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The invention relates to both a method and
apparatus or combination of devices particular-
1y designed to record and reproduce, with high
fidelity, & substantially greater range of frequen-
cies than could heretofore be recorded and re-
produced. The invention has particular appli-
cability to the recording and réproduction of
sound frequencies and, by the method and com-
bination of devices to be described, is capable of
_recording and reproducing, with high fidelity, the
entire audible frequency range. The invention
necessarily also includes a method and appara-
tus for recording, with high fidelity, an increased

range of frequencies or the complete audible -

range, and also a method and apparatus for re-
producing, with high 'fidelity, the recordmgs re-
ferred to above. :

It is an object of the invention to devise a new
and novel method of recording and reproducing,
with high fidelity, a wide range of frequencies,
such as sound waves and electrical oscillations.

Another object of the invention is to construct
& new and novel combination of devices for re-
cording and reproduclng, with high fidelity, the
audible sound range.

A still further object of .the invention is to
devise a new and novel method for recording g

wide range of frequencies, such as electrical os--

cillations and the audible sound range, so that

the range of frequencies may be reproduced with _

high fidelity.
Another object is to construct a new and novel
eombination of devices which are able to record
de range of frequencies, such as the entire

'au ble sound range, in such a fashion that the .

reproduction thereof has high fidelity.

Another object is to devise a method of re-
producing a recording of g wide range of fre-
quencies, such as sound, which recording has
been made in accordance with the recording in-
vention herein.

A further. object is to construct & new and
novel combination: of devices for reproducing,
with high fidelity, the recordings’ made in -ac-
. cordance with the invention herein.

Another object of the invention is to devise
8 method and combination of devices for trans-
forming the entire audible range of frequencies
into corresponding electrical waves and divid-
ing or separating this audiblé range of electrical
frequencies into a plurality of separate frequen-
¢y bands. The high frequency band or bands is
then converted into ‘low frequencies, and each
frequency band is recorded upon . a separate
sound track.

(CL. 179~100.3)

Another object is to devise a method and com- \
bination of devices for reproducing the plurality

.of frequency bands which have been recorded,

as set forth above, by transforming the record-
ing or sound track of each high frequency band
into electrical oscillations, and each frequency

_band which has been converted into low fre-

10

~ duced as sound waves.
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quencies is then reconverted to its initial fre-
quency band. Thereafter, all frequency bands
are mixed or combined to reproduce the original
range of electrical frequ:enmes which is repro-

‘Another object is to devise a method and com- )
bination of devices for the recording and repro-

ducing of the entire audible range of sound as

set forth in the two next preceding paragraphs.

A still further object is to devise a new and
novel sound -track such as for movmg picture
film.

Other objects of the mventlon will be more
apparent from the following description‘ taken -
in connection with the accompanying drawings, .
illustrating preferred embodiments of the inven-

“ tion, in which:

i

Figure 1 is a view, partially diagrammatic,
showing a combination of devices, or the electri-*
cal circuit by which a wide range of frequencies,
such. as the entire or a substantial part of the
audible range of sound waves, is recorded in
accordance with the invention. -

Figure 2 is a view, partially dxagrammatic,
showing the combmatron of devices or the elec-
trical circuit by which a recording of a wide
range of frequencies, obtained by the circuit
shownh in Figure 1, may be reproduced.

Figure 3 is a view, partially diagrammaitic, of
another electrical circuit or combination of de-
vices for recording a wide range of frequencies,
such as the entire or substantially the entire
audible range of sound frequencies, utilizing the
same method used by the circuit of Figure 1 to

" accomplish this result.

Figure 4 is a diagrammatic view of another
electrical circuit or combination of devices by -
which a recording made in accordance with the
invention herein can -be reproduced with high
fidelity.

Figure 5 shows means for producing a carrier .
frequency for modulating the high frequency
band or bands in.the recording of a wide range
of frequencies, such as the entire or a substantial
part of the audible range of sound frequencies,

-and also for demodulating the high . frequency

band or bands in reproducing a recording in ac-

65 cordance with the lnventlon.
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Figure 6 illustrates another means for record-
ing and reproducing a carrier frequency for both
modulating and demodulating the band or hands
of frequencies and particularly the high fre-
~quency band or bands.,

Figure 7 shows a portion of a moving picture
film on which a recording of a plurality of tracks
is made in accordance with the invention herein.

Present-day apparatus and methods of record-
ing and reprodueing: sound, such for example
as is. commonly. used with talking moving pic-
tures, are incapable of accurately recording and
reproducing frequencies in excess of 7500 to 8000
-¢cycles per second. At higher frequencies nu-
merous factors are introduced with present meth-
ods which tend to reduce high frequency re-
sponse, some of which factors are infer-electrode
capacitance, capacitance shunting of connecting
circuits between photocell and amplifier, and the
inherent inertia of gas cells at higher frequen-
cies. Also when the light scanning slit is re-
duced to very small proportions, as is necessary
in order to reproduce the very high frequencies,
the amount of light which reaches the photocell
is unbelievably small, so that the output of the
photocell is well below the ‘threshold of ground
noise of the amplifiers.
high frequencies therefore becomes impossible
because the tube noise of the amplifier stage
or stages is also amplified and drowns out the
high frequency sound waves or renders their re-
production unsatisfactory.

_ Again, at the higher audible frequencies and
particularly the frequencies in the neighborhood
of 15,000 cycles per second, and higher, the re-
cording of each wave upon the recording track
approaches in dimension the size of the grain
structure of the film which also tends to distort
the wave shape.  Also the wave forms of the
recording at these high frequencies in the audible
range are invariably so fine or close that they
are lost through printing and developing proc-
esses. If the recording of higher frequencies
were attempted on recording disks, the above
difficulties would be multiplied because of the
larger grain structure of disk material, as com-
pared with the grain structure of a film. The
- inability of present systems to reproduce or re-
produce accurately the upper harmonics of mu-
sical instruments is the one factor, more than
any cther, that makes present motion picture
sound systems unpleasant to listen to particu-
larly at higher volumes. The inaccurate repro-
duction of upper harmonics produces a metallic
or a tinny overtone in music and other sounds.
Both the loss of upper harmonics and their in-
accurate reproduction is caused by electrical and
optical deficiencies in the present-day systems.

It is to be understood that the:invention to
be described herein, although particularly ap-
plicable to the recording angd reproduction of
sound frequencies, is applicable to any frequen-
cies and to practically any range of frequencies,
because by selecting the propér modulating or
carrier frequency, the high fregquencies can be
converted to low frequencies in the range from
0 to 8000 cycles which present-day equipment
can record and reproduce with high fdelity.
Also the invention can be practiced in a range
of frequencies not exceeding 8000 cycles, al-

_though within' this range the usefulness of the’
invention is not as apparent since.present-day

equipment works satisfactorily in this range.
In the form of construction illustrated in Fig-
ures 1 and 2, the audible range of the sound
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‘Amplification of these -
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waves, or a desired part thereof, is transformed
into electrical -oscillations by any known means,
such as a microphone 18, and amplified in any
known manner, such as by the means A.dia-~

. grammatically illustrated. For the purpose of an

example, a range of frequencies selected for re~
cording and reproduction by the method of the
invention will be from 0 to 15,000 cycles per
second, which range is about twice that now
satisfactorily recorded and reproduced and is
substantially the full audible range. It is under-
stood that the invention is applicable to a lesser
or greater frequency range. ’

The circuit {! from the microphone is divided
into a plurality of branch circuits, such as the
circuits 12 and {3. One of these branch cir-
cuits, namely the circuit {2, has a wave filter
or filtering means i6 which passes or selects a
low band of frequencies, which in moving pic-
ture recording work may range from 0 to 8000
cycles, and suppresses all other frequencies. This
band of low frequeticies may then be recorded
by any suitable means {7 such as upon a sound
track 18 of a moving picture film {8 of Fig. 7.
This manner of recording is known to the art.
The second branch circuit i3 has a filtering
means 20 which passes a band of frequencies,
for example, from 8000 to 15,000 cycles, and
suppresses the low frequencies. - ’ )

