PUBLISHED - H. L DIETRICH Serial No.
MAY 26, 1943, REGEIVER 314,195
BY A. P. C. Filed Jap. 17, 1040 2 Shests-Sheet 1

+

INVENTOR.

. HANS LEO DIETRICH
..F ‘g, 5 BY 7 % /éwwL’

ATTORNEY.




314,195
2 Sheets-Sheet 2

Serial No.

RECEIVER

H. L. DIETRICH
Filed Jan. 17, 1940

PUBLISHED
MAY 25, 1943.
P. C.

BY A.

—F
s

Ue
T
»
Lg.
S
]
5 .
%
|
I
I
|
|
|
|
i

|||||||||||| IA e e — - ———— ——— e — ]

INVENTOR.

TRICH
ATTORNEY.

AP

__..._f
HANS LEO Dg

By

Lo




Published May 25, 1943

Serial No. 314,195

ALIEN PROPERTY CUSTODIAN

RECEIVER

Hans Leo Dietrich, Berlin, Germany; vested in
the Allen Property Custodian

Application filed January 17, 1940

The Invention relates to a tuning arrangement
for receivers which can be used more especlally
for ultra-short waves and decimeter waves. It
is known that In case of short waves it Is no
longer pogsible to achleve such a high degree of
constancy of the frequency as in the case of
longer waves, since changes In the relative dis-
tances of the tube electrodes caused by tempera-
ture variations, for Instance, already have an es-
sential Influence upon the frequency which is not
experienced in the case of long waves. Therefore,
the frequency of a short wave transmititer in-
evitably fluctuates beyond the band width of the
input circuit of the recelver such that reception
stops or when resuming the communication can-
not be realized at all. Furthermore, the same
drawbacks are inherent in the osclllation gener-
ators employed as oscillators in superheterodyne
receivers and thus the produced intermediate
frequency deviates from the deslred value hot
only on account of the variation of the trans-
mitter wave, but also on account of the varia-
tion of the local oscillator frequency. In order
to Insure a safe operatlon means must therefore
be employed which enable the recelver to recelve
waves which are unstable within g certaln fre-
quency range. Thus it has become known, for
instance, to wabble frequency of the local oscil-
lator of the receiver with a frequency lying be-
yond the audible limit, about & low value so
that also the intermediate frequency fluctuates
perlodically about an average value. The per-
missible fluctuation width of the transmitter
frequency however, 1s hereby extremely small with
with the result that in most cases this arrange-
ment 1s insufficient for practical purposes. Fur-
thermore, it 1s known that the recelver can be
sharply tuned in an automatical manner to the
transmitter wave whereby disturbances caused
by the lack of constancy of the transmitter wave,
can also be avolded within narrow limits. But
since the range of this automatic vernier tuning
is very narrow, this arrangement falls also if for
instance at the switching-in of the receiver, the
transmitter wave lles outside the range of the
vernler tuning.

In accordance wlth the Invention an entirely
safe receptlon of the desired transmitter is
rendered possible in that & pendulum movement
of the tuning organ of the receiver within which
a frequency range will be swept which corre-
sponds to the possible fluctuation range of the
transmitter frequency, 1s automatically stopped
at resonance of the recelver with the transmitter
frequency and at the same time an arrangement
for the automatic vernler tuning is switched-in.

This offers the advantage that the range of
the automatic vernier tuning can be chosen as
small as desired, 1. e. its accuracy e¢an be chosen
extremely high, while wide fluctuations of the
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transmitter frequency or local oscillator fre-
quency are still admissible.

The first-mentioned feature of the invention,
namely the periodic vibratory movement of the
tuning organ be termed “finding performance”
denoting that the recelver next finds automati-
cally the transmitter wave within a given range
and holds on to this wave In this tuning stage
at resonance with the transmiiter wave. The
second feature of the invention, namely, the au-
tomatic vernier tuning which can be carried out
in any desired manner, serves for enabling the
recelver to follow cohtinuously eventual varla-
tions of the transmitter frequency.

