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To all whom it may concerr:

Be it known that I, Cagrr AUGUST
Kruexow, 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-
.l devices which have been designed or
which may be designed, the mechanical re-
quirements for my civcuit 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
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 bal-
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 cireuit to the second stations the cur-
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 791656, June G,
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
aud have superimposed upon them the cur-
rents generated by the repeater. In the gys-
tem. proposed by me, T believe I have over-
come all these defects.

This description is accompanied by two
figures, of which—

Figure 1 shows 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 cirenits utilizing two of
the devices of Fig. 1.~ ' >

It is of course understood that the device

“regents a line 11 which may

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

Tn Fig. 1, 11s a permanent magnet; 2is 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 granalar carbon cell G, 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 cireuit 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 répro-
duce in the secondary currents essentially
duplicating the speech currents received.
This action is well understood, and I have
iltustrated only the mechanical device of
Fig. 1.

Tn Fig. 2 I present my repeater circuit
with two devices of Fig. 1 shown at 10 and
90 respectively. The cirenit of Fig. 1 rep-
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

with an indiction coil 12 having three wind- . '
ings, a primary 12/, 2 Seconds‘n'y'm” and an 3%’
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additonal w mdm(r nr fouwr‘y 125, the line 11 | carben cell 107 cat
th the windi ne 187, Ip |

hmna connected wi
slmzlar manner the second line 91 is asso-

“ciated with the induction coil 22 by connec-

tion with its seconda ary winding 22", Twe |
additional induction edils 15 and 2 mEe pro- ;

vided, one associated Beconda; rily with ench of
the two lines. ¢ naming of the winc lingg
127 127 128 g arbitea nd some Umuobt
and formule appear in more symmetrical
form wlen 12° is named the .s:ccndf\r] and
127 the ter\‘z‘u; winding, in view of the fact
that 18" and 287" ase not used and may be
dispensed mixn leaving 18% gnd ¢
secondaries of inductoriums 13 and 23 be-
cause not involved in cirenits, the third
windings of tu'\“" inductoriums are not
labeled in the fignre.. ’

For CORW"*NLQ(’L* in th
tion of my cuuuu, T make {m zom e
tion coils mechanically alike, Baiteriss s are
shown at 14 and 24 fx"c‘ wmv.en%fs at 1B
and 25. The condensers are pref b
very small capacity, as their function is the
flbsc‘r;,mon of very small oscillafions and if
of abnormally large capacity they exercise
a harmiful rathcr thsn a bomﬁcin} effect.
In the repeaters 16 aud 20, 107 and 20’ are
the receiving helices and 107/ 207 are the ss-
sociated carbon colls,

The inductive rels whions of the windings
upon ‘the induction ceil cores are, as is the
usnal practice, assnmcd e be such that, with
the primary current flowing downwaro an
increase in the primary current w il in nduce &
secondary current flowing upward in buﬂw of
the other windings of the coil. .k

If we follow the speech currents h‘om line
11 we shall m‘ct that the transmission pro-
ceeds from 12" as a pr imary to 199, the i in-
duced currents of 197 fowing *‘11‘01191 10
and 133, thus pmmunso in 10 & variation of
the resis stance of 1077 wl mh varies the eur-
rent b"om bat‘e"v 24 through primary wind-
ing 227, the variation in tnn cirrent of 227
producmrr in 22" speech enrrents which are
trmsmlttod over Lho line 21. The circuit o
Fig. 2 is symmetrvichl, and speech our:‘fa.\q
veceived from line 91 ave mpe&feﬁ into line
11 in a manner symmetrical with the paths

8 7“*%[::41 applica-
Al
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Just traced.

