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990,365. 
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Specification of Letters Patent. 
Serial No. 378,231. 

To all whom it may concern: 
Be it known that I, CARL AUGUST 

IXRUCKow, a subject of the Emperor of Ger 
many, residing at Halle-on-the-Saale, Ger 
many, have invented a new and useful Im provement in Telephone Repeater-Circuits, 
of which the following is a specification. 
My invention pertains to circuits for tele 

phone repeaters, rather than to any mechani 
al devices which have been designed or 
which may be designed, the mechanical re 
quirements for my circuit consisting of 
(first) a mechanism adapted on its receiving 
side to accept speech currents, and adapted 
on its transmitting side to vary a resistance 
in response to the accepted speech currents, 
and (second) an aggregation of induction 
coils, condensers and batteries of ordinary 
types of apparatus or of such specialized 

20-types as may be readily appreciated from 
the following description. 
The repeater installations hitherto known 

for long distance lines suffer from defects 
chiefly as follows: 1. They disturb the bai 
ance in the two branches of the line. 2. The 
alternating currents generated by the re 
peater 'distribute themselves equally in both 
directions upon the long distance lines con 
nected for the purpose of transmission. 3. 
The talking currents generated by the micro 
phone of the first station may pass over the 
whole circuit to the second station: the cul'- 
rents generated by the repeater superimpose 
themselves upon the former ones and thus 
produce difference of phase and similar dis 
turbances. 
In the installation presented by Shreeve 

in United States Patent 791,656, June (i, 
1905, the first defect has been eliminated, 
but the two others remain. The speech cur 
rents coming from either station may pass 
over the whole circuit to the other station 
and have superimposed upon them the cur 
rents generated by the repeater. In the sys 
tem, proposed by me, I believe I have over 
conne all these defects. 
This description is accompanied by two 

figures, of which Figure 1 shows in rather diagrammatic 
form the mechanical repeating device dis 
closed by Shreeve in United States Patent 
791,655, June 6, 1905, and Fig.2 shows my 
improved repeater circuits utilizing two of 
the devices of Fig. 1. W 

It is of course understood that the device 

1 of Shreeve is shown in Fig. 1 and is referred 
to in Fig. 2 because it is adapted to the re 
(quirements of my circuits, but not because 
my circuits involve any requirements limit 
ing them solely to the Shreeve device. 

In Fig. 1, 1 is a permanent magnet; 2 is a 
helix of wire wound upon a spool and sup 
ported upon the magnet 1 by the case 3 
which is attached by screws passing through 
the magnet. The helix 3 is wound upon the 
hollow non-magnetic core and an extension 
pole piece 4, attached adjustably to the mag 
net 1 by screw threads and provided with 
the lock nut 5, forms a terminal for the mag net 1 lying within the helix 2 and approxi 
mately near the center of the helix. Upon 
the other end of the magnet 1 is supported 
the granular carbon cell (6, the diaphragm 
6 of this cell carries an electrode to which is 
attached a soft iron rod 7 which extends into 
the tubular core of the helix 2 and which 
approaches the pole piece 4. The part 7 is 
mechanically free from the core or shell of 
the helix 2 but is under the considerable 
magnetic pull from the pole piece 4, due 
to the permanent magnetism of the magnet 
1. This magnetic pull places a tension upon 
the diaphragm 6'. In placing the device in 
operation the incoming line circuit is con 
nected with the helix 2 and the carbon cell 
6 is connected in series with a battery and an 
induction coil primary, the induction coil 
secondary being taken to the line upon which 
the repeater currents are to be sent out. 
The operation is that speech waves in the 
helix 2 will vary the attraction between the 
parts 4 and 7, resulting in a movement of the 
part 7 and a consequent variation in resist 
ance of the carbon cell 6, which will vary the 
current from the battery, flowing through 
the primary of the induction coil, to repro 
duce in the secondary currents essentially 
duplicating the speech currents received. 
This action is well understood, and I have 
illustrated only the mechanical device of 
Fig. 1. in Fig. 2 I present my repeater circuit 
with two devices of Fig. 1 shown at 10 and 20 respectively. The circuit of Fig.1 rep 
resents a line 11 which may be hereinafter 
referred to as the first line, and a line 21 
which may be hereinafter referred to as the 
second line. The first line 11 is associated 
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cated with the induction coil 22 by connec 

a harmful rativer than a beneficial effect. 

