2,406,034

Aug. 20, 1946,

W. A. PHELPS
CARRIER WAVE SIGNALING SYSTEM

4 Sheets-Sheet 1

. 24, 1943

- Filed Aug

‘s, s .
Qlrogcz N
0Bre 250 nD\:u iy
#4 ¢ » s . 2
| ey an & 1INNVHD D__I nm.m.ml\ AN vy kﬂ mE , W
h§567 — 950 | an3s lons S IN
I — N
‘WP y S

WA M

INIGNZS | TaNNYHO

m&.«\\l

I
nSE +arﬂv.V\ . .VQ

ALSIMm ,
n§ETEEE/= (§€ *56S) —n0552
nEEFEBLI= ST Fe59L) “n05S2
FETEIDI= (RSE L45E6) —n055E
~FELEPFI= (vSE +nE0/]) - n0S5T
Z 378v.L

= i,
vO55E
N
(w5211 M
~$28
mtmw lm

k\.u\\

/ qmis\»\\.\u

" s QN&\\SQ .....
LNIYENI
S¥0L Y\(\x\\&.U%\Q

anve SH0L9IL 3G

] 9/l - ONIAIZD3Y



W. A. PHELPS 2,406,034

"~ CARRIER WAVE SIGNALING SYSTEM

Avg, 20, 1946,

‘4 Sheets-Sheet 2

Filed Aug. 24, 1943

|

~ 0552 : 0552
‘250 Q\Q. — 5
A
6 £ ¥ e =
k(ﬁl-- AP T2Y — ~Son ™ ~o17
g 8ys ) awas 950 [G,7 quzvti
~S€ T — J:wlL.M
Vg u\uwwf_ ~se6 S O
P 950 T TINNVHD
Ys \fo _ 4y
sAens| 75 ) ‘anas 950 [Nz Tanmvan 12592 ]
— 0 A
v i AVIZY]__ [ ~se F == ﬂ
-+ oNF$ | | ~§56¢ — VG 6
o o 7 —]_ 5o T TN Lies |
'y 5 ™~ SY¥ILTII
; . % onve
. g E-E- » TINNYHD wians
- d. a4 PR YT
. —_ b — Y .
" b =%

— 2N3EYND
, SYOLYNINIYISIO
! TINNVHD SYOLD7LIG
—SE T
-~ ——~s2s
ay

LSK3 -

ASE TS E6=(SELaSPP) 08c2
vSE TS 9L =(SEL A5 /19))~08E2

A€ T S65 =5 et

S 8L )~ 08€2

1€ TSPl = (5 E+1ES 6/)-0gcZ

/ 378V.L

INIAIZI3Y € W

- INVENTOR
W A PHELPS

8y

3

S

Bl EgZnf i

AT TORNEY



Aug. 20, 1946.  W. A PHELPS . 2,406,034
' ' CARRIER WAVE SIGNALING SYSTEM |

Filed Aug. 24, 1943 4 Sheets~Sheet 3

1™,

DETECTOR

MOy,

MARKING
SPACING DETECTOR
SOy

« S
N g
2 [+4
c;s 3 § S
Q ]
[
By
3
ﬁ‘) ~
. =~
: 3
LV
N ‘;’*:4,.
g M" '
mm] . - INVENTOR -
“ e W A PHELPS

Tl CGngbilee.

. ATTORNEY




Aug. 20, 1946, W. A. PHELPS 2,406,034

CARRIER WAVE SIGNALING SYSTEM

Filed Aug. 24, 1943 4 Sheets-Sheet 4
f 4 .
o B
y ¥
..2 u‘ -
~
/ &5
NN
" L ]
3
/ O q
e E—r -9
32 28 24 20 16 12 8 4 ~o*r 4
INBUT LEVEL — — D& BELOW | MILLIWATT
sof  FIG 5
FIG 6 ' \ ‘
12+ ! | 7 £ \\ : /
“ | : ! . \ /
N | . /
3 o4 . ICU:‘?ﬁEN? 40+ \ .
}l ’ IMAﬁ?A/{thG EFFECTIVE ' ’ /
2 ) [N G N OPERATING ‘ 5
E 4t | A | CURRENT 35+ (cHawnEL FrTER //
3 I . \
S 30+ \ .
X CURRENT IN \
by SPACING a ,
<« | winoine Q
I T 285t -
o )
| 3
3 [ & 20+
O | N
g 3
2 | T — 8 sl
-60 -40| -20 ¢ +20 |4o +80 W [
s b < /
FREQUENGY ' DEVIATION - CYCLES PER SECOMND ' 10+ \Z\ :
. ‘ < sl Seaciwg [ | \wmarrinG
. FIG 7 DISCﬁIM/A/A?"ORI :a/:mmmvaraﬁ
8604 g ’ : )
N o ] ! . || - [ I i
N } } } f t }
S 300 356 |40 450| 500 S50
O 404 s Fm :
S FREQUENCY- ~/SEC.
Y :
V204 '
u
I
Q
N 0
2
N
Y 204
. i
-
S 1
] .
[ - . .
60 } } } } R— } +— INVENTOR
~40 -30 -20 10 0 40 +20 +30 +40 , W A. PHEL PS

