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57 ABSTRACT 
A cutting and recording system for multichannel discs 
has means for applying beforehand crosstalk compen 
sation correction components to the recording signals. 
This compensation cancels a crosstalk component 
produced between left and right channels during the 
recording of multiplexed signals on a disc. This cross- . 
talk correction signal is obtained from an angular 
modulated wave signal of the left channel system and 
applied to an angular modulated wave signal of the 
right channel system. A similar crosstalk correction 
signal, obtained from the angular modulating means of 
the right channel system, is applied to the angular 
modulated wave signal of the left channel system. 

4 Claims, 4 Drawing Figures 

  



PATENTED JUL 22 1975 
SHEET 1 5, 896, 27 l. 

2O 1K 10K 20K 50K (Hz) 
3OK 

FREQUENCY - 

  





3,896,27l PATENTED JUL 22 1975 
SHEE 

F.G. 3 

DELAY (CH1+CH2) 

MX 

19 

AMP 

MX 

DELAY (CH3CH4) 

  



3,896,271 
1. 

SYSTEM FOR A MULTICHANNEL RECORD DISC 
WTH CROSSTALK COMPENSATION PROVIDED 

DURING RECORDING 

BACKGROUND OF THE INVENTION 5 

This invention relates generally to a cutting and re 
cording system for a multichannel record disc, and 
more particularly, to a system for cutting a multichan 
nel record disc, wherein a component for nullifying or 
canceling crosstalk is added to the signal to eliminate 
crosstalk occurring at the time of recording. 

In general, we have previously proposed a compati 
ble-discrete, 4-channel (CD-4) system, which has al 
ready been reduced to practice. The direct wave of the 
sum signal of two channels out of four channel signals 
and an angular modulation wave of the difference sig 
nal of the two channels are multiplexed at the time of 
recording. The resulting signal is recorded on one of 
the wall surfaces of the sound groove. With respect to 20 
the other two channels, multiplexing is carried out in 
the same way. The resulting signal is recorded on the 
other wall surface of the sound groove. 

In this recording system, there is a crosstalk of angu 
lar modulated waves, between the left and right chan- 25 
nels. Crosstalk is produced by the process wherein the 
electrical signal applied to the cutting stylus or cutter 
is converted into a mechanical vibration, as described 
hereinafter in detail. When crosstalk occurs in this 
manner, it appears as distortion during playback or re- 30 
production, and the reproduced tone quality deterio 
rates. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention contemplates 
adding to the recording signal a component for nullify 
ing the above mentioned crosstalk component. The re 
cording of multichannel signals on a disc follows with 
out the occurrence of crosstalk. 40 

It is a prime object of the invention to provide a new 
and useful multichannel disc cutting and recording sys 
tem in which crosstalk is prevented at the time of the 
recording of multichannel signals on a disc. 
Another object of the invention is to provide a multi- 45 

channel disc recording system wherein an opposite 
crosstalk component, of opposite phase and equal 
quantity relative to the crosstalk component, is intro 
duced beforehand into the recording signal. Recording 
is carried out with the net result that crosstalk is pre- 50 
vented from occurring. 

Still another object of the invention is to provide a 
multichannel disc recording system wherein, by merely 
adjusting components such as a variable resistor and a 
phaseshifting circuit in accordance with the crosstalk 55 
characteristic of the recording cutter, it is possible 
through the electrical circuit system to eliminate the 
crosstalk component in the electric signal-mechanical 
vibration transducer of the cutter. 
Other objects and further features of the invention 

will be apparent from the following detailed description 
when read in conjunction with the accompanying draw 
ing, throughout which like parts are designated by like 
reference numerals and characters. 65 

BRIEF DESCRIPTION OF THE DRAWING 
In the drawing: 

35 
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2 
FIG. 1 is a block diagram showing the essential orga 

nization of one example of a four-channel disc record 
ing system of a general type, known heretofore; 
FIG. 2 is a block diagram showing the essential orga 

nization of one embodiment of a four-channel disc re 
cording system according to the invention; 
FIG. 3 is a circuit diagram showing one embodiment 

of a specific electrical circuit of the essential parts of 
the system shown by block diagram in FIG. 2; and 
FIG. 4 is a graph indicating one example of crosstalk 

characteristics of a cutter head. 
DETAILED DESCRIPTION 

As conducive to a full understanding of this inven 
tion, a known cutting and recording system and prob 
lems associated therewith will first be briefly described 
with reference to FIG. 1. 