just traced. - 

- - a vii.3 produce from 3 some oscillations 

s 390, 

additional winding or tertiary t39, the line 11 
being connected with the winding 12'. In 8. 

similar manner the second line 2i is asso 

tion with its secondary winding 22'. Two 
additional induction coils 3 and 23 : 'e pr: 
vided, one associated Seeondarily with each of 
the two lines. The naming rif the windings 
12' 12' 128 is arbitrary and some thoughts 
and formulae appear in nore sy' innetrical 
form wisen 2° is named the secondary and 
12' the tertiary winding. in view of the fact, 
that 13' and 23' are irot used and may be 

i 
: 

dispensed with, leaving 138 and 23 the true 
secondaries of inductorians 3 and 23; be 
cause not involved in circuits, the third 
windings of these inductoriums are not 
labeled in the figure. 

For convenience in the practical applica 
tion of iny ci:'cuit, nake the four id:c- 
tion coils mechanically aiike. Batteries are 
shown at 14 and 24 and condensei's at 5 
and 25. The condensers are preferably of 
very Small capacity, as their function is the 
absorption of very small oscillations and if 
of abnormally large capacity they exercise 
In the repeaters { aid 20. 10' and 20 are 
the receiving helices and 10° 20' are the as 
sociated carbox cells. 
The inductive relations of the windings 

upon the induction coil cores are, as is the 
usual practice, assumed to be such that, with 
the primary current fio wing downward, an 
increase in the primary current will indu cea. 
secondary current flowing upward in both of 
the other windings of the coil. 'a' , 

If we follow the speech currents from line 
11 we shall find that the transmission pro 
ceeds from 12' as a primary to 12°, the in 
duced currents of 12 flowing through 10 
and 13, thus producing in 10 a variation of 
the resistance of 10’’ which varies the cur 
rent from battery 24 through primary wind 
ing 22, the variation in the cirrent of 22' 
producing in 22' speech currents which are 
transmitted over the line 21. The circuit of 
Fig. 2 is Syrian}etiric? . and speech curre: is 
received froza line 21 are repeated into line 
11 in a manner Symmetrical with the paths 

In the above t'asinission divers local currents and potentials were generated. The 
originally received speech currents in 12' 
produced some oscillations in the winding 
12" and the current from 129 through 10 
in the circuit. 13. The osciliations in 32 
and 13 oppose éaci (tier with some differ 
ence of phase, and tie presence of the small 
condenser is quiet 
turbance. The speech 
therefore in coil parative 
helix i0' and are finec 
to the carbon cell ()'. 

'. pass 

tire form to the 
hatically transanited 

s 

Wariation is thic 

second circuit containing in ses: 

38: 

carbon ceil 10' causes fluctations in wind 
ings 22 and 23 which induce potentials in 
22* and 23. it inasmuch as these two wind 
ings are contected in opposition to each 
(ther, cirrent will not fow, in the circuit 
coiniainig 22 20', hence there will be 

- it was i: smitted from 20' to 
20', and it iii)ary circuit containing ele 
rents :20. 14. 13, 12 and 15 will not be dis 
the is any, reactionary effect attendant 

lf)), fl. ech carrents in winding 12' which rig 
{rdinary telephone substation circuit. It 
wii is seei, herefore... that aii local or re. 
actionary cirrents are neutralized or an 
liulied aid that speech currents received by 
the witti; g it?’ are transmitted through 
the iiikii); evice of induction coils, bat 
itries : ina?haniai repeaters, and are 
translit ii) the line 2 solely and free 
f'o) iase (tranglications, 
To recapii alate: provide a repeater cir 

cit coil prising two devices of the type now 
general it is own by the name of repeater, 
the Eye repeaters in my circuit, being op 
hisitely directed al. neutrally connected 
each with res. to the other: this re 
peater cit: it together the lines, or the 
portions or a 'is of the line over which 
transissii) is to ire effected. The limitai 
tion of the repeater salone without a special 
ized circuit lies in its adaptability to repeat 
or transmit in one direction only. The spe 
cial circuit of my device provides a separate 

ater for repeating in each direction and 
provides neutralizing means whereby the re 
peater not, active is restrained from deie 
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be likened to side tone in the 
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ieri (its eitect upon the operating elements of 
the Sysicia. - 

