O0232.23

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

PCT

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3: (11) International Publication Number: WO 80/01633
Al
H04J 1/08 (43) International Publication Date: 7 August 1980 (07.08.80)
(21) International Application Number: ~ PCT/US80/00067 | (74) Agents: OLSON, Gordon, H. etal; Knobbe, Martens, Ol-

(22) International Filing Date: 23 January 1980 (23.01.80)

(31) Priority Application Number: 007,666

(32) Priority Date: 29 January 1979 (29.01.79)

(33) Priority Country: Us

(71) Applicant: THE ANACONDA COMPANY [US/US];
_ 555 17th Street, Denver, CO 80217 (US).

(72) Inventors: BENCH, Stephen, M.; 18282 Hartlund Lane,
Huntington Beach, CA 92646 (US). THIBODEAU,
Paul, H.; 7051 Cerritos Avenue, No. 24, Stanton, CA
90680 (US). CAMPBELL, Guy, M.; 1811 Miller Circ-
le, Corona, CA 91720 (US). STUMP, Theodore, M.;
956 Paularino Avenue, Costa Mesa, CA 92626 (US).

son, Hubbard & Bear, 1502 North Broadway, Santa
Ana, CA 92706 (US).

(81) Designated States: AT (European patent), BR, CH (Eu-
ropean patent), DE (European patent), FR (European
patent), GB (European patent), JP, LU (European pa-
tent), NL (European patent), SE (European patent).

Published
With international search report
With amended claims

(54) Title: MODIFIED VESTIGIAL SIDE BAND TRANSMISSION SYSTEM

+{35V. f’

\- 135V,

S Gz - S/
Ty p—— “«
”ﬂ 43a |16 KH; F"'TER, == suBl
coll oerce | Aured "/‘7 | 328 ZF Mo | 'K ==
7CKA T - h‘—
/.SR'_t/-ﬂ zl ”°°" g _ofSa 78 755 :Lgt'renl"mn £I8_ a5k ""*/'k =24
c/:/o g P R ) ﬁo‘;,igolatfggl 275 | 2Be 2k | Moo 124 o] :,-J..s.:;;a
e &KHZI MOD | 235 254 ,571-‘ ¥ :i.’r‘:g [nenm[ Sk7 S5
. I3 L
V7= 43¢ | 32 xH i TS sue3
/3 /c /3C = Ic {
cos JoctZe 2 FE { oemon | AitTeR "4 = ] moo. [ 2 XKz s5¢
1561227 S5z [mon | \aae 252 37 - 255 G o7
[ da ¢
iy i e B N B e N == Py
17| ozl moo. 537 257 37 L 2
5 — = T8 e s
el me e Tse | A3e [ Bretr ]
cos5l / ——{ DEMOO| FILTER } 29 = S r SUBA
/5e'lfﬂ__£r'6§““z MoO. | =23e™  2om I7F — c/e __| Moo, |4g;:_vz %
| ‘55| Moo Zig — e
= | 168 Xz ‘l-:._“;_“
ég;'f" LF_g2lF 437 Ioeuoo Fiiren |27 ruee oovon| 57 : fsﬁes
15FAZTT] o] Moo| Bf 25 O 554 Gl5 | Moo |02 —37e
crg | L ~
oty =z R ML - R e e =
L = SSFrSUB G
@,_H[,zﬂ laamzl ,,m zzr 7=z 575 53y, Gk | mi-gs'&eiz 577

1

%
AT g m*]oggnlmml"g/z

: 57"
124
| Bire [oemea] oI ciy san ) wor

ot =| Moo [TTE57

- L

/54 [ ] (25'/9

(57) Abstract

A communication transmission system includes one or more modulated carrier communication channels in which a re-
ceiver has a modified vestigial side band filter (37, 59) for eliminating phase cancellation. Accurate design of the modlﬁed vesti-
gial side band filter at the receivers, further reduces susceptibility to frequency drift caused by component aging and component
response to environmental changes The system has particular utility in multiple channel carrier telephone communication sy-
stems which utilize limited available band width for providing a maximum number of communication channels over an exten-

ded length communication line,
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1
MODIFIED VESTIGIAL SIDE BAND TRANSMISSION SYSTEM
. Background of the Invention

Multiple channel analog ‘frequency division

5 multiplexing for use in communicating multiple
simultaneous information channels is well known
in the art.

The two most common modes of carrier modulation
used in such systems are amplitude modulation and

10 <£frequency modulation. Normal amplitude modulation
is double side band, which results in.the- creation of
two identical side bands, frequency displaced on each
side of the carrier frequency by an amount identical
to the modulating frequency. The strength of the.

15 side bands, in such a system, is directly proéortiona1
to the amplitude of the modulating frequency. While
double side band amplitude modulation iszsimple and
inexpensive to implement, it also inherently generates
certain disadvantages. The transmission occupies twice

20 the band width of the highest modulating frequency, has
no particular signal to noise advantage, as:zis exhibited
in more complex transmission systems, and is subject to
phase errors between the two side bands. Such modulation
presents particular problems if the communication medium

25 exhibits non-uniform phase characteristics at
varying frequencies within the channel band width.

Frequency modulation for carrier multiplexed systems
requires more complex and expensive equipment, and
increases the signal-to-noise ratio only at the cost of

30 wider occupied band width. 7

Amplitude modulation is often modified to provide
single side band transmission to redice the required
band width for transmission, and involves the
suppression of the carrier and one side band at

. 35 the transmission.point. The signal-to-noise ratio can

be made correspondingly higher. However, the equipment
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2
is much more complex than with standard amplitude
modulation, particularly because the carrier must be
reinjected at the receiver.
Some of the complexity of single side band
reception can be eliminated by transmitting both a
single side band-and the carrier, while suppressing the ' .
remaining side band. Such transmission, however, .
, suffers high distortion in an environment where the-
10 carrier frequency at the receiver is subject to drift.
In addition, such transmission requires an extremely
accurate and costly transmission filter. -
True vestigial side band transmission systems
slightly attenuate the carrier frequency in comparison
15 with a main side band, and substantially attenuate the
remaining (vestigial) side band. Such systems allow
some band width economy in transmission, and are used,
for example, to transmit picture information for television
broadcast. True vestigial side band systems, however,
20 suffer from high amplitude distortion if the receiver tuner
drifts so that the carrier freqguency is not accurately
placed within the receiver pass band. Furthermore,
the detected signal suffers from high harmonic distortion .
at high modulation indices.
25 Single side band, single side band plus carrier, and
true vestigial side band transmission have classically been ¢
utilized in transmission systems to reduce the amount of
band width required for transmission, so that more
communication channels may occupy the same transmission
30 band width, while the disadvantages of these modulating
techniques have been reduced or eliminated through the
use of expensive, complex equipment.
However, in systems where equipment cost and
complexity are of significant concern, it has been
35 typical, in the prior art, to utilize double side band
amplitude modulation and to limit overall system

performance to a level consistent with this modulation.
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3.
These limitations are a primary design consideration,
for example, in multiple channel, carrier multiplexed
telephone systems operating over extended wire pairs.

