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Patented Dec. 7, 1937 2,101,699 
UNITED STATES PATENT OFFICE 

2,101,699 i. 
ALTERNATING CURRENT sIGNALN 
rtin Baesecke, Berlin-siemensstadt, and Hans . Mayer, Berlin-Charlottenburg, Germany, as 

signors to Siernens & Halske, Aktiengesell 
schaft, Siemensstadt, near Berlin, Germany, a 
corporatio Taharny." "::" . . . . . . . . . . . . . ; 

This invention relates to signaling sy 
which negative resistances are employ 
duce the energy, losses of signal curre 

articular, according to our invention the biasing 
rent itself may be employed for transmitting 

- - . . . ... ntrol impulses over long distances to the several particularly this invention relates to alternating negative resistances or to their control devices. 
current signaling systems, such as telephone or . Further particularities of the invention will be 5. 
telegraph circuits, especially when the signal cur- described hereinafter with reference to the ex 
rents are transmitted over long distances, for in- amples sho he accompanying drawing. It 
stance over underground or submarine cables. is to be understood that the invention is not 
In particular, this invention affords advantages limited to the precise conditions or proportions 
when crystals, powder resistances, suitable metal herein set forth, as they may be readily varied 10 
alloys and soon are used as negative resistances. by those skilled in the art. . . . . . . . . . . . . ; 
One difficulty, which must be overcome in sig- Fig. 1 illustrates diagrammatically a system for 

naling systems with negative resistances is the supplying biasing current to a plurality of signal 
supply and control of the current biasing the lines by a single separate line. . . . . 
negative resistances to a suitable point of their Fig.2 represents a system for supplying a bias-l5 
characteristic. This current is be transmitted sing current only by signal lines without disturb over the whole signal system which contains...ing the signal transmission... 
widely different resistances, and must have a 
relatively high input voltage ... a separate line to a two-wire circuit with parallel 

According to the present invention special cir negative resistances. ... . . . . . . . . . . . . 
cuits are provided to supply the biasing current Fig. 4 shows the superposition of an alternating 
to the several negative resistances along the lines. current for biasing purposes in a signal line. 
This supply circuit is so dimensioned that a very . In Fig. 1 we have illustrated a section of a plu 
good insulation exists between the individual sup- rality of lines parallel to each other which are 
ply conductors with respect to the relatively high provided for signal purposes, for instance this 25 
voltage at the ends of the supply circuit. rA 'YYes vy garasiaesarski r" 
A generic feature of the several specific em 

bodiments which we have disclosed in this appli 
cation, is found in the fact that the voltage re- tiv 
quired for the production of the biasing current indicated by the 
is not applied between the two conductors of a three subsections 
telephone circuit. . . . . . . . . . . . . . . of well-known cha 

According to a further feature of our invention, a separate line is provided to supply the biasing 
current to a plurality of sign 
for cable purposes. . . . 
Another feature of the inv 

Fig. 3 shows the supply of biasing current from 
20 

ar, a rticularly bodies 
are arranged in the con 

sindicated at 6,7,8 and 9, 10, i. 
th terminals of the negative re-35 

sist are connected over chokes (designated ... 
by 12, 3 and 4, 5 respectively in the left-hand 

special cir-, subsection) 2. conductor 5 which serves as . . . . 
lines, for sup- supply source for biasing the negative resistances. . . . . . 

- - -- e resistances. As indicated the conductor 5 extends parallel to 40 
Another feature of this invention consists in the signal lines and is connected to a direct cur- . . . . 

superposing alternating current channels in the rent source which may be located at one end of 
signal current circuits to conduct the alternating the cable. The ends of the chokes connected to 
current to the points at which negative resis- the conductor. 5 are also connected to, each other . . 

