubes.

4. Phase rotation detectors comprising, a pair of
thermionic tubes having their control electrodes
grounded through condensers, a circuit for ap-
plying constant frequency oscillations to said
cathodes in phase, inductances having an electri-
cal length equal to one-quarter of a wave length
of the applied oscillations connected between the

cathodes of each of said tubes and ground, cath-

ode heating current being supplied through said
inductances, a phase shifting circuit for applying
the oscillations to be detected to the anodes of

each of said tubes in unlike phase, a separate -

anode circuit for each of said tubes, said anode
circuits including differential windings, and a
utilization circuit coupled with said windings.

5. The combination of a phase rotation detec-
tor connected on the one’ hand to a source of
constant frequency oscillations and on.the other

- hand to a transmitter having a frequency deter-

mining circuit including a2 movable element, driv-

ing means connected with said element, and a -

thermionic tripping means interposed between
said phase rotation detector means and said driv-
ing means comprising, 2 pair of thermionic tubes
having their input electrodes connected in sep-
arate input circuits, resistive means connecting
the input circuit of each of said tubes to the out-
put circuits of the other of said tubes, and a relay
having a winding in each of said output circuits,
and an armature responsive to currents in said
windings cooperating with contacts in the ener-
gizing circuit for said driving means.

6. A circuit adapted to convert currents of
varying phase relation into characteristic cur-
rents comprising, a pair of thermionic tubes, an
input circuit connected with each of said tubes,
said inpuf eircuits each being energized by one of
said currents to be converted, resistive means
connecting the input electrode of each of said
tubes to the output electrode of the other of said
tubes, output circuits connected to the output
electrodes of said tubes, a pair of windings, said
windings being connected in opposition in the out-
put circuits of said pair of tubes, a circuit for nor-
mally biasing the control grids of said tubes to a
point at which equal currents flow in said output
circuits when no currents are applied to said. in-
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put circuits whereby equal and opposite current
flows in said windings, said output circuit includ-
ing an impedance in a common portion, and
means connected in parallel with said impedance
and actuated by the presence of currents to be
converted in said input circuits for decreasing
the current through said impedance to increase
the positive potential on the output electrodes of
said tubes. : —
- 1. Means for converting variations in currents 19
of equal frequency and constant phase difference
and changing phase relationship, into positive
impulses of current represeniative of said chang.
ing phase relationship comprising, an electric cir-
cuit having more thantwodegreesofelectricaland 15
mechanical stability, said circuit including a plu-
rality of electron discharge devices, each having
an input circuit energized by a different one of
said currents to be converted, the control electrode
of one of said devices being connected to the 20
anode of another of said devices and the anode
of said last named device being coupled to the
control electrode of said first named device
whereby an increase in the current in the anode
circuit of one of said devices causes a decrease of 25
current in the othér of said devices, and a circuit
coupled to said tubes and actuated by said cur-
rents to be compared to render said electric cir-
cuit and discharge devices operative only when _
said currents are impressed on said input circuits. 30

8. Means for converting variations in phase
relationship between two currents into impulses
of characteristic sense comprising, a pair of ther-
mionic tubes, a- resistance for connecting the
anode of one of said tubes to the control electrode 35
of the other of said tubes and the anode of said
last named tube to the control electrode of said
first named tube, means for applying one of said
currents to the control electrode of one of said
tubes, means for applying the other of said cur- 40
rents to the control electrode of the other of said

" tubes, means for normally operating said tubes

so that when no currents are applied to the input
electrodes, substantially no currents flow in the
anode. electrodes of said pair of tubes comprising, 45
a source of potential having its positive terminal
connected through resistance to the anodes of
said tubes and its negative terminal connected
to the cathode electrodes of said tubes, an addi-
tional tube having its impedance connected in 50
barallel with said source and resistance, and .
means for increasing the impedance of said ad-
ditional tube when currents are applied to said
input circuits comprising a transformer having
its secondary winding connected to the control 65
electrode of 'said additional tube and its primary ‘
winding energized by said currents to be con-
verted. : : .

9. Means for converting variations in phase re-~
lationship between two alternating currents into 60
impulses of characteristic sense ‘comprising, a
pair of thermionic tubes, a resistance for con-.
necting the anode of one of said tubes to the
control electrode of the other of said tubes and
the anode of said last named tube to the control 65
electrode of said first named tube, a transformer
for applying one of said alternating currents to
the control electrode of one of said tubes, a trans-
former for applying the other of said alternating
currents to the control electrode of the other of.
said tubes, means for normally energizing the
electrodes of said tubes to a point at which, whnen
no_currents are applied to the input electrodes,
substantially no currents fiow in the anode elec- y5
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trodes comprising, a source of potential having
its positive terminal connected to the anodes of
said tubes through a resistance and its negative
terminal connected to the cathodes of said tubes,
an additional thermionic tube having its im-
pedance connected in parallel with said source
and resistance, and means for increasing the im-
pedance of said additional tube when currents are

~ applied to said input circuits comprising a circuit

including a resistance and capacity in series con-
nected between the control electrode of said ad-
ditional tube and the primary windings of said
transformers.

