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UNITED STATES 
1,690,918 

PATENT OFFICE. 
JONATHAN ZENNECK, oE MUNICH, GERMANY., AND ERNST KNOPP, OF NEW YORK, N. Y. 

TONE RECEIVER FOR UNIDAIMPED OSCELLATIONS. 
Application filed April 28, 1923, . Serial No. 635,311. 

Our invention relates to the reception of 
undamped waves such as are use in radio 
telegraphy, and it is the particular purpose 
of this invention to receive such waves or 

5 signals which are sent by means of such 
waves, in the form of audible tones in an 
aural receiver, for instance a telephone. 
The fundamental idea on which our in 

vention is based consists in producing in the 
10 system by which the arriving undamped os 

cillations are received, damped oscillations 
at regular intervals and a suitable number 
of times per second, which damped oscilla 
tions are superimposed upon the received un 

15 damped oscillations. These damped oscilla 
tions may be produced in the form of im 
pulses imparted to an oscillatory circuit 
which is part of the receiving system, by any 
suitable means known in the art. The Oscil 

20 lations resulting from such a Superimposi 
tion of aforesaid impulses upon the received 
undamped oscillations are oscillations of a 
periodically varying amplitude. If now a 
detector circuit is suitably coupled with the 

25 circuit carrying these periodically varying 
oscillations, one or several tones are obtained 
which correspond with the periodical vari 
ations of the amplitude of the resulting os 
cillations. , - - 

The amplitude of the above-mentioned re 
sulting oscillations depends upon the condi 
tion of the phase of the received undamped 
oscillations, at which the impulse excited os 
cillations start. Thus a regular periodical 

35 variation of this amplitude can only occur 

30 

if the difference between the individual in 
tervals within which the impulse occurs, is 
very small compared with the high frequen. 
cy period of the received undamped oscilla 
tions. . . . . . 

If this condition is fulfilled generally a 
double tone will be received in the detector 
circuit, both of which tones are of a frequen 
cy which is different from the frequency at 
which the impulses occur. Only at a very 
definite relation between the high frequency 

40 

of the received oscillations and the impulse frequency, the two resulting tone frequencies 
will coincide so that only one tone will be 
heard in the telephone connected into the 
detector circuit. It would be very difficult to produce im 

50 

pulses of such a regularity as is required for 
the production of a musical tone in the tele 
phone by mechanical means, i.e. by mechani 

cal interrupters... We have found, however, 
that thermionic relays are very well suited 
for producing impulses of a desired low fre 
quency which are adapted to impart the 
necessary impulses to a local high frequency 80 
circuit at absolutely regular intervals. Of 
Colli'se, the degree of regularity depends 
upon keeping the plate voltage and the fila 
Inent current constant. . . . . . . . . 
The circuit arrangements which may be 65 

used for locally producing such a low fre 
quency for these impulse purposes may vary 
considerably since at the present day quite 
a number of different circuit connections for 
thermionic relays are known in the art by 
which Stich relays are caused to produce con 
tinuous Oscillations of any desired frequency. 

In the accompanying drawings we have 
illustrated several circuit arrangements in 
which the idea involved in our invention may 75 
be reduced to practice without thereby lim 
iting the practical form of our invention to 
these modifications shown, since it is obvious 
to any one skilled in the art that similar 
results may be obtained by varying the indi- so 
vidual details of the elements of which the 
circuit arrangement is composed. 

Referring to these drawings:-- 
Figures 1, 2 and 4 represent modified 

forms of circuit diagrams by which the 85 

70 

effect referred to hereinbefore may be ob 
tained; and . . " 

Figure 3 represents a curve diagram 
which will be explained hereinafter. 

Referring now in detail to Figure 1, A. 90 
represents an antenna by which for example 
the undamped waves may be received. The 
circuit C, L., L., L, represents a local high 
frequency oscillatory circuit in which it is 
proposed, according to the present inven- 95 
tion, to produce damped oscillations by reg 
ularly occurring impulses. This local oscil 
lating circuit is shown in the diagram by 
heavy lines and it is coupled at L, with the 
antenna circuit by means of the inductance loo 
Lo contained in the antenna circuit, such 
that by this coupling the received undamped 
Oscillations are transferred into the local 
oscillating circuit. . . . . 

