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UNITED STATES

PATENT OFFICE.

' JOHN TROWBRIDGE, OF CAMBRIDGE, MASSACHUSETTS. -
" TELEPHONIC RELAY. o

" No..814,411.

Specification of Letters Pa.t:e‘nt'.7 v
- Application filed July 14,1005, Serial No 269,628,

' Patexted March 6, 19086.

" To all whom it may concern:

Be it known that I, JouN TROWBRIDGE, a

- citizen of the United States, and a resident of
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-~ undulated.

Cambridge, in the county of Middlesex and,
State of Massachusetts, have invented new

and useful Improvements in Telephonic:Re-.

lays, of which the following is a specification.
My invention relates to the art of trans-
mitting electrical undulations; and its object
isto soimprove the constructioo of telephonic.
relays or repeaters as to eliminate from the
transmitted undulations the disturbing in-

fluences which are manifested audibly at the-

receiver in the form of crepitations which con-
fuse and sometimes suppress entirely the in-

_telligible articulations of speech wherewith

the telephonic current is primarily excited or
. "Myimprovements, presently to be described
indetail, are adaptable to many forms of tele-
phonic relays and have demonstrated their
capacity to eliminate the undesirable vibra-.
tory and percussive disturbances wherewith
the operations of most telephonic relays have
been impaired. A deseription of these im-
provements as they may be associated with
one form of telephonic relay will, however,
suffiee to instruct those skilled in the art in
the esseatials of their structure and operation
80 that they may be applied to other forms
of relay without the exercise of more than

. the skill expected of persons trained in the

practice of telephony and the manufacture

- of telephonic instruments. .
35

The difficulty which has heretofore attend-
ed the operation of telephonic receivers is at-
tributabll)e in large measure to the practice of
placing the transmitter of the rels(xly upon or
in direct contact with the receiver- iapﬁragm
which is adjusted to the magnetic portion of
the field, thus loading the diaphragm at the
very point where loaging has the most detri-
mental effect upon it. On the other hand,

‘in order to. transfer to the transmitter of the

relay all the articulate vibrations of the re-
ceiver it would seem that direct contact be-
tween the two was indispensable. I have
discovered; in connection with tests and ex-
periments with telephonic relays, including

the relay described in my United States Let--

ters Patent No. 756,434, dated April 5, 1904,
that this seeming dead-lock can successfully
be overcome and that the coexistence in a re-
lay instrument of independent adjustability
and intimate sound-transferring contact of

 the transmitter and receiver is quite possible

conditions. : L -

In the drawings hereto annexed, Figures1,
2, 3, and 4 are 1llustrative and explanatory
of my invention; and Figs.5 to 10,inclusive,
show an embodiment thereof. Figs. 1 and 2

show diagrammatically ‘an elementary form.

of relay. Fig. 3 shows the relay as agplied
to an ordinary telephonic receiver. Fig. 4
illustrates the application of the elementary

principle of Figs. 1 and 2 to a relay such as.

| despite the seeming incdnsistency of the two -

bo_v
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shown in my Patent No. 756,434, dated April -

5,1904. . Fig. 5 is a longitudinal elevation;
Fig.6,a vertical longitudinal section of an in-
strument which comprises a complete embodi-
ment of my invention. Fig. 7is a right-hand

end, Fig. 8 a left-hand end view; and Fig. 9 a -

70

plan view, respectively, of Fig. 5; and Fig.10

1s a detail showing the arrangement of rein-
forcing-magnets and the armature associated
therewith. Figs. 1 to 4, inclusive, are ad-

75.

dressed to the phase of the problem referable

“to the difficulties heretofore encountered by
reason of direct attachment of the transmit-
ter to the receiver in & telephonic relay.
These figures do not illustrate a full solutiog:
but such part thereof as will be illuminati
in connection with the complete structureltl)%
Figs. 5 to 10. ’ L
eferring to Fig. 1, D represents the dia-
Ehragm of a receiving instrument, which may

8o
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e acoustically vibratéd in consonance with .

