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UNITED STATES

1,475,997
PATENT OFFICE.

RAY S. HOYT, OF BROOKLYN, NEW YORK,

ASSIGNOR TO AMERICAN TELEPHONE AND

TELEGRAPH COMPANY, A COBPORATION OF NEW YORE.

NETWOREK FOR NEUTRALIZING TIIE SUSCEPTANCE OF A LOADED LINE.

Applicatien filed July §,

To all whom it may concern:

Be it known that I, Ray S. Howr, residing
at Brooklyn, in the county of Xings and
State of New York, have invented certain
Improvements in Networks for Neutraliz-
ing the Susceptance of a Loaded Line, of
which the following is a specification.

My invention relates to a circuit arrange-
ment associated with a periodically loaded
transmission line, which arrangement is
hereinafter termed, in accordance with com-
mon usage, a network. The object of the
invention is to provide a network having a
purely susceptive admittance substantially
equal and opposite to the susceptance com-
ponent of the characteristic admittance of a
periodically loaded line over a wide range
of frequencies, such for instance as the range
of frequencies necessary for the telephonic
transmission of speech. A further object
of my invention is, by the co-operative com-
bination of said network and said loaded
line, to provide a transmission system whose
admittance is substantially that of a con-
stant conductance over said range of fre-
quencies; so that the impedance of such
transmission system shall be substantially
that of a constant resistance over said range
of frequencies.

Tt is a well -known fact that the nomn-
loaded transmission line has a characteristic
impedance which is substantially that of o
pure resistance over the range of telephonic
frequencies. It is further known that the
characteristic impedance of the ordinary
periodically loaded line varies greatly over
the range of telephonic frequencies; besides
depending greatly on the fractional lengih
of the initial section or on the fractional
value of the initial coil, as the case may be.
The impedance characteristics of the non-
loaded line and the periodically loaded line
arve, therefore, quite dissimilar.

In telephony it is often desirable and
necessary to connect n periodically loaded
line in series with a non-loaded line.  Owing
to the above mentioned dissimilar impedance
characteristics of said lines, a veflection of
telephonic waves, with consequent energy
loss and inferior transmission, results when
the said lines are connected directly in series
for the telephonic transmission of speech.
My invention contemplates providing and
prefixing to the loaded line a network and
choosing a particular fractional value for

1919, Serial No. 309,634,

the initial load coil of the loaded line where-
by the impedance of the combination is sub-
stantially that of a pure resistance over a
pre-assigned range of frequencies, for ex-
ample, the range of frequencies necessary
for the eflicient transmission of gpeech
signals. When this combination is connect-
ec in series with a non-loaded line, prefer-
ably through an autotransformer, the im-
pedance characteristic of the arrangement,
as seen from the sending end of either the
non-loaded line or of the loaded line, is sub-
stantially that of a single continuous trans-
wigsion line.

The network of my present invention,
though possessing properties closely analo-
gous to those of the network disclosed in my
previous Patent No. 1,243,066, dated Octo-
ber 16, 1917, is nevertheless entirely distinet
therefrom and independent thereof. Not
only is it entirely different in form, but it is
also different in function, in that it neutral-
izes the susceptance of the loaded line at =
point in a loading coil instead of neutraliz-
ing the reactance at a point in a loading
section. The analogy between the network
of my present invention and the network of
my aforesaid previous invention consists in
the fact that the mathematical expression
for the susceptance of my present network
is of the same form (when regarded as a
function of the frequency) as the mathe-
matical expression for the reactance of my
aforesaid previous network; while, with ref-
erence to the loaded lines themselves, there
is a similar correspondence between the
mathematical expressions for the susceptance
and the reactance neutralized by the respec-

