
No. 803,518. PATENTED OCT, 31, 1905, 
J. S. STONE 

SPACE TELEPHONY, 
APPLICATION FILED JUNE 29, 1905, 

2 SHEETS-SHEET   



No. 803,513, PATENTED OCT. 31, 1905. 
J. S. STONE, 

SPACE TELEPHONY. 
APPLICATION FILED JUNE 29, 1905, 

2 SHEETS-SHEET 2. 

W INve O 2T2 ..." 
  



IO 

25 

35 

45 

55 

UNITED STATES PATENT OFFICE. 
JOHN STONE STONE, OF CAMBRIDGE, MASSACHUSETTS. 

SPACE TELEPHONY. 

No. 803,513. Specification of Letters Patent. Patented Oct. 31, 1905. 
Original application filed June 20, 1905, Serial No. 266,158. Divided and this application filed June 29, 1905, Serial No. 267,482, 

To all, uh,07), it Tu?tly concern: 
Be it known that I, JoHN STONE STONE, a 

citizen of the United States, and a resident of 
Cambridge, in the county of Middlesex and 
State of Massachusetts, have invented a cer 
tain new and useful Improvement in Space 
Telephony, of which the following is a speci 
fication. - 

This invention relates to the art of trans 
mitting vocal or other sounds, including ar 
ticulate speech, from one station to another 
by means of electromagnetic waves without 
the use of wires to guide the waves to their 
destination; and it relates more particularly 
to the art and apparatus whereby the electro 
magnetic waves are developed by producing 
electrical vibrations or oscillations in an ele 
vated conductor, preferably vertically ele 
vated, in accordance with the vibrations of 
the air accompanying such vocal or other 
sounds. It also relates to a receiving system 
by means of whici; the energy of such waves 
so modified may be selectively received and 
the energy of the resulting electrical oscilla 
tions converted into Sonorous vibrations cor 
responding to the Sounds produced at the trans 
mitting station. 

Certain of the fundamental or underlying 
principles of the invention have been fully 
set forth in my prior Letters Patent, among 
others Letters Patent Nos. 714,756, 737,170 
and 767,994, to which reference may be had 
for a more detailed description of these prin 
ciples, as well as for the general construction 
of the apparatus and circuit arrangements em 
ployed, than is necessary to set forth herein. 
The invention may best be understood by 

having reference to the drawings which ac 
company and form a part of this specification 
and which diagrammatically represent vari 
ous forms of apparatus and circuit arrange 
ments whereby the hereinbefore stated ob 
jects may be realized. 

In the drawings, 
Fig. 1 represents a transmitting system in 

which the amplitude of a practically continu 
Oustrain of electrical oscillations may be modi 
fied in accordance with the vibrations of the 
air which accompany the sound to be repro 
duced at the receiving station. 

Fig. 2 represents another form of transmit 
ting system by which the objects of the pres 
ent invention may be effected. 

Fig. 3 represents a modification of the trans 
mitting system shown in Fig. 2. 

Fig. 4 represents still another form of space 
telephone transmitting system. 

Figs. 5 and 6 represent two forms of receiv 
ing System by which the energy of simple 
harmonic electromagnetic waves of definite 
frequency may be selectively received and the 
energy of the resulting electrical oscillations 
converted into sound waves by means of elec 
tro-receptive devices quantitatively respon 
sive to said electrical oscillations. 

