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For the automatic tuning of an electric struc-
ture capable of producing oscillations such as,
for instance, a recelver an entire serles of ar-
rangements are known. The majority of these
arrangements utilize as the criterlon for the at-
tained resonance the phase equality of current
and voltage In the respective resonance circuit,
since for even a slight detuning there exists a
considerable phase difference between current
and voltage. This type of control of the auto-
matic tuning is termed “phase jump” method.

Arrangements are also known in which the
resonance curve is scanned and the tuning is
varied until the amplitude of the current, or of
the voltage has reached its maximum. Since
the latter arrangements are more complicated
as to structure and furnish at their best no better
setting possibilities and usually a less accurate
setting due to the flat slope of the resonance
curve in the immediate vicinity of the maximum,
arrangements are usually employed which oper-
ate In accordance with the “phase jump” method.

In accordance with the present invention in
such an arrangement for the automatic tuning
of a transmitter antenna, to the frequency of the
coupled transmitter there serves as criterion for
the exact tuning the maximum of the antenna
current, or of the antenna voltage. More espe-
clally, there is provided In a manner known as
such a tuning variation means which oscillates
periodically only within a narrow range and
which s responsive to only difference of the
current values, or voltage values which disappear
at resonance, and which values exlst ln the
border points of the oscillatory tuning, for the
purpose of controlling a constant variation of
the tuning. A further method may als¢ be em-
ployed in which there serves for the control of
the remaining tuning variation a differential
quotient with respect to time which disappears
at resonance. The quotient taken may be based
on the effective antenna power of the detected
antenna current or of the detected antenna
voltage. Each of these values vary with the
tuning.

The present inventlon will be more clearly
understood by reference to the following detailed
description which is accompanied by a drawing
in which Fgures 1 and 3 are curves useful in
explaining the prineiple of the invention as ap-
plied to the antenna circult of Figure 2, while
Figure 4 {llustrates an application of one modi-
fication of the fnvention to the circuit of Flgure
2, Flgure 5 shows further curves illustrative of
the operation of the invention and Figures 8 and
7 show further modifications of the invention.

The advantage of the present Invention can
be recognized from the following considerations:
In an ordinary oscillatory circuit the maximum
of the amplitude-resonance curve coincides with
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the passing through zero of the phase resonance
curve as shown in Figure 1. However, a different
condlifon exists In the case of a transmitter
antenna having a circult as shown, for instance,
in Figure 2. Herein S i{s the final amplification
circuit of a transmitter, sald eircuit being tuned
by means of the variable Inductance L. A part
Ci of the capacity of the circult is connected
through the shielded transmission line or cable K
across the antenna transformer T which s
coupled to the antenna A. The latter can he
tuned by means of the inductance La.

When plotiting for such an arrangement the
phase difference between the antenna current
and antenns voltage on the one hand and the
amplitude of the antenna current on the other
hand, as a function of the tuning of the antenna
cireuit comprising substantially the antenna
capacity and La, the resonance curves according
to Figure 3 will be obtained. According to this
fieure the passing through zero of the phase
curve and the maximum of the amplitude curve
do not colnclde with each other. This Is ex-
plained by the fact wheh the impedance of the
antenna 1is purely ohmic the condenser Ci is
shorted to a greater or lesser degree and the
output circult of the transmitter is' so detuned
that the latter and, therefore, also, the antenna
cannot conduct the maximum current possible.
The fact 15 rather that the location of the
strongest antenna current corresponds with an
inductive state of the antenna.

Consequently, such arrangements which bring
about an automatic tuning to the zero phese
directly at the antenna offer inh use, in general,
but a very poor degree of efficlency. Such ar-
ranhgements could be utilized with g more favor-
able degree of efficlency only {f according to a
proposal already made, the arrangement 1s so
adapted by the insertion of a coll tuned with the
transmitter in the lead from the condenser Ci
to the cable X that the Influence of the detuning
of the output circuit of the transmitter cavsed
by the ohmie state of the antenna is eliminated
or compensated for.

The present invention, however, renders pos-
sible a correct automatic tuning of the antenna
arrangement In each case, irrespective as to
whether or not the transmitter i provided with
the sald compensatiion device. The antenna de-
vice hence can be connected to the automatic
tuning arrangement at any desired transmitter.
An example of consiruction sccording to the
present invention is shown in Flgure 4.

The transmitter antenna A is connected to
ground through a serles clreult comprising the
tuning coll Is, a fixed additional coil L, the
primary coil of a current converter T and the
terminals x, # to which the alternating voltage
is applled which comes from the {ransmitter,
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The vibrating switch P has an exciter coll E
which is placed in serles to the voliage source Q,
g switch 8 and the exciter contact p1. A further
contact p2 1s placed in parallel to the coll L and
a third reversing contact p1 of the vibrating con-
verter Is so connected that the moved contact
pole les In serles with the secondary coll of the
transformer T and a detector G, while the two
fixed contact poles are connected to the coll ends
of the differential relay DD, “The coil center is
grounded as is the end of the secondary coil of
the transformer T which i3 not conneeted to. the
detector Q. The switching contact d of the dif-
ferential relay D energizes the terminals of the
reversible motor M in accordance with the sense
of the excitation of the wingding by either the
voltage of the direct voltege source @1 or the
voltage of the source Qi with opposite polarity.
This motor 1s mechanicglly coupled in .any sult-
able manner with the tuning device of the
coll L.

