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Patented May 24, 1838

UNITED STATES

2,118,471

PATENT OFFICE

2,118,471
ELECTRICAL TRANSMISSION SYSTEM

Newion Monk, New York, and Warren H. Tidd,
White Plains, N. Y., assignors to American
Telephone and Telegraph Cosmpany, a cor-
poration of New York

Application September 1, 1932, Serial No. 631,408

5 Claims.

This invention relates to an electrical trans-
mission system in which transmission is effected
from a transmitiing point to a receiving point
over. a circuit having connected to it one or more

w5 branch circuits which niay be open ab the distant
end. One of the principal objects of the inven-
tion is the provision of means whereby undesir-
able reflection effects upon the main circuit, due
to open-ended branch circuits, may be minimized.

- For flexibility, most of the cable circuits in the
telephone plant between the central office and
the subscribers’ premises are arranged to appear
in several locations; thus any single circuit may
.have cne or more branches, nermally open at the
%5 distant end, which are known as “bridged taps”.
We have found that these bridged taps if they
-are sufficiently long cause considerable irregu-
sdarities in the transmission characteristics of the
«gircuit, particularly in the high frequency range,
due to reflection from the open ends. Conse-
quently, in cases where the circuits are to be
used as part of & transmission system employing
a-wide band of frequencies where a uniform trans-
mission characteristic is desired, it becomes nec~
essary to correct the irregularities caused by the
bridged taps.

In accordance with the invention, smooth
transmission befween a transmitting terminal
and a receiving ferminal may be accomplished
over a circuit, such as a subscriber’s cable cir-

~cuit in the telephone plant, to which are connect~
ed for purvoses of flexibility a number of bridged
circuits. A particular object of the invention is
‘the provision of particular means whereby in
-85 such a transmission system smooth {ransmission
i characteristics @ay be obtained for energy pass-
ing from the transmitting terminal toward the
receiving terminal

"A further obkject of the invention is the pro-

. 4¢ Vision of an entire transmission system employ-
ing wire circuits each having at least one branch,
capable of transmitting without undue distortion
a wide band of frequencies.

While the invention will be defined in the ap-

45 pended claims, the features of the invention will
be better understood from the detailed exposition
which follows when read in connection with the
accompanying diagrams, Figs. la to 6. Figure la
represents a transmission circuit to which is con-

. 50 nected a transmittirig and receiving terminal and
having connected to it at some point between them

- a bridsed tap open at the far end. Fig. 16 and

- Pig. 1¢ when read in connection with Fig. 1a serve

to assist in. describing the effect caused by the

10

=20

":25

" 55. bridged tap, while Fig. 2 shows for purposes of -

(CL 178-—5.6)

illustration a plot of the insertion loss and phase
change due to a bridged tap connected acress the
circuit, said tap being open at the distant end,
and Fig. 3 shows a plot of the insertion loss and
phase change of a typical subscriber’s loop hav-
ing said bridged tap connected to it. Fig. 4 shows
an srrangement for obtaining smooth transmis-
sion characteristics over the circuit indicated in
Fig. 1a and Figs. 5 and 6 illustrate a system for
the combined broadcasting of sound and tele-
vision programs to a plurality of receiving points
over & branching network including circuits to
which are connected bridged taps.

Referring to Fig. la, transmission circuit 16 is
a main circuit consisting of a pair of wires in a
cable or some other electrical circuit. At one
‘end of this circuit is & generator if, having an
internal impedance Za, which may be any source
of energy to be transmitted to the distant re-
ceiver {2 having an impedance Zgr. At some
point along this circuit, such as i3, is shown a
branch circuit or bridged tap {4 consisting of a
cable pair or other elecirical circuit similar to
the main circuit. This bridged tap is provided
in order that the energy from the generator {l|
may be utilized at an alternate location I35 if de-
sired. In the system under discussion it is de~-
sired to utilize this energy at only one receiving
station 12: hence this bridged tap is normally
open at the end 5.

