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"UNITED STATES

| Pa.tented-_Aiigﬁsﬁ 16, 1904.

PaTENT OFFICE.

JOHUN STONE STONE, OF CAMBRIDGE, MASSACHUSETTS.

METHOD OF RECEIVING SPACE-TELEGRAPH SIGNALS.

. SPECIFICATION'fo.rming part of Letters Patent N 0. 767 972 dated Aligust 16, 1904.

Origrinal application filed August 11; 1902, Serial No. 119,211,
~ No. 122,853,

Divided and this application filed Septemher 10, 1902, Seual
(No model.) |

To all whom it may concern:

Be it known that I, JouN STONE STONE, a
citizen of the United bt&tes,, and a resident of

Cambridge, in the county of Middlesex and
have invented cer-

State of \Iassachusetts
taln new and useful Improvements in Meth-
ods of Receiving Spa,ce-Teleo'raph Signals, of
1cation.

My present invention relates to electrore-
ceptive devices for wireless or space telegra-
phy systems, and more particularly to such
devices as depend for their operation upon

the principle of the bolometer, which has for

long been known and used as a means for de-
tecting and measuring radiant energy.

In the bolometer as used by Professor Lang-
ley the change of electrical resistance of a
conductor Wlth temperature 1s employed to
detect and measure the distribution of heat in

the solarspectrum,and the development which

this instrument has received at his hands has
made 1t a far more sensitive instrument even
than the thermopile both for the detection

‘and measurement of exceedingly feeble radia-
This instrument has been so completely

tion.

described in the scientific writings of Profes-
sor Langley and others that I need not take
the space here to descr ibe the Instrument in
various forms and in its details of con-
struction. Suffice it to quote here a bibli-
ography in which the theory, construction,
and sensitiveness of the instrument is more

fully discussed than would be practlcab]e n

a patent specification.

Bibliography of the BoZom.et@?* Svan-
burg, Pogg. Ann., Vol. XXIV, page416, year
1851; Langley, Pmcwdmgs of the Amervcan
ﬂﬂeteamhgwc&i Society, December 23, 1880:
Langley, Proceedings of the American Aca,d-
emy of Arts and Sciences, January 12, 1881,
Vol. 1, Camb.; Langley, American Journal

- of Scwnce third. series, Vol. 21, No. 123,

~ March, 1881 Langley, 009??29568 Rendus des
Seances de- Z’Accsdeame des Scrences, Paris,

September 11, 1882; Langley, American Jour-

nal of Scwnce, Vol 25, March, 1883; Lang- | nal-receiving device, it is necessary in order

- that 1t be qulck to respond to the signals that

ley, -Memowr, National Aec&deﬂw oF Scw?wes-

_Aprll 1883; Lanﬂ“ley, meessw?mz P@J@?s

-waves.

| of the Ségva'Sefméce, No. 15, W’ar-Départ-
‘ment, December 21, 1883; Langley, Proceed-

wmngs of the American Association for the Ad-

vancement of Science, Salem, August, 1885;

Langley, Americon Jowrnal of Sczmce, Vol.

32, August, 1886: Langley, American Jour-

ol of Scamce, third series, Vol. 36, No. 216,
December, 1886; Langley, National Academy i/
of Scwf;wes, Vol. 4, part 2, third memoir,
‘Washington, November ' 1887 Langley,
American Jowrnal of Sczmce, Vol. 40, Au-
gust, 1890; Langley, Annals of the

p?a, Jé@CC&Z 055@?*@@5@7 w of the Smathsonian In-
stetution, Vol. 1, 1900; B. F. Snow, Zhe In-

Astro-

35

6o

fz a-red Spectr af'o F the AZ&(&Z@@S, Physical Re- -

view 1, page 28, 1893; H. F¥. Reid, Ph.D.,
Theory of the BoZmnete? , American Jour nal

of Science, third series, 85, page 160, 1888:

O. Lummer and F. Kurlbaﬂum Wéed Af)m
46, pages 204-224, 1892; Baur, Pmc Berlin

Pl ys. Soc., Mar ch 3, 1882 Bam Ann. deﬁ

P]b und Ch., Vol. XIX page 12, '1881.

