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The present invention relates to a differential demodu 
lator for producing desired intermodulation components 
of impressed waves while suppressing undesired wave 
components and noise. 
A particular use to which the present invention has 

been put, and therefore the context in which it will be 
described herein, is as a receiving demodulator in a trans 
mission measuring set. As will be clear hereinafter, how 
ever, the invention is in no way limited to this use and 
it may be employed in other and different radio and elec 
tronic systems. 

in various types of signal transmitting systems wherein 
the signals consist of components of different frequencies, 
it is important that the transmission medium be such that 
components in the received signal are in the same relative 
phase relation as in the original signal wave. To avoid 
distortion, the delay in transmission must be the same 
for all frequencies, or in other words, any phase shift 
produced in the signal by the transmission medium must 
be directly proportional to frequency. This is particu 
larly true in television transmission, for example, since a 
delay distortion of even one millionth of a second will 
rest it in excessive blurring of the image on a television 
receiver screen. Unfortunately, the actual transmission 
characteristics of most transmission media depart from 
the ideal. However, corrective apparatus can be inserted 
in a given transmission circuit to compensate for the dis 
tortion phenomena exhibited thereby, but before such 
compensation can be provided, it is, of course, necessary 
that the amount of distortion be known accurately. 
A perfect transmission circuit has a phase character 

istic which is linear with frequency. Delay is defined as 
the slope of the phase curve, and it is the variations from 
linear phase or constant delay which causes transmission 
impairment. Now, as has been proposed heretofore, the 
ope of the phase curve can be determined by transmit 

ting two separate frequencies simultaneously over the 
transmission circuit, the separation of the two frequencies 
being called the “interval frequency.” If these two sig 
nais are swept over the frequency range of interest keeping 
their frequency difference constant, changes in the slope 
of the aforementioned phase curve will appear as changes 
in the phase of the received interval frequency. 

in the recovery of the interval frequency at the receiver 
through intermodulation of the pair of swept frequencies, 
it is necessary to achieve a high degree of suppression of 
noise and other undesired wave components or the same 
will show up as delay distortion and thereby impair the 
measurement of the delay distortion introduced by the 
transmission circuit under test. 
An object of the present invention, therefore, is to pro 

duce intermodulation between input waves of different 
frequencies while suppressing to a high degree in the out 
put circuit undesired wave components and noise. 
Another object of the invention is to provide a rela 

tively simple, yet reliable and practicable transistor cir 
cuit for performing the above-recited intermodulation and 
suppression functions. 

Television transmission circuits conventionally employ 
“clampers' (sometimes known as D.-C. restorers) that 
are structurally and functionally similar to those found 
in the typical television receiver. Accordingly, when a 
television transmission circuit is to be tested in the man 
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2 
ner described hereinbefore, it is necessary to insert pulses 
in the swept "twin-tone' test signal. These pulses corre 
spond to the horizontal synchronization (i.e., sync) pulses 
that comprise part of the standard television signal. How 
ever, when these pseudo-sync pulses are present in the 
incoming test signal, the receiver of the measuring set be 
comes vulnerable to low frequency noise such as 60 cycles 
and the like. 
As will be clear hereinafter, the fundamental of the 

added sync pulse signal is of necessity either equal to or 
at the least subharmonically related to the aforementioned 
interval frequency. Thus, this sync pulse signal and low 
frequency noise, for example 60 cycles, will form sum 
and difference products in the demodulator which are 
indiscernible from the derived interval frequency and 
hence from the wanted information. 

Accordingly, it is an object of the invention to permit 
an accurate measurement of the delay distortion of a tele 
vision transmission circuit in the presence of low fre 
quency noise. 
A further object is to recover the interval frequency of 

a composite twin-tone test signal while eliminating low 
frequency noise and other undesired wave components. 
These and other objects are attained in accordance with 

