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ABSTRACT OF THE DISCLOSURE 
An arrangement for modifying two analog voltages, 

particularly if they are vector components. The modi? 
cation to the analog quantity is in the form of applying 
an identical factor to both electrical voltages represent 
ing the analog quantities. The result produced by the ar 
rangement is that both analog quantities are multiplied 
by one and the same factor. 

The present invention concerns a circuit arrangement 
for processing analog information, and more speci?cally 
for changing two electrical analog quantities by applying 
a factor to both quantities. It is well established in the 
art that “analog electrical: quantities” are the result of 
measuring a physical quantity as for instance pressure, 
temperature, humidity, speed of movement etc. in con 
trast to digital values which are the result of a counting 
operation. A good de?nition of the term “analog infor 
mation” is given on page 287 of “Understanding Digital 
Computers” by Paul Siegel, published 1961 by John 
Wiley & Sons, Inc., New York. 
By way of example a circuit arrangement of the type 

set forth is useful for limiting or otherwise in?uencing 
and changing two analog quantities which may be the 
Cartesian components of a vectorial quantity. In such 
cases it is frequently of great importance that both com 
ponents‘ are changed by the same factor applied to both 
components in order that the resulting direction of the 
vectorial value be kept unchanged. However, it is ex 
tremely dif?cult to change two electrical quantities in ac 
cordance with an identical program applying to both if 
the device which produces the change of magnitude or of 
another characteristic of the electrical quantities is a 
variable resistor or another type of transducer which is 
controlled photo-electrically, thermo-electrically or mag 
neto-electrically and has an output characteristic which is 
dif?cult to keep or make a linear characteristic. 

It is therefore one object of this invention to provide 
for a circuit arrangement which overcomes the above-de 
scribed dif?culties. 

It is another object of this invention to provide for a 
circuit arrangement as set forth which is comparatively 
simple in its structure and entirely reliable and e?icient 
in operation. 
With the above objects in view the invention includes 

a circuit arrangement for simultantously- and concur 
rently changing two electrical analog quantities by ap~ 
plying a factor to both quantities, comprising, in combina 
tion, ?rst and second input means for introducing, respec 
tively, a ?rst and a second analog direct current voltage, 
generator means for producing a ?rst rectangular alter 
nating voltage of a predetermined frequency and for pro 
ducing a second rectangular alternating voltage of sub 
stantially identical frequency but phase-shifted 90° with 
respect to said ?rst alternating voltage, ?rst modulator 
means connected with the generator means and- with the 
?rst input means for modulating the ?rst analog voltage 
with the ?rst rectangular voltage, second modulator means 
connected with the generator means and with the sec 
ond input means for modulating the second analog volt 
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tage with the second rectangular voltage, adding stage 
means connected with both the modulator means for add 
ing the modulated output voltage thereof and for furnish 
ing a combined output voltage representing the sum of 
the two modulated output voltages, multiplying means 
connected with the output of the adding stage means for 
changing the valve of the combined output voltage, and 
demodulator means connected with the output of the 
multiplying means for demodulating the combined out 
put voltage as changed by the multiplying means, the de 
modulating means being connected with the generator 
means for being synchronized by the ?rst and second rec 

' tangular alternating voltages in such a manner that the de~ 

20 

modulator means deliver a ?rst and a second ?nal out 
put voltage corresponding, respectively, to the ?rst and 
second ‘analog voltage, both the analog voltages appear 
ing in the ?nal output voltages as being changed identical 
ly in accordance with the change applied to the com 
bined output voltage by the multiplying means. 
The novel features which are considered as character 

istic for the invention Kare set forth in particular in the 
. , appended claims. The invention itself, however, both as 

‘ to its construction and its method of operation, together 
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with additional objects and advantages thereof, will be 
best understood from the following description of speci?c 
embodiments when read in connection with the accom 
panying drawings, in which: 

