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My invention relates generally .to electrical
musical instruments in which music is electrically
originated and translated into sound, and more
particularly to reverberation producing appara-
tus for instruments of this character.

When music is played on a mechanical musical
instrument, such as a pipe organ, in & large audi-
torium having a long reverberation time, the
sound reaching the ears of a listener who is not
very close to the source of sound, is of a very
‘complex nature compared to the sound produced
by the instrument. The component frequencies

‘are partially reinforced or cancelled, depending

upon the position of the listener’s ears, the am-
plitude modulation being caused by the repeated
reflection of the sound waves from the walls,
ceiling and floor of the auditorium. This re-
flected sound continues to reach the ears of the
listener for a considerable length of time after
‘the source hag ceased to emit sound. The sound
decays generally in a logarithmic manner, but in-
dividual frequencies may depart considerably from
the general decay curve, such that some fre-
quencies may be increasing in amplitude as the

5 over-all sound intensity is decreasing. While

ordinarily the listener is not able to distinguish
the variations in the intensities of the individual
frequencies, the composite effect is readily per-
ceptible as a certain richness and fullness of tone,
adding appreciably to the grandeur of the music.

This desirable reverberation effect is not.ob-
tained when musical instruments are piayed in
small acoustically “dead” rooms, especially if the
instrument does not produce tones having grad-
ual decay intensity envelopes. = Electric organs -of
the type disclosed in my prior Letters Patent No.
1,956°350 are designed to produce tones having

_substantially instantaneous decay, and thus, un-

less played in a highly reverberative auditorium,
lack the ability to cause the tones to reverberate
and decay gradually.

It is thus an object of the invention io pro-
vide an electrical musical instrument capable of

producing tones having reverberative decay inde-

pendently of the acoustical characteristics of the
place where the tone is produced.
It is another object of the invention to provide

“means whereby the music of an electrical musical

instrument, may, at will, be modified so as to
have a long reverberation or decay time and thus
give the impression that the music is being heard

in a large reverberative auditorium even though’

the instrument is being heard in a small non-re-
verberative room, or out-of-doors.
A further object of the invention is to provide

(CL 179~~1)

an improved electrical musical instrument hav-
Ing means for introducing a reverberation effect
of selected degree in the muslc frrespective of
the acoustic properties of the place where the
instrument is being played.

A further object is to provide an electrical mu-
sical instrument in which the reverberation time
is Increased and the signal originally produced is
repeated a number of times during the reverbera-
tion period, so as accurately to duplicate the
sound produced when the instrument is played
in a large reverberative enclosure.

A further object 1s to provide a sound re-
verberation apparatus capable of design and con-
struction in such manner as to modify musical
signals so that the reverberation characteristics
of any desired auditorium may be substantially
duplicated-in music produced in the open air or
in a room having acoustical characteristics which
are unfavorable to the proper rendition of music.
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A further object is to provide a mechanical re- :

verberation system for the rendition of music, in
which compensation may be made for adverse
frequency response characteristics of the electro-
mechanical and mechanico-electric transducers
used in the system.

A further object to to provide an improved me-
chanical reverberation system for musical sig-
nals, in which the reverberation characteristics
may be predetermined and controlled.

A further object is to provide a mechanical re-
verberation system for electrical musical instru-
ments which occuples a relatively small space and
may readily be incorporated in the speaker cab-
inets provided for such Instruments.

A further object is to provide a mechanical re-
verberation system which is relatively simple:in
_construction and which may be economically
manufactured.

Other 'objects will appear from the following
description, reference being had to the accom-
panying drawings, in which:

Pigure 1 is a block diagram of the complets in-
strument;

Figure 2 is a side elevation of the mechaxical
reverberation system;

Figure 3 is a fragmentary vertical séctional
view showing the parts to an enlarged scale,
taken generally on the line 3—3 of ¥ig. 8;

Figure 4 is a perspective visv of the stirrup
and lever assembly;

PFigure 5 is a fragmentary sec*ional view of the
upper lever;

Pigures 6, 7 and 8 are transverse sectional views:
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taken on the line §—6, T—1 and 8—8 respectively,
of Figure 2;

Figure 9 is a chart showing the frequency re-
sponse of the apparatus; and

Figure 10 is an illustrative diagram indicative
of the manner in which a signal Is transmitted
through the mechanica] reverberation system.

GENERAL DESCRIPTION

Referring to Figure 1, the instrument com-
prises a console 20 of an electric organ or other
musical instrument, which may be of the type
disclosed in the aforesalid Patent No. 1,956,350,
and which includes the signal generators and the
various manuals and controls by which the sig-
nals from the generators are combined to pro-
duce a composite electrical signal representing
the music belng rendered. This composite signal,
if necessary, is amplified by a preamplifier 22.
Part of the signal from this amplifier Is sup-
pliéd through resistances 24 to a voltage amplifier
28 and a power amplifler 28 to an electroacoustic
translating means shown as a loud speaker 36,
but which may comprise a radio broadcasting

system, & phonographic recording apparatus, or .
other apparatus or system for. translatlng the

signal into’ sound, or for making a record. for

later use in producing sound The resistances 24,

{llustrated as being adjustable, may be fixed. Te-
sistors, since ordinarily the adjustable attenuator

32 will provide sufﬂcient adjustability "!or the.

system. :
The other part of. the ‘slgnal- from ‘the -
amplifier 32 is supplied to-an adjustable atte

- ator 32, from which the signal I5 transmitted to
" an electrosmechanical transducer 3 which ‘con-.

sists of a loud speaker unit;: preferably ‘of the
permanent magnet type; with its ‘sound- radiating
diaphragm removed:. - The mechanical signa,l 3
brations produced by this transducder. aré
veyed through a mechanical reverberatio

36 by means of which the signsi s.modiﬁed to .
include s plurality of reverberative ‘modified -

repetitions thereof, similar, in- character ‘and

effect, to the results obtained when: sound is pro--

duced in a large auditorium having an optimum
reverberation or decay time for the rendition of
music,

The modified signal from the mechanical rever-
beration system is picked up by a mechanico-
electric transducer 38 which is preferably in the
form of a crystal or a capacity pickup, from
which the modified electrical signal is trans-
mitted to a preamplifier 40. The amplified and
modified signal from the preamplifier 40 is com-~
bined with that supplied directly from the pre-
amplifier 22 and thus is transmitted through the
amplifiers 26 and 28 to the speaker 30.

