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Zo all whom it may concerr.:
Be it known that I, WILLARD M. MINER, a

citizen of the United Statee and a resident of

Plainfield, in the county of Union and State

of New.Jersey, haveinvented certain newand

useful Improvements in Multiplex Teleph-
ony, of which the following is a specification.

My invention relates to an improved art of
multiplex telephony, the object of which is
to permita number of telepone conversations
to be carried on over one line-wire or circuit
without interference with one another.

It has heretofore been proposed in the art
of telegraphy to utilize one line-wire for a
number of simultaneous Morse or other tele-
egraph transmissions by establishing at the op-
posite ends of said line, 1espeet1vely sultable
synchronously - op eratin g circuit-changers
or switches sometimes termed ‘“‘distribu-
ters” or ‘‘sunflowers,” said distributers op-
erating to establish a connection between the
line and a series of branches or subeircuits
in succession and at rapidly-repeated in-
stants of time, so as to produce, in effect, the
condition of a continuous connection be-
tween corresponding branches or subcircuits
at opposite ends of the wire, said corre-
sponding branches containing the transmit-
ters and receivers that are used in conjunc-
t1ion for the purpose of transmitting intelli-
gence. 'T'hesuggestion has been made here-
tofore that by means of the same apparatus
1t would be possible to use one line for a
number of simultaneous telephonic commu-
nications, and previous experimenters have
laid down as the controlling factor in such
telephonic multiplex transmission that con-
versation may be carried on successfully over
a large number of subcircuits provided that
the intervals of time elapsing between the
successive connections of any one branch or
sub circuit with the line arenot greater than
about one one-hundredth of a second, the
theory being that, as expressed by one experi-
menter, ‘‘the ear will utterly fail to detect an
interruption of a continuous sound for an in-
terval of as much as one one-hundredth of a
second.” In an apparatus organized to op-

grate upon this principle there is of neces-
sity, owing to the exceedingly complex nature
of the sounds of the voice or of articulate
speech and the exceedingly great number of |

| waves necessary to produce even a single

word, a loss in each interval between the sue-
cessive closures of circuit of many of the
finer or more complex sonorous vibrations
upon which depends the quality of sound that
characterizes the human voice. This will be
evident when we consider that the number of
waves producing a singleword may be many
hundreds in number. In fact, it has been
demonstrated by means of a phonograph-rec-
ord that the number of vibrations involved
in the words *“ Royal Society of Edinburgh”
spoken with the slowness of ordinary speech
would be over three thousand; but as is well
known the diaphragm of the phonogmph does
not respond with perfect accuracy to all the
vibrations of the voice, and hence the record
produced would not contain all of the partial
vibration or overtones which give to speech
1ts timbre and individuality. It is further
well known as a fundamental law of acous-
tics that each vowel sound is simply the re-
suit of the reinforcement by the air in the
cavity of the mouth of one, or, in some cases,
two overtones of determinate pitech contained
in the sound which proceeds from the vocal
cords. 'T'he notes or tones characteristic of
such vowel sounds as it has been determined
vary irom about two hundred and twenty-
ive vibrations per second through a range
proceeding by octaves for the various vo Wels
to a note of three thousand six hundred vi-
brations per second, which is the character-
1stic note for the vowel ““1.” Without regard
to the exactness of the figures given by va-
rious physicists, it is undoubtedly the fact
that the characteristic vibrations of human
speech are of very great frequency and for
many sounds are of a number of thousands
per second. 1t1s therefore obvious that any
system of multiple telephony which permits
an interruption of the telephonic circuit for
as much as one one-hundredth of a second
or even for an interval very many times less
necessarily must be imperfect, owing to the
loss of many characteristic notes or vibra,tions
belonging to the voice in talking.
Fxpemment demonstrates the unsuitabil-
ity of such previous systems even when the
duration of the interval between successive
closures of any one subcircuit is reduced to
a much smaller interval than that indicated
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by previous experimenters as within practical | namely, the prowsmn of a contact or a fre-

limits, and even when the exact interval pre-
viously indicated as permissible—namely,
one one-hundredth of asecond is employed—
it will be found that a choppy or irregular
effect or sensation is produced in the ear of
the listener.

