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2,241,078
MULTIPLEX COMMUNICATION
. Frederick K. Vreeland, Montclair, N. J.
Application November 1, 1937, Serial No. 172,159
' (CL 179—15)

6 Claims.

The invention berein described is a system of
multiplex communication.

The object of the invention is to operate a
number of sets of sending and receiving appa-
ratus within a relatively narrow transmission
band. It is particularly adapted to the opera-
tion of apparatus, such as graphic recorders,
which require a substantial band of frequencies
for their.operation. It permits the transmission
and reception of a number of such operating
bands In close juxtaposition over a single trans-
mission band without mutual interference and
, with & minimum of transmission band width.

It is customary at the present time to assign
operating radio channels with a band width lim-
ited to ten kilocycles. Ordinarily a single set of
sending and receiving apparatus is operated over
each such channel. By the use of the present in-
vention a considerable number of sets of sending
and receiving apparatus, each occupying a sub-
stantial band of frequencies, may be operated si-
multaneously over one such channel without
overstepping the limit of transmission band
width and without interference between the sev-
eral operating bands.

In the specific case where the sending and re-
ceiving sets include electrically operated type-
writers or other graphic recording apparatus,
each of which occupies ordinarily an operating
band width of the order of 1000 cycles, including
both operating side bands, the present invention
permits the operation of more than ten such
sending and receiving sets over & single ten kilo-
cycle transmission band simultaneously and
without interference between the several operat-
ing bands.

In general, if the total allowable transmission
band width be designated as B, and the operating
band width ordinarily occupied by each sending
and receiving set, including both side bands, be
designated as b, then the number of sets that
may be_ operated over the transmission band B
may be equal to or greater than B/b. '

In the drawings, »

Figure 1 illustrates graphically the relation of

a plurality of transmission bands each having its .

own carrier wave;

Figure 2 illustrates a plurality of operating
modulation bands superimposed on a carrier fre-
quency within the transmission band;

Figure 3 illustrates a plurality of operating
modulation bands, each with a carrier frequency
built on a scaffold frequency outside of the
transmission band;
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u Figure 4 illustrates several phases of the inven-
on;

Figure 5 is a block diagram illustrating a
typical embodiment of the invention at the -
transmitting end; )

Figure 5a is a schematic diagram of a part of
the transmitting -apparatus;

Figure 6 is a similar block diagram for the re-
ceiving end;

Figure 7 is a schematic diagram showing in
greater detail the arrangement of a suifable
form of receiving apparatus;

Figure 8 shows the arrangement of a multiple
anode demodulator;

Figure 9 shows a typical transmission band
with overlapping operating side bands;

Figure 9a shows & corresponding reception
band in which the overlapping bands are sepa-
rated; and

Figure 10 shows a suitable construction of ap-
paratus for separating the overlapping bands.

‘When a number of sending and receiving sets
are operated in the usual way, each on its own
wave frequency, Fi, Fa, F3, efc. modulated as re-
quired to operate the several sets, the resulting
transmission bands are as shown in Fig. 1. If
an attempt is made to operate a number of such
sets within the limits of a single ten kilocycle
wave assignment B, extreme precision of the
several wave frequencies will be required, and
extraordinary selectivity will be required to re-
ceive the several transmission bands without in-
terference or trimming of the side bands. Under
the usual practice the technical difficulties are
practically prohibitive.

Some of these difficulties may be overcome by
the use of a single carrler wave frequency, Fc,
modulated at subfrequencies fi1, fa, f3, etc., which
are modulated in turn by the operating pulses
employed by the several sets. If the carrier fre-
quency Fc lies within the transmission band and
both side bands are transmitted, as shown in Fig.
2, the modulation sub-frequencies fi, etc. must
be sufficiently low to keep the entire modulation
band within the required limits of width. Thus
with & band width of ten Kkilocycles, the highest
modulation sub-frequency will be less than 5000
cycles. Where each sub-frequency carries its own
modulation band of the order of 1000 cycles wide,
including both side bands, the condiftions are not
favorable for good band selection. In the case
of the central band, b, the carrier wave Fo
should be modulated directly by the operating
pulses, without a sub-frequency.

In the full embodiment of the present inven-




2
tion all these difficulties are overcome, and a high
degree of efficiency and band selectivity are ob-
tained. The preferred arrangement is shown
graphically in Fig. 3.

