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ing mercury to the jets and clearing it from
~ the commutator.

5 bottom plate 4. The top and bottom plates
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To all whom it may concern:

Be it known that I, Peroy A. CAMPBELL,
a citizen of the United States of America,
and a resident of Bloomfield, county of Es-
sex, and State of New Jersey, have invented
certain new and useful Improvements -in
Methods of and Apparatus for Repeating
Telephone-Currents, of which the following
is a specification. :

According to this invention, the electrical
energy of the currents in an ncoming tele-
phone circuit is stored in a series of con-
densers which are momentarily connected
in turn in the incoming ecircuit; then the
plates of the charged condensers are me-
chanically separated, thereby lowering their
capacities and amplifying the energy of the
charges; then the condensers are connected
in turn in an outgoing circuit and the am-
plified charges are discharged.

The ob]ect of this 1nvent10n is to amphfy
electric currents without converting the elec-
trical energy into any other form of energy,
to effect this without undue distortion of the
electric waves, and to provide a method and
apparatus which will allow of wide amplifi-
cation in a single step.

In the accompanying three sheets of draw-
ings, which form a part of this applica-
tion—KFigure 1 is a perspective, broken away,
of a condenser repeater embodying my in-
vention together with  diagrammatic 1llus-
tration of incoming and outgoing circuits
and their inductive connection with line-cir-
cuit sections for transppission and amplifica-
tion in both directions. Fig. 2 is a similar
figure showing inductive connection with the
line - circuit sections for transmission and
amplification in one direction, and having a
discharge - circuit for residual - condenser
charges. Tig. 3 is a similar figure, embody-
ing connections with the line-circuit sections
for transmission and amplification in both
directions, and having a discharge circuit.
Fig. 4 is a vertical section through the con-
denser apparatus and commutator with mer-
cury jets. TFig. 5 is an enlarged detail of a
modification. Fi ig. 6 is a vertical section
through the accessory apparatus for supply-

A table 1, Fig. 4, supports the condenser
apparatus, Which comprises a_hollow ver-
tical cylinder 2 with a top plate 3 and a

carry bearings 5 5 for a shaft 6 Whlch 18

Y
-

rotated by a pulley 7. The shaft carries
eccentrics 8 8. Around the eccentrics are
sleeves ‘9 9 which partake of the eccentric
movement of the eccentrics but are re-
strained from rotating by reason of their
connection through pins 10 10, springs 11 11
and pins 12 12 with the top and bottom
plates.

sleeved eccentrics. It travels eccentrically

A metal drum 13 is carried by the

60

in rolling contact with a series of circularly .

disposed plates 14 14 which are supported
by an insulating lining 15 within the hollow
vertical cylinder.
stitutes one plate of a condenser. - That sec-
tion of the drum opposite to each of the
circularly disposed plates constitutes the
second plate of each condenser. "A thin sheet
of insulating material 16, as mica, is inter-
posed between the drum and the plates with-
in the vertical cylinder, and is supported
and carried either by the drum, as shown in
Fig. 4, or by the circularly disposed plates
as shown in Fig. 5. In this latter figure the
drum is faced “with foil 17 and an elastic
layer 18, of gum rubber for example, under-
lies the foil to render the tread elastic. The
foil, however, is electrically -connected with
the frame of the drum. The interposition
of the sleeves between the eccentrics and the
drum removes any tendency on the part of
the revolving shaft to cause the drum to slip
with 1espect to the circularly disposed plates
and so avoids abrasion of the mica sheet.
The centrifugal strain on the shaft from the
weight of the eccentric drum is balanced by
Wewhts 19 19 carried by the shaft on the
opposne side of its axis from the axis 6f the
eccentrics. Below the vertical cylinder and
carried by insulating rings 20 20 ave a series
of circularly dlsposed and spaced commu-
tator-bars 21 21. The bars are connected by
wires 22 22 with adjacent condenser plates.
The shaft carries three nozzles 28 23 spaced
120 degrees. These nozzles are-insulated
from each other and are fed with mercury
from a hollow cylindrical block of insulat-
ing material 24 carried by the shaft and
having three circular grooves 25 25 25 cut
in its “interior surface. Mercury jets 26 26
issué from these nozzles and serve as brushes
for the commutator. Ifach groove is pro-
vided with an overflow 27 27 which prevents
the groove from becoming filled to-overflow-
ing @ and thus keeps the mercury in it insu-
lated from the mercury in the other grooves.