First and second channel signals CH1 and CH2 and 
third and fourth channel signals CH3 and CH4 are in 
troduced through input terminals 10a and 10b and 
input terminals 10c 10d, respectively, as indicated in - 
FIG. 1. These signals are respectively supplied to ma 
trix circuits 11 and 12 and there rendered into sum sig 
nals and difference signals. The output sum signals 
(CH1 -- CH2) and (CH3 + CH4) of the matrix circuits 
11 and 12 are respectively passed through delay cir 
cuits 13 and 16 for matching their phase with angular 
modulation difference signals, described hereinafter. 
Then, they are supplied to mixing circuits 15 and 18. 
On the other hand, the output difference signals 

(CH1 -CH2) and (CH3 - CH4) of the matrix circuits 
11 and 12 are respectively supplied to angular modula 
tion circuits 14 and 17. There, a carrier wave from a 
single master oscillator 21 is angular modulated. The 
output angular modulated difference signals of the an 
gular modulation circuits 14 and 17 are supplied to the 
above mentioned mixing circuits 15 and 18 and there 
mixed and multiplexed with the above mentioned di 
rect-wave sum signals. 
The output multiplexed signals of the mixing circuits 

15 and 18 are amplified by amplifiers 19 and 20. Then, 
they are applied to the coils of the channel L and the 
channel R of a cutter 22. This cutter 22 is driven ac 
cordingly, whereby the recording signals are recorded 
on a disc 23 by the cutting stylus of the cutter respec 
tively on the left and right walls of the recording groove 
according to the 45-45 system. 

In a recording system of this known character, how 
ever, crosstalk of the angular modulation wave is pro 
duced between the channels L and R, as a result of the 
process of converting of an electrical signal applied to 
the cutter 22 into a mechanical vibration. More specifi 
cally, while a crosstalk due to a direct-wave sum signal 
of relatively low frequency presents almost no problem. 
However, in the case of an angular modulated differ 
ence signal of relatively high frequency, the quantity of 
crosstalk becomes large at the range of high frequency 
because of the structural mechanical accuracy of the 
cutter 22 and of the signal wavelength at which cutting 
is carried out. When crosstalk exists in this manner, at 
the time of cutting, distortion is produced in the repro 
duced sound during playback of the multichannel disc 
thus recorded. 
The above mentioned crosstalk and distortion will 

now be considered more fully. With respect to the an 
gular modulated signals, the angular modulated signal 
relating to the difference signal (CH1 -CH2) will be 
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denoted by L. The modulated signal relating to the dif 
ference signal (CH3 - CH4) will be denoted by R. 
Then, L and R can be expressed by the following equa 
tions. 
L = cos (coct f(t) 
R = cos coct g(t) () 

where: a is the angular frequency of the carrier wave, 
and f(t) and g(t) are respectively phase angles repre 
sentable as functions of the difference signal compo 
net. 

Then, by representing the crosstalk by Ke, the sig 
nal component leaking into the channel L can be repre 
sented by the following Equation (2). 
R X. Ke P = K.cos coct -- g(t) -- p (2) 

Accordingly, the signal L' of the channel L containing 
the crosstalk becomes 

L' = cos (cuct -- f(t) -- Krcos act - g(t) - Pl 
o 1 + K? -- 2K'cos (f(t) - g(t) - p 

-- sin f(t) + Ksing(t) + p. 
r COS {ect - tal cos f(t) -- Krcos(g(t) + p } (3) 

The demodulated signal, denoted by D(t) is deter 
mined from the following equation. 

f(t) + Kg'(t) -- K f(t) + g'(t)) cosf(t) - g(t) - a 
D(t) = - 1 + K - 2K-cos f(t) - g(t) - p. 

