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10 Clalms

ThlS 1nvent10n relates to a multi-way connec-
tlon for signaling circuits, and more particularly

“to circuits in which a plurality of branches or -

sections are connected together in parallel or in
series,

One object of thls 1nvent1on isto prov1de means
by which the echo or reflection effects which
-ordinarily occur-in such connections shall be elim-
inated. - A further object is to provide means by
which in such connections there shall be no trans-

mission losses, and still a further object is a com-

bination of the two mentioned above in aceord-
ance with which neither reflection. effects nor
transmission losses shall occur in passing from
any one of the group of interconnected circuits

-into any other or others of the group. " Two forms

of connection will be dealt with in this invention,
the one in which several circuits are connected
in parallel and the one in whlch they are con-
nected in series.

To carry out the objects of my 1nvent1on I
make use of negative resistances, of which I have
disclosed and described certain types in my Pat-
ent No. 1,776,310, September 23, 1930. and in
an article by me in The Bell System Technical
Journal of July, 1931. By proper c¢hoice of the

type of negative impedance or resistance, and by -

‘proper association with the lines to be connected,

. ‘the impedance as seen looking from any one line

40

or section info the remaining lines is rendered the
‘same as that of the one line, thus ehmma.m:mr re-
flection losses. At the same time, in view. of ‘the
“ability of the negative resistances to supply power,
“that is their characteristic of béing active rather
than passive networks, the transmission -losses
which would otherwise appear in connection with
any one-circuit to which 51gnals are beéing trans-
mitted will be reduced, even to the zero Point;
The invention'® will be better understood. by
reference ‘to the following specification and ac-
companying drawing in which Figure 1 shows the
circuit for a plurality of. circuits connected in
parallel; Fig, 2 is for the.case of circuits con-

~nected in series; ‘Figs. 3 and. 4.show schematic
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representations of two ‘types of negative resist-
ance; Figs. 5 and 6 show specific forms which
the negative resistances of Figs. 3 and 4 may take
-on; Fig. 7 shows still another form of negative

_ resistance; and Fig. 8 shows 2 modlﬁcatmn of

the circuit of Fig. 1.

-Referring more specifically to Fig, 1 there are
shown a plurality of circuits A, B and C ‘which
are to be joined in parallel such tha% signals orig-
inating in any one line or section will be sup-
phed to each: :and. all of ‘the. other sections.. For

(CL 178—44)

‘simplicity we will at present assume that these

lines are all'identical in impedance, although this

Testriction may be removed in manners hefein-

after described. With the circuits thus connect- -
60

-ed in parallel; it is evident that on looking from
the junction point into the line A, from ‘which

signals may be assumed to ema,na.te ‘there ‘will’

be seen an impedance Z, whereas upon looking
in the other dlrectlon there is seen an lmpedance
g1ven by .
Z

where N is the number of signaling 01rcu1ts to be
joined.. ‘Thus, for signals coming from the line
-A, there will be reflection losses at the junction
and there will be at the same- time large trans-
mission-1oss so far as any one of the other eir-
cuits aré concerned in view of the fact that they
must share the power. . -

"'To.overcome this condmon I connect across.

: the: junction line, as indicated in Fig. 1, vesistance
-impedance .which has a negative value, and for
the particular cireuit this: negatlve reSIStance is
adJusted to a value of ;
. o Z »

T N-—=2 -2
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'whele Z is the average impedance of the separate :

-working circuits. - A hegative resistance of this
value is just sufficient to givé a smocth line teér-
‘mination “toeach ‘of .the sections, at: least : if
“they- gre of- equal impedance; that is, there are
no echoes due to reﬁectlons at the junction for
'signals. coming from-any one of the - sections.

