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- Be it known. that I, Reqinarp A. FrsseN-
DEN, a citizen of the United States, resid-
Plym—
outh, State .of Massachusetts, ,have .in-
vented certain new and useful Apparatus

for the Transmission- and .Receipt of Elec- .

trical Energy, of which the following is a
specification. - g .
" The invention ; herein described relates
generally to the transmission .and receipt of
electrical energy and.more particularly ko
telegraphy by means of oseillating currents
and still more specifically to wireless teleg-
raphy by means of electro-magnetic waves.
“This application is a division of-my co-
pending application No. 222,301 filed Au-
gust 26th, 1904, and the process here set
forth is claimed in my other divisional ap-
plic7ati0n No. 403,285, of November 22d,
1907. '
In the accompanying drawing Figure 1

is a diagram illustrating receiving appara- -

tus;-and Fig. 2 shows a modified form for
mounting the coils therein. Figs. 3 and 4
iltustrate modified arrangements as .will
hereinafter be described. ,

In the practice of this invention I em-
ploy for producing an indication,.the inter-
action between currents or voltages pro-
duced by the received oscillations, (pref-
erably the former) and currents or voltages
produced by a local source. which is prac-
tically continuous in operation and which
generates oscillations of a: frequency differ-
ent from the oscillations received, such :dif-
ference of frequency being preferably slight
and of predetermined degree.

Thus in Fig. 1, 1 is an.aerial grounded at
2, 8 the primary of a transformer whose
secondary 4 forms part of a circuit compris-
ing a condenser 5, a coil 6, and with or with-
out - the additional inductance 66. 14 is a
coil placed in inductive, relation to the coil
6. The coil 6 may, if :desired, have a mag-
netic core 10, as shown in Fig. 2, preferably
consisting of extremely fine iron wire or
sheet. The coil 14 is preferably fastened
to a diaphragm or spring.7.and may be
used directly. as a telephone, or: otherwise
as shown in Fig. 2, it may move the contact
or microphone 13 attached to it 'and con-

h by_ -means

nected with a 'battery 11 and .indicating
instrument -12. In Fig. 1, 17 is a. source
adapted to -coptinuously maintain oscilla-
tions. preferably of a.constant strength and
of a fregquency slightly different from that
of the oscillatiions. which it is desired: to re-
ceive. This sourge is operatively connected
in any convenient manner, as for example
' of 1o transformer 8, 9, with' the

coll 14. - ' ' '
in operation .the wireless conductor..is
tuned either approximately or exactly. to the
oscillations which it is desired to receive,
and also the circuit, 4, 5, 6, 66 is preferably

tuned to the frequency of the oscillations.

which it is desired to receive. :The cur-
rents generated in. the coil 6 by the.received
oscillations interact with the magnetic field
produced in 14 by the source 17. Obviously,
as an alternative to the arrangement of Fig.
1, the coil 6 may be attached to the dia-
phragm 7, and .14 may be fixed. ‘The de-
scribed interaction between the two fields
produced by the two ¢oils ca ses the

diaphragm. 7 to move and produce an indi-

cation; preferably by the beats produced. A
much  stronger indication is produced by
this interaction between the currents gen-
erated by the received electro-magnetic
waves and the locally generated magnetic
field than- would be produced by the currents

_ due to the received .waves alone, because the

locally generated- magnetic field may be

made to have any strength desired.

It is characteristic of this invention that
the locally generated alternating magnetic
field is excited continuously and not inter-
mittently as by a spark discharge. The
duratipn of a single oscillation produced by

-a spark is in the neighborhood of one four-
millionth of a second. If we consider a

train of twenty oscillations or twenty com-

Pplete waves, such as is commonly used in

this art, this train of waves will, last for
approximately one one-hundred-thousandths
of a second. ,Eyen if the train of waves
should be prolonged to one hundrad com-
plete periods, the total duration of the train
of waves would only be one twenty-thou-
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monly .used: in the art. for
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dred and twenty sparks per second. Taking
a figure near the higher number, say .one
hundred sparks per second, it will be seen
that the duration of the train of waves is
only cne two-hundredths part of the inter-
val between successive sparks even through
the train“of waves contains two hundred os-
cillations and there -are one hundred sparks
per second. From this it will be seen that
the chance of a train of waves sent out from
a sending station being received at a receiv-
ing station coincidentally with the produc-

tion of a train of waves by a local source

generating merely successive separate trains
of waves rather than continuous oscilla-
tions, is only as oue to two hundred, and any
practical coincidence could-not be expected
more than once in several seconds.
also characteristic of my method and of this
apparatus that the frequency of the locally
generated . magnetic field should not be ex-

actly the same as that of the oscillations

which it is desired to receive, for in this

ference should be such that no indication
would be produged, since no slow beats are

produced. It is furthermore preferred that
-the difference in frequency should be small,

because if the difference in frequency be
large, the beats will occiir at such rapid
intervals as to produce an inaudible indica-
tion, where a telephone diaphragm is used
as in indicator, or else a weak indication,

- through the inability of the diaphragm or
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spring 7 to respond quickly. .

