Sept. 30, 1924.

1,510,341

J. A. PROCTOR
ELECTRICAL APPARATUS

Filed June 4, 1921 ) 2 Sheets-Sheet 1-

V77 7T e

ey | [

= . Inventor
Lotz 4 Proctar
By i




Sept. 30, 1924. 1,510,341
J. A, PROCTOR

ELECTRICAL APPARATUS

Filed June 4. 1923 2 Sheets—Shest 2

O
- 1
:}gézz
N

%Mmg
L
3 {

y/
60 .
3 /
I
Inventor

Tothn, o Troclor
) G

%13 his




5

10

15

20

25

30

3

o

Patented Sept. 30, 1924.

UNITED STATES

- 1,510,341
PATENT OFFICE,
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CIALTY APPARATUS COMPANY, OF BOSTON, MASSACHUSETTS, A CORPORATION

OF NEW YORK. .

Application, filed June 4,

To all whom it may concern:

Be it known that I, Joux A. Procror, a
citizen of the United States of America, and
a resident of Lexington, State of Massa-
chusetts, have invented certain new and use-
ful Electrical Apparatus, the principles of
which are set forth in the following specifi-
cation and accompanying drawings, which
disclose the form of the invention which I
now consider to be the best of the various
forms in which the principles of the inven-
tion may be embodied.

This invention relates to electrical ap-
paratus for use in high potential work such
as in radio transmitters and receivers and in
power factor work. ' :

In radio telegraphy and telephony, it is
an advantage, where the same antenna is
used both for transmitting and receiving, to
have the antenna connected up with the
receiving apparatus, momentarily between
successive actuations of the sending key in
order that the sender may receive messages
or signals when the distant receiving op-
erator has failed to receive a message or a
portion thereof which is being transmitted.
In prior constructions for this purpose, it
has been attempted to insert a switch of
some sort between the transmitting induc-
tance and the ground across the terminals of
which the receiving apparatus is connected.
This system, however, has the disadvantage
that good reception cannot be obtained on
wave lengths that are shorter than the wave
lengths to which the transmitter is adjusted.
On the other hand, no suitable switch or

. break key has been herebefore devised which
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is capable of withstanding, when open, the
normal working voltage of the transmitter,
say 50,000 volts, and at the same time to
have the contacts close enough together so
that they will work sufficiently quick and
be sufficiently sensitive to open and close
during the brief intervals between successive
actuations of the transmitting key.

Also in power factor work, a reliable
high voltage disconnecting switch has not
been available for use in connection with
static condenser installations.

The power factor of a high voltage sys-
tem varies with the load on the system. It
is. therefore, of great importance to be able
to control the amount of condenser current
placed across these lines in such a manner
as to provide the best power factor for con-
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ditions of load on the system. In a poﬁer-

factor static condenser installation across a
fairly low voltage line, the amount of cor-
rection may be varied by switching con-
densers on and off the line, using oil or other
switches of standard design. However, if
condensers are placed directly in the high
potential line, the standard switching means
now on the market is not suitable for use in
continuously making and breaking circuits
connected to them, due to the destructive arc-
ing- accompanying their operation. Oil
switches of proportions ample to take care
of the disconnection and re-connection of
apparatus on high potential lines are too
expensive to warrant their use for this work.
Disconnecting switches, therefore, form an
important element of the static condenser
power factor system. Inasmuch as the
hourly variation of power factor on a high
voltage line is large, and therefore if eco-
nomic correction is provided for the maxi-
mum lagging conditions, means must be
provided for reducing this correction as the
load is removed. :

An important thing in the use of condens-
ers for power factor work hinges about the
ability to successfully and cheaply discon-
nect at will banks of high voltage condens-
ers. Assume, for example, a high voltage

line without load. The line would simply be.

