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'UNITED STATES PATENT OFFICE.

REGINALD A. FESSENDEN, OF WASHINGTON, DISTRICT OF COLUMBIA, ASSIGNOR, BY

' MESNE ASSIGNMENTS, TO SAMUEL I, KINTNER,

OF PITTSBURGH, PENNSYLVANIA,

AND HALSEY M. BARRETT, OF BLOOMFIELD, NEW JERSET, RECEIVERS., '

APPARATUS_ FOR THE TRANSMISSION OF ENERGY BY ELECTRIC OSCILLATION,

1,156,697,

Specification of Letters Patent.

Application filed August 26, 1904, Serial No. 222,299,

To all whom it may concern: :
Be it known that I, Recinarp A. Frssen-
DEN, a citizen of the United States, residing
at Washington, in the District of éol-umbla,
have invented certain new and useful pr-
provements in Apparatus for the Transmis-
sion of Energy by Electric Oscillation, of
which the following is a specification.

The invention herein described relates to
certain new and useful improvements in the
transmission of energy by electric oscilla-
tions, and has reference more particularly
to the transmission of intetligence by oscil-
latory currents, and more particularly still
to wireless telegraphy by electromagnetic
waves. ' . .

In the drawings forming a part of this
specification, Figures 1, 2, and 3 show vari-

" ous forms of the inventions herein described.

Fig. 4 shows a sending apparatus. Figs. 5,
6, T illustrate modifications of certain parts
of the apparatus. _ .

- In Fig. 1, 1 is an aerial grounded to 2,

" and having in series therewith an inductance

4 preferably wound on insulating material
and forming the primary of a. transformer
whose secondary is 5. 8 is a receiver which
may be placed either directly in the ground

connection of the aerial or may be connect-.

ed inductively by means of a transformer
with tuned secondzﬁy in the manner well
known in-the art. i

ductively connected to the aerial, 2 com-
denser 8 may be placed in shunt to the re-
ceiver so that the circuit 8, 8is resonant to the

received oscillations. The secondary coil -5
has preferably in series with it an induc-

tance 6 and capacity 7. The number of
turns on the primary 4 and the secondary 5
are preferably the same, and they are prefer-
ably wourd so'as to have a large mutual in-
ductance. ‘ I

" The circuits ars so arranged that when

~ the inductance of the coil 4 is neutralized to
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a predetermined degree which is preferably -

practically zero, the conductor, meaning by
this the circuit from the top of the aerial
to ground, is in tune with the oscillations to
be. received, but that when the inductance
~of the coil 4 is not so neutralized the said
conductor is not in tune. _ :
~ On account of the fact that when the sec-

i
i

ere the receiver is con- _

ondary of a transformer is short-circuited
it nullifies or renders practically zero the
inductance of the primary, while when it is
open circuited the inductance of the pri-
mary is but practically little affected, it will
be seen that if a current is caused 'to How in
the secondary 5 the inductance of the circuit
4 will be altered, and if the secondary .of
the circuit 5 be rendered wholly, or practi-
cally short circuited for one particular fre-
quency, that the inductance of the circuit 4

Patented Oct. 12, 1815,

58

60

will be wholly or practically wholly nullified

for that same frequency., Circuit 5,6,7 may
be practically short circuited to one frequency
by resonance.  If this frequency at which the

65

secondary becomes virtually short circuited,

be that of the waves which it is desired to
receive, then in that case, when oscillations
of this frequency are,received the inductance
of the coil 4 will be rendered practically

zero or as close to zZero as may be desired,

and the whole wirelegs signaling circuit will
become resonant to the frequency of the re-
ceived . oscillations. For any other fre-
quency, however, this will not be the case,

because the circuit 5, 6, 7 not being resonant-

to this other frequency, the inductance 4
will not be neutralized or varied to the ex-
tent desired and hence the wireless signal-
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ing circuit will not be in tune and will have

a different period ‘from the receiver cir-
cuit 3, 8. .