tive networks. Stated more specifically, my -

present network neutralizes the susceptance
of a loaded line that terminates with a
certain fractional loading-coil, with the same
precision as my aforesaid previons network
neutralizes the reactance of a loaded line
that terminates with the corresponding frac-
tional loading section. In consequence of
this analogy between the two types of net-
works it follows that for every possible ap-
plication of either type there exists a corre-
sponding possible application of the other
type. On the whole the two networks pos-
sess about equal utility except for the fact
that the network of my present invention is
of shunt type and therefore does not requite
subdivision in order to maintain the bilater-
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2l symmetry of the transmission line, while
the network of my aforesaid invention is of
series type and therefore usually requires ac-
urate subdivision in order to maintain the
symmetry (as indicated by Figs. 2, 8, and §
of the aforesaid Patent Wo. 1,243,066); in
practice, this difference would unsuaily con-
stitute a very substantial advantage in favor
of the shunt type.

My invention is best understood by re-
ference to the accompanying drawings in
which Fig. 1 is a diagram illustrating the
network; Fig. 2 is a diagram illustrating
the network connected to & periodically
loaded line; Fig. 3 is a diagram illustrating
a non-loaded line connected through an auto-
transformer and the network of my inven-
tion to a periodically loaded line; Fig. 4 is
2 set of curves illustrating the conductance
component of the characteristic admittance
of the periodically loaded line as a function
of the frequency; Fig. 5 is a diagram illus-
trating a loaded line connected between two
non-loaded lines, with a network at each of
the two junctions, and Figs. §, 7 and 8 are
diagrams of the arrangements of my inven-
tion embodied in a 4-wire transmission sys-
tem comprising two side circuits and a phan-
tom circuit.

The general theory underlying this inven-
tion will now be presented. Such theory
can be based more simply and more con-
veniently on a general formula for the char-
acteristic z-load admittance of a periodically
loaded line than on the corresponding for-
mula Tor its reciprocal, the characteristic a-
load impedance. For any fixed frequency
and initial termination, said admittance, as
ig well known, depends mainly on the line
capacity and on the load coil inductance;
but also, to 4 slight extent, on the distrib-
ated line inductance. This small effect
produced by the distributed line inductance
will not be neglected, but will be taken into
acconnt in the same manner as has already
been described in my copending application
Mo. 809,633 filed of éven date herewith, and

anore fully set forth in my previous Patent

Mo, 1,167,693 wherein 14 is shown that, as
regards characteristic mid-ioad impedance
{and hence as regards characferistic mid:
lond admittance), o periodieally loaded line
having distributed line inductance in addi-
tion to its lumped load inductance s simu-
Iated to a high dégree of precision by a cer-
tain periodically loaded line having no dis-
tributed line inductance but having an in-
ductance L., per load coil and a capacity
2, per loading seetion; where s is the spac-
ing of the load coils, that ig, the distance
bstween adjacent coils, and L, and €, are
approximately equal to the corresponding
comstants of the actual loaded line, that is.
o its induetance L per load coil and to its
capacity C per unit length, respectively, said

1,475,897

> related 1n sccordance with
and (18) of my aforesaid
595

o

¢t produced by the distrib-
uted inductance thus taken account of, the
general theory underlying this invention
may be based on the rel iy simple for-
mula for the characteristic w-load admittance
ot the af id 1.0 ety

of the aforesaid L,C, equiva

y

4

fent loaded line
having no distributed inductance, already
developed as formula {6) of my above cifed
copending application, viz:

. To/1—we? - iTowe (1 — 22
“ 1—4z(—x)w,’

1

where 1 denotes the imaginary operator +/ — 1;
° _

and T, and W, have the same significance
as in my aforesaid copending application
viz:
To=sCo/Lo  (2)
Wo="D+/sCoLio/4  (3)

in which p.is 2« times the frequency in
cyeles per unit time.

Writing D and Q for the conductance and
susceptance components of the characteristic
a}dmittance 7 so that Z=D-}-iQ, it follows
that

\ Toy/1—w,?
h,: [ [¢] 4
D=trha—noz ©
Toto (1 — 2
_ Lewe(1=22)

14zl —m)w,?
Expressing W, in terms of p, as given by
sgquation (3), and also substituting the value
cf T, as given by equation (2), the above
expression for § reduces to

Q= . (1/2"13)800]9 (6)

1—2(1—»)sC.L,p?

