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UNITED STATES

PaTENT OFFICE,

REGINALD A. FESSENDEN, OF MANTEO, NORTH CAROLINA.

WIRELESS SIGNALING.

SPECIFICATION forming part of Letters Patent No. 706,742, dated August 12,1908,
‘Application filed June 6,1902, Serial No. 110,460, (No model.)

To all whom it may concern.:

Be it known that I, REGINALD A. FESSEN-
DEN, a citizen of the United States, residing
at Manteo, in the county of Dare and State
of North Carolina, have invented or discov-
ered certain new and useful Improvementsin
Wireless Signaling, of which improvements
the following is a specification.

The invention described herein relates to
certain improvements in signaling by elec-
tromagnetic waves, and has for its object a
construction and arrangement of parts or ele-
ments whereby a rate of signaling higher
than heretofore possible can be attained and
over greater distances with much smaller ex-
penditure of power than in any of the sys-
tems now in use.

It is a further object of the invention to
render the operation of the receiving mech-
anisms so positive and reliable as to make
possible the transmission of * code - mes-
sages” and other desirable classes of work.

The invention is hereinafter more fully de-
seribed and claimed.

In the accompanying drawings, forming
part of this specification, Figure 1 is a dia-
grammatic view illustrating a form of send-
ing and receiving apparatus. Fig. 2 is a sec-
tional view, on an enlarged scale, of the re-
ceiver-box. Tig. 3is a sectional view on a
plane indicated by the line III I11, Fig. 2.
Fig. 4 is a sectional view of the receiver-
bulb. Figs. 5 and 6 are sectional views, on
an enlarged scale, of turing and sending
mechanisms., Fig. 7 is a plan view of send.
ing deviees and shifting-switch. Figs. Sand
9 are diagrammatic views of modifications of
the receiving system, and Fig. 10 is a dia-
grammatic view of a modification of the send-
ing and receiving systems.

In the practice of my invention I employ
at each station a conductor 1, of any suitable
form or construction, connected to one of the
terminals of an induction-coil 2 or other suig-
able voltage-generator, the other terminal of
the generator being grounded. A switch 3is
arranged in the controlling - circuit of the
generator, 80 as to permit of the gemerator
being rendered inoperative when the appa-
ratus is to be employed for receiving pur-
poses. Whensending, it is preferred that the
generator—e. ¢., an induction - coil—should

be kept continuously in action; but the in-

‘vention is not limited to such method of op-

eration, as the ordinary method of sending
by making and breaking the controlling-eir-
cuit of the generator can beem ployed. When
the generator is in continuous operation, a
key 4 is employed for throwing the sending-
conductor out of tune with the station to
whichsignals are beingsent. Thisis effected
not by making and breaking, but by short-
circuiting, more or less, of the tuning device,
which is arranged in series with the conductor
1 and preferably between the generator and
ground. Whileany suitable form or construe-
tion of tuning mechanism may be employed,
the construetion shown in Figs. 1, 5,and 6 is
preferred. This construection consists, pri-
marily, of one or more connected pairs of par-
allel wires or strips 5, forming a tuning-grid,
and one or more movable contacts 6, adapted
to electrically connect the wires or conductors
of each pair. These wires are preferably ar-
ranged in a box 7, containing sufficient oil to
cover the wires to a depth of an ineh, more or
less. This construction permits of the pro-
portioning of the capacity and self-induct-
ance, s0 as to obtain a pure sine-wave, as is
necessary to give good resonance. To ob-
tain pure sine-waves, the ratio of capacity to
inductance per unit of length should be the
same as nearly as possible for all portions of
the sending-conductor. In this respect my
improved system differs sharply from sys-
tems involving the use of coils suited to ai-
tain the greatest inductance with a given
amount of resistance. As it is preferred to
employ a radiating-conductor having a large
capacity—i. e., one in which the ratio induct-
ance capacity is smaller than in a conductor
formed of a single plain wire—it is desirablo
to avoid the use of coils, which have com-
paratively large ratio inductance capacity,
and also to avoid the use of straight wires,
which have a larger ratio than the radiating-
conductor having large capacity. ITenco

straight wires or strips bent back and forth
so as to have little self-inductance per unit
of length are used for tuning, and since the
self-inductance cannot generally be made
small enough without bringing the wires or
conductors too close to each other they are
immersed in oil, s0 as to make the capacity
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larger and so make the ratio inductance ca-
pacity the same as that of the radiating-con-
duector. The movable contacts 6, whereby
the capacity and self-inductance are adjusted
to effect the desired tuning, are preferably
made in the form of bars having grooved
wheelssecured thereon. The bars are loosely
mounted in spring-arms 8, which are secured
to adjusting-blocks 9, mounted in slots in the
cover of the box. The arms § are so con-
structed as to hold the grooved wheels firmly
in contact with the wires or conductors 5.
While the sending of signals can be effected
by making and breaking the sending-cirenit,
as has heretofore been the praectice, it is pre-
ferred to operate the generator continunously
and to form the signals by changing the ca-
pacity and self-inductance—i. e., by throw-
ing the sending-circuit out of tune. This
throwing out of tune can be effected by means
of key 4, provided with a finger 10, arranged
to be pressed into contact with one of the
wires 5 by a movement of the key £, which is
connected to ground, so that when the finger
is in contact with one of the wires a shunt-
circnitis formed aronund a portion of the tun-
ing-grid. This method of sending is pecul-
iarly adapted to selective signaling, as by
employing a series of fingers 10, arranged to
be brought into contact with one or more of
the wires or strips of the grid in succession,
more or less of the capacity and self-induet-
ance is shunted. In order to render the se-
lection sharp, the points of contact of the