In order to determine the effect of the bridged
tap on the transmission characteristics of the
main circuit, reference is made to Figs. 1b and lc.
In Fig. 1b a generator 21 delivering a voltage E
and having an internal impedance Zg’ has been
substituted for the section of the line and asso-
ciated apparatus to the left of the bridged tap in
Fig. la and an impedance Zr’ has been substi-
tuted for the section of the line and the receiver
Zr to the right of the bridged tap. The bridged
tap is omitted in this diagram. Now if the im-
pedances Zc and Zr of Fig. la are made equal
to the iterative impedance Zo of the main circuit
{0 of said figure, the impedances Zc’ and Zr' of
Tig. 1 will also be equal to Zo. It may also be
considered that the sections of the line I8 in
either direction from the point {3, Fig. la, are
electrically long. In this case an impedance equal
to the iterative impedance of the circuit {9 in
Fig. la may be substituted for the line sections
on either side of the point {3. This is represent-
ed in Fig. 1b which represents the point {3 of
Fig. 1a terminated on either side by the iterative
impedance of line {§, Fig. 1la, or Zo. The current
which wzuld then flow from the point 13 toward
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the receiver 12 of Fig. la with no bridged tap
connected to the circuit or in the impedance Zr’
of Fig. 1b, since Fig. 1b is equivalent to point 13 of
the circuit 18 in Fig. 1a without the bridged tap,
would be equal to

E

"=z w
or, since Zg'=2Zr' =2,
=3z, @

In Fig. lc the impedance of the bridged tap
Zs is shown shunted across the circuit between
Za’ and Zr’.
the generator voltage E are the same as those
shown in Fig. 1b. For the condition indicated by
Fig, 1c¢ the current flowing in Zr’ is

E Zg

I2=Z ' ZsZn  Zs+Zr 3
¢V Ze+ 2y
or
B EZs
b= g Zst 2o Z T+ Z3Z% “
or
_ EZs
h=73i12Z.2s )

which is the current which would flow from
the point I3 toward the load 12 of Fig. la with
the bridged tap connected across the circuit.

The ratio of the current at the point §3 which
would flow toward the receiver 12 when the
bridged tap is connected to the circuit i9 to the
current which would flow toward receiver (2
with the bridged tap not connected is a measure
of the insertion loss and phase change due to
the bridged tap {4. PFrom Equations (2) and
(b) -this ratio is
- I 2Z3Z,
T Zji¥2Z4Z, (6)

It is well known that the 1mpedance looking
into a line, the other end of which is open, is
equal to the iterative impedance of the line
divided by the hyperbolic tangent of its image
transfer constant (which is equal to the length
of the line multiplied by its propagamon constant
per unit length), thus

Zoc=2Z/ tanh ~l )

where Zx is the iterative impedance, v the propa-
gation constant per unit length and I the length
of the line. Egquation (7) may be obfained di-
rectly from Equation (280), page 133, of “Prin-
ciples of Electric Power Transmission and Dis-
tribution” by L. F. Woodruff. Now let it be
assumed that the characteristic impedance and
propagation constant of the bridged tap are
equal to those of the rnain circuit. Prom Equa-
tion (7) the impedance of the bridged tap with-
out the fermination is:

Zs=2Zo/ tanh I'L €3]

where Zo is the characteristic impedance and I
the propagation constant of both the bridged tap
and -the main transmission line and L is the
length. of the bridged tap. Substituting this
value for Zs in Equation 6 and simplifying, we
obtain

i

L/ =717/ tanh TL

1))

This ratio is a measure of the insertion loss and

phase change due to the bridged tap open at
the far end when connected to the main circuit.
To obtain the total insertion loss and phase
change for the circuit shown in Fig. 1a connected

The impedances Zc” and Zr’ and’

2,118,471

between impedances equal to its iterative imped-
ance, the insertion loss and phase change ob-
tained from Equation (8) must be added to
those for the line with the bridged tap omitted.

Examination of Eguation (8) shows that both
the insertion loss and phase change due to the
bridged tap vary with the length of the tap and
the frequency, since the propagation constant
I' is a function of frequency. In order to examine
the nature of the variation of the insertion loss
and phase change due to the bridged tap, since
the mathematics involved become extremely com-
plicated, it is simpler to show how this variation
takes place for a specific case. If we take the
case for which L is say, 800 feet or .15 mile and
use values for I" for a 24-gauge cable circuit and
compute the current ratio Ia/I: from Equation
(9), the results wiil be equal to those shown
plotted in the curves of Fig. 2. The-insertion
loss here is expressed in db. and is indicated
by the solid line and the phase change expressed
in radians is shown as a dashed line. Computa-
tions have been made for freguencies up fo 350
kilocycles, .

