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5 Claims.

It Is in many cases necessary in high frequency
transmission to accurately stabilize the phase re-
lation of coupled oscillatory circuits. Up to the
present time only approximate methods have
been used, such ss, for instance, by the match-
ing of two adjacent circuits to obtain a maxi-
mum current ratio or by other similar means.

Such operations, when applied to more than
two circuits, entail still further complications
and expenditure of time in: order to obtain ac-
curate adjustment.

The present invention discloses a means of ef-
fecting fast and accurate phase control under
load, in which the correct setting is obtained di-
rectly through the measurement of the phase an-
gles of the currents flowing in the coupled cir-
cuits. The proposed method has no effect upon
the correct adjustment of a preceding circuit.

Now, correct phase adjustment is attained
when the currents of two adjacent circuits are
in quadrature, The actual measurement of these
phase conditions may be accomplished by the use
of a bridge and a measuring instrument. This
bridge determines the condition of phase quadra-
ture on a zero-reading instrument. The inven-
tion is iilustrated below in Figs. 1-4 showing some
typical applications with reference to circuit dia-
grams.

Fig. 1 shows the device in its simplest applica-
tion, in which cnly two mutually coupled circuits
are to be reguiated. In the illustrated arrange-
ment a transmitting tube | works into an im-
pedance R through two coupled circuits KiI and
K2. The phase adjustment of the circuit K2 is
accomplished, for example, by means of the var-
iable inductance 2. The phase bridge P is used
to control this adjustment and constitutes an

~example of the invention. This phase bridge
consists of the rectifiers 3 and 4, the impedances
B and 8, the zero-reading instrument T and its
internal series impedance B, the coupling coils
9 and 10 with their shunt impedances 11, 12, and
13. The coupling coils 9 and 10 are arranged, for
example, as current converters; coupling coil §
is coupled to the circuit K2, and coil I8 to the
circuit Kf. The meter 7 of the phase bridge reg-
isters zero when the voltage across the imped-
ances {1 and {2 has a phase difference of 90
degrees with respect to the voltage drop appear-
ing across the impedance {3.

circuit conditions the circuit K2 is phase-con-
trolled by adjustment of the variable inductance
2 by means of the phase bridge P and the zero
reading meter 7 while the circuit KI is adjusted
for minimum plate current under the control of ~

Depending upon -
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the variable inductance #4, as indicated from
the reading of the plate-ammeter J. The alter-
ation of the conditions in circuit K1 by the var-
iable inductance 14 will not affect the reading
of meter T of the phase bridge P, because the.
phase indication of the ZEero readmg meter is in~
dependent of the amphtude of current changes
in the phase bridge.

The invention is not conﬁned to the illustrated
application of Fig. 1, which only involves the
phase adjustment of two coupled circuits, but is
likewise applicable to a larger number of coupled
circuits. Under such conditions a phase bridge
of the aforementioned nature, as illustrated in
Fig. 1, can be connected fo each two adjacent
coubled circuits. "A typical illustration of this ar-
rangement is shown in Fig. 2, in which four cou-
pled circuits KI, K2, K3, and K4 agre shown as
well as the corresponding phase bridges Pi, P2,
P3. The phase adjustments are begun with the
last circuit K4 with the help of the phase bridge
P3. Then K3 is controlled with P2, X2 with PI, .
and finally Ki,-is adjusted to the plate current
minimum, which is noted on the ammeter J.

A further application, which is illustrated in
Fig. 3, shows the case of an antenna coupling
matched to a cable. In Fig. 3, AK is an antenna
cincuit and KK a cable circuit. The phase ad--
justment of the antenna circuit AK with respect
to the cable termination is made by using the
phase bridge P2 and the phase adjustment of
the cable circuit with its termination by use of

" the phase bridge Pi.

40.

The phase bridge Pl is coupled to circuit KK
by the coil S2 as already described. The other
branch of the phase bridge is coupled across the
condenser C3 inductance L and impedance RI.
Cable voltage appears. across the condenser C3
according to circuit conditions, and is in phase
with the current in the coil S2. Accordingly,
since the phase bridge indicates voltages in
quadrature by a zero reading, for such a reading
the voltage across the impedance R1 must be in
quadrature with the cable potential.

