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UNITED STATES

PATENT OFFrICE.

ADOLF RETTIG, OF SAARBRUCKEN, GERMANY.

TELEPHONE.

SPECIFICATION forming part of Letters Patent No., 481,284, dated August 23, 1892,
- Application filed February 17,1892, Serial No. 421,909, (No model)

To all whom it may concermn: :

Be it known that I, AboLF RETTIG, a sub-
ject, of the Emperor of Germany, and resident
at Saarbriicken, Germany, have invented new
and useful Improvements in Telephones and
Microphones, of which the following is a speci-
fication.

This improvement relates to the means for
the closure of the circuit in telephones and
microphones. Heretofore these have not sat-
isfied the demands which must be made upon
them. They still possess many faults, which
must be corrected in order to bring telephony
to a state of perfection. By the present in-
vention thisartisbrought considerably nearer
to that desideratum.

My improvement is founded in the main on
the utilization of several diaphragms of the
same or of different materials considerably
varying in size, on the advantageous utiliza-
tion of the sound-condueting property of the
wooden portions of the case of the instrument,
and on artificial regulation of resonance.

In carrying out my invention the arrange-
ments at the back of the receiving-plate or
back of the telephone-head remain un-
changed. As all changes in the telephone
may be applied, mutatis mutandis, to the
microphone, it may suffice if the same are ex-
plained here specially in the telephone. I
sometimes makeuseof metal diaphragmsonly,
sometimes of metal diaphragms in combina-
tion with diaphragms of other acoustically-
active materials, such ag rubber membranes,
aninial membranes, wooden disks, &e. For
the transmitter and the receiver special con-
structions may be used. Each apparatus,
however, can, as heretofore, be also used for
both purposes.

In the accompanying-drawings various con-
structions for receiving-instruments and
transmitters are represented.

Figure 1 represents a central section of a
transmitter in which only metal diaphragms
are used, and Fig. 2 a transverse section of
the same. Fig.3 represents a central section
of a transmitter in which metal and rubber
diaphragms are used, and Fig. 4 a transverse
section of the same. Iig.5 represents a cen-
tral section of a receiver in which metal and

sents a eentral section of a receiver in which

only metal diaphragms are employed. Fig.7
represents a central section of a receiver on
which, besides the middle diaphragm, the
small diaphragm is also made of rubber.

In the two transmitters represented in Figs.
1,2,8,and 4 three diaphragms a b or b’ and ¢
are employed. The diaphragm 0’ is of rub-
ber and the diaphragms ¢ b ¢ are of metal.

The metal diaphragm a, which in the draw-
ings has an oval form, advantageous here, is
placed immediately in front of the magnet M.
The same can be brought closer to the mag-
net or removed from the samme by the screw-
ing up or down of the socket to which it is
fastened from below. The pins f,inserted in
the arms of this socket with their rounded
heads projecting downward therefrom, serve
as dampers for regulation of resonance.
These pins, through their contact, divide the
metal diaphragm a, pressed against them,
into smaller vibrating parts. Theshortening
of the vibrations thus produced has the effect
of producing a clearer, purer, and more dis-
tinet and consequently a more audible tone.

The metal diaphragm ¢ is used in all trans-
mitters embodying my invention, whether
only metal diaphragms are employed or metal
diaphragms in combination with arubber dia-
phragm or the like. Over the metal dia-
phragm a there is in the example Figs. 1 and
2 a metal diaphragm D and in the example
Figs. 3 and 4 a rubber diaphragm ', both con-
siderably larger than the metal diaphragm a.
This has the resultant advantage that the vi-
brations of great amplitude and less power
which move the large diaphragm b or b’ are
changed by the transmission to the so-much-
smallerdiaphragm ainto vibrations of smaller
amplitude and greater force. Over the dia-
phragms b and b’ there is a third diaphragm
¢, always consisting of metal, with a shortup-
right flanged metal socket or junction-tube
g for a mouthpiece. This diaphragm c¢ lies
close against the flange of its socket g, which
lies close against the wooden cover of the in-
strument, while the diaphragm is otherwise
free on its upper side. All the three dia-

phragms are connected with each other and
with the wooden portions of the telephone-
head.