To determine the total insertion loss and phase
change for a circuit such as that shown in PFig.
la where the bridged tap is .15 mile long, the
insertion. loss and phase change values shown
in Fig. 2 must be added to those for the circuit
without any bridged tap which, as is well known,
would vary smoothly with frequency. It will,
accordingly, be evident from Fig. 2 that the in-
sertion loss and phase change for the overall cir-
cuit with bridged tap will be exceadingly irregular
with frequency. This is illustrated in Fig. 3
in which the solid curves show a plot of the
insertion loss and phase change versus frequensy
for a 24-gauge subscriber’s lcop 0.5 mile in length
to which is connected the bridged tap described
above.

In order to minimize the irregularities in the
insertion loss and phase change, the arrangement
shown in Fig. 4 may be employed in which an
impedance equal to the iterative impedance of
the bridged tap is shown connected to the distant

sumed that the characteristic impedancs of the
bridged tap is the same as that of the lns so
this terminating impedance may be designated
as Zo.
it-is connected to the main transmission line will
also be Zo under this condition. Substituting this
value for Zs in Equation (6) we obtain

I, o
, ~ Tl=2/ 3 (10)
which holds regardless of the location of the
bridged tap along the main circuit. The insertion
loss due to the bridged tap is now a constant at

all frequencies and the phase change due to the

bridged tap is zero since the current ratio is a
real number.
for the circuit with the terminated bridged tap
included will be a smooth curve with values about
3.5 db. above the value of the insertion loss for
the circuit with no bridged tap connected to it.

_The phase change for the circuit will not now

be affected by the terminated bridged tap. This
is illustrated by the dashed curves of Fig. 3.

In thé above -analysis the impedance of the
bridged tap has been assumed the same as that
of the main circuit. If the iterative impedance
of the bridged tap is only approximately equal

The impedance looking intc the tap where

Consequently, the insertion loss
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substantially so and the distorting effects of the
bridged tap on transmission will be corrected
sufficiently for all practical purposes in substan-
tially the same way as in the case given above.

The above discussion refers to a circuit with
only one bridged tap. It may be shown in a
similar manner that where there is more than
one bridged tap, each terminated in its iterative
impedance, the current ratio expressing the in-
sertion loss and phase change due to the termi-
nated bridged taps will be a constant real num-
ber independent of the frequency or length of
the #ap, so that the method for correcting irregu-
larities in the transmission characteristics due
to a single bridged tap will apply for those cases
where more than one tap is involved.

It will be understood that although in the
mathematical development in the disclosure, a
specific value of impedance, namely the iterative
impedance of the circuit, has been used for the
terminating impedance for the tap, as well as
for the impedance of the transmitter and re-
ceiver, it is possible to use other values of
impedance without departing from the effective-
ness of the invention.

The actual iterative impedances of cable cir-
cuits such as those commonly employed in the
telephone plant are very nearly constant with
frequency in the high frequency range and have
small reactive components. Hence it is possible
in this frequency range to use pure resistances

for the transmitting and receiving impedances

and for the terminating impedance for the
bridged tap. Thus the insertion loss and phase
change characteristics of the circuits may be
smoothed out in the high frequency range where
these characteristics are affected by the bridged
taps in an extremely economical and simple man-
ner by terminating each of the pridged taps in a
pure resistance approximately equal in maghni-
tude to the iterative impedance. Also at high
frequencies the iterative impedances of the vari-

-ous gauges of cable circuits ordinarily encoun-

tered in practice are very closely the same so that
the above theory holds substantially for main
circuits and bridged taps composed of combina-
tions of gauges of circuits which are ordinarily
encountered in the telephone plant.

A possible application of the invention is in a
one-way fransmission system comprising a sin-
gle transmitting terminal and a plurality of re-
ceiving terminals reached over a branching net-
work, such as a local telephone network, which
is made up of & number of trunk circuits to each
of which are connected by suitable means s plu-
rality of subscribers’ circuits extending to receiv-
ing points, these subscribers’ circuits having con-
nected to them for purposes of flexibility a num-
ber of bridged circuits which are normally open
at the distant end. In accordance with the in-
vention, terminating impedances may be attached
to the ends of these taps so that a smooth trans-
mission characteristic may be obtained in such a
network for energy passing from the transmit-
ting terminal toward the receiving terminals.

