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(71)  We, RCA CORPORATION, a’ corpo-
ration organized under the laws of the
State of Delaware, United States of
America, of 30 Rockefeller Plaza, City and

5 State of New York, 10020, United States
of America, do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which
it is to be performed, to be particularly

10 described .in and by ‘the following" state-
ment :— '

The present invention relates to an
electromechanical recording system, and
particularly proposes an electromechanical

15 cutterhead structure suitable for recording
signals having a humped energy distribution
(e.g., a carrier wave frequency modulated
over a frequency deviation range in repre-

~ sentation of video information), permitting

20 a- significant increase in the bandwidth of
the cutterhead without reducing the output
of the cutterhead (e.g., stylus displacement).

In U.S. Patent ‘No. 3,842,194, issued to
J. K. Clemens on October 15, 1975, a video

25 disc system is disclosed. In an arrange-
ment therein disclosed, an information track
consists -of geometric variations in the
bottom of a smooth spiral groove disposed
on the surface of a disc record. During

‘30 playback, these variations are sensed to
recover the recorded information, as the disc
record is Totated by a supporting turntable.

In one particularly successful format for

the information track in practice of the

'35 Clemen’s invenftion, depressed areas ex-
tending across the groove bottom alternate
with non-depressed areas, - where the
frequency of alternation varies with the

~ amplitude of video information subject to

.40 recording. The form of the recorded sig-
nals may be, thus, a carrier whose frequency
is modulated over a frequency deviation
range in representation of videa information.
Certain practical considerations in- the re-

45 cording and playback processes have led
to the location of the frequency deviation
range at 4.3 to 6.3 MHz, and to the limita-
tion of baseband video information to 3

~ MHz, for example. With this choice of

50 parameters, the highest significant frequency

component of the recorded signal is located

at 9.3 MHz (e.g., 6.3 + 3.0 MHz).

- In the systems of the above-said type, in
order to obtain adequate bandwidth for the
signals recovered from the record during 55
playback, (1) the disc record is rotated at
relatively high playback speed (e.g., 450
rpm), and (2) the wavelength of modulation

in the disc record groove is relatively short
(e.g., 0.6 to' 1.6 micrometers), as compared 60
with conventional audio " disc systems.
Further, in- order to obtain acceptable
picture quality and reasonable playback
time, the groove convolutions are relatively
closely spaced (e.g.. 5.555 gpi) in the video 65
disc systems of the aforementioned type.

A variety of approaches to - disc record-
ing exist in the prior art. For example, one
may establish - the cutterhead principal
resonant frequency at a frequency much 70
higher than the highest significant frequency
component of the recorded signal to obtain
a relatively flat frequency-response over the
frequency spectrum of the recorded signal.

If it is desired to record video signals in 75
the above-described format (i.e., the highest’
significant frequency component located at
93 MHz) - with the afore-mentioned
approach, the recorded signals must be
siowed down such that the highest signifi- 80
cant frequency component in the recorded
signal is shifted to a frequency much
smaller than the principal resonant frequency

of the cutterhead prior to recording on a
disc master which is also rotated at a 85
correspondingly reduced speed. For ex-
ample, in order to record signals up to
9.3 MHz with a cutterhead which has a
relatively uniform response up to 31 KHz
(e.g., principal resonant frequency of 75 90
KHz), the recording operation must be
slowed down by a factor of 300 (ie., 9.3
MHz/31 KHz). In other words, it would
take approximately 150 hours of recording
time to record a 30 minute long program. 95
This exceptionally long recording time is
impractical and costly for producing video
discs for home use. . <

A 'decrease in recording time for. video’
signals may be realized by increasing: the 100
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bandwidth of the cutterhead. The increase
in the bandwidth of the cutterhead can be
in turn, by selecting proper
architecture for the cutterhead, and by scal-
ing the cutterhead down in size, in order to
increase its princpal resonant frequency.
Reference may be made to U.S. Patent No.
3,865,997 issued to J. B. Halter for an
illustration of this approach.

A further increase in the bandwidth of
the cutterhead is obtained by employing an
unheated stylus for cutting signals in a
metal disc master. Reference may be made
to UK. Patent Specification 1557 190 or
U.S. Patents 4 044 379 and 4 035 590 in the
name of 'J. B. Halter, for a discussion of
such technique. Pursuant to this technique,
a cutterhead having a thickness (excluding
stylus) of the order of 0.020” has been
constructed. This cutterhead has a rela-
tively flat frequency response up to 1.0
MHz and has a principal resonant frequency
located at 2.5 MHz. Such cutterhead will
permit recording of video signals in the
format described above (i.e., the highest
frequency component located at 9.3 MHz)
at a speed which is slowed down only by a
factor of about 9 (ie., 9.3 MHz/1.0 MHz).
Although this is a very significant improve-
ment in the recording time as compared
with the earlier electromechanical recording
time, it is desirable to further decrease the
recording time for obvious reasons.