The electrical connections will be clear

Each of these plates con- .
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from Figs. 1, 2 and 8 in which for simplicity
the commutator bars are shown as continua-

tions of the circularly disposed series of

fixed condenser plates, and metal brushes
are shown in lieu of mercury jets. There is
an incoming repeater circuit which may be
traced from the plate which is nearest to the
drum through a brush 28, collector ring 29,
brush 30, secondary 31, of an induction coil
31 32, brush 33 in contact with the drum,
and the drum to that section of it which is
opposite the plate at which the circuit here
traced originated. The primary 32 of the
induction coil is connected in’'an incoming
line section 34, In the forms shown in Figs.
1 and 3, the incoming repeater circuit is
branched, the second branch being through
a secondary 31", of an induction coil 31" 327,
the primary 32 being connected in-a line
civenit section 34’. There is also an out-
going repeater Giveuit from a plate which is
separated more or less from -the drum
through a brush 33, collector ring 36, brush
37, primary 388 of an induction coil 38 82’
brush 33 in contact with the drum, and the

drum to that scction of it which is opposite

the plate at which the circuit here traced
originated. . This outgoing repeater circuit
is also branched, the second branch being
through a primary 38" of an induction coil
38’ 32, brush 33 in contact with the drum,
and the drum to that section of it which is
opposite the plate at which the circuit here
traced originated. The coils in each of the
line circuit sections serve as primaries-or sec-
ondaries according to the direction of trans-
mission. In the forms of Figs. 2 and 3 there
is also a discharge circuit mto which ‘each
condenser is brought after it has been con-
nected to the outgoing repeater circuit and
before it is ‘returned to. the incoming re-
peater circuit. This circuit is through a

Jbrush 39, collector- ring 40, brush 41, two

branches, one containing a condenser 42 and
the other a resistance 43 and a choke coil 44,
thence from the two branches through the

. brush 83 in contact with the drum and the

55
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drum to that section of it which is opposite
the plate at which the circuit hefe traced
originated. The circuit is so.designed as to
free, as far as possible, the condenser plates
from residual charges before their next sue-
ceeding charging occurs im-thé iiicoming re-
peater circuit. Condensers 45 and 46 are in-
troduced for the purpose of eliminating the
ifregularity and loss of energy due to.the
fact that the charging and discharging jets

" are not continuously in electrical connection

with the commutator bars. The proper
capacities for these condensers are readily
found by trial. ’ ‘

 In the preferred embodiments of my in-
vention, as shown in Figs. 4, 5 and 6, the.

connections to the mercury jets are effected

042,385

by leading wires to three tanks 47, 48, 49,
from which mercury is supplied to the jets
for the incoming repeater circuit, the out-
going repeater circuit, and the discharge cir-
cuit respectively. The electrical connection
with the drum is effected by leading a wire
to the frame of the machine. An air-pump
50 supplies a blast of air betwéen the com-

mutator bars in order to clear them quickly

of mercury so that they will not become con-
nected ‘together.. As the mercury will be
finely comminuted by the blast, a. settling
tank 51 is provided and the mercury is
drawn therefrom by a pump 52 and elevated

85

75

to a stand-pipe 53 from which it flows into .

the three tanks by which the jets are sup-
plied. The flow into the tanks is made in-

termittent by a gang-cock 54 so as mnot to
celectrically conrnect the tanks. :

*It is intended that the plates shall be nar-

rower and more numerous than it has been

convenient to -illustrate, placing, for ex-
ample, from two hundred to three hundred
plates within a cylinder of nine inches in-
terior diameter. The employment of. mer-

cury jets in lieu of metal brushes insures
‘contact at each bar when the machine is run

at 5,000 to 8,000 revolutions per minute. The
mercury jets then each traverse from 20,000
to 40,000 bars per second, and the pulses
arising from.the commutation are of such
high frequency as to be beyond the audible
range. The mica sheet which is interposed
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between the drum and the fixed plates is of -

a thickness of one-thousandth part of an inch
or less, and the eccentricity is such as to

separate the elements of the condensers by

100

about one-tenth.of an inch of air space at-

discharge. The amount of the mechanical
separation will, therefore, be one hundred
times. Hence, as the dielectric value for
mica relative to air is 5, the capacity of each
condenser at the time of discharge should be

of what it is at the time of charging. On
account, however, of the losses of energy in
the charging and discharging processes, the

-net amplification of the electrical energy due

to the repeater-action will be much less, be-
ing about one-tenth of that amount, or 50.
The capacity of a single strip condenser be-

ing taken as one five-hundredth microfarad.

