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To all whom it may concern:

Be it known that I, LEE DE FOREST, a citi--

zen of the United States, residing at Chicago,
in the county of Cook and State of Illinois,
have invented a newand useful Improvement
In Space Telegraphy, of which the following
18 a specification. -

This-invention relates to improvements in
space telegraphy. . |

The object of the invention is to provide
means which are simple in construction and
arrangement for increasing the efficiency of

~apparatus used in space signaling.
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A further object of the invention is to pro-

vide means which permit simultaneous trans-

mission or reception of several messages.

A further object of the invention is to pro-

vide means whereby the receiving apparatus
is selective of the energy-waves to which it
18 responsive. |

Other objects of the invention will appear
more fully hereinafter. o

The invention consists, substantially, in
the construction, combination, location, and

arrangement, all as will be more fully here-

Inafter set forth, as shown in the accompa-
nying drawings, and finally pointed out in
the appended claims. |
Referring to the accompanying drawings,
and to the various views and reference-signs
appearing thereon, Figure 1 is a view some-
what diagrammatical, illustrating an arrange-

~ment of apparatus at the receiving-station
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and embodying the principles of my inven-

tion. Figs. 2 and 8 are similar views illus-

trating modifications embraced within the

spirit and scope of my invention. Fiz. 4 is

a diagrammatical view illustrating an ar-

rangement of apparatus at the receiving-sta-

tion and embodying the principles of my in-
vention.

~ In apparatus of the class to which the pres-
ent invention relates electrical oscillations
or energy-waves are sent out from a trans-
mitting or sending station and which, trav-
ersing space, finally reach and fall or impinge
upon an aerial receiving-conductor, which
conductor is coupled up in sunitable manner
with-a receiving device. The present inven-
tion resides particularly in the construection
and arrangement of parts at the receiving-

[

|

1n each of which stationary waves are

station, and a special purpose of the inven-
tion is to provide such an arrangement of re-
celving apparatus that the maximum effect

{of the radiated energy-waves is produced

upon the receiving apparatus, thereby en-

abling the transmission of signals through

the longest possible distance. -

In order to secure the best results, the co-
herer or other receiving device employed at
the receiving-station should be so placed and

‘located that a maximum of positive potential

and a maximum of negative potential shall

‘occur at the two terminals thereof simultane-

ously. This result is not accomplished in
the arrangement of the apparatus heretofore
employed wherein a single aerial receiving-
conductor is used—such, for instance, as is

disclosed in Patent No. 586,193, issued July

15, 1897, to Marconi—said conductor being
connected to earth through a coherer or other
form of resistance device, for in such case
one terminal of the coherer or resistance
device being connected to earth is at zero
potential. In carrying out my invention,

therefore, I propose to employ two or a codp--

erating pair of aerial receiving-conductors,
pro-
duced by the cutting thereof of the lines of
force or waves of energy radiated from the
transmitting-station, as above explained, and
I propose to so place the coherer or other re-

 sistance device at such a point where occurs

a loop of positive potential in the stationary

waves of one receiving wire or conductor and

a loop of negative potentiai in the stationary
waves of the other receiving wire or conduec-
tor, thus securing a maximum effect. Many
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differentarrangements for accomplishing this

result may be employed. One arrangement
18 shown in Fig. 1, wherein reference-sign D’
designates one of the aerial receiving-con-
ductors, and D*the other. B?designates the

9¢

resistance device employed. Any form ofre-

sistance device may be used. I have shown

a form of receiving device of the nature re-
ferred to in the application of De Forest and
Smythe, Serial No. 28,722, filed September 1,
1900, wherein contact-points B3 B* are em-
ployed and arranged in series in a wire or
conductor connecting the aerial receiving-
conductors D" D? a porous or other body B°