10. In an electrical apparatus, a pair of ther-
mionic discharge devices, each having an anode,
a cathode and a control grid electrode, resistances
cross-connecting the anodes and control grid

electrodes of said tubes, whereby an increase in .

anode current of one of said tubes causes a de-
crease in anode current of the other of said tubes,
a divided relay coil connected through resistances

between the anode of said tubes, circuits for ap--

plying energy . of varying phase relationship
through resistances to the cathodes and control
electrodes of said tubes, means for applying a
potential to said tubes such that unequal currents
flow in the.two portions of said anode divided
winding when currents of varying phase relation-
ship are applied to the input circuits of said
tubes, and a circuit actuated in response to failure
of said applied currents of varying phase relation-

ship to cause small currents to flow through said

tubes and said coils.

11. In an electrical apparatus, a pair of ther-
mionic discharge devices, each having an anode,
cathode and a control grid electrode, resistances
cross-connecting the anodes and control grid
electrodes of said tubes, whereby an increase in

" anode current in one of said tubes will cause a
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decrease in anode current in the other of said
tubes, a divided relay coil connected through re-
sistances between the anodes of said tubes, cir-
cuits for applying energy of varyinig phase rela-

‘tionship through resistances to the cathodes and

control electrodes of said tubes, a direct current
source and a resistance for applying a potential to
the anodes of said tubes such that said tubes are
conductive and unequal currents flow in the two
portions of said anode divided winding when the
currents applied to the input eircuits are of vary-

ing phase relation, and a circuit responsive to fail-

ure of said applied currents of varying phase rela-
tionship for putting an additional load on said
direct current source, and said resistance which
will reduce the currents in the relay windings
and anodes of said first tubes, substantially to

.zero value.

12. In an electrical apparatus, & pair of ther-
mionic discharge devices, each having an anode,
cathode and a control grid electrode, resistances
cross-connecting the anodes and control grid
electrodes of said tubes, whereby an increase in
anode current in one of said tubes results in a
decrease in anode current in the other of said
tubes, a divided relay coil connected through re-
sistances between the anodes of said tubes, cir-
cuits for applying currents of varying phase rela-
tionship through resistances to the cathodes and
control electrodes of said tubes, a source of direct
current connected through an additional resist-
ance between the anodes and cathodes of said
tubes, a second source of direct current for apply-
ing a biasing potential to the control electrodes of
said tubes such that unequal currents flow in
the two portions of said divided anode winding
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when the phase relationship of the energy applied
to the input circuits varies, and a circuit respon-
sive to failure'in part of said applied currents of
varying phase relationship for altering the in-
tensity of current flow through said tubes and
said coils comprising an additional thermionic
tube having its anode connected to said addi-
tional resistance, a connection between the con-
trol grid of said additional thermionic tube and
the negative terminal of said first named direct
current source and a circuit for biasing the.cath-
ode of said additional thermionic tube to a po-
tential -representative of .the:character of said
currents of varying phase relationship.

13. The combination with a source of high fre-
quency oscillations of means for regulating the
constancy of said oscillations comprising, a
source of constant frequency oscillations, a pair
of thermionic rectifiers having their input elec-

trodes connected in like phase to said source of ¢

constant frequency oscillations and their output
electrodes connected in unlike phase to said source
of oscillations, the constaricy of which is to be
indicated, a tripping circuit comprising a pair of
thermionic tubes, each having an input circuit
connected to the output circuit of one of said rec-
tiflers, resistive means for connecting the output
circuits of said tubes in push-pull relation to re-
lay coils, a resistance connecting the anode of
one of said tubes to the control electrode of the
other of said tubes, a resistance connecting the
anode of said last mamed tube to the control
electrode of said first named tube whereby an
jnerease in current in the anode of one of said
tubes causes a decrease in the anode current of
the other of said tubes and vice versa, and means
for rendering said tripping circuit inoperative
when oscillations, the constancy of which is to
be determined, are interrupted comprising a ther-
mionic tube having its internal impedance con-
nected in parallel with the impedances of the
tubes in said tripping circuit and means for in-
creasing the conductivity of said tube when os-
cillations from said source cease.

14. A tripping circuit adapted to convert audio-
frequency currents of varying phase relationship
into characteristic impulses comprising, a pair of
thermionic tubes, an input circuit connected
through resistances with éach of said tubes, said
input circuits being separately energized by said

currents to be converted, resistive means connect--

ing the input electrode of each of said tubes to

_the cutput electrode of the other of said tubes, a

relay including a pair of windings and resist-
ances, said windings being connected in series
in the output circuits of said pair of tubes, a
source of direct current potential having its nega-
tive terminal connected to the cathodes of said
tubes and its positive terminal connected through
a resistance to the anodes of said tubes, means
for normally biasing said tubes to a point at which
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substantially no currents flow in said.output cir-

cuits when no audio frequency currents are ap-
plied to said input circuits, whereby no currents
flow in said windings, and currents of consider-
able intensity flow in said cutput circuits includ-
ing said windings when audio frequency currents
are applied to said input circuits, and a circuit
for decreasing the potential applied from said
source to said anodes when no currents are ap-
plied to said input circuits comprising, an addi-
tional thermionic tube having its anode to cath-
ode impedance connected in parallel with said
source and said last named resistance, means for

‘normally applying a positive bias to the control
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grid of said additional tube, and a circuit for over-

coming said positive bias to apply a negative bias

. to the control grid of said additional tube when

currents are applied to the input electrodes of said
first named tubes.

