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To all wihomy it TRALY] COTLCCTTL: o

Be it known that I, BEGINALD A, FESSEN:
DEN, a eitizén of the United States, residing
at Pittsbury, iu the county of Allagheny and

“Btato Ot"PennsyLvanm, have invented or dis-

covered certain new and usefullmprovements
in Reeeivers for Flectramagnetic Waves, of
whichimprovements the following is a speci-
fication.

The invention described herein relates to
eevia.an improvements in currenyg-actuated
wave-responsive devices of the class or kind
deseribed and claimed in Lebtors Patent No.
700,744, granted to me August 12, 1902, and
adapted (o he so affected by eurrents gener-
ated by'electromagnetic waves as to produce
& change in or variation of the conductivity
of the‘receiving-eircuit, of which said davice
forms a part. :

The invention is hereinafter
scribed and elaimead,

in t‘he‘aeeompauyimg drawings, forming a
part of thisg specification, Figure 1 is'a sec.
tional view of a form of receiver embodying
Figs. 2, 8, 4, and 5 are
similar views of modified forms of receiver,
and Fig. 6 is a d'agrammatic view illustrat,

more fully de-

ing the mode of operation of the receiver,

Figs. 7 and 8 {llustrate further modifications
in the condtrnetion of the receiver, -

It is characteristic of the hot-wire receiver
deseribed in the ahove batent referred to, and
which has been termed g b
the energy of the electromagnetic waves is
utilized tg heat a body of small mass, and
henes requirss a small amount of ensrgy to
be heated to'such an extent ag to change its
electrieal conductivity, Heretofore metals,
especially platinum and silver, have been
naed, as deseribed in the patent referred to;
but it has been found that subsiances other
than metals are available for this purpose,
mote especially liquids, and of the latter class
preferably electrolytes have given even bot-

“ter commereial results than metbals, for the.
$

following reasons: first, for the reason that
liguids are not by reason of their nature in-
jured by excessive discharges; ‘second, .be-

cause thospecific resistance of liquids is much-

higher, in some cases as much as a million

times greater, than thas of metals, and con-

Boguently to obtain the 8ame resistance a

‘act even

“barretter,” that'

very much smaller mass, which is capable.of

being heated to a much larger extent, may be,..

used; third, beeguse the amount of
of resistance per degree of centigiada is very
much greater—for example, the resistance of
sulfurie acid when not quite concentrated
changes approximately-twelve per cent. per

change §5-

degree centigrade, while the change in plati- 6o

num is only about one-third of one per cent.
per degree centigrade. - For al] thése reasons
the results produced are very much greater
and the action of the receiving device is much
more reliable, ‘ ‘ '

A liquid barretter or carrent - actuated
wave-responsive device may be constructed
in several ‘ways. For instance, it is found
that if the loop of.a metal barretter such as

65

described in the patent be broken while it.is o

Immersed in nitric acid itwill nevertheless
more efficiently than before, and
hence a barretter may be formed consisting
of two thin platinum wires 2 and 3, as shown
in Fig. 1, having their
linaid contained in a-suitable vessol 4 and
forming, tozether with such liquid, a part, of
4 recelving-circuit, including an indieating
device 5. This barretter may be connected

ends immersed in 4 75

either directly.or indirectly with a receiving- 8o

vertical 1. A second method is to moisten a
minute fiber—for example, a cotton thread——
and to use it as the loop of a barretter, A
desirable. construetion for this form of bar-
retter is shewn in Fig. 2
fiber loop 6, having one end immersed, in a
liquid, whiéh will be ‘caused to travel along
the fiber by capillary action and maintain the
fiber in a saturated condition. A third
method consists in forming a minute hole
through a diaphragm 7, conveniently done
by drawing down g very thin capillary tubeto
about three one-thousandihs (-003) of an inch
internal diameter, cementing it into a hole in

and consists of a 83

J

the center of a thick glass disk, and then 95

grinding off the ends of the glass tube until
they are flush with the surface of the dia-
phragm. The diaphragm is so arranged ina
suitable vessel 4 as to form a partition be-
tween two portions of
or holder shown in Fig, 3, said portions be-
ing thus separated except by the thin colymn
of the liquid contained in the capillary tabe,
said column forming the barretter. = A ter-

the solution in the cup 100
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minal 9, proferably of platinum, connected

to the vertieal, is immersed in one portion of
the liquid, and a second terminal 10, prefer-
ably of platinum also, is connected to ground

5 and has one end immersed in the other por-
tion of the liquid.. These platinum wires,
_with the liquid, are to be connected either d:-
rectly in series with the vertical or in the
.secondary of a transformer, and the barrot-
10 ter thus formed is adapted to be used in the
manner described in prior patents granted
to me.. A fourth method is 1o connect two
platinum wires by a thin film or small body

of conducting liquid, as indicated in Fig. 4.