It is readily seen that with the method of
tuning carrfed out in accordance with the in-
vention, the reception 18 always accomplished In
exactly the same manner as in the case of the
normal receiver so that all disturbances caused
for Ingtance by the wabbling of the local oscil-
lator are eliminated. It should be remarked al-
ready at this place that the arrangement accord-
ing to the Invention is equally well effective
whether In the case of varlations of the trans-
mitter frequency belng recelved, or, in the case
of using a superheterodyne recelver, at a varia-
tion of the frequency of the local oscillator, Bince
at ultra-short waves, superheterodyne recelvers
are often used and the transmitters can usually
be given a constant frequency through a larger
number of means, the last-mentloned case of the
fiuctuation of the local oscillator frequency wiil
be the more frequent case.

The finding performance will next be elucidated
in reference to Fig. 1. Item H represents the
high frequency pait and the mixer stage of a
superheterodyne recelver to which 15 applied in
additlon to the recelving freguency, the local os-
clllator frequency of the oscillator 8 which is
Indicated only by an oscillatory circuit for the
sake of simplicity. The intermediate frequency
formed is amplified in the intermediate frequency
part Z then demodulated and applled to the
audio-frequency part N of the receiver. In order
to find the transmitter wave being received, the
tuning of the local osciliator 8 1s moved recipro-
cally across a certain frequency range. To this
end a motor M 1s provided which turns the vari-
able condenser of the local oscillator up to a
certain angle whereafter the polarity of the motor
is reversed by means of a switch U which actu-
ates the contacts %, so that the turnings of the
condenser takes place in the other direction.
If, for instance, the contact E which 1 coupled

5 for example with the main switch of the receiver,

is closed, the finding performance starts imme-
diately irrespective as to whether or not a trans-
mitter wave 15 present.

Now when the transmitter is belng operated
and the oscillator 0 assumes 1ts correct position of
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tuning, 1. e. the position in which an {ntermediate
frequency appears to which the intermediate
frequency amplifier is tuned, the current passing
through the Intermediate frequency tubes changes
at this moment whereby the relay A which les in
the plate circuit of one or of all intermediate fre-
quency tubes, will be actuated. The relay contact
pertaining to A and which. is placed in the cir-
cult of the motor M and 1s closed in the position
of rest, 1s deslgnated by a. As soon as the cor-
rect resonance position of the receiver s attained,
the contact o will be opened whereby the motor
comes to a stop.

The starting of the finding performance at the

switching-in of the receiver may be delayed untll
the recelver has reached the operative state, i. e,
until the tubes are heated up. Purthermore, the
finding performance may only then be started if
it 15 ascertained in any desired manner that a
recelving osclllation Is present within the Inter-
mediate frequency range.
. The mode of carrying out the finding perform-
anc2 according to the invention is not limited to
the arrangement shown in Pig. 1; the reciprocat-
ing movement of the oscillator tuning may alse
be obtalned by purely electrical means, for In-
stance, with the aid of relaxation circuits through
which an Inductance, or a capacity has its value
varied periodically. Furthermore, the potential
which causes the stopping of the reciprocating
movement may be derived at any desired plate of
the receiver, and therefore also, for instance, at
the high frequency part. In the case of a
stralght receiver the tuning of the receiver input
ciréuit may, for instance, be varled periodically
and this variation may be interrupted directly by
the current of the high frequency tube.
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ciprocating fashion. If no transmitter frequency
exists within the range of finding, the tuning
organ carrles out a continuous pendulum move-
ment so that the absence of a transmitter carrier
can he readlly verified from the outside. If, how-
ever, a transmitter wave is present, the finding
periormance is stopped when the correct tuning
posltion Is reached. But since the transmitier
frequency or local oscillator frequency does not
remain constant, the receiver would very soon fall
out of tis correct tuning position entalling the
falling of reception. In order to avold this con-
dition there is Inserted in accordance with the
invention simultaneously with the switching-in
of the finding performance, an arrangement for
the automatic vernler tuning. This arrangement
may be of any desired type and may be con-
structed In a manner known as such. It will,
however, be advisable to employ for the automatic
vernfer tuning the same means as those employed
for finding the transmitter wave as will be de-
scribed in greater detall in the following. In
order to galn a control voltage through which the
recelver 1s always brought automatically into the
correct position of tuning, there may be employed,