5tances are located and in rectifying this current by a capacity, indicated at 6. . . . . . . . 4.5 
to obtain a direct current for biasing purposes. The latter as well as the chokes are provided 
This method affords the advantage that the bias- to block the supply conductor 5 and the circuits. 
ing current can be conducted over direct current with respect to one another against voice cur- is 
blocking devices, such as for instance transform-, rents flowing through a negative resistance. 
ers. Besides separate lines for biasing current Energy losses and crosstalk are thus prevented. 50 
are not necessary. . . . . . . . . . . . ". . . . . . . 

in the use of means for controlling the biasing of the supply conductor. The middle and the 
ry. . . . . . . Instead of simple chokes, networks may be pro 

still another feature of this invention consists vided, preferably with a short-circuit on the sid 
- current and adjusting the negative resistances right portions of Fig.1 show. 
from the ends or section points of the lines. In ment for each of the subsecti 
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2 
extreme left. At the points 7, 8 we have indi 
cated by the dotted lines that two further wire 
circuits may be connected to the supply conduc 
tor in the same number. For the return of the 
biasing direct current We may use a separate Con 
ductor or ground connections. 

Particularly when using cables, the cable 
sheathing or the sea water may serve as the re 
turn conductor. 
As shown in Fig. 1, the negative resistances of 

one conductor are connected in series with re 
spect to the biasing current, that is, the two ends 
of the negative resistances are connected to the 
same conductor of the supply circuit. According 
to our invention, it may be preferred in some cases 
to connect the negative resistances belonging to 
one circuit, alternately or in any other desired 
order to one or the other conductor of the supply 
circuit, in which case a separate conductor would 
be provided for each direction of the supplying 
current. The negative resistances may be also 
connected in parallel to the supply conductor 
with respect to the same points of view as above 
described, to block the Supply circuit against 
the signaling currents. The adjustment of the 
working points of the negative resistances may 
be effected by Series or parallel connection of 
separate resistances or by suitable dimensioning 
of filters, or even when the same relations exist in 
all circuits, by connecting resistances in the sup 
ply circuit or by suitable dimensioning of the 
supply circuit. When using the invention for 
long distance lines, particularly in the Case of 
parallel lines as in a cable, a preferable arrange 
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ment might be to provide several supply circuits 
or to arrange a main supply circuit and branch 
off at predetermined intervals, sub-supply cir 
cuits supplying biasing current to the correspond 
ing sections. A supply circuit with a separate 
source may also be provided for several sections 
of a line or of a bunch of circuits. 
To prevent a flow of the biasing current 

through the signal conductors from the two 
sides of the negative resistances, according to 
Fig. 1 the Sections of these conductors between 
the negative resistances are blocked against the 
biasing current by capacities, such as indicated 
at 9, 20 and 2, 22 respectively, having only a 
low resistance to the passage of the signal cur 
rents. To enable a flow of direct current or of 
low frequency alternating currents for signal pur 
poses through the conductors and 4, suitable 
by-pass connections are provided. In Fig. 1 
simple chokes 23, 24 are indicated for this pur 
pose. These must be dimensioned to offer a high 
resistance to currents of higher frequencies such 
as, for instance, voice currents. 
According to a further feature of our inven 

tion the two wires of a supply circuit are strung 
or arranged in such a manner that they will be 
separated from one another by insulation ade 
quate with respect to the direct current voltage. 
Particularly in the case of cables, the two wires 
of the supply circuits are arranged in different 
parts of the cable, for instance in different wire 
groups which are very well insulated from each 
other. 
In those cases where the mutual influence of 

the circuits traversed by the signal currents, for 
instance the cross talk in cables, is to be reduced 
to a minimum, a symmetrical distribution of the 
negative resistances over the two conductors of a 
circuit is a preferable arrangement. It has been 
found that the mutual influence of the circuits 
can be diminished still more if the direction of 

2,101,699 
the biasing current in the two conductors is 
chosen properly. According to our invention it 
is preferable to make the biasing current flow 
through the two conductors of a cable or open 
line circuits with negative resistances in the 
same direction in each of the conductors. This 
method affords special advantages with lines hav 
ing Pupin coils for damping attenuation, in addi 
tion to including negative resistances, because the 
Pupin coils are biased magnetically in case the 
biasing current flows through the two conductors 
in different directions, that is, with respect to the 
signal current. The biased Pupin coils would 
diminish their attenuating effect and magnify 
the cross talk, Preferably, the biasing current is 
supplied to the two-wire circuit at symmetrical 
points, for instance over the midpoint taps of 
transformers, chokes or other Cross resistances, 
and is again taken off at Such points. 

Examples of such arrangements are illustrated 
by Figs. 2 and 3. 