Now consider the susceptance of a ca-
pacity element C, in series with an inductance
slement L, The susceptance of this ar-
rangement is well known to be expressable
as:

Q,= _ U (7)
R B C’sL:xf;nz

Comparison of equations (8) and (7)

hows that they ave similar-in form as re-

ards the variabl

1y be made

proportioning

w
o

-

W

i}

opposite

, . 50 that
Cy=(x—1/2)sl, (&)

Cyly=2(1—aysloL,

%(] ""L);_JO (9)

)

ST e —1/2
Of course physical Iimitations restrict the
rhoice of @ to those values for which O, and
Li, are positive; but that means only that »
nnot be less than | and connot exceed 1,
while it can have any value between those
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two extremes. Thus if the value of , which

is the ratio of the inductance of the initial

coil to the inductance of each of the fol-
lowing coils, lies between § and 1, the com-
bination of a capacity element és and an
inductance element I, in series, the values
of said elements being proportioned in ac-
cordance with equations (8) and (9), has
a susceptance equal and opposite to the char-
acteristic susceptance of the periodically
loaded line characterized by the parameters
sC, and L.

If now the admittance element having sus-
ceptance Q, is prefised in shunt to-the pe-
riodically loaded line of characteristic
admittance Z the admittance of the com-
bination is obviously Z--iQ,. If, further,
the component elements of Q, are pro-
portioned in accordance with equations
{8) and (9), then Q,=—Q, so that the
admittance of the combination reduces to
D as given by equation (4). Thus it
is seen that the admittance of the combina-
tion has no susceptance component. D,
as given by equation (4), is a function of
7, and, themioze of the frequency, since
w, 18 dnectly p1opm tional to the frequency.
The value of D/T, is proporticnal to the
conductance component, since T, is a con-
stant for any particular line. By reference
to equation (4):

L ATmw

D
T, 1—4z(1—2

The range of flequencms necessary for the
tnlephomc transmission of speech usually
corresponds roughly to the range from w,=
0 to wo__l or more flccmately stated, to a
little loss than this range.

If now @ be taken as 0.8, equation (10)
recluces to

— Wy

)b (10)

D JI—we
=¥ 70 (11
T, 1-—0.64w,* (th

and if from this equation we calculate the
values of D/T, for different values of w,
from 0 to 1 and plot these values of D/T,
against the corresponding values of w, we
oet the middle curve shown in Ifig, 4 of the
drawings. It will be noticed by reference to
said I‘lo 4 that the value of D/T, is ap-
’)IO\IIDth‘lV constant and closely equal to
nmty from w,=0 to w,=0.9. The corre-
sponding range of values of frequency is
substantially “the range usually necessary
for the telephonic transmission of speech.
1t should be noticed, however, that this con-

stant conductance component characteristic
is conditioned by the choice of a particular

value of 2, namely about 0.8, and that for
¥ nlues of @ differing materially from 0.8 this
desired characteristic does mnot hold. _
actual loaded line does not, of course, begin
in general with an 0.8 coil, 'the actual termi-
nation ot the line being croverned generally

An:

by geographic factors and certain considera-
tions of convenience
present invention, but it can Llways be built
out artificially to an 0.8 initial coil or to any
other initial termination, as fully L\pldlned
in my Patents Nos. 1,124,904 and 1,167.693
and 1In my above mentioned copending ap-
plication.