FREQUENCY DEVIATION BETWEEN HFE OSCILLATORS

-CYCLES PER SECOND » M W‘m

ATTORNEV




Patented Aug. 20, 1946

2,406,034

UNITED STATES PATENT OFFICE

2,406,034
CARRIER WAVE SIGNALING SYSTEM
Walter A, Phelps, Madison, N. J., assignor to Bell

Telephone Laboratories,

Incorporated, New

York, N. Y., a corporation of New York
Application August 24, 1943, Serial Ne. 499,773

1

The invention relates to carrier wave signaling
systems and particularly to carrier telegraph sys-
tems.

The invention is particularly applicable to, al-
though not limited to, such a system including
as a link therein, 3 multichanuel voice-frequency
carrier telegraph system utilizing in each channel
two tones of voice frequency slightly separated in
the frequency spectrum, respectively for the
transmitted “marking” and “spacing” telegraph
signal impulses representing a telegraph message,
which are separately detected at the receiving
end of the system and applied to the opposing
windings of the channel polar receiving relay
causing its operation to repeat the marking and
spacing signals. Where it is desired to transmit
the voice-frequency telegraph signals of such sys-
tems between widely separated points efficiently
and cheaply, one of the voice-frequency carrier
telegraph terminals may be located at each of
those points, and a portion of an existing high
frequency transmission system extending between
those points, for example, a high frequency chan-
nel of a single side-band (suppressed carrier)
telephone system, utilized for transmitting the
telegraph signals between the voice-frequency ter-
minals. In that case, a group modulator with an
associated high frequency carrier source at the
transmitting end of the high frequency channel
would be utilized for stepping up the fundamental
voice-frequency carrier channels to the higher
frequencies required for transmission over it, and
a group demodulator with an associated high fre-
quency carrier source at the receiving end of the
high frequency channel, for stepping down the
received carrier telegraph channels to voice fre-
quencies for reception.

In certain of the existing high frequency sys-
tems which may be used in such a combination
system, the high frequency oscillators associated
with the group modulator and demodulator in
the high frequency channel for each direction are
normally operated unsynchronized. They may,
therefore, have instantaneous frequency differ-
ences between them at times which may be suffi-
cient, particularly where the telegraph signals are
applied to the voice-frequency carriers by fre-
quency modulation, to introduce intolerable sig-
nal bias variations in the received telegraph
channels.

.An object of the invention is to reduce signal
distortion in carrier telegraph systems.

A more specific object is to reduce to an unob-
Jjectionable amount signal bias variations in the
telegraph channels of a multichannel voice-fre-
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quency carrier telegraph system employing fre-
quency modulation, operated over a high fre-
quency channel employing unsynchronized high
frequency carrier sources associated with the
group modulation and demodulation apparatus at
its opposite terminals.

These objects are attained in accordance with
the invention by sending out over the high fre-
quency line of such a system, along with the tele-
graph signal-modulated carriers, an unmodulated
pilot. wave of suitable frequency, which at the re-
ceiving end of the system is combined in g modu-
lator with the received signal-modulated carriers
prior to their separation and detection, to trans-
form them to desired low frequencies. The final
modulation process effectively cancels out from
the received signals any variations introduced by
deviations between the frequencies of the unsyn-
chronized high frequency carrier sources asso-
ciated with the group modulator and demodulator
in the high frequency link. :

The various features and objects of the inven-
tion will be better understood from the following
detailed description when read in conjunction
with the accompanying drawings in which:

Figs. 1 to 8 in combination show schematically
a two-way carrier telegraph system employing
frequency modulation, embodying the invention;
and

Figs. 4 to 7 show curves used to explain the in-
vention.

Figs. 1 to 3, when placed side by side in that
order with Fig. 1 at the left, show a complete two-
way carrier telegraph system providing four mes-
sage channels in each direction, consisting of a
west and an east two-way voice frequency carrier
telegraph terminal and an intermediate two-way
high frequency transmission link HFL, which may
be one two-way high frequency channel of a
multichannel single side-band carrier telephone
system, converted to telegraph use.