It will be evident that the number of beats
produced per second will depend upon the
difference between
quency and the local frequency, and as this
may be varied, this atfords a means of dis-
tinguishing between different stations, and
where the receiving mechanism is made se-
lective to the beat frequency, means of cut-

Tt is

the transmitted fre--

s

ting out all stations except these with which.

it is desived to communicate. o
Where the signals are produced by -the
interaction of voltages instead of currents
a corresponding appropriate type of receiver
is used, as for example an electro-static tele-
phone receiver. This method may be used
for simultaneously sending and receiving,
as shown in Fig. 2, where a source of oscil-
lating currents 25 is operatively connected

to the wireless conductor 1, 2 and so ar-’

ranged as to generate oscillations in the

aerial 1. This source is also operatively con-.

nected, .as by the transformer 68, 69 (with
or without the use of the capacity 27,).with
the coil 14, in such a way that when the key

78 is depressedsso as to cause oscillations to

be generated in the wireless conductor, (by
thus closing the circuit containing the field
coil 76 and local battery 77 as is well
known,) oscillations of the same frequency

‘and of the same duration are caused to oc-

1,141,453

cur in the coil 14, and the respective phases
of the oscillations of this frequency thereby
generated in the coils 6 and 14 are arranged
as by adjusting the condenser 22 so as to be
90 degrees apart. The currents then produce
no effect on microphone 13, or at most s
continuous effect in one direction, so long
as the oscillations persist. By this means
the effect of the oscillations generated by

25 upon the receiver is neutralized and may 7
be rendered entirely inappreciable, espe-

cially where the receiver is tuned to respond
to a given mechanical frequency; thus al-
lowing sending without disturbing the re-
ceiving apparatus. The condenser 27 also

80

may be used for controlling the phase of the

- oscillations generated in the circuit 68,27,25.

Fig. 3 shows an alternative arrangement
wherein the coils 6 and 14 are both mounted
upon a single magnetic core 10, the dia-
phragm or spring 7 having - piece of finely
laminated magnetic material 7> fastened fo
it. By the interaction of the two coils the
diaphragm is affected similarly as when
making one of the coils 6 and 14 fixed and
the other coil fastened to the diaphragm or
spring 7. ' .
. Tig. 4 shows another modification, in
which 1 is the aerial grounded at 2, 8 is the
primary of a transformer, 4 is the second-
ary of a transformer, and 16 is a stretched
wire in the circuit of the secondary of the
transformey, which secondary is preferably
tuned by the use of an inductance 70 and
capacity 71. . The wire 16 is preferably
tuned to the desired mechanical frequency,
%. e., it swings to the frequency of the beats
betweeni the received and the locally pro-
duced oscillations. 10 is a magnetic core of
a coil 14, made of finely laminated wire or

. sheet, embracing the wire 16; and the coil

14 is gperatively -connected with a local
source 17 which may be a high frequency
dynamo, designed to produce the oscilla-
tions. In operation the currents generated
by the received electro-magnetic waves pro-
duce a field which interacts with the mag-

-netic field gemerated in the mdgnet coil 14

and core by the local source, and this causes
the wire to vibrate with the frequency of the
beats, thereby producing an indication.

In the following claims the term alternai-
ing currents is intended +to include oscillat-
ing currents, or. all currents varying peri-
odically in intensity, whether or not the sign
of the oscillations be changed. )

While I have described herein the oper-
ation by the received waves and locally pro-
duced waves of differing frequency in order
to form beats, I have not claimed a specific
mode of operation herein or the apparatus
therefor, but the same is claimed in my co-
pending but subsequently filed applications
Nos. 271,539 and 275,165 being now Patents
1,050,441 and 1,050,728, respectively, the
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elaims herein being obviously not limited to
beats or to a separate regulator at the re-
celving end or constant sending.

Having thus described my invention and

illustrated its use, what I claim as new and
desire to secure by Letters ’Pa‘tem, is the
following :

i. An mdlcator for received alternating

“currents comprising a lecal oscillations pro-

ducer and devices forming s field of force
continuously excited thereby, a field excited
by the received oscillations, and means oper-

~ated by the codperation of siid two fields

for producing signals, the whole being
adapted to annul the influence of the locally
generated field on the indicator when the
field for excitation by the received oscilla-
tions is not excited.

2. An indicator for alternating currents

comprising a coil excited by received cur-

rents, a second coil excited by locally pro-
duced continuously acting currents, and an
indicator operated by the combined effects
of the two coils, the indicator being adapted
for normally annulling the signal-produc-
ing effect of the locally excited coil on the
indicator when'the other coil i is not excited
by received oscillations.

-3. Receiving apparatus for wireless teleg-
raphy comprising a practically continu-

~ ously acting local source of oscillations and

33

a regeiver field excited thereby, a sedond
local producmg source, and means for an-
nulling its effect on'the receiver field, sub-
stantially as described.

4. In wireless telegraphy, the combma,mon
with a receiving device comprising a local

source of continugus oscillations, of a send-
ing source of oscillations, and means for an-
nulling the effect of said sending source on
the receiver whereby to send and receive si-

‘multaneously.

5. In wireless 51gna11ng the combination

at a recelvmo statlon of devices forming a

fleld oi force excited by  oscillations re-
ceived, devices forming a sunple*nentmy

field and local means f01 excrt’ng it, an in-
dicating instrument operated by interaction

of eaid two flelds, a sending source, and
means in the locally excited ﬁeld to eounter-
act the effect of sending oscillations on the
field -excited by received oscillations where-
by to prevent disturbance of the receiving
instrument:

6. The combm‘ltlor\ with a enel ator and
a connected antenna of dev;ces forming a
field inductively connected with the antenna
and excited by oscillations received thereby,

devices forming a supplementary fleld and

loeal means for continuously exciting it,
indicating means operated by said two
fields, and connectidns between the gener-
ator and the locally excited field to counter-
act by effects in the latter the effects in the

-receiving field of ‘oscillations sent, substan-

tially as  described.

In testimony. whereof I have heleunder _

signed my name in the presence of the sub-
scribed witnesses.

REGINALD A. FESSENDEN.

Witnesses:
JEusste B. Bexr,
Aperzine W, Hazr.
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