If « is taken as 0.8 the values of C, and
I, of the network of my invention become,
by aid of equations (8) and (9),

C,=3sC,/10 (12)
L,=8L,/15 (13)

To summarize the foregoing, the combi-
nation of a network proportioned in accord-
ance with equations (12) and (13), and
tlustrated in IFig, 1, prefixed in shunt to a
periodically loaded line whose initial coil
has an inductance equal to approximately
0.8 of the inductance of each of the follow.
ing coils, has an admittance whose suscept-
ance component is substantially zero and
whose conductance component is substan-
tially constant and equal to T, over ap-
proximately the entire frequency lanoebelow
the critical frequency (the critical ﬁequencv
being that frequency for which w, is equal to
uultv), and has, therefore, an impedance
whose reactance component is substantially
zero and whose resistance component is sub-,
st‘\ntmllv constant over that frequency

ange. The value of T, is given by equation
(‘)) “above.

T do not desire to limit the proportioning
of the network of my invention rigidly to
formulas (8) and (9) or to values of @
exactly equal to 0.8. If very high precision
is not necessary, I may, for instance, with
small loss in precision, proportion C, and L

3.

¢ entirely foreign to the
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in accordance with the following formulas

which are obtained by neUILCLan the dis-
tributed inductance of the loaded line.

C,=35C/10 (14)
L,=8L/15 (15)

On the other hand, if extremely high pre-
cision 1s desired, I may choose for 2 a value

slightly different from 0. 8; or I may com-.

pute rigorously the admittance of the par-
ticular loaded line and then assign to C, and
to L, values slightly different from those in-
dicated by formulas (8) and (9), whereby
the nentralmation of susceptance may be
slightly more precise.

Referring to Fig. 1 of the accompanying
rhwwmrr%, N is thc network of my invention
coniprising a capacity C, in series with an
incuctance Ly, the values ‘of C, and L, bein

1o

120

g
these given by equations (8) rmd (9) of this 125+

specification, with @ equal to about 0.8. The.

actial numerical values of C, and L, depend
on the values of sC, and L, that is, on the
constants of the particular loaded hne with
which it is desired to associate said network,

130 -



3

]

49

60

65

-

and also on the cular value echosen
for .

Referring to Fig. 2, 1 is a periodically
loaded line hcwmo load coils 2, 9% 2%, ete., in
serted at regular 1ntervals ﬂonw Lhe Tine,
The inductance of the initial load cou 2 is

apoloylmatﬂly 0.8 of the mducmnce of each

parti

of the following coils 2°, 2°, ete. If the ac-
tual line does not ha"e an initial O.S coil, it
may be artificially built out to an equivalent
0.8 initial coil as hereinbefore mentioned
and fully explained in my above mentioned
patents zmd copbndlnfr a ‘Dphu‘t]"‘l Pre-

terminals 3, 3 is an adm't-
tance 4 comprising a capacity element 5 in
series with an inductance element 6. If the
line 1 is characterized by the parameters
?UO and L, and @, the ca pacﬁv element 5 1s
30 proportioned that its capacity s eqial to
(‘ ., and the inductance GJOn"C"l‘i, 6 is so pro-
1)(‘11;10116(1 that its inductance is equal to L,
where C, and L, are given bv equations (8)
‘”1d (9), with @ equal about 0.8. ”10“7“

'he theory developed in ﬂ‘xc snemcat n it
1()110WS tb zt the ‘Ld*n]umncc m‘ the comb na-
tion as seen from terminals 7, 7 will be sub-
stantially that of o constant conduetance
equal in value to

fixed in shunt to

"/S O/LO;
and hence its impedance will be
tially that of a constant resistance
value equal to

substar
1‘\ v 11’1& a

VLo/sCo-

Referring to Kig. 3, the arrangement of
Fig. 2 1s coz‘_nected through an autotrans-
former 8 to a uniform non-loaded line 9. Tt
will be understood that an equivalent trans-
former may re pla(‘e the autotransformer, ex-
cept when conductive connection Is desived.
Terminals 7, 7 of the loaded hno system are
connected to terminals 10, 10 of autotrans-
former 8, while line 9 is connected to termi-
nals 11, 11 of said autotransformer. If the
nonloaded line has a distributed inductance
J’ per unit length and a distributed capac-
ity ol per unit length, its characteristic im-
pedance is well known to be appr oximately
equal, except at very low frequencies, to