Figs. 5 and 6 illustrate such a system in which
a branching network including a considerable
number of circuits of the type used in the local
telephone plant, each having bridged taps, is
utilized. In this case the network is incorporated
in a system in which sound and television signals
are transmitted from a single transmitting point
over a number of trunk circuits to various cen-
tral offices from which point the sound and
television signals are transmitted over the sub-

3
scribers’ loops to a plurality of receiving points.
Since the transmission characteristics of sub-

scribers’ cable circuits, particularly the attenua-
tion and velocity of transmission, are more favor-

able for the transmission of television signals in .

the range above the voice frequency range, the
television signals are stepped up in frequency
and superimposed on the circuit at some fre-
quency above the voice frequency range. This
leaves the voice frequencies available for trans-
mission of the sound program. Since by means
of the method described above the insertion loss
and phase change characteristics can be made to
increase smoothly with frequency, equalization
may be readily accomplished.

Referring to Fig. 5, at the point where the
sound and television signals originate, there is
located a television transmitting apparatus TT
of any well known type, as, for example, that
disclosed in a copending application of Frank
Gray, Serial No. 227,649, filed October 21, 1927.
This apparatus may include a suitable mecha-
nism for scanning the image, photoelectric cells
for converting the resulting light variations into
electrical signals and means for amplifying these
signals. The width of the band of signals ob-
tained in the output of the television transmitter
will depend upon the degree of image definition.
In the present illustration it is assumed that this
band extends from 0 to 100 kilocycles.

The television signals from the transmitter TT
may be transmitted to a central distributing
point over a trunk circuit PC: which may be an
ordinary cable pair or other suitable circuit. At
the distributing center, the television signal band
is first applied to a modulator TM;: which is sup-
plied by an oscillator TC: with a carrier fre-
quency assumed to be 400 kilocyeles. In the out-
but of this modulator the upper and lower side
bands of modulation, namely, 300-400 kilocycles
and 400-500 kilocycles, together with the carrier
frequency, are selected by the filter TF: which
suppresses other unwanted modulation products
and the input frequencies. The output of this
filter is applied to a second modulator TM> which
is provided by the oscillator TC: with a carrier
frequency assumed to be 250 kilocycles. In the
output of this modulator, the lower side band
components present, the two television sidebands

extending from 50 to 250 kilocycles, and a carrier ,

frequency of 150 kilocycles are selected by the fil-
ter TFs which excludes the undesired frequencies,
The output of this filter is passed through the
amplifier TA: and transmitted over a trunk cir-
cuit PC:z to an intermediate amplifier TAs which
may be located at a telephone central office.
Here the signals, after passing through the am-
plifier TAs, are passed through the impedance
step-down transformer TR: to a common bus
PB: to which are connected grouping buses PBs.
The grouping buses PBz2 are connected to the
main bus PB: through protective resistances PR:
the purpose of these resistances being to limit
the transmission loss for other groups due to a

short circuit occurring in any one group. 'The:

subscribers’ circuits are in turn connected in
groups to the grouping hus, each subscriber’s cir-
cuit being connected through protective re-
sistances PRa.

The sound signals accompanying the television
signals are picked up and amplified in the appara-
tus ST at the transmitting point. These sighals
may extend from about 30 cycles to 10,000 cycles.
The signals are then transmitted over a trunk
circuit PC3 to the central distributing point
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where, after passing through the amplifier SA:
and filter SFi, they are transmitted over the
trunk cireuit PCs to the intermediate point where
they are amplified in the sound amplifier SAsz
and combined with the television signals for ap-
plication to the subscribers’ circuits.

The subscribers’ circuits PCw, PCii, €tc., may
consist of a plurality of cable circuits similar to
subscribers’ telephone loops, each loop having
one or more bridged taps connected to it. At
the distant end of each of these taps is connected
a resistance R approximating the iterative im-
pedance of the tap circuit.