The high frequency transmission link HFL of
the combination system, as shown in Fig. 1, com-
prises a west-to-east ohe-way high frequency re-
peating path EA and an east-to-west one-way
high frequency repeating path WA coupled at
their west and east terminals in conjugate rela-
tion with each other and in energy transmitting
relation with the west two-way line section I.W
and the east two-way line section LE by means
of the hybrid repeating coil HCw and the asso-
cited line balancing network Nw, and the hybrid
repeating coil HCe and associated line balancing
network N, respectively. The path EA includes
in its input and output the band-pass filters Fez
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and Fa respectively adapted to pass only a band
of frequencies corresponding to the total fre-
guency range of the modulated voice-frequency
carriers and pilot wave generated at the west
voice-frequancy carrier telegraph terminal, and
the path WA in its input and output the band-
pass filters Fas and Fas respectively adapted to
pass only a band of frequencies corresponding to
the total frequency range of the modulated voice
frequency carriers and pilot wave generated at
the east voice frequency carrier telegraph termi-
nal in the manner to be described. The path EA
also includes in its input, to the east of filter Fas,
a group modulator Mi and associated carrier
source Ou generating the high frequency fi, and
in its output, to the west of band-pass filter Fa, a
group demodulator Di with an associated carrier
source Oiz of corresponding nominal high fre-
quency fi. The path WA also includes in its in~
put, to the west of filter Fas, a group modulator
Mg, with an associated carrier source Oz of the
high frequency f2; and in its cutput to the east
of filter Fas a group demodulator Dz with an asso-
ciated carrier source Ous of the nominal high fre-
quency fa. :

The transmitting circuits of the two-way voice

pold

16

20

25

frequency carrier telegraph terminal at the west

and of the combined system, as shown in Fig. 1,
include four oscillators O1 to Os normally gen-
erating carrier currents of the voice frequencies
1445, 1615, 1785 and 1855 cycles for the four
transmitting channels § to 4. These oscillators
may be of the vacuum tube type illustrated for
the oscillator O1 in channel | which is shown in
more detail. These carrier currents are respec-
tively modulated by separate sending circuits as-
sociated with the respective oscillators, to impress
telegraph signals constituting a separate message
on each carrier. The sending circuit in chan-
nel { comprises the polar telegraph sending relay
SR1 which is controlled by the telegraph key Ki
or its equivalent in one subscriber’s loop. Sim-
ilarly, the sending circuit in each of the other
three channels comprises one of the polar iele-
graph sending relays SR: to SRs respectively
controlied by one of the operating keys Ka to Ka,
or the equivalent, in-other respective subscribers’
lcops.
When the key Ki in channel { is closed to
provide an energizing circuit from the associated
- battery to the operating winding of sending relay
SR, that relay is operated to its marking con-
tact m, and when the key Ki is opened to de-
energize - the operating winding, that relay is
operated to its spacing contact s. The relay con-
nections-to oscillator O: are such that the ca-
pacitance in the tuned circuit of that oscillator
is changed by & sufficient amount for the two
operating conditions of relay SRi to swing the
carrier generated by the oscillator 35 cycles to
one side of the -normal carrier frequency (1445
cycles) for a marking signal and 35 cycles on
the other side of the normal earrier frequency
for a spacing signal. Thus, by alternately clos-
ing and-opening the key Ki, the carrier wave of
nominal frequency 1445 cycles in channel | may
be frequency modulated in accordance with a
telegraph message to be transmitted.
_Similarly, the frequencies of the carriers gen-
erated. by the similar oscillators Oz to Og, indi-
© cated by boxes, in channels 2 to 4, respectively,
may be. shifted +35 cycles from the nominal
values of 1615, 1785 and 1955 cycles, respectively,
by operation of the associated sending relay SRz
to SRa alternately to their marking and spacing
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contacts under control of the felegraph keys Ko
to Ka in the associated subsecriber’s loops, to pro-
vide frequency-modulated voice-frequency car- -
rier waves representing respectively different
telegraph messages to be transmitted. The fre-
quency-modulated carriers in the output of oscil-
lators O1 to O« in the four channels | to 4 pass
respectively through the associated sending band
filters P1 to P, respectively adapted to pass the
frequency bands 144535 cycles, 1615-+35 cycles,
1785435 cycles and 1955-+35 cycles.