In the figures 
D is a generator of unidirectional electro 

motive force. 
S is a Spark gap. 
n-S is a magnet. 
C. C. C. C. C. and C," are condensers. 
Li Li Le L3 are inductance coils. 
TT are transmitters. 
M M M are transformers. 
B is a battery. 
R is an adjustable resistance. 
K is an electro - receptive device herein 

shown as a bolometer fine wire or strip. 
ni is an electro - receptive device herein 

shown as a condenser telephone receiver. 
n is a magnetic telephone receiver. 
In Figs. 1, 2, 3 and 4 the circuits lettered 

G. are continuously oscillating circuits of the 
general type described in my Letters Patent 
No. 767,983, and each is adapted to develop a 
continuous train of electrical oscillations of 
definite frequency and substantially constant 
amplitude, as more fully set forth in said Let 
ters Patent. In these figures D are direct 
current generators, and the circuits at D b are 
circuits of large electro-motive force and high 
resistance. A permanent magnet n-S may be 
associated in the usual way with each spark 
gap S and perform the usual function of such 
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magnet in connection with the spark gap, 95 
namely, that of extinguishing the arc. In 
Figs. 2, 3 and 4 the spark gap may be a mul 
tiple spark gap whose discharging surfaces or 
metallic parts are of large conductibility for 
heat, as set forth in the Letters Patent to Ioo 
Elihu Thomson No. 444,678, dated January 
13, 1891, in which case the arc is self-extin 
guishing, thereby rendering the employment 
of the magnet unnecessary, or the electrodes 
may be hollow metallic bodies, each provided Io5 
with a vent and filled with Water, in which 
case the temperature of such electrodes can 
not exceed that of the boiling point of water. 
The circuits lettered R are resonant or reson 
ator circuits each attuned to the frequency of IIo 
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the continuous trains of electrical oscillations ling the primary winding p included in the 
developed by the circuits G and, being inter 
posed each between the elevated conductor 
and the generator circuit to which it is at 
tuned, render the oscillations impressed upon 
the elevated conductor simple harmonic in 
form and increase the amplitude of such os 
cillations by the cumulative effect of electrical 
0SOhan CO. 
In Fig. 1 the required variations or modi 

fications in the amplitude of the electrical os 
cillations developed in the continuously oscil 
lating circuit G, are obtained by varying the 
length of the spark gap S. at which the dis 
ruptive discharge of the condenser C takes 
place. A convenient means for so varying 
the length of the spark gap consists in em 
ploying the transmitter diaphragm as one 
terminal of said spark gap. One concrete 
embodiment of this form of transmitter T is 
illustrated in Fig. 2 of U. S. Letters Patent 
638,152, granted Nov. 28, 1899, upon my ap 
plication filed Dec. 15, 1896. The potential 
difference to which the plates of the condenser 
C may be charged before a disruptive dis 
charge takes place across the spark gap S, 
depends upon the length of said gap, and the 
current necessary to charge the condenser is 
proportional to this potential difference be 
tween the plates. It follows that by varying 
the length of this air gap I may vary the am 
plitude of the oscillatory current in the pri 
mary circuit (, C. Li b. By talking into the 
transmitter diaphragm which forms one of the 
spark gap terminals, the length of the spark 
gap is varied in a manner corresponding to 
the Sonorous vibrations accompanying the 
voice waves, and such variations are repro 
duced in the amplitude of the oscillations de 
veloped in the resonant circuit R and in the 
amplitude of the oscillations impressed by 
said resonant circuit upon the radiating con 
ductor Wand, therefore, in the amplitude of the 
electromagnetic waves radiated by said con 
ductor. The resonant circuit R may, how 
ever, be omitted and the primary circuit G 
associated directly with the elevated conduc 
tor system. It is to be understood that I do 
not limit myself in any case to the inductive 
asSociation of a transmitting or a receiving 
circuit with the elevated conductor system 
but may employ the modes of conductively 
connecting the closed and open oscillating cir 
cuits which are described in my Letters Pat 
ent Nos. 767,989 and 767,990. 