the present invention wherein a pair of transistors are 
connected in common emitter configuration with their 
collectors directly interconnected to form a “square-law' 
detector. The received test signal is coupled to the input 
of the detector via a balanced amplifier stage which is 
capable of converting an unbalanced or balanced input 
to a balanced output. With the pair of transistors biased 
for class-A operation and with balanced input signals ap 
plied to the bases thereof, second-order effects will be 
emphasized, i.e., even harmonics will be accentuated and 
odd harmonics suppressed. In particular the difference 
frequency between the two swept frequencies (i.e., the 
interval frequency) will be prominent in the detector 
output. This is selected by a narrow bandpass filter which 
follows the detector. 
When pseudo-sync pulses are present in the incoming 

test signal, however, the receiver becomes vulnerable since 
undesired wave components resulting therefrom are not 
readily eliminated by filtering. For example, if the funda 
mental of the sync pulse signal is equal to the interval 
frequency the intermodulation of the same with low fre 
quency noise will form sum and difference products which 
are indiscernible from the derived interval frequency. 
Nevertheless, these undesired wave components can be 
eliminated in accordance with the invention through the 
complete cancellation of the sync pulse fundamental be 
fore the same is presented to the detector. This cancella 
tion is based on the realization that any input signal in 
corporating any given amount of phase shift can be re 
solved into two components in phase quadrature. 
To effect the aforementioned cancellation, the Sync 

pulses in the composite input test signal are coupled to 
a sync gate circuit which serves to short the balanced 
outputs of the balanced amplifier stage for the duration 
of each sync pulse period. This sync gate operation, 
however, will not eliminate the quadrature component 
of the sync pulse fundamental. 
The removal of this quadrature component is accom 

plished in accordance with the invention by feeding back 
a cancellation signal which is 180 degrees out of phase 
with the same. However, unlike conventional feedback 
circuits and balancing schemes wherein the signal fed 
back to the input is derived from the signal to be cancelled, 
the signal fed back here is primarily derived from the 
desired distortion measuring signal (i.e., the interval fre 
quency), which for the case assumed is equal to the 
sync pulse fundamental. In this manner a more complete 
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cancellation of the sync pulse fundamental can be ob 
tained. 
The interval frequency produced by the square-law de 

tector is recovered by the bandpass filter, which is also 
designed to provide a 90 degree phase shift. The signal 
from this filter is delivered to a feedback transistor stage 
whose gain may be varied from 0 to plus or minus 1. 
The output of this transistor is then returned to the input 
of the balanced amplifier stage to cancel completely the 
afore-mentioned quadrature component. 

Other objects and various features of the invention will 
be more readily understood from the following detailed 
description taken in conjunction with the accompanying 
drawing in which: 

FIG. 1 is a schematic circuit diagram of a transistorized 
differential demodulator constructed in accordance with 
the present invention; and 
FIG. 2 shows wave forms useful in the explanation of 

the invention. 
Referring now to FIG. 1 of the drawings, the test signal 

after traversing the transmission circuit under test is 
applied to the input terminals 11 of the measuring set 
receiver. The differential demodulator of the present in 
vention comprises a part of said receiver and it is inter 
connected between terminals 1 and the delay detecting 
and measuring units (not shown) of the receiver. The 
demodulator serves to derive the heretofore described in 
terval frequency while suppressing other unwanted wave 
components. 
The input terminals 1 are coupled via capacitors 12 to 

the base electrodes of p-n-p transistors 13 and 23. These 
transistors with their associated load resistors 4 and 24 
form a conventional balanced amplifier which is capable 
of converting an unbalanced or balanced input to a 
balanced output. The emitters of transistors 13 and 23 
are interconnected via a pair of equal resistances 5 and 
25, the latter being unbypassed so as to provide some local 
degeneration for purposes of stability. Forward bias for 
these transistors is provided by the connection of the junc 
tion of resistances 15 and 25 to the direct current bias 
ing source 10 via the resistance 20. The variable resist 
ance 26 permits direct current balancing of the amplifier. 
As will be clear to those familiar with the art, with the 

amplifier balanced the applied test signal results in a 
pair of substantially equal amplitude, out-of-phase sig 
nails at the collector electrodes of transistors 13 and 23. 
Transistors 13 and 23 operate in a linear manner at all 
times, resulting in constant input impedances. The re 
sistances 17 and 27 are selected to provide a match be 
tween the amplifier input impedance and the transmission 
circuit impedance. 
The square-law detector consists of p-n-p transistors 