Here the transmission band is built up on a
scaffold frequency ¥, which is not required for
transmission and which lies outside the trans-
mission band and is modulated at a plurality of
relatively high sub-frequencies f1, 72, ... fn.
The values of these sub-frequencies are so chosen
that the sum of each of these frequencies and
the scaffold frequency, F+-fi, F+f2, . . . F+fo,
or the difference, F—fi, F—f2, . . . F—fa, les
within the designated transmission band and

" constitutes a super-carrier frequency, on which
the operating pulses are superimposed. The
super-carrier frequencies are designated as fi’,
72’y . . . fa’. The superposition of the operating
pulses on’ the super-carrier frequencies is accome-
plished by modulating each of the sub-frequen-
cles, fi, fa, . . . fn, in accordance with the op-
erating pulses of one of the several sending sets,
with. the result that the corresponding super-
carrier frequency is similarly modulated. The
resulting operating modulation bands are shown
in the drawings as b, bz, . . . bs, Fig. 3, each
superimposed on its super-carrier frequency n,
fZ, . . . f»’ and each, in the case illustrated, with
both its side bands. .

The frequencies f1, f2, . . . f», when thus mod-
ulated, function as sub-carrier frequencies which,
with their superimposed operating pulses or sig-
nal modulations, are elevated to the freguency
level of transmission while preserving their true
relations. to their respective. modulation frequen-
cies and to each other. ‘

The space between the first operating modula-
tion band b and the scaffold frequency F is not
occupied by any working frequency. The fre-
quencies represented by this space are not needed
for the transmission. Neither is the scaffold fre-
quency F. In the preferred form of the inven-
tion, therefore, one of the side bands, B: or B,
is selected for transmission and the other side
band and the scaffold frequency are eliminated.
The selected band, B, is shown in Fig. 3.

The values of the scaffold frequency F and the
modulation sub-frequencies f1, f2, . . . fa, may be
chosen within a wide range, but the sub-fre-
quencies are preferably made large with respect
to the total band width B and a substantia] frac-
tion of the scaffold frequency F. 'Then the sep-
aration of the band B: or Bz from the scaffold
frequency F may be accomplished very simply
by means of a band-selective transmitter ampli-
fier, preferably employing band selector couplings
of the type shown in my United States Patents
Nos. 1,725,433 and 1,850,973, or an amplifier of
the type shown in my United States Patents Nos.
1,666,518, 1,682,874 and 1,730,987, or other equiv-
alent means, may be employed,

For any given transmission band that it is de-
sired to transmit, having a mid-frequency Pr
and & band width B, the values of the scaffold
frequency F' and the several modulation sub-fre-

quencies, f1, f, etc. are so chosen that each of the .

super-carrier frequencies, fi’, f2’, . . . fa’, being
the sum of the scaffold frequency and the sub-
frequency, F+fz, or their difference F—fz, as the
case may be, lies within the band bounded by the
frequencies

Fr4+5 ana F,—g-

for each value of fz from f1 to fx. In the former
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case the upper side band is selected for trans-
mission, in'the latter case the lower side band.
Usually the difference between the successive
sub-frequencies‘ 11, fa; ete. is made approximately
equal to the operating band width b,

It will thus be seen that the transmission of
the several operating bands is accomplished by
means of a transmission band of frequencies hav-
ing a spread equal to the sum of the several op-
erating bands, in the simple form of the inven-
tion here described the total band width being
7 X b, as above explained. In the specific case
cited as an example, ten sets of sending and re-
ceiving apparatus each occupying a 1000 cycle
band may be operated over a 10 kilocycle trans-
mission band. Means for further increasing the
number of sets operated will be described. The
transmission is accomplished simply without
special refinements in frequency control, the dif-
ference between the sub-frequencies h, fa, ete.
being sufficiently large to be regulated by ordi-
nary tuning means. .