the undulations of articulate speech. In'op-

position to this vibrator D there is mounted
a supplemental vibrator, shown as a dia-
phragm D, which in this instance is secured
to the end of a short cone R in such position
as to receive advantageously the impact of
aerial vibrations from the air in the partially-
inclosed space G, whereby the two vibrators

-are separated. One member of a micro-

phonic transmitter T is secured to or other-
wise placed in mechanical contact with the
vibrator -D’, -and the circuit C, with bat-
tery B, is connected with the transmitter
members in the ordinary manner, the coils T
I’ of the usual induction-coil transferring the
electrical undulations te the line €', which

roceeds to a distant receiver. (Not shown
in the drawings.) My researches and dem-
onstrations have, however, led me to prefer a
form of relay wherein the two vibrators are
separated by a much thinner gaseous inter-
mediary than thatsuggested in Fig.1. Thus
in Fig. 2. the supplemental vibrator D’ is

shown as a thin diaphragm (which should be
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circular in form) provided with a flange or
rim turned toward the receiver-diaphragm
D; otherwise the arrangement is substan-
tially the same as that illustrated by Fig. 1.
If we regard the diaphragm D, Figs. 1 and 2,
as the diaphragm of a telephonic receiver and
assume the instrument to be in operation, 1t
is obvious that the transmitter T and the re-
ceiver may be independently adjusted and
that the gaseous intermediary between the
diaphragms D and D, being in free commu-
nication with the outside atmosphere, can-
not assume a condition of pressure or tension
which will impose any load or stress upon
either diaphragm. - Tflre transmission of ar-
ticulate speech from D to D’ will thus be free
from disturbances such as attend the direct
attachment of a transmitter to a receiver-
diaphragm; but the amplitude of the articu-
late vibrations will necessarily be materially
diminished in transit from the receiver to the
transmitter and the result in the transmitter-
circuit consequently enfeebled. :

In Fig. 3 there is illustrated another mode
of securing the benefits of the separation of
the receiver - diaphragm from the transmit-
ter-vibrator. The receiver-diaphragm D is
mounted in the receiver-shell R” in the
usual way. Secured to the lip L of the re-
ceiver the supplemental diaphragm D’ is
stretched across the central aperture of the
said lip, and the transmitter T is secured or
otherwise telephonically connected to the
center of the diaphragm D’. -In order to in-
sure the freedom of the gaseous cushion G,
which separates the vibrators D and D’ from

the effects'of unbalanced pressure due to con- .

finement and changes of temperature, I rec-
ommend that one or two small apertures L/
be provided in the lip L. As'before, the
transmitter ‘connections to battery - circuit
and line are as described with reference to
Fig.1. In the apparatus asshown in Fig. 3
the intervention of the air-gap between the
diaphragms D and vibrator D’ quite effect-
ively eliminates the disturbances due in other
relays to the direct contact between the re-
ceiver-diaphragm and the transmitter, while
the solid intermediary provided by the cap L
between the diaphragms D and D’ transters
the mechanical vibrations to the transmitter
T far more effectively than the air-gap alone,
as in Figs. 1 and 2; but although the solid
connection illustrated in Fig. 3 is superior to
the disconnected arrangement of Figs. 1 and
2 it is nevertheless not all that could be de-
sired, for the reason that the insulating ma-
terials of which the comumercial receiver-case
is composed is not ideally adapted to sound
transference.

The forms of relay above described are
not so constructed as to reproduce the elec-
trical undulations of the receiver-circuit with
enhanced force and amplitude in the trans-
mitter or relay circuit and-are for this reason

- 8_14,411

'doubtfull?f effective as relay instruments.
es

Nevertheless the loc'&l disturbances which oc-

cur in the transmitter and which Gf the

‘transmitter were connected directly to the

receiver-diaphragm D, as in sundry early

forms of telephonic relay) would react upon

the receiver undulations and produce the
rattling and buzzing noises which have m
nearly all relay instruments impaired. or ob-
literated the essential articulate character of
telephonic undulations are eliminated by the
elastic. intervening layer of air,

instruments shown in Figs. 1 to 3, inclusive,

separate the opposed vibrators D and D'~
This gaseous cushion, however, transmits the-

articulate undulations from the receiver-
vibrator D to the supplemental vibrator D’
with unimpaired quality, and theundulations

70
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which in the -

8o

transmitted in. the relay-line. C C’ correctly

reproduce the articulate speech whereby the
original sending instrument was excited.
n my United States Letters Patent Nos.