95

100




o 720,568

being interposed in series between the adja- | idea differently, a change of phase takes
cent or proximate ends of contacts B?® B'in | place in the wave at the point where the
order to support or maintain a fluid or other | weight is attached. This same phenomenon 7o
substance in the space between said contacts. | occurs with stationary electric waves,asabove
¢ At designates the signal device, which may explained, when a suitable condenser or other
be of any suitable form, such as a telephone- capacity is arranged in the manner above set
receiver. ASis a local battery, and AS suit- { forth. The weighted portion of the circult,
able choke-coils. The choke-coils, thesignal | due to the presence therein of the capacity, 75
instrument A%, the battery A5, and the con- | will be the equivalent of a certain length of
o tacts B3 B are all arranged in series in the | thestationary wave, the amount of its equiva-
local-battery circuit, the contacts B°® B* be- | lency depending on the size and shape of the
ing also located in series with the aerial re- capacity inserted in said cireunit. DBy such
ceiving-conductors D’ D> means I am able to change the wave in one 8o
In order to secure the objects of the inven- | branch of the circult through one-quarter
s tion, the resistance device B*should be placed | wave length and that in the other by three-
at a point in the circuit connecting the two | quarters of a wave length. In this manner
aerial receiving-conductors D' D? at which | I am enabled to secure all the advantages of
securs at one of the contacts B® B! a maxi- | employing a plurality of receiving-conduc- 85
mum of positive potential and at the other a | tors, which may be placed any suitable or
20 maximum of negative potential. This oec- | convenient distance apart and still secure the
curs where the conductors D’ D? are spaced | location of the receiving device at the point
a half wave length apart and the resistance | of maximum elficiency.
‘device is midway therebetween or one-quar- In the arrangement shown in Ifig. 4 the con- go
ter wave length distant from each, and where | ductors A? A® are preferably one-quarfer
25 the conductors D' D? are not spaced a half | wave length in length and are spaced apart
wave length apart, but are in closer relation | a distance of one-half wave length. Now by
or farther apart, it is necessary and desir- | respectively connecting the conductors A* A’
able to provide means whereby a change of | at the lower ends thereof to earth it will be 95
phase is produced in the stationary electro- | seen that the electrostatic waves generated
30 static waves of one or the other of such con- | or produced in the two vertical receiving-con-
ductors in order that the receiving device | ductors will have nodes at the points ¢ b, the
may occupy the desired position. Such an | lines a' o? being graphic representations, re-
arrangement is shown in Fig. 1, whereln the spectively, of the positive and negative sta- 100
receiving-conductors D' D? are spaced less | tionary waves having the point o as their
35 than a half wave length apart. In this ar- [ node and reference-signs 0’ 0° representing
rangement [ introduce suitable condensers or similarly and respectively the negative and
other capacity d d', one of which operates to | positive waves having the point b as their
produce a change of phase of one-quarter node, and the location of the resistance de- 105
wave length in one of the couductors and the | vice B? at a point midway between the points
40 other a change of phase of three-quarters of | a b will bring the terminals of such resistance
a wave length in the other conductor. In | device at points where occur a loop of posi-
this event the receiving or resistance device | tive potential on one side and a loop of nega-
132, which is in series with the condensers or | tive potential on the other side, and hence at 110
other capacity, will occupy the position of | a point where the maximum effect is secured
45 maximum efficiency or a distance correspond- and the greatest possible advantage derived.
ing to one-quarter wave length from each If desired, the vertical receiving-conduc-
condenser. 1 prefer ordinarily to insert in | tors may be connected together at their up-
the two conductors a simple capacity over | per ends, as indicated In dotted lines in If1gs. 115
which the waves pass from the recelving- | 2 and 3. By this means a closed resonant
so conductors, and which capacity represents or | System is produced which is more persistent
covers a considerable portion of the wave | in its oscillation and which prevents or re-
length., Thus the capacity becomes the | tards loss of energy irom radiation, and if a
equivalent of a certain length of a conductor, | condenser or other capacity D?beintroduced 120
and just so much of the stationary-wave is | in this connection at the top ends of the con-
55 taken up by the capacity in either or both of ductors nodes instead of loops of electrostatic
the conductors as would be taken up by the | waves will be produced at the upper ends ot
equivalent length of conductor. An analo- | the receiving-conductors and loops instead
cous effect occurs in.-acoustics in the case of of nodes at the lower ends thereof. 125
a weighted vibrating string. DBy weighting The advantage of employing a plurality of
6o the string the. natural period of vibration | aerial receiving-conductors is that they may
thereof is increased—that is, its original | be placed in the same vertical plane, which
length must be reduced to maintain the same | by the rotation of said plane about a vertical
period of oscillation after weighting the same. | axis will cause the receiving apparatus to de- 130
In other words, the attached weight becomes | tect and locate the direction whence the sig-

95 theequivalent of acertainlengthof the string | nals are coming. This 1s true whether the
or will cover a certain portion of thestationary | two aerial conductors are spaced one-half
wave on the string, or, to express the same | wave length or more apart or fairly close to--
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getber;_ buatin:the one case the plane of the

conductors must coincide with the direction

‘In which the signals are received and in the

other case this plane should be perpendicu-
lar to the direction of propagation.