It is evident that the range of sound waves or
frequencies from 0 to 15,000 cycles has been trans-
formed into corresponding electrical oscillations
which have been divided or separated into a
plurality of frequency bands, two being parficu-
larly described. The filters or filtering means
{6 and 20, which are used to divide or separate

. the entire frequency range into branches or sepa-
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rate frequency bands, may be of any suitable
kind which have a sharp cut-off frequency curve.
The high frequency band is transmitted through
a matching transformer {4 to means which con-
verts the frequencies of this band into low fre-
quencies capable of being recorded by known
systems upon a sound track, such as the sound
track of a moving picture film.. :

The high frequency band is converted: to a
low frequency by modulating the same with a
carrier frequency of, say, 7500 cycles to pro-
duce a low frequency side band and a high. fre-
quency side band in a known manner. This low
frequency side band, in the illustrated range of
8000 to 15,000 cycles for the high frequency band,
includes frequencies from 500 to 7500 cycles. The
high frequency side band and the carrier fre-
quency are suppressed and the low frequency
side band is recorded to form a recording or
track, such as the sound track 2{ upon the film
19 of Figure 7. This low frequency side band
can be recorded in the same manner and with
the same kind of equipment which was used to
record the low frequency band since its range
of frequencies is well within the range capable
of ‘being recorded by preseni-day systems,

The modulation or conversion of the high fre-
guency band is accomplished by providing an
oscillator 22 which preferably develops a funda-
mental frequency of, say, 1500 cycles. The 1500
cycles pass through a harmonic producer 23,

and the filter 24 sclects, for example, the fifth

harmonic of 7500 cycles which is the carrier.fre-

" -gquency and is impressed upon the amplifier cir-

75

_euit 25 through the transformer. 26. .The car-
_rier frequency may be directly produced if de-

sired, however there are certain advantages in -

-the method described such as greater- ease and
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accuracy in recording a lower carrier frequency.

The amplified carrier frequency preferably

- passes through a balanced H pad -21 which is

connected with the input of the modulating
means 30. The modulating means particularly
llustrated is a Hartley balanced type of modu-
lator, such ag that described in Patent 1,419,562,
which produces a low Irequency side band and
& high frequency side band and suppresses or
balances out the carrier frequency and the mod-
ulating frequency. A filter means 31 passes the
low frequency side band and suppresses the high
frequency side band, and the low side band is
recorded by recording means 32 in any suitable
fashion to provide a second sound track, such
as the second sound track 21 upon the moving
picture film 19, . The balanced modulator 30 and
filter means 31 provide means for passing the
low frequency side band and suppressing the
modulating frequency, the carrier frequency and
the high frequency side band. Other means may
be used to accomplish this result, -

The 1500 cycle fundamental or basic frequency
may be. recorded by any suitable means 35 upon
a third sound track 86 carried by the moving
picture film 9. It is not essential to have this
fundamental or basic frequency recorded, al-
though it is beneficial to do so because any shift
or drift in the frequency has its effect upon the
modulation of the higher ‘frequency band or
bands, and upon demodulation of these higher
frequency bands, it is desirable that the same fre-
quency shift occur and at the same time for more
accurate reproduction of the sound frequencies.
It.1s to be understood, however, that satisfactory
- high fidelity, reproduction is. obtained even
though the carrier frequency or a fundamental
frequency is independently produced. In other
words, it is not essential that the carrier fre-
. quency or a fundamental frequency be recorded

and ‘that a reproduction  of this Tecording be -

used to demodulate the reproduction of the sound
track of the low frequency slde band which is g
conversion of the high frequency band. .

The recorded sound waves are réproduced in
4 manner and with a combination of devices now
to be described, . 'The recording I8 of the low
frequency band is picked up and transformed

. into electrical oscillations by any suitable repro-
ducing means 38 which is diagrammatically i]-
lustrated. 'The recording 21 of the low frequency
side band, that
band, is picked up and transformed into elec-
trical oscillations by any suitable reproducing

means and amplified, all of which is accom- *

plished by means indicated generally at 39,
The recorded 1500 cycle frequency is picked
up and transformed into electrical oscillations by
the reproducing means 40, which oscillations may
be amplified and then pass to the harmonic pro-
ducer 41. The harmonic producer creates or
derives the harmonics of the 1500 cycle, and the
filter 42 passes the fAifth harmonic or a frequency.
of 7500 cycles, and suppresses all other har-
monics. This fifth harmonic is the carrier or
demodulating frequency and has any drift or
variation which occurred in the original modu-
lating frequency. Any Sultable harmonic pro-
ducer is contemplated. If the. reproducing cir-
cuit or means is near or adjacent the record-
" ing circuit or means, the carrier producing’ cir-
cuit 22, 23, 24, 25, 26 and 27 for the latter cir-
" cuit may be used, but if these two circuits are
Widely separated, as would be the case in' the
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moving picture fleld, then a separate means, as
described, must he provided for ‘producing an-
other carrier frequency for demodulation.

The 7500 cycle carrier frequency is amplified by -
the circuit 48 and then passes through a bal-
anced H pad 44, after which this carrier fre-
quency is applied to the circuit carrying the 500
to 7500 cycles of the low frequency side band,
or the converted high frequency band. In other -
words, the carrier frequency is applied to the
input of a demodulator means 45 which again
may be of the Hartley balanced type, as previ-
ously mentioned, whereby the carrier frequency
and the modulating oscillations are suppressed
or balanced out. The demodulated oscillations
produce a high and & low frequency side band,
the latter being the initia] frequency band of
8000 to 15,000 cycles. The output of the de-
modulator means is connected with a filter 46
which suppresses the low frequency side band

- and passes the high frequency side band which

25
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trical oscillations are transformed

5 or other sound reproducer

is the fnitial or original band of frequencies in
the high frequency band. The balanced demod-
ulator and filtering means 4§ comprise means for
creating a high frequency side band and sup-
pressing the carrier frequency, the modulating
oscillations and the low frequency side band.

The reconverted band of frequencies is com-
bined or mixed with the frequencies of the low
frequency or unmodulated band, whereby the
complete initial range of electrical oscillations
from 0 to 15,000 is reproduced. If these elec-
sound waves,
loud speaker
47 to reproduce the
original range of sound waves.

Another apparatus or combination of devices is
MMustrated in Figures 3 and 4 for recording and
reproducing & wide range of frequencies, such as
sound waves, by the same method described in
connection ‘with the combination illustrated in
Figures 1 and 2, but instead of using a balanced
modulator and demodulator of the Hartley type,
these views illustrate s combination of devices

then they may be connected to a

+5 utilizing a Carson type of balanced modulator

. and balanced demodulator described in his Pat-

is of the converted high frequency .

60

70
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* 18 of a moving picture

ent 1,343,306 which suppresses or balances out the
modulating oscillations but not the carrier fre-
quency. The Carson balanced modulator and

"balanced demodulator differs from the Hartley

circuit in this regpect,.

The recording system shown in Figure 3 is sub-
stantially the same as that shown in Pigure 1
with the substitution referred to above. The
parts or devices which are the same have been
given the same reference numerals, and hence
need not be described in detail. Briefly, the
microphone 18 transforms the sound waves intn
electrical oscillations which are then divided or
separated by a plurality of branch elrcuits, two
being particularly shown. Filter 16 passes a low
frequency band and suppresses all other fre-
quencies. The low frequency bang is recorded by
a recording means 1, such as upon a sound-track
film,

The filter 20 passes a high frequency band and
suppresses all other frequencies, which high fre-
quency band passes to the Carson type of balanced
modulator 52. The Carson type of modulator
functions in the manner described in his patent
referred to above. In other words, by modulating
with & carrier frequency of, say, 7600 cycles, there
is produced a low frequency side band of 125 to
7400 cycles, and a high frequency side band with
the modulating oscillations suppressed or bal-
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anced out, but not the carrier frequency, in much
the same fashion as the Hartley modulator pro-
duces a low frequency and high frequency side
band but with the carrier frequency and the
modulating oscillation suppressed or balanced out.
A filter or filter means 3i passes the low fre-
quency side band which is recorded upon a sec-
ond sound track, such as the track 21 upon the
moving picture film §8. The high frequency side
band and carrier is suppressed by the filter means.
It is to be understood that amplifiers A may
be supplied any place where desired or needed in
“the.circuit with respect to the circuit or com-
bination shown in Figures 3 -and 4, as well as
that shown in Figures 1 and 2. The circuit illus-
trated in Figures 3 and 4 does not show an H pad
in the carrier frequency circuit, such as the pad
27 and 44 shown in Figures 1 and 2. Such pads
or equivalent means may be used if desired.