85

756,436 and 756,437 there are described a.

method and apparatus whereby telephonic
undulations are repeated or relayed from one
circuit to another not only without loss in
amplitude and force, but with both these
qualities enhanced. By means of the mag-
netically-balanced relay instruments shown
and described in the sald patents the repeti-
tion of telephonic messages can recur indefi-
nitely as additional increments of electro-
mechanical energy are supplied at each sta-
tion, so that the stations are in truth relays.
A full description of this method and appara-
tus is afforded by the specifications ot thesaid
Letters Patent.

In Fig. 4 there is illustrated a mode of ap-
plying the air-gap connection shown in Figs.
1 and 2 to a relay instrument of the charac-
ter shown and described in Letters Patent
No. 756,437 and particularly illustrated in

Fig. 5 thereof. In Fig. 4 hereto annexed, M:.

M are the magnets which maintain a con-
stant magnetic field in which the armature-
coil A is balanced. The armature - coil is
mounted between stems P and P’, the stem
P being secured to a sustaining-diaphragm
D* and the stem P’ secured to a diaphragm
D, which corresponds (in functional relation
to the relaying-tranémitter T) to the receiver-
diaphragm D of Figs. 1 to 3, inclusive. The

‘receiving-line C* contains the armature-coil:

in cireuit, and the undulations of current cre-

ated in that line by a distant sending instru-

ment react magnetically on the field of the

magnets MM. Instead of securing the trans-

mitter T directly to the stem P/, I secure it to
the supplemental vibrator or diaphragm I,
which, as in the instruments shown in the
previous Figs. 1 to 3, is separated from the

vibrator D by an intervening cushion of free
or normally inert gas—in this case air. “The-

form of supplemental vibrator is here shown
as the same as that of Fig. 2, and the trans-
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mitter connections to battery-cir uit, &e.,
are as'in Fig. 1. The effect of th. balanced
armature A In the field of the magnets M is to
enhance the force and effect of the undula-
tions produced in the circuit C? as these are
tmnsfgrred to the transmitter T. The effect
of the gaseous cushion or layer G, as in the

‘instruments shown in Figs. 1 to 3, is to sup-

ress or absorb the reactionary crepitations
ﬁable to be produced by the transmitter T.
The intervention of the air-gap in the instru-
ment illustrated in Fig. 4 has the effect of pre-
servinE the quality of articulate undulations,
though it necessarily diminishes their force
and amplitude, and while this diminution is
in part compensated for by the peculiar mode
of operation of the receiving portion of the re-
lay shown it is obviously preferable to com-
bine the advantages of air separation with
those of continuous solid contact, as suggest-
ed by Fig. 3. In all cases I believe it to be
advisable to. maintain pressure balance as
between the gaseous cushion and the circum-
ambient gas, so that there shall be no distor-
tion of either of the opposed vibrators. . It is
also desirable to have tIl)le two vibrators quite
close together and perfectly parallel as to
their opposed surfaces. Concentric arrange-
ment is obviously to be recommended.
In the Figs. 5 to 10, inclusive, there isshown

‘an apparatus which-combines the advantages

desirable: first, fromair-gap separation,which
eliminates disturbances gue to load on the re-
ceiver and preserves the quality of the artic-
ulations; second, from solid continucussound
transferring communication between the re-
ceiver and transmitter, and, third, from the
enhancement of the force, and amplitude of

- the received undulations in and by the pecul-

iar structure and mode of operation of a re-
ceiver such as shown and described in my
&atent aforesaid. Referring tothe drawings,
N is a suitable base for the reception and
mounting of contact-posts, and N'is a stand-
ardrigidly secured to the base N.. Slide-blocks
N*project from therear of the standard N’ and
engage the slides O, the slide-blocks N* and
slides O being dovetailed to establish their
mutual sliding engagement. Differential
screws ', which are threaded into the slides
O and slide-blocks N?, control the-adjustment
of these two parts. The magnets M are se-
curely clamped between the plates 0% and O3,
whereof the former is rigidly secured to the
slide O. These parts are all in°'duplicate, the
arts on either side carrying one of the rein-
orcing relay-magnets M. A block N*, ri