On the wooden bottom or back of the box
A, into which the small metal diaphragm « is
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sunk, there stand screw-studs 7 in suitable
number, of brass or bronze. Theseserve for
connecting the diaphragms lying over the
metal diaphragm o and also for connecting
the wooden top of the head or case with the
bottom or back, and, through the medium of
the latter, with the metal diaphragm a. To
the latter diaphragm there are transmitted,
by means of the back or bottom A of the case,
all vibrations imparted to this latter by the
serew-studs and inereased by the bottom as
a sounding-board. For furthering this pur-
pose, as well as for furthering the proportions
of vibrations generally, the screw-studs at all
points where they are free within the head or
case are surrounded by very elastic fine-wire
spirals¢. Thescrew-studs Areach throughthe
woodeun cover. Afterthe interior construction
of the telephone-head has been set upon the
bottom or back A and the other wooden
portions of the casehave been placed thereon
all are secured together by means of nuts
h', screwed onto the ends of the screw-studs.
The telephone-head thus closed is fixed to the
neck of the telephone. The wooden back, in
whichliesthe metal diaphragm a,iscutlength-
wise of the fiber in consideration of its solid-
ity. The metal bushing or lining in the cen-
ter of said back, however, makes it possible
that instead of a simple conduction of the
vibrations across the wood fiber (which has
only about one-third of the strength of the
conductivity along the wood fiber) the con-
duction of the vibrationsalong the wood fiber
becomes effective practically by the reund-
about way through the metal bushing re-
ferred to.

The vibrations of the large diaphragms b
and b’ are imparted to the small metal dia-
phragm « directly by a lever k, in combina-
tion with a spring device on the small metal
diaphragm ¢ itself in the manner illustrated
in the drawings, Figs.1 and 3. If the middle
diaphragm of the transmitter—as the dia-
phragm b in ¥Fig.1—is of metal,then the lever
is fastened to its lower side or back close to
its edge between two of the screw-studs /.
The said lever & is represented in the form of
a plate-spring inclined obliquely downward
and bent horizontally at its free end. The
position of the diaphragm b is adjusted from
below by nuts /% on the serew-studs 71, so that
after regulation the relative position of the
leverissubject tonoundesired changes. From
above the said diaphragm 0 is pressed against
the nuts /? by the wire spirals between it and
the third diaphragm, or, as it may be termed,
the “cover-diaphragm.” If the diaphragm b
vibrates toward the small diaphragm « on be-
ing subjected toasound vibration from above,
then its center sinks and its edges rise, from
which it results that the free end of the lever
Ic sinks toward the small metal diaphragm .
If the diaphragm b vibrates upward, then its
center rises, while its edges sink, and in con-
sequence the free end of the lever rises.

The leverisintended to transmit the vibra-
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tions of the middle diaphragm b directly to the
small metal diaphragm a, and that in a meas-
ure of increase corresponding to the power
of the lever. For the purpose of this trans-
mission a spring device is affixed to the upper
side of the small metal diaphragm o itself.
This device consists, in the first place, of a fine
plate-spring «’, fastened to one arm of the
metal diaphragm ¢, bent upward over the cen-
ter of the same,then bent downward without
fastening onto the other end of the same,and
there terminating in an upwardly-directed
coil.  On the fastened end of the said spring
@’ there is affixed one end of a second up-
wardly-bent plate-spring ¢ which at its other
and free end, curved somewhat upward, lies
loosely on the coil of the spring «’. Through
the apex of the spring ¢? affixed to the metal
diaphragm ¢ over the center of the said dia-
phragm, there is screwed a pin «° which has
a rounded head of brass or bronze and which
isadjustable by screwing to bring its head in
light contact with the free end of the plate
spring or lever %, affixed to the lower side of
the diaphragm 0. When the lever & swings
downward, its free end presses on the pin
a?, and the vibration of the diaphragm 0 is
thus, through the medium of the spring de-
vice o’ @? imparted directly to the small dia-
phragm a. If the lever swings upward, the
contact is broken.

In order to prevent a disturbing metallic
noise, it is advisable to cover thelever & at the
point of contact of the pin ¢® with a very fine
piece of membrane or the like.” The circum-
stance that the lower one of the two springs
a’ a? fastened to the metal diaphragm a, is
fastened only at one end to the said dia-
phragm, while its other end only lies loosely
on the said diaphragm is the cause of brisker
vibrations of the diaphragm ¢. Ontheunder
side of the metal cover-diaphragm c¢ small
plates with resonance - regulating pins or
dampers f’ are tightly fitted, the rounded
heads of the said pins lying against the said
metal diaphragm. The vibrations of the metal
cover-diaphragm are very strong, especially
when a paraboloid hearing and speaking tube
on the Rettig system ora single “tone-bringer”
is connected with the socket ¢, the like also
even if the mouth of the speaker be brought
near the said socket. These vibrations are
imparted Dby the screw-studs 7, with their
wire spirals 4, to the middle diaphragm b,
and through this directly to the metal dia-
phragm a, while at the same timethe said vi-
brations are by the screw-studs and the flange
of the socket g on the cover-diaphragm ¢ im-
parted, also, to the wooden parts of the tele-
phone-head, and through these again to the
diaphragm a. Altogether the whole construe-
tion is so caleulated that every vibration
which occurs is effectively utilized as regards
the metal diaphragm « and the magnet.