In addition to the four carrier oscillators O1
1o Os at the west terminal, there is provided a

fifth oscillator Os which generates another voice-

frequency of 2380 cycles which passes unmodu-
lated through the associated filter Fs selective to
its frequency. The cutputs of the five filters F:
to Fs are bridge in parallel across the common
two-way line section LW so that the four fre-
quency-modulated carriers and the unmodulated
pilot wave of a frequency of 2380 cycles are super-
rosed in that line section and pass thereover to
the west terminal of the high frequency trans-
mission link HFTL.,

Similarly, at the east end of the system the
transmitting circuits of the east voice~frequency
carrier telegraph terminal, as shown in Fig, 2,
include four oscillators Cs to Os normally gen-
erating carrier currents of the different voice
frequencies 595, 765, 935, 1105 cycles for the four
carrier telegraph channels in the east-to-west
direction. The oscillators O1 to Oy are adapted
to be respectively controlled by the associated
sending circuit comprising sending relay SRs and
the associated subscriber’s key Ks, the sending
relay SR7 and the associated subscriber’s key K,
the sending relay SRs and the associated sub-
scriber’s key Ks, or the sending relay SRe and
the associated subseriber’s key Ko in a manner
similar to that described for the similar channels
at the west terminal of the system, to swing the
carrier for each channel 35 cyeles to one side of
its normal frequency value for a marking signal
and 35 cycles to the other side for a spacing
signal. In addition to the four carrier oscilla-~
tors Os to Os at the east terminal, there is a fifth
carrier oscillator O generating a frequency of
2550 cycles which is unmodulated by telegraph
signals.. The marking and spacing telegraph
signal outputs of the carrier oscillators Os to Oo
and the unmodulated output of the 2550-cycle
oscillator Oio are respectively selected by the
transmitting band filters Ps to Fiec and are super-
posed in the two-way line section LE over which
they pass to the east terminal of the high fre-
quency transmission line HFL.

The voice-frequency carrier telegraph receiv-
ing circuits at the east terminal of the system,
shown in Figs. 2 and 3, include a balanced mod-
ulator M3 which may be of the second order
type, such as disclosed, for example, in F. A.
Cowan Patent 1,959,459, The modulator Mz in-
cludes four copper-oxide rectifier units connected
in. a Wheatstone bridge formation; an output
transformer { connected across one diagonal of
the bridge, one input circuit, including the band-
pass filter Fui, passing the frequency range 1375—
2025 cycles corresponding to the frequency range
cceupied by both the marking and spacing sig-
nals of eIl four voice-frequency carrier telegraph
channels generated at the west terminal, con-
nected by transformer 2 across that same diag-
onal of the bridge, and a second inpubt circuit,
including the narrow band filter Fiz selective to
the frequency 2380 cycles produced by the pilot
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wave oscillator Os at the west terminal, con-
nected by transformer 3 across the other “con-
jugate” diagonal of the bridge. The two input
circuits of modulator Mz are fed in common
through transformer 4 from the two-way line
section LE terminating the east end of the high
frequency channel HFL with the waves of voice
frequency received from that channel, the pass
frequency ranges of filters Fuu and Fiz being
such as to prevent the outgoing signal outputs
of the transmitting band filters Fs to 1o bridged
across the line section LE from feeding into the
input of the modulator Ms. :

Neglecting for the moment the effect of any
variations produced in the transmitted signal-
bearing voice frequency carriers because of var-
iations between the frequencies of the unsyn-
chronized high frequency carrier oscillators in
the intermediate high frequency carrier link
HFL, the operation of the voice frequency car-
rier telegraph receiving circuits at the east ter-
mina]l is as follows: The four frequency-modu-
lated carrier waves of the frequencies 144535
cycles, 1615435 cycles, 1785+35 cycles and
195535 cycles and the one unmodulated pilot
wave of 2380 cycles received in the line section
LE over the high frequency carrier link HFI,
from the west terminal of the system will pass
through the transformer 4 to the conjugate input
circuits of modulator Ms. The four signal bear-
ing waves will be selected by the band filter Fu1
and will be impressed by transformer 2 on one
diagonal of the copper-oxide rectifier bridge of
the modulator Mz and will combine with the
2380-cycle unmodulated pilot wave, selected by
filter F12 and impressed by transformer 3 on
the other conjugate diagonal of the bridge, to
produce the desired output frequencies shown
in Table 1 to the right of modulator M3. These
desired frequencies are respectively selected and
passed on by the narrow receiving channel band
filters F3, Fui4, F1s and Fus connected in parallel
to the output of modulator Ms, the undesired
products of modulation in modulator Mz being
rejected by those filters, From this point it will
be sufficient to trace the path in one channel only
as all perform in a similar manner.