The secondary 5 may be caused to be prac-
tically short circuited, wholly or to anyv de-
sired extent by extending the ends of the
secondary circuit so that the secondary cir-
cuit is resonant to the desired frequenecy.
This effect may also be. produced, and more
conveniently, by placing the condenser 7,
preferably a variable one in the secondary
circuit, and having a ‘self-induction 6 also in
series.

or at least nullified to the extent desired, and

The presence of self-induction 6 .
either distributed or lscal ir necessary be-’
‘cause when the secondary 5 is operating its
inductance is practically entirely nullified.
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consequently it is necessary to have other -

inductance to take its place or it would not
be possible to tune the circuit containing

ca%acity only. o )
Numerous other ways will readily suggest

themselves Whereby" the broad method here-
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in described may be carried into effect, w‘but

as these equivalents are well known in the
art it is unnecessary to mention the various
permutations and combinations which may
be entered. _

Fig.2 shows an alternative form in which
1 is the vertical, grounded at 2; 10 and 11
are inductances forming the primaries:to
the transforiners whose respective seconda-
ries are 12 and 13; 14 and 15 are coils, 16
and 17 are capacities either variable or fixed,
18 and 19 are primaries of transformers
whose secondaries 20 and 21 are connected
to oppose each other and preferably have
in series with them the receiver 22 and po-

. tentiometer 25. 40 is a capacity, 23 an indi-
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cating mechanism and 24 a source of cur-
rent. 26 and 27 are capacities, preferably
variable, and forming a part of the ground
connection of the vertical 1.

The circuit of the secondary, 12, 14, 16 is
preferably tuned to the oscillation to be re-
ceived, and the circuit 1, 11, 19, 27, 2 is also
arranged so as to be resonant to the same
frequency when waves of this frequency af-
fect the wireless signaling circuit and cause
the secondary circuits 12, 14, 16 to neutralize

_the inductance of primary winding 11 to

the desired extent. It will readily be under-
stood that it is preferable to have the circuit

12, 14, 16 so strongly resonant and with so.

little resistance that secondary winding 12
will be practically short circuited for oscil-
lations of the desired frequency, and there-
fore entirely, or practically entirely, neu-

‘tralizes the self-inductance of the coils 11,

but that where the inductance of 11 is not
neutralized entirely the circuits, 1, 11, 19,
97, 2 may be brought into resonance by
slightly diminishing the capacity 27.

The secondary circuit 13, 15, 17 is ar-

| ranged so that secondary winding 13 ‘will
not be in short circuit when oscillations of

the desired frequency are received and con-

sequently the inductance 10 will not be neu-
tralized, and the cireu’ 1, 10, 18, 26, 2 will -
‘not be resonant to the desired frequency.
‘Tn most cases the inductance 15 and capacity

17 may be omitted, the circuit being left
open. ’ i

The secondary circuit 20; 21, 22, is pref- -
erably tuned to the frequency of the»desn'ed

oscillations. .

The coil 10 is preferably made similar to
the coil 11, and the transformer 18, 20 to
the transformer 19, 21. The secondary 13
may in many cases be omitted. All coils,
windings and capacities may be adjustable.

Good effects may also be obtained as
shown in Fig. 8 by omitting the primaries

10 and 11 Fig. 2. In this case the secondary

circuit 30,.31, 32 corresponding to the sec-
ondary circuit 12, 14, 16 of Fig. 2 is placed
in inductive relation to the primary 29 cor-

responding to the primaries 11 and 19 of

‘down on the wireless conductor.
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Fig. 2. 98 is the other primary, 33, 34 are
opposing secondaries in the circuit of the
receiver 37 which may also have the in-

ductance 39 and capacity 88 and is prefer-

ably tuned to the received oscillations. 35,
36 are the capacities and 1 is & vertical
grounded at 2. '

A rveceiver preferably of low resistance
may be used in 3, 6, 7 as shown in Fig. 7
and if it has an inductance it may be used
in licu of 6 in which case receiver 3 may be
omitted. g

Many equivalent connections, both con-
ductive and inductive, will readily suggest
themselves to those skilled in the art but
that herein' shown 4. e. one arranged to bal-
ance the cffects of disturbing influences on
one or more receivers for all frequencies ex- .
cept those which it is desired to receive is
herewith sufficiently shown and disclosed.