‘Besides the use of the instrument for de- -
tecting radiant energy in the form of heat-

waves the bol_ometer has been applied to the -

measurement of .dielectric constants and to

the detection: and measurement of ordinary

electromagnetic radiation, such as Hertz

(See Tachqlieeff, Jowrnal de la Soci-
ete P/z,g/szco Chemeque Russ., page 115, 1890:

‘also Rubens, Paalzow, Ritter, Arons, Wéed

Ann. 37, page 529, 1889 40, page 55 1890;

75

8o

49, page 154, page 581; 44, page 206 &ISO'

St John Froec. Am. Acc‘ad May 9, 1894)

‘When the bolometer is to be used to detect
electromagnetic radiations of wave lengths

oreat compared to those of radiant heat. “the

electroma,o‘netlc waves are caused to deveIOp
a, current in the bolometer wire or strip. The

| energy thereby converted into heat in the

bolometer wire or strip raises its tempera-
ture, thereby increasing its resistance and un-

| balancmo* the bridge or induction- ba,lance of
which it i‘orms a part.

Q0

When the bolometer i 1s to be used as 4 sig- '

the therm&l tlme constant of the bolometer
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wire or strip should be small. and for this rea-
son the material of which the bolometer wire
or strip 1s composed should be of small spe-
cific heat and that the wire or strip should be
of small mass. It is also desirable for this
purpose that the heat insulation of the wire
or strip be not too perfect. In order to gain
great sensitiveness, it is desirable that the
bolometer wire or strip should be of a mate-
rial ‘having high specific resistance, a large

resistance temperature coefficient, and a SlIl‘Lll
specific heat.

An extended list of specific heats may be

tound in Physikalisch- 0]@5?3?@907@@ Tabellen by

Landolt c‘mfZ LBornstein, Julius Springer, Ber-
lin, 1883. A list of the specific resistances
and resistance temperature coefficients may
be found in Mathiessen’s tables. From these
tables it will be seen that bismuth is superior
to other of the commoner metals for the pur-

pose of the bolometer wire or strip owing to

1ts high specific resistance, high - resmtanee
temperature coeflicient, and low specific heat.
It is an inconvenient matelnl to use, how-
ever, owing to its mechanical proper tles be-
ng of small ducmhty and malleability. For
thls reason 1t 1s difficult to construct in fine
wire or excessively thin strips for the pur-
poses of the bolometer. Ior these reasons
iron and platinum have been employed when
from the other considerations bismuth would
have been preferable, and a truly remarkable
degree of sensitiveness has been obtained.

A simple method of employing the bolome-
ter as an electric tr anslating device in a wire-
less-telegraph svetem 1S 1llust1 ated in Fig. 1
of the drawings; but this method is not “the
preferred method owing to the fact that in

general the osmLetow current developed in

the elevated conductor at a receiving-station
1s of small amplitude of strength, end unlese
the resistance of the bolometer ﬁne wire or
strips be excessively great but a small amount
of energy will be dissipated in them. The re-
sponse of the instrument to the signal-waves
will therefore be under these eondltlons rela-
tively feeble, and the rate at which the instru-
ment can recelve signals will be 1elat1vely
slow. The method and apparatus shown in
this drawing is, in fact, identical with the

method and : apparatus pubhehed by Rubens,
Ritter, and others.

In order to adapt the bolometer to properly
perform the functions of a receiving instru-
ment tor wireless-telegraph systems, it is nec-
essary to so arrange the apparatus as to am-
plity the osellhterv current in the bolometer
fine wire or strips, and means for accom plish-
ing this end are dlaa'mmma,tlc‘lllv 111ust1*ated
in FIO‘S 2 and 3.

Ha,vmg givenreference to such printed pub-

lications as will serve to instr uct those wishing |
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to construct and operate the holometer as a
means of detecting and measuring the oscilla-
tious which occur in wircless wlout aphy, my
invention may best he desceribed by having
reference to the drawings which accompany
and form a part of this specification.

Similar Jetters of reference have, so far as
may be, been employved to designate similar
parts throughout the drawines of this speci-
fication.

Figure 1 illustrates diagrammatically the
Rubens apparatus for detecting electrical os-
clllations. N of

Fig. 2 illustrates & modificatio
the Rubens apparatus for deteetine electrical
oscillations especially adapting it to perform
the functions of an electroreceptive device in
a wireless-telegraph system. Fige. 31llustrates
an induction-balance operating upon the ho-
lometer principle and having such modifica-
tions as to be especlally adapted to operate as
an electroreceptive device for wireless -tele-
oraph systems.