In Fig. 2, the means whereby the required 
Variations or modifications in the amplitude 
of the electrical oscillations developed in the 
elevated conductor system are effected consist 
of the resonator circuit 30 and the variable 
resistance transmitter T. By means of the 
generator circuit G electrical oscillations are 
developed in the resonator circuit R, and said 
Oscillations experience an impedance in pass 

resonator circuit, the magnitude of said im 
pedance depending, according to well known 
principles, upon the impedance of the corre 
sponding secondary winding s and its circuit 
offered to electro-motive forces of the particu 
lar frequency to which such secondary circuit 
is attuned. Since the current of any given 
frequency which flows in a resonator circuit 
depends upon the impedance of the circuit to 
the electro-motive force vibrations of that 
frequency, we may say that the impedance of 
fered by a given primary helix to current 
components of any given frequency depends 
upon the current of that particular frequency 
induced by it in the secondary. The second 
ary helix s, develops in the resonator circuit 
30 currents which are practically simple har 
monic and therefore any variation in the elec 
tromagnetic constants of such secondary reso 
nator circuit will produce a corresponding 
variation in the impedance of the primary 
helix. Such impedance variation produces a 
corresponding variation in the intensity of 
the oscillations developed in the resonator 
circuit Rand therefore a corresponding varia 
tion in the amplitude of the resulting electro 
magnetic waves radiated by the elevated con 
ductor W. 
A third embodiment of the present inven 

tion is illustrated in Fig. 3, in which the cir 
cuit 30 is inductively associated with the gen 
erator circuit G and is adjusted to a condition 
of maximum efficiency. By the variation of 
the resistance of the transmitter T, the im 
pedance of the primary p is correspondingly 
varied and this produces a corresponding va 
riation in the amplitude and also in the fre 
quency of the resulting oscillations in circuit 
G. Hence the response of the resonant cir 
cuit R and the elevated conductor system to 
such electrical oscillations is likewise corre 
spondingly varied. This results in the radia 
tion of a practically continuous train of elec 
tromagnetic waves modified as to their ampli 
tude in accordance with the sonorous vibra 
tions accompanying the sounds uttered before 
the diaphragm of the transmitter T. It is to 
be observed that in the system of Fig. 3 in 
which the frequency as well as the amplitude 
of the electrical oscillations developed in the 
sonorous circuit G is varied by varying the 
natural period and impedance of Said circuit, 
the ultimate result is the same as in Figs. 1 
and 2, namely, that the amplitude of a prac 
tically continuous train of electromagnetic 
waves of substantially uniform amplitude 
is modified in accordance with the Sonorous 
vibrations of articulate or other sounds, be 
cause any variation in the frequency of the 
natural oscillations developed in said sonorous 
circuit effects a corresponding variation in the 
amplitude of the forced oscillations developed 
by said sonorous circuit in the resonant cir 
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cuit R which is attuned to a predetermined, 
definite frequency, being the normal fre 
quency of the circuit G, and finally in the am 
plitude of the forced simple harmonic oscilla 
tions developed in the elevated conductor sys 
tem which is preferably attuned as to its fun 
damental to said predetermined, definite fre 
(uency. 
A fourth embodiment of the broad inven 

tion hereinafter claimed is shown in Fig. 4. 
In this figure the required variations are pro 
duced by speaking into the transmitter T 
which is included in a circuit with a battery 
B and the primary of the transformer M", 
which transforms the current in the primary 
to a very high potential in the secondary cir 
cuit containing the condenser C''', which con 
denser serves to partly neutralize the induct 
ance of the secondary and to exclude there 
from the current of the battery D. Currents 
developed in this secondary circuit co-operate 
with the battery Din producing sparks at the 
gap S and modify the amplitude but not the 
period of the resulting oscillations in the cir 
cuit G. 
The frequency of the simple harmonic elec 

trical oscillations developed in the radiating 
conductor by the continuously oscillating cir 
cuits G, is of course far above the limit of 
audibility but by the means already described 
such oscillations have their amplitude modified 

