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Fo all whony it My conceri:
BeitknownthatI, LEE DE FOREST, a citizen
of the United States, and a resident of New

ITaven, in the county of New Haven and State’

of Connecticut, have invented certain new
and useful Improvements in Wireless Teleg-
raphy, of which the following is a specifica~
tion. “

My invention relates to an improvement in
wireless telegraphy, and comprises the fea-
tures and parts and combinations thereof
hereinafter described, and particularly point-
ed out in the claims.

Figure 1 is a diagram by the use of which
certain features of my invention may be more
readily explained. Fig. 2 shows the modifi-
cation of the device shown in Fig. 1 which
is the subject of my invention. Figs. 3, 4,
and 5 show practical forms of disposing of
the wires in a compact manner. .

In application Serial No. 97,239, filed March
S, 1902, I have shown and fully explained
a resonant system for use either with a send-
ing or a receiving apparatus of a wireless sig-
naling system the chief feature of which is
the use of parallel wires, one of which is con-
nected with the antenna, said wires com-
prising what is known in the electrical art as
a ““Lecher” system. Such a system is illus-
trated in Fig. 1. Thetwo wires B and B’ are
parallel and of a multiple of quarter of the
length of the wave for which the system is
designed. InFig.1each conductorisshown
as being of a length equal to one and a quar-
ter wave lengths. Such conductors, as was
fully set forth by ine in the application be-

fore mentioned, form a highly-resonant and -

slowly -damped system, electric oscillations
communicated thereto causing the formation
in the system of stationary electric. waves
which persist forsometime. Therefore when
such a system is employed for wireless sig-
naling by connecting one conductor fo the
antenna and the other to the earth or other
capacity and placing between the conductors
a wave-producing or a wave-receiving device,
as the case may be, the result is to produce
in the system an extended series of stationary
waves which by their cumulative effect have
a greater effect upon the sensitive member
designed to be affected thereby, whether that
sensitive member is a distant one affected by

the radiated waves or an adjacent one in cir-
cuit with the Lecher system. The character-
isties of the Lecher system and the adapta-
tion thereof to use in wireless signaling have
been fully pointed out in the application re-
ferred to and need not be repeated here. In
Trig. 1 a very simple form thiereof is shown,
cousisting of two wires B B, one of which is
connected with the antenna A and the other
with the ground G, said conductors being
optionally connected at nodal points of the
electrostatic waves by bridges C, which assist
to accurately locate the nodes and having a
coherer or other responder R between the
wires at a loop of the electrostatic waves
therein. While such a system is highly reso-
nant and its use leads to valuable results, a
compact manner of embodying the same for
practical use is desired. Tousestraight par-
allel wires of the length required would in
many if not most cases be wholly impracti-
cable and would forbid their use in a device
designed to be portable or to be installed in
a small space.

Thave discovered thatif twoinsulated wires
be twisted together they possess the character-
istic features of the Lecher system and also
by reason of such twisting the wires may be
wound upon a spool or otherwise be disposed
in a compact manner, so that the required
length of wire may be embodied in an ap-
paratus which is yet portable. In Fig. 2 the
twisted wires are shown as extending in a
straight line, a bridge C, with condenser K, be-
ing shown atanode, and a coherer, responder,
or other sensitive member R, operated by po-
tential, is shown at an electrostatic loop. In
Ifig. 1 neither wave-producing nor wave-re-
ceiving devices are shown, the system being
capable of use with eitherand the point of con-
nection being determined by whether the at-
tached device is designed-for operation with
electrostatic or electromagnetic waves. The
point of connection should be at aloop of the
kind of waves for which it is designed. A
local receiving-ecircuit is shown connected
with the responder R of Fig, 2, said circuit
containing choke-coils M M, battery N, and
a telephone or other indieating deviece Q.
‘While the twisted wires may be used in ex-
tended position,as shown in Fig. 2, it is degir-
able that they be disposed in some more con-
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venient and compact form, as by winding
them upon a spool, as is shown in Fig. 3. It
is desirable that the pitch of the twist be not
too steep and also that the coils be not too
close together. If the two simple parallel
wires untwisted were coiled upon a spool
with convolutions parallel and near together,
interference by induction between adjacent
convolutions would arise; but when closely
twisted such adjacent convolutions of the
coil, if not too close together, will not inter-
fere with one another. In any considerable
length of the convolution one wire will first
lie adjacent to another carrying current of
like sign and then to one carrying current of
opposite sign, so that for any considerable
length of wire the inductive effects from the
two wires in the convolutions adjoining will
be neutralized. In practice I have success-
fully used such wires twisted with a pitch
equal to three turns to the inch wound upon
a spool about three inches in diameter with
successive turns separated about an eighth of
an inch. Their use is not, however, limited
to even & near approximation to the above
proportions, which are given only o show
what has been found successful without any
intention of limiting myself thereto. So far
as I am aware such a method of embodying
the Lecher wires and-of utilizing their advan-
tages has never before been used. Itrefains
practically all the theoretical advantages of
the straight paraliel wires embodied in a com-
pact form, which makes the apparatus port-
able and practical. The twisted wires may
be otherwise coiled or disposed in any suit-
able way-—such, for instance, as is shown in
Fig.4,in which they are disposed in successive
layers.