(4) 

If the value Öf K in this Eq. (4) is sufficiently small, 

From the above Eq. (5), the component relating to the 
crosstalk and distortion becomes 
- K f(t)+g'(t)) cos (f(t) g(t)- Pl (6) 

As for the component of crosstalk and distortion in 
the channel R, it may be similarly expressed as follows. 
-K f(t)+g(t)) cos g(t) f(t) - e. (7) 

Consequently, in a conventional recording system, as 
described above, the crosstalk expressed by the above 
equation gives rise to distortion, and high fidelity is im 
paired. 
The above described difficulties accompanying the 

conventional recording system have been overcome by 
the present invention, one embodiment of which is ill 
lustrated by the block diagram in FIG. 2. In FIG. 2, 
blocks which are the same as or equivalent to those in 
FIG. 1 are designated by like reference numerals, and 
detailed description thereof will not be repeated. 
The angular modulated difference signals derived as 

output from the angular modulation circuits 14 and 17 
and expressed by the above Eq. (1) are supplied by way 
of emitter follower circuits 30 and 31 to mixing circuits 
15 and 18. There, they are mixed with direct-wave sum 
signals transmitted from the matrix circuits 11 and 12 
by way of delay circuits 13 and 16. The output multi 
plexed signals of the mixing circuits 15 and 18 are am 
plified by amplifiers 19 and 20 and then recorded by a 
cutter 22 on a disc 23. 
As is apparent from the above Eq. (3), only the angu 

lar modulated wave from within each signal applied to 
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4. 
the cutter 22 can expressed by the following equations. 
For the channel L., 
L' = cos(a)ct-f(t)+K.cos(a)ct-g(t)+d) (8) 

For the channel R, 
R = cosoct-g(t) --K.cosoct-f(t)--d (9) 

The crosstalk component in the channel L, from the 
channel R, is 

K.coscoct-g(t) -- b) (10) 

The crosstalk component in the channel R, from the 
channel L., is 

K.cosoct-f(t)-- is (11) 

Then, in order to cancel or nullify these crosstalk 
components in accordance with the system of the pres 
ent invention, the block system is organized as de 
scribed below. 
The essential parts of the block system according to 

the invention as illustrated in FIG. 2 will now be de 
scribed. The output angular modulated difference sig 
nals of the angular modulation circuits 14 and 17 are 
supplied to the emitter follower circuits 30 and 31, as 
mentioned above. At the same time, these difference 
signals are also supplied by way of variable resistors 
VR1 and VR2 to phase-shifting circuits 32 and 33. 
These angular modulated difference signals are multi 
plied K times by the variable resistors VR1 and VR2, 
thereby being adjusted for the crosstalk correction 
quantity, and are then shifted in phase by the phase 
shifting circuits 32 and 33. 
The output signals of the phase-shifting circuits 32 

and 33 are phase inverted by phase-inversion circuits 
34 and 35 and then supplied to emitter follower circuits 
36 and 37. Consequently, the output of the emitter fol 
lower circuit 36 becomes 
- K.cos Icoct -- f(t) + bi) (12) 

while the output of the emitter follower circuit 37 be 
COS 

- K.cos coct -- g(t) -- b) (13) 

The output signal of the emitter follower circuit 36 
is supplied to the mixer 18 together with the angular 
modulated wave produced as output of the angular 
modulator 17, passed via emitter follower circuit 31. 
The output signal of the emitter follower circuit 37 is 
supplied to the mixer 15 together with the angular 
modulated wave produced as output of the angular 
modulator 14, passed via emitter follower circuit 30. 
Therefore, the angular modulated waves produced as 
outputs L'o and R' of the mixing circuits 15 and 18 can 
be expressed respectively as follows. 

L' = cosoct-f(t) -- K.cosoct-g(t)+d) - 
K.coscoct -- g(t)--d 
= coscoct -- f(t) (4) 

R"o = cos(oct-g(t) +K.cosoct-f(t) + (b) - 
K.cosocit -- f(t) -- b. 
- coscoct -- g(t)) (15) 

As is apparent from the above Eqs. (14) and (15), 
the crosstalk components are completely nullified. 

It is to be observed that the foregoing equations are 
satisfied when: the quantity of crosstalk due to the cut 
ter is equal to the signal quantity K passed through the 
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variable resistors VR1 and VR2; when the phase char 
acteristic of the crosstalk is equal to those of the phase 
shifting circuits 32 and 33; and when the phases of the 
carrier waves applied from the master oscillator 21 to 
the angular modulators 14 and 17 are equal. 
The essential parts of the block system indicated in 