V represents an elevated conductor, prefer-
ably vertically elevated. (& representsa gal-
vanometer or other suitable clectrie translat-
ing device. R and R’ represent resistances.

B represents a battery or other suitable source

of current adapted to operate the clectrice
translating device (. Thus 1f (3 be a eal-
vanometer I3 must be a source of dirvect or
unicirectional current, whileif (x he an electro-
dynamometer B must be a source of cithoer
unidirectional or vibratory currents, and if (i
be a telephone B must be a source of rapidly-
varying currents. D1 s a source of rapidly-
varying currents. @« """ and L0 O L
are bolometer fine wires or strips adapted to
be heated by the passage of a small carrent.

i 1s an earth connection. T is a telephone-
receiver. I, 1s an inductance-coll. 1) isa

coll of inductance great as compared to the in-

ductance of coil L. C is a condenser.

The operation of Fig. 1 is the same as that
of the Rubens device. In the normal adjust-
ment of the apparatus the branches B3 and (¢
are conjugate, and there 1s thu efore normally
no current passing through G. Morcover.
1f we desig 11‘116 the resistance of the sever ral
conductors « a, &c., b0, &e., hy their let-
ters of 1efe1 ence then nomm] adiust.-nu_mh 15
a=c, ¢ =da", b=a, O'=d, 0=, H'"=ua".
The ple’rened ad;]uetmem oi th(‘- 1(1%1%11}(0&
of the branches « @', &ec., O 1, &ec..is: «='
= ' =a""=0=0"=)"=0"", or, in other \\‘(]}1'(.]&-;.}
the resistances are all equal. In the recep-
tion of signals an oscillatory current is de-
veloped 1n the elevated conductoror oscillator
V LK, and this current passing throueh the
" eause
LCLOTS.
ctors o
" causes a corresponding rise inresist-

bolometer fine wires or strips « « o' «
a rise 1n temperature 1 these conc
This rise in temperature in the condu
a & o
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ance of these conductors, and this rise in re-
sistance unbalances the. Christi’ balance or
\Vheetstone s bridge, of which these condue- |
A current is thereby caused |

to traverse the electric translating device G,
which either indicates the passage of szud_
*onrrent directly or by the closing of alocal cir-

“cuit adapted to operate a telecrra,phlo sounder |

tors forma part.

- or recorder.

Io .

20

- ment of the apparatus M is an 1ndnet10n—oo1l"
or transformer of which I and I’ are two ex-

- 30

35

40

"The orcramzetlon ShOWIl in Fig.- 91is 1den-:

tical with that Shown in Fig. 1 exoept thet

“the bolometer fine wire or strips Z o a, af”

form. part of a resonant circuit @ «' @ o

L I/ C attuned to the frequency of the elec-.
- tromagnetic signal-waves to be received. By
~ this means the oeelllatorv currents developed :
in the conductors ¢ ¢’ ¢ «

11

amplified when the

than waves of any other frequency.

The organization shown in' Fig. 3 is given |
1n this speelﬁoatlon merely to 1llustrete how
varlied may be the forms of induction-bal- |
‘ances or bridges employed without departing

from the present invention. - In thisarrange-

actly equal primaries, forming, in fact, a

continuous coil and having a ter mma,l brontrht |

out at the neutral pointo. By this construe-

| tlon the circuits containing the telephone -re- |
ce1ver T and generator D are norrnellv ren-

dered conjugate by making a=d' =¢" =4 =

b b! &H &Hf

in frequency wwh the frequency to which the

“cireuit ¢ ¢’ @ ¢ CL L/ is made resonant the

induction-balance is unbelanoed and the tele- |

' phone T gives forth a sound-signal.

45
- the or O'&DIZ&thIlS shown in Figs. 1 and 2,
and it is also true that D and T may 1nter-'
change positions in Fig. 8 without affecting

55

It 1s obvious that B-and G- may 1nte1"ohano'e
positions without affecting the operation of

the operation of the apparatus.