J/
Yela
Turther if the transformer impedance ratio,
as seen from terminals 11, 11, is #, then the
apparent impedance of the loaded line as
seen from 1c1m'nalq 11, 11 is substantially
L,
§Co

Hence if the transformer be so designed
that

JICT
Lo/sCo
the impedance oi the entire system as seen

=

1,475,997

from any point in the non-loaded line will be

merely
V&
4

that is, the same as the impedance of an In-

finitely long u*uto rin non-loaded line. In-
versely, when the non-loaded line is effec-
tively infini ue1y long, the impedance of the
entire ¢ ysurm as seen from any point in the
loaded line is the san ne as the nupecmnce of
an infinitely long loaded Iine. As herein-
be Eom stated this is the condition for propa-
oation without refiection losses.

mgs 2 and 3 have been Oiven for the pur-
of llustrating the use of a gingle neu-
lizing network; Fig. 2 showma such a
L'\or DI ‘uxcd in shunt to a perwdlcally
wded line. and T Mg, 3 showing the so modi-
periodically loaded line connected to a
n-loaded line (through = suitable trans-
for mer) Fig. 5 is given to illustrate the
simultaneous use of two such networks 4, 4
one at sach end of a piece of loaded cablb
oecurring between two non-loaded lines 9, 9’.
{in case emler of the non-loaded lines dif-
fers in JDPCu{LDCD from the Loched line, 1t is
to be understood that a transformer of suit-
able ratio would be inserted at the corre-
or)O“’ldln" Jjunction, as in Fig. 3). In conse-
1ence of the networks 4, 47 the impedance
oi the system as seen from any point in
either non-leaded line is substantially the
same as the impedance of an infinitely long
non-loaded line; while, as seen from any
pomt in the loa dled line, the impedance of
the system in each direction is substantially
the samse as the impsdance of an Infinitely
70"10 loaded line.
In loaded line systems it is customary and
desu able to employ two parallel and pref-
erably similar circuits as the two sides of
a third ciremit called the ;)hantom circuit.
It neutralizing networks of my invention
are to be emwbj ed 1n such a syutcm to neu-
tralize the susceptance of the two side cir-
cuits and of the phantom circuit, means
must be provided whereby the neutralizing
arrangement ass ocnteo with any one cir-
cuit shall not affect the transmission of cur-
rent in the other circuits. Iig. 6 is a dia-
gram of a susceptance neutralizing arrange-
ent designed to be prefixed to.such a sys-
m and to satisty the requirement just men-
tioned. Referring to ¥ig. 6, conductors 22
and 23 constitute one side cireuit 24 and in
parallel they serve as one side of the phan-
tom circuit; similarly, conductors 227 and
23" constitute the second side circuit 247,
nd in parallel they serve as the other side
of the phantom circuit. The twe side cir-
cuits and the phantom circuit are represent-
ed as being p“I‘lOdlC‘LHV loaded and as termi-
nating with fractional load coils connected
to terminals 20, 21, 207, 217 of the neutraliz-
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ing arrangement. Considering the side cir-
cuit 24, the network of my invention asso-
ciated therewith is represented by an ar-
rangement 25, comprisine a condenser 26
having a capacity equal to C,, and an in-
ductance coil 27 having an inductance equal
to L, C, and L, being computed from the
constants of line 24 as hereinbefore ex-
plained. It will be evident, therefore, that
the network 25 offers to the voltage im-
pressed on line 24 an admitéance equal to
that of the network N of Fig. 1, provided.
of course, that C, and L, ave proportioned
in accordance with the constants of line 24.
It will be further evident that network 25
produces no effect on the phantom current
flowing in conductors 22 and 23, since said
two conductors are then at the same poten-
tial.