In order to further increase the principal
resonant frequency of the cutterhead, one
may further scale down the cutterhead
transducer. For example, in order to record
signals of the type defined above at two-
times-down speed (or 2X-down speed), with
the abovementioned approach, one may
scale down the transducer used for 9X-down
recording by a factor of 4.5. This, how-
ever, is not desirable for a number of very
important reasons. Although the sizes of
the transducers used to obtain 9X-down
recording  with the above-mentioned
approach are comparable to other units in
jproduction (e.g., audio pickups), further
scaling down of these transducers would
lead to serious miniaturization problems.

Numerous measurements of video record-
ings have indicated that a peak-to-peak
cutterhead stylus displacement of 3.4 micro-
inches provides a satisfactory recording of
video signals (e.g., signal-to-noise ratio of
54 dB). It has been further found that,
at operating frequencies well below the
principal resonant frequency of the cutter-
head, a signal level of 175 volts (RMS)
will provide a peak-to-peak stylus displace-
ment of 3.4 microinches. It should be
noted that, in general, the cutterhead sensi-
tivity well below the principal resonant
frequency (i.e., displacement/voltage) is
independent of the thickness of the piezo-

electric element used in ithe cutterhead.
This follows since piezoelectric element dis-
placement is proportional to the product
of the force applied to the element and
compliance of the element. The force
applied to the element is proportional to the
electric field strength (i.e., volts per inch),
which is inversely proportional to the thick-
ness of the element. The compliance of the
element is proportional to the thickness
of the element. Therefore, the thickness
factor cancels out, and the cutterhead out-
put (i.e., stylus displacement) is proportional
to the driving voltage (i.e., signal level) re-
gardless of the cutterhead size.

The scaling down of transducers is addi-
tionally undesirable because, for a given
signal level applied to the piezoelectric
element of the cutterhead (e.g., 175 volts
RMS), the smaller the piezoelectric element,
the greater is the field strength (e.g., volts
per inch) appearing across the piezoelectric
element. It is desirable to limit the field
strength applied to the piezoelectric element
to some critcal value for each type of the
piezoelectric material used, since the
dielectric losses in the piezoelectric material
increase with the increase in applied field
strength. The dielectric losses, along with
other losses (for example, mechanical
losses), result in heating of the piezoelectric
element. Excessive temperature rises in the
piezoelectric element would cause thermal

runaway and/or depolarization of the piezo-.

electric material, and thereby destroying its
piezoelectric properties.

An electromechanical recording system,
pursuant to the principles of the present
invention, permits a significant extension
of the (bandwith x output) product of the
cutterhead for a given size of the cutter-
head. The size of the cutterhead is chosen
so that the electric field across the piezo-
electric element of the cutterhead is less
than the value of the critical field (deter-
mined by conditions of piezoelectric thermal
runaway) for a given signal level (deter-
mined by desired signal-to-noise ratio).

A system embodiment for -electro-
mechanically recording signals, having a
humped energy distribution, in a disc
master includes a source for providing these
signals; a cutterhead responsive to these
signals for recording these signals in the
disc master when relative motion is estab-
lished therebetween; and means interposed
between the signal source and the cutter-
head for selectively processing these signals.
The cutterhead is so constructed that its
respcnsie to signal components ‘varies with
frequency in substantial correspondence
with the energy distribution of signal com-
ponents in the humped region. The
selectively processing means serves dual
purposes. On the one hand, it cooperates
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with' the cutterhead to provide an overall
response which is relatively flat. ~ On the
other hand, it serves to attenuate the energy
level of signal components in the humped
5 region prior to their application to the
cutterhead. The attenuation of the applied
energy makes possible the use of a smaller
cutterhead than would otherwise be the

_case. The smaller cutterhead structure, in
10 turn, results in a‘relatively wide cutterhead

bandwidth. o -

In the accompanying drawings: :
- FIGURE -1 illustrates; in a block diagram
form, an electromechanical recording
15 apparatus constructed in accordance with
the principles of the present invention;

FIGURE 2 illustrates a humped energy
distribution of signal components suitable
for real time recording;

FIGURE 3 -shows a humped energy
distribution of signal components suitable
for 2X-down recording speed;

FIGURE 4 is the frequency response
characteristic of a cutterhead (solid curve A)
suitable for use with the electromechanical
recording apparatus of FIGURE 1 for re-
cording signal components at  2X-down
recording speed;