rarrying charging current or have a very
low leading power factor.
tions take off load, the power factor would
mcrease and still be leading. Since sub-sta-
tion loads are usually at a lagging power
factor, the capacity reactance of the line is
ultimately neutralized by the inductive re-
actance of the load. point is usually
reached within a range of 10% to 75% of
the full output of the system when the
power factor is approximately unity.. As
more load with lagging characteristic is
added to the line, the whole system becomes
lagging and the power factor drops. The
power factor may be restored by adding a
condenser at the consuming end. It will be
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appreciated that if this is done-and the con- -

sumers cut off their load and leave the con-
denser connected to the liné*for light loads
on the line, the power factor will. be low and
leading. The main objection to this is not
that there will be high losses on low loads,
but is primarily one of poor voltage regula-
tion. If the condensers are cut out of cir-
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cuit in steps as the load is varied, the power
factor can be maintained at a high value
over a considerable variation in load. The
importance of correction control increases
with the length and voltage of the line.

In like manner, in condensers of the sheet
or jar type now In use, the electrical losses
where high voltages are used are compara-
tively great, resulting in loss of efficiency and
also in heating and ultimate disintegration
of the condenser. This heating is due partly
to losses in the dielectric, apparently aris-
ing from dielectric hysteresis, or friction-
ally-impeded movements of the electrons of
the dielectric, due to the change of electric
flux through the latter; partly to brush or
corona discharges in the medium surround-
ing such condensers, and partly to the me-
chanical motion of the elements in the con-
denser owing to the change in forces result
ing from the change in applied potential

The condensers may comprise an organic
filler such as oil, wax or varnishes as the di-
electric held between the conducting ele-

. ments of the condenser by a fibrous material

such as paper. Under conditions of high
elternating dielectric stress, the organic ma-
terial slowly changes and releases free car-
bon, and in many cases water. This de-
terioration in its initial stages causes heat-
ing in the condenser and ultimate break-
down. Mica condensers are generally im-
pregnated with organic materials similar
to the ones mentioned. These materials are
in thin layers between the mica and the
metal elements for binding purposes, and fill
voids and replace gas between the mica
and ‘metal elements to prevent brush dis-
charge which would otherwise take place
in these voids. The organic materials pre-
viously mentioned are likewise used to em-
bed a mica condenser stack. A high poten-
tial alternating electric field acts to grad-
ually deteriorate the binder or filler and

finally causes failure in such condensers.

Condensers of the usual type in which the
dielectric is of oil, impregnated paper or of
mica have been used to a certain extent for
power factor correction on low voltage lines
and also in radio transmitters. In such
cases, the condensers, in order to withstand
the high voltages employed, are connected
in series or the individual stacks of the con-
denser are built up in series sections. Such
condensers are relatively costly and have
relatively low efficiency, and are also more
or less unreliable.

In the present invention, it is my plan
to provide vacuous apparatus replacing the

condensers of solid dielectric and switches

now in use. In the former case, the dielec-
tric between the plates of the condenser is
a vacuum, the condenser being inserted in
a casing or bulb from which air has been
exhausted, and in the latter case I provide
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relatively movable contacts which operate
in a vacuum, the contacts being enclosed in
a bulb from which air has been exhausted.
Means is also provided to prevent the heat-
ing of the glass or other fusible material
used in the construction of the apparatus
due to the cutting of the glass by the elec-
tri¢ lines of force developed at high poten-
tials. : '

An object of the present invention is to
provide constructions g&ff\the above types in
which the losses are at a2 minimum.
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In particular, the object of the invention . -

is to provide a condenser or break key which
will be comparatively cheap and economical
to build and which is efficient and durable.

Another object of the invention is to pro-
vide a high voltage switch or a break key
in which there will be very little loss or
sparking when the switch is open, and which
can be quickly made and broken.

Another object of the invention is to so
form the terminals of the vacuous apparatus
that the electric field is parallel to the di-
electric at all points.

Another object of the invention is to pro-
vide a relay break system for radio trans-
mitters which avoids receiving through the
transmitting inductance. :

This application is a continuation in part
of my application Serial Number 441,628,
filed February 1, 1921.