Yaving this described my invention, what 
| clair, as new and desire to secure by United 
States lette's latent is: 

1. in a telephone repeater circuit, a Sym 
lietric'ai inductive link each half of said link 
roup rising the following elements:-two 
induction coils; a circuit containing in series 
a winding of each of said induction coils, a 
}: it eity, and a variable resistance controlled 
by the inductive helix of the other half; and 
a second circii containing in series a wind 
ing of each of said induction coils and an 
inductive helix controlling the variable re 
sistance {}f the other half. 

2. in a telephone repeater circuit, a sym 
metrica indictive link having two repeat 
ing devices, each half of said link compris 
iig the following elements:-two induction 
coils; a circuit containing in series a wind 
ing of each aid induction critis, a battery 
and a variaisie resistance controlled by the 
indictive helix of the other tail; and a 

les a wind 
ing of each of said indiction coils and an 
inductive helix controlling the variable re 
sista;ice of the (*her hai, 
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8. In a telephone repeater circuit, a sym 
metrical inductive link each half of which 
comprises the following elements:-two in 
duction coils; a circuit containing in series 
a primary winding of each of said induction 
coils, a battery, and a variable resistance 
controlled by the inductive helix of the other 
half; and a second circuit containing in 
series a winding of each of said induction 
coils and an inductive helix controlling the 
variable resistance of the other half, said winding being connected in opposition with reference to potentials resulting from cur 
rents from said battery. 4. In a telephone repeater circuit, a sym 
metrical inductive link having two repeaters 
and each half of which comprises the fol 
lowing elements: two induction coils: a 
circuit containing in series a primary wind 
ing of each of said induction coils, a battery, 
and a variable resistance controlled by the 
inductive helix of the other half; and a sec 
ond circuit containing in series a winding of 
each of said induction coils and an inductive 
helix controlling the variable resistance of 
the other half, said winding being connected 
in opposition with reference to potentials 
resulting from currents from said battery. B. In a telephone repeater circuit, a sym 
metrical inductive link having two repeaters 
and each half of which comprises the fol 
lowing elements: two induction coils; a cir 
cuit containing in series a primary winding 
of each of said induction coils, a battery, 
and a variable resistance controlled by the 
inductive helix of the other half; and a sec ond circuit containing in series a winding 
Jf each of said induction coils and an in 
ductive helix controlling the variable re 
sistance of the other half, said windings be 
ing connected in opposition with reference 
to potentials resulting from currents from 
said battery; and a line circuit of two parts, 
each part directly connected to the terminals 
of a third winding of one of the induction 
coils of each of said halves, respectively. 6. In a telephone repeater circuit, a sym 
metrical inductive link having two repeaters 
and each half of which comprises the fol 
lowing elements: two induction coils: a cir cuit containing in series a primary winding 
of each of said induction coils, a battery, 
and a variable resistance co, rolled by the 
inductive helix of the other half; and a sec ond circuit' containing in series a winding 
of each of said induction coils and an in 

ing the variable re 
sistance of the other half, said winding be 
ing connected in opposition with reference 
to potentials resulting from currents from 
said battery; a line circuit directly connected 
to the terminals of a third winding of one 
of the induction coils; and a condenser con 
nected as a shunt around the primary wind 
ing of the last mentioned indiction coil, 