In the abgve transmission (‘iver loeal
currents and petentials were generated. The
originally received speech currents in 197
pmdu(*"d sotne oscillatisns in the Tvmmn(f
19/ ,..mr] tlx@ ()1?“'0% frf;m 193 tl" ourm 1’)
pr/;d.zco fro
in the cirenit 13
and 13" oppose ¢
ence of phase, and’
condenser 15 m.lm\s
turbdnce. The
therefore in cony 3
helix 10” and are mechari ically ira nsinitied
to the ecarhen cell 107, Vatiation in tho
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wes fluctuations in wind-

mF: which induce po’mntials in

29‘ and 23, but inasmuch as these two wind-
axe conpected in opposition to each
other, current will m of flow in the cireuit
mial f, ’f ence \-;aro wi H he

ngs 97 a3’

Tary civenit cont ammg ele-
137,127 and 15 will not be dig-
Frbed By any. reseti “uuxv effect atbendant
upone the speech envrents m wmémw 127
whielt nii il

ordinary

witl Te
actionary
unlied and that speech currents received by
the win T i

. 1
11

md are
and free

1 repwa'ﬂrs
w line 21 solely
e complications,
pitalate: T provide a.repeater cir-
crit eciuprising fwo deviees of the type now
wms:"v’n' Enown by the name of repeater,
um bwo repeaters my eiveuit being op-
wsitely divected ar. ’uutm{w eonneeted
s(‘l with respect: fo the other; this re-
,m vf( v civenit Binks together the lines or the
z& of the Hine over which
to he effected. The limitg-
eater wlone without a special-
1/(*(1 eireuit #u;- in its adaptability to ; repeat
oy transgmit in one divection only. The spe-

1
i

z‘z‘m,x pha

-

cial cumut of my device provides separate -

wpmu T for X‘ept,dtlﬂ in each direction and
provides neatralizing means w hereby the re-
peater not active is restr ained from dele—
LOI')(MS mﬂm‘ upon the operating elements of

atr az new and desive to seenre by United
fates Letters Patent ise

I. In a telephone re -)outel Luum:, a4 sym-
metrical induetive link each half of said link
comprising  the tollowing  elements:—two
nduetion cot Is, ) (,mmb cnntmnmw in series
a winding of each of said induction coils, a
mitery, and variable ?'Oslst*mce controlled
by the induetive helix of the other half; and
A-second cirenit wnf(mllno' 1n series a Wmd—
ing of each of said 1ndn(+mn coils and an
mdnﬂ{rvo n“h\ controlling the variable re-
~)s- ance of the other half.

2. In u telephone vepeater cireuit, a sym-
me“-w-; m?mmw link baving two Tepeat-
ing devices, each half of said lnk compris-
J)” the following elenients =—two induction
m m( containing iu series a wind-

b of said indaction eoils, a batiery
Y‘Mu.l)xf resistance controlled by the
induetive neh" of the other half; and a

8308 8 Wind~
tion coils and a
the variable re

0Nt eireuit mmm

© of each rxf sard in
Inml tive
sigtanes o

hone ’zub%utmn cnum It
i evefore, that all loeal or re:-
«nrwnts are neutralized or an-.

are “anozmtfef} tnrouch'
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3. In a telephone repeater circuit, & sym-
metrical inductive link each half of which
comprises the following elements :—two in-
duction coils; & 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
cirenit containing in series a primary wind-
ing of each of said induction coils, a battery,
and a variable resistance controlied by the
inductive helix of the other half; and a'sec-
ond cireuit 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.

5. 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
_f 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. Tn a telephone repeater cireuit, 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 geries a primary winding
of each of said induction coils. a: battery,
and a variable resistance covtvolled by the
inductive helix of the other half; and a sec-
ond cireuit' containing in series a winding
of each of said induction coils and an in-

* ductive helix controlling the variable re-

80

8b

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 fnduction coil.

4 link cofifiectiig the same,

23

metrical induetive link connecting two con-
| ductively isolated portions of a telephone
1 line and comprising four induction coils,
| two of said induction coils pertaining to
windings for one of

| Tn a telephone repeater circuit, a sym-
|
I

| each line portion; two
| said coils; a primary, a secondary and 2
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 assoclated 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
¢aid 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
cireuit consisting of two secondaries and a
repeater helix, the two secondaries being op-
posingly connected with reference to their
respective primarvies 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 2
current through their respective primaries
will oppose and neutralize and will not re-
sult in eurrent through the repeater helix,
substantially as described.

10. ITn a telephone repeater cirenit, a
transmitting circuit containing a variable
resistance, a battery and two inductive pri-
mary coile, 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-
duective winding asencinted with the tele-
phone cireuit over which transmission is de-
‘sired, substantially as described.