The form of the transmitted band is inde-
pendent of the value of the scaffold frequency F,
which is eliminated, and its position in the fre-
quency scale depends not on the suppressed
scaffold frequency but on the sum of F4-f1, F+f2,
etc. or their difference, F—fi1, F—fa, etc., as the
case may be. Any desired transmission band may
thus be built on any desired scaffold frequency,
within wide limits, provided the modulation sub-
frequencies are sufficiently large fractions of the
scaffold frequency for effective selection of the
band, -as explained,

In receiving the transmitted band it is first
separated from interfering waves, preferably by
a suitable band selective receiver, which will ac-
complish the necessary selection without distor-
tion of the selected band. The received band is
then combined with a locally generated oscilla-
tion that beats with the received frequencies in
the manner explained in my U. S. Patents Nos.
1,239,852 and 1,544,081. The combined beat cur-
rent that results is demodulated, and in the de-
modulated current a plurality of beat . carrier
frequencies are found corresponding to the origi-
nal modulation frequencies, though usually hav-
ing different values, each with its operating
transmission band. -

An important feature of the present invention
resides in the fact that the frequency of the beat-
ing oscillation, F's, need not be the same as the
transmitter scaffold frequency, F. Preferably it
Is a different frequency whose value is nearer
to the transmitted wave frequencies, so that the
beat carrier frequencies are lower than the trans-
mitter modulation sub-frequencies and suitable
for efficient band selection. Since there is no
necessity of having the beat carrier frequencies,
I 2, .. . /2", the same as the correspond-
ing transmitter modulation frequencies 1, fa, ete.,
the beating frequency Fs is so chosen that the
difference between the adjacent beat frequencies
It £, . . . f’’, is a substantial fraction of

‘the value of these frequencies, and preferably

such a fraction that the several beat operating
bands carried by these beat frequencies may be
separated from each other by band selectors op-
erating at their maximum efficiency. For ex-
ample, the operating band width, b, may be of
the order of 1% or 2% of the beat carrier fre-
quencies, /1, f3*', . . . fa’’. ‘The several beat
operating bands may then be separated easily
from each other and selectively received without

75 distortion by band selective circuits, which are
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prefe bly embodied in band amplifiers of the
¢ forth in my U. S. Patents Nos. 1,725,483

a.nd 1,850,973, or the type set forth in'my U, 8.
Patents Nos. 1,666,518, 1,682,874, and 1,730,897, .

The output of each of these band selective cir-
cuits, which are preférably also amplifiers, when
demodulated, will then be & precise replica of the
corresponding band of operating pulses by which
the transmitter frequencies /1, fa, etc, Were modu-
lated, and ready to operate one of the recelving
recorders or typewriters, or other recelvlng ap-
paratus

As specific exampl&s of the working of the
system three cases are shown in Fig. 4, designated
as a, b and ¢, respectively. In each case the
seaffold frequency is shown at Fin the horizon-
tal scale of frequencies. One limiting modula-
tion sub-frequency is designated as fi, and the
dther as f». ‘The resulting modulation band is
indicated as comprising the two side bands, Bi
and B2z respectively. In cases a and b the upper
side band B: is selected for transmission and in
cese ¢ the lower side band Bz is selected. The
spread of the band covers the range fx—/1 plus
a small amount depending on the sub-modulation
of these frequencies. The mid-point of the band
has the frequency

which is the nominal transmission frequency.

In case a, the values of f1 .../ are compara-
tively large and the value of F is correspond-
ingly small. In case b, smaller valuesof fi.../r
are chosen, and F is correspondingly larger. In
case ¢, f1 . . . fahave the same values as in case b,
though in reversed order, but the lower side band
is selected for transmission and the scaffold fre-
quency F is made correspondingly large. In all
these assumed cases, and in an unlimited number
of other cases that might be used, the form of
the transmission band and its position in the fre-
quency scale are the same. In each case the
values of f1.. . f» are made sufficiently large with
respect to F to permit effective selection of the
desired side band for transmission and the rejec-
tion of the other side band and the scaffold fre-
quency.

The following numerical examples w111 illus-
trate cases @, b and ¢ respectively:

Assume that the nominal transmission fre-

quency is 10,000 kilocycles, corresponding to a-

wave length of 30 meters, and that the permitted
band spread is 10 kc. In case a let the scaffold
frequency F be taken as 9,500 kc. Then the
modulation sub-frequencies /1 . .. f» may be 496

ke. to 504 kc. respectively and the corresponding;

transmission band frequencies will be 9,996 to
10,004 kc. respectively, with a mid-frequency of
the transmission band of 10,000 kc., as required.