" In a manner known as such, two clreults which
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A practical construction of the switch shown .

schematically in Fig. 1 i1s glven by the example
of Fig, 2, Herein is item A the shaft of the vari-
able condenser of the tuning arrangement, which
shaft is rigidly connected to a Iever S and 1s cou-
pled with a motor M not shown in the drawing.
A stationary ring R is arranged concentrically to
the shaft and on the sald ring, two levers Hi and
Ha which can be swung about the shaft A, can
be tightened up In any desired positlons by means
of the clamping screws F. 'The levers H; and Hz
are loosely mounted on the shaft A and are
équipped with the contacts K and Kz, Now, if
the shaft A Is driven by the motor causing the
lever S to turn, for Instance, to the right, the
latter arrives at the contact Ki and actuates tha
latter which In turn actuates a pole reversing
switch so that the latter reverses the direction of
movement of the motor. Then the lever S turns
In the other directlon to the left until it reachcs
the contacts Kz thereby agaln reversing the po-
larity of the motor, etc. The limits and the cen-
tral position of the frequency range covered by
the tuning organ can be set at will through sepa-
rate adjustments of the contact levers Hi and Ha.
The positlons of these levers are fixedly estab-
lished preferably through various transmitters
glven in advance, or the lever positions are fixed
in suitable points by means of corresponding stop
organs, Obviously, also for the reversing ar-
rangements varipus structural solution can be
found all of which suited for practising the gen-
eral idea of the Invention.

As already pointed out the hitherto described
finding performance 18 switched in simultaneously
with the switching-in of the entire receiver, so
that until the transmiiter wave 1s found, the
tuning organ is next periodically moved in a re-
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are detuned relative each other and which are
placed for instance in the intermediate frequency
circuit of the recelver and whose voltages are de-
tected and connected in opposttion., If the fre-
quency applied to these cireults varies, also the
control potential varles in an unequivocal fashion.
Since when operating with ultra-short waves, fre-
quency modulation is ordinarlly employed, the
arrangement for gaining the control potential

- can be advantageously used at the same time for

the demodulation of the frequency modulated
osclllations, since as is known, two relatively de-
tuned circults connected in opposition across de-
tectors are in fact likewise suited to this end.
The control voltage now s applled, for instance,
to a tube in whose plate circuit a differential relay
is placed. At the mean frequency which corre-
sponds to the required frequency, the relay con-
tact is in its ceniral position. When the fre-
quency applied to the two circults increases, the
relay contact moves In the one direction, and
when the frequency decreases, the sald contact
moves in the other direction. Now, if the relay
1s so placed in the clircuit of the motor M shown
in Fig. 1, that the relay contacts have different
directions of rotatlon of the motors assigned
thereto, the tuning of the oscillator 0 is Pig, 1,
will be affected when a control potential appears.

5 Now, iIf the dependence of the direction of rota-

tion of the motor on the direction of the varia-
tion of the control voltage i1s chosen In such a
sehse whereby in the case of an increase of the
frequency to be conirolled a rotation of the motor
in the directlon of low frequencies takes place,
the recelver will place itseif always In the desired
position of tuning, When the transmitter fre-
quency changes, the receiver tuning follows in
the proper sense.

In applying the general idea of the invention
there Is assured next the finding of the tranamit-
ter frequency lylng at any desired place of the
glven range and furthermore, an always correct
tuning of the recelver also in the case of flyctua-
tlons of this frequency.