105

~approximately the one five-hundredth part

110

1156

and the number of commutator bars passed .

by a mercury-jet being thirty thousand per "

second, it follows' that.the. secondary 31
of the induction coil 81 82 has a com-

pound condenser with a total capacity of-

sy5 X 30,000, equal to 60 microfarads, to
discharge into every second. In the one
three-hundred and sixtieth part of a second,
the fundamental oscillation period for an
average speech current, the total capacity
is therefore 60 divided by 360; equal to one-
sixth microfarad per oscillation, .
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It has been found adyvisable to use a two

~microfarad condenser in the receivér circuit

of a common battery telephone, and hence,

-the smallness of this capacity will prevent
the condensers from storing the required

amount of electrical energy unless the po-
tential is stepped up by the induction coil

32 81. By stepping up the potential » times,

for example five times, its initial value, the
potential energy-of a-full charge of each of
the strip condensers is increased n* times, for
example twenty-five fold, and it becomes

S ‘o 1
possible to use condensers of capacity- o

part of the capacity necessary with no step-

© ping up, Having stepped up the potential
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at the mduction coil 32 81 it is necessary to
step it down again at the induction coil 38

327, Tt n répresents the amount of stepping

up at the first inductien coil, and M repre-
sents the amount of stepping up due to the
decrease in capacity of the strip condensers
which occurs previous to discharge, then,

neglecting losses, the expression n+/M TP~

resents the amount of the necessary stepping
down at the second induction coil 38 32". In
practice, the best values for the primary-to-
secondary ratios of ‘induction coils -are
readily found by trial. Inthe forms of Figs.
1 aud 3 which are arranged for repeating
in both directions, the ratio of -turns in the
coil 32" to coil 81" equals the ratio of pri-
mary-to-secondary turns in the coil 32 to
coil 31, and the ratio of turns in the coil 38’
to coil 32 equals the ratio of primary-to-
secondary turns in the coil 38 to coil 32"

What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. The method of repeating telephone
currents, which consists in charging a series
of condensers in turn from an incoming eir-
cuit, mechanically separating the plates of
the charged condensers in turn, and dis-
charging the condensers in turn in an out-
going circuit, substantially as described.

2. The method of repeating telephone
currents, which consists in charging a series
of condensers in turn from an incoming cir-
cuit, mechanically. separating the plates of
the charged condensers in turn, discharging
the condensers in turn in an outgoing ecir-
cuit, and discharging the residual conderiser
charges In a discharge circuit, substantially
as described.

3. In a telephone repeater, the combina-
tion of incoming and outgoing -circuits,
plates forming a series of condensers, means
for connecting the condensers in turn in the
incoming circuit, means for separating the
plates of the condensers in turn, and means
for connecting the condensers in turn in the
outgoing circuit, substantially as described.

4. In a telephone system, the combination
of line-circuit sections, an incoming repeater

8

circuit with branches connected to the line-

~eireuit sections, an outgoing repeater circuit

with branches connected to the line-circuit
sections, plates forming a series of condens-
ers, means for connecting the condensers in
turn in the incoming. circuit, means for sep-
arating the plates of the condensers in turn,
and means for connecting the condensers in
turn in the outgoing circuit, substantially as
described.

5. In a telephone repeater, the combina-
tion of incoming and outgoing circuits, a
circuit for discharging residual- condenser
charges, plates forming a series of condens-
ers, means for connecting the condensers in
turn in the incoming circuit, means for sep-
arating the plates of the condensers in turn,
means for connecting the condensers in turn
in the outgoing circuit, and means for con-
necting the condensers in turn in the dis-
charge circuit, substantially as described.