FIG. 2 can be reduced to a practical form, as illustrated 
by one embodiment of a specific electrical circuit in 
FIG, 3. The circuit 38 enclosed by an intermittent line 
is a circuit including the phase-shifting circuit 32 (FIG. 
2), the phase-inversion circuit 34, and the emitter fol 
lower circuit 36. Similarly, the circuit 39 includes the 
circuits 33 (FIG. 2), 35, and 37. The transistors Tr1 
and Tr2 are connected in an emitter follower configu 
ration. The circuits including these transistors and en 
closed by intermittent lines correspond to the afore 
mentioned emitter follower circuits 30 and 31. In the 
circuits 38 and 39, the circuits including transistors Tr3 
and Tra correspond to the phase-inversion circuits 34 
and 35. Circuits Zi and Z2 are connected in series with 
transistors Tr3 and Trai and ground (earth) correspond 
to the phase-shifting circuits 32 and 33. The circuits in 
cluding emitter follower transistors TrS and Tró corre 
spond to the emitter follower circuits 36 and 37. 
One example of the crosstalk frequency characteris 

tics of the cutter 22 is graphically represented in FIG. 
4, in which the curve I represents the frequency charac 
teristic of a signal of the channel L. The curve II repre 
sents the frequency characteristic of a crosstalk com 
ponent leaking from the channel R into the channel L. 
In general, the quantity of the shift of the phase of the 
crosstalk of the cutter head differs with frequency band 
used. For example, when the band of the angular mod 
ulated wave is from 20 KHz to 45 KHz, and the phase 
thereof at the time is in an advanced phase state, one 
measure is to cause the phase-shifting circuits Z1 and 
Z2 to have an advanced phase characteristics. For ex 
ample, equalizer circuits of characteristics equal to the 
frequency characteristics of the crosstalk components 
are used for the phase-shifting circuits Z1 and Z2. 
The above described system, according to the pres 

ent invention, has the following advantageous features. 
1. By adjusting the variable resistors and phase 

shifting circuits in accordance with the crosstalk char 
acteristic of the cutter used, the crosstalk quantity can 
be reduced to zero or to a minute value very close to 
zero, whereby distortion due to crosstalk can be elimi 
nated, and recording of high fidelity can be achieved. 

2. The crosstalk of the cutter is nullified with an elec 
tric circuit system. Therefore, even if there are devia 
tions due to the cutter in the above mentioned crosstalk 
characteristic, it is possible to correct this deviation in 
a simple manner. Accordingly, there is no necessity of 
selecting the cutter to be used on this point, which is an 
economical feature. 

3. By using a circuit for nullifying crosstalk, it is pos 
sible to use a higher frequency band, than heretofore, 
for the angular modulated wave band. Accordingly, the 
cutting operation at the time of recording of a multi 
channel disc can be carried out at a higher rate than 
heretofore. Therefore, the disc can be cut in a 
smoother manner, the signal to noise ratio being im 
proved. At the same time, the productivity of the oper 
ation is increased. 
Modifications will readily occur to those who are 

skilled in the art. Therefore, the appended claims are 
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6 
to be construed to include all equivalents falling within 
the scope and the spirit of the invention. 
What we claim is: 
1. A multichannel disc system for recording first and 

second channels on a left groove wall and third and 
fourth channels on a right groove wall of a phonograph 
record, said system comprising: 
a first matrix means for forming a first sum signal 
and a first difference signal responsive to said first 
and second channel signals; 

b. second matrix means for forming a second sum sig 
nal and a second difference signal responsive to 
said third and fourth channel signals; 

c. first modulating means for angularly modulating a 
carrier wave responsive to the first difference sig 
nal to produce a first angular modulated wave; 

d. second modulating means for angularly modulat 
ing the carrier wave responsive to the second dif 
ference signal to produce a second angular modu 
lated wave; 

e. first attenuating means for attenuating the first an 
gular modulated wave, 

f. first phase-shifting means for shifting the phase of 
the output signal of said first attenuating means; 

g. first phase-inverting means for inverting the phase 
of the output signal of said first phase-shifting 
means, 

said first attenuating means having an attenuating 
quantity for making the amplitude of the output signal 
of said first phase-inverting means equal to the ampli 
tude of a first crosstalk component leaking from the left 
channel into the right channel; said first phase-shifting 
means having a phase-shifting quantity for causing the 
phase angle of the output signal of said, first phase 
inverting means to cancel the phase angle of the first 

