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To wll whom it may coneern:
Be it known that I, GREENLEAF WHITTIER
Proxarp, = citizen of the United States of

.America, and a resident of the town of Ames-
bury, State of Massachusetts, have invented

certain new and useful Improvements in
Means for Receiving Intelligence Communi-
aves, the
which are set forth in the following specifica-
tion and accompanying drawings, which dis-
‘closé the form of the invention which I now
consider to be the best of the various forms
in which the principles of the invention may
be embodied. . -

This invention relates to meang for receiv-

ing intelligence communicated by electric

‘waves. L B . . .
“The object of the invention is to provide a

‘ecommerclally-useful means for operating a:

device for transiating the communications
into intelligible form exclusively by the en-

.ergy of the oscillatory current generated by .

+hn vasnint nf ths wavna
VLGS, TECTIDL UL WOl Wa Yoo,

To this end the object is to practically-util-

‘iz -a combination-of the phenomena of the

generation of heat by electrical energy at a
thermo-junction’ and of the generation of
‘electrical energy by the heat energy ot o

thermo-junction.

‘miercially-employed’ wireless-telegraphy - in-

.stallations,

Of .the drawings, Figure 1 is a diagram-
matic illustration of a well-known form of
uﬁreless—telegragh receiving-station appara-
tus, this being the apparatus with which the
invention has been actually used. Figs. 2
and 3 are a side elevation and section, respec-
tively, of the present preferred embodiment
of the deteetor employed in the invention in

its present most efficient form, Fig. 3 being &

slightly-modified form. _
"~ In Wig. 1 the general srrangement is the

well-known loop form of wave-interceptor A |
A’, operatively provided with the usual ad-

justable capscity C, induetance L,adjustable
in both the wave-interceptor and ogellation-
receiving circuits, the inductance L’; adjust-

able in the -wave-interceptor circuit, and the .
connections of the latter circuit fo ground | by
' " between them with respeet to the area of the

at G.

rinciples of:

Thet these objects have been actually ac-,
complished by this invention has been dem-.
.ongtrated by practical tests, consisting of
‘the -intelligible reception of communication:
-over long distahees In connection with eom-

.| detector .

In Fig. 1 the circuit L, T d, €/, T receives
the oscillations generated in the wave-inter-
eepting loop, the inductance L being adjust-
able in the oscillation-circuit, which is well
adapted for use with the thermo-ceuple de-
tector, as it includes the -adjusteble con-
denser C’ and the device T in shunt to this
condenser. The device T is preferably a
telephone-receiver and may be any. other
form of device, such as a sensitive galvanom=
eter, which will indicate an abrupt flow of di-
rect current. The detector should in use be
maintained in good electrical connection in-
the oscillation-circuit, and the thermo-june-
tion T J should also be a good electrical con-
tact. The lead to thé shunt-connected con-
denser €' and the telephone T is taken from
the lower end of the inductance I, 50 that the
telephone end its parallel-connected con-
denser are in series between the detector and
& part of the inductance L, which is of lower
potential with respect to the ground, the ad-

t'rn'nf,nge o t}nn arrancrament of recoivine

a8, o1 i atACaY

means being that it obviates the establish-
ment of a deleterious loca] condenser action
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which would otherwise take place in the leads )

to and the windings :of the ndicating device

if connected in a cirenit through the detector.

A further adventage of the arrangement is
that the proximity to the human body of the
telephone or other indicating device does not
affect the tune of the cireuit, and it does not
form s deleterious shunt-path to: ground
through the human body, owing to the fact
that the potentisl of the circuit between the
d the lower inductance connec-
tion is (uiring the receipt of the osciliations
and with respect to thém of the same poten-
tial as that of the earth. : )

‘The detector, roughly indicated at T J in
Fig. 1, is shown in detail in Fig. 2. 1isa
wooden base to which are secured an angular
metal support 2 and a metal plate 3, provided
with bingmg—posts 45 for the leads of the os-
cillating circuit of Fig. 1. One element of
the detector is the chuck, which1s removably

 serewed into the plate 3 by the part 6.  This

¢huck eongists of a- piece of metal M, to
which is soldered a metallic plating M P,
such as coplaer or silver, which r})hﬂmg is de-
posited on the matarial N in order to minim-
1ze the generation of thermo-electromotive
foree between: the material and the metal M
by providing a large sren of surface eontact
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junction T J of Fig.:1. The deposition may
be by electroplating or by fusing a layer of
the matertal N upon a metallic surface, or
otherwise, and, as shown in Fig, 3, it is suffi-
clent. to place the material N in. a liguefied
mags of fusible metal F' M in a chuck-cup 18,
provided with a screw .17, so that when the
metal F M cools and solidifies the material N

will be firmly embedded in and in good elec-:

trical contact with the metal F M,

- The operative thermo~junction (T.J ofFig.