In the accompanying drawings,

Figure 1 is a sectional elevation of one
embodiment of the present invention illus-
trating a break key with the transmitting
and receiving circuits connected thereto and
illustrated diagrammatically; '

Fig. 2 is a sectional elevation of another
embodiment of my invention illustrating
the application of the idea of the invention
to a condenser; and
- Fig. 3 is a sectional elevation of a modi-
fied form of break key embodying the pres-
ent Invention, this hreak key being illus-
trated connected up to a receiving and
transmitting circuit having modified fea-
tures and shown diagrammatically.
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Referring to Figure 1, there is illustrated -

a switeh or hreak key S having a casing or
bulb 1 which may comprise any fusible di-
electric material. such as high melting point
glass, from the interior of which air may
be exhausted. Secured at opposite ends
within the casing 1 are metal discs or shields
2 and 3. A metal conducting rod 4 is sup-
ported by the disc 2 and terminates adjacent
the central portion of casing 1 in a contact
5, the rod 4 being electrically connected to
a wire conductor 6 sealed in the glass of the
casing 1 in the manner hereinafter de-
scribed. Supported by the metal disec 3 at
the opposite end of the casing 1 is a metal
conducting rod 7 which terminates at its
inner end in a flexible metal spring member
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8 having a contact 9 at its free end adapted
to engage with the contact 5. The rod 7 is

conductively connected te a wire 10 sealed:

in the glass of the casing 1 as hereinafter de-
scribed. Projecting inwardly towards the
contacts 5 and 9 is a third conductive rod
11 supported within the casing 1 by means
of a frame 11* and arranged at an angle to
rods 4 and 7. The rod 11 terminates in a
contact 12 between which and the contact 5
is interposed the contact 9, the contact 9
being adapted to alternately engage the con-
tacts 5 and 12. The rod 11 is electrically
connected to a wire 13 sealed in the glass
casing 1 and extending therethrough. The
contacts 5, 9 and 12 may comprise some high
melting point metal and good conducting
metal such as tungsten which will not melt
under the high heat developed in the switch
during service nor at such temperatures give
off gases which would impair the vacuum.

In order to localize the electric fields both
inside and outside of the casing 1 and to
maintain such field parallel with the casing

-1 at all points to. prevent the cutting of the

casing by the lines of force which would
otherwise heat the casing, I use the two
metal discs or shields 2 and 8 within the
casing at opposite ends and which are elec-
trically connected to the rods 4 and 7, the
rods having a difference of potential, the
difference of potential under transmitting
conditions being of the order of 50,000 volts.
Upon the outside of the casing 1 at opposite
ends, I place metal caps or shields 14 and 15,
which may serve as termirals and which
are secured to the ends of the casing in any
suitable manner and are flared out away
from casing 1 and rolled at their edges 16 to
prevent brushing and concentration of the
electric field and space the edges of the caps
from the casing. In like manner, the discs
2 and 3 are rolled up at their edges 17 to
prevent concentration of the field: The caps
14 and 15 are electrically connected to the

discs 2 and 3 through conductors 6 and 10,

and are therefore at the same potential as
the discs. Centrally arranged within the
casing is a cylindrical metal shield 18 which

has its opposite edges rolled at 19 and spaced

from shields 2 and 3 for the purpose speci-
fied and is provided with a hole 20 through
which the rod 11 extends and from which
it is spaced. Arranged concentrically with
the shield 18 upon the outside of the casing
1 is a metal shield 21 provided with an
opening 22 through which the conductor or
lead 13 passes and whereby it is insulated
from the shield 21. The shields 18 and 21
are electrically connected together by a con-
ductor 23 which is grounded and which is
sealed in the glass 1 of the casing. It is
well to statically shield the conductor 37 as
well as the entire receiver structure R by a
metal shield 21* constituting an extension of

shield 21 and in a manner which will not
introduce appreciable dielectric or other
losses. This will reduce the inductive effect
from the transmitter to receiver in opera-
tion, to the relatively minute capacity of the
contacts 5 and 9, said capacity effects being
confined to a vacuous or lossless dielectric.