5 . Such transmission systems exhibit attenuation which
increases with increasing frequency, such that higher
frequency transmission necessitates either higher
amplitude transmission or more complex repeaters placed
at more frequent intervals. The use of frequent o

10 repeater amplifiers is costly, while the use of higher'
signal levels requires the transmission of greater power
levels which, in turn, increases the cost and losses of
the system. Thus, such communication systems are
essentially béndwidth limited., 1In addition,

15 these systems exhibit non~linear transmission medium
phase characteristics at certain carrier channels
as a consequency of the use of repeater amplifiers and
extremely long cable runs, so that the effective usable
band width and range of the systems must be compromised

20 with one another to form a viable transmission network
at reasonable cost.

Summary of the Invention

The present invention utilizes a modified vestigial .
- receiver in a carrier multiplexed transmission system
25 with standard double, side band AM transmitters. This
does not result in a band width reduction for individual
channels, but does permit channels to exist at
frequencies within the pass band of the system which
might otherwise be unusable. Thus, the system permits
30 a greater number of channels to be transmitted, without
increasing overall system band width, and without
substantially increasing system cost or complexity.
At the same time, the invention substantially reduces
distortion inherent in double side band modulating
35 gystenis which results from phase non-linearities in the
transmission medium. In addition, the invention

reduces the susceptibility of the system to distortion
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4
caused by frequency drift from ccmponent aging or
environmental factors.

' The system transmitters produce double side band
AM signals. On selected channels, a receiver is
utilized which attenuates the received carrier freguency
by a smaller éégree than is common with true vestigial
side band transmission, but which‘maintains a _gentle
receiver filter attenuation slope at the carrier
frequency. This moderate slope reduces the susceptibility
of the receiver to distortion caused by frequency drift
of the receiver relative to'the transmitted carrier
signal. Although the resulting frequency response of
the receiver within its pass.band is not flat, as is .
common in true vestigial transmissions, a post detector
filter flattens the response. In fact, the use of the
post detector filter in this manner actually permits
greater attenuation of harmonic distortion than would
otherwise be possible. This transmission technique
provides double side band transmission of all modulating

frequencies, and reception of low nodulating

. frequencies in a double side band mode, while essentially

single side band reception is utilized for high

modulating frequencies. Because phase non-linearities

in transmission media, including repeater filfers, are

more acute at higher carrier modulating freguencies, and at
filter band edges, this system greatly reduces distortion
caused by these factors.

Thus, the present invention permits the utilization
of modified vestigial reception to eliminate distortion
caused by phase non-linearities, while at the same time
reducing the susceptibility of true vestigial
transmission systems to receiver freguency drift.

Bécause, in certain multiple channel transmission
systems, range limiting phase non-linearities exist
only on some of the multiple éhannels, the present
invention contemplates the use oF the receiver filtering

technique, referred to above as modl;led vestigial side
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band reception, only on certain channels, with standard
AM transmission on all channels and standard AM
reception on the remaining channels.

- Description of the Drawings -

These, and other advantages, of the present
invention are best understood through the following
detailed descrxptﬂon, which references the drawings,
in Whlch-

Flgure lis a block diagram schematlc of the

multiple channel modulated carrier transm1551on system

of the present invention;

Figure 2A is a plot of transm1551on line attenuation
in the system of Figure 1:

Figure 2B is a plot of the attenuation
characteristics of the repeater filtérs of
Figures 1 and 3;

Figure 2C is a frequency plot showing -
the location of the transmiseion channel of theé system
of Figure 1 within the system.pass band;

Figure 3 is a schematic block diagram of the
repeater of Figure 1;

Figure 4 provides a plot of attenuation
sharacteristics of receiver filters within the system
of Pigure 1, as well as certain prior art receiver
filter characteristics forx comparison;

Figure 5 is a schematic diagram of a filter whlch
may be used in the system of Figure 1 to achieve the
filter characteristics of Figure 4 at selected
channels within the system of Figure 1;

Figure -6 shows a schematic block diagram of a
post detector filter which may be utilized to reduce
harmonic distortion and flatten system pass band
response; and

, Figure 7 is a plot of the attenuation characteristics
of the post detector filter of Figure 6 along with

comparison attenuation plots.
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“ Detailed Description of ‘the Preferred Embodimgnt
The preferred embodiment of this invention is
incorporated in a freguency division multiplexed,

analog carrier system for use, for example, in-
multiplexing multiple subscriber telephone lines

on one telephoné cable pair, where the subscriber
stations are located at a substantial distance from

the central office. Systems of this type are used to
expand service where existing cables have previously
limited the number of available subscriber stations

or where, because of the length of the transmission
cables, economic considerations justify the use of .
modulating electronics in preference to the installation
of additional cable pairs over long cable runs. As is
well known, the attenuation of such a cable pair
increases with increasing freguency, and it is

therefore common to modulate relatively low .
frequencies with the voice signal in order to limit
cost by limiting the number of repeaters and the transmission
power level reguired in the system. '

Figure 1 shows a station carrier system which, by aM
carrier modulation, permits the multiplexing of eight
subscriber channels, each permitting two-way communication,
on one cable pair. In this instance, the cable Pair carries:
16 carrier frequencies, 8 of which are used for transmitting
voice signals from the central office to subscribers, and
8 used for transmitting voice signals from the subscribers
to the central office. In the fiéure, the eight
communication channels at the central office are designated
COl through CO8, each including a voice output channel on
lines' 1la through 1lh and 13a through 13h and a voice input

channel on lines 15a through 15h and 17a through 17h. 2s is

well known, the output channel and input channel at each
Station are combined in a four wire to two wire converter
(not shown). ‘