Considering receiving channel i, the current
out of the 425-cycle filter Fi3 swings back and
forth between 425135 cycles and 425—35 cycles
for the received marking and spacing signals.
This current of varying frequency then passes

into the current limiter CL: comprising the two’

transformer coupled-amplifying vacuum tube
stages T and 8, a portion of the output of the
second stage tube 8 being picked off through a
third winding 9 on output transformer 10, recti-
fied by the full-wave rectifier Il and passed
through the series resistance 12 in the control
grid-cathode circuit of tube 8 to provide a vary-
Ing direct current bias on its control grid. The
circuit constants of the current limiter CI: and
those of the similar current limiters in the other
receiving channels at both terminals of the sys-
tem are selected such as to produce a current
input-current output characteristic resembling
that of Fig. 4. It will be observed that for a
wide range of input levels, the output is nearly
constant. The purpose of this limiter circuit is
to provide at its output current of closely con-
stant amplitude, regardless of the frequency
variation of its current input and regardless of
the rather wide swings in amplitude which may
be caused by line equivalent variations. There
then will be impressed on the marking discrim-
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6 .
inator Dai and the spacing discriminator Dsi
having their inputs connected in parallel to the
output of the current limiter CL1, a current of
constant amplitude and of a frequency which
may be steady or variable, depending on whether
the channel is standing idle or transmitting sig-
nals. :

The discriminators Dm: and Ds: consist merely
of high- and low-pass filters or tuned circuits,
respectively, of simple design. Their character-
istics are shown in Fig. 5 with that of the re-
ceiving channel band filter Fi3, drawn in dotted
lines to show the band limits. When the re-
ceived carrier current is at the marking fre-
quency fm, the loss through the marking dis-
criminator Dm: is low and the loss through the
spacing discriminator Ds: is high. Therefore, the
marking current out of the discriminator Dmi is
at a maximum and the spacing current out of
the spacing discriminator Ds: is at a minimum.
As the frequency is shifted from fm to fs, the loss
through the discriminator Du: increases and that
through the discriminator Ds: decreases. When
the carrier reaches fs, the current out of the dis-
criminator Ds: has reached a maximum and that
out of the discriminator Dm: has reached g min=
imum. It will be noted that the modulation
process in Mz has turned over the frequency de-
viation. The marking frequency in channel |
started out from the west terminal as 1955--35
cycles and became 4254-35 cycles in the output
of modulator Ms.

The currents out of the discriminators Dum1 and
Ds: are amplified and rectified in the marking
detector MD: and the spacing detector SDi, re-
spectively, and the result is a push-pull current
in the marking and spacing windings of the
bolar receiving relay RRi, respectively connected
to the outputs of those detectors. Typical mark-
ing and spacing winding currents in the receiv-
ing relay RR1 are shown in the curves of Fig. 6.

The push-pull currents in the windings of the
relay RRi, produced by the detected marking
and spacing currents, cause the armature of that
relay to move back and forth between its mark-
ing contact m and its spacing contact s, which
repeats the telegraph signals to the subscriber’s
receiving loop connected to those contacts caus-
ing the operation of the printer, sounder or other
receiving or recording device in that loop in
accordance with the repeated signals. In re-
ceiving channels 2, 8 and 4, the receiving appa-
ratus is similar to the receiving apparatus in
channel I, as indicated by the use of the same
identification characters but with suitable sub-
scripts corresponding to the number of the chan-
nel, and operates in response to the marking and
spacing signals in the output of modulator Ms
of the frequencies 59535 cycles, 765+35 cycles
and 935::35 cycles, respectively, in a manner
similar to that which has just been described for
channel | to cause operation of the channel re-
ceiving relays RRz to RR4 to repeat these signals
to the subscriber’s receiving loops respectively
connected to the channels,

Similarly, the voice-frequency telegraph re-
ceilving circuits at the west terminal of the sys-
tem, as shown in Fig, 1, include a balanced second
order modulator M: of the copper-oxide recti-
fler bridge type, similar to the modulator Mz at
the east terminal, having its conjugate input
branches respectively including a band-pass filter
Fi7 and the narrow band-pass filter Fis fed in
common through transformer 5 from the two-
way line section LW terminating the west end
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of the high frequency transmission link HFL,
and its single output circuit:coupled by output
transformer 6 in parallel to the inputs of the four
receiving band filters Fig to Fa in the receiving
carrier telegraph channels | to 4. The four fre-
quency-modulated carrier waves of the frequen-
cies 59535 cycles, 76535 cycles, 93535 cycles
and 1105+35 cycles generated by the sending
circuits at the east terminal and the accompany-
ing unmodulated pilot wave of the frequency 2550
cycles generated at that terminal pass from the
two-way line section LW through the input trans-
former 5 to the modulator Mi. The four signal
bearing waves are sclected out by the band filter
P17 passing the frequency range 525 to 1175 cycles
in one input branch, and are combined in the
modulator Ms with the 2550-cycle. pilot current
selected by the filter Fis in the other conjugate
input branch, to produce the four desired output
frequencies in the output of the modulator, shown
in Table 2 to the left of that modulator. These
desired . frequencies pass through output frans-
former 6 and are respectively . selected by the
receiving band filters Fis to Faz in the four receiv-
ing channels, the undesired products of modula-
tion in the output of the modulator Mg¢ being
rejected by these filters.