s fingers with the wires or strips should b=

separated aconsiderabledistance. Hencethe
fingers are arranged so that each will make
contact with a different leg of the tuning-grid
and one in succession of the other, as shownin
Figs. 1 and 5, thereby varying the operative
length of the sending-circuit. As the fin-
gers 10 make contact with the tuning-grid in
sucecession, it is evident that a receiving-sta-
tion can be tuned to any one of the lengths
of the sending-circuit as determined by the
point of contact of a finger with a leg of the
grid, and in case such receiving-station is be-
ing interfered with the tuning of the receiv-

- ing-conduetor can be changed to correspond
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with that of a different operative length of
the sending -circuit—as, for example, sup-
pose station A is sending to station B. The
latter can tune the receiving-conductor to
any operative length of the sending-conduc-
tor, as determined by the point of contaet of
any finger with a leg of the grid—e. g., to the
length of conductor as determined by finger
10*>—and can then receive. If, while B is
receiving, a third station, as C, having as-
certained in some way the tune in use be-
tween A and B, should interfere and pre-
vent BB from receiving, B would merely ad-
just his receiving-conductor to another oper-
ative length of the sending-conductor at A—
as, for example, the length determined by
finger 10°. It will be observed that all of the

fingersare brought into eontact in succession

706,742

with their respective legs of the grid on each
depression or operation of the key, so that
the resultant effects correspond to the suc-
cessive operation of four independent send-
ing-conductors of different operativelength,
and therefore differently tuned. As station
C could not know what tune B had changed
to and as it is practically impossible for C to
find out all the tunes to which A is adjusted,
it is practically impossible for C to prevent
B from receiving his messages, more espe-
cially as B could signal A to change all his
tunes as soon as he ascertained that C was
interfering. ;

The receiving-circuit consists of the con-
ductor 1, condenger 12, a combined eapacity
and induoctance, as the tuning-grid 13, prefer-
ably of the construction herein desecribed, a
receiver 14, and the combined capacity and
inductance, as the tuning device x.- These
several parts of the receiving-circuit are ar-
ranged in series with each other; but the con-
denser 12, combined capacity and inductance
13 are arranged in shunt to the spark-gap—
4. e.,in parallel to the sending-conductor—as
clearly shown in Fig. 1. The indieating
mechanism, which may be in the form of a
single or double head telephone 15, forms a
part of a eirenit also including the receiver
14 and a low-voltage generator 15* of any
suitable construction—as, for example, two
cells of slightly-different voltage so connect-
ed as to oppose each other. As the receiver
must change from and back to normal con-
dition for each signal received, it is necessary
for rapid and distinct signaling that these
changes should occur nearly instantaneously,
dependent only upon the length of the sig-
nal—z. e., whether long or short. Assignal-
ing at the receiving-station is dependent
upon currents produced by electromagnetic
waves, the requirement above stated is best
attained by the employment of a receiver
having a small heat eapacity—:i. e., capable
of being raised quickly an appreciableamount
in temperature with a consequent increase in
resistance by a small amount of heat—and in
addition to its capability of rapid heating
with small amount of heat the receiver should
be capable of cooling rapidly. These condi-
tions are attained by making the receiver of
small volume, so as to be quickly heated by
currents, and of short length, so as to lose its
heat rapidly by conduetion. - To facilitate
sharp tuning, as for selective signaling, the
receiver should havelow resistance. In mak-
ing a receiver complying with the conditions
stated a silver wire one-tenth (.1) of an inch
in diameter and havingaplatinam core about
three one-thousandths (.003) of an inch in di-
ameter isused. This wire is drawn until the
external diameter of the silver wire is about
two one-thousandths (.002) of an inch in diam-
eter, and hence the platinum wire is about six
hundred thousandths (.00006) of an inch in
diameter, A short piece of the wire thus
prepared is fastened to the leading-in wires

70

75

8o

85

9o

95

| felo]