40 

45 

55 

60 

65 

crosstalk component; 
h. second attenuating means for attenuating the sec 
ond angular modulated wave, 

i. second phase-shifting means for shifting the phase 
of the output signal of said second attenuating 
neaS, 

j. second phase-inverting means for inverting the 
phase of the output signal of said second phase 
shifting means; 

said second attenuating means having an attenuating 
quantity for making the amplitude of the output signal 
of said second phase-inverting means equal to the am 
plitude of a second crosstalk component leaking from 
the right channel into the left channel; said second 
phase-shifting means having a phase-shifting quantity 
for causing the phase angle of the output signal of said 
second phase-inverting means to cancel the phase 
angle of the second crosstalk component; 

k. first mixing means for mixing and multiplexing the 
first direct-wave sum signal, the first angular modu 
lated Wave and the output signal of said second 
phase-inverting means; 

l, second mixing means for mixing and multiplexing 
the second direct-wave sum signal, the second an 
gular modulated wave and the output signal of said 
first phase-inverting means; and 

m. recording means for recording the output signal of 
Said first and second mixing means on the left and 
right channel sides, for simultaneously recording 
the output signal of said first mixing means on the 
left wall of a groove of a record disc and the output 
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signal of said second mixing means on the right wall 
of the groove. 

2. A multichannel disc recording system as claimed 
in claim 1 in which said first phase-shifting means com 
prises an equalizer circuit means having a characteris 
tic equal to the frequency characteristic of the first 
crosstalk component, and said second phase-shifting 
means comprises an equalizer circuit means having a 
characteristic equal to the frequency characteristic of 
the second crosstalk component. 

3. A multichannel disc recording system for record 
ing first and second channels on a left groove wall and 
third and fourth channels on a right groove wall of a 
phonograph record, said system comprising: 

a... first matrix means for forming a first sum signal 
and a first difference signal responsive to said first 
and second channel signals, 

b. second matrix means for forming a second sum sig 
nal and a second difference signal responsive to 
said third and fourth channel signals; 

c. first modulating means for angularly modulating a 
carrier wave responsive to the first difference sig 
nal to produce a first angular modulated wave; 

d. second modulating means for angularly modulat 
ing the carrier wave responsive to the second dif 
ference signal to produce a second angular modu 
lated wave; 

e. first attenuating means for attenuating the first an 
gular modulated wave; 

first phase-inverting means for inverting the phase of 
the output signal of said first attenuating means; 

g. first phase-shifting means for shifting the phase of 
the output signal of said first phase-inverting 
means; 

said first attenuating means having an attenuating 
quantity for setting the amplitude of the output signal 
of said first phase-shifting means equal to a first cross 
talk component leaking from the left channel into the 
right channel; said first phase-shifting means having a 
phase-shifting quantity for causing the phase angle of 
the output signal of said first phase-shifting means to 
cancel the phase angle of the first crosstalk component; 
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8 
h. second attenuating means for attenuating the sec 
ond angular modulated wave; 

i. second phase-inverting means for inverting the 
phase of the output signal of said second attenuat 
ing means; 

j. second phase-shifting means for shifting the phase 
of the output signal of said second phase-inverting 
means; 

said second attenuating means having an attenuating 
quantity for setting the amplitude of the output signal 
of said second phase-shifting means equal to the ampli 
tude of a second crosstalk component leaking from the 
right channel into the left channel; said second phase 
shifting means having a phase-shifting quantity for 
causing the phase angle of the output signal of said sec 
ond phase-shifting means to cancel the phase angle of 
the second crosstalk component; 

k. first mixing means for mixing and multiplexing the 
first direct-wave sum signal, the first angular modu 
lated wave and the output signal of said second 
phase-shifting means; 

l, second mixing means for mixing and multiplexing 
the second direct-wave sum signal, the second an 
gular modulated wave and the output signal of said 
first phase-shifting means; and 

m. recording means for recording the output signal of 
said first and second mixing means on the left and 
right channel sides, for simultaneously recording 
the output signal of said first mixing means on the 
left wall of a groove of a record disc and the output 
signal of said second mixing means on the right wall 
of the groove. 

4. A multichannel disc recording system as claimed 
in claim 3 in which said first phase-shifting means com 
prises an equalizer circuit means having a chracteristic 
equal to the frequency characteristic of the first cross 
talk component, and said second phase-shifting means 
comprises an equalizer circuit means having a charac 
teristic equal to the frequency characteristic of the sec 
ond crosstalk component. 
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