The low frequency circuit in which the 105 
low frequency impulses are produced is the 
circuit C, p. These low frequency impulses 
in this circuit are due to the coupling p, S 
with the grid circuit of a thermionic relay - 
which consists of the filament F, and grid 10 



10 

R. In the modification shown as an exam 
pie the low frequency impulse circuit is con 

2) 

5 

35 

40 

50 

G and the plate P all arranged in the con 
ventional manner known in the present day 
art. The relay circuits consist of the plate 
circuit containing the plate P, the battery B 
and the filament F and besides a suitable 
number of choking coils D, D, and of the grid circuit including the grid G, a grid po 
tential battery E, transformer coil S and 
the filament F. The filament is heated by 
means of the heating battery H whose cur 
rent is controlled by means of the rheostat 

ductively coupled with the local high fre 
quency circuit by the connection with the 
circuit at either side of condenser C. 
The detector circuit is represented by the 

circuit C. L. and coupled at L with the 
inductance L, of the local high frequency 
circuit. The dectector D is connected to the 
detector circuit in the conventional manner 
known in the art and includes in its circuit 
connections a blocking condenser 
a telephone T. 

riff 
Ru 

The detector iD is illustrated 
only by the conventional symbol foi detec 
tors and may represent any suitabie detec 
tor such as for instance an electrolytic de 
tector, a crystal detector, an oscillating or 
non-oscillating aidion or the like, all of 
which expedients are well known in the art. 

If now for instance, in the arrangement 
according to Figure 1 the condensei's C and 
C. are adjusted such that the tone intensity 
in the telephone is quite satisfactory and if 
now leosy impulse frequency is gradually 
increased for instance by varying the coin 
denser C, he fellowing phenomenon occurs 
which is represented in the curve diagram 
Figure 3: at a certain lovy impulse fre 
quency N. a. single tone is produced whose 
frequency is eqiah to the impulse frequency. 
N. If now the low impulse frequency is 
gradually further increased, two tones will 
be prodiced, the pitch of one of which he 
cones higher and higher whereas the pitch 
of the other becomes lower and lower and 
finally the latter tone becomes inaudible. 
From a certain value of the gradually in 
ereased impulse fi'equency, mainely the value 
N, in Figure 3 the pitch of the higher tone 
cominenees gradually to decrease, whereas 
the pitch of the lower to he again increases 

3) 
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until both tones again coincide at a value 
N. Ca further increasing the impulse fre 
quency the same phenomenon occurs, where 
by the maximum pitch of the higher tone 
becomes higher with each progressing cycle 
as is indicated by the dotted line 2N. 
The pitch of the tone is practically inde 

pendent of the adjustment of the condenser 
C and thus of the frequency of the local high 
frequency circuit shown in heavy lines. A 
variation of the condenser C either does not 
vary the tone at all or to only a very slight 
and immaterial extent. In case it should 

and 
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slightly vary it can easily be proven that 
such a slight variation of the tone is caused 
by the fact that by varying the capacity of 
condense C a slight influence is exerted 
upon the frequency of the impulse fre 
quency circuit. On the other hand, by 
variation of condenser C the tone intensity 
of the resulting tone is varied to a consider 
able extent. This intensity is a maximum 
for a certain capacity value of condenser C 
and decreases, at the variation of condensei 
C in either direction from this resonance 
adjustinent, in the form of a resonance 

- curve. . . . . . 
The phenomenon illustrated in the curve diagram Figure 3 might be explained as 

follows: . 
The fundamental impulse frequency pro 

80 

duced in the low frequency circuit has 
higher harmonics, some of which have fre 
quiencies in the vicinity of the received high 
fi'equencies. These harmonics are trans 
ferred into the local high frequency oscilla 
to circuit, where they form beats. With 
the received frequency, which beats are 