Network 257 is similar in its component
parts to network 25 and is the neutralizing
network of line 24”. The condenser 26’ and
the inductance coil 27/ are. of course, pro-
portioned in accordance with the constants
of line 24’. In ordinary practice, lines 24
and 24" would be alike, in which case net-
works 25 and 25" would be alike.

The circuit arrangement 28 comprising a
condenser 29 and an inductance coil 30, to-
gether with the four auxilisry inductance
coils 31, 81, 817, 31”, constitutes the neutral-
izing network of the phantom circuit. The
two auxiliary coils 31, 31 are wound on a
common magnetic cireuit and are so related
thereto that said coils 31, 31 are non-indue-
tive with respect to the phantom cireuit cur-
rent in line 24, while at the same time thoy
can be made of sufliciently high impedance
to produce but a negligible effect (except at
very low frequencies) on the side circuit cur-
rent in line 24¢. The auxiliary coils 817, 317,
are similarly related to line 24’ and to the
phantom circuit. The capacity of the ele-
ment 29 is made equal to (', and the in-
cuctance of the element 30 is made equal to
L, where C, and T are computed from the
phantom circuit constants in the manner
hereinbefore explained. Tt will be evident
then, that as regards the phantom eircuit,
the circuit arrangement 28 is equivalent to
the network of ¥ig. 1, and that further its
insertion in the circuit will not appreciably
affect the transmission of the side circuit
currents.

It will be understood that it is not always
necessary to employ the entire neutralizing
arrangement of Fig. 6; for example, if the
phantom circuit is non-loaded while the side
circuits are loaded, the network 28 is omitted

together with the auxiliary coils 81, 31,317,

3V. It should be further observed that,
while T have shown the network of my in-
vention as proportioned in accordance with
an actual loaded line, it may likewise be pro-
portioned. to neutralize the susceptance of

an artificial loaded line. A well known form
of avtificial Joaded line consists of a num-
ber of coils of substantially equal impedance
connected in series with the line and a num-
ber of condensers of substantially equal ca-
pacity connected in shunt thereto, alter-
nately with the said coils. The coils cor-

_respond to the loading coils of the geo-

graphical loaded line and the condensers
correspond to the distributed eapacity per
section between loads of the geographical
loaded line. The term “loaded line” as used
throughout this specification designates both
the geographical and the “artificial” form
of line, unless the context restricts the mean-
ing otherwise.

The arrangement shown in Fig. 7 accom-
plishes the susceptance neutralization for
the two side circuits and for the phantom
cireuit without the employment of the aux-
iliary coils 31, 81 and 31/, 31’. In this
arrangement the side circuit neutralizers are
constructed symmetrically so as to afford a
pair of neutral midpoints m, m’ to which the
phantom circuit neutralizer is connected.
Strictly, the neutralizer connected to these
neutral points accomplishes only a part of
the neutralization for the phantom circuit,
the remainder of such neutralization being
accomplished by the side circuit neutralizers
in consequence of their effective connection
with the phantom circuit through the neu-
tral points m, m’. Thus, while the propor-
tioning of the side cirenit neutralizers
depends only on the constants of the side
circuits, and is, thercfore, independent of
the presence or absence of a phantom cir-
cuit neutralizer, the proportioning of the
phantom circuit neuntralizer depends not
only on the phantom cireuit constants, but
also on the side circuit constants. Conse-
quently in practice the side circuit neutral-
izevs ave first proportioned in accordance
with the formule (8) and (9) already
given, due allowance being made for the
necessary subdivision of each condenser ele-
ment into two serially connected parts to
mect the requirements for symmetry. Next
the phantom circuit neutralizer is propor-
tioned by means of the same design formule
by substituting therein the constants of the
phantom circuit and then correcting for: the
effective capacity and the effective indue-
tance contributed to the phantom circuit

-neutralizer by the two side circuit neutral-

izers.