FIG. 1 is a schematic circuit diagram of a circuit ar 
rangement according to the invention; and 

FIG. 2 is a schematic circuit diagram illustrating more 
speci?cally an example for a generator forming part of 
the arrangement according to FIG. 1. 
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As can be seen from FIG. 1, the circuit arrangement 
illustrated thereby comprises ?rst of all two sources of a 
direct current voltage or more speci?cally two generators 
of the like GK and Gy which are controllable individually 
by relatively slowly‘ varying physical quantities so as to 
produce two analog direct current voltages UX and U,,, 
respectively. Thus the generators or sources GK and Gy 
are the input means for the introduction of a ?rst and a 
second analog direct current voltage. 
The analog voltages UK and Uy are introduced into 

substantially identical modulator stages MK and My, re 
spectively, which are preferably constructed as conven 
tional passive chopper oscillator circuits comprising each 
at least one switching or control transistor TmX and T my, 
respectively. ' 

A generator or other source QS of two rectangular al 
ternating voltages USX and Usy, respectively, is connected, 
as shown with the modulator stages MX and My so as to 
apply the two rectangular alternating voltages to the base 
electrodes of the transistors Tmx and Tmy, respectively. 
The rectangular alternating voltages USx and U,,, have 
substantially the same frequency but the phase of the 
voltage with the frequency ism) is shifted relative to the 
other voltage having the frequency fswz) by 1r/2 or 90° 
as illustrated in FIG. 1. A preferred embodiment of a 
generator Qs will be described further below in refer 
ence to FIG. 2. I I 

By the application of the rectangular alternating volt 
ages Usx and USy to the modulatorrstages MK and My, 
respectively, the analog input voltages Ux and Uy, respec~ 
tively, are modulated with the frequency fs of the output’ 
of the generator Qs with the result that the modulator 
stages MK and My deliver modulated analog voltages 
UX* and U,,*, respectively, as indicated in FIG. 1. 

These modulated analog voltages are introduced jointly, 
' into a conventional adding stage Ia-comprising a tran 

70 
sistor Ta so that in this adding stage the sum S*<x+y) 
results. 7 

A programming device is associated with the adding 
stage In and may comprise in the present example a trans 
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ducer P constituted e;g. by a photo-electrically controlled 
variable resistor or potentiometer. In accordance with 
any desired program or with the control exerted 'on the 
variable resistor P (or any other type of a transducer) 
the combined output voltage of the adding stage I, rep~ 
resenting the sum of the above~mentioned two modu 
lated output voltages of the modulators, namely the com 
bined output voltage S*(X+y) is changed or modi?ed so 
that the output of the multiplying stage is accordingly 
changed combined output voltage as indicated, namely 
pS*(X+y). This changed combined output voltage is prefer 
ably ampli?ed by an ampli?er V and thereafter intro 
duced into two demodulator stages DX and Dy, respec 
tively. These demodulator stages are constructed substan 
tially identical with the above-described modulator stages 
MK and My and comprise also at least one control tran 
sistor Tdx and Tdy, respectively, and additionally, a con 
ventional RC-?lter at the output thereof. The control tran 
sistors TdX and Tdy are controlled for the purpose of 
synchronization also by the above-mentioned rectangular 
alternating voltages Usx and Usy, respectively, furnished 
by the generator QS. In this manner, the changed com 
bined output voltages introduced into the two demodu 
lator stages DX and Dy are demodulated in a well known 
manner so that at the two outputs of the demodulator 
stages DX and Dy-the desired changed analog direct cur 
rent voltages pUx and pUy, respectively, are delivered 
which correspond exactly to the input voltages Ux and Uy 
but both being changed substantially identically in re 
sponse to the action of the multiplying means described 
above. 