1} is located at the lower end of the hollow
metallic gleeve 7 of Fig. 2, which junction:is
of leag surface aren-with the materisl N than

at the surface M P, This cleeve slides along

the metallic lproj ection 8, depending from the
metallic bal C
soeket universal joint with the part.10, of thin

metal, whieh is stamped to shape and se--
cured to.the metallie support 2 so as £6 com--
plete the circunit.

- The sleewe member 7 of the thermo-june-

- tlon may be of any suitable metal which is a
good conductor of electricity. The other:
member N of the thermo-junetion should.

have a high thermo-electromotive force and

@ high electrical resistance in order to concen--

trate-as much as possible of the energy of the

reeeived oscillations,in the form of Joulean

heat, at.the point.at which the heat energy

15 -converted mio an electnie eurrent bhv rea-

i¢ converted mmto an electrie eurrent by rea
son of the different physieal characteristics
of the two elements forming the thepmo-
eomple. The member N should havé a high
thermo-eleetrometive foree in order fo ob-
tain the maximuim percentage of regenerated
The thermo-junetion between the
members N .and 7 should be a good electrical
conteet, and this is secured by the spring 11,
which presses the sleeve-contact against the
member N. This should be a good electrieal
contact in order to permit the energy of the
received oscillations to have ready access to
the thermo-junction and to exclude sll vary-

ing-resistance action of a-leose contact or co-

herer nature which if it oceurred would offer
seriotls cop}{1
sot 'I'1p by the recelved ageal Nations and thare-

oLl ) RS TEURLY U OSCIRBTIONE DG bRETS

by prevent the flow of the--feeble’oscillatory'

currents which if not se epposed operatively
heat the thermo - junction, to generate a
thermo-electromotive foree to causethe loud
clear click in the telephone.

The member 7 of the thermo-couple is me-.
tallic; but the best results so far have heen'

hadwith themember Nof a non-metallicnatu-
ral element, such as silicon, which possesses

in a high degree the desired properties of high |

eléctrical resistance and high thefmo-electro-
motive force. It appears to be most useful
either in the massive amorphous or graphitic
solid form. This material may be used com-
mercially when pressed into good . eleetrical
contact between two good eonductors, such

! anAnnnar Ivmaonanfioa Ak Fha ananant wala
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-ugeful gefion,

9, the ball forming-a ball-and--|-

osition to the electromoiive forces-

886,681

tive-surface arens; but tlhisiis-motthe most l

sensitive form because two operative thermo-
Junctions are formed, one at each contact of
the material with the two conductors, The'
comhbined thermo-electromotive forces at
these two junctions act in opposition®to-each.:
other with respect to the telephone and if
the two junctions are vf equal resistance the

-ogeillations will cause the saie temperature

rise in_each junction, and consequently the.

same thermo-electrometive foree will be-gen-

0.

erated at.each junetion, but of oppositesigns, =

resuliing -in e complete annulment of any

. )
N nrantiso AMZoTen i et
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possible to obtain equal resistanee at each
Luncﬁlon by connecting the simple materisl

etween two conductors in the circuit, and
‘hence the amount of heat generated will al-

8o

“ways be so much greaterat one junction that -
FR N e 1 L . . - -
“there will exist-a suffiefent preponderance of

85,

thermo-electromotive farce of one sign to-op- -

-erate the sensitive indicating device T of Fig.

1. However, by providing a relatively very
large area of surface contact at the junction
which it is desired to make of lower resist-
ance, as by the metal plating or embedding
in Figs. 2 and 3, it is possible to obtain nearly

~all the thermo-eleetromotive force as of one

sigm, and this is the preferred .embodiment of
the invention, 5
Im.order to obtain the best poswlts, the

sbove-specification should be carefullj,r_faln
lowed.
as follows: The energy of the received escilla-
tionsis converted into heat at.the high-resist-
-ance junction of the element having -high
thermo-electromotive force with the iow re-
sistance or metallic element, the amount of
heat and consequent temperature rise being
proportional to the square of the.current and
the resistanee, according to the well-known
law of Joule. This heat enerey is then, acs
cording to- this invention, regemerated -or
converted inte a direct electric eurrent, * So
far T have been able to convert wpward of
ten per cent. of the energy of the oscillations
into direet-qurrent energy. The device is

- ' - E T AP 1.1 ey
therofore an elestrical converter or vectifier,

and inasmuch as the potential of the regen--
erated direct current is different frora that.of

the oscillaftions it is an electrical trans-'
former. Lhave termed it a “thermo-cleetrie--

regenerative detector’’ because the energy is.

go
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In such case the operationis wholly .
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inthe form.of heat.at an intermediate atage. .