In case b, let the scaffold frequency F be 9,800.

kc. - ‘Then the modulation sub-frequencies fi...fn

may be 196 kc. to 204 kc. respectively and the.

corresponding transmission band frequencies will
be 9,996 kc. to 10,004 ke, as before,

In case c, let the scaffold frequency F be 10,200

ke. . Then the modulation sub-frequencies f1... f»
may be 204 kec. to 196 kc. respectively and the cor-
responding lower side band frequencies selected
for transmission will be 9,996 ke. to 10,004 kc. as
before
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These results are indicated in the following
table:

Fu9,500 F=9,300
fieih | PR A Acaifn | FHG.. 00
406 9006 106 9096
497 9997 197 9007
498 9098 198 2098

409 009 199
500 Fr=10000 200 10000
501 10001 201 10001
502 10002 202 1
503 10003 203 10003
504 10004 204 10004
F~10,200
fieoifn | F=th... .0
204 9996
. 203 9907
202 9008
201 9099
200 10000
199 10001
198 10002
197 10003
196 10004

The transmission bands are thus identical in
all the cases.

Also in each of the cases assumed the difference
between the transmission band frequency Fr and
the scaffold frequency F—500 kc. or 5% in case a
and 200 kc. or 2% in cases b and c—is sufficient
for the effective separation of the selected trans-
mission band from the other side band and.the
scaffold frequency by band selection.

R, Fig. 4, represents a typical receiver ar-
rangement for receiving either of these identical
transmission bands. The beating frequency Fs
is shown as nearer to the frequencies of the
transmission band than the scaffold frequency, F,
so that the beat carrier frequencies fi’’ .. . /»"’
are relatively low and their spacing is relatively
large, permitting easy separation of their oper-
ating bands.

The advantages of the flexibility afforded by
this system will now be readily understood.. In
the transmitter, in order to get efficient separa-

. tion of the selected transmission band from the

other side band and the scaffold frequency F,
it is desirable to have the modulation frequencies
N, fa, ... fa, relatively large, and a substantial
fraction of the scaffold frequency F." On the
other hand, to get the most efficient band selec-
tion in the receiver, the corresponding beat fre-
quencies fi’*, fa'’, ... . f»’" should be compara-
tively small. For example, in the case assumed
for illustration, the frequency of the beating os-
cillation, F's, may be 9,950 kc., giving beat carrier
frequencies of the order of 50 kc., or it may be
9,900 kc., giving beat carrier frequencies of the
order of 100 kc. The operating band width of
1000 cycles will then be approximately from 1 to
2% of the beat carrier frequency, a value which
permits highly efficient band selection by very
simple means. Or the frequency of the beating
oscillation may be ‘10,050 to 10,100 ke., giving
the same beat frequencies, of the order of 50 to
100 ke.,” with a like result. This result is the
same in either of the assumed transmitter cases,
a, b and ¢, in which the modulation sub-fre-
quencies were from 2 to 10 times as great as the
corresponding beat frequencies in the receiver,

R



pulses.
These resulis are indicated in the following
table: B

=9,960 ke. | Fa=0,900ke. | #2=10000ke. | Fp=10,100Ke.

Johks | Jarhamks | Fariod p Y T
96 54 . 104
:g 14 53 103
48 %8 52 102
€ 90 51 101
50 100 50 100
51 101 49 0
52 102 - 48 98
5 103 47 97
54 104 © 46 96

1t will also be understood that this relation of
aximum efficiency in the recelving band selec-
tors is achieved for any transmission band fre-
quency. For example, if the transmission band
frequency Fr be 20,000 kc., instead of 10,000 kc.
as assumed &bove, the scaffold frequency ¥ may
be made 19,500 kc. and the modulation sub-fre-
quencies from 496 to 504 kc., in which case the
super-carrier frequencies ¥4-(J1 . . . fx) will be
from 19,996 to 20,004 kc. If now the frequency
of the beating oscillation be made 19,950 k¢. the
beat frequencies will be 46 to 54 kc., i. e., of the
order of 50 kc., the same result that was obtained
in the case first assumed.