3 

7. In a telephone repeater circuit, a sym 
metrical inductive link connecting two con ductively isolated portions of a telephone 
line and comprising four induction coils, two of Said induction coils pertaining to 
each line portion; two windings for one of 
said coils; a primary, a secondary and a 
tertiary winding for one of said coils, said 
secondary being connected to its line portion 
and said tertiary and a corresponding wind 
ing of its associated coil being connected in 
opposition. : 8. In a telephone repeater circuit, a sym 
metrical inductive link connecting two con ductively isolated portions of a telephone 
line and comprising four induction coils, 
two of said induction coils pertaining to 
each line portion; two windings for one of 
said coils; a primary, a secondary and a 
tertiary winding for one of said coils, said 
secondary being connected to its line portion 
and said tertiary and a corresponding wind 
ing of its associated coil being connected 
in series with each other and with a receiver 
helix and in opposition to each other. 

9. In a telephone repeater circuit, an in 
ductive link having an inductive receiving 
circuit consisting of two secondaries and a 
repeater helix, the two secondaries being op 
posingly connected with reference to their 
respective primaries and one of said sec 
ondaries being inductively related to a wind 
ing associated with a telephone line, and 
whereby speech currents generated in one of 
said secondaries through its inductive rela 
tion with the telephone line may flow 
through both of said secondaries and 
through the repeater helix, and whereby po 
tentials generated in said secondaries by a current through their respective primaries 
will oppose and neutralize and will not re 
sult in current through the repeater helix, 
substantially as described. . 10. In a telephone repeater circuit, a 
transmitting circuit containing a variable 
resistance, a battery and two inductive pri 
mary coils, each of said primary coils hav 
ing a secondary and said two secondaries 
being connected in opposition and in series 
with a repeater receiving helix. and one of 
said primary coils having an additional in 
ductive winding a senriated with the tele 
phone circuit over which transmission is de 
sired, substantially as described. 

11. In a telephone repeater circuit, a 
transmitting circuit containing a variable 
resistance, a battery and two inductive pri 
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nary coils: secondary coils for each of said 
primary coils; and upon one of said primary 
coils an additional secondary coil said sec 
ondary coil being connected across the line 
over which transmission is to he effected. 

12. In a telephone repeater circuit, two 
parts of a line; and a symmetrical inductive 
link connecting the same, each half of 
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resistance, a battery and two primary in 

: 60 

65 

of the other half. 

primary inductive windings; a condenser as 

ing helix and a variable resistance, the helix 

about one of said primary windings; an in 

receiving helix and the secondaries of said 

4. 

Said symmetrical link comprising the fol 
lowing elements: two induction coils; a 
circuit containing in silies a winding of 
each of said induction coils, a battery and a 
variable resistance controlled by the induc 
tive helix of the other half; and a second 
circuit containing in Series a winding of 
each of said induction coils, and an induc. 
tive helix controlling the variable resistance 

13. In a telephone repeate circuit, two 
parts of a line; two repeaters and a syn. 
metrical inductive link of two halves, each half comprising the following elements: two 
induction coils a circuit containing in series 
a primary winding of each of said induction 
coils, a battery and a variable resistance . 
controlled by the indictive helix of the other 
half; and a second circuit containing in 
Series a winding of each of said induction 
coils, and an inductive helix controlling the 
variable resistance of the other half...the windings being in opposition upon said helix 

14. In a repeater circuit, an inductive 
link of two halves, each half containing a 
receiving helix and a variable resistance, the 
helix of one half controlling the resistance 
of the other; each of said halves comprising a transmitting circuit, 'containing the va. 
riable resistance, a battery and two primary 
inductive windings; an inductive winding 
upon one of said primaries to which the line 
circuit is directly connected; and 'a receiv 
ing circuit containing a receiving helix and 
the Secondaries of said primary windings, 
said secondaries being connected in opposi tion. . . . . 