. idly secured to the standard N’, is centrali};
1

60
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%Fertured and threaded to receive the she

!, between which and the block N* the sus-
taining-diaphragm D? is secured. Horizon-.
tal posts N°, securéd to the standard N, sup-
port the frame-plate %, which is provided
withlugs Q' and Q*. The diaphragm D is se-.
cured to a central aperture in the plate Q.

The stems P P’ are centraliy fastened to the
diaphragm D? and D, respectivelgr, and carry
between them the: rectangular frame A’, in
which is mounted vhe armature A. This ar-
maturehasits coil in circuit with a telephone-
line, as described in my aforesaid patents.
The diaphragms D and D? are referagly con-
structe&) of mica. In a circular shallow re-
cess D*, formed in the plate Q, there is secured
the diaphragm D’, which may be a plain plate
of sheet-iron, such as used for commercial re-
ceiver-diaphragms.  The diaphragm D’ con-
stitutes the vibrator for the transmitter T
and is separated from the diaphragm D of the
receiver by an air-space, the diaphragm of
the receiver and transmitter vibrator bein

opposed to each other, preferably parailel,

and as close together as the convenience-

of construction will allow. At or near the
margin .of the receiver-diaphragm D the
ring Q! is inserted, which serves in the in-
stance shown both as the clamp for the mar-
gin of the receiver-diaphragm and also as the
solid continuous sound-transferring connec-
tion between the diaphragms D and D, the
diaphragm I being brought into sufﬁcientlﬂ
continuous and intermittent contact wit,
the rin

ﬁngers%

and K’. The ring Q*in order to ob-

_tain satisfactory results should be of metal

and be brought into intimate contact with
the receiver-giaphragm and the transniitter-
vibrator.
consistent with a practically free ver‘ilation
of the air-space between the diaphragms D
and D’.. This free communication between
the air of the space between the diaphragms
and the surrounding ‘atmosphere is of value
in that the pressure balance between the in-
ner space and the outside air precludes the
production of stresses upon the receiver-dia-
phragm itself or upon the vibrator of the
transmitter, if that, asin the instance shown,

be also a continuous ecircular diaphra%;}l. '
y

The diaphragm D’, Fig. 6, is considera

larger in diameter than the diaphragm D,
the effective diameter of the latter measured
from the inside of the ring Q* being some-

* by medns of the clamps or spring-

This contact, however, is not in--

70
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what less than half the diameter of the for- ,

mer. The ring Q, bearing upon the periph-
ery of the diaphragm D, does not interfere
appreciably, probably not at all, with the re-
sponsive vibrations of thereceiver-diaphragm
D. This ring bears upon the larger dia-
phragm D’ well within the peri hery thereof,
and consequently imparts to the diaphragm
D’ the vibrations manifested by tf;e, 1a-
phragm D, so as to make their effect felt em-

11§

120

phatically at the center of the diaphragm D',

whereon the contact-point of the transmitter
Tis made to bear. S
that this proportion and arrangement of the

Specifically, it is believed

125

sound-transmitting ‘parts is decidedly effect- -

ive in transmitting the vibrations of the re-

ceiver-diaphragm to the transmitter. Upon

130
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justing-bar is inwardly

1 3
_spring T2

4

the lug Q' there is firmly secured a plate-
spring T¢, which sustains the _adwgmg—bgw
T¢, whereby the transmittcr T is adjusted in
relation to the diaphragm D', with which

the contact-piece of the transmitter makes !
The transmitter T is suspended
secured to the |

contact. er
upon a leaf-spring T', which 1s /
upper end of the adjusting-bar T% = This ad-
inclined at its lower
end T8, and the sloping surface of this in-
wardly-inclined pettion 1s engaged by the end
of an adjustingscrew QF, which is threaded
into-the lower lug Q of the plate Q. ~Spring-
clamps K K hold the diaphragm D" in posi-
tion in tle recess Dt.  The magnets M have
pole- preces M, which slightly overlap each
other as viewed horizontally, Fig. 10, so that
the ends of the armature A lie between the
overlapping pole-pieces M.