In the form of circuit illustrated in Figure 3,

2,222,014
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the .carrier or demodulating frequency is shown

as being 7600 cycles which may be produced in
any known manner. The production of this fre-
quency is illustrated in a general way by the
oscillator means 53 which may produce the carrier
frequency of 7600 cycles directly, or it may be
produced by creating a basic or fundamental
frequency, passing the same through an harmonic
producer, and then with suitable filter .means
pass the desired hatrmonic of 7600 cycles and sup-
press all other harmonics. This method was
described in connection with the circuit of Figure
1. The carrier frequency, or a fundamental fre-
quency from which a harmonic frequency of 7600
cycles may be derived, may be recorded such as
upon a sound track 35 of the moving picture film
19 and the demodulating carrier frequency ob-
tained therefrom.

The reproducing circuit, illustrated in Figure 4,
and its method of operation are also much like
the combination of devices shown in Figure 2,

" excepting that it uses a Carson type balanced de-
modulator, instead of a Hartley type, and the
identical parts have been assigned the same nu-
‘merical designation.

In reproducing the plurality of frequency bands
into which the original frequency range has been
divided, the recorded low frequency band is
_transformed into electrical oscillations in the same
manner as described in connection with the con-
struction and method of Figure 2. The recording
2{ of the converted high frequency band is trans-
formed into electrical oscillations which are de-
modulated by the Carson type of demodulator
56 utilizing a carrier frequency of 7600 cycles
_which corresponds with the carrier frequency used
to modulate the original high frequency band.
The carrier frequency is produced in any suitable
way, such as from the recorded frequency 36 or
by a device diagrammatically illustrated as an
oscillator means 5%. The demodulation produces
a high and low frequency side hand, and the flter
46 suppresses .the low frequency side band and
carrier frequency and passes the high frequency
side band which produces the initial high fre-
quency band of 7725 to 15,000 cycles. The modu-
lating oscillations are baldnced out by the de-
modulator. The two branch circuits are con-

" nected so that the electrical frequencies are then

mixed or combined to reproduce the original

25
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where the full range of from 0 to 15,000 cycles of
audible sound is reproduced with accuracy or high
fidelity. ) : : ) :

Tt has been previously mentioned -that the
carrier frequency may be produced in any suit-
able manner. It has alsoc been mentionied that
for the maximum of accuracy or high-fidelity
the carrier frequency, or some fundamental fre-
quency from which the carrier frequency is
derived by a harmonic producer, -is recorded.
When the carrier is recorded, any drift'in the
carrier frequency is also recorded and this drift
is subsequently reproduced so that any  inac-
curacy created in the modulation of the fre-
quency band by this .drift is corrected for; in -
other words, the reproduction .of the original
modulating or carrier frequency automatically
compensates for this drift in the original car-
rier wave. } o

Another method of producing the carrier fre-
quency is illustrated in. Figure 5. The sound
sprocket 60 of a moving picture camera and also
of a moving picture projector runs at a speed’
which is substantially constant and its percent-
age of variation is very low. In other words, its
uniformity of rotation is very high. An oscilla-
tion generator €1 is illustrated in Figure 5 as be-
ing .connected to or carried upon -the- sound
sprocket 60. This generator may produce the
carrier frequency directly, or may produce &
fuhdamental or basic frequency which passes

- through a harmonic producer and the carrier

35

frequency is derived therefrom, as previously de-
scribed. The type of oscillation generator par-
ticularly illustrated in Figure 5 is described in

~ the Horton Patent 1,799,795. It is to be under-

40
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range of frequencies which may be amplified if

desired.
were sound waves, then the reproduced. electrical
. oscillations may be fed to a loud speaker/d'l

If the original range of frequencies ..

75

stood that this oscillation generator connected
to the sound sprocket of the moving picture
camera generates the carrier frequency for mod-
ulating the high frequency-sound band.

The same type of oscillation generator, or
an oscillation generator of any suitable Kkind,
may be connected to the sound sprocket of the
moving picture projector for developing the car- =
rier frequency either directly or by generating &
basic or fundamental frequency which passes.
through a harmonic producer, as previously de-
scribed, from which the carrier frequency is
derived. The carrier frequency is used in con-
nection with the moving picture reproduction to
demodulate the converted high frequency band
whereby its original range of frequencies is e~
stored or reproduced. L

Figure 6 illustrates another method of gen-
erating the earrier frequency, which generator
is again connected or coupled with the sound
sprocket 65 of the moving picture camera and
the same kind of carrier wave producer, or any °
other kind, may be connected. with- the sound
sprocket of the moving picture projector. In this '

_construction, a transparent sleeve 6 may be di-

rectly carried upon the shaft 67 upon which the’

- sound sprocket 65 is mounted. Upon this trans-.
_parent sleeve a piece,of sound film is mounted

which carries a sound track 68 of either the car~ ~
rier frequency or a basic .or fundamental fre-
quency from which the carrier frequency may be
derived, as heretofore described. :

A light source 72 passes through a lens tube
13 of known construction which produces a slit of
light which jis reflected by the prism 14 through
the sound track 68. A photocell 15 converts the
variations in light intensity, caused by the sound
track 68, into -electrical oscillations of the fre-
quency carried by the sound track.. Since the
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sound sprocket 66 rotates at a very uniform
Speed, a very uniform carrier oscillation, or a
basic or fundamental frequency from which the
carrler is derived, is obtained. It should be
noted, too, that any variations In the speed of
the sound sprocket of the projector will create
& slight drift in the frequency of the carrier
wave and thereby tend to compensate -for the
varlations in speed of the sound sprocket in the
sound reproduced from the sound track on the
moving picture film. )
Preferably, the sound track 68 is a basic or
. fundamental frequency which passes through g
harmonic producer 78 and g filter 19 selects the
harmonic which is the desired carrier frequency.
In this construction also amplifiers A may be
provided wherever needed. :

10

15

It has been described hereinbefore that the E

‘carrier frequency may be recorded or a funda-
mental frequency can be Tecorded from which
the carrier frequency is produced. This funda-
mental frequericy may be used to produce the
carrier frequency for both the modulation or

20

conversion of the high frequency band or bands °

into a low frequency side band, and the demodu-
lation of the low frequency side band or bands
by which the latter is reconverted into its in-
itial high frequenhcy band. It is to be understood,
therefore, that g recording of a frequency from
-which the carrier frequency can be derived con-
stitutes a definition of a recording, whether it be
& recording of the carrier frequency, or a record-

. before.

30

-ing of & fundamental frequency from which the .

carrier frequency may be produced. .
Although the method and apparatus described
herein have particular applicability to the

5

previously described, which 2000 cycles pass to a
harmonic producer and a propétly designed filter
selects the fourth harmonic, or 8000 cycles, both
for modulating or converting the high frequency
band of the two bands of sound frequencies into
low frequencies and for demodulating the con-
verted high frequency band to reproduce the
original high frequency band. :

It is also clear that by following the principles
outlined above, it will be readily apparent that
the invention is not limited to dividing the range
of electrical frequencies, or the sound frequency
range, into two branches or two bands of fre-
quencies, but that it may be divided into a
greater number of branches or frequency bands,
thereby lowering the frequency range in each
branch or frequency band for the full range of
frequencies. In other words, if it is desired to
record and reproduce a range from 0 to 18;000
cycles, this initia} range can be divided into three

‘frequency bands of 6000 cycles each in three

branch circuits. The low frequency band is
recorded. Each high frequency band is modu-
lated or converted to produce two low frequency
side bands, and each low frequency side band
is recorded in the manner described herein-
For reproduction of the original fre-
quency range, the recordings are converted into
electrical oscillations. Each low frequency side
band is then demodulated with a carrier fre-

quency to produce a low frequency and a high -

frequency side band, the former being suppressed
and the latter being combined with the other

- demodulated side band and the unmodulated

35

recording and, reproduction of sound waves, the

method and apparatus are .applicable to record,
with high fidelity, a range of electrical oscilla-
tions carrying intelligence of any nature. The

frequency band to reproduce the initial frequency
range. The electrical oscillations, if originally -
transformed from sound waves, may be repro-
duced as sound waves with a loud speaker. - The

' carrler frequency or frequencies- is selected- so

40

range of frequencies which can be recorded and -

reproduced, with high fidelity, by the method
and combination of devices of the invention is
considerably greater than the range which can
be recorded and reproduced by bracticing known
methods and using: known combinations of ap-
baratus. ‘The wide range of oscillations to be

recorded and reproduced may be such oscilla-

45

tlons like sound waves which must be trans- .