The mechanical reverberation system

The - mechanical reverberation system 1is
mounted in a strong, rigid frame consisting of
four angle iron supports 42 to which eight
flanged transverse plates 44 to Bl are rigidly se-
cured by rivets or screws. The frame may be
suitably mounted in a speaker cabinet, being
supported by vibration insulating cushions 52, 53
and 54, made of sponge rubber or similar mate-
rial. The electro-mechanical transducer 34 is
secured to the plate 45 (Fig. 3), and comprises
a permanent magnet shell 55 to which the flexible
voice coil supporting spider §6 and flexible voice
coil guiding and supporting element §8 are se-
cured. The voice coil 60 oscillates in the annular
gap formed between central pole 62 of the per-

2,230,836

manent magnet and the shell 64, The coi] 80 is
connected to the output of the attenuator 32
by the usual flexible lead wires (not shown).

A wire 64 is secured to the center of the spider
56 and extends upwardly through a hole 8§ &
drilled in the magnet pole §2. The upper end of
the wire 64 is rigidly secured to a thin flexible
metal strap 68 (Fig. 5), which In turn is secured to
& lever 10 which is channel-shaped.

The lever 1@ is made as light in welght as is 10
compatible with its necessary strength and rig- -
idity. A suitable material for the lever 10 is a
high strength aluminum alloy. The side walls 12
of the lever are conformed to provide maximum
rigidity to the lever with a minimum mass of 15
materlal.

'The lever 10 is supported by a bracket 13 which
is secured to the top of the shell 54. 'This bracket
13 is generally in the shape of a J and has aper-
tures 15 and 76 .through which the lever 718 20
projects, there being sufficient clearance to per- -
mit the lever to move freely, -the edges of the
aperture 18 preventing excessive swinging of the
lever 10. A fulcrum strip 14 of thin flexible sheet
metal is similarly apertured to permit the free 28
plvotal movement of the lever 18 therethrough,

“the strip being clamped to the longer leg of the

bracket 13 by plates 11. The lower end of the

" -fulcrum strip-14 is secured to the horizontal web
-portion of the lever 10 by a pair of angle clips 30
.18, which are riveted to the lower end of the strip
14 and secured to the lever 10 by rivets 19. 3
- rivets 18-also secure the strap 68 to the lever 18.

* 'The ends:of the web: portion of the lever are.
_curled ‘to: provide guides 80 for the strap 68, 35
‘while the ‘ends of the strap 68 are provided with
_holes to recelve the hooked ends of the wire 64
“and a wire 86 respectively. -

The

Although the forces acting upon the lever 1@

R -:and its connecting parts are relatively small, in 4o
- the order of a few hundred grams, the Jever 78

should be strong and very rigid, while at the

-same time, it is desirable to keep its mass and

the masses of its associated parts at & minimum. .

The design of the parts therefore involves stress- 45

ing the materials to near their maximum allow-
able stresses, with the necessary allowance of a
reasonable factor of safety.

The flexure of the fulerum strip T4, for the .
most part, takes place just above the angle clips 50
18. The lever is thus in effect pivoted at a point
but slightly above a line joining the points at
which the ends of the strap 68 contact with the
curled guides 80, thus rendering the lever stable.

The wire 86 has a hellcal spring A secured to 55
its lower end, and spring A has its lower end
anchored to an eye 90 formed in & plug 92.
plug 92 seals the lower end of a tube 94 which
surrounds the spring A and which is substantially
filled with a light oil or similar liquid. ‘The tube 60
84 is supported by an extension 26 of the plug 82,
the extension being frictionally clamped in ver-
tically adjusted position by & set screw 88
threaded in a collar 99 surrounding a split bush-
ing 100 peened to the plate 5§1.

Oil filled tubes 102 and (04 which are similar
to the tubes 94 and are similarly supported by the
plate §0, extend upwardly through the plates 41,
48 and 49, and have springs Bi and B2 therein.
The springs Bl and B2 have their upper ends se-
cured to a stirrup (08 which is of hollow tri-

‘angular shape (Fig. 4), and is provided with a

reinforcing flange 108. The stirrup {08 is pro-
vided with an aperture (10 for receiving the
hooked end of a short wire 112, which is secured 76
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to the spider 58 and which may, if desired, be
made integral with the wire 64.

A thin flexible metal strip {(4 is clamped to the
stirrup 108 by a plate 116 riveted to the stirrup.
The strip 114 has an opening 115 formed therein,
and 1ts lower end is riveted to a pair of angle clips
111 which cre riveted to the horizontal web por-
tion of an equal arm lever or rocker arm {{8 in
a manner similar to that employed for securing
the lever 70 to its flexible supporting strip 14. -

The lever ({8 has a metal strap 120 riveted
thereto, the ends {21 and (22 of this strap being
provided with holes for receiving the ends of
springs C and D respectively. The spring C ex-
tends dovmwardly into a relatively short tube (24,
partially filled with oll, and has its lower end an-
chored therein, the tube construction and its
mounting being similar to that of the tube 84.
The tube 124 is of lesser diameter than tube 84,
since the spring C is of lesser diameter than the
spring A. The lower end of spring D is attached
to one of the plates of a crystal pickup device 148,
by & metal strip 149 connected to a hooked wire
{56. The crystal pickup device is secured to a
rod 152 which is mounted for adjustment in a

-vertical -direction in a bushlng 454 secured to
'pla.te 49, O

In order to provide an a.dditional.po nt of par-

tial reflection for the higher frequencies. and thus.
improve the response of the system for the higher .
'frequency partials, a mass is preferably 1nserted_'
in the spring C at some point above. ‘the level of
-the of! in tube (24,

"This mass 1s shown as & short
length of wire 160 (Fig. 3), which is’ mserted be-
tween adjacent coils of the spring ‘and. 1s’ thus
frictionally clamped-in position.. As will. ‘Therein-

after more fully be described; the mass of the pin.