In receiving channel | at the west terminal,
the current output of filter Fip swings back and
forth between 1445-1-35 and 1445—35 cycles with
the marking and spacing signals. This current
of varying frequency then passes through the
individual .current limiter CLs for channel |,
which provides an output current of substan-
tially constant amplitude regardless of the fre-
quency variation and regardless of the wide
swings in amplitude in the current input caused
by line equivalent variations.” The output of the
current limiter Cls is impressed on the parallel-
connected inputs of the marking and spacing
discriminators Dvs and Dss, similar to the cor-
responding discriminators in each receiving
¢hannel at the east terminal just described and
operating in similar manner. The currents out
of the discriminators Dms and Dss are respec-
tively amplified and detected in the marking
detector MIDs and the spacing detector SDs, and
the resulting detected currents are applied in
push-pull to the marking and spacing windings
of the polar receiving relay RRs to cause alter-
nate operation of its armature to its marking and
spacing contacts to repeat the telegraph signals
to the subscriber’s receiving loop associated with
that channel.

Similarly, the frequency-modulated = carrier
outputs of the fillers Fao to Fzz in the telegraph
receiving channels 2 to 4 at the west terminal,
of the frequencies 1615+35 cycles, 1785-+35
cycles and 195535 cycles, are respectively oper-
ated on by the current limiter, marking and spac-
ing discriminators, and the marking and spacing
detectors ‘of the corresponding chanrels in a
manner similar to that which has been described
for the similar elements in channel i, to provide
respective alternate operation of the channel
receiving relays RRs to RRs to their marking
and spacing contacts, to repeat the marking and
spacing telegraph signals for those channels to
the connected subscriber’s receiving loop to oper-
ate a printer, sounder or other receiving or re-
cording device.

In the above description of the passage of the
frequency-modulated carrier waves and of the
unmodulated pilot wave from: the transmitting
apparatus at the west voice frequency. carrier
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8
telegraph terminal to the voice frequency tele-
graph receiving apparatus at the east terminal,
and vice versa, the action of the high frequency
apparatus in the intermediate high frequency
transmission link HFL, not previously described
in detail, is as follows.

The easterly directed voice-frequency carrier
channels and the accompanying unmodulated
pilot wave generated by the voice-frequency car-
rier telegraph transmitting apparatus at the
west terminal passing into the two-way line see-
tions LW at that terminal, will be impressed by
the hybrid coil HCw on the input of the west-fo-
east repeating path EA in the link HFL in which
they will be selected by the band-pass filter Faz
having a pass range which includes all of those
frequencies but excludes those of the westerly
directed voice-frequency channels and pilot wave.
The selected voice frequency-modulated carrier
output of the filter F3 in the path EA will be
impressed on the modulator M: in which it will
ke combined with the high frequency carrier of
nominal value f1 supplied from the associated
oscillator O, to step up the voice-frequency
carrier channels and the pilot wave, to frequen-
cies suitable for transmission over that path. At
the east terminal of the high frequency path HA,
the received carrier channels of stepped-up fre-
quencies are combined in the demodulator Di
with a high frequency carrier wave of the same
nominal frequency fi supplied to the demodulator
from the associated oscillator Oz, to step the
carrier channels down again o their original
frequencies which are selected by the band-pass
filter F in the output of the path EA, having
the same pass range as the filler Fa3, and are
impressed by the hybrid coil HCg on the two-
way line section LE. The received voice-fre-
quency channels and pilot wave will pass from
the lire section LE to the voice-frequency carrier
telegraph receiving circuits of the east terminal
described above.