15 THhis can be done conveniently by inserting
the wikes into a bubble 11, formed of such
liguid. A fifth method is 1o insert a small
piece 12, of platinum or: similar material,
“into a liquid, such as nitrie acid, so that only
20 its point is immersed. Fig. 5 shows such an
arrangement, the platinum wire heing cov-
ered with silver. 'T'hé'silver wire has a di-
~ameter of about .003 of an ineh, and the
platinum core inclosed therein has a diame:

25 ter of abont.00004 of an inch. The silver is
removed oreaten off from the lower extremity,
and the platinum core projects into the solu-
tion of nitricacid. Thissolution of nitrie acid,
which preferably contains nitrons acid, is
30 covered by a' layer of Kerosene-oil, so as to
‘prevent evaporation of the acid and to pre-

vent the platinum from being fused. . A sec-

ond platinum wire 13 -is also immersed in

- the liquid, preferably by inserting it through
35 the bottom of the vessel 4, and these wires
are connected to the vertical and to ground
and also included in the indieating-cireuit.

It follows from the well-known eléctrical for-
mula giving the resistance of a c¢ylindrieal
40 body in a conducting medium that practi-
cally all the resistance is concentrated with-

in a short distance of the point where the
platinum wire 12 projectsinto theacid. For
example, if the platinum has a diameter of

45 .0000£ of an inch, and it is immersed in the’

acid to ‘a dépth of .00002 of an inch, practi-
cally all the temperature effected will take
place inside of a hemisphere of liguid whose
radius is.00004 of an inch. Such a hemi-
.50 sphere is indicated in Fig. 6, where 2 repre-
sents the tip of the platinnm, and 14 repre-
sents the hemisphere reforred to.

is troe will be seen by considering a second
hemispheric shell 14, having the thickness of

§5 .00004of an inch outside of the hemisphere 15,
The quantity of liquid in this shell 14 will be
more than eight times that in the shell 15,
+and consequently it will take eight times the
amount of heat to raise it to this same extent.

6o At the same time the resistance of the shell
14 will be roughly the same as that of 15,
Hence it follows that the effect of the shell

14 will be-only one-eighth that of 15, and con-

. sequently that although the effect of the dif-
65 ferent parts of the liquid within tae bound-

ary of 15 does not vary much and all parts |

are almost equally efficient, as soon as we

That this |
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pass the boundary of 15 the slfectof the vari-

ations of liquid beyond the boundary begins -

to'fall off very rapidly; and at a distance of
two or three times the diametér of the wire
it may be neglected. This may be dedunced
at once from the proposition that the eleec-
trical resistance between two copper disks
laid on a plate of sheet-copper is conditioned

almost entirely by the size of the disk, and by

the conductivity of the copper sheet; while
it is not affected except to an unappreciable
extent’ by the distance between them. As
shown in Fig. 7, the terminal 12 may be in-
serted through the bottom of the vessel 4,in
which case an indicating liquid, such as bi-
sulfid of carbon, having a greater specific
gravity than the nitric acid is used in con-
nection with the latter. As indicated in
Fig. 8, the wire 12 may be surrounded with
glass, 8o as to prevent any gas given off from
adhering to the wire, and thereby decreasing
its effective area. v

The arrangement of circnits used with the
liguid barretter is practically the same as
that with the metal barretter described in the
patent referred to. !

It is found that certain liquids act better
than others—as, for example, though carbon-
ate of soda, caustic soda, nitrate of potash,
and other substances give good results, it is
preferred to use nitric acid, for the reason
that the effects are stronger with it than with
most other liquids, and in the case of a burn-
out it is sufficient to screw down the plati-

nuin wire until it is again immersed. The
burn-ous is not liable to oceur, on account of

the cooling effect of the liquid on the wire,
When using silver-coated platinum wire, the
screwing down of the wire into the nitrie acid
will subject the silver to the action of the
acid, which will remove it from the platinum.

If, however, a high voltage—e. g., seven or

eight—be used in the local eircuit, carbonais
of soda will give larger effect than nitric acid,
It is to be noted that in the case of the

liquid barretter the action of the €lectromag-’
netic waves i3 to cause a greater current to-
pass in the ‘local curenit, owing to the faet .

that the conduetivity of electrolytes increases
instead of decreéases with heat.” With a lig-
uid barretter having a resistance of between
six hundred and two thousand ohms the in-
crease of conductivity when the liquid is
heated is so marked asto permit of the opera-
tion of a siphon recorder or reiaﬁ?, though a
telephone may be used.