11. Tn a telephone repeater cireuit, A
transmitting . cirenit containing a variable
resistance, a battery and two inductive pri-
mary coils: secondary coils for each of said
primary coils: and
coils an additional secondary coil said see-
ondary coil béing connected across the line
over which transmission is to be effected.

12. In 4 _telephone repeater cireuit, two

parts of i litie; and a symmetrical inductiveé
each half of 130
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_ing helix and a
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said symnetrical Tink comiprising the fol-
lowing elements: two induction coils; a
cirenit containing in servies a winding of
cach 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
of the other half. o

13. In a telephone repeater circuit,- two
parts of & line; two repeaters and a sym-
metrical inductive link of two halves, cach
half comprising the following elements : two
induetion coils: a civenis containing in seried
a primary winding of each of said induction
coils, a battery and g ariable resistance
controlled by the indnetive helix of the other
half; and a second ecireuit containing in
series & winding of ench 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 cirenit, an induetive
link of two halves,
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 -
connected ; and ‘a receivy-

cireyit is directly
ing circuit containing a receiving helix and
the secondaries of said primary windings,
said secondaries being connected in 0pPosi-
tion, T T
15. In a repeater circuit, an inductive link
of two halves, each half containing a receiv-
ing helix and a variable resistance, the
' controlling the resist-
ance of the other; each of said halves Com-
prising a transmitting - circuit, containing
the variable resistdnce, . battery and twa
windings; a condenser as
a shunt about one of said primary windingsy
and a receiving cireuit containing a receiv-
ing- helix and the secondaries of
mary windings, said secondaries being con-
nected in opposition. ) '

16..In a repeater cirenit, an inductive link
of two halves, each half containing a receiv-
variable resistance, the helix
of one half controlling the resistance of the
other;
transmitting circuit, containing the variable
resistance, a_battery and two primary in-
ductive windings; & condenser as g shunt
about one of said primary windings; an in-
ductive winding upon one of said primaries
to which the line circuit is directly con-
nected; and. a receiving cirenit containing a
receiving helix and the secondaries of said
primary windings, said secondaries being
connected in opposition.

each half containing a.

saigd pri-

each of said halves comprising a.

!

Ps

|
|
|
|
i
|
f'
|
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17. In a repeater cireuit; 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; ecach of said halves comprising ' a.
transmitting civeuit, containing the variable
resistance, a battery and two, primary in-
ductive windings; & small condenser as o .
shunt about one of said primary, windings;
and a receiving civenit containing a receiv-
ing helix

70

75
and the secondaries of said pri-
mary windings, said secondaries being con-
nected in opposition, - . v
18. In a telephone repenter elreuit, a sym-
metrical inductive link, ench half of said 8o
link comprising the following elements:
two induttion coils: a eirenit 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
a second eirvenit containing g winding of
each of said induction coils and an inductive
helix controlling the variable ‘resistance of -
the other half, said two cirenits being in-'
ductively neutral each upen the other. 90
19.-In a telephone repeater eifeuit, a symi-

85 -

- mMetrical inductive link having two repeating

“link comprising

winding of each
- battery dnd a variable resistance - controlled:

devices, each half of said Link comprising
the following elements: two induction doils;
a cirenit containing a winding .of each of
said induction coils, a battery and a variable
resigtance controlled by the’inductive ‘helix
of ‘the other half; and’a second circuit con-
taining o winding of each of said induction
coils and an inductive helix controlling the 106
variable resistance of ‘the other half, said
two circuits being inductively neutral each
upon the other. ~ . - T T T
20. In a telephone repeater circuit, a sym-
metrical inductive link; each half of said 105
the following elements:
two induction coils; a circuit containing a
of said induction coils, a:

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 rof
the other half, said two circuits beinly indiic- -