6. In a telephone system, the combination
of line-circuit sections, an incoming repeater
circuit with branches connected to the line-
circuit connections, an outgoing repeater cir-
cuit with branches connected to the line-cir-
cuit sections, a circuit for dischargng resd-
nal condenser charges, plates forming a se-
ries of condensers, means for connecting the
condensers in turn in the incoming circuit,
means for separating the plates of the con-
densers in turn, means for connecting the
condensers in turn in the outgoing circuit,
and means for connecting the condensers in
the. discharge circuit, substantially as de-
seribed.

~ 7. In a telephone repeater, the combina-

tion of incoming and outgoing circuits, a se-
ries of circularly disposed plates and an ec-
centrically mounted drum forming with the
circularly disposed plates a seriesof condens-
ers, commutator bars connected with the
circularly disposed plates, means for con-
necting the commutator bars in turn in the
incoming circuit, means for separating the
drum from the circularly disposed plates in
turn, and means for connecting the commu-
tator bars in turn in the outgoing cireuit,
substantially as described.

8. In a telephone repeater, the combina-
tion of incoming and outgoing circuits, a se-
ries of circularly disposed plates and an ec-
centrically mounted drum forming with the
circularly disposed plates a seriesof condens-
sers, an msulating layer interposed between
the circularly disposed plates and the drum
and carried by one of said condenser parts,
commutator bars connected with the circu-
larly disposed plates, means for connecting
the commutator bars in turn in the incoming
circuit, means for separating the drum from
the circularly disposed plates in turn, and
means for connecting the commutator bars
in turn in the outgoing circuit, substa:tially
as described. ’
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9. In a telephone repeater, the combina-
ton of incoming and outgoing circuits, a se-
ries of cireularly disposed plates, a shaft
mounted in the axis of the circularly dis-

“posed plates, eccentrics carried by the shaft,

a drum carried by the eccentrics and form-
ing with the circularly disposed plates a se-
ries of condensers in which the drum can be

separated from the circularly disposed plates

in turn, commutator bars connected with the
circularly disposed plates, means for con-

necting the commutator bars in turn in the

incoming circuit, and means for connecting
the commutator bars in turn in the. outgoing
circuit, substantially as described. :
10. In a telephone repeater, the combina-
tion of incoming -and outgoing circuits,

plates forming a series of condensers, com-
mutator bars connected with the plates, a

mercury jet for connecting the commutator
bars in turn in the incoming circuit, means
for separating the plates of the condensers
in turn, and a mercury jet for connecting the
commutator bars in turn in the outgoing cir-
cuit, substantially as described.

11. In a telephone repeater, the combina-.

tion of incoming and outgoing circuits, a se-
ries of -circularly -disposed plates, a shaft
mounted in the axis of the circularly dis-
posed plates, eccentrics carried by the shaft,
a drum carried by the. eccentries and. form-
ing with the-circularly disposed plates a se-

ries of condensers in which the drum can be

separated from the circularly disposed plates
in turn, commutator bars connected with the
circularly disposed plates, a mercury jet for
connecting the commutator bars in turn in the

-incoming circuit, and a mercury jet for con- |

942,886

necting the commutator bars in turn in the
outgoing circuit, substantially as described.

12. In a telephone repeater, the combina-
tion of incoming and outgoing circuits, a
circuit for discharging res!dual condenser
charges, a series of circularly disposed
plates, a shaft mounted in the axis of the
circularly disposed plates, eccentrics car-
ried by the shaft, a drum carried by the ec-
centrics and forming with the circularly
disposed plates a series of condensers in
which the drum can be separated from the
circularly disposed plates, In turn, commuta-
tor bars connected .with the circularly -dis-
posed plates, a mercury jet for connecting
the commutator bars in turn in the incoming
circuit, a mercury jet for conmecting the
commutator. bars in turn in the outgoing

circuit, and a mercury jet for connecting the
commutator bars in turn in the discharge

circuit, substantially as described. v
13. In a telephone repeater; the combina-

tion of incoming and outgoing cireuits,-

plates forming a series of condensers, com-
mutator bars connected with the plates, a
mercury jet for connecting the commutator
bars-in turn in the incoming circuit, means
for separating the plates of the condensers

commutator bars in turn in the outgoing cir-
cuit, and an air-blast for clearing the com-
mutator, substantially as described.
‘Signed- at Bloomfield, New Jersey, this
16th day of July, 1909,
' PERCY A. CAMPBELL.
Witnesses : o
Samvuen W. Barcx,
Freperic A. Hoyr.
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