As stated, the control voltage for the automatic
vernler tuning can be derived from the interme-
dlate frequency amplifier. In place of this, also
all other known circults are possible. In the same
Inenner In which In the described example the
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finding performance and the automatic vernjer
tuning can he carried out with the use of the
gsame drive motor, in a varfation of the recelver
tuning taking place In a purely electrical fashion
the same means (for Instance, relaxatlon cir-
cuits) may be employed both for the finding as
well as for the sharp tuning.

If during the reception the frequency of the
transmitter osciilation or of the oscillation of
the local oscillator changes suddenly by such
high values which cannot be followed-up by the
automatic vernier tuning, the finding perform-
ance sets-in anew and continues untll the trans-
mitter wave Is found again. It is hereby of ad-
vantage if the finding performance instead of
belng initiated instantaneously, is switched-in
with a certain delay, since it happens often that
the transmitter wave varies its frequency during
a brief moment but later resumes agaln the same
position. Thus, the stopplng of the finding per-
formance may, after reaching the correct tuning
position, take place by means of an immediately
responding relay, while the next switehing-in is
carried out by means of a special time delay relay
A clrcuit of this type will be described later on
hand of the Fig. 3. The time delay is hereby
provided in a manner known as such, for in-
stance, In that a bi-metal strip establishing the
contact 1s passed by the current which Initiates
the finding performance, such that the contact
will be closed only at sufficlent heating.

In the operatlon with ultra-short waves, the
distribution of the various transmitters and the
ranges thereof across the frequency band are of
particular importance. In order to avoid hereby
disturbances of the receiver owing to the re-
flected frequencies, it is of advantage so to adapt
the arrangement that the finding performance
is finally stopped only when the Irequency
of the local oscillator lies at the one prede-
termined side of the transmitter frequency.
This condition will be elucidated on hand of
Fig. 4. In this fieure the frequencies are
plotted along the abscissa. Letter S is meant
to Indicate the normal position of the wave heing
recelved and U js the desired position of the fre-
quency of the local osclllator of the recelver.
Then the intermediate frequency ZF is obtained
which would be plotted in the same way If the
frequency of the local oscillator were at the place
Tt In order to avoid disturbahces by refiected
frequencies etc. 1t be required however, that the
local oscillator operates in U. The letters G:
and Gz may represent the limits of the ranee
covered during the finding performance. Now,
the correct choice of the frequency of the local
oscillator to he obtained automatically can be
realized in that through suitablz choice of the
initial direction of rotatlon of the motor; the
frequency of the local osclilator which may be at
the place Ue, for instance, at the switching-in of
the receiver, is always moved in the direction
upon the limit Ga at the switching-In of the
recelver and away from this limit, whereby con-
tact arrangements are provided in such a man-
ner that, the Ainding performance can be stopped
only when the tuning was reversed once at the
Hmit Ga. Therefore, if Ue moves to the right, it
cannot as yet be stopped at the place U but must
first reverse its movement at the limit Gz in order
to enter the correct position of tuning U In ar-
riving from the right and be fized in this position,

As can be readily seen, i{ can then never hap-
pen that the finding performance will be inter-
rupted in the tuning position Ur. In fact if Ue
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is between the limits Gi and Uy, for Instance, and
if, as is required, it moves initially to tiie right,
it cannot be stopped neither in U: nor by 0,
but must first reverse its movement at the iimit
Ga In order to arrive in the final position U from
the direction of higher intermediate frequencies.
If, however, Uz 1s to be the desired position of
the local oscillator frequency, while U is the
wrong local osctllator tuning, the initial move-
ment is to take place towards the left and the
arrangemeht Is to be so adapted that the finding
performance can be stopped only after a reversal
at the limit Gi. Then exactly the same condi-
tions must be fulfilled as before.