In certain cases it is more convenient to
determine, first, the susceptance required to
neutralize the phantom cireuit and connect
the same into the svstem as shown in Fig. 8.
If it is then found that the side ecircuits
require additional susceptance for their com-
plete neutralization, the same may be intro-
duced therein by additional networks, 85 and
35’ shunted across the side circuits.
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The uses of my invention are not limited
to the cooperative arrangements illustrated
herewith, but my invention is applicable to
any arrangement wherein it is desivable that
a periodically Joaded line shall have substan-
tially no susceptive admittance and hence no
reachive impedance. As examples of further
uses, my invention may be employed: (1) to
connect s loaded line type of filter to a re-
peater element whose impedance 18 neariy
constant resistance; (2) to connect a loaded
Hine to a repeater system whose impedance
is nearly constant resistance; () to connect
a loaded line to terminal apparatus whose
impedance is nearly constant resistance.

Tinally, T desire fo emphasize the fact that
to secure ror the loaded line equally good
impedance properties without employing
oither the network of my present invention
or the metwork of my previous invention
(Tig. 1, Patent Mo. 1,245,060) would neces-
sitate spacing the loading coils at much closer
intervals.  Tor if the nefworks weve omitted
the critical frequency of the loaded line
would have to be very much increased to
maintain substantially the pre-existing im-
pedance properties over the contemplated
frequency-range; and, with the impedance
approximately fixed, an increase in the crit-
ical frequency can be attained only by a
correspondingly closer spacing of the load-
ing coils.

Although only a few forms and arrange-
ments of apparatus embodying the invention
are shown and described herein, it is readily
understood that various changes and modi-
fications may be made therein within the
spirit and scope of the following claims
without deparfing from the scope of the
invention.

What is claimed is:

1. A network for neutralizing the char-
acteristic susceptance of a periodically load-
od signaling line beginning at a point in a
loading coil, said network comprising pre-
computed admittance elements so propor-
tioned in acordance with the counstants of
said line that the susceptance of said net-
work is substantially equal and opposite to
the characteristic susceptance of said line
beginning at a point in a leading coil.

9. A network for neutralizing the char-
acteristic susceptance of o periodically load-
ed signaling line beginning at a point in 2
loading coil, said network comprising indue-
tance and capacity elements so proportioned
in accordance with the constants of said line
that the susceptance of said network is sub-
stantially equal and opposite to the char-
acteristic susceptance of said line beginning
at a point in a loading coil. - '

3. A network having a susceptance equal
and opposite to that of an actnal loaded sig-
naling transmission line beginning at a point
in a loading coil, said network comprising
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inductznce and capacity elements having
precomuted values dependent on the loading
coil inductance, the distance between con-
secutive loading coils, and the distributed
capacity and inductance of said line.

4, A network having 2 susceptance sub-
stantially equal and opposite to the char-
acteristic susceptance of a periodically load-
ed signaling line, said network comprising
an inductance coil in series with a condenser.
the values of the inductance of said coil and
the capacity of said condenser being pre-
computed in accordance with the loading
ccil inductance, the distance between censec-
utive loading coils and the distributed ca-
pacity and inductance of said loaded line.

5. In a signaling system, the combination
of a periodically loaded transmission line
and a network connected in shunt therewith,
said network consisting of inductance and
capacity elements so proportioned in ac-
cordance with the constants of said loaded
line that the admittance of said combina-
tion is a practically pure, constant conduc-
tance over a pre-assigned range of frequen-
cies.

6. In a signaling system, the combination
of two parallel transmission lines constitut-
ing two side cirenits and a phantom eireuit,
said cireuits being periodically loaded, and
a plurality of nebworks connected in shunt
therewith, said networks including admit-
tance elements so proportioned that the sub-
ceptance of each of said circuits is substan-
tially neutralized.