35 

45 

55 

in accordance with the sound waves which 
affect the transmitter T and accordingly there 
results the radiation of a continuous train of 
electromagnetic waves having its amplitude 
correspondingly modified. Such continuous 
train of high frequency simple harmonic elec 
tromagnetic waves whose amplitude is so modi 
fied by the slower periodic vibrations of the 
frequency corresponding to the pitch of an 
audible tone or combination of tones, develops 
oscillatory electric currents of corresponding 
frequency and modified amplitude by imping 
ing upon an elevated receiving conductor at 
a distant station. Such currents so developed 
in the elevated receiving conductor system 
may be selectively absorbed by properly de 
signed resonant receiving circuits attuned to 
the frequency of such currents. Such receiv 
ing Systems are shown by Way of example in 
Figs. 5 and 6 although it is to be understood 
that many other forms of receiving systems 
disclosed in my prior patents are suitable for 
this purpose. The bolometer receiver K is 
quantitative in action, and accordingly the 
current intensities in the local circuit in KR 
of Said receiver correspond to the intensities 
or amplitudes of the electrical oscillations ab 
sorbed by the resonant circuit 33 in which the 
bolometer is included and, inasmuch as the 
amplitudes of such oscillations correspond to 
the Sonorous vibrations of the sounds pro 
duced at a transmitting station, it follows that 

3. 

likewise correspond to said sonorous vibra 
tions and that if the device , be a telephone 
receiver it will reproduce said sonorous vibra 
tions. 

It is not necessary however to employ such 
receiving system including an oscillation re 
sponsive device K and an associated trans 
lating device in because, as shown in Fig. 6, 
the functions of these two elements may be 
performed by a single apparatus which is both 
an oscillation responsive device and a trans 
lating device. The circuit arrangements of 
Fig. 6 are identical with those of Fig. 5 except 
that in the resonant circuit 33' is included an 
electro-receptive device n1 constituting one of 
the tuning elements of said resonant circuit 
and adapted to utilize in its operation the 
energy of the oscillations developed in said 
resonant circuit. In that embodiment of the 
invention shown in Fig. 6 such electro-recep 
tive or translating device consists of a con 
denser telephone C, such for example as de 
scribed in connection with Fig. 12 of my 
Reissue Letters Patent No. 12,149, and such 
condenser telephone constitutes one of the 
tuning elements of the resonant circuit 33 
and is adapted to utilize in its operation the 
potential energy of the oscillations developed 
in said circuit. 
When such telephone receiver is subjected 

to a continuous and uniform vibratory or os 
cillatory current whose frequency of vibra 
tion is above the limit of audibility or is 
higher than the pitch of the highest tone to 
which the moving parts of the receiver are 
capable of responding, the telephone receiver 
remains silent. When however the intensity 
or amplitude of the high frequency currents 
to which such receiver is subjected is not uni 
form, but is subjected to slower periodic vi 
brations whose frequency corresponds to the 
pitch of an audible tone or combination of 
tones to which the moving parts of the re 
ceiver are capable of responding, the receiver 
reproduces such tones or combinations of 
tones. In the system shown in Fig. 6 high 
frequency oscillatory currents of practically 
continuous duration are developed in the 
resonant circuit 33' by the practically con 
tinuous trains of electromagnetic waves ra 
diated by the systems shown in Figs. 1, 2, 3 
and 4, and the variations in the amplitude or 
intensity of such high frequency oscillatory 
currents correspond to the variations in the 
amplitude or intensity of the electromagnetic 
waves which create them. The rate of vibra 
tion of the oscillatory currents so developed 
in the resonant circuit 33' is, of course, so 
great as not to produce an audible sound in 
the telephone receiver n, but the latter re 
sponds to the variations in the amplitude of 
these vibrations and therefore reproduces the 
spoken words which control or vary the par 

the current intensities in said local circuit ticular transmitter T that effects the varia 
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tions in the amplitude of that particular train 
of waves to the frequency of which the reso 
nant circuit 33' is attuned. 
Although in what has hereinbefore been 