I also provide means for/ actuating the
switch S herein disclosed so that the contact
9 alternately - engages contacts 5 and 12.
This means in the present embodiment of
the invention as disclosed in Fig. 1 compris-
ing a soft iron armature 24 secured to the
flexible support 8 and movable between
spaced soft iron pieces 25 secured to the
shield 18 and providing a magnetic path.
The contact 9 is actuated from a point ex-
terior of the casing 1 by magnetic means
such as the electromagnet 26, which is con-
nected in a circuit containing a suitable
source of energy as hereinafter described,
and a permanent magnet or electromagnet
27 which tends normally to draw the con-
tact 9 into engagement with the contact 12,
the electromagnet 26 when energized oppos-
ing the magnet 27 and overcoming the force
thereof to bring the contacts 5 and 9 to-
gether. The iron pieces 25 provide a mag-
netic path between the outside magnets and
armature 24. As more fully described here-
inafter, the air has been exhausted from
within the casing 1 whereby the contacts 5,
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9 and 12 operate in a vacuum in the manner

hereinafter more fully described.

The form of switch disclosed in Fig. 1,
for the purpose of illustration, has been
shown connected to radio transmitting and
receiving apparatus. For this purpose, the
specific embodiment of switch illustrated is
especially adapted. The electromagnet 26
comprises a coil 28 and a circuit 29 having
a battery 30 therein for energizing the mag-
net. This circuit 29 is completed in part
by means of a contact 31, which is spring-
mounted at 32, and in part by a circuit 33
containing an alternator 34. The circuit 33
of the alternator 34 is closed by means of
the usual transmitting key 35. Upon the
depression of the key 85 to close the circuit
of the alternator 34, tlrlle former first en-
gages the contact 31 which energizes the cir-
cuit of the electromagnet 26 to draw the con-
tact 9 into engagement with contact 5 for
transmitting. Immediately thereafter, the
key closes the circuit 33 and the transmitter
is in operation. The switch S when in trans-
mitting position is directly connected at-one

end to the antenna A and through contacts

5 and 9 is connected at its other end by con-
ductor 36 to ground, the energy of the alter-
nator being transferred to conductor 36, 1
have illustrated diagrammatically a usual
form « f quenched spark transmitter in which
the energy developed by the alternator 34
in the circuit 33 upon the depression of the
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key 35 is transferred through the trans-.

former T to a secondary circuit SC contain-
ing the spark gap SG and condemser C,
which condenser may be of the form illus-
trated in Fig. 2. The energy developed in
the circuit SgC. is then transferred through
the transformer T’ to the antenna circuit.
When the key 85 is released, the transmitter
circuits to the antenna are deenergized, the
electromagnet 26 is subsequently deener-
gized, and the permanent magnet 27 then au-
tomatically draws the contact 9 into engage-
ment with contact 12, whereby the appara-

tus is in position for receiving. When switch -

S is in receiving position, rod 11 and con-
ductor 13 are connected to the antenna A,
which through a conductor 37 to ground is
coupled to the receiver R of the usual con-
struction. In the transmitting circuits of
the radio apparatus disclosed; the switch S
of the present invention is located between
the secondary inductance of the transformer
T’ and the antenna, this lecation being the
most advantageous location for receiving op-
eration. -In this position, however, the re-
ceiving circuit R, even when the contacts 9
and 12 are out of engagement, would be

- subject to the high voltage developed dur-
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ing transmission unless special means were
provided for preventing it. This is espe-
cially true because it is necessary in switches
of this character to maintain the contacts
as close together as possible when open in
order to secure quick action in operation.
The transmitting operator as a general rule
very rapidly operates the key 85 for sending
messages with very slight intervals between
actuations of the key for receiving signals
and the like. By operating the contacts 5,
9 and 12 in a vacuum, however, the dielectric
strength of the vacuum is such that the con-