- formed into electrical oscillations and then re-
produced as sound, or may be electrical oscilla-
‘tions which need not be transformed into some
other kind of waves or oscillations. ,
It will be observed that by the method of re-
cording and reproducing sound as described, the
recorded - frequencies are not in excess of 8000

cycles which present-day apparatus is well capa-

50,

55

. ble of recording and reproducing with accuracy

or high fidelity. The ultimate reproduction,
however, in the example {llustrated, is through-
out & range of from 0 to 15,000 cycles and a flat
or substantially flat frequency response is ob-
tained throughout this entire range. .
It is clegughat there may be many variations
in the de of  recording and reproducing a
wide range of frequencies as described herein.
For example, the recording range can be raised
to 16,000 cycles by properly designing the filters
and utilizing, say, an 8000 cycle carrier frequency
or wave. -The modulation of the 8000 to 16,000
* frequency would result in a low frequency side

60
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band ranging from 0 to 8000 cycles which would -

be recorded. A basic or fundamental frequency
of 2000 cycles may bhe produced by an osciilator

wh‘ich is recorded, rather than the 1500 cycles 75

.present-day equipment is capable of re

that the plurality of bands into which the full
range of frequencies has been divided can be
converted into a band of low frequencies which
is well within the range of frequencies which
ording
and reproducing with accuracy or high fidelity.
The filters or filter means used should be fairly
sharp and particularly the filters used to sepa-
rate or divide the entire range of frequencies
into separate frequency bands. The filters used
after the modulators and demodulators need not
be particularly sharp, although this may depend
upon the spread between the low frequency and
high frequency side bands, ’ ’ )
This invention is presented to fill a' need for
improvements in-a method and apparatus- for
recording and reproducing. It is understood that
various modifications in structure, as well as
changes in mode of operation, assembly, and
manner of use, may and often do occur to those
skilled in the art, especially after benefiting from
the teachings of an invention. Hence, it will be
‘understood that this disclosure is illustrative of -
preferred means of embodying the invention in

‘useful form by explaining the construction, oper-

ation and advantages thereof. :
What is claimed is: . . -
1. A method of recording and reproducing a .-
wide range of électrical frequencies or -oscilla-
tions' comprising separating - the range of fre-
quencies of the electrical oscillations into a plu- -
rality of frequency ban , converting -at least
one of said frequency bands into a band of low
frequencies by modulating the same with a car- .
rier frequency, recording -each converted fre-

quency, band. and any unconverted frequency . -




band, transfoiming the recording of each fre-
quency band inio electrical oscillations, recon-
verking cach converied irequency band to its
initlal frequency range by demodulating with &
carrier frequency the same as that of the modu~ §
1a5ing carrier frequency for that frequency band,
and mixing the reconverted frequency band or
bands with each other and with any unconverted
frequency band or bands to restore the initial
freguency range.

2. A method of recording and reproducing &
wide range of electrical frequencies or oscilla-
slons comprising separating the range of fre-
.guencies of the electrical oscillations into & plu-
reiity of freguency bands, converting at least i3
one of said frequency bands into & band of low
frequencies by modulating the same with a car-
rier of & desired frequency, recording each coni-
verted frequency hand and any unconverted fre-
quency band, recording & frequency from which gg
each carrier frequency can be derived, trans-
forming the recording of each frequency band
into elecirical oscillations, transforming each
frequency recording into the carrier frequency,
reconverting each converted frequency band to o5
its initial frequency range by demodulating with
o carrier frequency the same &s that of ihe
modulating carrier freguency with which . each
converted frequency band was modulated, and
mixing each reconverted frequency. band with 3¢
any other and any unconverted irequency bend
+o vestore the initial frequency range.

3. A method of recording and reproducing a
wide range of sound frequencies or waves com-
prising transforming the sound waves into elec- 35
tiical oscillations, separating the range of ifre-
quencies of the electrical oscillations into a
plurality of frequency bands, converting at least
one of said frequency bands into a band of low
frequencies by modulating the same with & car-
rier frequency, recording. each converted fre-
guency band. and any uncenverted frequency
band, transforming the recording of each Ire~
quency band into electrical oscillations, recon-
verting each converted frequency band to its ini- 45
tial frequency range by demodulating with & car-
rier frequency the same as that of the modulating
carrier irequency with which that frequency.
band was modulated, mixing the reconverted”
band or bands with each other and with any un- 50
converted frequency band or bands to restore the
initia]l frequency range, and reproducing the
oscﬂlgtions of the wide frequency range as sound
waves, : .

4. A method of recording and reproducing a 55
wide range of sound freguencies or waves com--
prising transforming the sound waves into elec-.
- trical oscillations, separating the range of fre-
quencies of the electrical oscillations into-a. plu-
rality of frequency bands, recording “the low fre- 60
quency band, converting each higher band of ire-

" gquencies into a band of low frequencies by modu-
lating with a carrier frequency, recording each

" of said: converted. frequency bands, transforming -
the recording of each frequency band into elec- 65
trieal oscillations, reconverting each higher fre-
quency band to its initial frequency range by
demodulating with a carrier frequency the same
as that of the modulating carrier frequency for .

~ that respective frequency band, mixing the recon= 70

verted high frequency band or bands with each

other and with the low frequency band, and re-

producing ‘the oscillations of the wide frequency

range as sound waves. . ' :
‘5. A method of recording snd reproducing a 75

: [}
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wide range of sound frequencies or waves com-
prising transforming the sound waves into elec-

“ trical oscillations, separating the range of fre-

quencies of the electrical oscillations into & plu-~
rality of frequency bands, recording the low ire-
quency band, producing & carrier frequency, con-
verting each higher band of frequencies into 2
pand of low freguencies by modulating with the-
carrier frequency, recording each of said con-
verted frequency bands, recording 2 frequency
from which the carrier frequency can be derived,
transforming the recording of each frequency,
pand into electrical oscillations, reproducing the
carrier frequency from the recorded frequency,
reconverting each higher frequency band to its
initial frequency range by demodulating with the
carrier freguency, mixing the . reconwverted high
frequency bands with each other and with the
low frequency band, and reproducing the oscilla-
tions of the wire frequency range as sound waves.
3. & method of recording and reproducing 2 -
wide range of sound frequencies or waves COmt-
prising transforming the sound waves into elec-
trical oscillations, separating the range of fre-
quencies of the electrical oscillations into a plu-
rality of frequency bands, recording the low fre-
quency band, producing a fundamental frequency
from which a carrier frequency may be derived,
converting each higher band of frequencies into
a band of low frequencies by modulating with
the carrier frequency, recording each of said con-"
verted frequency bands, recording the aforesaid

, fundamental frequency, transforming the record-

ing of each frequency band into electrical oscil-
lations, reproducing the carrier frequency from
the recording of the fundamental frequency, re-
converting each higher frequency band to its .
initial frequency range by demodulating with the
carrier frequency, mixing the reconverted high
frequency bands with each other and with the
low frequency band, and reproducing - the elec- -
trical oscillations of the wide frequency range as
sound waves. '

7. A method of recording & wide range of elec-
trical frequencies or oscillations comaprising sep-
arating the range of frequencies of the electrical

oscillations into a plurality of frequency bands,

" converting at least one of said-frequency bands

into & band of low frequencies by modulsting the
same with a carrier freguency, and recording
each converted frequency band and any uncon-
verted frequency band. .