FIGURE 5 is the frequency response

20

25

30 characteristic of an equalizer circuit of
FIGURE 1;
FIGURE 6 is the overall frequency

response characteristic of the cutterhead
and the equalizer circuit of FIGURE 1;
and v :

FIGURE 7 is the energy distribution of
signals at the input of the cutterhead of
FIGURE 1. :

In the electromechanical recording system
of FIGURE 1, a video signal source 10
supplies a composite video signal, inclusive
of luminance information and encoded
chrominance information representative of

. a succession of scanning of colored images
45 to be recorded, to a video slow-down pro-

cessor 12. . The composite color video
signal supplied by the source may advanta-
geously be in the “ buried color subcarrier ”
format disclosed in the U.S. Patent No.
50 3,872,498, issued to D. H. Pritchard, and
entitled, - “COLOR INFORMATION
TRANSLATING SYSTEMS ”.
Pursuant to Pritchard’s principles, a
modulated color subcarrier (which may, for
55 example, be of the general form employed
in' the NTSC system) is not placed at the
high end of the luminance signal video band
as in the NTSC system, but instead is
buried within the video band. An illus-
60 trative choice for the color subcarrier
frequency is in the vicinity of 1.53 MHz,
with the color subcarrier sidebands extend-
ing + 500 KHz thereabout, and with the

. luminance signal video band extending to
65 3 MHz, for example. -

35

40

The video slow-down -processor 12 slows
down the output signal of the video signal
source 10. In this particular embodiment,
the output signal of the video signal source
is slowed down by a factor of two (ie.,
slowed down video signal extending to 1.5
MHz). . , -

-A high frequency FM .modulator 16 is
coupled to the output of the video slow-
down processor 12. The FM modulator 16,
incorporating a suitable source of high
frequency oscillations, functions to.develop
at its output terminal a frequency modulated
picture carrier signal, the -instantaneous
frequency thereof varying over a predeter-
mined high frequency deviation range (e.g.,
43/2 MHz to 6.3/2 MHz) in accordance
with the amplitude of the slowed-down
composite .video signal (e.g., extending to
1.5 MHz) supplied by the source 10. It
should be noted that, with this choice of
parameters, the highest significant frequency
component of the signal developed at the
output of the FM modulator- 16 is located
at 4.65 MHz (i.e., 3.15 4+ 1.50 MHz).

The electromechanical recording system
of FIGURE 1 further includes an audio
signal source 18, which supplies an audio
signal, representative of a desired sound
accompaniment for the ¢olored images being 95
recorded, to an audio slow-down processor
20. The audio slow-down processor 20 like-
wise slows down the output signal of the
audio signal source 18 (e.g., by a factor of
two) in order to correlate the audio signal 100
to be recorded with the slowed-down video .
signal. :

A low frequency FM modulator 22,
coupled to the output of the audio slow-
down processor 20, frequency modulates a
slowed-down low frequency carrier over a
low frequency deviation range (e.g., 716 /2 +
25 KHz) in accordance with the amplitude
of the slowed-down audio signal (e.g., ex-
tending to 10 KHz) supplied by the audio
slow-down processor.

The . outputs of the high frequency FM
demodulator 16 and the low frequency FM
demodulator 22 are supplied to a modu-
lator apparatus 24. The modulator appa-
ratus 24 combines the outputs of two FM
demodulators and supplies the combined
signal to an equalizer circuit 26. The
equalizer circuit 26 functions to selectively
reduce. the energy levels of the signal com-
ponents developed at the -output of the
modulator apparatus. The output of the
equalizér circuit is applied to a cutterhead
14 via a power amplifier 28 and a matching
transformer 30.

- The cutterhead 14, responsive to a rela-
tively high frequency signal at the output
of the matching transformer 30 (e.g., the
highest frequency signal component occur-
ing at 4.65 MHz), records the signal 130
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components in a disc master 32 rotatably

supported by a turntable 34. The disc

master 32 is rotated at a slowed-down re-
cording speed (e.g. 450/2 rpm) while the

5 cutterhead 14 is translated radially of the
disc master in correlation with the rota-
tional motion of the disc master, so as to
record along a spiral track 36 on the disc
mastel.

10 1t is noted that when the signal in the
aforementioned format is recorded in real
time, the video and audio slow-down pro-
cessors 12 and 20 would be eliminated, the
high frequency FM carrier deviation range

15 would be located at 4.3 to 6.3 MHz, the

low frequency FM carrier deviation range

would be located at 716 4+ 50 KHz and the
turntable will be rotated at 450 rpm.