In Fig. 2 two double-wire circuits, for instance 
those of a telephone cable having conductors 
25, 26 for transmission in one direction and con 
ductors 27, 28 for transmission in the other di 
rection, are shown as connected with the line 
terminals by transformers 29, 30 and 3f, 32 re 
spectively. The midpoints of the transformer 
windings connected to the line are at the one end 
of the line connected to a battery 33, and at the 
other end of the line to a battery 34 supplying 
the biasing current to the negative resistances 
35 . . . 46 connected in the line. The con 
ductors 25, 26 and 27, 28 respectively are 
traversed, substantially as in a phantom circuit, 
by the biasing current which flows in the same 
direction in both conductors of the same pair, 
whereby the Symmetry is magnified considerably. 
The line section extending from the one or the 
other end of the whole line to the next pair of 
negative resistances 35, 36 and 37, 38 or 43, 44 
and 45, 46 respectively is suitably equalized to 
one half of the length of the other line sections for 
instance 35, 39 . . . 36, 40. In this manner an 
easy connection of lines may be effected. 

Fig. 3 represents an arrangement for Supply 
ing the biasing current by a separate conductor. 
To the terminals of the negative resistances 48, 
49 arranged symmetrically in the two conduc 
tors 57, 58 of a two-wire circuit, are connected 
the chokes 50, 5f which connect the said two con 
ductors to one another. From a third Con 
ductor 47 the biasing current is supplied to the 
negative resistances through the said chokes. 
The capacities 53-56 serve to prevent a flow of 
direct current through the conductors 57, 58. On 
the other hand, a capacity 52 is arranged to 
provide a short circuit for any signal currents 
which may flow through the chokes 50, 5. 

Instead of a separate line such as described 
above, a phantom circuit may be employed as 
a common supply circuit for a plurality of lines. 
In all cases it is preferable to employ side circuits 
at a considerable distance from one another in 
the bunch, in view of using a high input voltage. 
To cause the biasing current to flow through the 
conductor in the same direction, it is also pos 
sible to shunt all conductors with respect to 
the biasing current by cross resistances or equiv 
alent elements and to employ a common return 
conductor. The latter may be a separate conduc 
tor, or the cable sheathing, or the earth, or sea 
water. 

In many cases it is not possible to conduct a 
direct current as a biasing current along the lines 
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on account of interference from foreign sources, 
such as power currents. In such cases it is pref 
erable to block... the line or sections of the line 
by transformers. For other reasons as well, for 
instance when using amplifiers or capacitive cou 
plings in the line, a direct current flow can be 
prevented. ... . . . . . . . . . . . . . . 

According to one feature or embodiment of 

5. 

our invention, an alternating current is con 
ducted to the points at which there are negative 
resistances or over those parts of the line which 
do not permit a flow of direct current, and is 
rectified before being supplied to the negative 
resistances. The alternating current source may 

section of the line, or connected to separate con ductors provided for supplying the biasing cur 
rent. Preferably, the rectification is effected by 
any other well-known or approved manner. For 
this purpose we may use negative resistances of 
the same character, as those provided for reduc 
ing the attenuation of the line. Fig. 4 shows 
an example of such an arrangement. . . . . 
At 59, we have indicated a longs distance line, 

for instance a submarine cable having only one 

we have indicated the terminal transformers to 
the primary windings of which standard, or ap 

- proved apparatus, for instance any's well-known 
is telegraphy apparatus, are connected. The line 

59 is subdivided into several sections, each hav 
ing a repeater station formed by connections with 
negative resistances such as the one indicated 
at 74. Let us assume that the telegraph cur 
rent has a frequency at the slower limit of 
audio-frequency, and that for biasing the neg 
ative resistances there is superposed on the line 

40 59 an alternating current which has a frequency 
below the audio-frequency band. ..In the sta 
tion. 60 the telegraph current flows through the 
pacity. 76 and filters, 80 back to the line section 

45 between 60 and 6. The filter 64 does not per 
mit passage of the telegraph current but of the 
Superposed biasing current, so that the latter 
flows through the primary winding 70 of a trans 
former, the secondary winding of which is con 

50 nected to a rectifier 72. The rectified alternat 
the negative resistance 74 and acts as a biasing 
current. The capacity. T3 serves as a short cir 
cuit for audio-frequency currents coming over 

5577, 78. In a parallel branch, the alternating cur 
rent from the filter 64 flows through the filter 
9 and furthermore to the line. 59. The filters 
64 and 79 do not permit the passage of audio-fre 
quency currents and are earthed by the conduc 

90 tors 66, 68. The superposed current for biasing 
purposes might also be in the range of upper 
audio-frequencies. ... . . 