33 and 43 whose inputs are driven balanced. To this end, 
the base electrodes of transistors 33 and 43 are respective 
ly connected to the collectors of transistors 13 and 23, 
with the variable tap on resistance 14 serving to permit 
an exact balancing of the A.C. gains. The collector elec 
trodes of transistors 33 and 43 are tied together, while 
the emitter electrodes of the same are A.C. grounded by 
means of bypass capacitors 34 and 44. Forward bias for 
the transistors 33 and 43 is provided by connecting the 
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comprise part of the input test signal are intermodulated 
in the detector to produce a difference or interval fre 
quency at the output thereof. It is the phase modula 
tion on this difference frequency that is directly related 
to the delay distortion of the transmission circuit over 
which the test signal is sent. 
A conventional L-C type bandpass filter 46 is connected 

to the output of the detector for the purpose of selecting 
the interval frequency. The filter rejects the undesired 
second harmonics that appear in the detector output, as 
well as any residual even harmonics of the input fre 
quencies. However, as will be clear hereinafter, the 
pseudo-sync pulses that appear in the composite test sig 
nal intermodulate in the square-law detector with low fre 
quency noise to thereby form sum and difference prod 
ucts which are indiscernible from the derived interval 
frequency and hence cannot be readily eliminated by 
filtering. 
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emitters thereof to the direct current biasing source 30 - 
via resistances 35 and 45, respectively. 
With the transistors 33 and 43 biased for class-A opera 

tion and with a balanced input applied to the bases there 
of, the circuit functions as a square-law detector. In 
Such a detector, second-order effects are emphasized, that 
is, even harmonics are accentuated and odd harmonics 
are suppressed. The detector output includes second 
harmonics of each frequency component of the applied 
signal and sum and difference frequencies formed by 
every possible combination of frequencies contained in 
the input signal or signals; see "Radio Engineering' by 
Terman, McGraw-Hill Book Co., Inc. (1947), pages 515 
517. Accordingly, the pair of swept frequency signals that 
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Considering now in greater detail the nature of the 
composite twin-tone test signal, a symbolic representation 
of the same is shown at the input of the demodulator of 
FIG. 1. This test signal comprises two separate signals 
which are continuously and successively swept over the 
frequency range of interest (e.g., 10 kc. to 300 kc.) keep 
ing their frequency difference (e.g., 5.6 kc.) constant. 
The pair of swept frequency signals, of course, "beat' 
together and thereby form a series of alternate maxima 
and minima such as illustrated in the waveform of F.G. 1, 
the beat occurring at a rate equal to the difference fre 
quency, or 5.6 kc. 
Now for reasons given hereinbefore, when a television 

transmission circuit is to be tested, it is necessary to insert 
sync pulses into the test signal. These sync pulses are 
designated by reference numeral 48 in FIG. 1. To insure . 
a minimum of interference with the twin-tone test signal 
the sync pulses are inserted at the nodes or null points of 
the latter. Accordingly, with a sync pulse at each null 
point, the fundamental of the sync pulse signal will be 
5.6 kc., which is the same as the desired interval fre 
quency. The fundamental of the sync pulse signal does 
not itself appear in the output of the square-law detector 
because of the described mode of operation of the same, 
but the fundamental does intermodulate in the detector 
with low frequency noise (e.g., 60 cycles) to form sum 
and difference products (5.6 kc. - 60 cycles) which 
are indiscernible from the desired interval frequency. 
As with other nonsinusoidal periodic waves, the sync 

pulse signal is composed of a fundamental sine wave and 
higher order harmonics thereof. Accordingly, the unde 
sired intermodulation of the sync pulse signal with low 
frequency noise is not eliminated by simply changing the 
sync pulse rate. For example, if sync pulses are inserted 
at every other null, the fundamental of this sync pulse 
signal is 2.8 kc. The second harmonic component, how 
ever, is 5.6 kc. and the intermodulation of the same with 
low frequency noise will therefore result in an interfering 
signal at the detector output. 
The above-described unwanted intermodulation wave 