- In Fig. 3 is shown a closed resonating sys-

tem  wherein the aggregate length of the
closed cirenit which includes the receiving-
conductors D* D5 represents a multiple of
one-half wave lengths, said conductors being
connected at the top and bottom, the bottom
connection being a coil Db, This coil should

be of such dimensions that its natural period

of electrical vibration is a multiple of: half-
periods of theimpressed oscillation andshould

also be so wound as to avoid interferences be-

tween 1ts various sections to give maximum
efficiency—that 1is, the windings thereof
should be heaped up at points where occur
loops of electromagnetic waves, and no sin-
gle section of the coil should be greater in
length than one-half wave length of the wave
for which the system is designed. In this ar-
rangement, as indicated in Fig. 3, I employ
a secondary coil D wound on similar prin-
ciples, withits various sections corresponding
to and wound around orin juxtaposition with

_respect to those of the priwmary, but of a larger _
number of half wave lengths in length; but
the sections thereof should be wound or so

disposed relatively to each other that two

currents will not traverse the same section

1n opposite directions at the same time. Now

35

if this secondary coil is of a definite number
of half wave lengths in length with the loops
of stationary electrostatic waves of opposite

~ 8igns at its two terminals a receiving instru-

.40

ment placed across these terminals, as at B2,
will be at the point of maximum efficiency.

A modification of this arrangement is shown
in FKig. 2, wherein a condenser or capacity is

shown connected with one of the vertical con-

~ductors, as D?, or with the secondary coil-ter-

50

minals in order to change the phase in either
leg of the circuit or to better define the posi-
tion of the nodes and loops. In the arrange-
ment shown the primary and secondary coils
D® D* are connected together in series and
condensers D® D? are interposed in series
with the receiving device B? and the receiv-
ing-conductor D* and secondary step-up coil
D% If, however, the primary coil' D® be

~earthed, as indicated at E', instead of being

- 55

“eonnected in series with coil D7, and said coil

D7 be connected to a suitable capacity, (indi-
cated at I',) the number of turns on the two
coils may be the same and the device em-

- ployed merely for transforming the phase of
~ the electrostatic stationary waves through

'. 60

one hundred and eighty degrees. In this
event the capacities D8 D® will place the re-

celving device B® at loops instead of nodes of
~ the stationary electrostatic waves, and there-
fore in the most efficient relation. Where

coils areemployed, I propose to lead off wires
to condensers, earth, or other capacity at the

- various electrostatic nodes therein ocecurring:

| The purpose of this is to filter out and destroy
by reflection and interference all waves other
than those for which the system is designed

70

and to which it is desired the receiver shall

respond, thus rendering the receiving-station

responsive.only to certain predetermined en-

ergy-waves and avoiding responsive action to
foreign vibrations. By thus connecting con-
densers or other capacity or eapacities at
points where occur nodes of the electrostatic

the receiving circuit or connections is tuned,
it will be seen that waves having other periods
and other wave lengths, for which lengths the
-nodes will not oceur at these points of eapac-

| 1ty or connections to capacity, will be thusde-

stroyed by mutual interferences, or, as stated
above, the proper oscillations will be filtered
out. .

The art ‘and theory of Hertzian waves in
wires teaches that if such a wire be coiled
mutual interferences will oceur between ad-
jacent sections of the coil, if such sections
‘representsimultaneounsly portions of the wave
differing greatly in phase. Forinstance,if one
of the adjacent windings represents phases
of the wave differing more than one hundred

“and eighty degrees or a half-period the inter-
ference may be such as to almost completely
prevent the passage of the oscillation through

i the coil. A sudden change in the coefficient

“of seli-induction in a wire produces a reflec-
tion of the electric wave at that point and a