3. A method of recording a wide range of elec-

- trical frequencies or oscillagtions comprising sep- -

arating the range of frequencies of the electrical
oscillations inte a plurality of frequency bands,
converting at least one of said frequency bands

~ into a band of low frequencies by modulating the

same with & carrier of a desired frequency, re-
cording each converted frequency band and any
unconverted frequency band, and recording &
frequency from which each carrier frequency can,

9. A method of recording a wide range of
sound frequencies or waves comprising trans-
fprming the sound waves into electricel oscilla~
tions, separq,ting. the range of frequencies of .the
electrical’ oscillations into a plurality of {re- '
quency bands, converting at least one of said fre-
quency bands into a band of low frequencies by
modulating the same with a carrier frequency,,
and recording each converted frequency band and -
any unconverted frequency band.

10. A method of recording a wide range of
sound frequencies comprising. transforming the

.
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sound waves into electrical waves, separating the
range of.frequencies of the electrical waves into
& plurality of frequency bands, recording the low
frequency band, converting each higher band of
frequencies into a band of low frequencies by
modulating with a carrier frequency, and record-~
ing each of said converted frequency bands.

11. A method of recording a wide range of
sound frequencies. comprising transforming the
sound waves into electrical oscillations, separat-
ing the range of frequencies of the electrical
oscillations into a plurality of frequency bands,
recording the low frequency band, producing a
carrier frequency, converting each higher band
of frequencies into a band of low frequencies by

5
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15

modulating with the carrier frequency, recoiding .

each of said converted frequency bands, and re-
cording a frequency from which a carrier fre-
quency can be reproduced. B
12. A method of recording a wide range of
sound frequencies comprising transforming the
sound waves into electrical oscillations, separat-
ing the range of frequencies of the electrical
oscillations into a plurality of frequency bands,
recording the low frequency band, producing a
- fundamental frequency from which 4 carrier fre-
quency may be derived, converting each. higher
band of frequencies into a band of low fre-
quencies by modulating with a carrier frequency,
recording each of saild converted frequency
bands, and recording the aforesaid fundamental
frequency. o
13. A method of reproducing a wide range of
electrical frequencies or oscillations which have
been. separated into a Plurality of frequency
bands, at least one of said frequency bands hav-
ing been converted into a band of low fre-
quencies by modulating the same with a carrier
frequency and each converted frequency band
and any unconverted frequency band having been
recorded comprising transforming the. recording
of each frequency band into electrical oscilla-
tions, reconverting each converted frequency
band to its initial frequency range by demodulat-
ing with a carrier frequency the same as that of
the modulating carrier frequency for that fre-
quency band, and mixing the reconverted fre-
quency band or bonds with each other and with

any unconverted frequency band or bands to

restore the initial frequency range. -

14. A method of reproducing a wide range of
electrical frequencies or oscillations which have
been separated into a plurality of frequency
bands, at least one of said. frequency bands hav-
ing been converted into a band of low frequencies
by modulating the same with a carrier of a de-
sired frequency, and each converted . frequency
band and any unconverted frequency band and a
frequency from which each carrier frequency
can be derived having been recorded comprising
transforming the recording of each -frequency
band into electrical oscillations, transforming
each frequency recording into the carrier fre-
quency, reconverting each converted frequency

v

band to its initial frequency range by demodulat-

ing with a carrier frequency the same as that_

of the modulating carrier frequency with which
each converted frequency band was modulated,
and mixing the reconverted frequency band or
bands with each other and with any unconverted
frequency band or bands to restore the initial
frequency range. -

i5. A method of reproducing a wide range of
sound frequencies or waves which have been
separated into a plurality of frequency bands, at
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least one of said frequency bands having been
converted into a band of low frequencies by
modulating the same with a carrier frequency,
and each converted frequency band and any un-
converted frequency band having been recorded
comprising ‘transforming the recording of each
frequency band into electrical oscillations, re-
converting each converted frequency band to its
initial frequency range by demodulating with a -
carrier frequency the same as that of the modu-
lating carrier frequency with which that fre-
quency band was modulated, mixing the recon-
verted band or bands with each other and with
any unconverted frequency band or bands to
restore the initial frequency range, and repro-
ducing the oscillations of the wide frequency
range as sound waves. )

16. A method of reproducing a wide range of
sound frequencies or waves which have been, sep-
arated into a . plurality of frequency bands, at
least one of said frequency bands having been
converted into a band of low frequencies by
modulating with a carrier frequency and each of
said frequency bands having been recorded com-
prising transforming the recording of each fre-
quency band into electrical oscillations, recon-
verting each higher frequency band to its initial
frequency range by demodulating with a fre-
quency the same as that of the modulating car-
rier frequency for that frequency band, mixing
the reconverted high frequency band or bands
with each other and with the low -frequency
band, and reproducing the oscillations of the -
wide frequency. range as sound waves,

17. A method of reproducing a wide range of
sound frequencies which have been transformed
into electrical oscillations, the electrical oscilla-
tions having been separated into a plurality of
frequency bands, each higher band of frequencies
having been converted. into a band of low fre-
quencies by modulating with a carrier frequency,
all of which bands having been recorded as well
as & frequency from which a carrier frequency
can be reproduced comprising transforming the
recording of each frequency band into electrical
oscillations, reproducing the carrier. frequency
from the recorded frequency, reconverting each.
higher frequency band to its initia] frequency
range by demodulating with the carrier fre-
quency, mixing the reconverted high frequency
bands with each other and with the low fre-
quency band, and reproducing the electrical os-
cillations of the wide frequency range as sound
waves. . . .

18. A method of reproducing a wide range of

'sound frequencies which have been transformed

into electrical oscillations and the range of fre-
quencies of the electrical oscillations have been
separated into -a plurality of frequency bands
with each higher band of frequencies being con-
verted into a band of low frequencies by modu-

. lating with a carrier frequency and each of said
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frequency bands and a fundamental frequency
from which a carrier frequency can be derived
having been recorded comprising transforming
the recording of each frequency band into elec-
trical oscillations, reproducing the carrier fre-

- quency from the recording of the fundamental
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frequency, reconverting each higher frequency
band to its initial frequency range by demodu-
lating with the carrier frequency, mixing the
reconverted high frequency bands -with each
other and with the low frequency band, and re-
broducing the electrical oscillations of the wide
frequency range as sound waves, :




19. An apparatus for recording and reproduc-
ing a wide range of electrical frequencies or
- oscillations carried by a circuit comprising a
plurality of branch circuits, filtering means in
each branch circuit for passing a band of fre-
quencies of the electrical oscillations and sup-
pressing other frequencies whereby the initial
range of frequencies is separated into a plurality
of frequéncy bands, means producing & carrier
frequency connected with "at least one branch
circuit for mcdulating the frequency band car-
ried thereby into a low frequency and a high
frequency side band, means in the output of.
each circuit carrying a modulated frequency band
for passing the low frequency side band and sup-
pressing the high frequency side band, the modu.-
lating oscillations and the carrier frequency,
means for recording each l1ow frequency side band
and any unmodulated frequency band, means for
each recording for transforming the same into
electrical oscillations, the carrier frequency pro-
ducing means being connected with each of the

[
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next aforesaid means which carries a side band -

frequency for demodulating each side band fre-

. quency into a low frequency and a high frequency-

side band, means for passing the high frequency
side band and suppressing the low frequency side
kand, the carrier frequency and the modulating
frequency whereby the initial frequency band is
recreated, the output of each of the next afore-
said means and any transforming means carry-
ing an unmodulated frequency band being con-
nected whereby the demodulated frequency band
or bands are mixed with each other and with
any unmodulated frequency hand or bands to
restore the initial frequency range. ’

20. An apparatus for recording and reproduc-

[
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ing a wide range of electrical frequencies or os-

cillations carried by a circuit comprising a plu-
rality of branch circuits, filtering means in each

40,

branch circuit for passing a band of frequencies

of the electrical oscillations and suppressing
other frequencies whereby.the initial range of
frequencies is separated into a plurality of fre-
quency bands, means producing a carrier fre-
quency connected with at least one branch cir--
cuit for modulating the frequency band carried
thereby into a low frequency and a high fre-
quency side band, means in the output of each
“circuit carrying a modulated current for passing
the low frequency side band and suppressing the
high frequency side band, the carrier frequency
and the modulating oscillations, means for re-
cording each low frequency side band and any
unmodulated frequency band, means for each
recording for transforming the same into elec-
trical oscillations, a second means for producing.
a carrier frequency of the same frequency as the
carrier frequency used for modulating the afore-
said frequency band and being connected with
each of the next aforesaid means which carries
‘a low frequency side band for demodulating the
same into a low frequency and a high frequency -
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side band, means for passing the high frequency . !
65 side of each demodulator for demodulating each

side band and suppressing the low frequency side
- band, the demodulating oscillations and the car-
- rier frequency whereby the Initial frequency
. band is recreated, the output of each of the
aforesaid means being connected and the trans-

"forming means carrying. an unmodulated fre- xq

quency band whereby the demodulated frequency
band or bands are mixed with each other and
with any unmodulated frequency band or bands
_ __to restore the initial frequency range.