As regards the wooden parts of the tele-
phone-head, this is assured in such manner
that everywhere, practically, either directiy
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or indirectly—as, for instance, in the bottom
or back A--the vibrations are rendered ef-
fective lengthwise of the fiber. The side walls
of the telephone-head are placed with the lon-
gitudinal fiber running perpendicularly.

If the vibrative parts consisting of the

wooden portions are to be entirely utilized,
the wooden cover mustbe made of two boards
or layers united, of which the under one is
cut lengthwise of the fiber, but is tightly
bushed by a metal ring, while the npper one,
having on it the junction-boss 10, is so placed
that the wood fiber stands perpendicularly.
The circular opening in the middle of the
cover is to be made so large that the socket g
passesfreely withinit. The flangeof the said
socket must lie closely against the metal bush-
ing-ring of the lower board of the wooden
cover. If the advantages offered by the vi-
brationsof the wooden parts of the telephone-
head are not desired to be completely util-
ized—say on account of simplification of
labor—then the side wall, with the wooden
cover and junction-disk, may also be made of
one piece with perpendicular running fiber.
As the flange of the socket or junction tube
g is pressed from below tightly against an
area equal to that of the whole of the junc-
tion-boss 10, the most important vibrating
parts are even then brought into communica-
tion with each other.
. In large telephone-heads, which develop
very strong power of resonance, it is advis-
able to fully utilize all advantages offered by
the vibrationsoffered by the wooden portions,
The junction-boss 10 mustin évery case show
perpendicular fiber. The same must have
the form andsize of the ear-piece of the medi-
cal stethoscope. The ear-pieceshitherto used
in telephones are acoustically very unfavor-
ably constructed as regards form and size.
The area of the skull around the outer audi-
tory-canal, which is favorable to the conduc-
tion of vibrations, is small. It does not ex-
tend beyond the usual size of the ear-piece
of the medical stethoscope.

In the telephone-heads hitherto used the
wood fiber, not to speak of anything else, lies
so thattransverse conduction must take place.
The consequence of this is that the influence
of the sound-vibrations is in the main limited
to the direct influence of the sound-waves on
the receiving-plate, while the very effective
vibrations of the wooden parts are utilized
only in a very slight measure. If a parabo-
loid hearing and speaking tube on the Ret-
tig system or a single tone-bringer is con-
nected with the socket or junction tube g of
the transmitter, the same act automatically,
with considerable increase of tone, to lead to
the telephone the tone even from a distance.
If the middle diaphragm of the transmitteris
a rubber diaphragm, as in the example, Iigs.
3 and 4, a short tin eylinderis connected with
the cover-diaphragm ¢, and over the lower
opening of this tube the rubber diaphragm is
stretched by means of a-ring with projecting

edges, which is drawn up to the eover-dia-
phragm by screws. The resonance regula-
tion isadjusted either on the cover-diaphragm
inside or outside of the cylinder or on the tin
cylinder. The plate-spring k, acting as a le-
ver, is so adjusted in this example thatit lies
free under the rubber diaphragm. The said
spring is fastened either to the cover-dia-
phragm or to the tin ¢ylinder, orto the contriv-
ance forstretching the diaphragms. Theplate
spring or lever %, bent upward and then hori-
zontally at its free end, is so adjusted with its
horizontal bent end to the center of the rubber
diaphragm that it only just touches thelatter
quite lightly. The head of the pin ¢®on the
spring device lying over the small metal dia-
phragm ¢ is brought up to the under side of
the lever k&, and that in such a way that it
only just touches the said lever quite lightly.
In order to avoid any disturbing metallic
noise upon the touching of this head by the
plate-spring, the latter is here, also at the
pointof contact, covered with a very fine mem-
brane or the like.

The vibrations of the rubber diaphragm b’
are much stronger than those of the metal dia-
phragmd. The effect of the transmitter with
a rubber diaphragm is therefore correspond-
ingly greater.