In Fig 5 T have shown a spool, such as is
shown in Fig. 3, immersed in an oil-bath D
toincrease the period of the wires. Anyother
medium which is of greater specific inductive
capacity than air may be used instead of oil.
In this case the length of wires required for
a given period is less than would berequired
where the wires are separated by air. When
immersed in oil, the wires should be wrapped
in an oil-absorbing insulant, such as paper,
topreventtheircontact. Another advantage
of oilimmersion for the wires is the increased
insulation strength of the system.

As a further lag or period controlling or
adjusting device I have shown a bridge C'
and condenser. K'. This bridge is designed
to be adjustable in position along the wires,
the two arms C? terminating in points de-
signed to penetrate the insulation on the wires
at any point and contacting each with its re-
spective wire. Any suitable construction to
secure this result may be employed. I have
shown two arms C? mounted on an insula-
ting-block C? and designed to have sufficient
spring to enable them to be separated and to
hold in place whenreleased. A separate clip
may be employed for each wire. Amovable

bridge such as this makes adjustment of the
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period or attunement of any coil very easy
and accurate.

Bridges, sliding, removable, or stationary,
condensers, inductance-coils, and any of the
usual lag-producing or period-adjusting de-
vices may be employed in connection with the
twisted wires as with the plain parallel wires.
Their application toand effect with the twist-
ed wires are controlled by the same laws as
with the parallel wires. While the twisted
wires may not be technically parallel, they are
uniformly separated, which seems to be the
more essential feature to secure the resonant
action of the Lecher system. DBends in the
wire so long as the uniform separation is
maintained do not seem to affect their proper
action.

The twisted wires forming the resonant
system may have the sections thereof on op-
posite sides of nodes separated by different
distances,asbyvarying the thickness of thein-
sulation, as is shown by the terminal section
in Fig. 2 or that section between C and the
wave-responsive device in which the insula-
tion has been thickened or be surrounded
by dielectrics of different specific inductive
capacity, as by airand oil, respectively, so as
to getthe transformer action which was point-
ed out in my application Serial No. 97,239,
as is shown in Fig. 4, in which a portion of
the wire is immersed in oil within the recep-
tacle T. As therein pointed out, this differ-
ence in separation or of the surrounding di-
electric or of both together producesa change
in intensity of the waves in passing from one
section to another, thus acting virtually as a
transformer. This feature is of value both
in the sending and the receiving apparatus,
to both of which my invention is applicable.

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent, is— :

1. In wireless signaling,in combination, an
antenna and a conductor consisting of two
twisted wires insulated from each other and
equivalent in length to a multiple of a quar-
ter-wave length, one of said wires being con-
nected with the antenna and the other with a
capacity.

2. In wirelesssignaling, in combination, an
antenna and a conductor consisting of two
twisted wires insulated from each other and
disposed in adjacent layers and equivalent
in length to a multiple of a quarter-wave
length, one of said wires being connected with
the antenna and the other with a capacity.

3. In wirelesssignaling, in combination, an
antenna and a conductor consisting of two
twisted wires insulated from each other and
equivalent in length to a multiple of a quar-
ter-wave length, one of said wires beingcon-
nected with the antenna.

4, Inwireless signaling, in combination, an
antenna and a conductor consisting of two
twisted conductors insulated from each other
and equivalent in length to a multiple of a
quarter-wave length, one of said ‘conductors
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being connected with the antenna and the
otherwith a capacity, and a wave-indicating
device connected betweensaid conductors.