As soon as the vibrating switch P is actuated
by closing the contact &1 the impedance L In the
antenna circult 1s perledically short-circulted by
the contact p2. The awitch p3 operating skmul-
taneously with pz supplles the coils of the dif-
ferential relay D which act agalnst each other
with current puwses which are proportional to
the antenna currents which flow in the antenna
elrcuit In the conditlons of open or short-circuit
of self Inductance L. Depending on whether the
operation takes place on the left side, or right
side of the resonance curve, the difference cur-
rent in the coll of the relay has a different di-
rection so that the contact d engages different
fixed contacts. The directlon of rotation of the
motor M thus g always so determined that the
variation of the tuning impedance La takes place
in the direction towards resonance, When the
resonance point Is reached, the vibratory tuning
takes place symmetrically with respect to the
resonance position so that the current pulses in
the two coils of the relay are identical in value,
The armature of the relay hence, assumes the
neutral center position and discemnects the mo-
tor M, .

Fgure 6 shows an exampile of construction
according to the present Invention in which the
differential quotlient in respect to time, which
disappears at resonance, of the anienna power
varled with the tuning, serves for controlling the
variation of the tuning. Figure 5 shows a res-
onance curve i and its differential quotient i’ in
respect to time for a transit of the tuning opera-
tion, 1. e. the figure shows the steepness of the
resonance curve.

In the clrcuit according to Figure 6 by press-
ing down the key B the cireult of the motor M
is closed across the contacts a and p. An im-
pedance of the antenna circuit, for instance, the
variable self ‘inductance Le, 18 contlhuously
varied by the motor In a certain direction. If
the current starts flowing ln the antenna cir-
cnit in the proximity of the resonance, a current
is ohtalned through the condenser C angd through
the resistance R which current ls almest pro-
poriional to the differential quotient i’ in regard
to time, of the resonance curve of Figure 5 If
care Is taken that the spparent resistance of the
condenser C Js suffictently high against the re-
sistance R,
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The amplifier tube V is blocked in the state of
rest and thus no plate current flows. Owing to
the poitential drop through the resistance R the
grid blasing potential will be less negative so
that a plate current pulse will be glven across
the coll of the polarized relay PR, The contact

p will thus next be closed,
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The sensitivity of the further relay F must
be so regulaied that it only begins to operate and
opens Its contact f after p 1s closed. The con-
trol of the motor M thus takes place solely across
the contact p. In the state of resonance proper
the current passes through zero. PR has then

. no current thus severing the circuit of the mo-
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tor. The tuning of the transmitter antenna is
thus reached.

Furthermore, it 1s advisable to utilize in con-
Junction with the circult according to the pres-
ent inventlon, additional arrangements which in
the case of a wider detuning permit of first a
rough automatic tuning in the shortest direc-
tion because the described devices normally op-
erate rellably only If the initial detuning is not
too excessive. An example of construction for
such an arrangement is shown in PFlgure 7,

Now, when applying a voltage to the series
resonant circuit comprising the capacity of the
transmitter antenna, the self inductance La, the
antenna tuning coll whereby the sald voltage
(transmitter potentizl) has a freguency that is
lower than the resonance frequency of the cir-
cuit, the voltage at the condenser K’ is higher
than that at the self inductahce Ia. The cur-
rent at the coil I of the different relay D hence
predominates and moves the contact d upwards,
for Instance. If the frequency Is higher than
the circult frequency, the voltage on across Le
will be higher so that therefore the current at
the coil IT of the differential relay D predomi-
nates. The contact d therefore moves down.
The arrangement can be so adapted that across
the contact d a motor will be controlled as In
Figure 4 which through the variation of L. so
changes the tuning of the transmitter circuit
that the latter passes to the resonance point on
the shortest way.

In the case of resonance the two botentlals
at K’ and Le would have the same value and op-
posite senses. The contact & would thus assume
the central position and would disconnhect the
drive motor.

In all practical cases the resonant voltages at
K’ and at Le have such high values that the de-
tectors G: and Ga would be destroyed. These
detectors must necessarily be very sensitive since
the potentials serving for the control of D are,
outside the resonance point, higher than at the
resonance polnt, by two to three orders of mag-
nitude. For the protection of these detectors
glow discharge paths Gli and Gz are employed
which short clrcult the detector as soon as the
voltage at the detector exceeds the potential of
the glow discharge. Hence, the tuning of the
circult consisting of K' and L. can only be
brought near the resonance paint hy the use of
the arrangements according to Flgure 7. The
accurate setting must then be done by means of
another arrangement such as, for instance, that
shown in Flgure 4,
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