7. In a signaling system, the combination
of two parallel transmission lines constitut-
ing two side circuits and a phantom cireuit,
said lines being periodically loaded as re-
gards each side circuit and also as regards
said phantom circuit, with two similar and

equal networks one in shunt with each of

anid side cireuits and a connection hetween

said networks for associating the same with

the phantom circuit, each of said networks
including precomputed inductance coils and
condensers so proportioned in accordance
with the constants of said side circuits and
said phantom circuit that the impedance of
the combination, as seen from each of said
side circuits, and from said phantom circuit,
is approximately a pure non-inductive re-
sistance over a pre-assigned range of fre-
guencies.

8. In a signalling system, four parallel
conductors constituting two separate trans-
mission lines, and providing two side circuits
and one phantom circuit, said conductors
being periodically loaded as regards each
side circuit, and also as regards the phantom
circuit, each of said circuits including im-
pedance elements connected in shunt thereto,
said impedance elements being so related
that the characteristic impedance of each
side circuit and of the phantom circuit is
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substantially a pure constant resistance over
a pre-assigned range of frequencies.

9. The combination of a loaded line com-
prising lump series inductances and shunt
capacities, with a network comprising an
inductance coil in series with a condenser,
said nebwork being connected in shunt to
caid line and having a susceptance substan-
tially equal and opposite to that of said
loaded line beginning at a point in a load-
ing coil, and the values of the inductance of
sald inductance coil and the capacity of
said condenser being proportioned in ac-
cordance with the inductance and capacity
of said loaded line.

10. A device for neutralizing the sus-
ceptance of a phantomed periodically
loaded line, compusmg a network for neu-
tralizing the suscep tance of each side cir-
cuit, and arranged to prowde a point neu-
tral to each side circuit, and a network for
neutralizing the susceptance of the phantom
circuit connected between said mneutral
points.

11. In a device for neutralizing the sus-
ceptance of a loaded transmission 11ne hav-
ing side circuits and phantom cucmts a
pair of networks connected in series with
each other across each side circuit, a com-
mon connection uniting the pairs at their
middle points, said networks being of a
value to fully neutralize the line as “to one
of the two kinds of circuits, and a network
located exclusively in the other kind of cir-
cuit to neutralize the remaining susceptance
of the circuit without affecting the first

named neutralizing devices.

12. In a signaling system, the combina-
tion of a non-loaded line comprising two
sections, with a loaded line interposed be-
tween said sections, and a plurality of net-
works shunted across the terminals of said
loaded line to neutralize the susceptance
thereof over a pre-assigned range of fre-
quencies.

13. In combination, a circuit comprising

7

shuut capacity and lumped series induc-
tances placed at substantially equal capacity
intervals, and a network for changing the
impedance of said circuit to a substantlally
constant resistance over a iwide range of
frequencies, said network comprising in-
ductive and capacity reactance elements con-
nected 1n series with each other and in shunt
to the said circuit, said elements having
their magnitudes determined to make the
impedance of the entire combination sub-
stantially a constant resistance over a Wide
range of frequencies.

14, A cireult comprising shunt capamt}
and lumped series inductances placed at sub-
stantially equal capacity intervals and an
impedance device connected in shunt to said
circuit, said device having a reactance sub-
st‘mtnlly equal and opp0s1te to that of the
remaining part of the cirenit throughout
a w1de range of frequencies.

15. Ina combmatlon, a plurality of trans-
mission lines associated with each other in
tandem, said lines having different ratios of
reactance to impedance, and means shunted
across said lines at their junction, for sub-
stantially equalizing said ratios.

16. In combination,.a conductor pair com-
prising equal inductances in series, equal
shunt capacities alternating therew1th said
conductor pair having at its initial end a
series inductance substantially 0.8 of the
other inductances, and a shunt across the in-
1tial end comprising inductance and ca-
pacity in series.

In combination, a loaded line and at
0. 8 load therein an inductance and capacity
in series with each other and across the
line and of proper value to reduce the im-
pedance of the line substantially to a pure
resistance.

In testimony whereof, I have signed my
name to this spemﬁcatlon this 8th day of
July, 1919.

RAY S. HOYT.
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