This is. readily seen; for if there are N circuits -

_-all of equal impedance Z, then if one looks from
the juriction of cireuit A into the remaining. cir-
cuits in parallel the 1mpedance as seen 1s given
by :

i Furthermore snmlar calculatlons show’ that the
sigrialing current flowing: from: any one circuit,
such as A, into each and. all of the other circuits
‘is equalitoc the current in the ongmatmg branch.
Since each and all of the N—1 networks areto. be

85
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supplied with current, it is evident .that there =

must .be g source to supply the necéssary power

105 °

"This the negative resistance does in the manner- ‘.

as explained in ‘my patent: cited above, snd to
such an.extent as to just make up the loss die
to the bridged: connectlon S0 transm1ss1on takes |
place from any crrcult mto any other 01rcu1t with-
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- the line -impedance.

T

2

out transmission loss. It is to be pointed out that
the attainment of such a result from ordinary
vacuum tube amplifying circuits is a difficult mat-
ter unless such amplifiers be so connected inter-
nally as to take on the characteristics of nega-
tive resistances rather than simple amplifiers
wheretupon, of ‘course, the arrangement becomes
equivalent to the one herein described.. =
Fig. 2 shows a circuit in which the various lines
are connected in series; and while this series
connection may be a conductive one I prefer to

make it through transformers, as shown. "Here,

again, there are no reflection losses if the nega-
tive resistance takes on a value of —(N—-2)Z,
where Z is the average impedance of the working
circuits.. Thus, if oné looks from the line A, whose
impedance is Z, into the remainder of the circuit,
he sees an impedance given by - ‘

g=Z1+2Zz+4 . . . Zn-1—(N—-2YZ=2Z

Also, the current-flowing in these lines taken in
series is the same as that in the line A.- Evidently,
again, the E. M. F. to yield this current has its
source in, the negative resistance. :

"The type of resistance to be used is-one of im-
portance in order that the circuits may be stable
in operation. Thus, in Fig. 1 I make use of a
negative resistance which I have designated as
the shunt type, whereas in Fig. 2 I make use of
the series type. These types are shown diagram-

" matically in Figs. 3 and 4, and their respective

characteristics have been set forth in detail in
my patent cited above. ‘One form-which these
may take on is shown in Figs. 5 and 6, respec-
tively, and it will be noted that they make use
of vacuum tube amplifiers with certain feed-back
connections, whereupon their behavior is ‘more
properly described as negative resistances.

Still another form these negative resistances
may take on is shown in Fig. 7 which, it will be
observed; simulates the connections of a 21-type
repeater circuit. “In this Fig. 7 the well known
hybrid coil is shown with:a three=element ampli-
fier tube 9 and a network 10 adjusted to -ap-
propriate value. :
pedance equal to that seen looking:out from.the
terminals at 11, then power will be supplied to
both the network 10 and to the line coming in
at 11, and the circuit behaveslike a two-terminal
element exhibiting the properties of a negative
resistance. An important property of this circuit
of Fig. 7 is that by changing the poling of either

_the input coil or the output coil connected with

the tube 9; the cireuit' may be changed from a
negative resistance showing shunt.characteristics
to one showing series: characteristics, and in

‘applying this- device to -the circuits of Figs. 1 or
2-it-is necessary to use that connection which is™

appropriate.

1 have thus far implied that the negative re-

sistances are pure resistances, and in many cases
it would be sufficient to have them -as pure re-
In this case, of course, it would be
understood that there would:be some reflection

at. the junction if the lines or sections are not
pure resistances.in themselves.. If:- these reflec--

tions -become Jlarger than- desired; ‘it would. be
possible to introduce reactive elements such as
7' of Fig. 2 with the negative resistances to secure
a more - perfect simulation  of -the negative - of
For .this -purpose "any . of
the means now well known in the art for an-
nuliing reactance may . be used. g '

In some cases where a plurality of lines or sec-
tions of the kind “described are arranged for

If the network 10 has an’im- .

1,937,641

parallel or series connection, it occurs that at
any one time only a limited number of the sec-
tions are to .be connected. To provide for this

_greater fléxibility in the circuit set-up, while still

retaining - the balanced conditions described 80
above, means may be provided such as switches
or jacks so that the different- circuits may be

connected to the junction of disconriected, at will.