I do not claim herein an apparatus for re-
ceiving space-telegraph signals which utilizes

in its operation the dles1p&13we energy of the

electric currents developed therein by electro- |

magnetic signal-waves, such apparatus hav-

ing “been claimed in my apphee,tlon, Serial No.
119 211, filed August 11, 1902. | |

The speoml forms of brldo'es and indnotlon- |

- belenees which may be nsed for the purpose

. 6o

and in the manner herelnbetore described are

very great, and some of these forms are well |

I therefore wish it to be
‘particularly understood that I do not restrict.

known n. the arts.

myself to any special form of bridge or bal-

. ance or mode ot essooletlno' a bolometer ﬁne

are not only much |
signal - waves a,'r'e of the
frequency to which the circuit e o’ o o' L1/
C is attuned, but the organization is rendered
- seléctive, so ‘that 1t 1s'more responsive or sen- |
sitive to waves of this particular freqnenoy;

Under these circumstances no
-sound is heard in the teléephone, but when
signal-waves are received which correspond

wire or Strlp Wlth snch brldcre or belanoe'
but

I claim, broadlv as my invention—
“ 1. The method of receiving wwelees Or snaoe

teleo oraph signals, which consists in recelving

the energyof the eleotroma gneticsighal-waves
in an elevated conductor, conveying said en-

ergy to a resonant circuit 1ncludmc' the fine -

wire or strip of a bolometer and attuned to
the frequency of the signal-waves to be re-
ceived, converting said energy into thermal
energy, thereby varying the resistance of said
fine wire or strip, and producing 1nte1110*1ble
signals by such resistance variation.

9. The method of receiving wireless or space

teleo*reph signals, which consists in receiving
the energy of thesignal-waves in an elevated
conductor, conveying said energy to a reso-
nant cir onlt icluding a fine wire or strip. of
small thermal time constant forming the vari-
able resistance of a bolometer, converting
said energy into thermal energy, therebv
varying ‘the resistance of said fine wire or
strip of small thermal time constant, and pro-

ducing 1ntelho“1ble ewnals by such remstanoe |

variation.

05

75

80

90

3. The method of I‘BCGIVIHU' space- telewreph '

| signals, which consists in recelving the energy
of eleetromecrnetle signal-wavesin an elevated.

conductor, conveying or translating the en- -

ergy of the resulting electric osolllatlone to a
closed resonant circuit attuned to the fre-

quency of the transmitted waves, converting -

the energy of the electric oscillations devel-—

| oped in said resonant circuit into thermal
energy and thereby producing intelligible Sl g-

nals in a suitable indicating device. -

4. Themethod of receiving space- telecrreph'
signals, which consists in rece1ving the energy

95

100

of electrom agnetic signal-waves inan elevated -

conductor, conveying or translating the en-
ergy of the resulting electric osolllatlons to a

'105}

closed ' resonant olrcmt attuned to the fre- -

quency of the transmitted waves, changing

| the resistance of a conductor or a plnrahtv |

of conductors of small thermal time constant

included in said resonant circuit by the energy

of the electric oscillations developed in said

110

resonant circuit and thereby producing intel-

ligible signals in a suitable Indicating device.
5. The method of receiving space- teleﬁ'reph
signals, which consists in receiving the energy
of electromeﬁnetlo signal-waves in an elevated

conductor, a,rnphfylnﬂ' the resulting eleotrlo_

oscillations by means of a closed resonant cir-

cuit attuned to the frequency of the trans-

mitted waves, and utilizing the dissipative en-
ergy of the .:mehhed osollletlons to thereby
produce intelligible signals.

115
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6. The method of receiving Sp.ace-teleﬂ"rephf -

signals, which consists inreceiving the energy
of electromewnetlo signal-wavesin an elevated
conductor and causing the reeultlncr electric

Sullatlone to ohen oe the thermal cond 1tion of |

125
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4

a member of small thermal time constant to
thereby produce intelligible signals in a suit-
able indicating device.

{. The method herein described of receiving

space-telegraph signals, which consists in re-
celving the energy of the electromagnetic sig-
nal-wavesin an elevated conductor and utiliz-
ing the dissipative ener oy of the resulting
electric oscillations to effect a change in the

condition of a member of small therrml time

constant to thereby produce intelligible sig-
nals in a suitable indicating device.