My present invention pmﬁeeds upon the
theory that for the successful transmission
of speech over any one of the branch or sub

- ¢circuits successively connected to the line
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the closures of connection for that branch
must be repeated with afrequency or rapidity
approximatine the frequency or average
frequency of the finer or more complex vibra-
tions which are characteristic of the voice or

of articulate speech, and this I have demon-

strated to be the true and necessary princi-
ple of operation by actually operating the
circult-closing switches or distributers, so as
to produce closures of each of a number of
branches or subeircuits at-a frequency of as
high as four thousand three hundred and
twenty closures per second, at which rate 1
find that the voice with all its original timbre
and individuality may be successfully repro-
duced in the receiving instrument. At this
rate of contact or closure a connection is fur-

nished for every one of the various vibra-

tions or waves which are required to produce
speech or the human voice, and while 1 have
obtained the best results from such rate of
closure I have also succeeded in getting what
might be considered as commercial results
by using rates of closure that, comparatively

speaking, are as low as three thousand five |

hundred closures per second, this being prac-
tically the rate of the highest note which
characterizes vowel sounds. As the rate in-
creases, however, and up to that named—
namely, four thousand three hundred and
twenty closures per second—I find that the
accuracy and clearness of the speech trans-
mission increases, but that beyond said high-
est Tate no beneficial effects are obtamed
but there 1s rather a loss of effect, from Whlch
it is to be inferred that the higher rate is that
of the highest rate of the overtones nr par-
tial tones that belong to the human voice.
I do not, however, 1in my c¢laim of invention
limit myself to the special rate named, but
claim as theprinciple of my improved method
the provision of a contact or closure with
such frequency as to provide a circult or
connection in readiness for approximately
all the waves or vibrations that characterize
spoken words. It will be understood, of
course, that with the lowering of the rate
there is a necessary tendency to loss of some
of the characteristic vibrations, although a
rate of three thousand six hundred closures
per second will provide for all of the over-
tones characterizing the vowels and will
therefore permit the several simultaneous

65 transmissions to be carried on with some de-

oree of distinctness. By proper observance
of the rule that 1 have herein laid down—

il "

il

745,734

quency of connection determined by the fre-

quency of the overtones or partial tones of

the human voice which 1t is desired to repro-
duce in the instrument in each subeircuit—a
oreat many simultaneous conversations may
be carried on over one line or circuit. So far
as observable, if this rule be observed the
duration of the intervals between successive
closures as compared with the duration of
each closure is comparatively unimportant.
In fact, if the frequency of the closures be

such as hereinbefore set forth—thatis to say,

be adjusted to the frequency of the charac-
teristic overtones of speech—so that there
shall be a closure provided at some instant
or other in the time of each vibration, the

duration of each sald closureis compai'a;tively '
unimportant, and hence it becomes obviously

possible to use a larger number of simultane-
ous transmissions th:am has ever before been
proposed. I have in practice obtained per-
fectly commercial results with four simul-
taneous transmissions. As will be seen,
therefore, my method involves a practical
departure from previous practice in so far
as I proceed not with reference to the dura-
tion of the intervals permissible between
successive closures of any one branch or sub
circuit, but organize and operate the appa-

ratus with reference to the production of

closures of determinate frequency irrespec-
tive of duration of each ¢losure or duration
of each intermediate interval during which
circuit is broken upon said branch or sub
circuit.