components are eliminated in accordance with the inven 
tion through the complete cancellation of the sync pulse 
fundamental, or higher order harmonic as the case may 
be, before the same is presented to the detector. This 
cancellation is complicated, however, by the fact that the 
interfering 5.6 kc. component of the sync pulse signal will, 
in all likelihood, be differentially phase shifted in some 
fashion with respect to the other wave components that 
comprise the sync pulse signal. The effect of such a 
phase shift in the fundamental, for example, is illustrated 
in FIG. 2 of the drawing. Waveform 50 represents a 
typical sync pulse signal prior to incorporation of the 
same in the twin-tone test signal, and waveform 60 rep 
resents a sync pulse signal that has suffered distortion as 
a result of the fundamental being phase shifted some 
amount with respect to the other wave components there 
of. Accordingly, it should be clear that eliminating the 
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sync pulse, by blanking during the sync pulse period for 
example, will not eliminate all of the interfering 5.6 kc. 
component; specifically, the portions 61 of the waveform 
60 cannot be eliminated by blanking. 
The cancellation accomplished herein is based on the 

realization that any input signal incorporating any given 
amount of phase shift (8) can be resolved into two com 
ponents in phase quadrature. That is: 

k sin (6-6)=psin 0--a cos 6 
Thus, if k sin (6-1-6) represents the interfering phase shift 
ed 5.6 component of the sync pulse signal, the in-phase 
component (p sin 8) and the component that is in phase 
quadrature (q cos 0) can be separately eliminated to 
thereby completely eliminate the interfering 5.6 kc. com 
ponent. 
The sync pulses 40 and the 5.6 kc. in-phase component 

thereof are eliminated by means of a sync gate circuit 
comprising n-p-n transistors 51, 61 and 62. To this end, 
the sync pulses 40 are coupled to the base of transistor 51 
via the capacitor 52. The pulses are then amplified an 
amount determined by the ratio of resistances 53 and 54. 
Also, since this stage is connected in a common emitter 
configuration, the input pulses are inverted and appear as 
positive-going pulses at the collector. Forward bias is 
provided by the direct current biasing source 55 which is 
connected to the base via resistance 56. 
The transistors 61 and 62 are connected in a typical 

Schmitt trigger circuit configuration. The transistor 62 is 
normally held in saturation through the connection of its 
base to the positive direct current biasing source 63, via 
resistances 64 and 65. Resistances 66 and 67 determine 
the saturated current and hence the emitter potential of 
transistor 6. The base potential of transistor 61 is fixed 
by resistance 68 and the setting of the tap on resistance 
69. This latter control is set such that only the tips of the 
sync pulses overcome the back-bias on transistor 61. 
A positive-going pulse applied to the base of transistor 

6 through capacitor 57 causes the Schmitt trigger to 
regenerate in typical fashion and hence a pulse of current 
appears in the primary winding of transformer 71. The 
shunt diode 72 serves to damp out unwanted transients. 
One end of the secondary of transformer 71 is connected 
to the base electrodes of transistors 81 and 82, while 
the other end is connected to the emitters of the latter. 
The pulse of current in the primary generates an output 
pulse in the secondary which serves to forward bias the 
emitter-base junctions of transistors 81 and 82. The col 
lector-emitter paths of transistors 81 and 82 comprise a 
series connection which shunts the collectors of transistors 
23 and 23. Accordingly, when the transistors 81 and 82 
are temporarily forward biased in the described manner 
the balanced outputs of the input amplifier are shorted 
together. When no pulse is present, the transistors 81. 
and 82 have no bias applied thereto and therefore are 
effectively open. Thus, in the foregoing manner, the sync 
gate circuit serves to short-out the balanced output of the 
balanced amplifier stage for the duration of each sync 
pulse period. 
The removal of the quadrature 5.6 kc. component is 

accomplished by feeding back a 5.6 signal out of phase 
therewith. This feedback, however, differs from conven 
tional feedback circuits and balancing schemes in that the 
signal fed back to the input for balancing or cancellation 
purposes is not derived from the signal to be cancelled, 
but rather primarily from the delay distortion measuring 
signals after demodulation, that is from the interval fre 
quency. And unlike the typical negative feedback ar 
rangement wherein the unwanted signal can never be 
eliminated completely, the instant feedback arrangement 
permits a complete cancellation of the quadrature 5.6 kc. 
component. 
The bandpass filter 46 that follows the detector is de 