105

110

I20

I35




10

I5

20

25

30

35

40

45

50

55

6o

65

706,742

16 and bent in the form of aloop. The tip of
thisloop is immersed in nitric acid to dissolve
the silver from the tip and leave a small por-
tion of the loop free from silver, as shown in
Fig. 4. TItisessential thatonlyashortlength
of the silver coating be dissolved, as if the
exposed platinum portion be long its heat ca-
pacity will be too large and it will have too
high a resistance to be available for selective
signaling. 1In practice I prefer a length of a
few hundredths of an inch, and thereby ob-
tain a loop having a resistance of approxi-
mately thirty ohms, and hence of low resist-
ance compared with the resistance of a co-
herer, though good results are obtained from
loops proportioned to have aresistance as high
as one hundred and fifty ohms, and some re-
sults are obtained with loops proportioned to
have a resistance as high as six hundred
ohms. Theleading-in wires are of platinum
and are sealed into a glass bulb 17, contain-
ing air or paratfin about one-half an inch in
diameter and about one inch long, as shown
in Fig. 4. This bulb may be exhausted of
air with a very considerable increase in sen-
sitiveness of the receiver. I prefer to do
this, especially when the loop is used for a
calling mechanism, as in this way less energy

*is required to produce a good effect. As a

further means of avoiding the radiation of
heat I inclose the loop in a very small silver
shell 18, the shell being slipped over the loop
and clamped to a small glass brace 19 on the
leading-in wires corrngated for this purpose.
Thesensitiveness of theloop may beincreased
if only a portion of the silver coating be re-
moved, so as to produce a composite condue-
tor of half the resistance which the exposed
platinum would have. Thisend can be best
attained by dissolving off all the silver and
then recoating the platinum until the com-
posite loop has half the resistance of the un-
coated loop. Under these conditions equal
currents pass through the platinum core and
the renewed silver coating, and as the silver
has equal resistance and one-seventh of the
volume of the platinum it is heated approxi-
mately seven times as hot,and thus a greater
total change of resistance is obtained with
the composite loop than with a plain one.
While preferring platinum and silver, other
metals may be employed—as, for example,
nickel or iron may be subssituted for plati-
num and gold or aluminium for silver.
While the receiver 14 may be connected in
the receiving-circuit in any suitable manner,
it is preferred to employ a switch for that
purpose, so that the receiver may be cut out
while the sending mechanism is being oper-
ated. When cuatting out the receiver, this
cireuit or the portion of cireuit including
condenser 12 and tuning device 13 should be
closed around the receiver, so that it will be-
come a circuit in parallel to the sending-con-
ductor while sending. For convenience in

operation it is preferred to provide for the
simultaneous placing of the sending mech-

e
Ll

anism into and the receiving mechanism out
of operative relation with conductor 1, and
vice versa. A eonvenient means to this end
consists in providing two contacts, as @ and
b, for the switch-lever 3, as shown in Fig. 1,
said parts being so arranged that when the
lever is in one position the generator will be
placed in operative relation to the conduetor
1, but when shifted a circuit, including a mo-
tor 20, such as a solenoid, will be closed. By
the operation of the motor & make-and-break
mechanism will be closed, so as to place the
receiver 14 in series or operative relation with
the receiving-circuit. As the receiver is ex-
tremely delicate, it is preferred to protect
it from extraneous electrical disturbances by
a metal case 21, the leading-in wires of the
bulb having connections extending out of
the case through sleeves formed of insulating
material. Itis preferred that the leading-in
wires 16 should be connected to rods 22, fixed
in the insulating-sleeves 23, and that mov-
able rods 24 should extend down into the
sleeves and make contact with the rods 22.
This arrangement forms the switch whereby
the receiver is cut out of the receiving-cir-
cuit, the rods 24 being connected to a lever
25, operated by the motor 20. In order to
close the cireuit including the condenser 12
and tuning device 13 around the receiver,

-thereby transforming it into a circuit parallel

with the sending-circuit, contacts 26 are car-
ried by the rods 24, which are adapted to be
swung in toward each other by weights 26* or
other suitable means when drawn out of the
sleeve, and thereby bringing the contacts 26
together immediately after the rods 24 are
moved out of contact with the rods 23. Itis
preferred to disconnect the receiver from the
cireuit containing or controlling the indicat-
ing mechanism at the same time that the re-
ceiver is disconnected from the receiving cir-

-cuit, and to this end terminals 27 of the indi-

cating-circuit are arranged so as to contact
with the rods 24 when the latter are in con-
tact with the rods 22, asshown in Fig. 2. The
rods 24 are separated and guided back into

-the sleeves 23 by means of a conical block

23%, formed of insulating material.

As it is preferred to employ different re-
ceivers for calling and receiving and as a re-
ceiver might be destroyed while receiving a
message, it is preferred to support the bulbs

-on a movable disk or plate 28 with the case

or shell 21 preferably formed of insulating
material, as rubber. This disk is supported
by a rod 29, extending out of the case and
provided with an operating-handle. The
leading-in wires 16 are connected to contact-
plates 30 on the disk, and the rods 22 are pro-
vided with spring-fingers 31, adapted to bear
upon the contact-plates 30 when the disk is
shifted. By this construction the calling-re-
ceiver ean be quickly substituted for the regu-
lar receiver, and vice versa, and a new re-
ceiver substituted for one which has become
inoperative from any cause, and, further, the
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