8. The method of receiving space-telegraph
signals, which consistsin absorbing the energy
of electromagneticsignal-waves by an elevated
conductor and changing the temperature and
resistance of a sensitive element of small mass,
small specific heat and imperfect heat insula-
tion by the energy of the resulting electric os-
cillations to thereby produce intelligible sig-
nal indications in a suitable indicating device.

9. The method of recelving space-telegraph
signals which consists in receiving the energy
of electromagnetic signal-wavesin an elevated
conductor, amplifying the resulting electrical
oscillations by means of a resonant circuit at-
tuned to the frequency of the transmitted
waves, and utilizing the dissipative energy of

the amplified electrical oscillations to produce

intelligible signals.

10. Themethod of receiving space- -telegraph
signals which consists in receiving the energy
of electr omagnetic signal-wavesin an elevated
conductor, ‘lmphtymg the resulting electrical
oscillations by means of a cireuit attuned by
capacity and inductance to the frequency of the
transmitted waves and utilizing the dissipative
energy of the amplified electrical oscillations

“to produce intelligible signals.

11. The method of receiving space-telegraph

signals which consists in receiving the energy

of electromagnetic signal-waves in an elevated
conductor, thereby creating clectrical oscilla-
tions in said elevated conductor,converting

the
energy of said electrical oscillations into ther-
mal energy and thereby producing intelligible
signals in a suitable indicating device.

12. The method of receiving space-telegraph
signals which consists in receiving the energy

of electromagnetic signal-wavesin an elevated -

concuctor, thereby creating electrical oscilla-
tions 1n said elevated conductor, utilizing the
chssipative energyof said electrical oscillations
to vary the condition of asensitive element and
thereby producing intelligible signals.

13. The method of receiving space-telegraph
signals which consists in receiving the enerey
of electromagnetic signal-wavesin an elevated
conductor, thereby creating electrical oscilla-
tions in sald elevated conductor, utilizing the
dissipative energyof said electrical oscillations
to effect a change in the thermal condition of a
sensitive element and thereby producing in-
telligible signals.

767,972

14. Asan improvement in the art of receiv- 65

1ng space-teleoraph sienals the method herein
described of utilizing the dissipative energy
of the electrical oscillations dmmlopu‘
space-telegraph recelving system to vary the
thermal condition of a sensitive element and
thereby producing intelligible sionals in a suit-
able indicating device.

15. Asanimprovement in the art of receiv-
ing space-telegraph signals the method herein
described which consists in converting the
energy of the clectrical oscillations developed
In a space-telegraph receiving svstem into
thermal energy and thereby producing intel-
ligible signals in a suitable indicating device.

16. In the method lierein described of re-

ceiving the energy of electromagnetic signal-

waves, the step which consists in converting
the enervgy of the electrical oscillations or
oscillatory electric currents resulting from
electromagnetic waves into thermal energy.

17. Asan improvement in the art of receiv-
Ing space-telegraph signals the method herein
desceribed which consists in absorbing the
energy of electromagnetic waves, converting
the energy of the resulting electrical oseilla-
tions or oscillatory electric cirrents into ther-
mal energy and thereby producing intelligible
signals. '

18. Asanimprovement in the art of receiv-
Ing space-telegraph signals the method herein
described which consists 1in absorhine the
energy of electromagnetic waves, changing or
modifying by the dissipative energy of the
resulting electrical oscillations the normal
condition of a body of conducting matter and
thereby producing intelligible signals.

As an improvement in the art of receiv-
Ing space-telegraph signals the method herein
described which consists in changing or modi-
fying the normal condition of a conductinge
body of small mass and small specific heat by
the cnergy of clectromagnetic signal-waves
and thereby producing intelligible signals.

20. Asan improvement in the art of receiv-
Ing space-telegraph signals the method herein
described which consists in changing the nor-
mal condition of a homogeneous l}odv of con-
ducting matter by clectric currents resulting
from electromagnetic signal-waves and there-
by producing intelligible signals.

21. The method of receiving space - tele-
oraph signals which consists in absorbing the
energy of electromagnetic signal-waves, con-
verting the energy of said waves into thermal
energy, and thereby effecting the production
of intelligible signals.

In testimony whereot I have hercunto sub-
scribed my name this 9th day of September,
1902.

JOHN STONLE STONIL.

Witnesses:
Arnex. P. Browne,
KN B. ToMLINSON.
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