signed to provide a 90° phase shift. The output of this 
filter is connected to the base of the transistor 91 in the 
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6 
feedback path. An output from the transistor can be 
taken from its emitter or collector or any intermediate 
position by means of the wiper arm of potentiometer 92. 
Resistances 93 and 94 are gain determining resistances 
and they are chosen so as to permit the gain to be varied, 
by the wiper arm, from 0 to plus or minus 1. Thus, with 
the wiper arm in one extreme position, the feedback stage 
appears as a common emitter and thereby provides phase 
inversion. In the other extreme position of the wiper 
arm, this feedback stage appears as a common collector 
with no phase inversion. This feedback stage is necessary 
since the differential phase shift experienced by the 5.6 kc. 
component of the sync pulse signal can be in either direc 
tion (i.e., it can be retarded or advanced with respect to 
the other wave components). 
The wiper arm of the potentiometer 92 is connected to 

one of the inputs of the balanced amplifier via the ca 
pacitor 95 and resistance 96. Capacitor 95 serves to block 
direct current flow, and resistance 96 is for impedance 
matching purposes. The adjustment of the wiper arm of 
potentiometer 92 permits complete cancellation of the 
quadrature 5.6 kc. component of the sync pulse signal, 
which in turn eliminates the interference caused by low 
frequency noise. 
The various frequency values recited in the specifica 

tion (e.g., an interval frequency of 5.6 kc.) are only 
by way of example and it should be clear that the inven 
tion is in no way limited thereto. Similarly, the trainsistor 
types shown in the drawing are merely by way of illus 
tration, it being clear to those in the art that p-n-p train 
sistors can generally be substituted for n-p-n transistors 
and vice versa with due regard, of course, to the polarities 
of the direct current potential sources. It is to be under 
stood therefore that the foregoing disclosure relates to 
only a preferred embodiment of the invention and that 
numerous modifications or alterations may be made there 
in without departing from the spirit and scope of the in 
vention. 
What is claimed is: 
1. A differential demodulator comprising a pair of 

transistors of similar conductivity type each having an 
emitter, a collector and a base electrode, said transistors 
being connected in common emitter configuration with 
their collector electrodes interconnected, means for cor 
respondingly biasing said transistors for class-A operation, 
a pair of input terminals adapted to be connected to a 
transmission circuit, and a balanced amplifier intercon 
nected between said pair of input terminals and the base 
electrodes of said pair of transistors for respectively cou 
pling to the latter substantially equal amplitude out-of 
phase signals in response to an input signal at said input 
terminals. 

2. In a system for measuring the delay distortion of a 
television transmission circuit by transmitting thereover 
a composite twin-tone test signal which consists of a pair 
'of swept frequency signals having a constant frequency 
difference therebetween and a sync pulse signal compris 
ing a series of pulses inserted at predetermined points in 
the twin-tone signal, a square-law detector comprising 
a pair of transistors of similar conductivity type each hav 
ing an emitter, a collector and a base electrode, said tran 
sistors being connected in common emitter configuration 
with their collector electrodes interconnected, means for 
correspondingly biasing said transistors for class-A opera 
tion, a pair of test signal input terminals for connection 
to the transmission circuit under test, a balanced amplifier 
interconnected between said pair of input terminals and 
the base electrodes of said pair of transistors for respec 
tively coupling to the latter substantially equal amplitude 
out-of-phase signals in response to a test signal received 
at said input terminals, and means for eliminating from 
the input to said detector the sync pulses including that 
wave component of the same that is equal in frequency 
to the aforementioned frequency difference. 

3. The combination as defined in claim 2 including a 
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narrow bandpass filter coupled to the output of the square 
law detector for selectively passing the difference fre 
quency derived by the latter. 