Each of the voice inputfchannels on lines 15a-15h and
17a-17h are combined in a modulator 19a-19%h with a
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carrier signal providgd by a carrier oscillator 21a—21h
to provide a standard, double side band AM modulated
signal at the output of the modulators 19a-19h on lines
5 23a-23h and 25a-25h. ' '
These output lines 23a-23h,25a2-25h are summed
in a summing amplifier and connected to a
' tranmission cable pair 27,29. The summing amplifier
is not shown, but is well known in the art. In
10 addition, the cable pair 27,29 is connected to a pair
of regulated DC voltage sources 31 and 33, respectively,
supplied at the central office. The DC power from the
sources 31,33 is coupled through plural repeaters 35a and
35b (to be described below), so that this power can be
15 utilized at remote subscriber stations to power the filters,
modulators, demodulators, and oscillators, described'
below. This DC coupling along the cable pair 27,29
permits the operation of remote subscriber stations
vithout supplemental power at ﬁhese stations. It will be
20 understood by those skilled in the art that, if the
length of the cables 27,29 is extreme, such
DC power is substantially attenuated by line losses,
supplementary DC power may be supplled.
Each of the central office stations €Ol through
25 CO8 additionally includes a filter 37a through 37h
~ ‘connected by a pair of lines 39a through 3%h and
4la through 41h to the main cable pair 27,29 through a
transformer. The use of such a transformer is well known,
and is not shown. These filters 37a-h selectively'filter
30 incoming communication channels to provide a signal to
plural demodulators 43a through 43h which provide the
incoming voice signals on lines lla~h and 13a-h.
The modulated carrier signals used for communication
between the central office and subscriber channels are
35 attenuated by the cable pair-27,29 and thus, for
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long cable runs, plural repeaters, such as the repeaters
35a and 35b, may be utilized in the system to amplify
signals on lines . 27,29 utilizing power supplied by
5 the DC véltége sources 31 and 33 at various locations
along the cable pair 27,29.

The subscrlber stations may be 1ocated wherever
required along the cable pair 27,29, typically at
substantlally remote distances from the ‘central office.

io As an example, it is typical to utilize a repeater 35,
approximately everf five miles along the cable pair '
27,29 to amplify the signals and thus avoid loss of the
signals altogether due to cable attenuation. This
amplification is accomplished utilizing the plus and. minus

15 135-volt DC power on the cable pair 27,29 from the sources
31,33. _

In the example shown in Figure 1, plural subscriber
stations. SUB1 through SUB3 are connected in parallel to
the line pair 27,29 at a location between the repeaters

20 35a and 35b. Additional subscriber stations SUB4
through SUB8 are located even more remote from the

_ central office, beyond the repeater 35b.

In a configuration similar to that described for
the céntral office communicatioh channels COl-CO8, each

25 of the subscriber stations includes an incoming
v01ce llne palr 51la-h and 53a—h and outgoing voice line
palr 55a—h ‘and 57a-h. The 1ncom1ng voice signals are
provided by filtering the incoming modulated carrier
signals on the cable pair 27,29 utilizing a filter 59a-h

30 and, once a carrier and its side bands are thus selected,
demodulatiné the voice signal, using a demodulator 6la-h.
The outgoing voice channels on line pairs 55a-h, 57a-h are
coﬁﬁined in modulators 63a-h with carrier frequency
signals provided by plural oscillators :65a-h, in a

35 manner identical to that utilized at the central office

BUREAD
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Figure 2C provides a chart of the frequency spectrum :
utilized by the carrier system of Figure 1. It will be
noted that 16 different carrier frequencies are utilized
for two-way communication between the 8 central office
channels CO1-CO8 and their corresponding 8 subscriber

- station channels SUBl—SUBB. Thus, v01ce signals

transmitted from central office communication channel
CO0l rmodulate a 76 kilohertz carrier wave to
provide the carrier signal 67a of Figure 2C, upper side
band 69a,'and lower side band 7la. Incoming voice '
signals for this channel COl produced by subscriber
station SUBl are provided on'carrier signal 73a, upper
side band 75a, and lower side band 77a. It will be
recognized, of course, that the diagram of Figure 2C .
does not show the actual characteristics of the signal,
but is only schematically representative of the carrier
signals and their side bands to show the freguency
locations thereof. The actual frequency content of the
modulated signals will be described in detail below.
Utilizing the same alphabetic designation for each
channel (a for COl1l, SUBl; b for CO02, SUBZ2,. etec. ), the
location of the remaining carrier frequencies and side

bands are shown in Figure 2C. In each case, the outgoing

carrier signal from the centrql'offiqe'channel C0l1-co8 is.

designated 67a-h and the incoming carriei'sigﬁél to the
central office channel COl1-CO8 is designated 73a-h,
respectively. It can be seen that each of the voice
channels is provided with 3 KHz modulation band width,
providing a 6 KHz bandwidth, forced by a side band pair
6%9a-h, 7l1a-h; 75a-h, 77a-h surrounding the carriers 67a-h,
73a~h, respectively. The upper side band 69a-h, 75a-h of
each carrier (69c, for example) is separated from the
lower side band 71a-h, 77a-h (714, for example) of the
next adjacent carrier by a 2 KHz.guard band.

All of the subscriber station transmit channels are

provided at frequencies below 70 KHz, while all of the
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central office transmit channels are located at
frequencies above 70 KHz, in order to permit satisfactory
operation of the repeater amplifiers 53a and 53b in a
manner described below. _ ) ‘

It will be recognized that the modulators 1%a-h,
63a~-h may include appropriate output filters in order
to frequency limit the side bands 69, 71, 75, 77 to
3 KHz and thus permit the guard bands, shown in Figure
2C, to prohibit cross-talk between the communication
channels. The filters 59a-h,37a-h select ‘the appropriate
carriers 67a-h,73a-h and their related side bands for
selective demodulation by the demodulators 6la-h,43a-h,
respectively. Thus, each of the communication channels
is separately carried on a distinct carrier frequency
to provide channel separation in the system.

It will be recognized from the preceding description
that the repeaters 35a and 35b, and other repeaters i
which may be added to the system to extend the cable pair
27,29, must be capable not only 6f communicating voice
modulated carrier signals in both directions, but also
of coupling the DC voltage from the sources 31.33 which is

"used to power all of the electronics outside of the
central office location. 2n exemplary repeater 35 is

shown in Figure 3.

This repeater 35 includes a high -pass filter 81
connected to the line pair 27,29 at tHe central officé
end of the repeater 35. This high pass filter 81 will
pass only the-carriers 67a-h and side bands 69a-h,7la-h
in the upper half of the frequency spectrum of Figure 2c,
that is, the central office transmit channels. These
signals are amplified in an amplifier 83 and connected
to the cable pair 27,29 at the subscriber station side of
the repeater 35. '

S-o'im'.l.arly, a low pass filter 87 is connected at
the cable pair 27,29 on the subscriber station end of the.
repeater 35 to pass the carriers 73a-h and associated
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side bands 75a~h and 77a-h to an amplifier 89, the

output of which is connected to the cable pair 27,29 -

at the central officeside of the repeater 35. Figure 2B
shows the pass band characteristics 8la of the high pass
filter 81 of Figure 3 and the pass band characteristics
87a of the low-pass filter 87 of Figure 3. It will be
seen from Figure 2B that the filters 81 and 87 are mutually
exclusive in their pass band frequency ranges so that,

for example, the output signals from the. amplifier 83 -

of Figure 3 cannot be amplified in the amplifier 89.