160 corresponds to an inductance: in. an electrical
circuit, and its value is such that xt will tend ‘to
reflect the higher frequencies, while: transmittincr
the lower frequencies to the’ portion of: the spring
C which is immersed in oil, Where the low fre-
quencies are damped.

Since, as previously indlcated the supports for
the springs are preferably made as light as pos-
sible, consistent with their normal function of
transmitting sound vibrations, it is desirable to
provide means which will prevent placing unusual
straing upon their supports when the device is
shipped or otherwise moved about, when it msy
be subjected to jars. It will be understood that
the levers 78 and (18, as well as the other parts
supporting the springs, are made just strong
enough to carry the weight and tension of the
springs and to transmit the forces applied to the
springs during their normal use.

If," however, the apparatus were suddenly
jarred, the inertia of the springs might subject
the levers 16, 118 and their connected parts to
relatively large strains.which they would be un-
able to withstand. For this reason, means are
provided to clamp the springs adjacent their rela-
tively free ends, and thus prevent the transmis-
sion of large forces to the spring supporting parts.
This means comprises & pair of plates (62 ang 164
which are mounted for sliding movement directly
above the transverse frame plates 46 and 48.

The plate €2 has reiztively large openings
through which the sporings &, C, Bf, BZ and D
pass, these openings being formed with' knife
edges. The plate i6% is heid closely adjacent the
top surface of the frame plate 46 by a washer 58
carried by a bolt 168, whicl: projects through s
suitable elongated guiding slot 1588 in the plate
162. A rcoring 170 is compressed between the

3.
head of the bolt 168 and washer 166 so as to apply
a holding pressure to the washer {68.

An arm (12 has its end pivotally connected to
the plate 162 at 113, and has a slot to receive an
actuating bar {74. The arm 172 s pressed down-
wardly so as to hold the plate 162 closely adjacent
the frame plate 46 by a compression coil spring
116 surrounding the bar 174, and held in place by
a cap 118.

The platé (64 is similarly supported directly
above the frame plate 49 and has a knife edged
opening for the spring D, being suitably cut away
to avoid contact with the tubes 84, 102, 104 and
124, the plate 164 being actuated by an arm {80,
fitted over the bar {74 in & manner similar to that
in which the arm 112 is secured in position.

The lower end of the actuating bar 14 is
guided in a bearing (82 supported by the lower
frame plate §0 and is adapted to be angularly
shifted by a plunger rod {84 carrying a button
handle 186 and connected to the actuating bar
{14 by an arm (88. From the above description,
it will be apparent that when the button handle
186 is pushed inwardly, the bar (T4 will swing
counter-clockwise (Figs. 6, 7 and 8) and through
the arms 112 and 180 move the locking plates 162
and 164 to the right (Fig. 3), thereby causing the

- knife edges surrounding the spring receiving

openings therein to engage between successive
turns of the springs, deflect the springs laterally

_until they abut the edges of the openings in the

frame plates 46 and 49 and rigidly clamp the
springs in this position. Upon pulling the button
handile 186 outwardly to the position in which it
is shown in Fig. 3, the locking plates 162 and 164
‘will be moved back to the position in which they
are shown in Fig, 3 with their spring receiving
openings in alignment with corresponding open-

ings formed in the frame plates 46 and 49, so’
This locking,

that the springs are again free.

10

15

mechanism is disclosed in greater detail and is°

claimed in my co-pending application, Serjal No.
298,366, filed Oct. 7, 1939, which has matured into
Patent No. 2,211,205, issued Aug. 13, 1940.

From the above detailed description of the me-
chanical reverberation system, it will be seen that
the mechanical vibration of the voice coil 60 is
transmitted in part through the wire 64, lever 10,
wire 88, to the spring A, and in part through the
wirs 112 to the stirrup 1066. The stirrup 106 has
the two damping springs Bf, B2, and the par-
tially refiecting and partially damping spring C
connected thereto, as well as the spring D, which
consiitutes the means for transmitting the sound
vibrations to the crystal pickup 148.

Exemplary dimensions of the parts of the me-
chanical reverberation system

While the various parts of the mechanical
reverberation system may of course be made of
a wide variety of sizes and of different mate-
rials, the constants of the system are determina-
tive of the frequency response of the system as
a whole, and of its efficiency in accomplishing
the desired objectives, Although the factors
governing the transmission of sound waves
through coil springs of the cheracter disclosed
herein are known to those skilled in the art, and
mathematical formulae are available for the de-
termination of the dimensions of the springs and
associgted parts, the computations are some-
what complex and it is therefore helieved ex-
pedient to set forth herein the important dimen-
sional! and constructional characteristics of the
parts wiilch have been found by actual experience
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stood, however, that these dimensions are given
merely by way of example, and that they may
be varied greatly without departing from the
principles underlying the invention.

The springs are preferably made of plano wire.
The springs A, Bl and B2 being made of 030"’
wire, the colls being 30" in diameter and ap-
proximately 32°* long. The tension on the spring
A (measured at the top of the spring),.is 160
grams, while the tension on each of the springs
Bl and B2 is approximately 70 grams. The
springs C and D are made of .020’’ piano wire,
the coils being .200°’ in cutside dlameter, and the
springs being of equal length, about 32’’ long.