5. In wireless signaling, in combination, an
antenna and a conductor consisting of tw
twisted conductors insulated from eaoh other,
one of said conductors being connected with
the antenna and the otherwith a capacity,and
a wave-indicating device connected between
said conductors ata point corresponding sub-
stantially with a loop of a stationary wave in

;Lid conductors.

In wireless signaling, in combination, an
antenna and a conductor consistimg of fwo
twisted wires insulated from each other and
equivalent in length to a multiple of a quar-
ter-wave length, one of said wires being con-
nected with the antenna, and a wave- 111(11-
cating device connected between said wires.

7. Inwireless signaling, in combination, an
antenna and a conductor consisting of two
twisted wires fnsulated from each other,one of
said wires being connected with the antenna
and the other with a capacity, said wires be-
ing equivalent in length to a multiple of a
quarter-wave length, and a wave-indicating
deviee connecting said wires at a point sub-
stantially corresponding with a loop of said
waves.

8. A resonant system including two wires
insulated from each other and twisted to-
gether.

9. In wireless signaling, aresonant system
consisting of two conduetors insulated from

each other and twisted together, said con-
ductors being maintained with substantmlly
uniform sep%m‘mon

10. In wireless signaling, a resonant sys-
tem including two conductors insulated from
each other and twisted together, said con-
ductors being uniformlyseparated and of an
equivalent length egual to a multiple of a
quarter-wave length of the waves for which it
is designed.

11. In wireless signaling, the combination
with an antenna, of two insulated conductors
twisted together and one connected with the

antenna, said conductors being divided into

a plarality of sections of equal periods of
vibration, the separation of said conductors
varying in different sections.

12. In wireless signaling, the combination
with an antenna, of two insulated conduectors
twisted together and disposedin adjacentlay-
ers, one of said conductors being connected
with the antenna, said conductors being di-
vided into sections of equal periods of vibra-
tion, and maintaining substantially uniform
induetive 1elamons]ups between the two wires
within any given section, but varying such
1elat10nshlps between different sections.

3

13. In wireless signaling, the combination.
with an antenna, of two insulated and twisted
conductors, one of said conductors being con-
nected with the antenna, said eonductors be-
ing divided into sectlonq of equal periods of
v1bra’r10n said conductors within any section
malntam]no a uniform separation but vary-
ing the sepamtion between different sections.

14. In wireless signaling, the combination

with an antenna, of two insulated and twisted
conductors, one of which is connected with
the antenna, said conductors being divided
into sections of substantially equal periods of
vibration, and adapted to change the relative
proportions of electrostatic and electromag-
netic energies by transmission from one sec-
tion to anotlrer.
. 15. In wireless signaling, the combination
svith an antenna, of two 1nsu]ated and twisted
conductors, one of which is connected with
the antenna said conductors being divided
into sechons and varying in capaclty per unlb
Jength in different sections.

16 In wireless signaling, the combination
with an antenna, of two insulated and twisted
conductors, one of which is connected with
the (mienna, said conductors being divided
into sectionsinwhich the conductorsare sepa-
rated by dielectrics of different specific in-
ductive capacity.

17. A resonant system for use in wireless
signaling consisting of two insulated and
tw1sted ‘conductors adcupted 1o be placed in
series with an antenna and a capacity, said
conductors being surrounded by a dielectric
of greater spemﬁc inductive capacity than air.

lo A resonant system for use in wireless
signaling consisting of two “insulated and
twisted ‘conduetors ad‘Lpted to be placed in
series with an antenna and a capacity and
immersed in oil.

19. The combination with a pair of twisted
and insulated conductors adapted to be placed
in series with an antenna and a capacity, of

a movable bridge adapted to be attached to

connect said wires at any point desired.
20. The combination with a pair of twisted

and insulated conductors adapted to be placed

in series with an antenna and a capaecity, of
abridge provided with points adapted to pene-
trate the insulation to connect the ends of the

bridge each with its respective conductor at

any pomt desired.
In witness whereof I have hereunto affixed
my signature, this 24th day of October, 1902,

in'the presence of two witnesses.

LEE DE FOREST.

Witnesses:
M. W. NOLAN,
L. CUSHING.
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