This results in great simplicity of construction
and operation, since the same operating band se-
lectors and amplifiers may be usedt hi: the recelv-

tem for the separating of several op-
gtg: bands, regardless of the transmission
band frequency Fr. In the transmitting system
& like simplification is achieved, since the same
modulating frequencies and modulators are used
as on the longer wave. :

This simplification is a feature of great prac-
tical importance, since in handling traffic it is
necessary to change the transmission frequency
from time to time to meet the varying atmos-
pheric conditions. It will be seen that by using
the present invention as described the change
from the 10 megacycle wave to the 20 megacycle
wave, or to any other suitable wave frequency,
is made with no change in either the transmit-
ting or receiving apparatus except in the trans-
mitter scaffold frequency, ¥, and in the trans-

mission band selector and at the receiver the.

change in the reception band selector and in the
frequency of the beating oscillation, ¥s. In prac-
tice it is desirable to have these two frequencies
accurately adjusted in advance with crystal con-
trol. The change from one to the other may
then be.made quickly and easily. It is not neces-
sary to have accurate adjustment of the trans-
mission band selector, since this is required mere-
ly to separate the transmission band from the
widely separated scaffold frequency and the re-
Jected side band, hence a band characteristic that
is much broader than ihe selected transmission

band will be effective. Nor is it necessary in the )
reception band selector, which is a relatively un-

important accessory to the operating band se-
lectors. .

Further simplicity is gained by the fact that
extreme precision of the several frequencies used
is not required. The only frequencies that re-
quire accurate control are the transmiiter scaf.
fold frequency F and the beating frequency at
the receiver, ¥s. The modulation sub-frequencies
Ji ... fs are only from 2% to 5% as large as

10

15

25

35

40

55

65

70

form of apparatus,

the scaffold frequency F, In the cases assumed, and
hence require only %, to 3y as great accuracy.
This accuracy can be secured by ordinary tuned
circults. In the receiver the accuracy required to
separate ten or more channels having band widths
of 1 kc. each on a transmission frequency of
10,000 to 20,000 kc., in the cases assumed, is no
greater than that required in an ordinary broad-
cast recelver, and this extraordinary result is ac-
complished by very simple means. .
 Comparing the illustrative values given in the
last table for the beat carrier frequencies result-
ing from demodulation with the corresponding
values given in the other tables for the several
sub-carrier frequencies and for the super-carrier
frequencies produced by modulation, it will be
noted that the carrier frequencies are preserved
in their true mutual relationg notwithstanding
the fact that the demodulation is performed at a
higher frequency level than that of the original
modulation, that s, the differences between the -
values of the several carrier frequencies remain
unchanged. - These differences between adjacent
carriers in the cases assumed are 1 kilocycle in
each case. The precision of these relations per-
mits the rigid and precise selectivity needed to
Separate the channels with their exceptionally
close spacing at the high transmission fre-
quencies. Tt will be understood further that the
modulation bands also are preserved in their true
mutual frequency relations with the carriers, i, e.,
the difference between each modulation fre.
quency and its carrier frequency remains con-
stant, although the frequencles are raised and
lowered over a wide range.  This preservation
of the true mutual relations of the modulation
frequencies to their carrier frequencies results
in producing at the receiver a precisely accurate
reproduction of the several frequencies of the
transmitted operating pulses, and provides the
rigid precision necessary to operate printers or
other graphic recorders.

By transmitting the carriers with their modu-
lation bands and using band selectors in the
transmitters and receivers, the several frequencies
of carrier and modulations in each band are pre-
served in their true mutual relations in ampli-
sude as well as in frequency, that is, their ratios
remain constant, so that each received channel
is a replica of the transmitteq operating pulses
in amplitude as well as in frequency.

The invention is not limited to any specific
The structural features of
the drawings are illustrative of suitable forms of
apparatus in which the invention may be em-
bodied.

Fig. 5 is a block diagram showing the relations
of the several parts of such an apparatus. Here
Try, Trz, . . . Tra, are the several operating
transmitters whose signal pulses are to be trans.
mitted in multiplex, When graphic recorders are
to be operated these are breferably mechanisms
that form the signal bulses required to operate
the recorders. A number of such recorders are
known, any of which may be operated over this
system. When it is desired to transmit voice or
other audible signals, the operating transmitters
may be telephone transmitters, Or both voice
and recorder channels may be transmitted simul-
taneously, the spacing of the several sub-carrier

- frequencies being suitably arranged for the dif-

75

ferent widths of operating bands required for
voice and code channels. In this respect the
system has complete flexibility.

Osc. and mod. f1, fa, . . . f», comprise the
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sub-osclilators or other generators which generate
the modulation sub-frequencies, f1, f3, . . . f»,
respectively, and the modulating means whereby
these -frequencies are modulated in accordance
with the signal pulses formed by the several op-
erating transmitters. These generating and
modulating means may be of any suitable type,
as will be understood.