75

wave, which wave has the period for which

8o
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static node may result there. Thus if at the

foot. of an aerial conductor where a: static
‘node naturally occurs one end of a coil, but
a single layer, is connected and said-coil is
so dimensioned that the wire thereon is the
equivalent of one-half a wave length or the
equivalent of twice the length of wire of the
upright conduector and the other end of said
coll 18 connected to earth or to a suitable ca-
‘pacity a natural vibrating system is produced
with a static node at either end of the colil.
Standing waves will result in the coil and the

amplitude, because the system is more resili-
ent to properly-tuned vibrations than if the
coll were of a less length. The electromag-
netic or current loops will occur at or near

should therefore be placed the secondary

the length represented in the secondary coil
must of course be greater than that of the

Hence thesecondary windings must be heaped
up. - The primary, however, should be in one
single layer; but, as above explained, a single
heaped-up coil must not represent more than
one-half wave length. Therefore near one
or both ends of the primary of single wind-
ing I place the secondary coils in several sec-
tions of not more than one-half wave length
- each and connected in series, and these may

-

be used in connection with condensers, as
t shown most clearly in Fig. 2. - | ¥

windings. Ifitistobeastep-up transformer,

105
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aerial conductor will not attain maximum

I15

either end of this coil, and here at these points

120

primary coil covered by the secondary.
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As above indicated, where the receiving- | so located that a maximum of posifive poten-

conductors are arranged close together and a
less distance apart than a half wave length

the plane containing said conduectors should

be at right angles to the direction of propa-
cgation of arriving wave-trains, for otherwise
the one conductor would ‘shield” (so to
speak) the other, and consequently the best
results would not be secured; but by plac-
ing said receiving-conduetors in a plane ab
right angles to the plane of propagation of
arriving energy - waves similar stationary
waves are generated in said conductors,
which may be transformed as desired by the
introduction of suitably - adjusted capaci-
ties—such, for instance, as condensers—as
above explained, so that the receiver may
be placed at the point where the maximum
efficiency results, thus also affording a means
for determining the direction of the arriving
energy-waves, for any variation or deviation
of the plane of the receiving-conductors in
the arrangement shown from a position at

right angles to the plane of propagation of

. the radiated waves would be noted by a loss

of efficiency in the receiving apparatus.
It is obvious that many variations and
changes in the details and arrangements

would occur to persons skilled in the art and

still fall within the spirit and scope of my
invention. I do not desire, therefore, to be
limited or restricted to the construction and
arrangement above set forth; but,

Having nowexplained the objectand nature

of my invention and various constructions
and arrangements embodying the principles
thereof and having explained the purpose,
funetion, and mode of operation, what I claim
as new and useful and of my own invention,
and desire to secure by Letters Patent, 13—

1. In an apparatus of the class described, a
receiving apparatus comprising aerial receiv-
ing-conduectors, receiving devices and means
for changing the phases of the energy-waves
produced in one or the other of said conduec-

tors, whereby said receiving devices may be |

tial and a maximum of negative potential oc-
cur simultaneously at the respective termi-
nals of said receiving devices, as and for the
purpose set forth.

2. In an apparatus of the class described,
receiving-conductors, a receiving instrument
arranged in the cireuit of one or both of said

50

conductors, and a capacity also arranged in 55

said circuit and operating to change the phase

of energy-waves of one or the other or both

of said conductors, whereby a maximum of
positive potential and a maximum of negative
potential occur simultaneously at the termi-
nals of said receiving instrument, as and for
the purpose set forth. |

3. In an apparatus of the class described,
receiving-conductors, terminals in series with
each other and said conductors, a local-bat-
tery circuit, said terminals also being In-
cluded in said local-battery cireuit, a receiv-
ing instrument arranged in said local-battery
circuit, and a capacity arranged in the cir-
cuit of said terminals, as and for the purpose
set forth. -

4, In an apparatus of the class described, a
plurality of receiving-conductors, a capacity
arranged in series with each of said conduec-
tors, and a receiving apparatus arranged In
series with said capacities, as and for the pur-
pose set forth. | | |

5. In an apparatus of the class described, a
plurality of receiving-conductors, a receiving
device arranged in the circuit of said receiv-
ing-conductors,and a capacity placed in series
with one or the other or both of said receiv-
ing-conductors at a point where occurs a node
of the electric waves therein produced, as and
for the purpose set forth.

In witness whereof I have hereunto set my
hand, this 28th day of February, 1901, in the
presence of the subscribing witnesses.

LEE DE FORLENT.

Witnesses:

CHAS. H. SEEM,

S. K. DARBY.
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