~ 1t is to be noted that there are several dis-

tinet methods'in which metal and liquid ean
be used in conjiinction to farm a receiver for
clectromagnetic waves, First, the case of &
conductor,such as oxidized silver, in contact
with a-liguid Jike mercury, where the action
is apparéntly a true coherer action caused by
the voltage produced by the electromagnetic
waves breaking down the insulating-oxid and
making a good electrical contact between the
silver and mereury. This effect does not oc-
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ear and is not utilized in my form of liquid
barretier, for, in the first place, the resistance
of the apparatus, if constant and definite,
does not alter by shock or jar, returns to the
same value no matter what the strength of
the wave, and an entirely new piece of wire
immersed to the same depth when a burn-
out has occurred allows the same current to
passasany othersimilar pieceof wire. Again,
the increase of conductivity is always the
gsame in amount under the same conditions
and is exactly what calculations show should
be produced by the heating of the liguid.
Secondly, the change of resistance is exactly
proportional to the energy of the electromag-
thus differing from the opera-
tion of the coherer. Third, if the sizo of the
platinum wire be inereased, the effect falls
off very rapidly, as it should do according to
theory, while in the case of coherer this is
not true. . :

A second method of usingliquid and metal
is illustrated in Fig. 3 of Letters Patent No.
706,738, dated August 12, 1902, for rectifying
the alternaiing currents produced by the elec-
tromagnetic waves. This effect does not oc-
cur when using my improved form of re-
ceiver, as may be readily shown by substi-
tuting such receiver for the electrolytic cell
shown in the patent, in which case no such
rectification will be found to occur. The
evident reason for this is the fact that the
resistance of the liquid barretter is so ar-
ranged as to absorb the energy and not to
allow any of it to pass through. The energy
by being absorbed none of it can be rectified.
A second reason is that the polarization ca-
pacity of the barretter
of such rectification. A third proof of this
consists in the fact that the signals are ob-
tained almost as well when both terminals
consist of similar plecesof platinum, in which
case, according to theory,
no reetification.

-A third method consistsin utilizing the'des

polarization of the electrode caused by the
heating of the liguid. While there is no
doubt that such an effect is probably pro-
duced, itis masked, and when in actual work-
ing practically the entire effect seems to be
An effect
which appears when the voltage of the local
circuit is raised to such a point as to cause
the gases to bubble off from the point gives
rise to a fourth method. When this is the
case, the waves effect an increase in resist-
ance instead of diminution, possibly by first
bubble of gas to be deposited,
which decreases the area of econtact between
the liquid and the platinum wire: This ac-
tion is, however, irregular and occurs only

&

is too small to permit

there should be

a8

at a certain critical point, and as it does not
always oceur and regularly it is not available
for actuating an indicating mechanism,

While the liquid receiver will work well
no matter which pole is connected to the
platinam, it is found in practice that better
results are obtained when the platinum point
is made negative, probably because bubbles
of gas which may come off are dissolved in
the liquid and tend to maintain the condue-
tivity. '

T claim herein as my invention—

1. A receiver for electromagnetic waves
having a small heat capacity and consisting
of a small quantity of liquid, substantially
as set forth.

2. A receiver for electromagnetic waves

consisting of a small quantity of liquid, the
conductivity of which is affected by the ac-
tion of electromagnetic waves, substantially
as got forth.

3. A receiver for electromagnetic waves

.consisting of asmall quantity oflignid adapt-

ed to have its resistance decreased; by the
action of electromagnetic waves, substan-
tially as set forth. ‘

4. A receiver for electromaguetic waves
consisting of a material increasable in con-
ductivity by currents produced by electro-
magnetic waves, substantially as set forth.

5. A receiver for electromagnetic waves
consisting of aliquid and rapidly responsive
as regards temperature to effects produced
by electromagnetic waves, substantially as
set forth. 2

6. A receiver for electromagnetic waves
consisting of a small quantity of nitric acid,
substantinlly as set-forth.

7. A receiver for electromagnetic waves,
having in combination a small quantity of
nitric acid, and terminals formed of platinum

8o
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immersed in said liquid, substantially as seb .

forth.

8. A receiver for electromagnetic waves
having all its contacts perfect contacts and
formed of a material increasable in conduc-
tivity by currents produced by electromag-
netic waves, substantially as set forth. -

9. A receiver for electromagnetic waves,
having in combination & small quantity of
nitric acid, and terminals formed of platinum
immersed in said liquid, the positive termi-
nal having an external covering, substan-
tially as set forth.

In testimony whereof I have hereunto set
my hand. ‘

REGINALD A. FESSENDEN.

Witnesses:
Jessie E. BENT,
T. T.. SCLAYER.
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