“tacts 9 and 12 may be placed very close to-
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~ transmitting inductance T".
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gether when transmitting is taking place
and still be capable of withstanding with-
out breakdown or the slightest leakage the
high potentials which are developed in a ra-
dio transmitter. Another advantage secured
by the employment of a vacuum break key
of the character herein described is that the
receiving may be done directly from the an-
tenna without having to go through the

In order to prevent high lossesin the glass
of casing 1 due to the intense electric fields
generated in the high voltage circuits of this
character as disclosed in Fig. 1 during trans-
mission, the shields 2, 8 and 18 are located
upon the inside of the casing 1 while the
shields 14, 15 and 21 are located upon the
outside of the casing. By utilizing the said
shields, the electric fields that are set up in
and around the break key or switch S dur-
ing transmitting or the electric lines of force
developed within the casing instead of cut-
ting the casing 1 are substantially parallel

1,610,341

therewith, extending between the disc 2 and
the shield 18, on the one hand, and between
the disc 3 and the shield 18, on the other
hand, within the casing 1, and on the out-
side of the casing extending between the cap
14 and shield 21 and cap 15 and shield 2i.
The shields 18 and 21 prevent the lines of
force from cutting the conductors from con-
tact 12 to the receiving circuit R and adja-
cent portions of the glass tube 1 during the
transmission, the shields 18 and 21 being
connected to ground and therefore at the
same potential as the receiving conductor
37, which is also connected to ground. B
flaring out the edges of the shields 14 and
15 and shield 21 upon the outside of the cas-
ing, a path is provided between them outside
of the casing for the electric field which is
spaced from the glass. The glass casing 1
provides the proper leakage distance be-
tween the caps 14 and 15 of opposite poten-
tial located at opposite ends of the casing.
The field within the casing 1 is strongly lo-
calized therein by means 0% the inner shields
2, 3 and 18 whereby the lines of force nre
prevented from cutting the glass casing.
The field on the outside of the casing is lo-
calized and spaced from the casing between
the caps 14 and 15 and shield 21. The
shields 2, 8 and 18 within the casing are at
the potential of shields 14, 15 and 21 respec-
tively outside of the casing; hence no field
exists across the casing between adjacent or
opposing shields. :

In order to position or place the metal
parts of the present invention within the cas-
ing 1, during construction, one or both ends
of the casing is left open so that the parts
may be inserted. The intermediate leads 13
and 23 extending through the glass are then
sealed in. The end or ends are then sealed
up and the leads through the ends sealed in.
A glass tube is left extending into the cas-
ing and at some accessible point, through
which tube the high degree of exhaustion
can be obtained. After exhaustion, the tube
through which the exhaustion has taken place
may be melted from casing 1 and sealed up.

The order of vacuum or exhaustion whic
exists in a switch and condenser or vacuous
apparatus of the above-described typesshould
be extremely high, such that no appreciable
gas ionization takes place to cause losses
while the apparatus is in operation, which
condition is obtained, for example, by a pres-
sure of the order of -a millionth of a milii-
meter of mercury. Such exhaustion may be
obtained by any well-known means, such as
a Gaede or molecular pump or Langmuir’s
condensation pump.

- All materials inside the casings of such
vacuous apparatus are to be suitably treated
to remove gases (occluded or otherwise) ac-
cording to any of the well-known processes
in use for the production of high vacuum
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apparatus. Such treatment may -consist,
for example, in initially, before assembling
in the casing, treating these materials to re-
move gas preliminarily, as by heat of the
order of the melting point of the materials
or by heat of a lower order for a longer
period. One method of removing such oc-
cluded gases is to place the metal parts in
em: to a high tempera-
ture,.of the order of 500° to 1100° Ci, for
a sufficient time to remove the gases.
addition, it is advisable, after assembling in
the casing, which may be of high melting
point glass; to subject the contained mate-
rials and casing to further treatment to. re-
move any residual or occluded gases, while
evacuation is taking place. This final treat-
ment may consist of heating in an oven at
the highest temperature the glass will
stand,—say in the neighborhood of 500° C.,
evacuation taking place while being heated
in the oven. The casing or bulb is then
sealed off. ‘