According to a further feature of our inven 
tion, in lines containing negative resistances for 

65 reducing the energy losses, means are provided 
by which the negative resistances can be con 
trolled or switched in or out. This arrangement 
is particularly advisable in the case of long lines. 
These means can be adjusted manually or auto 

70 matically and located at the terminals of the lines 
or in subsections of the lines. In the latter case 
a remote control is desirable. 
In the simplest embodiment of our invention, 

the biasing current flowing through the line is 
controlled for all negative resistances at the 
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- : contact devices, for instance dry rectifiers or in 

conductor, the return, conductor being replaced 
by sea-water. At 8, 82 and 83, 84 respectively, 

... filter 65, capacity 75, negative resistance 74, ca 

ing current is supplied over the chokes TT, 18 to 

terminals of the line or at any other point of the 
line. This permits, a common variation of the 
attenuation to be effected for the whole line. 
Regulation may be effected by varying the voltage 
of the biasing current or by varying the resist- 5. 
ance of a branch of the biasing circuit, not 
traversed by the signal current. For instance, 
as indicated in Fig. 2, the connection of the bat 
teries. 33 and 34 with the coils of the respective 
transformers may be adjustable, the arrows being 10 

- the conventional representation of controllers or 
slides which can be moved to different points of 
the said: coils... When the line is subdivided into 
several sections and a separate biasing source is 

5. belocated at the end of the line or of the sub-; provided for every section, the same arrange- 15 
ments can be made. Another possibility consists 
in apportioning or attaching to every negative 
resistance the value of which is to be controlled, 
or to a group of such resistances, a special oper 
ating device, for instance a selective switch, by 20 
which it, is possible...to effect a variation of the 
resistance values, for example: a switching in or 
out of the resistances. By such an operating 
device parallel resistances can be switched in 
or out, in steps, for instance the biasing current 25. 
or the signal current may be conducted over this 
parallel circuit. The variation of the negative re 
sistances can be also effected in a continuous 
manner, for instance by influencing continu 
ously changeable positive resistances connected 
to the negative resistances, . . . . 

The said regulating devices can be controlled 
in any well-ktiown manner from the terminals 
of the line, or from supervisory stations at other 

3. 5 points of the line, or in dependence upon the 
attenuation of the line. According to a further 
feature of our invention, we may employ the 
biasing current itself for the remote control of 
the regulating device, by transmitting impulses 
for a short time by means of this current, where.-4) 
by for instance a selective switch is controlled. 
Using alternating current as the biasing current 
for the negative resistances rectified at the points 
where negative resistances are located, switching 
apparatus can be controlled selectively by vary- 4.5 
ing the frequency of the alternating current in a 
well-known manner. It is also within the scope 
of our invention to employ for the remote, con 
trol, separate lines or channels over which the 
control of the regulating devices is effected by 50 
alternating or direct current. . . . . . 
What we claim is: . 1. A signaling system comprising lines for sig 

nal transmission, said lines extending from a 
transmitting station to a receiving station, nega-65. 
tive resistances connected in these lines at differ 
ent distances from the ends of the lines, for re 
ducing the loss of signal energy, and a special 
line extending lengthwise of the signaling sys 
ten and connected with a plurality of said signal to 
lines for supplying currents to bias the negative 
resistances. 

2. A cable circuit comprising lines for signal 
transmission, said lines extending from a trans 
mitting station to a receiving station, negative 65 
resistances connected in these lines at different 
distances from the ends of the lines, for reducing 
the loss of signal energy, a source of bias cur 
rent, a separate conductor for supplying said bias 
current to said negative resistances, and separate 70 
means for the return of the bias current to its 
source. 

3. A cable circuit comprising lines for signal 
transmission, said lines extending from a trans 
mitting station to a receiving station, negative 75 
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4. 
resistances connected in these lines at different 
distances from the ends of the lines, for reducing 
the loss of signal energy, a source of bias current, 
and a two-wire circuit for supplying said bias 
current to said negative resistances, the two wires 
of said circuit within the cable being well sepa 
rated from each other electrically. 