The springs C and D are each stretched to
have a tension at their top of approximately 70
grams. There is a tension of slightly less than
70 grams at the point of connection of the spring
D with the crystal pickup 148. ’ )

The levers 10 and {18, are preferably of alumi-
.num alloy stampings so as to be as light as pos-
sible in weight to meet the requirements of
strength and rigidity,
the springs are attached, and the flexible strips
which support the levers, are made of very thin
flexible steel. The ofl with which the tubes 84,
102,
low viscosity, and of a kind which does not change
appreciably in viscosity with changes in tem-
perature.

The springs C and D are wound with their
colls at a pitch of approximately 35 turns per
inch, ‘while springs A, Bl and B2 have a pitch
of approximately 22 turns per inch. After the
springs have been wound they are annealed. In
connecting the springs in the system, they are
placed under tension, as set forth above. The
tension is sufficient in each instance to exceed
any' oppositely directed force which may be
applied during the normal operation of the ap-
paratus, so that sound vibration transmitting
contact is maintained at all times.

Operation of mechanical reverberation system

As previously pointed out, the general purpose
of the mechanical reverberation system is to alter
the signal received by it in substantially the same
way that the corresponding sound would be al-
tered if it were produced in an auditorium hav-
ing optimum reverberation characteristics for
the music being rendered. A requirement of the
system is therefore that the transmission of the
signal be delayed, and that the signal must be
repeated a number of times at fractional second
intervals and at generally decreasing amplitude.

+Fach repetition of the signal constitutes. a sep-
arate echo. The number of echoes of this kind
must be very large so that they are not heard

as pronounced separate echoes, but as & steady

stream of sound. A single series of echoes re-

curring at a regular rate is ordinarily recognized

as such by the listener, and must be avoided.
These purposes are satisfactorily accomplished

" by the apparatus described. The electrical sig-

nals produced by the organ are divided, a regu-
latable part thereof being fed directly to the
amplifier and speaker system, while the remain-
ing portion is fed to the diaphragm-less speaker
34 whe-e the electrical signal is converted into
mechanical vibration. The sound is transmit-
ted as mechanical vibrations through the coil
spring system.

The signal fed to the voice coil operates the
springs A and Bl and B2, which are for the
purpose of providing a resistive load and thus

while the straps to which -

104 and 124 are filled may be of relatively ’

2,230,836
to produce satislactory results. It will be under- -

damping the driving unit and compensating for
the adverse frequency response characteristics
of the latter. They form no direct part of the
system for transmitting the signal irom the driv-
ing unit to the crystal pickup. In describing the
operation, we shall assume, as may be the fact,
that springs C and D are of the same size. Like-
wise, we shall assume that the lever or rocker
arm {(8 is made of a material so stiff and hav-
ing so little mass that it acts as an ideal lever.
A signal which is impressed on the rocker
arm (18 constrains the pivot of this arm to move
up and down. A signal is thus propagated down
the spring C and down the spring D. This sig-
nal passes along the spring at the characteristic
propagation velocity which depends on the ra-
tio of the elasticity to the distributed mass of
the spring. In the springs actually employed,
the propagation velocity is around forty feet
per second, which is roughly one twenty-fifth
as fast as the sound wave would be propagated

20

in a column of air. The motions of compression -

and elongation within the spring are of the same
general nature as obtain in a column of air. The

total length of spring D is approximately 327, ¢

and the crystal receives impulses of spring mo-
tion which reach it approximately 145 of a sec-
ond after they leave the rocker arm {18. Dis-
regarding, for the moment, the effect of the mass
160, the motions in the spring C become atten-
uated approximately 50% as they travel down
through the ofl in tube 124, are reflected at the
lower fixed end of the spring, and return up-
wardly through the oil.

When the signal reaches the crystal pickup
end of the spring D, the motion of the spring is
arrested at this point because the crystal con-
stitutes a point of great stiffness. The motions
of the hook on the crystal resulting from the
oscillatory forces in the spring are so slight that
for the present purpose this motion may be
neglected, and the end of the spring may be con-
sidered as a fixed point. The forces which are
set up on the hook of the crystal actually do

cause a small motion of the crystal, generating

within the crystal voltages which are propor-
tional to the forces applied. These voltages are
amplified and are connected to the output sys-
tem as described above. As a result of the fixed
character of the end of the spring, total reflec-
tion of the wave motion within the spring will
occur at this point, and the signal is therefore
reflected and starts back along the spring in the
reverse direction.

It is of course possible for different signals to .

pass in opposite directions within the spring in
the same manner that sound may be carried in
two directions through a column of air without
interaction or interference.

Motions within the spring D are highly un-
damped. That is to say, very little friction is in-
troduced by the action of the air around the
spring, and the spring of course touches no other
object along its length. Thus, sound waves may
be transmitted through this type of spring for
very long distances with only exceedingly small
attenuation. The signal which comes back to
the rocker arm {18 is therefor substantially as
large as it was when it left the rocker arm going
in the reverse direction.

When the signal reaches.the end of the rocker
arm |18 going upward, the rocker is vibrationally
displaced swinging about its fulcrum and -carry-
ing the vibrations of the spring D into the spring
C. 'This is true because the impedance to trans-
latory motion of the fulcrum of the rocker arm

40
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is very great, as this fulcrum is attached to the
system including the voice coil and the heavy
springs Bl and B2. If it is assumed that the
rocker arm is an ideal one and the impedance to
motion of the fulcrum is sufficiently great, then
all of the signal reaching the. rocker going up-
ward along the spring D will be transmitted into
similar motion going downward in the spring C
in the direction of the oil, where the signal will
be partially damped out and partially reflected.