15. A tripping circuit adapted to convert cur-
rents of varying phase relationship into charac-
teristic impulses comprising, a pair of thermionic
tubes, an input circuit connected with each of said
tubes, said input circuits being energized by said
currents to be converted, resistive means connect-
ing the input electrode of each said tubes to the

- output electrode of the other of said tubes, a relay
including a pair of windings, said windings being

connected to the output electrodes of said pair of
tubes, means for normally biasing said tubes to a

point at which current flows in said output circuits -

when currents are applied to said input circuits
whereby currents flow in said relay windings, a
direct current source, a variable impedance, and
a resistance for connecting said direct current
source in series with the output electrodes of said
tubes and with said variable impedance.

16. The combination of a radio frequency trans-
mitter including a source of oscillations the phase
and frequency of which may vary, a frequency
controlling device connected with said source of
oscillations, a demeodulating circuit including a
thermionic system having its electrodes ener-
gized by cscillations from said source, the fre-
quency of which is determined by said frequency
controlling device in said transmitter and also
energized by oscillations of constant frequency, a

thermionic relay device coupled to said demodula-

tor circuit and erergized thereby for producing
current impulses characteristic of the phase rela-
tion of said oscillations, the frequency of which is
controlled by said frequency controlling device in
said transmitfer and said constant frequency os-
cillations, a device interposed between the output

. of said thermionic relay and the frequency con-

trolling device in said transmitter to supply con-
trolling energy from said relay to said contrelling
device, and a circuit connected with said thermi-
onic relay for rendering the same inoperative

when the oscillations of constant frequency or of -

controlled frequency are not. applied to said de-
modulator circuit. )

17. A phase rotation detector comprising, a pair
of thermionic tubes each having anode, cathode
and control grid, circuits of low radio frequency
impedance connecting each of said control grids

to ground, mesns applying constant high fre--

quency oscillations in phase to the cathodes of said
tubes, and means for applying oscillations to be
detected in unlike phase to the anodes of sa.ld
tubes.

18. In a system for comparing the relative phase
relation between two oscillating currents, a pair

11

of thermionic tubes having their control elec-
trodes connected together, means for maintaining
sald control electrodes at substantially ground po-
tential for said oscillating currents, a circuit for
applying one of said oscillating currents in phase
to the cathodes of said tubes, impedances con-

nected between the cathodes of said tubes and

ground, and a circuit for applying the other of
said oscillating currents to be compared in phase
displaced relation to the anodes of said tubes.

10

19. In an electrical apparatus, a pair of thermi-

onic discharge devices each having an anode, a
cathode and a control grid electrode, direct cur-
rent conductive impedances interconnecting the

anodes and control grid electrodes of said tubes,.

whereby an increase in anode current in one
of said tubes causes a decrease in anode

_current in the other of said tubes, substan-

tially equal direct current conductive imped-
ances connected between the anodes of said
tubes, circuits for applying energy of varying
phase relationship between the cathodes and con-
trol electrodes of said tubes, means for applying
potentials to the electrodes in said tubes such that
unequal currents flow in said substantially equal
impedances connected between the anodes of said
tubes when currents of varying phase relation-
ship are applied to the input circuits of said tubes,
and a circuyit actuated in response to the failure of
said applied currents of varying phase relation-
ship to cause small currents to flow through said
tubes and said substantially equal impedances.
20. In an electrical apparatus,a pair of thermi-
onic discharge devices, each having an anode, a
cathode and a control grid electrode, direct cur-
rent conductive impedances cross-connecting the
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anodes and control grid electrodes of said tubes,

whereby an increase in anode current in one of

- said tubes causes a decrease in anode current in

the other of said tubes, direct current conductive
reactors connected between the anodes of said
tubes, said reactors being connected to the cath-

. odes of said tubes, circuits for applying energy of

varying phase relation to the control electrodes of

said tubes, a direct current source connected

to the anodes of said tubes for applying. a
potential to the anodes of said tubes such that
said tubes are conductive and inequal cur-
rents flow in said conductive reactors when

the currents applied to the input circuits:are

of varying phase relation, and a circuit connected
with said source and responsive to failure of said
applied currents of varying phase relationship for

putting an additional load on said direct current

source which will reduce the currents in said con-
ductive reactors between the anodes of said tubes’
substantially to Zero value
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