The frequency arrangement of Figure 2 thus'permits this
bi-directional amplification in the repeaters 35 without
interference between the channels in the two directions
through the simple use of low and high pass filters 87.81,
respectively. ' _ ' | ;

The repeater 35 must be constructed to pass DC power
voltage from the sources 31,33. This may be accomplished
by making the amplifier 89 DC coupled, and assuming that
the low pass filter 87 will pass DC signals.
Alternatively, the repeaters 35 may include a parallel
circuit filtered to carry DC signal levels but to

" reject AC signals at frequencies even well below the lowest

fregquencies within the lower side band 77g of Figﬁrg 2C. -
Figure 2A shows the attenuation characteristics 91
of the cable pair 27,29 with frequency. Although the
attenuation increases gradually with increasing frequency.
the curve 91 is fairly uniform above approximately 13 KHz,
Below 13 KHz, in the range designated generally 93 in
Figure 23, relatively drastic slope changes occur in the
characteristic curve 91. These slope changes in
the region 93, along with the effects of the pass band
characteristics 8la and 87a of the repeaters 35, shown
in Figure 2B, particularly in the regions 95 and 97 (the
roll-off portion of the filters 81,87) generate certain

problems in the transmission of modulated carrier

'signals in the system of Figure 1. While the use of
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more overall band width could alleviate these problems,
permitting the lowest frequency carrier 73g to be
placed at a higher frequency and increasing the guard

5 band around 70 KHz to move the side bands 75h and
7la further away from the roll-off characteristics of
the filters 81 and 87, this solution is not entirely
practical. Init{ally, this solution would require higher
frequencies to be utilized. That is, the carrier 67h

10 and its side bands would have to be increased in
frequency, increasing the attenuation over long cable
lengths and requiring additional repeaters 35, or more
sensitive amplifiers with more complex filtering, within
the system. In addition, the standards which govern

15 carrier multiplexed telephone communications require that

the 6utgoing and incoming signals to be separated at
approximately 70 KHz. In addition, the problen described -
above can be alleviated by reducing the number of channels,
but only at the expense of higher cost per channel ‘

20 transmitted. - :

Thus, the present invention, utilizing modified

vestigial band pass reception, is designed to permit
high quality voice transmission in two directions on
8 channels within these constraints and without

25 unnecessarily increasing the complexity of repeaters 35
utilized in the system. As a result, the cost of the
overall system is rediuced to the greatést extent possible.
In this regard, it should be recognized that, although
single side band transmission permits a closer spacing

30 of the carrier freguencies 67 and 73, such transmission
substantially increases both the complexity and cost of
the transmission and receiving electronics. 1In contrast,
the présent invention utilizes relatively inexpensive
double side band AM modulated transmission equipment and

-35 provides a novel solution for alleviating distortion in

" channels a, g, and h caused by non-linear cable

attenuation in the region 93 of Figure 2A and non-linear

characteristics in the regionps 95 and 97 of Figure 2B. The

integrity of all system channels is therefore
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maintained while the cost of the system is kept at a
moderate level.
The drastic slope changes in the region 93 of L

5 .Figure 2A introduce, as is well known in the art, phase
non-linearities in this same region. These phase

© ron-linearities over extended lengths of the cable pair.
27,29 can result in a phase reversal between the lower
side band 77g and upper side band 73g. At higher .

10 Mmodulation frequéncies, this phase reversal can
cause cancellation of the upper and lower side band
signal portions, and resulting aistortion, atteﬁuation,
and poséible loss of higher frequency modulation signals.

In order to make the guard bkand around 70 KHz

15 as narrow as possible in order to perﬁit more modulated
carrier channels to be utilized, the roll-off of the
filters 81 and 87 of Figure 3 must be made extremely
sharp. Thus, high order filters are used which proﬁuce,
as an undesirable by-product, substantial phase

20 non-linearities in the filtered signal at the band edges.

- Because the roll-off, as can be seen in Figure 2B, occurs
 Primarily in the area of the side bands 7la and 75h}
there can be a phase reversal, particularly at the higher
modulation frequencies, leading to distortion and
25_'cance11apion in channels a and h. _Thus,-the lower side.

band modulation at high modulation fregquencies can be
shifted so that it is 180 degrees out of phase with the
upper side band at the same frequehcy, leading to-
cancellation of the modulation signal.

30 As indicated previously, the equipment recuired to
transmit single side band or true vestigial side band
siénals is complex and expensive. Thus, it is
advantageous in this system to transmit double side

 band AM signals. In order to alleviate the phase‘

35 cancellation and distortion problems, which exist
at the low frequency end of the transmission spectrun,
and in the area close to the guard band between
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subscriker sation transmit channels and central office
transmit channels due to the repeater band splitting fllters,r
one solution would be to use single side band reception
equipment to receive the double side band AM modulated
signal. While this solution eliminates a possibility of
side band cancellation with phase shift, and thus prov1des
a satisfactory solution, it introduces problems of its
own.

Referring to Figure 4, there is shown-a plot
101 of a theoretical single side band receiver filter
response curve. Partlcular note should be taken of the
fact that, in Figure 4, the frequencies offset from the
carrier frequency are shown as +/- on the right side
of the chart and -/+ on the left side of the chart.
Thus, the chart, as shown, provides, in the case of the
single side band filter 101, reception of the upper side
band alone and corresponds directly to the higher 7
frequencies being on the right side of the chart. If
the higher frequencies are on the left side of the chart,
then the plot 101 is a representation of a single side .
band reception filter receiving only the lower side band.
As mentioned previously, the theoretical single side.
band filter; having an attenuation curve as plotted at 101,
will pass substantially ali of one side band up to
approximately carrier frequency plus 3 XKHz. ' Such

~a filter is a compromise, since it is desired to attenuate

the carrier frequency to the gréatest extent possible,
while at the same time, permitting the-low frequency
modulation signals to pass through the filter to the
greatest extent possible. Thus, the plot 101 has a very
steeb roll-off through the carrier frequency. It will be
appreciated- that, if this filter is wutilized at central

- office station CO7 (Figure 1), to receive only the upper

side band 75g, for example, of the 8-kilohertz carrier
73g, and is used, in addition, at the central office
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station CO8 to pass only the lower side band 77h of
the 64-kilohertz carrier frequency signal 73h; and,
finally, at subscriber station SUBl, to pass only the
upper side band 6%9a of the 76-kilochertz carrier .
frequency signal.67a, phase cancellation problems within .
the system, described in reference to Figures 1 and 2;
will be elimiﬁ%éed. Thus, at certain receiver stations,
one side band of the signal is substantially entirely
removed at Ehé receiver filter., Phase cancellation,
due to side band phase reversal, caused by the repeaters
35 and attenuation of the cable pair 27,29, cannot occur.