15. In a repeater circuit, an inductive link 
of two halves, each half containing a receiv 
ing helix and a variable resistance, the fix of one half controlling the resist 
ance of the other; each of said halves cona prising a transmitting circuit, containing 
the variable resistance, a battery and two 
a shunt about one of said primary windings; 
and a receiving circuit containing a receiv 
ing helix and the secondaries of said pri 
mary windings, said secondaries being con 
nected in opposition. r 

16. In a repeater circuit, an inductive link 
of fiyo halves, each half containing a receiv 
of one half controlling the resistance of the 
other; each of said halves comprising a 
transmitting circuit, containing the variable 
ductive windings; a condenser as a shunt 
ductive wiriding upon one of said primaries 
to which the line circuit is directly con 
nected; and a receiving circuit containing a 
primary windings, said secondaries being 
connected in opposition. 

990, 

the other half, said two circuits being in 

38 

it. In a repeater circuit, an inductive link 
of two halves, each half containing a receiv 
ing helix and a variable resistance, the helix 
of one half controlling the resistance of the 
other; each of said halves comprising a 70 
transmitting circuit, containing the variable 
resistance, a battery and two primary in 
ductive windings; a small condenser as a 
shunt about one of said primary, windings; 
and a receiving circuit containing a receiv. 75 
ing helix and the secondaries of said pri 
mary Yildings, said secondaries being con 
nected in opposition. - 

18. In a telephone repeater circuit, a syn. 
metrical inductive link, each half of said. 80 link comprising the following elements: 
two induction coils; a circuit containing a 
winding of each of said induction coils, a 
battery, and a variable resistance controlled 
by the inductive helix of the other half; and 85. 
a Second circuit containing 3 winding of 
each of Said induction coils and an inductive 
helix controlling the variable resistance of 
ductively neutral each upon the other. 90 

19. In a telephone repeater circuit, a sym 
retrical inductive link having two repeating 
devices, each half of said link comprising 
the following elements: two induction coils; . . 
a circuit containing a winding of each of 95 
said induction coils, a battery and a variable 
resistance controllied by the inductive helix 
of the other half; and a second circuit con 
taining a winding of each of said induction 
'coils and an inductive helix controlling the 100 
variable resistance of the other half, said two circuits being inductively neutral each 
upon the other. : 
20. In a telephone repeater circuit, a sym: 

metrical inductive link, each half of said 105 link comprising the following elements: 
two induction coils; a circuit containing a 
winding of each of said induction coils, a battery and a variable resistance controlled 
by the inductive helix of the other half; a 110 
Second circuit containing a winding, of each 
of said induction coils and an inductive 
helix controlling the variable resistance of 
the other half, said two circuits being induc 
tively neutral each upon the other; and an 115 
additional winding upon one of said indic 
tion coils and associated with a telephohe 
line. . . . . . . . 

21. In a telephone repeater circuit, a sym 
metrical inductive link each half of which 120 comprises the following elements: a plu-" 
rality of inductoriums; a circuit containing 
primary windings of inductoriums, a bat 
tery, and a variable resistance controlled by 
the receiving helix of the other half; and a 125 
second circuit containing windings of in ... 
ductoriums and the receiving helix, control 
ling the variable resistance of the other half, said circuits being connected inductively 
neutral upon each other. -- R33 
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22. In a telephone repeater circuit, a sym 
metrical inductive link having two repeaters 
and each half of which comprises the foll 
lowing elements: a plurality of inducto riums; a circuit containing primary wind 
ings of inductoriums; a battery and a va 
riable resistance controlled by the receiving 
helix of the other half; and a second circuit 
containing windings of inductoriums and 
the receiving helix controlling the variable 
resistance of the other half, said circuits be 
ing connected inductively neutral upon each 
other. 23. In a telephone repeater circuit, a sym 
metrical inductive link each half of which 
comprises. the following elements: a plu 
rality of inductoriums; a circuit contain 
ing primary windings of inductoriums, a 
battery and a variable resistance controlled 
by the receiving helix of the other half; and 
a second circuit containing windings of in 
ductoriums and the receiving helix con 
trolling the variable resistance of the other 
half, said circuits being connected in 
ductively neutral upon each other; aid a 
line winding in an inductorium and induc 
tively related to both of said circuits. 