Similarly, the westerly directed voice-frequency
carrier channels and the unmodulated pilot wave

> generated in the voice-frequency carrier tels-

graph transmitting apparatug at the east termi-
nal of the system of Fig. 1, passing into the two-
way line section LE will be impressed by the hy-
brid coil HCe on the east-to-west repeating path
WA of the intermediate high frequency link HFL
and will be selected by the band-pass filter Fas
having a suitable frequency pass range. The se-
lected frequencies in the output of the filter Fus
will be combined in modulator Mz in the input of
the path WA with the high frequency carrier of
nominal frequency f2 supplied from the . associ-
ated carrier oscillator Oais, to step-up all of the
voice-frequency channels and the pilot wave to
high frequencies suitable for fransmission over
that path, and at the west terminal of the high
frequency link HFL the received waves will be
combined in the demodulator D2 with the high
frequency carrier of nominal frequency f2 sup-
plied from the associated carrier oscillator Ois
to step them down again to their original voice
frequencies.  These frequencies will be selected
by the band-pass filter F2 of suitable transmis-
sion frequency range, and impressed by the hy-
brid coil HCw on the two~way line section LW
from which they will pass to the voice-frequency
carrier telegraph receiving circuits of the west
terminal described above.

Unless the high frequency carrier sources as-
sociated with the group modulator and the group
demodulator in the repeating path for each -di-
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rection in the high frequency link HFL are def-
initely synchronized over the line, their frequen-
cies are never exactly alike, and in the particular
high frequency channel with which the veice-
frequency carrier telegraph channels of the in-
vention were actually combined, it was found
that they may differ at times by as much as 15
cycles. It has been found by experiment thai
such a 15-cycle deviation between the high fre-
quency carrier oscillators with g frequency-med-
ulation voice frequency carrier telegraph system
such as illustrated in Figs. 1 to 3, but not -in-
cluding the arrangements of the bresent inven-
tion, would result in a signal biag variation of
about 20 per cent in the telegraph receiving chan-
nels. The characteristics from which this was
deduced is shown in Fig. 7. The curve of that fig~
ure shows the percentage signal biag variation
produced in a telegraph receiving channel of
the system for different values of frequency de-
viation in cycles between the high frequency car-
rier oscillators associated with the group mod-
ulator and the group demodulator at the input
and output, respectively, of the high frequency
channel feeding it.

Let us assume that oscillator Ou associated
with the group modulator M1 in the west-to-east
side of the high frequency link HFL in the sys-
tem of Fig. 1, is at the correct frequency, and
that the oscillator Oz associated with the de-
modulator D1 in the output of that side is 15
cycles lower. The easterly directed channel] 4
current at frequency 1445-+35 cycles, after pass-
ing through the demodulator D: at the east ter-
minal of the high frequency channel would, in a
conventional frequency modulation system, have
& frequency of 1445:+35—15 cycles under the as-
sumed condition of oscillator Oz being 15 cycles
low. By the time this signal reached the receiv-
ing relay RR1 in receiving channel | at the east
terminal, it will have a light bias of about 20
per cent, as indicated by the curve of Fig. 7, above
the point —15 on the frequency axis. But in the
circuit illustrated in Figs. 1 to 3, 5 pilot wave of
the frequency 2380 cycles has been transmitted
along with the channel frequencies and this also
emerges from the output of the demodulator D
15 cycles low, When these two currents are com-
bined in the modulator Mz in the common re-
ceiving circuit at the east terminal of the sys-
tem, a combination of this type ensues:

(2380—15) —1 (1445—15) 35 cyclesl=
93535 cycles (1)

which is the same frequency as would be obtained
when the frequencies from the oscillators Cu
and Oz were considered to be exactly the same.
Thus, the frequency variations introduced in the
intermediate high frequency line have been ef-
fectively cancelled out in the final modulation
pbrocess. The same would be true in the case of
each of the other channels. Thus the scheme
of the invention may be used to make the received
frequency in any frequency-modulated carrier
telegraph channel independent of any frequency
variation between separate and unsynchronized
carrier oscillators associated with the modu-
lator and demodulator in any intermediate high
frequency carrier link. .

Various modifications of the circuits illustrat-
ed and described which are within the spirit and
scope of the invention will occur to persons skilled
in the art.

What is claimed is:

1, In combination, a group of low frequency
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carrier communication channels and a sepatate
pilot channel, means at a transmitting point for
combining each of said channels with 2 high.fre-
quency carrier for transmission, means at.a re-
ceiving point for combining the received high
frequency waves with a carrier of nominally the
same high frequency as the high frequency car-
rier at the transmitting point, to demodulate the
Teceived communication channels and the re-
ceived pilot channel, and modulating meang for
combining each of the demodulated carrier chan-
nels with the demodulated pilot channel to com-
bensate for any frequency differences between
the high frequency carriers at the transmitting
and receiving points tending to distort the trans-
mitted carrier communication channels:. '

