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1 Claim. (C. 179-1715) 
The invention relates to modulator arrange 

ments and demodulator arrangements with non 
linear resistors, more especially with dry-con 
tact rectifiers or diodes such as employed in the 
carrier current field and measurements to move 
a frequency or a frequency band into another 
position in the frequency spectrum. The fre 
quency or the frequency band to be converted 
is applied hereby to the modulator and more 
especially across a filter arrangement and the 
non-linear resistor or resistors are controlled 
by a carrier frequency providing the desired 
frequency displacement. The converted signal 
may then be derived at the output terminals. 
Often it is desired to have solely the converted 

frequency in the output of the arrangement 
whereby at least the signal frequency and the 
carrier frequency are suppressed. To suppress 
one of these frequencies as well as other unde 
sirable modulation products in the modulator 
output, circuit arrangements have become known 
which were obtained by connecting two rion 
linear circuits: On these so-called push-pull 
modulators it is often necessary to employ com 
pensation methods to suppress the signal fre 
quency or the carrier frequency still appear 
ing in the output, more especially in the case. 
where the carrier frequency employed is rela 
tively low. It is known to this end to apply 
the signal frequency and the carrier frequency 30 

equivalents thereof. respectively in suitable phase and amplitude to 
the output of the modulation arrangement. But 
this is a cumbersome method and requires con 
siderable means as well as an additional con 
sumption of power. 
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The conditions are much more favorable 

when using the known double push-pull arrange 
ments, more especially an arrangement as has 
become known under the designation ring modu 
lator. In the case of the ring modulator ob- 40 
tained by the interconnecting of four non-linear 
circuits and four non-linear resistors there is 
obtained a decoupling of all terminal pairs. The 
output of the modulator arrangement no longer 
contains the carrier frequency and signal fre- 45 
quency as well as other undesirable modulation 
products. It is for these reasons and for other 
advantages that the ring modulator is now gen 
erally in use. 

However, there is still a disadvantage inherent 50 
to ring modulator arrangements and to all dou 
ble push-pull arrangements, namely, that it is 
necessary to utilize possibly four non-linear re 
sistors all having the same characteristic so as 
to completely suppress in the output the carrier 55 

- frequency and the signal frequency. It is pos 
sible to avoid the necessity of having completely 
non-linear resistors in that in accordance with 
other known proposals the resistors are chosen in 

resistor . 

in this case the requirements in usable dry con 
tact rectifiers in a production series is rather low 
so that it is often necessary to resort to con 
pensation methods for suppressing a residual 
potential of the carrier frequency and/or of the 
signal frequency still existing in the output. 
Hence, an arrangement would be much more 
favorable which with a smaller number of non 
linear resistors would already assure a sup 
pression of the carrier frequency and signal 
push-pull modulators are, however, nbt Suited 
to this end since, as already stated, only one of 
the two frequencies is thereby suppressed in the 
modulator output. 

In describing my invention reference will be 
made to the attached drawing wherein Figures 
1a, 1b and 1c inclusive are basic diagrams used 
to illustrate my invention while Figures 2, 3a, 
3b and 4 illustrate schematically four different 
embodiments of my novel modulator in which 
the voltage modulated and modulating voltages 
are suppressed in the output. 

In accordance with the invention the modur 
lator arrangement is designed as a bridge cir 
cuit such that the one-half of the branches of 
the bridge is formed by non-linear resistors 
while the other half is formed by linear resistors, 
more especially by ohmic resistors. Bridge cir-. 
cuits are meant hereby to be the actual bridge 
circuits according to Figure, la, as well as the 

differential bridge, arrangement and Figure lic 
shows a bridged T-circult. The non-linear re 
sistors are designated by in the Figures 1a to 
1c and the linear resistors are designated by 
2, or vice versa. In the bridged T-circuit, ac 
cording to Figure 1c by means of which the 
present invention will be elucidated, there is 
placed in a series branch a differential trans 
former winding DT and between the transformer 
winding center and the other series branch a 

The differential transformer has a 
further resistor 2 inductively coupled therewith. 
One of the resistors is formed by one or several 
non-linear resistors which can be controlled be 
tween a maximum value and minimum value 
and the other resistor is formed by one or several 
linear resistors. As non-linear resistors dry, 
contact rectifiers or diodes are chosen in par 
ticular. With the modulator constructed in ac 
cordance with the present invention, a modula 
tion arrangement is realized having only one 
half of the non-linear resistors as compared with 
the push-pull and double push-pull arrange 
ments required for the same results as regards : 
the suppression of the carrier frequency and 
signal frequency in the modulator output. The 
resistance value of the constant resistance is 
chosen hereby between the two limit values of 

accordance with certain other laws. But also 60 the controllable non-linear resistance, and more 

Thus, Figure 1b shows a . . 



2 
especially this value is chosen equal to the geo 
metrical mean value of the said limit values. 
The principal circuit of the modulator arrange 

ment according to the invention is shown in Fig 
ure 2. There is connected to the input termi 
nals 0, 20 the signal current source a through 
the resistor R1. The signal voltage is represented 
by E. The terminals 30, 40 of the arrangement 
have the load R2 connected thereto. The modul 
lator arrangement consists of the differential 
transformer T, the resistance 

W 
2 

placed in the parallel branch and the inductively 
Coupled resistance 

W 
2 

It is assumed that R1=R2=R. The output cur 
rent Ia of the modulator arrangement is then es 
tablished by the equation: 

I,-, i. 2 (R+W) (R+W.) 
. Now if one of the- resistances, Such as for in 
stance the resistance 