Scaffold oscillator P is the generator, prefer-
ably crystal-controlled, which produces the oscil-
_ lations of scaffold frequency F.. This feeds into a
plurality of modulating means, Scaffold mod.
P+f1, .. . Scaffold mod. F+/s, each of which
recelves also the output of one of the sub-oscil-
lators. and modulators. These scaffold modula-
tors serve to modulate the scaffold frequency in
accordance with the several modulation sub-
frequencies and the signal pulses which they
carry. The output of each of these scaffold mod-
ulators comprises the scaffold frequency, F', to-
gether with the two modulation side band fre-
quencies, F+fz and F—fz. Also, adjacent to each
of the modulation frequencies F+-fz is the band
of frequencies resulting from the modulation of
the sub-carrier, fz, by the operating pulses, whose
spread is equal to the operating band width b,
the several modulation sub-frequencies fz being
so chosen that the several bands b lie adjacent
to each other and together form a side band B
of the width which it is desired to transmit, there
being two stuch side bands, one of which is to be
selected for transmission. .

The outputs of the several carrier modulators
are impressed together on the power amplifier,
which is preferably combined with the transmis-
sion band selector to form a transmission band
amplifler, as shown. The transmission band
amplifier is designed to select one of the two
modulation bands B and exclude the other side
band as well as the scaffold frequency F, and to
step up its amplitude to the power required for
transmission. . This selected and amplified trans-
mission band is then impressed on the radiating
means or antenna A and fransmitted.

It will be understood that a transmission line
may be substituted for the radiating means when
line transmission is to be used.

A suitable form of transmission band amplifier
is shown in Fig. 5a, being of the type set forth
in my U. S. Patents Nos. 1,725,433 and 1,850,973
and designed as there explained to pass and
amplify the desired transmission band, as ex-
plained above. The amplifier band characteristic
is preferably made wider than the transmission
band, so that precise adjustment is not necessary,
but not so wide as to pass the scaffold frequency

resulting combined beat current is fed into a

demodulator as shown. The demodulator has a

" plurality of output circuits, each of which feeds

into one of & plurality of operating band ampli-
fiers, as shown. The demodulator may have a
separate detector tube for each operating band,
or preferably it consists in one or more multiple
anode tubes, D, as shown in Figs. 7 and 8. Each

. of the demodulator output circuits feeds into

10

one of a plurality of operating band selectors,
which are preferably combined with amplifiers

. to form a plurality of operating band amplifiers

15

as shown. Each of the operating band selectors -
is designed to select one of the operating bands
of width b, whose beat carrier frequencies are .
f1”’, £, ... Jfn'’, as explained. These beat
carrier frequencies, each of which is equal to

. the sum or difference of the beating frequency
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F. Two band selectlve coupling units S, S, are

shown.’

A suitable form of receiving apparatus for
carrying out the invention is shown in Fig. 6.
Here a receiving collector or antenna A feeds
into a reception band selector, as shown, which
is preferably combined with an amplifier to form
a reception band amplifier. : This is preferably
of the type set forth in my U. S. Patents Nos.
1,725,433 and 1,850,973, and designed to select
and amplify the desired transmission band and
exclude undesired signals. Beating osc. Fs is
a local source of alternating current of frequency

s designed to beat with the frequencies of the 7

transmission band at beat frequencies suitable
for efficient band selection, as already explained.
The output of this source, which is preferably
crystal controlled, is impressed on the output
~ireuit of the reception band amplifier and the
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and one of the transmitted super-carrier fre-
quencies, are so chosen that the operating band

“selectors operate at high efficiency in separating

the several operating bands from each other.

The output of each operating band amplifier
feeds into a second demodulator, whose demodu-
lated output is now an exact replica of the oper-
ating pulses supplied by one of the operating
transmitters shown in Fig. 5, and is used to
operate one of the receiving or recording devices
marked Rec.