Having described the general pr 11101ple of
my 111\?"6111}1011, 1t will be Obvmus that the ap-
paratus for carrying the same into effect
would in its general fmm be the same as that
heretofore used for multiplex telephony or
telegraphy, excepting that the apparatus

~would be run at an enormously greater speed
so as to bring the frequency of the closures

of connections upon the several branches or
subecircuits up to a rate appreoximating Iin
oreater or less degree the rate of the vibra-
tions of the overtones characterizing speech.
A rate of closure of one or two thousand per
second will not answer the purpose of my in-

vention; but as the rate increases and passes

beyond three thousand improved results will
become apparent and markedly so when a
rate of three thousand five hundred or three
thousand six hundred per second is reached,
the best results being obtained, however,
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when the rate 1*eaches about four thousand |

three hundred per second.

The accompanying drawings illustrate in
diagrammatic tashion a pair of rotating eir-
cuit closers or distributers in a typical form
sometimes emploved for multiplex transmis-
sion over a single-line circuit.

The rotary arms at opposite ends of the line
2 are marked 3 3', respectively. They are

kept in synchronism by any means known in
the art, and each is shown as rotating over five
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contacts, to which are connected, respec-
tively, the five branch or sub circuits 44', 55,
66°,77,88. Thecorrespondingly-numbered
branches include the telephonic apparatus or
sets of apparatus that are used in conjunction

for conversation. The circuit shown 18 a

oround-circuit; but, as will be obvious, the

apparatus might be organized in the well-
known manner as is shownin Kig. 2toprovide
a metallic circuit for each telephonic trans-
mission. Since my invention, however, does
not depend upon any special construction of
apparatus, but involves rather the novel prin-
ciple of use of the same, 1t 1s not necessary to
describe the apparatus in detail, it being ob-
vious to electricians and mechanicians that
any desired means may be used for securing
the necessary speed of rotation of the arms of
the distributers to accord with the principles
hereinbefore laid down. Thus, for instance,
the shafts carrying the rotary arms may be
operated by synchronized electric motors

~oeared or belted to said shafts to give them

the necessary speed of rotation. 'The motor
may be synchronized by the means described
in my prior patent, No. 702,452, dated June
17, 1902, or by any other synchronizing expe-
dients employed in telegraphy or telephony
where it is desired to maintain rotating cir-
cuit-changers at opposgite ends of the line in
syrnichronous rotation. While the desired ire-
quency of closure may be secured by proper
cearing, as described, an additional expedi-
ent to secure such desired frequency would
be, as well understood 1n the art, to repeat
the contacts connected to each said circuit
antumber of timesin the circumference of ro-
tation of the circuit-closing brush or brushes,
so that for each whole revolution of the shaft
carrying the arms there would be a number
of closures of the circuit. 'The arrangement
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and size of the contacts are unimportant, the
only requirements being that good contact
should be made. The duration of each con-
tact, as hereinbefore set forth, is not a con-
trolling factorintheprinciple of myinvention.

I claim as my invention—

1. The herein-deseribed improved art of
multiplex telephony consisting in synchro-
nously closing the connection between theline
and corresponding branches or subcircuits
with a frequency corresponding to the fre-
quency of the tones and overtones character-
1z1ng speech.

2. The herein-described improvement in
multiplex telephony consisting in synchro-
nously closing the connection between the line
and corresponding branches or subeircuits
with a frequency corresponding to the fre-
quency of the vibrations belonging tothe notes
characterizing the vowel sounds.

3. The herein-desecribed improvement of
multiplex telephony consisting in closing the
connection between corresponding branches
or subecircuits and the line at a rate of ap-
proximately fourthousand three hundred and
twenty closures per second more or less as de-
scribed. |

4. The herein- described improvement in
multiplex telephony consisting in c¢losing the
connection between the line and correspond-
ing branches or subcircuits with a frequency

corresponding to the frequency of the vibra-

tions produced by spoken words.

Signed at New York city, in the county of
New York and State of New York, this 24th
day of February, A. D. 1903.

WILLARD M. MINER.

YWitnesses:
J. GALLURTZ,
E. .. LAWLER.
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