Several alternative modes of operation of
the modulator apparatus 24 are feasible.
Reference may be made to the U.S. Patent
No. 3,911,476, issued to E. O. Keizer,
entitled, “ COLOR PICTURE /| SOUND
RECORD 7, for an illustration of one mode
of operation of the modulator apparatus 24.
Pursuant to the Keizer format, the output
of the modulator apparatus 24 is an impulse
train having a repetition rate corresponding
to the frequency of the high frequency FM
carrier (i.e., picture carrier), and having a
duty cycle which varies at a rate of, and in
consonance with, the low frequency FM
carrier (i.e., sound carrier).

In accordance with another mode of
operation of the modulator apparatus 24,
_ the negative peak amplitudes of the high

frequency FM carrier (i.e., picture carrier)
are modulated in representation of the low
frequency FM carrier (i.e., sound carrier),
while the positive peak amplitudes of the

high frequency FM carrier remain at a

constant level. The vertical displacement

of the recorder stylus is of the same relative
polarity as that of the modulated high

45 frequency FM carrier. The positive peaks

of the high frequency FM carrier are kept

at a constant level in order to prevent
vertical motion of the playback stylus dur-
ing playback of the recordings of the
signals in this format. Reference may be
made to the above mentioned U.K. Patent

Specification No. 1557 190 for a description

of a “ negative peak amplitude modulation ”

approach.

While the “negative peak amplitude
modulation ” technique requires a reason-
ably good amplitude linearity for the
cutterhead in order to satisfactorily record
the signal in the disc master, it requires
60 relatively less bandwidth for the cutterhead.
Therefore, this technique of combining the
outputs of the two modulators 16 and 22
is particularly suitable for an electro-
mechanical recording process.

The cutterhead 14 comprises a piezo-
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electric element 38 interposed between a
stylus 40 and a pedestal 42. The pedestal
42 is secured to a carriage 44 which is
movably supported on a frame 46. As
previously indicated, the ‘carriage 44 is
translated along a line, passing through the
center of rofation of the disc master 32,
in correlation with the rotational motion
of the disc master, in order to record along
a spiral track on the surface of the disc
master. Reference may be made to above-
mentioned UK application 1557 190 for an
illustration of one form of cutterhead con-
struction.

FIGURE 2 illustrates an average
spectrum plot of the enclosed signals in
accordance with the above-mentioned UK
1557 190 format that would be developed
at the output of the modulator apparatus 24
in the absence of the use of the slow-down
processors 12 and 20. As previously stated,
for real time recording, the two slow-down
processors 12 and 20 are not needed, the
high frequency deviation range is located
at 4.3 to 6.3 MHz, the low frequency devia-
tion range is located at 716 '+ 50 KHz,
and the turntable is rotated at 450 rpm.

From FIGURE 2, it will be noted that
the energy level of the video signal com-
ponents falls rapidly below about 4.3 MHz
and above about 6.3 MHz, which are also
the limits of the high frequency deviation
range for real time recording. The energy
spectra of the encoded video signals will
vary, of course, constantly as the picture
information changes. However, the bulk
of the high energy level components of the
encoded video signals will remain clustered
in this 4.3 MHz to 6.3 MHz area, regard-
less of these changes in the picture informa-
tion. )

FIGURE 3 shows an average spectrum
plot of the encoded video signals in
accordance with the afore-mentioned UK
Specification. 1 557 190 format appearing at
the output of the modulator apparatus 24,
with the slow-down processors 12 and 20
employed to develop signals suitable for
recording at a 2X-down recording speed.
At 2X-down recording speed, most of the
video energy is concentrated in the region
of 2.15 MHz (i.e., 4.3/2) to 3.15 MHz (e.g.,
6.3/2).

The solid curve A in FIGURE 4 shows
the frequency response characteristic of a
cutterhead 14 suitable for recording signal
components of a 2X-down recording speed.
Pursuant to the principles of the present
invention, the cutterhead resonance is estab-
lished at a frequency in the midst of the
frequency band where most of the energy
of the encoded video signal components
occurs (ie., 53/2 MHz). Further, com-
paring the plot of FIGURE 3 and the solid
curve A of FIGURE 4, it will be seen 130

70

75

80

85

90

95

100

105

110

115

120

125



1586 715 5

that the shape of the output response of
the cutterhead 14 (i.e., stylus displacement)
to signal .components, in the region of the
resonant frequency of - the cutterhead,
5 varies with frequency in a manner that
corresponds to the manner in which the
énergy levels of the signal components vary
in that region. On the other hand, the
dotted curve B and the dashed curve C
illustrate response -characteristics that do
not match the upper portion of the spectral