Fig. 7 is a schematic diagram showing in
greater detail suitable circuits for the reception
band selector and the operating band amplifiers
indicated in block form in Fig. 6. They are
shown of the type set forth in my U. S. Patents
Nos. 1,725,433 and 1,850,973, comprising band
selector units S, S, which is highly efficient for
this purpose. It shows also a form of multiple
anode demodulator, which is well adapted to this
purpose, each demodulator unit, D, D, D, having
a plurality of output circuits, O1, Oz, Os, ete.
The output circuits O1, Os and Os are shown with
their operating band amplifiers for selecting the
operating bands f1”’, fs'’, and fs’’, respectively.
Each of the operating band amplifiers is shown
as including two band selective coupling units S.

Fig. 8 shows in greater detail a suitable form
of construction for such a multiple anode de-
modulator, the anodes which feed the several
output circuits being arranged symmetrically
about the central cathode and the control grid.
Each of the anodes is shown as surrounded by
a screen grid, which is preferably employed,
preventing interaction between the several out-
put circuits O1, Oz, Os, ete.

It will be understood that the several operating
transmitters, Tr1, ‘Tra, ete., and receivers, Rec.,
Rec.2, -ete., need not all be located at the same
places. For example, they may be placed in any
desired location and wired to central transmit-
ting and receiving stations.

In the arrangements thus far described each
of the operating bands of width b is transmitted
in its entirety, including both side bands, and
the several bands are so spaced as to avoid over-
lapping. Tt will be understood that one of the
side bands may be suppressed by any suitable
means, as is known, in which case the number
of channels that may be operated in multiplex
by the present invention will be doubled.

Another and simpler means for increasing the
number of multiplexed channels is by the use
of the system set forth in my United States Pat-
ent No. 2,134,677, in which & frequency-selective
regenerative feedback is applied to an amplifier

“with a band seleciive circuit in such manner
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that a carrier frequency is super-amplified with
respect to its side band frequencles, causing
superselectivity and producing when demodu-
lated an ampiified replica of the original modu-
lations. By substituting this system for the sim-
ple operating band amplifiers of Figs. 6 and 7,
each operating band selector may be designed to
select the beat carrier frequency and one side
band only, rejecting the other side band. When
this system is-used the modulation sub-frequen-
cles /1, fa, . . . f», may be s0 chosen that the

modulation side bands, having the super-carrier:

frequencies /1%, f2*, . . . /»’, overlap in pairs, as
shown In'Fig. 9. At the recelver, the correspond<
ing operating bands of beat frequency 7:°’, f2’’,
« <« In’’ are fully separated and selectively re-
ceived by selecting the beat carrier and lower side
band of one channel and the beat carrier and
upper side band of the adjacent, partly overlap-
ping channel, the overlapping side bands of each
channel being eliminated, as explained in the
above mentioned patent. A typical reception
band is shown in Fig. 9a. A suitable arrange-

ment for accomplishing this is shown in Fig. 10,

the first output circuit O: being shown with a
band carrier selector of the form shown in Fig. 3
of the aforesaid patent, selecting the lower side

band of the beat carrier frequency fi”’, which is

super-amplified with respect to the amplitudes
of the modulation frequencies, and the second
output circuit Oz having a band carrier selector
of the type shown in Fig. 1 of that patent, se-

lecting the upper side band of the beat carrier

frequency f2*’ which is also super-amplified, the
- overlapping side bands being thus eliminated.

It will be understood that the invention is not
limited to the particular forms of apparatus
shown for {llustration, but other suitable appa-
ratus may be employed.

‘What I claim is: . k

"1, The method of multiplex communication by
a plurality of groups of signa] frequencies which
consists in producing a plurality of high carrier
frequencies closely spaced in the frequency scale
by modulating a frequency not required for
transmission with a plurality of low carrier fre-
quencies relatively widely spaced in comparison
with their frequency scale, separating & band of
frequencies including the several high carrier
frequencies from the frequency not required for
transmission, transmitting the separated carrier
frequencies, superimposing signal modulations
on the several high carrier frequencies by modu-
lating the low carrier frequencies with the sev-
eral groups of signal frequencies, transmitting
the superimposed signal modulations with the
high carrier frequencies, receiving the transmit-
ted carrier frequencies with their modulations,
combining the received frequencies with g beat-
ing frequency having a. value closer to the re-
celved frequencies than the frequency not re-
quired for transmission, demodulating the com-
bined frequencies and producing by the combina-
tion and demodulation modulated beat carrier
frequencies at a lower frequency level than the
modulated low carrier frequencies and relatively
more widely spaced in the frequency scale but
preserving the beat carrier frequencies and their
modulations in their true mutual relations, se-
lectively separating and separately demodulating
the several modulated beat carrier frequencies
and producing by the demodulation replicas of
the several groups of signal frequencies.