If, as assumed, the springs C and D are of the
same size, and if the rocker arm ({8 operates as
an ideal transformer of the direction of the mo-
tion and of the forces involved, then the output
signal would be a faithful electrical reproduction
of the input signal differing from the original
signal only by the elapse of time of 145 of a second,
followed in %5 of & second by the half strength
signal reflected from the lower end of spring C,
ete.

In Figure 10, the character of the signal pro-
duced by the system is graphically illustrated. In
this figure, the signal is considered as originating
at the central vertical line (0A whichk corre-
sponds to the lever or rocker arm (18. It will
be noted that a portion of the signal is trans-
mitted to the right, representing transmission
through the spring D, to the dotted line 0B,
representative of the crystal pickup. A signal
of equal amplitude travels to the left to the line
{0C by which the signal is partly damped and
partly reflected.

The width of the cross-hatched bands is indica-
tive of the approximate amplitude of the signal.
In order. to show the time relationship of the
signal transmitted from the musical instrument
directly to the speaker, the cross-hatched area
marked “Direct signal” is indicated as supplying
an output signal of amplitude indicated by the
bracket a at the time “0.” From this diagram-
matic chart, it will be noted that the signal trans-
mitted through the spring D, the amplitude of
which is represented by the bracket b, arrives at
the pickup %5 of a second after the direct signal.
Then, at 35 of & second after the direct signal,
a signal represented by the bracket c is received
at the pickup, this signal being the undamped
portion of the signal originally produced and
transmitted up through spring C, through rocker
arm |18 and through the spring D. In a similar
manner, signals indicated by brackets d to i in-
clusive are successively irapressed upon the crys-
tal pickup 148 at intervals of approximately %5
of a gecond, the signals decreasing generally in
amplitude. . '

It will be understood that the chart, Fig. 10,
is included solely for the purpose of illustrating
the general principles of operation, and is not
intended as an exact graphical representation of
the operation of the system, since it does not take
into account the function of the mass 160 in-
serted in the spring C, nor does it take into ac-
count many other factors which influence the
character of the final output of the instrument.
However, the chart illustrates, in a possibly over-
simplified fashion, the general principle of opera-
tion of the system. :

When sound vibrations pass along a spring
they are reflected from any point which is held
fixedly. Total reflection will also take place from
the unsupported end of a spring. It is, however,
possible to have a partial reflecting point at which
sound vibratiocns will be in part transmitted, and
If, for instance, & small mass
i{s attached tc a spring, then partial reflection will
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tare place from this point. In that event, the
reflection will be the more pronounced for any
given mass, the higher the frequency. Similarly,
if any point of the spring is secured to a station-
ary part by a resilient connection, then reflection
will take place from this point and the refiection
will be the greater the lower the frequency. If
two springs of unequal sizes are connected to-
gether, then reflection will take place from the
juncture of the two springs, and the reflection
will be the greater as the springs become more
and more dissimilar in gize., In this event, re-
flection will be alike for all frequencies. Thus,
reflection takes place at every point in the sys-
tem where the mechanical impedances of adja-
cent transmitting elements are mis-matched.

Thus, in the embodiment of the invention here-
in disclosed, the small pin {60 constitutes a point
-of partial reflection. Its mass, however, is so
small that it does not constitute a point of ap-
preciable reflection for sound vibrations of the
lower frequencies, although it serves as a point of
considerable reflection for the higher musical fre-
quencies. As a result, the lower portion of the
spring C which is immersed in oil within the tube
i24, receives the lower frequencies in greater pro-
portionate amplitude than the higher frequen-
cles. The damping action of the oil is greater
at the higher frequencies, and thus it Is the lower
frequencies, substantially to the exclusion of the
higher frequencies, which are reflected from the
lower =2nd of the -spring C to pass upwardly
through the spring C, and which are ultimate-
ly impressed upon the crystal pickup 143,

The depth of oil in the tube 124 is approx-
imately 3’’, and thus a sufficiently long portion
of the spring C is immersed to provide appre-
ciable damping for the lower frequencies, and
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to provide substantially more damping for the :

higher frequencies. The mass of the pin (60 is
preferabl® of such value with respect to the pa-

rameters of the spring C that it commences be--

coming noticeably effective as a point of partial
reflection for frequencies at approximately 400
c.ps., and of course, becomes increasingly ef-
fective as & point of reflection as the frequency
increases. -

Thus, in order more accurately to represent
the actual operation of the system, the illus~
trative chart, Fig. 10, would have to differentiate
between signals of different frequencies.

Furthermore, it was assumed above that the
rocker arm {18 was perfectly rigid and of negli-
gible mass, thus an ideal lever. However, since
this is not the case, the points of attachment of
the springs C and D to the rocker arm |18 con-
stituite additional minor points of reflection for
the signal, and thus render the final output of
the system much more complex than is indicated
by the illustrative chart, Fig. 10. Of course the
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crystal pickup 148 is not an ideal point of re- ~

flection, nor is-the rocker arm (18 entirely free
from mechanical resistance. Thus, the various
frequencies are damped to some extent because
of these non-ideal characteristics of these parts
of the system, but the controlling damping effect
is of course obtained in the portion of the spring
C, which is immersed in the oil in the tube 124.
Because of the fact that the mass {60-reflects a
large part of the higher frequency vibrations
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which travel downwardly along spring C, the very -

high frequencies are attenuated less rapidly than
the intermediate frequencies.

“When a spring, such as the spring C, extends
for a short distance into a damping medium such
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as the oll in the tube 124, the damping effect for
high frequencies is greater than that for low
frequencles, probably due to the damping that
takes place between adjacent turns of the spring.

The spring vibration transmitting system as a
whole thus tends to damp the higher frequencies
to & progressively greater extent than lower fre-
quencies, but because of the use of the pin 160,
this general trend is changed at very high fre-
quencies so that the latter, as well as the very
low frequencles, are damped less than the inter-
mediate frequencies, A sound containing very
low, intermediate, and véry high frequencies will
thus decay in a manner to compensate for the
non-uniform frequency response characterlstics
of the human ear, that is, the intermediate fre-
quencies, to which the ear is most sensitive, will
be damped most rapidly.