At any one receiving point such as that illus-
trated in Fig. 6, the television signals from the
line PCio may be selected by the filter TF3 and ap-
plied to the modulator TMs which is supplied
with a carrier frequency of 250 kilocycles from os-
cillator TCs. In the output of this modulator
the twin sidebands extending from 300 to 500
Lilocycles, accompanied by a carrier frequency of
400 kilocycles, are selected by the filter TFs. The
original television band is then obtained through
the demodulator TMa: with a filter TF; for the
purpose of eliminating undesired frequencies in
the output. The signals are then applied to a
television receiver TR which reproduces the orig-
inal image. This receiver may be of any suit-
able type, such as, for example, that described in
the application of Gray previously referred to.

The sound signals are selected at the receiving
point by the filter SF,, amplified by the amplifier
SAz and applied to the loud speaker LS.

If it is desired to have more than one program
at the receiving point, additional transmitting ap-
paratus and distributing networks may ke pro-
vided while the receiving apparatus may be ar-
ranged to be set to any desired program by means
of a switching arrangement, shown in Fig. 6, so
arranged that when the sound and television ap-
paratus is not connected to an incoming subscrib-
er’s loop, its branch is terminated in a resistance
R approximating the iterative impedance of the
loop. The input impedance of a receiver is, of
course, arranged to be approximately equal to the
characteristic impedance of the line.

While the invention has been disclosed for
purposes of illustration in certain specific forms,
it will be obvious that its basic principles as de-
fined in the appended claims are such as to per-
mit its incorporation in many widely different
arrangements.

What is claimed is:

1. In a system for the distribution of sound
and television programs, transmitting apparatus,
3 network of main circuits extending from said
transmitting apparatus to a plurality of recelv-
ing points each of said circuits having at least
one additionsl circuit connected thereto, means
connected across the distant end of the said ad-

_ditional circuit for avoiding the reflection of en-

ergy due to each additional circuit over a wide
range of frequencies, the aforesaid means being
equal to the iterative impedance of the said ad-
ditional circuit and translating means at said re-
ceiving points for utilizing sound and television
signals.

2,118,471

9. In an electrical transmission system; a net-
work of circuits extending from a single trans-
mitting point to a plurality of intermediate am-
plifying- points, and from each amplifying point

a network of circuits each of said latter circuits =

having connected thereto at least one branch
circuit, said network being designed for the one-
way transmission of a band of frequencies ca-~
pable of providing simultaneously a high quality
sound program and a felevision program having
a high degree of image definition, means for

‘gvoiding the reflection of energy due to each
of said branch circuits, said means consisting in -

a terminating impedance approximately equal to

the iterative impedance of each branch circuit ;

connected to the- distant end of each branch

circuit, means at said transmitting point for ap- .

plying sound and television signals to said net-
work and means at said receiving points for
receiving and utilizing said signals.

3. In- a system for the distribution of sound
and teievisicn pregrams, transinitting apparatus,
a main circuit extending from the said trans-
mitting apparatus-to a receiving point,; the said

circuit having -an additional -circuit connected .2

thereto, means connected across the distant end
of the said additional circuit for avciding the
reflection of energy due to the additional circuit
over a wide range of frequencies, the aforesaid
means being equal to the iterative impedance of
the said additional circuit, and -translating means
at the said receiving point for utilizing sound and
television signals.

4. In a system for the "distribution of -sound
and television programs, the combination with
transmitting apparatus of a main circuit ex-
tending from the said transmitting apparatus
to @ receiving point, the-said circuit having an
additional circuit connected thereto, an imped-
ance network connected across said additional
cireuit at its distant end, the said network being
approximately equal-to the iterative impedance
of the said -additional circuit, and translating
means connected to the main circuit at the said

receiving point for utilizing the said sound and -

television signals. - .

5. In a system for the distribution of sound
and television programs, the combination with
television transmitiing apparatus having a trans-
mitting cireuit- extending therefrom of sound

transmitting apparatus also having a transmit-

ting circuit extending therefrom, a common cir-
cuit to which both of said transmitting circuits
are connected, a plurality of subscribers’ circuits
connected to the said common circuit each of
said subscriber’s circuits having an additional
circuit bridged across it and each additional cir-
cuit being terminated in an impedance substan-
tially equal to the iterative impedance of the
respective additional circuit, and: means con-
nected to each subscriber’s circuit to reproduce the
said sound and television programs.

NEWTON MONK.
WARREN H. TIDD.
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