W. 
2 

varies periodically between the highest resistance 
value 

S. 
2 

and the lowest resistance value 
D. 
2 

and if the resistance value of the other resistor 
is constant and lies between these two limit re 
sistance values and chosen more especially to be: 

- VDS = Const. 
the output current changes its polarity periodi 
cally. There follows under the assumption that 

E. WDS-W, 
4WDS VDS+W, 

For the lowest resistance value of 
WWD 
222 

there is: 

1.-- E - S- VP-- E - A-le 4WDSVS-WDT4WDSWM-14/DS 
for 

S 
M=i)1 

For the highest resistance value 
WS 

V 22 

there is accordingly: 
1.-- E - VS-VP-P A-1s-- E - 4WDSVS-VDAVDSVM+14/DS 

for 

The equations show that the arrangement op 

2,268,837 
frequency does not appear in the output if the 
equation R=Wi=VDS is fulfilled. An advan 
tage exists however if the resistor 

W 

is variable whereby its value which can Only be 
calculated approximately can be so adjusted that 
the signal frequency disappears entirely in the 

10 output. Just as in the case of constituting the 
resistor 

W. 
2 

5 by a non-linear resistance which varies periodi 

20 

25 

30 

cally between a maximum value and a minimum 
value, also the resistor 

W 

can be formed by a non-linear resistance and 
W 
2. 

by a constant resistance whose value is to be 
chosen in accordance with the points outlined in 
connection. With 

W 
1 

For controlling the non-linear resistance 
formed, for instance, by a dry contact rectifier or 
by a diode, a carrier frequency of preferably rec 
tangular pattern is utilized in accordance with 
the desired displacement of the signal. When 

s employing but one non-linear resistance element 
this arrangement is however not yet sufficient to 
suppress the carrier frequency in the output 
without using a special compensation circuit. 
The arrangement behaves just as a. push-pull 

0 modulator arrangement but requires only one 
half of the non-linear resistance elements. 

In the example of construction, according to 
Figure 3a, an arrangement is shown in which 
the non-linear resistance is formed by two dry 

45 contact rectifiers or diodes connected in push 
pull. The carrier frequency source 2 is placed 
between the connection point of the two resist 
ance elements and the centers of two induct 
ances or resistances P arranged on both sides of 
the arrangement, or according to the example of 
construction of Figure 3b, the said carrier fre 
quency Source is placed at the center of an im 
pedance bridging the detector elements. This 
arrangement which differs from a push-pull 
modulator on account of the use of the differen- . 
tial transformer and of the resistor 

W 
2 

60 coupled inductively therewith, has the advantage 
over the push-pull modulator that as regards the 
suppression of the carrier frequency and signal 
frequency in the output, it behaves in the same 
manner as a double push-pull modulator. The 

65 circuit can be simplified if, according to the ex 
ample shown in Figure 4, the resistor 

W2 - 
2 

70 is a controllable non-linear resistor, more es 
pecially if it is formed of two dry contact rect 
fiers or diodes placed in push-pull. The carrier 
frequency source () is connected in this case be 
tween the connection point of the two resistance 

erates as-periodic polarity changer. The signal 75 elements and the center of the transformer wind 
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ing. Therefore, in this case only a single trans 
former is required. 
The arrangement according to the invention 

which could be termed suitably a bridge modul 
lator to distinguish it from the known arrange- 5 whereby Mx: 
ments requires, as already pointed out, only one 
half of the non-linear resistors as compared with 
the known modulators for the same results in 
regard to the decoupling of the modulator Out 
put from the signal frequency terminals and car 
rier frequency terminals. The examples of con 
struction, according to Figures 2 and 3, have the 
further advantage over the ring modulator, in 
that they can be easily constructed also when 
employing tubes. A double push-pull modulator 
utilizing tubes requires, however, as is known, a 

O 

For w=D, there will be: 
-- Fly-tl, 3 
4/DSWM-1 4WDs 

For Wa=S there is:- 
1.-- 3:41-- '4-VDS1-WM4 WDS 

whereby Mx1 
It therefore varies only in the proportion 3:1 

while varies in case of the push-pull connec 
tion according to 

considerable number of means. Moreover, the 
tubes employed can be united in a single vessel. 
Also duo-diodes may be employed in a manner 
known as such. 
The damping during operation, of the bridge 

. . modulator according to the invention is the same 
as that of the ordinary push-pull modulator as 
can be proven by calculation. As compared with 
the push-pull modulator, the further advantage 
exists that in the bridge modulator the variations 
of the input signal current 1 are substantially 

20 

smaller such as can be seen from the following. 
The input current (Figure 2) is: 

W-W,--2R, Is E 

and if R1=Ra=R; 

For R=Wi=VDS there will be: 
E 3WDS--W, 

4WDS VDS +W, 

I = 

D. 
What is claimed is: 

. In a system for intermodulating two alternat 
ing voltages of different frequencies to obtain 
voltages. of other frequencies related to the fre 
quencies of said two voltages and substantially 
suppressing voltages of the frequency of the fre 
quencies of the two original voltages, a two-wire 
line having input terminals and output terminals 

5 connected with a load impedance, a transformer. 
having a first Winding and having a differential 
secondary winding connected in series with one 
wire of said line, a resistance coupled in shunt to 
said first winding, a non-linear controllable re 
sistance variable between two values connecting 
a point between the windings of said differential 
secondary winding to the other side of said line, 

5 

40 

said first resistance having a value intermediate 
the limits of variation of said controllable re 
sistance, means for impressing one of said volt 
ages on the input terminals of said line and 
means for varying the value of said controllable 
resistance in accordance with the other of said voltages. 

weRNER LUTZENBERGER. 