By adjustment of the level of the oil in the
tube (24, or rather adjustment of the length
of the portion of the spring immersed therein,
and by changing the size of the pin C, the rela-
tive rates at which very low, intermediate, and
very high frequencies are damped, may readily
be controlled.

The effect of utilizing the pin 160 as a reflect-
ing mass in the spring C is illustrated by the
frequency response curves of the system. shown
in Pig. 9. In this figure, the upper full line
curve 9A represents the approximate maximum
response at frequencies within limited incre-
mental ranges, while the lower full line curve
9B represents the minimum response of the sys-
tem within corresponding incremental ranges.
Thus, the actual response of the system at any
glven frequency will ie at some point between
the two curves 9A and 9B, i.e., within the cross-
hatched area between these two curves.

The dotted line curves 8C and 9D correspond
to the curves 9A and 9B respectively and rep-
resent the response of the system when the pin
{60 is removed from the spring C. It will be
noted that the principal effect of the pin 160
is to increase the frequency response at frequen-
cles above approximately 400 c.p.s.

The actual response curve of the system would
be a jagged line alternately touching the curves
SA and 9B at intervals of from 2 to 10 c.p.s., de~
pending upon the particular design of the springs
C and D, and the parts connected thereto.

From these curves it will be noted that the
response of the system is generally at a maxi-
mum at the lowermost frequencies, and decreases
generally with increased frequency and decreases
rapildly 8§ a frequency of 6000 c.ps. is ap-
proached.

The crystal pickup will receive impulses which
have come to it through a large number of paths
of different lengths. Considering any particular
frequency, the signal so received may not be in

such phase as will cause the pressure to add up..

One component of signal may tend to cancel
another, and another tend to reinforce it. This
is of course the condition which prevails as re-
gards air pressure at the ear of a listener in an
auditorium, where sound waves are reaching that
point by paths of different lengths occasloned by
the reflection of sound waves from the walls of
the auditorium. If the number of different
paths of different lengths is very large, then the
phase arrangement may be considered as a ran-
dom. one, and the pressures developed must be
dealt with on the theory of probabilities,
Where the springs C and D are of the same
size, there are three reflecting points, located at

.8pring straps.
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the lower ends of the springs C and D respec-
tively, and at the pla (60, provided that the
rocker arm {18 operates as an ideal lever without
mass and without any restoring force prevent-

_ing it from oscillating about its fulerum. Thisis &

not the case, however, as stabllity requires £hat
the fulecrum of the lever (I8 be located slightly
out of line with the points of attachment of the.
The fulcrum is also of a resilient
nature, and the elastic support therefore intro-
duces some reflection for low frequencies, while
the mass of the rocker arm 18 introduces some
reflection for high frequencies.

Likewlse, small amounts of reflection take
place from the hooks on the end of springs and 13
all of these partial reflections contribute to the

10

- complexity of the signal] received by the crystal

pickup.

Reverberation in an auditorium is greater as
the auditorium is larger, and is less as damping 20
is greater.; Damping, of course, takes place as a
result of tha presence of sound absorbing ma-
terial and opehings from the enclosures to the
out-of-doors. If the reverberation time in a
large auditorium is the same as that in a small 25
one, then the damping in the large auditorium
must be greater. Similarly, in this system, the
reverberation time will be the greater as the total
length of the springs C and D is increased, and
will be less as damping is Increased. In this 30
case, the spring C is partially damped, particu-
larly for frequencies under 400 c.p.s. which are
not appreciably reflected at pin (60, so that the
damping of the whole system depends upon the
number of reflecting points and the amount of 35
reflection which takes place at each point.

It will be observed that whereas there is effec-

‘tive only one spring joining the input and the

output, the number of paths of different lengths
traversed hy the signal between the input and
the output can be made as large as desired by
simply increasing the number of reflecting points

40

. along the transmission line.

The voice coil in the driving unit has a char-
acteristic resonant frequency which should be
damped if a comparatively smooth response curve
is to be obtained. The volce coil damping in
this unit consists of the two springs, Bl and B2,
attached directly to the voice coil, and the spring
A sattached to the voice coil through lever 70. 50
The tension wires 64 and 86 are of such size that
compliance of the wires causes the damping of
spring A to become ineffective at approximately
800 c.ps.

The resonance point of the undamped voice
coil is approximately 120 cycles. By having the
spring A effective only below 800 cycles, the re-
sponse above thds frequency tends to be increased,
due to reduced damping, and since the response
tends to drop for high irequencies due to com-
pliances in the system and other reasons, the
uniformity of output is thereby improved.

Other points of resonance in the response of
the voice coil, the spider which supports it and
other elements of the system are flattened out
by the springs B{ and B2. The damping pro-
duced by the springs Bl and B2 is effective at
substantially all frequencies because the connec-
tion to the voice coil 1Is substantially rigid.

The effect of the system, as previously noted,
is comparable to that obtained when sound is
emitted in an enclosure and the sound waves are
reflected back and forth by the walls of the en-
closure so that the sound may be heard after the
source is no longer emitting sound waves. The 75
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systein may have & reverberation time of approxi-
mately two seconds, which has been found to be
pleasing for organ music, but which of course
would not be suitable for the transmission of
speech. In the particular system described, the

transmission time for a sound wave from the’

voice coil to the pick-up is approximately 145 of a

‘second. Thus, the sound signal transmitted to

the speaker precedes, by this time interval, the
first signal which is derived from the pickup 148
as previously noted in connection with the de-
scription of Fig. 10. By proper proportioning of
the relative amplitudes of directly and indirectly
transmitted portions of the output signal, very
pleasing musical effects may be obtained.