This method of selecting oscillations of a
predetermined frequency -is radically and
entirely distinct from all methods hereto-

- fore used and possesses numerous very valu-

able features. One very valuable feature is
that by this means it becomes possible to cut
out the effect of atmospheric disturbances.
The effects of lightning disturbances ov
atmospheric disturbances fall into two
classes, one class being electromagnetic wave
disturbances produced when the electrical
storm is at some distance; and the other, the
electrostatic disturbances produced when the
storm is in the neighborhood.  The former
of these is readily eliminated by sharp tun-
ing, but the second canunot be so eliminated
for the following reasons: When a cloud in
the neighborhood acting by electrostatic in-
duction on the vertical, and causing a charge
to accumulate on the vertical, is discharged,
as by a lightning -flash, the charge on the
vertical is alsoset free and oscillates up and
It is ‘evi-
dent that this oscillation will take place with

the same frequency as the natural period of

the conductor, and this in other systems is
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generally tuned to the frequency of the os- -

cillations it is desired to recexve. Hence the
oscillations caused by atmospheric electro-
static disturbances will have the same period
as the waves which it is desired to receive
and cannot be tuned out. On the other hand
if the wireless condiictor be tuned to a fre-
quency different from that of the local cir-’
cuit ‘and from the frequency of the oscilla-
tions-to be received, the receiving conductor
is not a good absorber of the oscillations to
be received, because it.is out of tune with

‘them, and consequently the ratio of the ef-

fects of the atmospheric disturbances and
the signals to be received is not improved.
On the other hand with the method here
shown and deseribed the wireless conductor
is tuned: to the oscillations which it is de-
sired to receive, while such oscillations are
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being received but it is untuned to oscilla-
tions of this same frequency when oscilla-
tions of a different frequency are being re-

- ceived. Consequently electrostatic disturh-

10
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ances cause oscillations of a frequency dif-

fering from the frequency of the receiving .

conductor and consequently do not affect the

receiver. In this way the effect of electro-
static atmospheric ‘disturbances, as well as

electromagnetic atmospheric disturbances is

‘entirely done away with and neither peri-

odic nor aperiodic disturbances can produce
an effect on the receiver. :

+ A second very valuable feature of this in-

vention is that since the circuits, for example
in Fig. 2, are entirely balanced (were it not
for the effect of the secondary circuit 12, 14,

 16) the intensity and selectivity of the in-
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- plied to sending conductors and used for-
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dication produced on the receiver depends
upon the degree of resonance of the circuit
12, 14, 16. ' ,

In addition shavsp resonance can be ob-
tained by the use of this method irrespective
of whether the receiver is adapted for sharp
tuning or not.

In the operation of this invention; for -

example the form shown in Fig. 2, disturb-
ing influences divide equally between the

two branch circuits since these are symmet--

rical for nonresonant impulses. When the
right frequency comes along, however, at
first the oscillations divide as before, but
now a current is set up in the circuit 12, 14,
16 which tends to diminish the self-induc-
tion of the primary . 11. This self-induction

being diminished, the circuit, 1, 11, 19, 27, 2'
is more closely in resonance than the other,

and more current flows through it. This
causes still more current to flow through
12, 14, 16 and brings the cireuit, 1, 11, 19,
27, 2 still closer into resonance, until finally
it has come entirely into resonance where-

upon it remains locked in this condition and_

practically the entire current flows through
the circuit 1, 11, 19, 27, 2. ‘

By suitable modifications the above men-
tioned apparatus can be advantageotisly ap-

sending as shown in application Serial No.
222,301 filed August 25, 1904, and in Fig. 4

- of this ease.
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The number of turns and Windings .and -
the inductance of corresponding coils may.

be equal and for some purposes are pref-
erably equal, but they may be either larger
or smaller while still utilizing the method

-herein described and claimed.

As stated, the method may be applied to

sending. For example in Fig. 4,1 is an

aerial grounded at 2; 41, 42, 43, 44 are in-
ductances in the antenna circuit; 45, 46, 47,

48 are secondary circuits tuned to different

. frequencies and similar to the circuits de-

65

scribed previously. 52 and 53 are second- -

aries connected with the inductance of the

8

circuits 45 and 48 and operatively connected
to the receiver 54, preferably by means of a
tuned circuit. . 5

49 18 a_condenser which may be placed in

'the aerial for tuning or other purposes. 50

and 51 are means for producing oscillations

" of two different periods similar to the means

described in U. S. Patent #706,742 with
reference to Fig. 10 with the local circuit
omitted as here another means of receiving
and -sending simultaneously is shown used,
though the method shown
may also be used.. :
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in said Fig. 10 -