‘tively neutral each upon the other; and an 115

additional winding upon’ one of; said indue-
tion coils and associated with a‘telephone
line. o ERE S
21. In a telephone repeater circuit, a sym- -
metrical inductive link each half of whieh 120
comprises the following. elements: a’ plu-—
rality of inductoriums; a circuit containing
primary windings of inducteriums, @ bat-
tery,‘and a variable resistance controlied by -
the receiving helix of the other half ;and & 125
second cireuit containing windings of dne
ductoriums and the receiving helix. control
ling the variable resistance of the other half,
sald - circuits being Founccted inductively '

neutral upon each other, 138
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92.Tn a telephone repeater circuit, a sym-
metrical inductive link having twe repeaters
and each half of which comprises the fol-
lowing elements: & plurality of inducto-
riums; a circuit containing primary wind-
ings of inducteriums; 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. -
93. In a telephone repeater circuit, a sym-
metrical inductive link each half of which
comprises. the following
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
o second circuit containing windings of 1n-
ductoriums and - the receiving helix con-

trolling the variable resistance of the other

half, said - circuits being connected In-
ductively neutral upon each other; gdd a
fine winding in
tively related to both of said circuits.

94" In a telephone repeater circuit, a trans-
mitting circuit containing & variable resist-
ance, a battery and two inductive primary
coils; secondary coils for each of said pri-
mary coils; upon’oine of said primary colls
an additional secondary coil to the terminals
of which is directly connected the line over
which transmission is to be effected; and a
cireuit including a receiving helix and the
two first mentioned secondaries, the second-
aries being so related inductively to said pri-
maries ns to produce no current in said re-
ceiving helix in response to the operation of
the primaries. '

95. In a telephone repeater circuit, a trans-
initting circuit containing & variable resist-
ance, a battery and two inductive primary
coils; secondary colls for each of said primary
coils; tipon 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 effecteds; and
upon the same primary coil a condenser con-

nected as a shunt.

96. In a telephone repeater circyit,a trans-
mitting circuit contalmng a varinble resist-
ance, a baltery and two inductive primary

coils; secondary coils for each of said pr1-

“mary coils; upon one of said primary coils

60

an additional secondary coil to the terminals
of which is directly connected the line over
which trapsmission is to be effected; and
upon the same primary coil a small con-
denser conpected as a shunt.

27, In o telephone repeater system, the.

elements: a plu-’

an inductorium and induc-

{

is prevented by
qetic effects from operation

L=

combination with a line circuit and a pri
mary circuit, of a
two ‘windings, one 9T said windings bewn
inductively connected with said line an§
primary circuits, and the other of said wind-
ings being inductively connected with the
said primary circuit only. : .

98. In a telephone repeater, in combina-
tion, two independent line cireuits.associated
for repeater service, tWo repeating devices,
one for each respective liné circuit, each re-
peating device comprising 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
local circuit for each repeating device,
ferential means.in each balancing auxiliary
circuit for eacli repeating
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 eac
line circait inductively associating the re-
spective primary, balancing and line circuits.

99. Tn a reciprocal telephone repeating
system, the combination with two telephone
Lines or circuit sections of two repeating tele-
phenes, i

0

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 cirenit section and
with its receiver.

"80. In a telephone repeater system, the
comnbination with a main telephone-cireuit,
of a repeating device and .a tertiary circuit
in which the repeating device is connected
and is directly inductively assoclated 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
differential current or mag-
by the local or
repeated currents, et is operated by the re-
ceived or initial main circuit currents.

Signed at Berlin, Germany, on the seven-
teenth day of May A. D. 1907, in the pres-
ence of two witnesses. :
CARL AUGUST KRUCKOW.
Witnesses: »

Henry HASPER,
WorLpEMAR HAUPT.

repeating device having -

dif--

65

70 .

receiver and a -

75

device controlled”

h 85

90 .

95

100

105

110

118




.{5}_

ofi in ?,.eiiers?aéent No. 990,365

st

f(
H

ors

Fal
e

tis he’reby' certified 'that'ig Lettors Patent No. 990,365, granted April 25,°1911,
ﬂ.pOil the appliestion of Carl August Kruckow, of H&uﬂ -on-the-Baale, Germany,
for an improvement in “Teiemhone Repeater-Circuits,” an ervor appears in the
;print.ed :spac’*ﬁcaumon requiring correction ag foﬁom Pﬂge 4, line 28, after the
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‘that the satne may conform fo the record of the case in the Patent: Office.
‘ S foned and: sealed tms §th day of June, A, D., 1931,

[S‘E‘AL. 1 < : .G BL{LLINGS,

deting Commissioner of Potonts,