10

distribution curve of the recorded signal in -

this region, even though the maxima of
these curves-are aligned in frequency with
15 the maximum of the spectral distribution
curve. For example, the dotted curve B,
while indicating greater sensitivity at
resonance, is too narrow to match with the
spectral distribution curve of the recorded
signal, and, on the other hand, the dashed
curve C does not have an adequate sensi-
tivity at resonance and is too broad to
match with the spectral distribution curve.
The advantages of -the alignment of the
cutterhead. response - with the energy
spectrum of the encoded signals will become
clear in the discussion that follows.
FIGURE 5 shows the frequency response
characteristic of the equalizer circuit 26 of
30 FIGURE 1. From that comparison of
FIGURES 3, 4, and 5, it will be seen that
the frequency response characteristic of the
equalizer circuit 26 is complementary to the
fréquency response characteristic of the
35 cutterhead 14 and the spectral distribution
of the higher energy level components of
the éncoded video signals. i
The equalizer circuit 26, pursuant to the
principles of the present invention, serves
40 dual purposes. On the one hand, it
coperates with the cutterhead 14 to provide
a frequency response characteristic which
is relatively flat (FIGURE 6) over the
bandwidth occupied by the components of
45 the encoded video signal. On the other
hand it serves to attenuate the energy level
of signal components lying in the region
where most of the energy of the encoded
video signal occurs (FIGURE 7), thereby
50 protecting the cutterhead from application
of excessive electric fields. The attenuation
of the applied energy makes possible the
use of a smaller cutterhead than would
otherwise be the case. The smaller cutter-
55 head structure, in turn, results in a rela-
tively wide cutterhead bandwidth.
" As previously stated, when operating at
frequencies well below the principal reso-

20

25

nant frequency of the cutterhead, the picture -

‘60 carrier level (ie., high frequency FM
carrier level) is 'set at ‘175 volts (RMS) to
obtain a recording having a satisfactory
signal-to-noise ratio (e.g., 54 dB). Pursuant
to the approach of the present invention

‘65 (where the cutterhead response is aligned

with the energy spectrum of the encoded
signal) when the picture carrier level at the
input to the equalizer circuit 26 is set to
provide the same cutterhead recording level
to record video signals having the spectral 70
distribution shown in FIGURE 3, the
maximum voltage appearing across the
cutterhead 14 is substantially reduced (e.g.,
to 55 volts- RMS). The electric field appear-
ing across the cutterhead 14 is also corres-
pondingly reduced. For example, 'the
electric field strength across the cufterhead
suitable for 2X-down recording speed (e.g.,
a cutterhead having a thickness, excluding
the stylus and the pedestal, of about 0.010
inches) is reduced by a factor of three
(ie., reduced from 17,500 volts RMS per
inch to 5,500 volts RMS per inch); a sub-
stantial improvement, indeed. It should be
noted that, depending on the type of piezo-
electric material used, the limits for the
best type of piezoelectric driver materials, to
avoid thermal runaway problems, are of
the order of 10,000 to 30,000 volts RMS
per inch. The reduction in field strength 90
appearing across the cutterhead -is even
more important when recording at real
time, where the cutterhead thickness,
excluding the stylus and the pedestal, is
likely to be even smaller. In addition,
when recording is made -at real time, the
mechanical losses become more important,
because they are relatively higher due to
the increase in recording stylus velocities,
which increase with increase in signal com- 100
ponent frequencies. _

If one were to use the approach of
limiting the highest significant frequency
component of the recorded signal to a
frequency well below the resonant frequency 105
of the cutterhead for recording the encoded
video signal in the afore-mentioned format
of UK 1557190, the cutterhead 14, which
has a thickness, excluding the stylus and
the pedestal, of about 0.010 inches, which
has a relatively uniform frequency response
characteristic - to 1 MHz, and -whose
resonant -frequency is located at 2.65 MHz
(e.g., 5.3/2), would be only suitable for re-
cording at a speed which is reduced by a
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factor of approximately 9 relative to the real
‘time recording speed. However, the same

cutterhead pursuant to the principles of
the present invention, permits recording at
a speed. which is reduced only by a factor
of 2 relative to the real time recording
speed. :

If we do not align the cutterhead and
equalizer in the manner described, the
applied voltage to the cutterhead would have
to be up to 3 times larger for the same
encoded signal recording level. Then, if we
‘also had to place the principal resonant
frequency (e.g., 5.3/2 MHz) up to 4.5 times
higher in frequency than the center 130
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frequency of the carrier frequency deviation
range (e.g., 5.3/9 MHz) and not equalize
the cutterhead, as mentioned previously, the
required cutterhead thickness could be up
5 to 4.5 times thinner. Taken together, this
could mean that the permissible recording
signal level may have to be limited relatively
by up to 3 X 4.5 = 13.5 times for the same
limiting value to be placed on the internal