4. In a system for measuring the delay distortion of a 
television transmission circuit by transmitting thereover a 
composite twin-tone test signal which consists of a pair 
of Swept frequency signals having a constant frequency 
difference therebetween and a sync pulse signal compris 
ing a series of pulses inserted at predetermined points in 
the twin-tone signal, square-law detection means, input 
means for connection to the transmission circuit under 
test, balanced amplifier means intercoupling said input 
means and said detection means for delivering to the 
latter Substantially equal amplitude out-of-phase signals 
in response to a test signal received at said input means, 
and means for eliminating from the input to said detection 
means at least that wave component of the sync pulse 
signal that approaches in frequency the aforementioned 
frequency difference, said eliminating means comprising 
a sync gate circuit operative in response to received sync 
pulses to short together the balanced outputs of the bal 
anced amplifier means for the duration of each sync pulse 
period, said eliminating means further comprising a feed 
back circuit intercoupling the output of said detecting 
means and the input of said balanced amplifier means 
for feeding back to the input of the latter a portion of 
the difference frequency signal that is produced by the 
square-law detection means. 

5. In a system for measuring the delay distortion of a 
television transmission circuit by transmitting thereover 
a composite twin-tone test signal which consists of a 
pair of swept frequency signals having a constant fre 
quency difference therebetween and a sync pulse signal 
comprising a series of pulses inserted at predetermined 
points in the twin-tone signal, Square-law detection means, 
input means for connection to the transmission circuit 
under test, balanced amplifier means intercoupling said 
input means and said detection means for delivering to 
the latter substantially equal amplitude out-of-phase sig 
nais in response to a test signal received at said input 
means, a narrow bandpass filter connected to the output 
of the square-law detection means for selectively passing 
the difference frequency derived by the latter, sync gate 
means operative in response to sync pulses in the received 
test signal to short together the balanced output of the 
balanced amplifier means for the duration of each sync 
pulse period to thereby eliminate said sync pulses in 
cluding the in-phase component of that wave component 
of the sync pulse signal that equals in frequency the said 
difference frequency, and feedback means intercoupled be 
tween the output of said filter and the input of said bal 
anced amplifier means for feeding back to the input of 
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the latter a cancellation signal that is out-of-phase with 
the phase quadrature component, if any, of said wave 
component. 

6. The combination as defined in claim 5 wherein said 
cancellation signal is primarily derived from the difference 
frequency derived by the square-law detection means. 

7. The combination as defined in claim 6 wherein said 
filter provides a 90° phase shift to the signals passed there 
by, and said feedback means includes means for controll 
ing the amplitude of the signal fed back and for selec 
tively inverting the phase of the same. 

8. In a system for measuring the delay distortion of 
a television transmission circuit by transmitting thereover 
a composite twin-tone test signal which consists of a 
pair of swept-frequency signals having a constant fre 
quency difference therebetween and a sync pulse signal 
comprising a series of pulses inserted at predetermined 
points in the twin-tone signal, a square-law detector com 
prising a pair of transistors of similar conductivity type 
each having an emitter, a collector and a base electrode, 
said transistors being connected in common emitter con 
figuration with their collector electrodes interconnected, 
means for correspondingly biasing said transistors for 
class-A operation, a pair of test signal input terminals for 
connection to the transmission circuit under test, a bal 
anced amplifier interconnected between said pair of input 
terminals and the base electrodes of said pair of tran 
sistors for coupling to the latter substantially equal ampli 
tude out-of-phase signals in response to a test signal re 
ceived at said input terminals, a narrow bandpass filter 
connected to the output of the square-law detector for 
selectively passing the difference frequency derived there 
by, sync gate means operative in response to sync pulses 
in the received test signal to short together the balanced 
outputs of the balanced amplifier for the duration of each 
sync pulse period to thereby eliminate said sync pulses 
including the in-phase component of that wave compo 
nent of the sync pulse signal that equals in frequency 
the said difference frequency, and means intercoupled 
between the output of said filter and the input of said 
balanced amplifier for feeding back to the amplifier input 
a cancellation signal that is out-of-phase with the other 
phase quadrature component of said wave component. 

9. The combination as defined in claim 8 wherein said 
cancellation signal is primarily derived from the difference 
frequency derived by the square-law detector. 

10. The combination as defined in claim 9 wherein 
said filter provides a 90° phase shift to the signals passed 
thereby, and said feedback means includes means for 
controlling the amplitude of the signal fed back and for 
Selectively inverting the phase of the same. 

No references cited. 