Referring now to FIG. 2, the generator Qs may com 
prise, ?rst of all, a conventional multi-vibrator MV con 
structed so as to produce a primary rectangular alternat 
ing voltage having a primary frequency four times said 
predetermined frequency is of the desired rectangular out 
put voltage of the, generator. A portion of FIG. 2 illus 
trates, underneath the illustration of the multivibrator 
MV, 2. sequence of cycles of the primary frequency 41;. 
The output of the multivibrator MV having the above 
mentioned frequency 4]‘s is applied to a ?rst binary fre 
quency divider stage BS1 of conventional type. The two 
outputs of this ?rst frequency divider stage are two sec 
ondary rectangular alternating voltages having one half 
the frequency of the input voltage, namely a frequency 
2fs, however, one of these output frequencies or second 
ary alternating rectangular voltages furnished by the 
frequency divider BS1 is inverted relative to the other, or 
which amounts to the same effect, phase-shifted 180° 
relative to the other one which is also illustrated in FIG. 
'2 below the illustration of the primary rectangular alter 
nating voltage. Now, the two secondary rectangular alter 
nating voltages with the frequency Zfs are applied sepa 
rately to a ?rst and a second ‘binary output frequency . 
divider B521 and B822, respectively, as shown in FIG. 2. 
These frequency dividers are also of conventional type 
and similar to the ?rst frequency divider BS1, so that, in 
view of means for phase-shifting included in at least one 
of these second frequency dividers, the outputs of the 
frequency dividers B821 and B522 furnish the desired 
modulating rectangular voltages U5,, and Usy, respec 
tively, which are also illustrated in FIG. 2 as a diagram 
and which are the modulating voltages referred to in the 
description of FIG. 1. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also?nd a 
useful application in other types of a circuit arrangement 
for simultaneously and concurrently changing two elec 
trical analog quantities, differing from the types described 
above. ' 

What is claimed as new and 
Letters Patent is: ‘ 

1. A circuit arrangement for simultaneously and con 
currently changing'two electrical analog quantities by ap 
plying a factor to both quantities comprising, in combi 
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4 
nation, ?rst andsecond input means for introducing, re 
spectively, a ?rst and a second analog direct current volt-' 
age; generator means for producing a ?rst rectangular_ al 
ternating voltage of a predetermined frequency and for 
producing a second rectangular alternating voltage of sub 
stantially identical frequency but phase-shifted 90° with 
respect to said ?rst alternating voltage, said generator 
means comprising multivibrator means for producing a . 
primary rectangular alternating voltage of a primary fre 
quency, a binary frequency divider means, for converting 
said primary frequency alternating voltage into two sec 
ondary rectangular alternating voltages phase-shifted 180° 
relative to each other, and a ?rst binary output frequency 
divider means forconverting one of said secondary alter 
nating voltages into said ?rst rectangular alternating volt 
age of said predetermined frequency, and a second binary 
output frequency divider means for converting the other 
one of said secondary alternating voltages into said second 
rectangular alternating voltage; ?rst modulator means 
connected with said generator means and with said ?rst 
input means for modulating said ?rst analog voltage with 
said ?rst rectangular voltage; second modulator means 
connected withsaid generator means and with said sec-v 
ond input means for modulating said second analog volt 
age with said second rectangular voltage; adding'stage 
means connected with both said modulator means for 
adding the modulated output voltages thereof and for fur 
nishing a combined output voltage representing the sum. 
of said two modulated output voltages; multiplying means 
connected with the output of said adding stage means for 
changing the value of said combined output voltage; and - 
demodulator means connected with the output of said mul 
tiplying means for demodulating said combined output 
voltage as changed by said multiplying means, said de 
modulating means‘being connected with said generator 
means for being synchronized by said ?rst and second 
rectangular alternating voltages in such a manner that said 
demodulator means deliver a ?rst and a second ?nal out 
put voltage corresponding, respectively, to said ?rst and 
second analog voltage, both said analog voltages appear 
ing in said ?nal output voltages as being changed identi 
cally in accordance wtihthe change applied to said com 
bined output voltage by said multiplying means. 