If the transmitter frequency should have moved
such a distance that the correct tuning position
cannot be found at all within the range of find-
ing the receiver cannot stay on a wrong tuning
position because the automatic vernier tuning
operates in the wrong direction in this case and
the receiver moves out of iis tuning position
again. The hereby prevaliling conditions are
shown in Fig .5. The limits of the finding per-
formance are again designated hy G: and Gsq
while S represents the normal position of the
transmitter frequency and T is the correct posi-
tion of the frequency of the local oscillator. Now,
if the transmitter frequency moves towards the
place Sm, the proper position of the frequency of
the local oscillator would lie outside the limits
of the finding range, namely, outcide the limit
Gz and thus the receiver cannot move into this
pasition.

On the other hand it would be possibie that
the receiver remains with the tuning of the local
oscillator at the place Um because In this place
the proper intermediate frequency {is obtained
with the transmitter frequency Sm. This condi-
tion could neither be prevented through the de-
scribed method of fixing the receiver only when
ihe tuning means has reversed at a limit of the
range. But in this case the automatic vernier
iuning operales in the wrong direction, i. e. when
the frequency of the local oscillator approaches
the place thm the control voltzge acts in the
sense whereby the tuning means iz turned beyond
the place Ur so that Um is likewise not suited
as final tuning position, This condition can serve
for verifying the fact that the transmitier fre-
guency or the recelver frequency has moved too
far out, 1. e. that the range defined by the limits
Gr1 and Ga is too narrow,.

A circuit fulfilling these conditions is shown
in Fig. 3. Herein is M the motor and U {g the
reversing arrangement just as in the case of Fig.
1 whereby the said reversing arrangement acts
upon the two contact pairs X: and K2 in accord-
ance with Fig. 2. As in Fig. 1, item A designates
the relay which serves for the tuning position.
The appertaining contact is designated by a
which is closed at a wrong tuning or at the
absence of the transmitter wave. Now it is as-
sumed that the correct tuning position heas not
yvet been reached and that, therefore, the contact
a is closed. Consequently, the relay D will be
actuated and closed its contacts d1 and dz. The
relay D has placed in parailel thereto the time
delay relay Bi having the contact bi and which,
as already stated, servés for causing the finding
performance to start with a certain time delay.
Otherwise this relay and its contact entirely cor-
respond with the relay D.

As fs seen, the motor M is now in operation re-
ceiving its feed voltage across the contacts bz and
b4 from the voltage source Sp. The Iever S of the
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reversing arrangement has hereby moved down-
wards. If the tuning passes at this movement a
place in which a correct intermediate frequency
appears, the contact g will be released. However,
the rotation of the motor can hereby not as yet
be interrupted, since the relay D maintains Its
positlon across its contacts di and bi and across
the contact b2 which is clesed in the position of
rest thus retaining a conducting connectlon be-
tween the motor and the feed voltage source.
Thus, the tuning arrangement moves beyond this
position and arrives at the contact k2 which it
short circuits. Then the relay B will be ener-
gized and the contact » wlll be closed, while the
contact bz will be opened and the contacts b2
and ba will ba moved over. Meantime the con-
tact ¢ has closed again since the tuning has
moved beyond the correct value of the inter-
mediate frequency. The switching of b and b4
has the effect that the direction of rotation of
the motor will be reversed whereby the lever S
will be moved upwards. Also when the contact
k2 Is open does the relay B hold its position across
the contacts b1 and da. Now, if a correct posi-
tion of tuning is arrived at again, the contact a
will be released and therefore, the motor elreuit
will be cut because the contacts b1 and d: will be
opened while bz was open in the first plaee due
to the excitation of B and thus the relay winding
D no longer receives current.
released, dz will be opened so that B has no cur-
rent while the contact b1 will be opened and the
contact bz will be closed. But the motor cannot
start again since di and b are open. Since owing
to B being inactive, the contacts bs and b re-
turn to the right into the position of rest, the
inltial state is realized again and the same per-
formance begins again in exactly the same man-
ner when the transmitter wave is Interrupted.