While I have shown and described a particular
embodiment of my invention, and have herein
specified exemplary dimensions and character-
istics of the parts, it will be understood by those
skilled in the art that such dimensions and char-
acteristics are intended as illustrative of a prac-
tical form of embodiment of the invention rather
than as limiting the invention to such details.
I therefore desire to include within the scope
of my invention defined by the following claims,
all such similar modifled constructions whereby
substantially the results of my invention may be
obtained by substantially the same or equivalent
means.

I claim: -

1. In an electrical musical instrument having
means for producing and controlling electrical
signals corresponding to sound, and having an
output system for utilizing the signals produced
by saild means; a signal transmitting apparatus
for conveying the signal from said producing
means to said utilizing means comprising, an
electro-mechanical transducer connected to re-
celve signals from said signal producing means,
a mechanico-electric transducer connected to
transmit signals to sald output system, and a
mechanical sound vibration transmitting appara-
tus operatively associated with sald electro-me-
chanical transducer and with said mechanico-
electric transducer, said apparatus comprising
jnterconnected solid elements providing a plu-
rality of points effective to reflect sound vibra-
tions, some of said elements having distributed
mass and compliance.

2. The combination set forth in claim 1 in
which said apparatus comprises a plurality of
helical coil springs and a pivoted lever intercon-
necting said springs, and in which at least one
of said springs forms a vibration {ransmitting
connection between said electro-mechanical
transducer and said mechanico-electric trans-
ducer.

3. The combination set forth in claim 1 in
which said apparatus includes a plurality of
helical coil springs connected to said electro-
mechanical transducer, in which one of sald
springs serves to. transmit sound vibrations to
said mechanico-electric transducer, and in which
a coil spring element partially immersed in a
viscous liquid is connected to said electro-me-
chanical transducer. _

4. The combination set forth in claim 1 in
which said apparatus includes a mechanical ele-
ment connected to the moving part of said elec-
tro-mechanical transducer for damping low fre-
quency vibrations of the latter more effectively
than high frequency vibrations thereof.

5. The combination set forth in claim 1 in
which said apparatus includes & plurality of heli-
¢zl coil springs, at least cne of which differs In

7

size from the others, and a plurality of levers of
relatively small mass interconnecting sald
springs.

6. In s mechanical sound transmission sys-
tem, the. combination of a source of mechanical
vibrations corresponding to sound, sald source
having & moving part, a helical coil spring im-
mersed in’ & lquid for damping vibration there-
of, and means for connecting said moving part
to said spring including an element having sub-
stantial compliance at the higher frequencies
of the sound vibrations produced by the moving
part of said source.

7. ‘The combination set forth in claim 6 in
which said element having substantial compli-
ance comprises a relatively thin wire of appre-
ciable length.

8. An output system for an electrical musical
instrument which is capable of producing elec-
trical signals corresponding to music comprising,
an amplifying system, electroacoustic translating
means connected to the output of saild amplify-
ing system, means for transmitting signals from
said instrument directly to said amplifier, ahd
a mechanical reverberation system inciuding .a

plurality of solid elements connected to receive’

energy from sald instrument and to transmit to
said amplifying system a signal corresponding
to that produced by said instrument as modified
by appreciable delay and repeated reflection of

 said signal by and through said solid elements.

9. A sound fransmitting system comprising a
rigid frame, an electro-mechanical transducer
secured to said frame, a mechanico-electric
transducer secured to said frame, a plurality of
springs, one of said springs having one end
thereof connected to said mechanico-electric
transducer and another of sald springs having

one end anchored to a -pivotally mounted low
40

mass lever interconnecting the other ends of
said springs, and means connecting said electro-
mechanical transducer to said lever.

10. A sound transmission and modifying ap}-f

paratus comprising a rigid frame, a diaphragm-~
less speaker unit secured to said frame, said unit
having a voice coil supporting spider, a lever
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pivotally mounted with respect to said frame, -

a tension element connected between one end of
said lever and said spider, a damping coil spring,
a tension element connecting the other end of
said lever and said coil spring, a liquid-contain-
ing vessel surrounding said coll spring to im-
merse the latter in the liquid thereof, a plurality
of vibration transmitting coil springs, a second
lever having its ends connected to said vibra-
tion transmitting coil springs, a pivotal support

for said second lever, a connection between said

support and said spider, and additional damping
coll springs immersed in a viscous medium and
connected to said support.

11. In a sound transmitting system for elec-
trical musical instruments, the combination of a
source of sound vibrations, a plurality of coil
springs immersed in a liquid and each having one
end connected to said source for vibration thereby,
each of said springs being of sufficient length and
size to provide a damping effect corresponding to
a substantially pure resistance.

12. In an electrical musical instrument having

an output circuit and means for generating and.

controlling the transmission of electrical impulses
of & plurality of frequencies to said output cir-
cuit, the combingtion of an eiectro-mechanical
transducer connected to said outputb eircuii, a
mechanico-electric transducer, an amplifier and
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8
electroacoustic translating means connected to
sald mechanico-electric transducer, and a
mechanical sound vibration transmission system
connected between said transducers, sald system
having a plurality of sound vibration reflecting
points whereby the signal impulses supplied from
the output circuit of said instrument will be re-
flected a plurality of times in the course of their
transmission to said electroacoustic translating
means and thus produce a reverberation effect in
the sound produced by the latter.

13, A sound transmission system comprising an
electro-mechanical transducer and a mechanico-
electric transducer, and a mechanical sound
transmission and attenuation means between said
transducers, said means comprising a plurality of
coil springs connected to said electro-mechanical
transducer, at least one of said coil springs being
connected to said mechanico-electric transducer,
and means associated with said coil springs pro-
viding a point for sound wave reflection.

14, A damper for sound waves transmitted
through a solid medium comprising & vertical tube
containing & liquid and a helical coil spring having
a portion thereof immersed in said liquid.