21. An apparatus for recording and reproduc-
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ing -a wide range of electrical frequencies or
oscillations carried by a circuit comprising a
plurality of branch circuits, fillering means in
each branch circuit for passing a band of fre- -
quencies of the electrical oscillations and sup-.

pressing other frequencies' whereby the - initial = -

range of frequencies is separated into a plu- -
rality of frequency bands, means producing a
carrier frequency connected’ with at-least one
branch circuit for modulating the frequency

.band carried thereby into a low frequency and a

high frequency side band, means in the output
of each circuit carrying a modulated current for
passing the low frequency side band and sup-
pressing the high frequency side band, the car-
rier frequency and the modulating oscillations,
means for recording each low frequency side band
and any unmodulated frequency band, means for
recording a frequency from which the carrier
frequency can be derived, means for each fre-
quency band recording for transforming the
same into electrical oscillations, means for pro-
ducing the carrier frequency from theé frequency
recording and connected with the output of each
of the next aforesaid means which carries a side
band frequency for demodulating each low Ire-
quency side band into a low frequency and- a-
high frequency side band, means for passing
the high frequency side band and suppressing
the low frequency side band, the demodulated
side band and the carrier frequency whereby the
initial frequency band is recreated, the output of
each of the aforesaid means and any transform-
ing means carrying an unmodulated frequency
band being connected whereby the reconverted
frequency band or bands are mixed with each
other and with ‘any unmodulated frequency
band or bands to restore the initial frequency
range, - i .
22. An apparatus for recording and reproduc-
ing a wide range of electrical frequencies or os-
cillations carried by a circuit comprising a plu-
rality of branch circuits, filtering means in each
branch circuit for passing a band of frequencies
of the . electrical oscillations and suppressing
other frequencies whereby the initial range of
frequencies is separated into a plurality of fre-
quency bands, a balanced modulator connected
with at least one of the filter means, means pro-
ducing a carrier frequency connected with the
input side of at least one balanced modulator
for modulating the frequency band carried
thereby into a low frequency and a high fre-
quency side band, filter means in the output of
each balanced modulator for passing -the low
frequency side band and suppressing the high
frequency side band, means for recording each
low frequency side band and any unmodula?ed
frequency band, means for each recording for
transforming the same into electrical oscilla-
tions, a balanced demodulator connected with

_each of the next aforesaid means which carries

a side band frequency, the carrier frequency pro-
ducing means being connected with the input .

side band frequency into a low frequency and a
high frequency side band, filter means for pass-
ing the high frequency side band and suppressing
the. low frequency side band whereby the initial
frequency band is recreated, and the output of
each of ‘the next aforesaid means and the out-
piit of all transforming means carrying an un-
modulated frequency band "being ‘connected
whereby the demodulated frequency band or
bands are mixed with each other and with any
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unmodulated frequéncy band or bands to re-
" store the initial frequency range. = - ,

23. An apparatus for recording and reproducing
a wide range of sound frequencies or waves com-
prising means to transform the waves into elec-
trical oscillations, a plurality of branch circuits
leading therefrom, filtering means in each branch
circuit for passing a band of frequencies of the
electrical oscillations and suppressing other fre-

quencies whereby the .initial range of frequencies

is separated into a plurality of frequency bands,
means producing.a carrier frequency connected
with the output side of the filter means passing
& high frequency band for
into a low frequency and a high frequency side
band, means in the output of each circuit carry-
ing a modulateq frequency band for passing the
low frequency side band and suppressing the car-
rier frequency, the modulating oscillations and
the high frequency side band, means for record-~
ing each low Irequency side band and the un-
modulated low frequency band in separate sound
tracks, means for each recording for transform-
ing the same into electrical oscillations, ecarrier
frequency producing means connected with the
output side of the transforming means which car-
ries a side band frequency for demodulating each
side band frequency into a low frequency and a
high frequency side band, means for passing the
high frequency side band and suppressing the
carrier frequency, the demodulating oscillations
and low frequency side band whereby the initial
frequency band or bands is recreated, the output
of each of the next aforesaid means and of the
transforming means for the low frequency band
being connected whereby the demodulated fre-
quency band or bands are mixed with each other
and with the unmodulated frequency band to
restore the initial frequency range, and means
- toreproduce the initial frequency range as sound

waves. . ’

24. An apparatus for recording and reproducing
a wide range of sound frequencies or waves com-
prising means to transform the sound waves into
electrical oscillations, a plurality of branch cir-
cuits leading therefrom, filtering means in each
branch circuit. for passing a band of frequencies
of the electrical oscillations and suppressing other
frequencies whereby ‘the initial range of fre-
Quencies is separated into a plurality of frequency
bands, means producing a carrier frequency con-
nected with the output side of one filtering means
for modulating the frequency band carried there-
by into a low frequency and a high frequency

side band, means in each circuit carrying a modu- -

lated frequency band for passing the low fre-
quency side band and suppressing the carrier fre-
quency, the modulating frequency and the high
frequency side bhand, means for recording each
low frequency side band ‘and the unmodulated
frequency band in_separate sound tracks, means
for each.recording for transforming the same

intc electrical oscillations, a second carrier fre--

quency producing means connected with the out-
put side of at least one of the next aforesaid
means which carries a side band for demodulat-
ing . the side band into a low frequency and a

modulating. the same

~ electrical oscillations, a
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high frequency side band, means for passing the -

high frequency side band and suppressing the
- low frequency side band, the demodulating oscil-

lations and the carrier frequency'whereby the

70
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initial frequency band is recreated, the output of -

each of the next aforesaid means and of any
transforming means carrying - .an unmodulated
frequency band being connected whereby the de-