‘Such devices should be so arranged that. when any
.circuit is disconnected, & network having the

&5
sdime impedance as the circuit is substituted for

it as’shiéwh in the C ¢ireuit of Fig. 1. In this way

any number. of circuits less than N may be in-
terconnected without disturbing the arrangement
or adjustment of the apparatus at the junction.

. Numerous variations may be made. in my in-
vention as T have thus far described it, and it is
to bé understood that these may be made with-
out departing from the spirit of my invention.
For example, in Fig. 1 it would be quite possible
to connect the lines A; B ‘and C to-the common
junction point through transformers, as shown in
Fig. 8. Such an arrangement would be. highly
advantageous in certain cases. For instance, if
the lines A, B, C, etc. do not have the same:00
impedance characteristic, they may be brought
to the same impedance as seeni from the junction
point by using step-up or step-down transform-
ers of appropriate ratio.. Also, it will'be undexr-
stood that iristead of using transformers to bring 105

90

95

“about this matching of impedances, it ‘might be

dccomplished: by ‘any ‘other type of network for
such purpose now well known in the art. Also,

_while- the invention was described in terms of

equal impedance for each of the lines, it will be 310
understood that even though this may be nomi--
nally true, there will be small ‘variations ‘which
cumulatively: may be bothersome.” There might
be some question in this case:as to what value fo
assign the negative resistance, but it will be ob-7115
vious that the value of Z to bé chosen should be

‘at or near ‘the average impedance of the N

-sections. .
What is claimed is: - :
1. In s multi-way circuit, a plurality of N work- %20
ing ecircuits-connected in circuit: together and a. :
negative: impedance -also' connected in the cir-

‘cuit, the latter being adjusted in magnitude to

neutralize the impedances of N—2 of the working
circuits. - S : - %125
2. In a multi-way circuit, a:plurality of N work-
ing circuits connected in series and a negative
impedance also connected in series, the latter be-
ing adjusted in magnitude to the sum of the im-~
pedances of the working circuits minus twice the 30

_average of the impedances of the circuits.

3. In a multi-way circuit, a plurality of N -work-
ing circuits connected in parallel and a negative
resistancé associated therewith so that the im-
pedance as seen looking from any one line isc185
equal to the impedance of that line. .

4. Tn a multi-way circuit; a plurality of N work-

“ing circuits connected.in series and a negative im-

pedance associated therewith so  that® the im- -
pedance as seen looking from sny one line is equal @40
to the impedance of that line. T

25 Tn a multi-way - circuit, a plurality of N

working circuits associgted with each other and .

an active network associated:therewith to neu-
tralize impedance to. such an-eXtént that there<l45
are no.reflection losses or transmission-losses for -
the plurality of circuits. = i 700 i

-6. Tn a multi-way circuit, 2 plurality of N work- o
ing circuits. connected in parallel at.a common. - .
junction point and means asso¢iated therewith to:150
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fieutralize impedance to such an extent that there
are no reflection losses or transmission losses at
the junction of the plurality of circuits.

7. In a multi~way circuit, a plurality of N work-

ing ecircuits connected in series and means as-

sociated therewith to neutralize ‘impedance to

such an extent that there are no reflection losses

or transmission losses for the plurality of cireuits;
8. In a multi-way circuit, a plurality of N work-

ing circuits of equal impedance Z connected ‘in

parallel and a negative impedance of value

V4
- N—2
connected in parallel at the common junction;
9. In a multi-way circuit, a plurality of N

3

workmg c1rcu1ts of equal 1mpedance Z connected ‘
in series and a negative impedance of. value -

* (N-2)Z connected in series therewith.

10. In° a multi-way circuit, .a plurality of N
working circuits of unequal impedance connected

in parallel at a common junction point, a trans-.

80

former in each line prior to the connection and of °

such ratios as to bring all the lines to the same im-

pedance Z and .a negative impedance :of shunt .

characteristics connected in parallel'at the junc-

tion point, said resistance’ being adJusted to-a
value . B
_Z

. N—-2 SR
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