The secondary circuits 46 and 47 are tuned

to the frequencies generated by 50 and 51,
the circuit 48 is tuned to the frequency of:
the oscillations which it is desived to receive
and the circuit 45 may be what is called a
dead tuné <. e. a tune which is not being used
by any station. . -

The circuits are so arranged that when a
frequency is sent or received corresponding
to the period of one of the secondaries 45,
46, 47, 48, that circuit neutralizes the self-
inductance of the corresponding coil 41, 42,
43 or 44 to a predetermined extent and

“brings the wireless’conductor into tune for

that particular frequency. It will therefore
be seen that when the key 55 is depressed
the wireless signaling circuit resonates to
the frequency generated by 50 and when the
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key 56 is depressed the wireless conductor -

resonates to the same frequency as that gen--

erated by 51 and that when both are de-

pressed it resonates to both frequencies.
Similarly when a frequency is received cor-
responding to the frequency of 48, the wire-
less signaling circuit resonates to that fre-
quency and the receiver 54 is affected.

From the above it will be understood thag
by the practice of my method the conductor
is resonant at the same time to more than
one oscillation frequency. ‘
- The secondaries 52 and 53 are wound so as
to oppose each other, and hence any fre-
quency other than that of the circuit 43
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whether produced inside the station or re- -

ceived from outside is neutralized so far as
its affect upon 54 is concerned.
The generating sources 50 and 51 may be
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connected in series, as shown in Fig. 5, in- -

stead of in parallel. :

The other circuits are shown in Fig. 4 in
series, but may also be arranged in parallel,
as shown in Fig, 6, or in parallel series, and
a great many combinations are possible by
employing methods well-known in the art,
and which therefor I broadly claim.

The term “ wireless circuit ” is herein used
to include not merely the circuit connected

to the antenna, but also the antenna itself.

What I claim and desire to secure by Let-
ters Patent is:— :
1. Apparatus for wireless signaling, com-

prising a circuit having branches. rendered’
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resonant simultaneously fo several oscilla-
tion frequencies not harmonic to one another,
and an auxiliary signaling apparatus in a
circuit linked with said branch circuits, sub-
stantially as desecribed.

2. ‘Apparatus for wireless signaling, com-
prising two local branch cireuits of similar
construction and normally equal, combined

with a third eircuit having electrical con-

stants differing therefrom to 2 small but defi-

nite degree, and adapted to be energized-by .

said branch circuits. C

3. Apparatus for wireless signaling, com-
prising an auxiliary and two similarly con-
structed parallel branch receiving circuits,
the latter being normally equal and contain-
ing like inductive devices arranged to oppose
each other in their effects on the receiver.

4. Wireless signaling apparatus, compris-

ing two parallel circuits similarly construct-
ed and having the same electrical character-
istics, and a third eircuit connected there-
with and having inductive devices with con-
stants differing to a slight but predeter-
mined degree from those of the parailel cir-
cuits, seid inductive devices being connected
to oppose each other in the third eircuit.

5. n wireless receiving sysiem, including
in combination two parallel circuits, and 2

veceiving eircuit commected therewith by

similarly constructed transformers with
similar sleciric constants, said transiormers

1,158,877

being connected to oppose each other in the
receiving circuit, a closed circuit rescnant
to the frequency of the signaling oscillations
and inductively connected with one of said

35

similarly constructed parallel circuits, the .

latter circuits being equal except as-atfected
by the closed circuit.

6. In a wireless telegraph receiving sys-

tem, an antenna, a circuit consisting of two
branches connecting said antenna to earth,
each branch including the primary of =

transformer, and secondary windings in-

ductively related to ssid primary windings
and forming part of the same tuned receiv-
ing cireuit, said windings being arranged ¢o
oppose each other in their effects on the ve-
celver. :
7. In & wireless telegraph receiving sys-
tem, an antenna, a circuit consisting of two
branches connecting said antenna to earth,

an adjustable primary winding in each of

said branches, and adjustable secondary
windings inductively related to each of said
primary windings and forming part of the
same tuned recelving circuit.

Signed at Washington, in the Districs of
Qolumbia, this 25th day of August, A. D.

1904.
REGINALD A. FESSENDEL.
Witnesses: . :
Tmoras P. Brow,
Lzona FraATHERS.
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