2. In combination in g carrier signaling sys-
tem, a high frequency transmission line, a plu-
rality of sources respectively generating carrier
waves of different low frequencies, another source
generating a pilot wave of predetermined fre-
quency, means to modulate each of said carrier
waves with a different message, means to im-
bress the modulated carrier waves and the un-
modulated pilot wave on the input of said line,
a group modulator with an associated high fre-
quency carrier source in the input of said line
for stepping up the frequencies of all of the im-
Pressed waves to those suitable for transmission
over that line, a group demodulator with an
associated high frequency carrier source of the
same nominal frequency as the first high fre-
quency ‘carrier source, in the output of said line
for stepping down the received waves to their
original frequency values, a- second modulator
fed from the output of said line, for combining
each of the applied low frequency-modulated
carriers with the received unmodulated pilot wave
to transform the former to desired lower fre-
quencies, and to eliminate therefrom any varia-
tions therein caused by any frequency differences
between the high irequency catrrier sources as-
sociated with the group modulator and group de-
modulator of the high frequency line, and means
to separate the resulting modulated carrier waveg
and to separately detect the message components
therein,

3. In a carrier wave signaling system including .
low frequency carrier signal transmitting and
receiving circuits at each terminal thereof and
an intermediate two-way high frequency trans-
mission link including group medulating and de-
modulating devices with associated high fre-
quency carrier sources for respectively stepping
up the low frequency carrier signals received by

‘said link from the low frequency carrier signal

transmitting circuits at each terminal to high
frequencies suitable for transmission over that
link, and for stepping down the high frequency
carrier signals received at each terminal over
said link to their original frequency valueg be-
fore supplying them to the low frequency carrier
signal receiving circuits at that terminal, the low
frequency carrier signal receiving circuits at each
terminal including other modulating means for
combining each of the received low frequency
carrier signals with a carrier wave of suitable
frequency to transform the former to desired low
frequency values before they are separated and
the signal components detected therefrom, and
means to reduce distortion of the detected sig-
nal components due to relative.instantaneous fre-
quency differences between the high frequency
carrier sources in the intermediate high frequency
transmission link comprising means for supplying
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said carrier waves of said suitable frequency com- i

bined with each received low frequency carrier
signals. in the low frequency carrier signal re=
ceiving circuit at each terminal, over said high
frequency transmission link from the other ter-
minal so that they are subjected to the same
frequency variations in that link as the trans-
mitted earrier signals.

-4, In combination in a multiplex carrier tele-
graph system, means for producing a plurality
of different voice frequency carriers respectively
frequency modulated with a different telegraph
message, a high frequency transmission line sup-
plied with said modulated carriers and including
in its input modulating means with an associated
high frequency carrier source, for stepping up the
supplied waves as a group to the high frequencies
suitable for transmission thereover, and in its
output demodulating means with an associated
high frequency carrier source for stepping down
the waves received over the line as a group to
their original frequencies, another modulating
means for combining the modulated carriers of
low" frequencies received over said line with a
carrier wave of suitable frequency to transform
the former to suitable frequency values, means
for separating the resulting modulated carriers
and separately detecting the telegraph message
components therefrom, and means to reduce dis-
tortion in the detected message components re-
sulting from fortuitous frequency differences be-
tween the high frequency carrier sources associ-
ated with the group modulating and demodu-
lating means in said high frequency line, com-
prising means for supplying said carrier wave of
suitable frequency combined with the modulated
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carriers in said . other modulating means, -over
said high frequency line so that it is subjected
to the same frequency variations as the modu-
lated carriers transmitted thereover.

5. The combination of claim 4 in which each
of said plurality of different. voice-frequency
carriers frequency modulated with a different
message is obtained by changing the tuning of
a different voice-frequency carrier oscillator
under control of associated keying means so that
the generated carrier is swung a given number
of cycles to one side of the normal carrier fre-
quency to produce & marking signal and the
same gmount to the other side of the normal
carrier frequency to produce a. spacing signal,
the receiving circuit of said system comprising
separate filters for respectively selecting.both the
marking signal component and the spacing signal
compenent in each modulated carrier .wave in
the output of said other modulation means at
the receiving terminal, separate current limiters
for respectively producing from the current out-
put of each of said filters a current of substan-
tially constant amplitude, regardless of frequency
and amplitude variations therein, other filtering
means for separating the marking and spacing
signal impulses in the resulting wave, detectors
for separately detecting said marking and spacing
signal impulses and a receiving telegraph relay
having opposing windings to which the detected
marking and spacing impulses are respectively
applied to cause the operation of said relay to
repeat the marking and spacing signals of the
message.

WALTER A. PHELPS,