_ Furthermore, it is important as far as the ca-
ble termination is concerned to couple the proper
impedance to the cable, so that the coupled ter-
mination impedance will match the characte.-
istic impedance of the cable '(for\ example 60
ohms). If the circuit KK and the phase bridge -
Pl are in proper phase adjustment, the cable
load appears as a pure resistance and the indi-

cation of the crossed-coil meter measuring in-
strument shows only a pure effective resistance.
If a pure inductance or other form of im-
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pedance be used as a coupling between the cable
and antenna circuits, so that neither the circuit
AKX nor the circuit KK is brought out of adjust-
ment, the terminal impedance can through the
adjustment of this coupling be brought to a zero
value by making a simple impedance reading
on the meter Q. The matching adjustment of
the antenna circuit to the cable can thus be
accomplished simply and quickly by three manual
operations, each for a separate component.
The. measurement of the cable terminal im-
pedance has previously been accomplished by the
separate use of a voltmeter and an ammeter.
To make possible a simultaneous reading of the
impedances and to avoid a double reading, it is
proposed, that the impedance measurement be
made with the help of a crossed-coil instrument.
This instrument is designated in Fig. 3 by the
letter Q. It is well known that a crossed-coil
meter indicates a current ratio. In the arrange-
ment of Figure 3 one coil circuit of the crossed-

coil meter carries the cable current through a

rectifier GI and a coupling coil SI, and the

other coil circuit carries & current proportional .

to cable voltage as delivered to the rectifier G2,
the voltage across which is determined by the
potentiometer Cf, C2 and which voltage is pro-
portional to cable potential. The crossed-coil
meter will, because it measures the voltage to
current ratio, indicate ohms,.e. g. according to
the use of a 60-ohm cable a variation from about
30 to 90 ohms may be noted. The phase ad-
justment of the antenna unit, with respect to
the coupling circuit, as it is shown in Fig, 3,
is accomplished by the following means:

"The antenna circuit is adjusted in phase by
the zero method variable inductance V2 ang the
phase bridge P2. Then the cable circuit KX is
phase-adjusted by the zero methogd with the var-
iable inductance V! and the phase bridge Pf{.
The correct impedance for terminating the cable
is- coupled into the circuit through the variable
coupling KV with the help of the crossed-coil
meter Q, that is, the variable coupling KV is
regulated to 60 ohms to terminate a 60-ohm
cable, :

The phase bridge may also be used automat-
ically to adjust one or more circuits to correct
phase relation. To illustrate, when a misadjust-
ment occurs in the phase bridge as indicated by
negative or positivé direction of current, this

‘current can be used to control respectively a
relay and a motor, which motor is in motion as
long as the phase-adjusting operation is be made,
that is, until the currents in the phase bridge
are balanced to a meter reading of zero, where-
upon the motor is automatically disconnected by
the relay. In the phase adjustment of more
than two circuits the corrections can be accom-

plished, for example, as shown in Fig. 2: First,

the variable inductarce V4 is used to adjust cir-
cuit ¥4 through the help of phase bridge P3.
Then, after the setting of this ecircuit, the cir-
‘cuit K3 is automatieally brought into operation
through the operation of a relay, which also re-
leases the phase bridge P2 from operation. In
a similar manner circuit X3 is adjusted by the

inductance V2, and subsequently the circuit K2,

may be automatically set by the phase bridge
‘P{ and then released by a relay. After the ad-
justment of inductance V2 the circuit K is auto-
matically centrolled by a relay according to the
minimum plate current or by. a similar expedi-
ent. -
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tion provision is made in a similar way for the
phase control of a plate oscillatory circuit. Since
plate oscillatory circuits operate with small re-
active loads, e. g. loads with real to imaginary
power ratios of 4:1, the phase adjustment of 180
degrees between the alternating-current plate
voltage and the alternating-current control grid
voltage is distorted and direct phase opposition
no longer exists. This condition is, however, nec-
essary for good operating efficiency of the trans-
mitter, since the efficiency is 9=%jH-cos ¢. Con-
sequently, when both circuits are in phase the
value of cos ¢ is unity, from which it follows
that efficiency is then at a maximum. The in-
vention further shows a method for reducing the
phase relation of 180 degrees between grid and
plate potentials to 90 degrees so that then with
the help of the above-mentioned phase bridge P
this voltage measurement can be made.