Another final treatment may be the well-
known method of removing gases from
metals by inserting the metallic portions
and casing in a high frequency magnetic
alternating field of a suitable intensity dur-
ing exhaustion. In this final treatment, the
entire device, while undergoing exhaustion,
may be placed within the field of a coil-car-

rying hlfh-frequency current. This heats-

the metal parts, inside the casing, thereby
driving off and removing gases before the
device is completely exhausted, and then
sealed off.

The materials used in the vacuum appa-
ratus such as the condenser and break key
herein described should be of such a nature
that the gases may easily be removed by the
above - described processes. Therefore, in
constructing them, nickel, tungsten, molyb-
denum, pure iron, preferably plated with

~ cobalt, or rolled steel should be used wher-

ever possible in constructing all parts.

The conductors 6, 10, 13 and 23 may be
of platinum if so desired, especially when
casing 1 is of glass, on account of the simi-
lar co-efficients of expansion of glass and
platinum, and, in any instance, any well-
known seal, such as used with high vac-
uum devices such as X-ray tubes, thermionic
devices, and the like, may be used for bring-
ing the conductors out and maintaining the
high vacuum mnecessary in the present in-
vention. _

In Fig. 2, I have illustrated the applica-
tion of static shields to a condenser, shown
more or less diagrammically, for use on
high power work such as in power factor
lines or in radio transmitters. This con-
denser C comprises a casing 40 of insulat-
ing material, preferably high melting point
glass. Located at one end of the casing 40
within the same is a metal shield or cap

In

41, a similar metal shield or cap 42 being
located within the casing 40 at its opgsite
end. These shields have their edges facing
and spaced from each other and rolled u
and flared inwardly as indicated at 43.
conducting rod or frame 44 extends from
one end of the casing, being. electrically
connected to cap 41, and terminates cen-
trally of the casing 40 in condenser arma-
tures or plates 45. A similar conducting
rod or frame 46 extends from the opposite
end of casing 40, being electrically con-
nected to cap 42, and terminates in con-
denser armatures or plates 47 which alter-

nate with the armatures 45, constituting the

lates of opposite polarity of the condenser.

he rods 44 and 46 are electrically con-
nected to the outside by means of wire leads
48 and 49, which are sealed in the glass in
the manner above described. Similar metal
shields or caps 50 and 51 are located upon
the outside of the casing at the ends, op-
posing the caps 41 and 42 and electrically
connectéed thereto. The adjacent edges of
the caps 50 and 51 are flared out from the
casing and rolled up as indicated at 52,
and are secured to the casing 40 by any
suitable securing means 53. The dielectric
for the plates 45 and 47 is a vacuum, and
the metal parts may be treated and the cas-
ing evacuated in the manner above de-
scribed. These metal parts should be com-
posed of non-gas-occluding metal such as
those specified above. A construction of
condenser is shown in my co-pending ap-
plication above-mentioned which I con-
sider more practical.
42 and 50 and 51 co-operate with each other
to protect the casing against heating by
maintaining the electric lines of force par-
allel therewith in the manner above de-
scribed in connection with Fig. 1.