stated I have made mention of resonator cir 
cuits in general, it is not all such circuits that 
are available for use in the manner described. 
For the purposes of this invention it is de 
sirable that these circuits have a very marked 
resonance for the high frequencies or rates 
of vibration necessary to effect the radiation 
of electromagnetic waves from vertical oscil 
lators or radiating conductors and in order 
that they may be thus decisive in their se 
lective action, it is necessary to have the resist 
ance and capacity of such circuits relatively 
small and their inductance relatively large. 
Also for the proper operation of resonator 
and Sonorous circuits for such frequencies, it 
is of the greatest importance that the induct 
ance and electrostatic capacity of the cir 
cuits be of the elastic type and, for this pur 
pose, dielectric and magnetic hysteresis, 
Foucault currents and closed secondary react 
ance generally, should be avoided or mini 
mized by any means best adapted for the pur 
pose. Specifications for the design of induct 
ances and electrostatic capacities suitable for 
use in such circuits and the proper relations 
that must subsist between the various mem 
bers of a complex of circuits so that each cir 
cuit is not materially affected by its associa 
tion with the other circuit or circuits have 
been fully set forth by me in prior Letters 
Patent. 
In Figs. 5 and 6 the condensers C," perform 

the functions set forth in my Letters Patent 
No. 767,994 and therefore need not be further 
described herein. 

It is to be distinctly understood that the va 
rious transformers employed in the various 
systems described in this specification are 
illustrated merely conventionally, and that in 
actual practice they may be step-up trans 
formers or step-down transformers as occa 
sion may require; and also that where, as in 
Figs. 1, 2 and 3, a plurality of circuits are 
connected inductively in series by means of 
such transformers, the transformers are all 
arranged to transform in the same direction 
and to impress the energy of the source upon 
the elevated conductor or the electric trans 
lating device, as the case may be, at increased 
potential, if increased potential be desired, or 
at increased current, if increased current be 
desired. 

I make no claim in the present application 
to an apparatus whereby the method herein 
after claimed may be carried into effect as 
such apparatus forms the subject matter of 
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my application Serial No. 266,158, filed June 
20, 1905, of which this application is a divi 
sion. 

I do not wish to be limited to the exact de 
tails of apparatus and circuit arrangements 
herein described and conventionally illus 
trated because many modifications may be 
made therein by those skilled in the art with 
out departing from the spirit of my inven 
tion; but I claim broadly as my invention 

1. As an improvement in the art of trans 
mitting intelligence by electromagnetic waves 
without the use of wires to guide the waves to 
their destination, the method herein described, 
which consists in developing a substantially 
continuous train of electromagnetic waves of 
definite frequency and of substantially con 
stant amplitude, modifying the amplitude of 
such waves in accordance with the vibrations 
of the air accompanying vocal or other sounds, 
selectively absorbing the energy of such waves 
So modified in amplitude at a receiving sta 
tion, and converting the energy of the result 
ing electrical oscillations into Sonorous vibra 
tions corresponding to the sounds produced at 
the transmitting station. 

2. In the art of transmitting vocal or other 
Sounds, including articulate speech, without 
the use of guiding wires, the method which 
consists in developing a substantially continu 
ous train of electromagnetic waves, modifying 
the amplitude of such waves in accordance 
with the air vibrations accompanying the 
sounds to be transmitted, receiving the energy 
of such waves so modified in a receiving con 
ductor and converting the energy of the re 
sulting electrical oscillations into air waves 
corresponding to said sounds. 

3. In the art of transmitting vocal or other 
sounds, including articulate speech, without 
the use of gulding wires, the method which 
consists in developing a substantially continu 
ous train of electromagnetic waves of substan 
tially constant amplitude, modifying the am 
plitude of such waves in accordance with the 
air vibrations accompanying the Sounds to be 
transmitted, receiving the energy of Said 
waves so modified by a receiving conductor, 
quantitatively absorbing the energy of the re 
Sulting electrical oscillations, thereby creating 
current variations in a local circuit, and finally 
reproducing said sounds by such current va 
riations. 
In testimony whereof I have hereunto sub 

scribed my name this 16th day of June, 1905. 
JOHN STONE STONE. 

Witnesses: 
- BRAINERD T. JUDKINS, 

GEORGIA A. HIGGINS. 
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