An example illustrating s phase adjustment
of 180 degrees is shown in Fig. 4, in which Rf
and R2 are the tubes of a push-pull stage. Cf
and C4 are tank circuit condensers, C% and C6
plate blocking condensers, and L{ the coil of
the oscillatory circuit. The secondary circuit of
the transformer K is loaded by the imped-
ance Ra. ’

The push-pull part of the phase bridge P is

- connected across the condensers C3 and C4 of
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the plate circuit, and the rectifier part across
the impedance Rb. The potential drop across
the impedance Rb differs in phase from the al-
ternating-current control voltage by 90 degrees,
and the resistance Rb is small in comparison
with the reactance of the condenser C1. If the

-potential drop across the resistance Rb is in

“quadrature with the voltage appearing across the
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reactances C3 and C4, then the meter 7 of the
phase bridge P registers zero. Therefore, only
when the voltage drop across the resistor Rb is
90 degrees out of phase with the grid potential
of the tube R, as shown by the zero-reading on
the meter 1, can a phase difference of 180 de-
grees exist between the alternating-current volt-
ages of grid and plate of the tube RI.
Excitation of the phase bridge P may further
be brought about by using & current converter.
In this application the currents in the capacita-
tive and inductive branches of the receiving cir-
cuit are respectively in quadrature with the alter-
nating-current plate voltage, and consequently,
in a case of an additional phase difference be-

. tween the grid or plate potentials respectively, it

65

80

65

70

According to a further feature of the inven- 73

is not necessary to operate the phase bridge. The
phase adjustment of a plate oscillatory circuit by
the use of the phase bridge P likewise relies upon
the automatic adjustment of the plate oscillatory
circuif. )

What is claimed is:

1. In & high frequency system, a push-pull cir-
cuit, comprising two tubes each having at least
a cathode, a grid and a plate, a grid circuit
formed between the said grids and the said
cathodes, a plate circuit connected across the
sald plates and the said cathodes, a phase-com-
paring circuit consisting of a differential bridge
circult comprising a pair of unilateral conducting
devices, and means adapted to impress voltages
from the said grid circuit and the said plate cir-
cult upon the sald differential bridge circuit in
parallel and push-pull relation respectively for
determining the phase relation therebetween.

2. In a high frequency system, a pair of oscil-
latory circuits coupled with one another, a dif-
ferential bridge circuit comprising a pair of uni-
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lateral conducting devices and a measuring . in-
strument connected thereto, means for applying
alternating voltages derived from one of said
oscillatory circuits to said unilateral conducting
devices in push-pull relation, means for applying
alternating voltages derived from the other of
said oscillatory circuits to said unilateral con-
ducting devices in parallel relation, and tuning
means associated with at least one of said oscil-
latory circuits for adjusting the phase angle of
the currents in said oscillatory. circuits in-order
to obtain a predetermined reading upon said
measuring instrument.

3. In a high frequency system, a pair of oscil-
latory circuits coupled with one another, a dif-
ferential bridge circuit comprising a pair of ‘uni-
lateral conducting devices and a zero-reading
measuring instrument connected thereto, means
for applying alternating voltages derived from
one of said oscillatory circuits to said unilateral
conducting devices in push-pull relation, means
for applying alternating voltages derived from
the other of said oscillatory circuits to said -uni-
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lateral conducting devices in parallel rclation,
and tuning means asscciated with at least one
of ‘said oscillatory circuits for effecling a _rhase
adjustment. of one circuit wilh respect to- the
other to obtain a zero reading upon said measur-
ing instrument..

4. A high frequency sysiem according fo claim
2 wherein said pair of osciliztory circuits com-
prise the grid and plate civcuits of an electron
discharge tube and wherein one of said circuits
is associated with said differential bridge circuit

‘over & device adapted to impose a phase shift of

90 degrees upon the alternating voliages applied
to said bridge circuit.

5. A kigh frequency system according t5 claim
1 wherein said grid circuit is associated with said
differential bridge circuit over a device adapted to
impose a phase shift of 90 degrees upon the alter-

‘nating voltages applied in parallel relation to said
20 bridge circuit, :
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