75

‘low frequency band and a

_ _ 9
modulated frequency. band or bands are mixed
with each other and with any unmodulated fre-
quency band or bands to restore the initial fre-:
quency range. . ’ ’ )
25. An apparatus for recording and reproduc-
ing a wide range of sound frequencies or waves
comprising means to transform the waves into
plurality of branch eir-
cuits leading therefrom, filtering means in each
branch ecircuit for passing a band of frequencies
of the electrical oscillations and suppressing other
frequencies whereby the initial range of fre-
quencies is separated into g plurality of frequency
bands, a balanced modulator connected with at
least one of the -filter means carrying a higher
frequency band, means producing a carrier fre-
quency and connected with the input side of each
balanced modulator for modulating the frequency
band carried thereby into a low frequency and s
high frequency side band, filter means in the out-
put of each balanced modulator for passing the
low frequency side band and suppressing the high
frequency side band, means for recording each
low frequency side band and the ‘unmodulated
frequency from which
the carrier frequency can be derived, means for
each recording for transforming the same into
electrical oscillations, a balanced demodulator
connected with each of the next aforesaid means
which carries a side band frequency, means for
producing a carrier frequency from the frequency
recording and connected with the input side of
each demodulator for demodulating each low fre-
quency side band into a low frequency and a high
frequency side band, filter means for passing the
high frequency side band and Ssuppressing the .
low frequency side band whereby the initial fre-
quency band is recreated, the output of each of
the next aforesaid means and the transforming-
means for the unmodulated frequency band being
connected whereby the demodulated frequency
band or bands are mixed with each other and
with the unmodulated frequency band to restore
the initial frequency range, and means to repro-
duce the initial frequency range as sound waves.
26. An apparatus for recording and reproduc-
ing a wide range of sound frequencies or waves
comprising means to transform the waves into
electrical oscillations, a plurality of branch cir-~
cuits leading therefrom, filtering means in each
branch circuit for passing a band of frequencies
of the electrical oscillations and suppressing
other frequencies whereby the initial range of
frequencies is separated into a plurality of fre-
quency bands, a balanced modulator connected
with' at least one of the filter means carrying
& higher frequency band, means producing - a
fundamental frequency from which a carrier fre-
quency can be derived and connected with the
input side of each balanced modulator for modu-
lating the frequency band carried thereby into a
low frequency and a high frequency side band,
filter means in the output of each balanced mod-
ulator for passing the low frequency side band
and suppressing. the high frequency side band,
means for recording each low: frequency side
band and the unmodulated low frequency band
and the fundamental frequency upon separate
sound tracks, means for each recording for trans-
forming the same into electrical oscillations, a
balanced demodulator connected with each of
the next aforesaid means which carries a side
band frequency, means for producing a carrier
frequency from the fundamental frequency sound
track and connected with the input side of each
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demodulator for demodulating each side band

frequency into a low frequency and a high fre-

quency side band, filter means for passing the
high frequency side band and suppressing the

low frequency side band whereby the initial fre- -

quency band is recreated, the output of each of
the aforesaid means and the transforming means
" for the unmodulated frequency band being con-
nected whereby the demodulated frequency band
or bands are mixed with each other and with
- the unmodulated frequency band to restore the
initial frequency range, and means to reproduce
the initial frequency range as sound waves.
o1, An apparatus for recording a wide range
of electrical frequencies or oscillations carried
- by & circuii comprising a plurality of branch cir-
cuits, filtering means in each branch circuit for
passing 2 band of frequencies of the electrical
oscillations and suppressing .other frequencies
whereby the initial range of frequencies is sepa-
rated inio a plurality of frequency bands, means
producing a carrier fregquency connected with at
least one branch cireuit for modulating the fre-
guency band carried thereby into a low frequency
., and a high frequency side band,. means in the
output of each circuit which carries a modulated
frequency band for passing the low frequency
side band and suppressing the high- frequency
side band and the carrier frequency, and means
for recording each low frequency side band and
any unmodulated frequency band.
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28. An apparatus for recording a wide. range -

of electrical frequencies or oscillations carried by
a circuit comprising a plurality of branch cir~-
cuits, filtering means in each branch circuit for
passing & band of frequencies of the electrical

36

oscillations and suppressing other freguencies -

whereby the initial range of frequencies is sepa-
rated into a plurality of frequency bands, means
producing s carrier frequency connected with
at least one pbranch circuit for modulating the
frequency band carried thereby into a low fre-
quency and a high frequency side band, means
in the output of each circuit carrying & modu-

lated frequency band for passing the low fre- -

quency side band and suppressing the high fre-
quency side band
means for recording each low frequency side
pand and any unmodulated frequency band.

26. An apparatus for recording a wide range
of electrical frequencies or oscillations carried
by a circuit comprising a plurality of branch cir-
cuits, filtering means in each branch circuit for
passing a band of frequencies of the electrical
oscillations and suppressing other frequencies
. whereby the initial range of frequencies is sepa-

rated into a plurality of frequency bands, means
producing a carrier frequency connected with at
1east one branch circuit for modulating the fre-
quency band. carrvied thereby into a low fre-
. quency .and
in the otitput of each circuit carrying a modulat-
-ed frequendy band for passing the low frequency
side band and suppressing the high frequency
side-band and the carrier frequency, means for
recording each low frequency side band and any
‘unmodulated frequency bgnd,»and means for re-
cording a frequency irom which the carrier fre-
quency can be derived. o S
'30. An apparatus for rvecording & wide range
of electrical frequencies or oscillations carried
by a circuit-comprising 2 plurality of branch cir-
cuits, filtering means in each branch circuit for
passing a band of frequencies of the electrical
oscillations and suppressing other frequencies

& high frequency sidéband, means’
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and the carrier frequency, and
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whereby the initial rarge of frequencies is sepa-
rated into & plurality o frequency bands, & hal-
anced modulator connecied with at least one of
the flter means, means producing a carrier fre-
quency connected with the input side of at least
one halanced medulator for modulating the fre-
quency band carried thereby into a low frequency
and a high frequency side band, filter means in
the output of each balanced modulator for pass- -
ing the low frequency side band and suppressing -
the high frequency side band, and means for
recording each low frequency side band and any
unmodulated frequency band. )

31. An apparatus for recording a wide range
of sound frequencies or waves comprising means
to transform the waves into electrical oscillations,
a plurality of branch circuits leading therefrom,
filtering means in each branch. circuit for passing
a band of frequencies of the electrical oscillations
and suppressing other freguencies whereby the
initial range of frequencies is separated into a
plurality of frequency bands, means producing a
carrier frequency connected with the output side
of the filter means passing a high frequency
pand for modulating the same into 2 low fre-
quency and a high frequency side band, means
in the output of each circuit carrying a modulated
frequency band for passing the low frequency
side band and suppressing the carrier irequency
and the high frequency side band, and means for
recording each low frequency side band and the
unmodulated low frequency band in separate
sound tracks. i

39. An apparatus for recording a wide range of
sound frequencies or waves comprising means to
transform the sound waves into electrical oscil-
1ations, a plurality of branch -circuits leading
therefrom, filtering means in each branch circuit
for passing a band of frequencies of the electrical
oscillations 'and suppressing other frequencies
whereby the initial range of frequencies is sep-
arated into a plurality of frequency bands, means
producing a carrier frequency connected with the
output side of one filtering means for modulat-
ing the frequency band carried thereby into a low
frequency and a high frequency side band, means
in each circuif carrying a modulated frequency
band for passing the low frequency side band
and suppressing the carrier frequency and the
high frequency side band, and means for record-
ing each low frequency side band and any un-
modulated frequency band and a frequency from
which a carrier frequency can be derived in sep-
arate sound tracks. \ ‘

33. An apparatus for recording a wide range
of sound frequencies or waves comprising means
to transform the waves into electrical oscillations,
a plurality of branch circuits leading therefrom,
filtering means in each branch circuit for passing
a band of frequencies of the electrical oscillations

" and suppressing- other frequencies whereby the

65

initial range of frequencies is separated into a -
plurality of frequency bands, a.balanced. mod-

" ulator connected with at least one of the filter

means carrying a higher frequency band means

_producing a carrier frequency and connected with

-T
(=]

the input side of each balanced modulator for
modulating the frequency band carried thereby
into a low frequency and a high frequency side
band, filker means in the output of each bal-

* anced modulator. for passing the low frequency
"~ gide band and suppressing the high frequency

75

side band, and means for recording each low fre-
quency side band and the unmodulated low fre-,
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quency band and a frequency from which the been separated into a plurality of frequency
carrier frequency can be derived, . bands and at least one frequency band being -
34. An apparatus for recording a wide range - ‘modulated by a carrier frequency into & low fre-
of sound frequencies or waves comprising means quency side band which has ‘been recorded as
to -transform the waves .into electrical oscilla- 5§ -well as ‘any unmodulated frequency band and a
tions, a plurality of branch circuits leading there- frequency from which the carrier frequency can
from, filtering means in each branch circuit for be derived comprising means for each recording
passing a band of frequencies of the electrical for transforming the same into electrical oscilla-
oscillations and suppressing other frequencies tions, means for producing the carrier frequency
whereby the initial range of frequencies is sep- 10 from the frequency recording and connected with
arated into a blurality of frequency bands, a bal- the output of each of the next aforesaid means
anced modulator connected with gt least one of ~ which carries a side band frequency for demodu-
the filter meang carrying a higher frequency lating each side band frequency into a low fre-
band, means producing a fundamental frequency quency and a high frequency side band, means
from which a carrier frequency can be derived 15 for passing the high frequency side band and
and connected with the input side of each bal. suppressing the low frequency side band and the
anced modulator for modulating the frequency carrier frequency whereby the initial frequency
band carried thereby into a low frequency and band is recreated, the output of each of the next
a high frequency side band, filter means in the . aforesaid means and any transforming means