By the above construction and invention,
a condenser in which the plates 45 and 47
are separated a centimeter can be con-
structed to withstand potentials in the
neighborhood of a million volts. In such a
condenser and with the vacuum dielectric
of the order specified, the loss is practically
zero, being limited to the minute Joulean
losses in the metal plates and leads,

Referring to Fig. 3, I have illustrated a
modified form of vacuum break key or
switch 8’. This switch comprises a casing
55 of insulating material having within the
same at one end a metal support 56, termi-
nating in a spring or cushion 57 having a
contact 58 thereon. Mounted in the oppo-
site end of the casing 55 is a metal support
or guide 59 having at its lower end a sprin,
buégr or cushion 60. Slidably mounte
within the guide 59 and between the cush-
ions 57 and 60 is a rod 61 having at its
inner end a contact 62 co-operating with
contact 58. At the opposite end of rod 61

The shields 41 and .
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is a soft iron armature 63 whereby the rod
61 and its contact 62 may be actuated in the
manner hereinafter described. The parts
within the casing 55 may be assembled,

. treated and evacuated in the manner above-

described in connection with Fig. 1, and the

. operation of the break or relay is substan-
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tially like that disclosed in Fig. 1, although
in this embodiment the number of contagts
have been reduced and spring means have
been provided for taking up the shock of im-

act - of the relatively moving contacts.

hese contacts, which may be of silver or
similar good conducting metal, like the con-
tacts of Fig. 1, operate in a vacuum where-
by their separation and contact may be

"rapid and quick while maintaining high in-

sulation vesistance between them when
opened by reason -of the high dielectric
properiies of the vacuum. Surrounding
the end of the tube 55 having movable arma-
ture 63 are 2 pair of solenoids or electro-
magnets 64 and 65, adapted when energized
to. alternately close the contacts 58 and 62

and separate them. For purposes of illus-

tration, as disclosed in Fig. 1, I have illus-
trated the switch of Fig. 3 diagrammatically
in circuit with a radioc transmitting and re-
ceiving apparatus, although it is to be under-
stood that these switches are of general ap-
plication and are especially adapted for use
m power factor work. In the illustration
of Fig. 3, the switch &’ is so arranged that
during the interim between successive actu-
ations of the transmitter by the transmitting
key 66, the receiving circuit will .be auto-
matically connected to the antenna. For
this purpose, I hsve illustrated the trans-
mitting key 66 in series with the line L,
which, when it is depressed, energizes s sole-
noid 67, which in turn actuates a multiple
switching device or rod 68 by reason of its
attraction for a soft metal core 69 secured
to the rod 68. The rod 68 is slidably
mounted in suitable guides 70, and is con-
strained to move in one direction by means
of a spring 71, the solenoid 67 actuating rod
68 in the opﬁosite direction upon the de-
pression of the key 66, the spring actuat-
ing the rod upon the release of the key
66. The rod 68 successively controls the
switches 72, 78, 74 and 75. When the trans-
mitting key 66 is depressed to close the cir-
cuit L, the switch 72 is opened, and then the
switches 73, 74 and 75 successively close as
hereinafter described. In the position illus-
trated in the drawings, the switch 72 is
closed, the other switches being open, there-
by energizing the solenoid 64 which is con-
nected to the line by lead 76 through switch
72. In this position, which is the receiving
position, the contacts 58 and 62 are closed,
connecting the receiver R, not illustrated
fully, and the antenna A. Upon the de-
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pression of key 66, switch 72 opens, de-ener-
g1z_mﬁ the solenoid 64, and then yielding
switch 73 closes, energizing the solenoid 65
connected to the line through conductor 77
to rapidly open the contacts 58 and 62 by
the attraction of the solenoid 65 for the

‘armature 63. At the next instant, the yield-

ing switech 74 closes, the switch 74 being

connected by a lead 78 to a solenoid 79 for

controlling a switch interposed between the
transmitter inductance 80 and the antenna
A. TUpon the energizing of the solenoid 79,
iron core 81, slidably mounted relative ta
the solenoid, is attracted against the ten-
sion of spring 82, which causes the metal
nose 83 mounted on an insulator 84, movable
with core 81, to electrically connect the
spring contacts 85, thereby closing the cir-
cuit between the antenna and ground of the
radio transmitter. The antenna inductance
80 corresponds with the antenna inductance
secondary T’ of Fig. 1. After the contacts
85 are electrically connected upon the ener-
gizing of the solenoid 79, the relay switch 75
closes, thereby closing the alternator circuit
86. The alternator circuit 86 of Fig. 8 is
otherwise identical with the circuit 33 of
Kig. 1 and is connected up to the inductance
80 1n the same manner that the circuit 33 is
connected to the antenna lead 36. The oper-
ation of the circuit of Fig. 8 and the location
of the vacuum switch therein is substantially
like that of Fig. 1. By the construction
of Fig. 3, I can insert the switch S in the