15. The combination set forth in claim 14 in
which said coil spring has one end anchored to
the bottom of said -tube.

16. A system for the transmission of sound
waves comprising a plurality of coll springs inter-
connected by levers and in which at least one of
said springs is partly immersed in a liquid.

17. An apparatus for-transniitting sound com-
prising an electro-mechanteal transducer having
a part moving in a vertical direction, a mechanico-
electric transducer, & plurality of springs at least
one of which is connected between said vertically
moving part and said mechanico-electric trans-
ducer, said springs having their axes extending
substantially vertically, and a freely pivoted lever
connected between at least two of said springs.

18. The combination set forth in claim 17 in

which said springs are under slight tension, and -

in which the tension of said springs upon said
moving part of said transducer is counterbalanced
by spring tension applied in an opposite direction

- to-said part through a lever.

19. The combination set forth in claim 17 in
which additional springs immersed in a liquid are

) connected to the moving part of said transducer.

20. The combination set forth in claim 17 in
which means are provided for adjusting the
tension on said springs.

21. The combination set forth in claim 17 in
which said lever is supported by & thin flexible
metal strip.

22. The combination set forth in claim 17 in
which the springs are attached to said levers by
thin flexible metallic ribbons.

-23. The combination set forth in claim 17 in
which at least one of said springs is connected to
form a sound vibration transmitting path be-
tween said moving part and said mechanico-
electric transducer, and in which additional
springs immersed in a liquid are connected to
said moving part.

24. In an electrical musical instrument capable
of producing an electrical signal, and electro-
acoustic translating means, means for transmit-
ting a portion of said signal from said instrument
to said translating’ means, means including a
mechanical reverberation system composed of
solid elements providing a phirality of points of

reflection for transmitting a second portion of the -
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signal from sald .instrument to said translating
means, and means for varylng the relative ampli-
tudes of said portions of sald signal. ‘

25, The combination-set forth in cldim 24 in
which said mechanical reverberation system in-
cludes an element which transmits low frequenciles
more effectively than high frequencies.

26. The combination set forth in claim 24 in
which said mechanical reverberation system com-
prises a plurality of coil springs interconnected
by levers.

27. The combination set forth in claim 24 in
which sald mechanical reverberation system in-
cludes a network of interconnected springs and
levers, and in which means are provided for
damping oscillations in some of said springs.
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28. The combination set forth in claim'24 in |

which sald mechanical reverberation system in-
cludes a mechanico-electrical transducer com-
prising an element having substantially infinite
mechanical impedance relative to the other parts
of the system.

29. An apparatus for transmitting sound vi-
brations, a source of sound vibrations compris-
ing an electro-mechanical transducer having a

moving part, frequency responsive means for

damping vibration of said part, a pair of coil
springs each having one end connected to sald
moving part, a mechanico-electric . transducer
connected to the other end of one of said springs,
and an anchorage for the other end of the other
spring.

. 30. The combination set forth in claim 29, in’
‘which said anchorage includes a damping liquid

immersing the adjacent end portion of said spring
anchored thereby.

31. The combination set forth in claim 29, in
which means are provided to damp vibrations
in a portion of said spring adjacent sald anchor-
age.

32. In an apparatus for transmittmg sound

‘vibrations, & source of sound vibrations compris-

ing an electro-mechanical transducer having a
moving part, & lever having its fulcrum secured
to said part, & mechanico-electric transducer, a
coil spring having one end connected to an end
of said lever and its other end connected to said
mechanico-electric transducer, a second coil
spring having one‘end secured to the other end
of said lever, fixed means secured to the other
end of said second spring, and a mass secured to
faéf second spring intermediate the ends of the
atter.

33. The combination set forth in claim 32, in

“which the fixed end portion of said second spring

is immersed in a damping liquid.

34. The combination set forth in claim 32, ‘in
which said second spring extends in s vertical
direction, and hes ifs lower end secured to said
fixed means, in which said lower fixed end por-
tion of said second spring is immersed in a liquid,
and in which said mass is secured to said spring
at a point above the level of sald liquid.

35. In & sound vibration transmitting system,
a source of sound vibrations having a moving
part, a lever secured to said moving part, a palr
of coil springs secured respectively to the ends
of the lever and depending therefrom, a sound
vibration reeelving element connected to the
lower end of one of said springs, and a fixed
anchorage for the lower end of the other of said
springs.

36. The - combmatlon set forth ln claim 35
wherein a portion of the lower end of said an-
chored spring is immersed in a liquid.
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37. The combination set forth in claim 35, In
which said spring which has its lower end se-
cured to a fixed anchorage is provided with a
vibration reflecting mass intermediate its ends,
which is capable of reflecting vibrations of high
audio frequencies and transmitting vibrations of
low audio frequencies. :

38. The combination of a sound vibratio
transmitting system having elements of dis-
tributed mass and compliance and s plurality
of points at which reflection may take place, and
frequency selective means for controlling the
rate of damping of vibrations in sald system,
whereby intermediate frequencies will be damp-
ed more rapidly than high and low frequencies.

39. In a reverberation system for mechanically
transmitting sound vibrations, the combination
of an element having distributed mass and com-
pliance forming a pa‘h for the sound vibrations

9

and having at least two points of total or partial
reflection of the vibrations, and adjustable means
for changing the rate of damping of vibrations
of different frequencies.

40. In an apparatus for transmitting sound
vibrations, the combination of a part forming a
source of sound vibrations, & pair of springs each
having one end thereof connected to sald part, a
mechanico-electric transducer of very high me-
chanical impedance connected to the other end
of the first of said springs, an anchorage fixedly
securing the other end of the second of sald pair
of springs, a tube surrounding the end of said
second spring adjacent said anchorage, and &
damping liquid in said tube and immersing a
portion of said spring of length approximating
one-fourth of the wave length of the lowest fre-
quency produced by said source.

LAURENS HAMMOND.
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