85 

audible in the telephone. The double tone is . 
produced by beats with the two harmonics 
adjacent to the received frequency. If the 
received frequency is located exactly in the 
hiddle between two adjacent harmonics, the 
two beat frequencies produced are identical 
and thus only one tone will be audible. 
This is also the case if the received fre 
quency and one of the harmonics are iden 
tical in frequency. If on the other hand the 
received frequency is not located in the 
middle, the beat frequency produced with 
one of the harmonics will be different from 
the beat frequency produced with the other 
harmonic and a double tone will result. 

Figure 2 is distinguished from Figure 1. 
only by the feature that in Figure 2 not only 
the impulse frequency circuit C, p, but also 
the local high frequency circuit. C, L1, L12, 
La is coupled with the grid circuit of the 
thernionic relay by means of a coupling coil 
L'. The result of such an additional cou 
pling is that in the local high frequency cir 
cuit, damped high frequency oscillations are 
pl’oduced with a varying amplitude even if 
no tEndamped high frequency oscillations 
arrive at the antenna. The advantage of 
such an arrangement is that the tone inten 
sity in the telephone becomes by far greater. 
This arrangement, however, has the disad 
vantage that the adjustment of the different 

100 

05 

120 

variable elements in order to produce a good 
tone is very sensitive and critical. 
probable reason for this sensitiveness is that 
disturbing beat, tones, may be produced. 
In both modifications Figures and 2 it is 

essential for the production of a good tone 
and a good efficiency to correctly adjust the 
heating current and the plate voltage of the 
thermionic relay. . . . . . . . 

Ehe . 
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For obtaining the results described here 
inbefore with reference to Figures 1 and 2 it 

5 

O 

is not necessary as shown in these figures 
that the undamped oscillations in the an 
tenna are first transmitted by suitable cou 
pling to the local high frequency circuit C, 
L. L., La and that then the resulting 
oscillations of varying amplitude are trans 
ferred from the local high frequency circuit 
to the detector circuit. As is shown for in 
stance in Figure 4, the antenna and the local 
high frequency circuit may each be individu 
ally coupled with the detector circuit by 
means of the inductances L., and L' with 
out changing the result described. The chair 
acteristic features by which our invention is 
distinguished over devices heretofore used for receiving undamped oscillations in the 

20 

reference to Fi 

form of audible tones are as follows:-- 
Firstly the tone which is produced in the 

receiving telephone is in its frequency dif 
ferent from the frequency of the low fre 
quency impulse circuit C, p, except in the 
particular cases described hereinbefore with 

gure 3. Our arrangement is 
thus clearly distinguished from the arrange 
ments involving so-called tone superimpo 
sition known to the present day art in which 

30 a local undamped low frequency is super imposed directly upon the received un 

3 
damped high frequency, which arrangement 
is shown and described for instance in U. S. 
patent of Alexander Meissner No. 1,170,552. 
Secondly the harmonics produced in the 

local high frequency circuit C,L,L,Ls are 35 
produced by a locallow frequency source and 
permit the convenient reception with two 
tones, 
method with its single tone renders it often 
difficult to hold the transmitting station in 40 the receiving telephone. 
We claim :- .. . . . . 
In an arrangement for receiving and de 

tecting undamped high frequency oscilla 
tions, the combination of a receiving circuit 45 
for receiving said undamped high frequency 
oscillations, a local high frequency oscillat 
ing circuit associated therewith, and a local 
low frequency impulse generator circuit 
coupled with said local high frequency oscil- 50 
lating circuit, and a detector circuit suitably 
connected to receive the resulting Oscillations 
produced in said local high frequency oscil 
lating circuit and including an aural receiver 
for producing audible tones from the re-55 
ceived high frequency current and the adja 
cent harmonics of the superimposed low fre 
quency current. 

- JONATHAN ZENNECK, 
ERNST KNOPP. 

whereas the ordinary heterodyne " ... 