By means of the apparatus above de-
scribed the receiving and transmitting men-
bers of the relay are indepéndently adjust-
able. The magnets M are adjusted by means
of the differential screws O, which may be
operated singly or together, as desired, in or-
der to-produce a perfect balance of field
around the armature A. The transmitter T,
on the other hand, is independently adjusted
by means of the screw Q, which presses the
adjuster-bar T? inward or allows it to swing
outward under the tension of the spring T°.
The mode of hanging and pivoting these ad-

a parallel-motion adjustment for the trans-
mitter T, the radial action of the spring T
compensating for the radial action of the

As I have hereinabove stated, in some of
the telephonic relays heretofore constructed
the contact-piece of the transmitter has been
placed in direct contact with or has been se-
cured to the diaphragm of the receiver. This
arrangement has stood in the way of the ob-
tainment of satisfactory results, because the
securement or contact of the transmitter un-
duly loads the receiver-diaphragm and it is
impossible to make adjustments in the trans-
mitter without undesirably affecting the re-
ceiver. Moreover, all the disturbances and
crepitations due to the operation of the trans-
mitter are directly transferred to the re-
ceiver, and the articulate speech originally
transmitted by the line is confused, or it may
be wholly suppressed. By separating the vi-
brator which 1s in connection with the trans-
mitter from the vibrating diaphragm of the
receiver by a thin layer of air between the di-
rectly-opposed portions of the vibrator and
diaphragm the consequences of too direct an
intimate contact between the transmitter
and the receiver-diaphragm are avoided, and
either instrument may be adjusted independ-
ently of the other. Furthermore, by con-

structing the instrument so that the commu-

nication of vibrations from the receiver-dia-

8i4,411

phragm to the transmitter are through a
path of solid continuity, as through the ring
Q* and the diaphragm D, the transmitter is
put into communication with the receiver
just as effectively, for all practical purposes,
as it is when it makes its contact directly
with the receiver-diaphragm. All of the ar-
ticulate vibrations of the receiver-diaphragm
are passed to the transmitter, whereas by
reason of the airseparation between the vibra-
tor and the diaphragm the inarticulate dis-
turbances of the transmitter are not commu-
nicated to the receiver. The securement of
the diaphragm D’ leaves a circumferential
clearance which is not air-tight, so that the
pressure balance between the air in the cush-
jon G and the surrounding atmosphere is
maintained. ,

One feature which I regard as practically
of great importance is the independent ad-
justability of the receiver and transmitter
members of the relay. As these two mem-
bers are separated by a layeror cushion of air,
it is quite obvious that the adjustment of one
can be carried on entirely independently of
the other, whereas in those instruments whose
structure involves mechanical contact or
other mechanical connection between the re-
ceiving and transmitting members of the re-
lay the proper adjustment of one isvery liable
to affect the adjustment of the other, and
very nice compromises of adjustment have
consequently to be resorted to. Moreover,
the vibrating portion of the relay, which 1s
set in motion in the magnetic field by the un-
dulations of the current to be relayed, is en-
tirely relieved of the load or restraint of the
transmitting-microphone or other transmit-
ting device. :

With respect to the transmission of articu-
late speech as yet no instrument has attained
such perfection as the microphonic transmit-
ter. This transmitter in the usual commer-
cial “solid back”. form is provided with its
diaphragm for the reception of articulate
sound-waves. In my improved relay I em-
ploy just such a transmitter and subject it to
conditions which closely resemble, if they do
not exactly reproduce, the usual conditions

present- when a person speaks to the micro- -

phonié transmitter. The vibrator of the re-
ceiver reproduces with accuracy the articu-
late sound -waves emitted by the human
voice into a distant transmitter, and the re-
ceiver vibrator or diaphragm emits"this ar-
ticulate vibration, setting the objects im-
mediately in contact with it into exactly
similar undulations. The transmitter vibra-
tor or diaphragm is subjected to the sound-
waves which impinge upon it as effectively
as when it is spoken to in the ordinary way.
Where, as in the instrument described in my
patent aforesaid, a relay-station is provided

 with an instrument which enhances the force

and amplitude of the articulate vibrations of
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the telephonic circuit, so that the receiver of
the relay may speak not only intelligibly but

to speak to.the vibrator of a transmitter with
exactly the same force and effect as though
the person originally sending the message
spoke directly into this transmitter. - :