. However, due to the extremely fast roll-off of the
filter curve 101 at the carrier frequencies, frequency
drift of the filters 59a, 37h, or 37g, in such an
implementation, will introduce substantial signal
distortion. Thus, referring to Figure.4, a shift in the
center frequency of the filter of only 100. cycles will
result in approximately 4 db signal level change at the
carrier frequency and at low modulation frequencies.
Center frequency drift, due to aging and environmental

response of components within the filters, thus provides

undesirable distortion due to drift in the filter

frequency.

Phase cancellation problems may also be cured with a
true vestigial filter having a response curve shown at
103 in‘Figure 4, utilized in the same lbcétions as
suggested above for the single side band filter, that is,
filters 59a, 37h, and 37g. A true vestigial filter, as
shown by the plot 103, will attenuate the carrier fregquency
by 6 db, while passing virtually all of one side band and
only a vestige of the remaining side band. Thoses signals
provided by the vestige side band, at the low modulation
frequencies, supplement the attenuated signals of the
passed_-side band to provide virtually flat response.,
This. system, however, suffers from problems similar to
those described in reference to a single side.band
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receiver, in that the slope of the filter curve 103 at
the carrier frequency is still extremely steep. Thus,
if the carrier frequency of the filter drifts slightly,
5 due to aging or environmental causes, significant
. distortion, particularly at low modulation freguencies, = -
will be introduced. )
It should -be understood that, in accordance with
the present invention, either the single side band
10 filter, shown as plot 101 of Figure 4, or true
vestigial side band filter, as shown by the plot
103, may be used for filters 59a, 37h, and 37g
in the system of Figure 1, the remaining filters of
Figure 1 being double side band filters. This solution
15 to the phase cancellation problem will, however,
introduce the distortion problem described above, and
is thus usable only in systems where temperature and
aging drift of filter components can be kept to a
minimum, It will be understood that.the single
20 side band filter plot 101 and vestigial side
band filter plot 103 are provided by filters which
are well known in the art and which may be used at the
.-locations within the circuit of Figure 1, described above,
to eliminate phase cancellation problems, without other
25 substantial modification to the AM carrier modulated
system. )
Figure 4 also -includes a plot 105 of a novel modified .
vestigial side band filter which not only solves the
phase cancellation problems, discussed above, but at the
30 same time reduces the susceptibility of the system to
environmental and aging drift. Thus, carrier multiplexing
systems employing a filter which provides plot 105 have
significant advantages. This filter will be described
in detail below. The plot 105 does not produce a
35 flat pdss band response, a matter which will be dealt
with in the description below, but does provide . a
relatively gentle slope.at the point 107 where the curve

passes through the carrier frequency. Because of this
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gentle slope characteristic at the carrier frequencv,:
distortion caused by frequency drift of the.filter, or
of the carrier frequency.itself, are minimized.

‘2 larger portion of the;signal'information is carried
by the reduced side band than with either true vestiéial.
side band 103°'0r single side band reception 101. As in
the case of the descrlptlon above, with reference to
single side band and true vestigial fllterlng, it will be

understood that the system of Figure 1 utilizing the

modified vestigial side band characteristic 105, provides
double side band modulation from all modulators, but
attenuates the incoming sighal at the subscriber station
SUB1l and central office stations CO7 and CO8, utilizing a
filter having an attenuation characteristic.105.

In the case of filters 37g and 59a,.the lower side
band 77g,71a is attenuated, so that the filter plot 105
is as shown in Figure 4. In the case of filter 37h,
however, the plot 105 is reversed, the lower side band
77h providing the main received side band, and the upper
side band 75h providing the attenuated side band for

reception.

Plot 111 of Figure 4 shows the .effective modulatlon
signal pass band for a receiver filter having the
attenuation characteristics of plot 105. It will be
noted that the pass band does not prov1de a
flat response, but rather is attenuated at
the higher modulation freguencies, particularly between
2 kilohertz and 3 kilohertz. While thi s might
appear to provide a disadvantage of the modified
vestigial band pass filter utilized in the:present
invention, it actually can be utilized in an overall
ciréﬁit to provide an advantage, as described in more
detail -below. A review of the plots 105 and 111 shows
that this modified vestigial band pass receiver filter
provides essentially AM double side band reception
between approximately 0 and 1.5 kilohertz, and
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essentially single 51de band reception between
approximately 1.5 kilochertz and 3 kllohertz modulatlon
. frequencies. Since phase cancellation problems exist
5 primarily at higher modulation frequencies, this
filter thus eliminates suchlﬁhase cancellation,
while at the same time providing the gentle. slope
characteristic described above at the carrier
frequency. _
10 Because single side band reception occurs
only above approximately 1.5 KHz, and because
distortion resulting from such single side band
reception is likely to result in harmonic distortion,
the lowest freguency distortion to be expected will
15 be the first harmonic of approx1mately 2 KHz
modulation signals, or at 4 KHz. Referrlng to .
Figure 6, the present invention utilizes a post
detector filter 113 at the output of the demodulator
electronicse 114 in each demodulator 43, 61, utilizing
20 modified vestigial side band filtering at the filter
| 37,59. As described above, the circuit of Fiqure 6
is utilized in the system of Figure 1 for the
" demodulators 6la, 43h, and 43g. Figure 7 provides
a plot 115 of the theoretical pass band characteristic
25 for the post detector filter 113, This filter 113 has
an essentially flat pass band From 0 to 3 kilohertz,
and a very sharp roll-off 117 at 3 kilchertz. )
Unfortunately, such a theoretical filter is virtually
impossible to build, and most such filters have an
30 attenuation characteristic shown by the plot
119, where the roll-off at 3 kilohertz is
more gentle. 2As is well recognized in the filter
design art, in order to make the post detector filter
113 more closely approximate the theoretical cuxve
-35 117, it is necessary to introduce non-Iinearities in
the pass'bandr resulting in a filter which provides
a pass band attenuation pattern, as shown in plot 121,
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this pass band attenuating low modulation frequencies

to a greater extent than those modulation frequencies
between 1.5 and 3 kilohertz. This pass band characteristic
5 -121, for the post detector filter 113, offsets the
‘non-linearity in the pass .band characteristic of the.
plot 111 of Figure 5 for the vestigial filter 37,59,
resulting in a-relatively flat output pass band.
. characteristic. Thus, what appeérs to be 2 ‘
10 disadvantage in the Vestigialrfilter characteristic
plotted in Figure 4 at 111, actually results in
the ability to provide a more discriminating post
detector filter 113.
The usé of the sharper post detector filter 113
15 plotted at 121 permits virtual elimination of
harmonic -distortion from the received voice chénnels.;
Figure 5 shows a circuit diagram of the filter
used in Figure 1 for filters 37a through 37h and
S%9a through 5%. For channels 5% through 59h and
20 37a through 37f, the components of this filter
are selected to provide band pass filtering of
+/- 3 kilohertz around the received carrier, to
‘'generate double side band AM reception. For filters
59a and 37g and h, however, as described above, the
25 filter elements are selected to provide modified
vestigial band pass characteristics in accordance
- with plot 105 of Figure 5. It has also been found
convenient to provide modified vestigial band pass
characteristics, utilizing the lower side band 77f
30 as the main side band and the upper side band 75f as the
modified vestigial side band, for the filter 37f at
central office channel CO6 for compatibility with .
priQr systems.
_ In Figure 6, the carrier signal is input at
.35 lines-i21-and 123 and amplified in transistor 125.
The filter includes shunt resistance elements 127 and
129, shunt variable inductance elements 131, 133. and