10 electric field for insuring stable operation.
Therefore, the design of cutterheads to allow
operation at the principal resonant frequen-
cies, and the alignment of -cutterhead,
equalizer, and spectra characteristics, as

15 presently discussed, have brought about a
larger (signal output) X (bandwidth) pro-
duct. This has made it possible to success-
fully record at the 2X-down speed, and it
greatly improves the probabilities of re-

20 cording at the real time speed.

Another advantage of aligning the cutter-
head and equalizer response with that of
the encoded signal spectra, as outlined above
is that carrier-waveform distortion intro-

25 duced in the power amplifier and/or in the
cutterhead will be reduced. The equalizer
precedes the power amplifier in the circuit,
and so distortion introduced prior to the
equalizer will not be affected, providing that

30 the frequency components involved are
within the passband of the system. How-
ever, waveform distortion of the video
carrier produced in the power amplifier, the
matching transformer, and the cutterhead

35 will be reduced because the second, third,
etc., harmonic components will be well
down the cutterhead response curve relative
to the amplitude of the video carrier funda-
mental which will be near the resonant

40 peak. See FIGURE 2.

Conversely, should the other design
approach be used with the principal reso-
nant peak of the cutterhead about 4.5 times
higher in frequency than that of the centre

45 of the carrier-frequency-deviation band, the
second and third harmonic would be
accentuated since they would then be nearer
to or at the cutterhead’s principal resonant
peak.

50  The novel design of the applicant’s cutter-
head that provides the required response
characteristic is made feasible by the fact
that the distribution of spectral components
of the recorded signal are almost all con-

55 tained within about one octave of the
frequency spectrum. It can be seen from
FIGURE 2 that, for encoded video signals
in the afore-mentioned format, the highest
energy level components, that is, those

60 which lie within 20 dB of the maximum,
all fall between the 3.5 MHz and 7 MHz
range (ie., within one octave of the
frequency spectrum). In such case, a cutter-
head can be constructed which has signifi-

65 cantly increased sensitivity (e.g., 10 dB or

more) over a relatively small number of
octaves (i.e., one octave). In other words, a
cutterhead, which has a response charac-
teristic that substantially matches the
spectral distribution curve of the recorded 70
signal over a relatively small number of
octaves (e.g., 3.5 MHz to 7 MHz), can be
constructed.

However, if the video baseband signal,
extending from 30 Hz to 3 MHz, were re- 75
corded directly, rather than being encoded
on an FM carrier as is the case here, the
spectral distribution of the recorded signal
would extend over many octaves of the
frequency spectrum (i.e., 17 octaves). It 80
would be very difficult to construct a cutter-
head which has a significantly increased
sensitivity that matches the spectral distri-
bution of the baseband signal if it extends
over this many octaves of the frequency 85
spectrum. (e.g., 17 octaves).

The audio baseband signal, extending
over 20 Hz to 20 KHz occupies about 10 -
octaves of the frequency spectrum. Again,
it would be very difficult to construct a 90
cutterhead which has significantly increased
sensitivity over this many octaves of the
frequency spectrum.

When the “ Q> of the resonant peak of
the cutterhead is adjusted for proper results, 95
the increased sensitivity near the resonant
peak of the cutterhead will only extend over
about one octave. This explains why appli-
cant’s technique of matching the cutterhead
response characteristic to the spectral distri-
bution curve of the recorded signal is
particularly suitable for recording signals
occupying a relatively small number of
octaves (e.g., one octave).

The resonant frequency of the audio
cutterhead is typically adjusted to a
frequency which is about two to three times
higher than the center frequency of the band
of frequencies where most of the energy of
the audio baseband signal occurs (i.e., 200
Hz to 500 Hz range). A narrow frequency
region of attenuation of the signals applied
to the audio cutterhead (e.g., 1 octave) near
the principal resonant frequency of the
cutterhead (due to employment, for example,
of an inverse feedback circuit) does not
significantly change the maximum voltage
applied to the audio cutterhead, because
audio baseband signal components extend
over many octaves (e.g., 10 octaves).