Instead of the rubber diaphragm any other
similaracoustically-effective diaphragm—for
instance, an animal membrane—may also be
used. -

The diaphragms b b’ and ¢ may be made as
large as desired, and the force of the vibra-
tions -increased - correspondingly. The in-
crease in the size of the diaphragms will be
accompanied by a correspondingly-greater in-
crease of the vibrationsthrough the so-much-
larger telephone-heads.

In the receivers shown in Figs. 5 and 6
the same acoustic prineiples are utilized asin
the transmitter, only the construction appears
reversed here and somewhat modified in ac-
cordance with the special purpose.

In the bottom-of the telephone-head a
lIarger round - metal diaphragm d is here fas-
tened adjustable by screws in a similar man-
ner to the small metal diaphragm ¢ in the
transmitter. Instead ofthis, however, a metal
diaphragm, as usual hitherto, may be laid on
the neck of the telephone, only in such a case
the diaphragm cannot without danger - of
catching be brought so near to the magnet
M as when the metal diaphragm is serewed
into thebottom. Instead of the bottom board
a wooden ring must then be placed over the
diaphragm. The said ring in order-to avoid
transverse conduction must be made so that
the fiber runs parallel with the faces of the
diaphragms. To this wooden ring the screw-
studs A are then affixed.

Asregards the regulation of resonance with
the diaphragm d, it is advisable here to limit
it to four resomance-regulating pins f’ or
dampersa quarter of a cirele apart from each
other, as in such a regulation of resonance
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the maximum of force is developed. The
resonance-regulating pins f’ or dampers are
to befastened when the diaphragm is serewed
into the wooden plate in the same manner as
with the small metal diaphragm o of the trans-
mitter.

If the diaphragm is onlylaid loosely on the
neck of the telephone, the regulation of the
resonance is effected by means of small plates
with resonance-regulating pins or dampers,
as with the cover-diaphragm ¢ on the upper
or on the under side of the diaphragm. The
sound-wave which causes the middle dia-
phragm of the transmitter to sink in its cen-
ter is continued into the receiver, and conse-
quently causes the metal diaphragm d in
front of the magnet to rise upward in its cen-
ter. In consideration of thisthe lever & is to
be placed on the uppersideof this diaphragm.
The small metal diaphragm ¢ is here ad-
justed in a socket serewing into the flanged
socket of the cover-diaphragm ¢, the said
diaphragm o having its spring device o’ ¢?
underneath. The contact of the lever & and
the pin «® on the spring device at the dia-
phragm « takes place, if only metal dia-
phragms are used, as it does in the trans-
mitter in such a case, only here the lever acts
from below, while in the transmitter it acts
from above. If a rubber diaphragm is also
used, Fig. 5, it is adjusted between the large
metal diaphragm d, placed before the magnet,
and the cover-diaphragm ¢ in a similar man-
ner as in the transmitter. It then lies be-
tween the lever & on the large metal dia-
phragm d in front of the magnet and the
spring device of the small metal diaphragm
a. The contact of the lever %k and the rubber
diaphragm is here effected as follows: In the
free horizontal bent end of the lever under
the center of the rubber diaphragm there is
tapped a perpendieunlarly-placed screw-pin %/,
adjustable longitudinally by screwing, the
said pin having a spherically-rounded head,
which is brought so close to the rubber dia-
phragm from below as just to touch it quite
lightly. On the otherside of the rubber dia-
phragm the head of the serew-pin ¢® of the
spring deviee of the small metal diaphragm o
is adjusted inthe same manner to the rubber
diaphragm.

The effect of the receivers in which only
metal diaphragmsare used is inferior in force
to the effect of the apparatus in which a rub-
ber diaphragm is also employed.

The firm fastening of the metal diaphragm
d, which can of course, if indicated, be made
1o more than four arms, permits of the use
of a larger metal diaphragm in front of the
magnet than hitherto.

The rubber diaphragm 3’ and the metal
diaphragm c may be made as large as desired
and the tone be increased in proportion to the
so-much-greaterresounding force of thelarger
telephone-head. Of course in that case the
resonance regulation is to be intensified in
proportionate manner.

Tone-bringers of lesser foeal distance may
be connected with their front opening to the
socket on the cover-diaphragm c¢. On the
drawings, Tigs. 5 and 6, the adjustment of
the front opening of a tone-bringer of 0.4 mil-
limeter focal distance is supposed.