135, and shunt capacitors 137, 139, 141, 143, 145,
- SUREAG
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147, and 149. In addition, series capacitors 151,
153, 155, and 157, along with series resistors 161
and 163, as well as series variable inductors 165 and
5 167 are provided. It will be understoodithat Figure
5 shows an exemplary design for the filters in the
various channels of the circuit of Figure 1, bu* that
those skilled in the art can provide the.modified
vestigial filtering of the present invention for any
10 selected carrief frequency if they are provided with
the information ‘from the plot 105 of Figure 4. The
elements described above provide a band pass filter 181
which is appropriately tuned for filters 37f£, 37h, and
59a to provide the band pass response of plot 105 of
15 Figure 4. In addition, for the filter 37g, a notch filter
183 may be combined with the band pass filter 181 to
provide the modified vestigial response of plot. 105.
This filter 183 includes capacitors 185 and 187 and
variable inductance 189. Additional amplification is
20 provided in the circuit by transistors 189 and 191. -
The following chart shows the values of the
elements in the filters 181 and 183 for each of the
"~ filters 37a through 37h of Figure 1 in this exemplary
embodiment. From this information, the values for the
remaining filters 59a through 59h are current.
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RESISTOR

"
"
"
INDUCTOR
n
"
n
"

CAPACITOR

n
n
n
1
"
n

n
"
1"
"
1"

11

#

127
129
161
163
131
133
135
165
167
189
137
139
141
143
145
147
149
151
153
155
157
185
187
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Filter 37a Filter 37b Filter 37¢ Filter 37d

4.53K
NOT USED.
10

JUMFR

15

15

15

15

15 .
NOT USED
4101

10,000

10,770
2164

. 10,770

10,000
4126
4010
3137
3137
3981
NOT USED
NOT USED

9.76K 5.23K 9.09K

1 Meg 1 Meg 1 Meg'
JUMPR JOMPR JUMER
JUMPR JUMPR | JUMER
15 4 4

15 . - &

15. 4 . 4

s - 4 ':4

15 ' 4 4

NOT USED  NOT USED  NOT USED
2060 4657 3152
4840 10,637 7,013
5061 11,000 7310
1501 3759 2698
5061 11,000 7310
4850 10,637 7013
2060 4657 3187
1177 - . 1746 830
860 1350 . 680
880 1350- 680
1177 1746 880

NOT USED NOT USED NOT USED
NOT USED NOT USED  NOT USED

Resistors in ohms

Capacitors in pico farads

Inductors in milli henries, GEE
unless otherwise noted PUSEA G
: OMPI
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RESISTOR

"
"
"
INDUCTOR
1
1
1
n
CAPACITOR
1"
1t
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1"
.
1.
n
1n
1"
1"
11

1}

i

127
129
161
163
131
133
135
165
167
189

137
139
141

143
145
147

149 -

151
153

155

157
185
- 187

22

PCT/US80/00067

Filter 37e Filter 37f TFilter 372 Filter 37h

10.7K
1 Meg
JUMPR
JUMER
4

4

1.

4

4

NOT USED
2293
4,972
5147
2024
5147
4972
2293

541

400

400

541

NOT USED
NOT USED

60.4K

1 Meg .
JUMPR
JUMFR
1.277
1.27
T1.27
1.27
1.27
NOT USED
5350
11,300
11,300
4972
11,300
16,900
NOT USED
804

600

600

JMPR

NOT USED
NOT USED

NOT USED
115
JUMPR
122
122
122

122:

122
122
1560
3,421
4101
288
4101
3421
1560
2799
2149
2164
2756
1942
3812

Resistors in -ohms

7.5K
NOT USED
JUMER
56.2
1.277
1.27
-1.27
1.27

1.27
NOT USED

4320
9,100
9100
4101
9100
8760
4191

541

427

389

680

NOT USED
* NOT USED

Capacitors in pico farads

Inductors in milli henries,

unless otherwise noted
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In this implementation, it will be seen that the
filter characteristic 105 (Figure 4) is provided at
the low-frequency carrier 73g (Figure 2C) by combining,’
in series, a band .pass filter 181 and notch filter 183 .
the notch of the notch filter being placed at 5 KHz;.

3 KHz below the carrier frequency 73g. In..the remaining
vestigial band pass filters 37f, 37h, and 59a (Figure 1),
the carrier frequency is high enough that it is o
possible to implement the band pass characteristic 105
(Figure 4) by aetuning‘the poles of the band pass

filter 181 on the modified vestigial side.band.side

of the band pass filter characteristic. This modification
is provided by the circuit values in the table above, '
with tﬂe variable inductances being tuned for each of .
the modified vestigial:channels to approximate, as
closely as éossible, the plot 105 of Figure. 4.

While an exemplary embodiment has been shown for-
the filters, it should be recognized that the invention
contemplated provideé a multiple- frequency modulated
carrier system in which modified vestigial side band

~filters are utilized at the receiving stations for those

channels which exhibit phase cancellation problems

due to the filter characteristic of the repeater 35 or
due to line atteénuation of the cable pair 27,29. In this
system; all of the modulators 19 and 63 provide double
side band AM modulated output signals so that the
vestigial characteristics of the receiver filters 37,59 -
are utilized, not to closely space the carriers 67,73,
but rather to avoid phase cancellation problems on
certain channels. The implementation of the modified
vestigial reception characteristics 105 of Figure 4

is ﬁell within the skill of filter designers at anv
carrier frequency, the detuning of band pass filter poles
and use of a notch filter in combination with a band

pass filter provided as one possible implementation only.‘
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1. A transmission system providing multiple
modulated carrier communication channels on a ;ingle -
transmission medium, comprising:

' plural transmitters, each generating double

side band AM modulated communication signals at

different carrier frequencies; and '

plufél receivers, each tuned to one of said
_different carrier frequencies, at least one of
said plural receivers attenuating one of said
double side bands more than the other of said
side bands t6 eliminate side band phase
cancellation. ‘

2. . A transmission system, as defined in Claim 1,
wherein said transmission medium exhibits phase
nonlinearities at certain frequencies, said one of
said plural recei#efs tuned to .a carrier frequency
at which said medium exhibits said_nonlinear phase
characteristics. '

3. A transmission system, as defined in Claim 2,
wherein said transmission medium exhibits nonlinear

phase characteristics at plural separated frequencies, and

_ wherein plural of said receivers, which attenuate one of

25 .