2. The method of multiplex reception of a _plu-
rality of communication channels each compris-
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ing a carrier frequency with modulation fre-
quencies in their true mutual relations, which
consists in receiving a band of frequencies in-
cluding the several channels, combining the re-
celved frequencies with a beating frequency out-
side the band, demodulating the combined fre-
quencies and producing by the combination and
demodulation beat carrier frequencies with their
beat modulation frequencies at a lower frequency
level but in their true mutual relations, selec-
tively separating the beat frequencies into bands,
each including a beat carrier frequency with at
least one side band of its modulation frequencies,
while preserving the frequencies of each band in
their true frequency relations, by super-amplify-
ing the received beat carrier frequencies to an
amplitude that is large with respect to the am-
plitudes of their modulation frequencies and
super-selecting each super-amplified carrier with
its modulation frequencies, demodulating the
separated and super-amplified frequencies and
producing by the super-amplification and de-
modulation amplified replicas of the modulations
of the several channels.

3. The method of multiplex communication
which consists in modulating & plurality of car-
rier frequencies by operating pulses, elevating
the frequencies of the modulated carriers to a
frequency level of communication by modulation
of a scaffold frequency not required for com-
munication, transmitting and receiving the ele-
vated modulated carriers, reducing the recetved
modulated carriers to a lower frequency level
suitable for selective separation by combining
them with a beating frequency, selectively sepa-
rating and demodulating the reduced modulated
carrier frequencies at said lower level, produc-
ing by such demodulation replicas of the original
operating pulses, changing the frequency level
of communication of the several modulated car-
riers by changing the scaffold frequency and
changing the beating frequency by such an
amount that the received modulated carriers are
reduced to the same lower frequency level and
likewise separated and demodulated, producing
by such demodulation like replicas of the orig-
inal operating pulses. N

4. The method of multiplex communication
which consists in modulating by operating pulses
a plurality of carrier frequencies having such
values that their modulation bands overlap in
palrs, with one-half of each modulation band
non-overlapping, transmitting and receiving
such modulated carrier frequencies with their
overlapping modulation bands; selectively receiv-
ing each modulated carrier with the non-over-
lapping half of its modulation band and reject-
ing the overlapping parts of the modulation
bands, demodulating the selected modulated car-
riers and producing by such selection and de-
modulation true separated replicas of the orig-
inal operating pulses.

5. The method of multiplex communication
which consists in generating a scaffold frequency
not required for transmission, producing a plu-
rality of carrier frequencies by modulating the

" scaffold frequency by a plurality of lower fre-
- quencies, selectively separating a band of fre-

-~y
<@

(f]

quencies including the several carrier frequencies

from the scaffold frequency, transmitting the se-.
lected carrier frequencies, superimposing operat-

ing modulations on the several transmitted car- -
rier frequencies by modulating the lower fre-
quencies, producing by the modulation and super=-
position a plurality of closely adjacent modulated
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super-carriers, effecting precise regulation of the
. super-carrier frequencies by regulating the single
scaffold frequency, effecting precise spacing of
the closely adjacent modulated super-carriers and
their modulation frequencies by a less precise

control of the modulated lower frequencies, re- -

ceiving and effectively separating the closely ad-
jacent modulated super-carriers by combining
them with a beating frequency that is closer to
the frequencies of the modulated super-carriers
than the scaffold frequency, producing thereby a
plurality of modulated beat carriers that are rel-
atively widely spaced in their frequency scale,
and selectively receiving and separately demodu-
lating the several modulated beat carriers.

6. The method of multiplex communication
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which consists in modulating by operating pulses
a plurality of carrier frequencies having such
values that their modulation bands overlap in
pairs, with one-half of each modulation band

~non-overlapping, transmitting and receiving such

modulated carrier frequencies with their over-
lapping modulation bands, super-amplifying each
carrier with respect to its modulation band, se-
lectively separating each super-amplified carrier
with the non-overlapping half of its modulation
band from the overlapping parts of the modula-
tion bands, demodulating the super-amplified and
separated modulated cairiers and producing by
such separation and demodulation true separated
replicas of the original operating pulses.
FREDERICK K. VREELAND,