If no transmitter wave can be found within
the entire frequency range covered by U, the lever
S moves to and fro between the contacts k1 and ka.
A short cireuit of k2 results in a switching of the
contacts b2 and b4 as already pointed out and
these contacts remain in the left position since
ds iIs closed in the position of rest and b will like-
wise be closed when ka2 is short circuited. It is
only when the lever S arrives in the other limit
position and short eircuits the contact ki that the

winding B will be short circuited so that b1 will ;

be released and by as well as b+ return again to
the position of rest. The direction of rotation of
the motor will then be reversed.

With the clircuit illustrated in Fig, 3 it can be
gccomplished in fact that only & single one of the
possible positions of the frequency of the local
oscillator with respect to the transmitter fre-
quency leads to the stopping of the finding ar-
rangement. The automatic vernier tuning will
in no ways hereby be affected since the local oscil-
lator is obviously always correctly controlled once
it has been given 1its proper position. As already
explained in connection with Fig. 4, in the case
of a position of the frequency of the local oscil-
lator at the other side of the transmitter fre-
quency, the initial direction of rotation in Fig. 4
must obviously be upwards and the contacts %t
ahd k2 must be interchanged.

It will now be shown on hand of Fig. 6 that in
applying the idea of the Invention and in em-
ploving an additional means a substantial sav-
Ing in the band width required for any trans-
mitter Is realized and that the transmitters can
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be placed nearer each other without mutual dis-
turhance being encountered. If 8 represents
again the transmitter frequency being recelved
and if U designates the correct position of the
local oscillator, the initial direction of rotation
of the motor is to be such that the frequency of
the local oscillator moves to the left at the be-
ginning of the finding performance, Now, If a
further transmitier frequency S¢ exists within the
limits <1 and Gz, the danger exists that after
reversing 1ts movement at the Umit Ga the fre-
quency of the local oscillator stops at the place

t where the same intermediate frequency will
be formed as in U but this with the wrong trans-
mitter so that the wrong transmitter will be re-
ceived. However, the receiver cannot stop at the
wrong transmitter wave, because in this case, as
alrendy stated, the control voltage of the auto-
matic vernier tuning acts in the wrong direction
and withdraws the tuning again from this posi-
tion of tuning. The finding performance then
starts anew until the wrong position of tuning is
found agalin, etc. But the receiver can in no ways
be brought beyond the wrong tuning position and
into the range of the correct tuning position.
Now, if care is taken that the disconnection of
the flnding performance can happen only when
the frequency of the local oscillator approaches
the correct intermediate frequency from the side
of the higher Intermediate frequencies while on
the contrary the interruption of the finding per-
formance is rendered impossible if the correct
tuning is obtained from the side of the low inter-
mediate frequencies, also the place Ur cannot

5 serve for the stopping of the finding arrangement

such that the tuning moves heyond the said place
and reaches the correct pasition ¥ from the side
of the higher Intermediate frequencies.

This can be done easily, for instance, in that
by means of potentlals, derived from the one of
the two circuits for the automatic vernier tuning,
tuned, for Instance, to the higher frequency,
which circuits are detuned relative each other,
relay contacts are prepared in such a manner that
they lead to the stopping of the finding per-
formance only when potentials are actually ap-
plied to the said circuit, i. e. when the inter-
mediate frequency has been bhrought to the center
position from the side of the tuning of this cir-
cult.

Finally in many cases not further described
herein for the sake of simplification, an auto-
matic exclusion of wrong transmitter frequencles
lying within the range of finding can already be
accomplished solely by the automatic vernier
tuning, since at the stopping of the finder ar-
rangement at & wrong tuning position, the vernler
tuning acts in the wrong direction as soon as it
begins operating, as a result of which the finding
performance wili be switched-in again whereby
the correct transmitter wave will then be found
automatically. In order to contribute to this ac-
tion it is of advantage instead of stopping the
finding performance exactly at resonahce fre-
quency to have it cease at a place lying at a short
distance from said resonance place inside the
range of the vernler tuning in order that In any
event the automatic vernier tuning will be put in
operation. In vlew of the speed of the entire
switching performances this does not involve any
eppreciable delay of the tuning performance,

HANS LEQ DIETRICH.