24. In a telephone repeater circuit, a trans 
mitting circuit containing a variable resist 
ance, a battery and two inductive primary 
coils; secondary coils for each of said pri 
mary coils; upon oie of said primary coils 
an additional secondary coil to the terminals 
of which is directly connected the line over 
which transmission is to be effected; and a 
circuit including a receiving helix and the 
two first mentioned secondaries, the second 
aries being so related inductively to said pri 
maries as to produce no current in said re ceiving helix in response to the operation of 
the primaries. 25, in a telephone repeater circuit, a trans 
mitting circuit containing a variable resist 
ance, a battery and two inductive primary 
coils; secondary coils for each of said primary 
coils; Ripon one of Said primary coils an ad 
ditional secondary coil to the terminals of 
which is directly connected the line over 
which transmission is to be effected; and 
upon the same primary coil a condenser con 
nected as a shunt. 26. In a telephone repeater circuit, a trans 
mitting circuit containing a variable resist 
ance, a battery and two inductive primary 
coils; secondary coils for each of said pri 
mary coils; upon one of Said primary coils 

GO 

an additional secondary coil to the terminals 
of which is directly connected the line over 
which transmission is to be effected; and 
upon the same primary coil a Small con 
denser connected as a shunt. 27, in a telephone repeater system, the 

teenth day of Mia 
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combination with a line circuit and a pri mary circuit, of a repeating device having 
two windings, one of said windings bein 
inductively connected with said line ES 
primary circuits, and the other of said wind 
ings being inductively connected with the 
said primary circuit only. w 

28. In a telephone repeater, in combina 
tion, two independent line circuits, associated 
for repeater service, two repeating devices, 
one for each respective line circuit, each re 

65 

70 

peating device comprising a receiver and a 
transmitter, a winding in each line circuit to control the respective repeating devices 
and actuating them by the inward or re 
ceived currents, a balancing auxiliary or 

75 

local circuit for each repeating device, dif...' 

by the transmitter of the opposite repeating 
device, a primary circuit for each repeating 
device, and an induction coil with primary, tertiary and secondary windings for each 
line circuit inductively associating the re 
spective primary, balancing and line circuits. 

29. In a reciprocal telephone repeating 
system, the combination with two telephone 
lines or circuit sections of two repeating tele phones, means for inductively associating 
and identifying the receiver of each repeater 
with a respective circuit section, and means 
for balancing each repeater locally to pre: 
vent reactive transmission, an individual 
local circuit for the transmitter of each re 
peater together with means for jointly in 
ductively associating each said transmitter 
with the opposite line circuit section and 
with its receiver. 30. In a telephone repeater system, the 
combination with a main telephone-circuit, 
of a repeating device and a tertiary circuit 
in which the repeating device is connecte 
and is directly inductively associated with 
said main-telephone-circuit, a primary or 
transmitter-circuit which is also directly in ductively connected with the said main cir 
cuit and with the tertiary circuit, and means 
for an extra or auxiliary inductive connec 
tion directly between the tertiary, and pri 
mary circuits, whereby-the repeating device 
is prevented by differential current or mag 
netic effects from operation by the local or 
repeated currents, yet is operated by the re 
ceived or initial main circuit currents. Signed at Berlin, Germany, on the seven 

May A. D. 1907, in the pres 
ence of two witnesses. 

CARL AUGUST KRUCKOW. 
Witnesses: HENRY HASPER, 

WOLDEMAR HAUPT. 

ferential means in each balancing auxiliary 80, 
circuit for each repeating device controlled 
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it is hereby certified that in Letters Patent No. 990,365, granted April 25, 1911, 
upon the application of Carl August Kruckow, of Hale-on-the-Saale, Germany, 
for an improvement in “Telephone Repeater-Circuits, an error appears in the 
printed specification requiring correction as follows: Page 4, line 23, after the 
word “helix , the words in ; esponse to control by said first circuit, should be inserted 
and that the said Letters Patent should be read, with this correction therein 
that the same may conform to the record of the case in the Potent Office. 

www. signed and sealed this 6th day of June, A. D., 1911. 
IsrAE. C. C. BILLINGS, 

cigang (ommissioner of faiets. 

  