‘Moreover, the construction of the cutter-
head should not only provide a response
characteristic that matches the upper portion
of the spectral distribution curve of the re-
corded signal as indicated above, but should
also desirably provide a satisfactory vertical
motion of the recorder stylus up to and
about one-half octave beyond the principal
resonant frequency of the cutterhead. The
cutterhead construction should be such 130
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that the unwanted horizontal motion of the
recorder stylus remains but a small fraction
of the vertical motion of the stylus over this
range. ~The pyramidal, low profile cutter-
head described in U.S. Patent 4,035,590,
issued July 12, 1977, to J. B. Halter, is
particularly suitable for this task. The
pyramidal, low profile construction of the
afore-mentioned Halter cutterhead has
adequate stiffness in the horizontal direc-
tions as well as the vertical direction,
thereby permitting an effective control of the
horizontal motion of the recorder stylus.

Although the applicant has herein de-
scribed a 2X-down recording system, the
principles of the present invention are
equally applicable to a real time recording
system. For example, while the cutterhead
which has thickness, excluding the stylus
and the pedestal, of 0.010 inches is herein
used for recording at a 2X-down recording
ppeed when the input carrier frequency
deviation range, before slow-down, is located
between 5.3 MHz to 6.3 MHz, the same
cutterhead can as well be used for real
time recording if the input carrier frequency
deviation range, before slow-down, were
located between 2.65 MHz to 3.15 MHz
pursuant to a different signal encoding
format. '

WHAT WE CLAIM IS:—

1. A system for electromechanically re-
cording signals in a disc master; the
frequency spectrum of said signals having a
region of relatively high energy level; said
system comprising:

a terminal for a source
signals; ‘

a wideband cutterhead responsive to said
signals for recording said signals in said
disc master, when relative motion is
established therebetween;

the frequency response characteristic .of
said cutterhead having a region of relatively
increased sensitivity surrounding the reso-
nant frequency of said cutterhead;

means for applying said signals to said
cutterhead to cause said cutterhead to
undergo vibrations in representation of said
signals; and .

means interposed between said signal
source terminal and said signal applying
means for selectively processing said
signals;

the frequency response characteristic of
said signal processing means having a
region of relatively increased attenuation
in alignment with said region of relatively
increased sensitivity of the frequency
response characteristic of said cutterhead,
so as to provide an overall frequency
response characteristic which is relatively
uniform over said signal frequency
spectrum; and ‘

said cutterhead and said signal processing

for supplying such

means being constructed such that the

shape of the frequency response charac-
teristic of said signal processing means
complements the shape of the energy
distribution characteristic typical of said
signals supplied in said region of relatively
high energy level of said signal frequency
spectrum, so that the energy level of said
high energy level signal components is
substantially reduced prior to their applica-
tion to said cutterbead.

2. A system according to Claim 1 for

recording signals having a carrier whose
frequency is modulated over a frequency
deviation range in representation of video
information, said syste:t: comprising :

said processing means interposed between
said signal source terminal and said signal
applying means selectively reducing the
energy level of said signals;

said energy level reducing means being
constructed . such that the shape of the
frequency response characteristic  of said
energy level reducing means is inversely
related to the shape of the frequency
response characteristic of said cutterhead in
said region of relatively increased sensi-
tivity, so that the combined response of said
energy level reducing means and said
cutterhead is relatively flat in the area of
said frequency deviation range;

said cutterhead being constructed such

that the principal resonant frequency of said-

cutterhead is substantially in alignment with
the center frequency of said frequency

deviation range, and such that the response.

of said cutterhead to said signal component
frequencies in the area of said frequency
deviation range varies with frequency in a
manner substantially corresponding to the
manner in which the energy level of said
signal components varies in the area of said
frequency deviation range; and

said energy level reducing means having a
response - characteristic that varies. in a
manper which is substantially the. inverse
of the manner in which the energy levels
of said signal components vary in the area
of said frequency deviation range so as to
substantially reduce the energy level of said
high energy level signal components prior
to ‘their application to said cutterhead.

3. A system according to Claim 1 for
recording  signals having a carrier whose
frequency is modulated over a frequency
deviation range in representation of video
information; said system comprising :