In connecting a flat tone-bringer the fitting
of the same takes place in the same manneras
in the transmitter. If inthe receiver a tone-
bringer of lesser focal distance is used, the
same maybemadedivided in suchmannerthat
a portion of the same near the apex can be
screwed off. The hearer can thus hear from
agreater distance than otherwise. Onealways
hears in the focus. If the noises of the room
in which it is desired to hear are to be kept
away, a conduction-tube with insertion-heads
at.the end, as in my tone-bringer,is to be ad-
justed to the flanged socket of the cover-dia-
phragm ¢, or if a tone-bringer of lesser focal
distance is used, then to this or to its conduc-
tion-tube. In this manner the observing ear
may without annoyance be hermetically shut
off, if necessary. If on the adjustment of
tone-bringersthe outside noises are to be kept
out, only a very flat tone-bringer mustbe used,
as in the transmitter. Here also the tele-
phone is most advantageously so connected
that the middle diaphragm is placed in the
focus of the paraboloid,and only a small sur-
face of the same lies free to the outside.

In place of the small metal diaphragm a in
the receiver a small round rubber diaphragm
e may likewise be fastened in the adjustable
interior socket, to which the metal diaphragm
@ is adjusted. For this purpose the arms of
the said socket are retracted somewhatand the
rubber diaphragm e is so pushed against the
resonance-regulating pins f by means of an
exactly-fitting small tin cylinder that it is
tightly stretched and at the same time touches
the heads of the said pins. In case no other
rubber diaphragm is adjusted in the receiver,
nothing else is necessary. If,however,a rub-
ber middle diaphragm &’ is employed in the
receiver, a littlechange in construction is nec-
essary, a simple lever ¢ being affixed to the
inner side of the tin cylinder, on which the
rubber diaphragm b’ is stretched, the said le-
verhavinginits free end a screw-pin ¢/, which
projects above and below and is adjusted over
the center of the rubber diaphragm b’, the
said pin being spherically rounded off at both
ends. The end of the said pin ¢/, which is
directed against the rubber diaphragm 1’, is
brought to the said diaphragm in such man-
ner that its lower end just barely touches the
said diaphragm quitelightly. Thereupon the
small rubber diaphragm ¢ is also, by means
of screwing from above, brought so toward
the upper end of the said pin that the said
pin only just barely touches the latter dia-
phragm quite lightly.

Fig. 7 shows the construction in case of the
employment of two rubber diaphragms. The
tone is stronger when two rubber diaphragms
are employed than when only one rubber dia-
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phragm is used. What holds good for the
telephone holds good, also, mutatis mutandis,
for the microphone. If a thin disk of wood
is used asa receiving-plate, the same must be
bordered at its edge with metal and fastened
in the front plate of the microphone as a bot-
tom plate in the same manner as the small
metal diaphragm ¢ in the transmitter of the
telephone or the larger metal diaphragm d in
thereceiver of the telephone. 'The resonance
regulation is then to be so adjusted that the
heads of the resonance-regulating pins touch
the metal border of the wooden disk.

The hereinbefore - specified constructions
considerably exceed, even without the em-
ployment of tone-bringers, the other known
constructions in naturalness, clearness, dis-
tinetness, and strength of tone, as also in re-
gard to distance of speaking and hearing.
On adding tone-bringersall these advantages
are increased in a considerable measure.

Quite remarkable, among other things, is the

extension of the speaking distance. In my
experiments telephones of acknowledged ex-
cellent construction, after removal of their
former telephone-head, as also of their re-
ceiving-plate, were used asa base for the new
telephone-heads, while unchanged.telephones
of the same construction were used for com-
parison.

On comparison with the unchanged tele-
phones it was shown that for distance the un-
changed transmitter allowed of aspeaking dis-
tance of only twenty-five to thirty centimeters.

Onusing a transmitter provided in a rude ex-
temporized way with my improvements the
speaking distance was ationce so extended that
without speaking toward the apparatus every
word could be clearly and distinetly under-
stood at a distance of four miles, whether the
speaker spoke in the same room or in the ad-
joining rooms, in the hall, on the stairs, or in
another room adjoining the hall. .

What T claim as my invention, and desire
to secure by Letters Patent, is— .

1. The improvement in telephones and mi-
crophones, consisting in the combination,
with a wooden case or head, of a plurality of
diaphragms of different area, leverand spring
devices connecting the said diaphragms with
each other, and screw-studs and spiral springs
thereon connecting the said diaphragms with
each other and with the wooden case, sub-
stantially as and for the purpose herein set
forth.

2. The construction of the wooden head of
a telephone or microphone transmitter with
the grain of the wood running across the back,
substantially as and for the purpose herein
specified.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

ADOLF RETTIG.
Witnesses:
F'RANZ HASSLACHER,
FRrIEDRICH CORRELL.

35

40

45

50

55

60