. output of each balanced modulator for passing 20 carrying an unmodulated frequency band being

the low frequency side band and suppressing the connected whereby the reconverted frequency

high frequency side band, and means for record- - band or bands are mixed with each other and
ing each low -frequency side band and the un- with any unmodulated frequency band or bands
modulated low frequency band and the funda- to restore the initial frequency range. -

mental frequency upon separate sound tracks. = . 25 38, An apparatus for reproducing a wide range
35: An apparatus for reproducing a wide range of electrical frequencies or oscillations which
of electrical frequencies or oscillations which have have been separated into a Plurality of frequency
been separated into a plurality of frequency bands and at least one frequency band’ being
bands and at least one frequency band having © modulated into g low frequency side band which
been converted into a low frequency side band 30 has been recorded as well as any unmodulated
and each low requency side band and any un- frequency band comprising means for each re-
modulated frequency band being recorded com- cording for transforming the same into electrical
prising means for-each recording for transform- - oscillations, a balanced demodulator connected
ing the same into electrical oscillations, .carrier with each of the aforesaid means which carriesa -
frequency producing means connected with each 35 side band frequency, ecarrier frequency produo-
of the aforesaid means which carrles a side band Ing means connected with the input side of each
frequency for demodulating the same into a low balanced demodulator for demodulating each side
frequency and a high frequency side band, means band frequency into a low frequency and a high
for passing the high frequency side band and- frequency side band, filter means for passing
suppressing the low frequency side band and the 40 the high frequency side band and-suppressing the
carrier frequency whereby ‘the Initial frequency  low frequency side band whereby the initial fre-
band is recreated, the output of each of the next  quency band is recreated, and the output of each
aforesaid means and the transforming means of the next aforesaid means and the output of
for any unmodulated frequency band being con- all transforming means carrying an unmodulated
nected whereby the demodulated frequency band 45 frequency band being connected whereby the de-
or bands are mixed with each .other and with  modulated frequency band or bands are mixed
any unmodulated frequency band or ‘bands to re- with each other and with any unmodulated tre.-
store the initial frequency range. quency band or bands to restore the initial fre-
- 36. An apparatus for reproducing a wide range quency range, , : o
of electrical frequencies or oscillations which have 50 39, An apparatus for reproducing a wide range
been separated into a plurality of frequency bands " of sound frequencies or waves which have been
and at least one frequency band having been ' separated into a plurality of frequency bands and
converted by modulating with g carrier fre- - recordings upon separate sound tracks having

- quency into a low frequency side band and each been made of at least one high frequency band

low frequency side band and any unmodulated 55 modulated into & low frequencs{ side band and an
frequency band being recorded comprising means unmodulated low frequency band - comprising

-for each recording for transforming the same  means for each sound track for transforming the

into electrical oscillations, means for producing. *© - same into electrical oscillations, carrier frequency
a cartier frequency of the same frequency as the  producing means connected with the ‘output side
modulating frequency and being connected with 60 of the. transforming means which carries a side
each of the aforesaid means which carries a side band frequency for demodulating the same into
band frequency for demodulating the same into  a low frequency and a high frequency side hand,

" a low frequency and a high frequency side band, . means for passing the high frequency side band

means for passing the high Irequency side band  and suppressing the carrier frequency and low
and suppressing the low frequency side band and 65 frequency side band whereby the initial fre-
the" carrier - frequency whereby the initial fre- _ quency band or bands is recreated, the output of
quency band is recreated; the output -of each of each of the next aforesaid means and ‘of the-
the next aforesaid means and-the transforming  transforming means for the unmodulated fre-
neans for any unmodulated frequency band be- . quency band being connected whereby the de-
ing connected - whereby the demodulated fre- 70 modulated frequency band or bands are mixed
quency band or bands are mixed with each other with each other and with the unmodulated ' fre-
and with any unmodulated frequency band -or - quency band to . restore the -initial frequency
bands to restore the initia] frequency range. .= - ‘range, and meahs to reproduce the ‘initial fre-

37. An apparstus for reproducing a wide range quency.range as sound waves. - _
of electrical frequencies or oscillations which have 75 40. An apparatus for reproducing a wide range
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‘of sound frequencies or waves which have been
separated into a plurality of freguency bands
and recordings upon separate sound tracks hav-
ing been made of at least one high frequency
band modulated by a carrier frequency into a
low frequency side band and an unmodulated
frequency band and a irequency from which the

carrier frequency can be derived comprising

means for each sound track for transforming the
 same into electrical oscillations, means for pro-

]

10

ducing a carrier frequency from the frequency -

sound track and connected with the output side
of at least one of the next: aforesaid means
which carries a low frequency side band for de-
modulating the sanie into a low frequency and

a high frequency side band, means for passing
the high frequency side band and suppressing
the cagrier freguency and the low frequency side

~ pand whereby the initial frequency band is re-.

created, the output of each of the mnext afore-
said means and the transforming means carry-
ing the unmodulated frequency band being con-
nected whereby the demodulated frequency band
or bands are mixed with each other and with the
unmodulated frequency band to restore the ini-
tial frequency range. .

41. An apparatus for reproducing. 8 wide range

20
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of sound frequencies or waves which have been .

- separated into a plurality of frequency bands
and recordings upon separate sound tracks hav-
ing been made of at least one of the higher fre-
quency bands . modulated with a. carrier fre-
quency into a low frequency side band and a fre-
quency from which the carrier frequency can be
derived comprising means for each sound . track
for transforming the same into electrical oscilla-
tions, a balanced demodulator connected with
each of the next aforesaid means which carries
a side band frequency, means for producing. a
carrier frequency from the frequency recording
and connected. with the inputb side of each de-
modulator for demodulating each side band fre-

quency into a low frequency and a high fre-
quency side band, filter. means for passing the

high frequency side band and suppressing the
low frequency side band whereby the initial fre-
quency band is recreated, the output of each of

30
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ing connected whereby the demodulated fre- -
quency band or bands are mixed with each

-other and with the unmodulated frequency band
{6 restore the initial frequency range, and means
to reproduce the initial frequency range as sound
Twaves. - ~ L

42, An apparatus for reproducing a wide range
of sound frequencies or waves which have been
separated into plurality of frequency bands and
recordings upon separate sound .tracks having
been made of at least one of the higher fre-
quency bands modulated by a carrier frequency .
into & low frequency side band-and an unmodu-

lated low frequency band and the fundamental

irequency comprising. means for each sound

track for transforming the same into electrical

oscillations, & balancedidemodulator connected

with each of the next aforesaid means which car-

ries a side band frequency, means for creating a

carrier frequency from the reproduced funda-

mental frequehcy and connected with the input .
side of each demodulator for demodulating each

side band frequency into a low frequency and a

high frequency side band, filter means for Pass-

ing the high frequency side band and SUppPIESS-

ing the low frequency side band whereby the ini-’

tial frequency band is recreated, the output of

each. of the next aforesaid means and the trans-

forming means for the unmodulated frequency

band being connected whereby the demodulated

frequency band or bands are mixed with each

.gther and with the unmodufated frequency band

to restore the initial frequency range, and means

" to reproduce the initial - frequency range as
'35.

sound waves, o )

43. A recording for reproducing a wide range
of frequencies with high fidelity comprising a
track recording a low frequency. band of the

. range of frequencies to be recorded, and at least

40

one other track recording the low frequency

~ side band of a medulated high frequency band.

45

the next aforesaid means and the transforming - -
means for the unmodulated frequency band be- -

44, A recording for. reproducing a wide range
of frequencies with high fidelity comprising. a

_track recording a low frequency side band- of

the range of frequencies fo .be recorded, and a
track recording & frequency from which a car-.
‘rier frequency can be derived for demodulating
the side band frequency. .

: . W. ROBERTS.