high potential portions of the antenna in-

such position that receiving need not take
place through the transmitter inductance.
The contacts 58 and 62, although close to-
gether when open, are sufficiently insulated
by the vacuum dielectric to prevent spark-
ing or brushing during the operation of the
transmitter. On the other hand, these con-
tacts 58 and 62 are closed whenever the key
66 is released. The form of switches dis-
closed in Figs. 1 and 3 are characterized by
rapidity of opening in a vacuum and are
especially advantageous for use in handling
high potentials. The shields disclosed in
Figs. 1 and 2 may be incorporated in the
break switch disclosed in Fig. 8.

The construction and method of assembly
of the vacuum switch S’ of Fig. 8 may be
accomplished just like that described in
connection with Fig. 1, and the materials
should. be such ad above enumerated. In
Fig. 8, one of the solenoids for actuating
the contact 62 may be replaced by any equiv-
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alent means such as a spring. As illus- .

trated, the impact of the contact 62 is taken
up and resisted by the springs 57 and 60
whereby jar upon the casing is eliminated.
The wire lead from the contact 58 through
the casing is sealed in as above described

‘and connected to the antenna A, while the
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contact 62 is electrically connected to the
receiver through the guide 59 and loose
conductor 87 and a wire lead sealed in the
casing and connected to such guide. In or-
der to provide a shunt path to earth, should
contacts 58 and 62 fail to open at the proper
instant, safety gap 88 is provided to take
care of the-dlsc%arge of the transmitter to
ground and preventing injury to receiver
R. As an alternative connection, the switch
85 and associated parts may be placed in
the grounded side of the transmitter as at
89. In this case, the general insulation of
the switch may be reduced, inasmuch as the
electrical potential is substantially reduced.
It is preferable, however, to place the switch
in the antenna side as shown, as the capacity
effect of the transmitting inductance and as-
sociated circuits, to the receiver is thereby
minimized. :

The casings or bulbs herein referred to
and claimed may comprise insulating ma-
terial wholly or in part, in order to prop-
erly insulate the leads and should also com-
prise material such that a vacuum may be
maintained in a casing composed of it.

The constructions of break keys above de-
scribed provide compact, cheap, efficient
means for controlling the high potentials in
circuits where they are used. These break
keys are highly sensitive and with very
slight separation of contacts maintain the
circuits electrically open, notwithstanding
the high potentials existing in their neigh-

7

borhood. Furthermore, the cases are am-
ply protected by the static shields employed.

It is to be understood that the invention
is not limited to the embodiments and fea-
tures specifically shown and described here-
in, but that such embodiments and features
are subject to changes and modifications
without any departure from the spirit of
the invention. '

I claim :— \

In a radio communication installation of
the type wherein the same aerial is used for
both transmitting and receiving apparatus
alternately connected thereto, and wherein
the aerial switch for the receiving appara-
tus is operated by the connéction of the

transmitting apparatus to the aerial, and.

wherein the contacts of said switch have
slight relative movement permitting action
at a rate corresponding with a high rate
of connection and disconnection of the
transmitting apparatus relative to the
aerial, the improvement, permitting the
connection of the receiving apparatus to the
aerial on the high potential side of the
transmitting apparatus and thereby permit-
ting the reception of short waves, said im-
provement comprising a vacuum between
the contacts of said receiving apparatus
switch, said vacuum constituting a strong
dielectric resisting the high potential on the
aerial caused by the operation of the trans-
mitting apparatus.
JOHN A. PROCTOR.

35

40

45

50

65

60

65