4. A signaling system comprising a signal line 
extending from a transmitting station to a re 
ceiving station, negative resistances connected in 
said line at different distances from its ends, for 
reducing the loss of signal energy, a separate 
line for supplying biasing current to said nega 
tive resistances, filters interposed between the said 
biasing current line and the signal line to block 
the signal currents, and devices located in the 
signal line on either side of each negative resist 
ance, to block the biasing current. . 

5. A signaling system comprising a signal line 
extending from a transmitting station to a re 
ceiving station, negative resistances connected in 
said line at different distances from its ends, for 
reducing the loss of signal energy, and a separate 
line for supplying biasing current to said negative 
resistances, each side of a negative resistance 
being connected with the same conductor of said 
separate line. 

6. A signaling system comprising two signal 
lines each composed of two conductors, negative 
resistances connected in said conductors, and a 
separate current supply circuit for biasing the 
said negative resistances, the two conductors of 
one signal line being connected in paralled for 
leading the biasing current in the one direction, 
and the two conductors of the other signal line 
being connected in parallel for leading the biasing 
current in the other direction. 

7. A signaling system comprising a cable con 
taining two signal lines each composed of two 
conductors and well separated electrically from 
the other line, the two conductors of the same 
line being connected in parallel, negative resist 
ances connected in said lines, and means for sup 
plying biasing currents to said negative resist 
ances, said biasing means being connected to each 
of said four conductors. 

8. A signaling system comprising a signal line 
composed of two conductors, negative resistances 
connected in said conductors at corresponding 
points thereof, cross-connections between said 
conductors to connect them in parallel at the two 
terminals of said negative resistances, and a sepa 
rate line, connected with said cross-connections, 
for supplying biasing current to said negative 
resistances. 

9. A signaling system comprising a signal line, 
negative resistances in said line, a source of cur 
rent for biasing said negative resistances, and a 
single controller, connected in series with a plu 
rality of said resistances for varying the voltage of 

said biasing current in such plurality of resist 
ances. 

10. A signaling system comprising a signal line, 
negative resistances in said line, a source of cur 
rent in circuit with said negative resistances for 
biasing the latter, and a single controller, Con 
nected in series with all the resistances in said 
circuit, for varying the resistance of the circuit 
through which said biasing current flows through 
all of said resistances. 

11. A signaling system comprising a plurality 
of independent electrical circuits for signal trans 
mission, each circuit having conductors extend 
ing from a transmitting station to a receiving 
station, negative resistances connected in these 
conductors for reducing the loss of signal energy, 
and means for supplying currents to bias the 
negative resistances, said means including auxil 
iary conducting means connected between said 
conductors and connected to a source of current 
to form an electrical circuit through said resist 

0. 
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ances and substantially coextensive with said. 
System. . 

12. A signaling system comprising a plurality 
of independent electrical circuits for signal trans 
mission, each circuit having conductors extend 
ing from a transmitting station to a receiving 
station, negative resistances connected in these 
conductors for reducing the loss of signal energy, 
and means for supplying currents to bias: the 
negative resistances, said means including. cur 
rent supply means, auxiliary current conducting 
means for connecting a terminal of said current 
supply means to said conductors, and to form an 
electrical circuit through said resistances and 
Substantially coextensive withi said system. 

13. A signaling system comprising a plurality 
of independent electrical circuits for signal trans 
mission, each circuit having conductors extend 
ing from a transmitting station to a receiving 
station, negative resistances connected in these 
conductors for reducing the loss of signal energy, 
and means for supplying currents to bias the 
negative resistances, said means including uni 
directional current supply means connected to 
said conductors for passing the biasing current 
at least through parts of said conductors and to 
form electrical circuits through said resistances 
and substantially coextensive with said system. 

14. A signaling system comprising a plurality 
of independent electrical circuits for transmitting 
separate signals between stations, each circuit 
having a conductor with negative resistances 
connected therein to reduce the loss of signal en 
ergy, and means to supply current to bias said re 
sistances, said means comprising a source of bias 
current and means connecting Said source with 
each of Said independent circuits. 

MARTN BAESECKE. 
BANS MAYER 

45 

50 

SS 

  