means coupled to said signal source for
developing slowed-down signals such that
signal components, clustered around said
frequency deviation range at the input of
said slowed-down signal developing means
appear as' signal components clustered
around a modified - frequency deviation
range at the output of said slowed-down
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signal developing means;
said wideband cutterhead responsive to
said slowed-down signals for recording said
_slowed-down signals in said disc master
5 when relative motion is established there-
between;
the response of said cutterhead to said
slowed-down signal components varying
with frequency; the frequency response of
10 said cutterhead having a region of relatively
increased sensitivity surrounding the reso-
nant frequency of said cutterhead;
said applying means when in operation
applying said slowed-down signals to said
15 cutterhead to cause said cutterhead to
undergo vibrations “in representation of
said slowed-down signals; and
said processing means selectively reduc-
ing the energy level of said slowed-down
20 signals;
said energy level reducing means being
constructed such that the shape of the
frequency response characteristic of said
energy level reducing means is the inverse
25 of the shape of the frequency response
characteristic of said cutterhead in said
region of relatively increased sensitivity, so
that the combined response of said energy
level reducing means and said cutterhead is
30 relatively flat in the area of said modified
frequency deviation range;
said cutterhead being constructed such
that the principal resonant frequency of said
cutterhead is substantially in alignment
35 with the center frequency of said modified
frequency deviation range, and such that the
response of said cutterhead to said slowed-
down signal component frequencies in the
area of said modified frequency deviation
40 range varies with the frequency in a manner
substantially corresponding to the manner
in which the energy level of said signal
components varies in the area of said modi-
fied frequency deviation range; and
45 said energy level reducing means having a
response characteristic that varies in a
manner whch is substantially the inverse
of the manner in which the energy levels
of said signal components vary in the area
50 of said modified frequency deviation range
so as to substantially reduce the energy
levels of said high energy level signal com-
ponents prior to their application to said
cutterhead.
55 4. A system according to any preceding
claim, wherein said cutterhead comprises :
a piezoelectric-type element responsive to
said signals;
a stylus secured to said piezoelectric-type
60 element for recording said signals in said
disc master when relative motion is
established therebetween;
a pedestal secured to said piezoelectric-
type element for providing a proper cutter-

65 head frequency response characteristic and as to substantally reduce the energy level

for preventing undesirable lateral motion
of said stylus; and

mounting means coupled to said pedestal
for disposing said stylus in a contiguous
relationship to said disc master to permit 70
recording of said signals in said disc master;
and

said signal processing means having a
response characteristic that varies in a
manner which is substantially inverse of 75
the manner in which the voltage levels of
said signal components vary over said
region of relatively high energy level so as
to substantially reduce the voltage levels of
said high energy level signal components 80
prior to their application to said cutterhead.

5. A system for electromechanically re-
cording signals in a disc master; the
frequency specrtum of said signals having
a region of relatively high energy level; 85
said system comprising:

a source for supplying said signals;

a cutterhead responsive to said signals
for recording said signals in said disc
master, when relative motion is established 90
therebetween;

the frequency response characterstic of
said cutterhead having a region of relatively
increased senistivity surrounding the reso-
nant frequency of said cutterhead; 95

means for applying said signals to said
cutterhead to cause said cutterhead to
undergo vibrations in representation of said
signals; and

means interposed between said signal
source and said signal applying means for
selectively modifying the energy level of said
signals;

said energy level modifying means being
constructed such that the shape of the
frequency response characteristic of said
energy level modifying means complements
the shape of the frequency response
characteristic of said cutterhead in said
region of relatively increased sensitivity, so
that the combined response of said energy
level modifying means and said cutterhead
is relatively uniform over said signal
frequency spectrum;

said - cutterhead being constructed such
that the response of said cutterhead to said
signal component frequencies in said region
of relatively increased sensitivity varies with
frequency in a manner substantially corres-
ponding to the manner in which the energy
level of said signal components varies over
said region of relatively high energy level
of said signal frequency spectrum; and

said energy level modifying means having
a response characteristic that varies in a
manner which is substantially the inverse
of the manner in which the energy levels
of said signal components vary over said
region of relatively high energy level so
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of said high energy level signal components
prior to their application to said cutter-
head.
6. A system as defined in claim 5
5 wherein said cutterhead comprises:
a piezoelectric-type element responsive to
said signals;
a stylus secured to said piezoelectric-type
element for recording said signals in said
10 disc master when relative motion is
established therebetween; ,
a pedestal secured to said piezoelectric-
type element for providing a proper
cutterhead frequency response characteristic
15 and for preventing undesirable lateral
motion of said stylus; and
mounting means coupled to said pedestal
for disposing said stylus in a contiguous
relationship to said disc master to permit

recording of said signals in said disc master; 20
said energy level modifying means having
a response characteristic that varies in a
manner which is substantially inverse of
the manner in which the voltage levels of
said signal components vary over said 25
region of relatively high energy level. so
as to substantially reduce the voltage levels
of said high energy level signal components
prior to their application to said cutterhead.
7. A recording system substantially as 30
hereinbefore described with reference to
Figure 1 or to all the Figures 1-7.

JOHN A. DOUGLAS,
Chartered Patent Agent,
50 Curzon Street,
London W1Y 8EU.
Agent for the Applicant.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1981.
Published at the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies
may be obtained.
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