2. A circuit arrangement for simultaneouslyand con 
currently changing two electrical analog quantities by ap 
plying a factor to both quantities comprising, in combina 
tion, ?rst and second input means for introducing, respec 
tively, a ?rst and a second analog direct current voltage; 
generator means for producing a ?rst-rectangular alternat 
ing voltage of a predetermined frequency and for produc 
ing a second rectangular alternating voltage of substan 
tially identical frequency but phase-shifted 90° with re 
spect to said ?rst alternating voltage, said generator means 
comprising multivibrator means for producing a primary 
rectangular alternating voltage of aprirnary frequency 
four times said predetermined frequency, a binary fre 
quency divider means for converting said primary 
frequency alternating voltage into two secondary rectangu 
lar alternating voltages of one-half the frequency of said 
primary alternating voltage, said two secondary alternat 

' ing voltages being 1'80°- phase-shifted ‘relative to each 
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other, and a ?rst binary output frequency divider‘means 
for converting one of said secondary alternating voltages 
into said ?rst rectangular alternating voltage of said pre 
determined frequency, and a second binary output fre 
quency divider means for converting the other one of said 
secondary alternating voltages with a 90° phase-shift into 
said second rectangular alternating voltage; ?rst modu 
lator means connected with said generator means and with 
said ?rst input means for modulating said ?rst analog 
voltage with said ?rst rectangular voltage; second modula 
tor means connected with said generator means and with 
said second input means for modulating said second analog 
voltage with said second rectangular voltage; adding stage 
means connected with both said modulator means for add 
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ing the modulated output voltages thereof and for furnish 
ing a combined output voltage representing the sum of 
said two modulated output voltages; multiplying means 
connected with the output of said adding stage means 
for changing the value of said combined output voltage; 
and demodulator means connected with the output of said 
multiplying means by demodulating said combined output 
voltage as changed by said multiplying means, said de 
modulating means being connected with said generator 
means for being synchronized by said ?rst and second 
rectangular alternating voltages, in such a manner that said 
demodulator means deliver a ?rst and a second ?nal out 
put voltage corresponding, respectively, to said ?rst and 
second analog voltage, both said ianalog voltages appear 
ing in said ?nal output voltages as being changed identi 
cally in accordance with the change applied to said com 
bined output Voltage by said multiplying means. 

3. A circuit ‘arrangement for simultaneously and con 
currently changing two electrical analog quantities by ap 
plying a factor to both quantities; comprising, in combina 
tion, ?rst and second input means for introducing, respec~ 
tively, a ?rst and a second analog direct current Voltage; 
generator means for producing a ?rst rectangular alternat 
ing voltage of a predetermined frequency and for produc 
ing a second rectangular alternating voltage ‘of substan 
tially identical frequency but phase-shifted 90° with re 
spect to said ?rst alternating voltage; ?rst modulator means 
connected with said generator means and with said ‘?rst 
input means for modulating said ?rst analog voltage with 
said ?rst rectangular voltage, said modulator means com 
prising a chopper oscillator circuit including at least one 
control transistor; second modulator means connected with 
said generator means and with said second input means 
for modulating said second analog voltage with said sec 
ond rectangular voltage, said modulator means compris 
ing a chopper oscillator circuit including at least one con 
trol transistor; adding stage means connected with both 
said modulator means for adding the modulated output 
voltages thereof and for furnishing a combined output 
voltage representing the sum of said two modulated output 
voltages; multiplying means connected with the output of 
said adding stage means for changing the value of said 
combined output voltage; and demodulator means con 
nected with the output of said multiplying means for de— 
modulating said combined output voltage as changed by 
said multiplying means, said demodulating means com 
prising a ?rst and a second chopper oscillator circuit, each 
including at least one control transistor and an output ?l 
ter circuit in series therewith, said ?rst and second chopper 
oscillator circuits being connected with said generator 
means for being synchronized by said ?rst and sec— 
ond rectangular alternating voltages, respectively, in 
such a manner that said demodulator means deliver a ?rst 
and a second ?nal output voltage corresponding, respec 
tively, to ‘said ?rst and second analog volt-age, both said 
analog voltages appearing in said ?nal output voltages 
being changed identically in accordance with the change 
applied to said combined output voltage by said multiply 
ing means. 