-What I claim, and desire to secure by Let-
ters Patent; is— ‘

1. In a telephonic relay, a receiver, its dia-
phragm, a vibrator opposed to the receiver-

diaphragm, an air layer between the vibra-

tor and diaphragm, In free communication
with the circumambient atmosphere, a trans-
mitter in connection with the vibrator, and
continuous solid sound - transmitting con-
nections between the vibrator and the dia-
phragm. . .

2. In a telephonic relay, a receiver, its dia-

‘phragm, a vibrator opposed to the receiver-

diaphragm and spaced therefrom, a trans-
mitter in connection with the vibrator, and
o close metallic connection between the vi-
brator and the diaphragm. -

3. In a telephonic ref&y, a receiver, its dia-
phragm, a vibrator opposed to the receiver-
diaphragm and spaced therefrom, a trans-
mitter in connection with the vibrator, and
a close metallic’ connection between the vi-
brator and the diaphragm at the margin of
the latter, to insure sound communication
and to permit mutually independent adjust-
ment of the transmitter and receiver, and
means to adjust the transmitter independ-
ently of the receiver. .
4. In a telephonic repeater, the combina-
tion of a recerving instrument and a trans-
mitter, each provided with a dia; hragm, the
diaﬁhmgms‘ arranged parallel and opposed to
each other, separated by an intervening layer
of air which 1s in free ¢communication with
the surrounding atmosphere, the transverse
area of said air layer being substantially at
least coequal with the area of the smaller dia-
phragm, and solid sound -transmitting con-
nections from the edge of one diaphragm to
the edge of the other. . '

5. In a telephonic repeater, the combina-
tion of a recelving instrument and a trans-
mitter, each provided with a diaphragm, the

diaphragms arranged parallel and opposed

to each other, separated by an intervening
layer of air whicﬁ) is in free communication
with the surrounding atmosphere, the trans-
verse area of said air layer being substan-

smaller diaphragm, and solid sound-trans-
mitting connections from the edge of one dia-
phragm to the edge of the other, and zueans
to adjust the receiver and the transmitter in-
dependently. c

6. In a telephonic repeater, the combina-
tion of a receiving instrument and a trans-
mitter, each J)rovided with a diaphragm, the
transmitter-diaphragm of larger effective su-
perficial area than that of the receiver, and a
solid sound - transmitting connector which
bears upon the periphery of the receiver-dia-

ghragm and upon the transmitter-diaphragm:

etween the periphery and the center thereof.

7. In a telephonic repeater, the combina-
tion of a receiver and a transmitter, each pro-
vided with a diaphragm, the transmitter dia-
phragm of substantially greater superficial
area than that of the receiver, the two dia-
phragms separated by an intervening layer
of air which is in free communication with the
surrounding atmosphere, and a solid sound-
transmitting connector bearing upon the re-
ceiver-diaphragm at the periphery thereof
and upon the transmitter- diaphragm be-
tween the periphery and center thereof.

8. In a telephonic repeater, the combina~
tion of a receiver and a transmitter, each pro-
vided with a diaphragm, the transmitter-dia-
phragm of superficially greater.area than the
receiver-diaphragm, the two diaphragms con-
centrically arranged and in parallel opposi-

tiallﬁ at least coequal with the area of the
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tion, and a ring of solid sound-transmitting -

material interposed between the dia hragms
and bearing upon the periphery o}) the re-
ceiver-diaphragm and upon the transmitter-
dia hragm at a region between the center
and periphery thereof.
Signed by me at Boston, Massachusetts,
this 13th day of July, 1905. _
: - JOHN TROWBRIDGE.
Witnesses: .
‘JoserH T. BRENNAN,
CrarLEs D. WooDBERRY.
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