30

35

said double side bands more than the other of said double
side bands, are utilized to receive different carrier
frequencies at said plural separated frequencies.

4. A transmission system, as defined-in Claim 1,
wherein at least one of said plural receivers receives
full double side band AM modulated communication signals..

5. A transmission system, as defined in Claim 1,
wherein said one of said plural receivers provides
substantially double side band reception.at modulation
frgquencies below a first predetermined frequency, and
substantially single side band' reception at modulation
frequencies above a second predetermined frequency.

6. A transmission system, as defined in Claim 1,

wherein said one of said plural receivers attenuates
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the received carrier frequency by approximately 3.5 db.

7. A transmission system, as defined in Claim 1,
wherein said one of said plural receivers provides an
attenuation slope at the received carrier frequency
which is selected to avoid distortion caused by
frequency drift.

8. A transmission system, as defined in Claim 1,
wherein said one of said plural receivers includes a
band pass filter, the pass band of which extends on
both sides of the received carrier freguency, the
poles on one side of the pass band having a relatively
lower Q than the poles on the other side of the pass band. -

9. A transmission system, as defined in Claim 1,
wherein said one of said plural receivers includes a
band pass filter providing a pass band which extends
above and below the received carrier frequency by a
predetermined frequency amount, and a notch filter,
the notch of which is frequency positioned adjacent
one edge of said band pass filter.

10. A method of carrier multiplexing multiple

communication channels on a single communication medium,

comprising:
transmitting said multiple channels as double
side band AM modulated carrier signals-having
carriers at different frequencies; and
avoiding communication medium induced distortion
by receiving at least some modulation frequencies
of at least one of said multiple channels as
a single side band AM modulation signal.
11. A method of carrier multiplexing, as defined in
Claim 10, addiﬁionally comprising:
) receiving another one of said multiple channels
.as a double side band AM modulation signal.
12. A method of carrier multiplexing, as defined in
Claim 11, wherein said one of said multiple channels is.

selected to receive a carrier frequency at which said
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-single communication medium exhibits nonlinear phase.

characteristics. i

13. A method of carrier multiplexing, as defined in
Claim 10, wherein said avoiding step comprises receiving
said modulation frequencies'in a manner which provides
a non-flat pass band response to modulation frequenc1es. -

14. A method of carrier multiplexing, as defined in
Claim 10, whereln said" av01d1ng.step avoids medium
induced distortion, including that produced by repeaters,
in said communication medium. 7

15. A method of carrie; multiplexing, as defined in
Claim 10, wherein said transmitting step comprises
transmitting said multiple channels as double side band
AM modulated carrier signals which do not overlap within
the frequency spectrum. v )

16. A receiver filtering method for use with a
carrier multiplexed, double side band transmission,
comprising:

attenuating a first side band to a greater
extent than a second side band at frequencies
displaced from the carrier by less than a first

amount; ’ 7

essentially eliminating said first side band,
in comparison with said second side band, at
frequencies displaced from the carrier by more

than a second amount; and

maintaining the slope of said filter at said
carrier sufficiently gentle to avoid frequency
drift induced distortion.

17. A receiver filtering method, as defined in
Claim 16, additionally comprising:

attenuating said carrier by approximately 3.5 db.

18. A receiver filtering method, as defined in
Claim 16, additionally comprising:

' -generating a non-flat modulation frequency

pass band.
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19. A receiver filtering method, as. defined in

Claim 18, additionally comprising:
demodulating said carrier multiplexed

transmission; and ' .

post demodulation filtering said carrier
multiplexed transmission to generate a flat
modulatioqifrequency pass band response.

20. A receiver filtering method, as defined in Claim
16, wherein said first amount is approximately 1.5 kilohertz
and wherein said second amount is approximately 2 kilohertz.

21. A receiver filtering method, as defined in
Claim 16, wherein said carrier multiplexed double
side band transmission is carried by a nonlinear
transmission mediumand wherein said attenuating,
eliminating, and maintaining steps are applied to
frequency transmissions wherein said medium has
nonlinear phase characteristics. )

22. A method of designing a carrier multiplexed,
multiple channel transmission system, for use with a
transmission medium having nonlinear phase
characteristics comprising:

' . selecting carrier frequencies for double
side band AM transmission of each of said multiple
channels; '
determining the frequencies at which said
transmission medium exhibits acute nonlinear '
phase characteristics;
designing first double side band AM receivers for
frequencies at which said transmission medium does
not exhibit acute nonlinear phase characteristics;

and

designing second receivers which attenuate one side
band more than the other side band for said

frequéncies at which said transmission medium

exhibits acute nonlinear ‘phase characteristics.




WO 80/01633 PCT/US80/00067

28

23. A method of designing a carrier multiplexed,
multiple channel transmission system, as defined in
Claim 22, additionally comprising: o

5 maintaining the attenuation slope of said

receivers sufficiently éradual at the received

carrier frequency to avoid frequency drift

produced distortion.

24. A method of designing a carrier multiplexed,

10 multiple chahnel transmission system, as defined in Claim -
22; wherein said second designing step provides receiver
attenuation which permits essentially double side band
reception below a first modulation frequency and
essentially single side band reception above a second

15 modulation frequency.

25. A method of designing a carrier multiplexed,
multiple channel transmission system, as defined in '
Claim 22, wherein said transmission medium includes
a repeater having a repeater filter, said second receiver

20 designing step being utilized for receivers operating
at frequencies adjacent the cut-off point of said
repeater filter. _

26. A method of designing a carrier multiplexed,
multiple channel trénsmission éystem, as defined in

25 Claim 22, wherein said transmission medium includes
cables " having nonlinear phase characteristics at low
transmission frequencies, said second receiver designing
step being utilized at said low transmission' frequencies.

27. A receiver filter for use with a double side band,

30 AM modulated carrier signal in a carrier multiplexed
transmission éystem, comprising:

means for providing a pass band frequency
displaced on both sides of said carrier signal;

and '

35 means for attenuating said double side

‘band, - AM modulated carrier to a greater extent

at frequencies within said pass band displaced




WO 80/01633 PCT/US80/00067

10

15

20

25

30

35

29

in one direction from said carrier signal than

at frequencies within said pass band displaced

by an equal amount in the other direction from said

carrier signal.