4. A circuit arrangement for simultaneously and con 
currently changing two electrical analog quantities by 
applying a factor to both quantities, comprising, in com 
bination, ?rst and second input means for introducing, 
respectively, a ?rst and a second analog direct current 
voltage; generator means for producing a ?rst rectangu 
lar alternating voltage of a predetermined frequency and 
for producing a second rectangular alternating voltage 
of substantially identical frequency but phase-shifted 90° 
with respect to said ?rst alternating voltage, said gen 
erator means comprising multivibrator means for pro 
ducing a primary rectangular alternating voltage of a 
primary frequency four times said predetermined fre 
quency, a binary frequency divider means for convert 
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6 
ing said primary frequency alternating voltage into two 
secondary rectangular alternating voltages of one-half the 
frequency of said primary alternating voltage, said two 
secondary alternating voltages being 180° phase-shifted 
relative to each other, and a ?rst binary output fre 
quency divider means for converting one of said sec 
ondary alternating voltages into said ?rst rectangular 
alternating voltage of said predetermined frequency, and 
a second binary output frequency divider means for con 
verting the other one of said secondary alternating volt 
ages with a 90° phase shift into said second rectangu 
lar alternating voltage; ?rst modulator means connected 
with said generator means and with said ?rst input means 
for modulating said ?rst analog voltage with said ?rst 
rectangular voltage, said modulator means comprising 
a chopper oscillator circuit including at least one con 
trol transistor; second modulator means connected with 
said generator means and with said second input means 
for modulating said second analog voltage with said sec 
ond rectangular voltage, said modulator means com 
prising a chopper oscillator circuit including at least one 
control transistor; adding stage means connected with 
both said modulator means for adding the modulated out 
put voltages thereof and for furnishing a combined out 
put voltage representing the sum of said two modulated 
output voltages; multiplying means connected with the 
output of said adding stage means for changing the value 
of said combined output voltage; and demodulator means 
connected with the output of said multiplying means for 
demodulating said combined output voltage as changed 
by said multiplying means, said demodulating means com 
prising a ?rst and a second chopper oscillator circuit, 
each including at least one control transistor and an out 
put ?lter circuit in series therewith, said ?rst and second 
chopper oscillator circuits being connected with said gen 
erator means for being synchronized by said ?rst and 
second rectangular alternating voltages, respectively, in 
such a manner that said demodulator means deliver a 
?rst and a second ?nal output voltage corresponding, re 
spectively, to said ?rst and second analog voltage, both 
said analog voltages appearing in said ?nal output volt 
ages as being changed identically in accordance with the 
changed applied to said combined output voltage by said 
multiplying means. 

5. A circuit arrangement according to claim 1, where 
in said multiplying means comprise a variable resistance 
means connected between said output of said adding stage 
means and the input of said demodulating means for 
varying the amplitude of said combined output voltage. 

6. A circuit arrangement according to claim 2, Where 
in said multiplying means comprise a variable resistance 
means connected between said output of said adding stage 
means and the input of said demodulating means for vary 
ing the amplitude of said combined output voltage. 

7. A circulit arrangement according to claim 3, where 
in said multiplying means comprise a variable resistor 
means connected between said output of said adding stage 
means and the input of said demodulating means for vary 
ing the amplitude of said combined output voltage. 

8. A circuit arrangement according to claim 4, where 
in said multiplying means comprises a variable resistor 
means connected ‘between said output of said adding stage 
means and the input of said demodulating means for vary 
ing the amplitude of said combined output voltage. 
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