In the preferred form of the invention the
thermo-electric action is of extraerdinary

- vigor, asis indiested by-the fact that the only

energy empleyed to commereially operate
the telephone Tis that of the received ogrilla-
tions. All resistance-varying action should
be reduced to a mintmum/ because, sofar as

120 .
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it may be permitted to exist, it is in the diree- -

tion of an incresse which inwolves aredue:

tion in the heat generated and a consequent

reduction in the generated thermo-elecire-

I3o
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motive force and the useful effect of the latter
upon the telephone. If any resistance-vary-
ing action be present in sny embodiment of
the invention, it will, however, have no other
effect except to decrease the useful therno-
electric aciion, because it cannot slone oper-
ate an indicating device and because no aux-
iliary source of electromotive force can be
used which it might vary to operate the tele-
phone.  Trials have demonstrated that the
use of an suxilisry source of electromotive
force with this detector results in an annul-
ment of all effect of the energy of the oscilla-

- tions upon the telephone—thut is,-an-annul-
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ment of the thermo-electric action—and that
any resistance variation which might take
place was inoperstive, as to the suxiliary
source, to produce an indication in the tele-
phone.

The remarkable fact that the telephone
can be operaied in a commercial manner
golely by the converted energy of the received
oscillations is explained by the statement
that that feeble ensrgy which is received at
the ordinary commercisl wireless-telegraph

stition is arnply sufficlent to-operate a sensi- |

tive receiving instrument, provided thst the
translation of this energy into the form of a

direct current is efficiently .accomplished. |

Tt is of course necessary in commereial
work to eflect'this conversion, because there
is no known indic&tin% means which can be
sensibly affecied by the received energy of
commercisal long-distance wireless telegraphy
when in the form of high-frequency oscilla-
tions, notwithstanding the fact that a sensi-
tive telephone may, as an experiinental feat,

- be slightly sflected by'the oscillstionsemicted
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‘thousandth of an erg per dot.

from a nesr-by or very powerful sending sta-
tiom,

The energy required to commercially operate
a telephone——thsatis, toproduce inita clleurly-
defined dot, in, for exsmple, the Morsecode—
is approximately -one- millionth (1X107%
érg.” The energy received by the average
long-distance commercial wireless-telegraph
station 1s of the order of magnitude of one-
The efliciency
of the apparatus of this invention, as demon-
strated {iy trial under commercial conditions,
isupward of tenpercent. Thereisthus ample
margin for commercial -operativeness for the
feast gensitive form of this invention in the
case of the present longest-distance wireless

telegraphy.

3

The speed of reception with this invention
1s unlimited, since it is not only self-restoring
ta its sensitve state, but this restoration is
prectically inséantaneous, because the small
quantity of hest which is generated by the
received oscillations comprising a signal is
rapidly conducted awsay, partly by thermual
conduction, tothe metal portion of the couple
and the remainder by the regeneration intn
an electric current, which finslly expendsits
energy in the indicating device.

The advantages of the new detector are as
follows: It fulfils all requirements of com-
mercial wireless telegraphy as-to sensitive-
ness, speed, stability, and freedom from deli-
eate adjustinents. 1 have found that the
continued sensiliveness of the detector is in
no wise impeired by severe static dischsrges.
It is also simple and cheap in construction.
Tt is not affectéd by changes in atmospheric
temperatureorhumidity. Itssensitivenessso
far has not been impaired by continuousand
gontinueduse. Ithnsnolimitednumberofop-
erative contact-points, as in the case of erys-
talline masses, which operate by the variation
of resistance due to a healing of a smzll part
of the masses. Anyportion of any one OII' the
classes of mnterinl having high thermo-elec-
tromotiiveforee and high electrical resistance,
included within this invention, makes an op-
erative thermo-junciion with a metallic con-
duetor if held in good elecirical contact-there-
with. This invention Tequires no suxiliary
source of heat, as has been necessary with pre-
vious converters designed for high-frequency
oscillations. ) ’

1t is an important, practical, as well as eco-
nomical sdvantage of this invention that it
essentielly dispenses with auxiliary sources
of energy in thut such sources, such &3 bst-
teries and the requisiie accompanying poten
tiometers, are expensive in initial cost and in
msintenance for operation and repairs and
require frequent replacement. There is ap-
parently no limit to the operative life of the
detectors included in this invention.

T claim— ) )

As an element of a means for receiving in-
tellizence communicated by electric waves,
the substance silicon, substantially as and
for the purpose described. .

GREENLEAF WHITTIER PICKARD.

Witnesses: :

SamvueL Hussarp MANSFIELD,
Hevry Azor WENTWORTH.
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