28. A receiver filter, as defined in Clainm 27,
wherein said means for providing a pass band frequency
comprises a band Pass filte# and wherein said means
for attenuating comprises a notch filter. -

29. A receiver filter, as defined in Claim 28,
wherein said receiver filter is used at low carrier
frequencies within said carrier multiplexed transmission
system. 7

30. - A receiver filter, as defined in Claim 27,
wherein said means for providing a pass band frequency
comprises a band pass filter and wherein said means for
attenuating comprises poles of said band pass filter -
designed to have reduced Q. '

31. A receiver filter, as defined in Claim 30,
wherein said carrier multiplexed transmission system
includes repeaters having filter attenuation
cut-off curves, said filters being used at
frequencies adjacent said cut-off curves.

32. A receiver filter, as defined in Claim 27,
wherein said means for attenuating attenuates the
received carrier frequency by approximately 3.5 db.

33. A receiver filter, as defined in Claim 32,
wherein said attenuating means maintains the attenuation
slope at said received carrier frequency gradual enough
to avoid frequency drift generated distortion.

34. A receiver filter, as defined in Claim 27,
wherein said means for attenuating provides a non-flat
modulation frequency pass band.

35. A receiver filter, as defined in Claim 34, .
addifionally comprising: _

a post detection filter providing a non-flat
modulation frequency pass band complementing the

non~-flat pass band of said attenuating means.
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36. A carriér multiplexed telephone transmission
system, comprising: -
a pair of transmission lines; '
plural central office channels, each comprising:

a transmitter for generating on said pair
of transm1551on lines a double 51de band aM '
modulated carrier output signal carrying voice

information; and

a receiver for receiving AM modulated carrier

signals from said pair -of transmission lines to-
demodulate voice information; »
plural subscriber channels, each compiising:
.a transmitter for generating through said
pair of transmission lines a double side band
AM modulated carriér output signal carrying’
voice information; and , 4'
a receiver for receiving AM modulated
carrier signals from said pair of transmission
lines to demodulate voice information;
at least one of said central office and
subscriber channel receivers demodulating both the
upper and lower side bands of said AM modulated
carrier; and

at least one other of said central office and
subscriber channel receivers demodulating one side
band to the substantial exclusion of the other
side band of said AM modulated carrier at selected
modulation frequencies. ' '
37. A carrier multiplexed telephone transmission

system, as defined in Claim 36, wherein said selected

modulation frequencies are frequencies above a predetermined

modu}ation frequency.
"38. A carrier multiplexed ielephone transmission
system; as-defined in Claim 36, additionally comprising:
a repeater amplifier connected in series with

said pair of transmission lines, said repeater

PCT/US80/00067
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amplifier including a filter having a filter
attenuation ‘curve at a selected transmission
frequency._t_ _ 7
5 39. A carrier multiplexed telephone transmission
h system, as defined in Claim 38, wherein said at least one
other of said central office and subscriber channel
receivers receives an AM modulated carrier signal adjacent
said repeater filter curve. 7 '
10 40. A carrier multiplexed telephone transmission
system, as defined in Claim 36, wherein said at least
one other of said central office and subscriber channel
receivers'receives a modulated carrier signal at a frequency
at which .said pair of transmission lines exhibits '
l15nonlinear phase characteristics.
41. A carrier multiplexed telephone transmission . .
system, as defined in Claim 36, wherein said at least
.one other of said central office and subscriber channel
receivers includes a band pass and notch filter
20 connected in series. '
42. A carrier multiplexed teiephone transmission
system, as defined in Claim 36, wherein said at least
one other of said central office and subscriber channel
" receivers includes a pass band filter with selected
25filter poles offset to provide non-flat pass band

response.
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AMENDED CLAIMS L
(received by the International Bureau on 15 July 1980 (15.07,80))

1. A transmission system providing multiple
modulated carrier communication channels on a single )
transmission medium, characterized by:

plural transmitters (19,63), each generating
double side band AM modulated communication signals

(67,69,71,73,75,77) at different carrier frequencies;

and

plural receivers (37,43,59,61), each tuned to
one of said different carrier frequencies, at least
one (5%a, 37h, or 37g) of said plural receivers
attenuating one (71a, 75h, or 77g) of said double
side bands more than the other (6%9a, 77h, or 75g)
of said side bands to eliminate side band phase
cancellation.

2. A transmission system, as defined in Claim 1,
wherein said transmission medium (27,29,35) exhibits
phase nonlinearities at certain frequencies, said one
(59a, 37h, or 37g) of said plural receivers tuned to a
carrier frequency (67a, 73b, or 73g)} at which said medium
(27,29,35) exhibits said nonlinear phase characteristics.

3. A transmission system, as defined in Claim 2,
wherein said transmission medium (27,29,35) exhibits
nonlinear phase characteristics at plural (27,29,35)
separated frequencies (67a,73g,73h), and wherein plural
(59a, 37h, 37g) of said receivers, which attenuate one
(71a,75h,77g) of said double side bands more than the
other (69a,77h,75g) of said double side bands, are
utilized to receive different carrier frequencies (67a,
73h,73g) at said plural separated frequencies.

4. A transmission system, as defined in Claim 1,
wherein at least one (37a-t, 59b-h) of said plural
receivers receives full double side band AM modulated
communication signals.

5. A transmission sysﬁem, as defined in Claim 1,
wherein said one (5%9a, 37h, or 37g) of said plural
receivers provides substantially double side band -
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reception at modulation frequencies below a first
predetermined frequency, and substantially single side
band reception at modulation frequencies above a second
predetermined frequency.

6. A transmission system, as defined in Claim 1,
wherein said one (59a, 37h, or 37g) of said plural
receivers attenuates the received carrier frequency
(67a, 73h, or.73g) by approximately 3.5 db.

7. A transmission system, as defined in Claim 1,
wherein said one (59a, 37h, or 37g) of said plural
receivers provides an attenuation slope (105) at.thé
received carrier frequency (67a, 73h, or 73g) which is
selected to avoid distortion caused by frequency drift.

8. A transmission system, as defined in Claim 1,
wherein said one (59a or 37h) of said plural receivers
includes a band pass filter (181), the pass band of which
extends on both sides of the received carrier frequency
(67a or 73h), the poles on one side of the pass band
having a relatively lower Q than the poles on the other
side of the pass band. '

9. A transmission system, as defined in Claim 1,
wherein said one (37g) of said plural receivers includes
a band pass filter (18l1) providing a pass band which

- extends above and below the received carrier frequency

25

30

35

(73g) by a predetermined frequency amount, and a notch
filter (183), the notch of which is frequency positioned
adjacent one edge of said band pass filter.
10. A transmission system, as defined in Claim 1,
further characterized by:
said transmission medium includes:
a pair of telephone transmission lines
(29,27); and
plural repeaters (35);
said AM modulated communication signals
(67,69,71,73,75,77) carry voice information; and
"said plural receivers (37,43,59,61) demoduléte

voice information.

11. - 42. ( Cancelled )
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