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This invention relates to sound-reproduc 
ing devices and particularly to such devices 
intended for handling large amounts of 
power. 

is Sounds of low pitch are frequently sounds 
of large power. They are frequently pro 
duced by instruments in which the vibrating 
parts have large amplitude. For this rea 
son, sounds from drums, from low-pitch or 

logan pipes from tubes or bass horns and from 
similar sources have heretofore been unsatis 
factorily represented by sound-reproducing 
devices of the moving-diaphragm type be 
cause a diaphragm cannot make an adequate 

is excursion without striking some stationary 
art. 
p In the patent to Joseph Slepian and myself, 
No. 1,623,561, granted April 5, 1927, for an 
improvement in acoustic horn, rules for the 

20 design of loud speakers which will result 
in equalizing the response over a large range 
of frequency are given. 
A horn designed according to the disclo 

sure of the above-named patent and adapted 
25 for the radiation of very low notes is of great 

length. For the range of pitches usually cov 
ered, which does not extend much below 250 
cycles per second, the directions to make the 
diaphragm-chamber of a height only a few 

30 times the amplitude of the maximum move 
ment of the diaphragm were equivalent to 
requiting the chamber to be as small as it 
could conveniently be made. 
When the formula for the volume of the 

diaphragm chamber given in said patent is 
applied to a loudspeaker intended for sounds 
O ow pitch and great power, either the up 
per frequency limit must be taken far below 
what has heretofore been the practice or there 
will not be good clearance for the diaphragm 
movement. 
An instrument comprising a vibrating dia 

phragm and a horn usually requires a great 
er excursion of the diaphragm at low notes 
for the same power in the radiated sound. 
If the horn be of the exponential form, the 
radiated sound is the same for the same ve 
locity of the diaphragm at all frequencies, 
from the cut-off frequency of the horn up to 

45 

chamber causes the radiated sound to fall off 
perceptibly. 
With instruments of this form, therefore, at low frequency, the amplitude will be large 

because, during the whole of a long half 
RE the velocity is in one direction. At igh frequency, the period is short and the 
amplitude, therefore, must be small. With 
other forms of horns, the excessive amplitude 
E. low frequencies is even greater than 

S. 

As pointed out in the above-mentioned pat 
ent, the consequence of making the dia 
phragm chamber larger than the formula 
there given indicates is a failure to efficiently as 
reproduce sound of high frequency. 

Moreover, a loudspeaker Ea with a 
Small diaphragm chamber and intended to 
accommodate only small excursions of the diaphragm, ordinarily is adapted only for to 
Small power and, if large power is impressed 
on the input of such a loud speaker, the in 
strument will be damaged thereby. 
If the production of sufficient power at low 

notes, with instruments as heretofore de- is 
signed, be attempted, a toot amplitude will be produced and even if the diaphragm 
does not actually strike against the walls of 
the diaphragm chamber, its movement will 
exceed that at which correct quality is ob- so 
tained. . 

Heretofore, when it has been necessary to 
produce sound enough to fill a ballroom or a 
large auditorium, it has been usual either to 
group a number of loudspeakers together or ss 
to connect a number of separately-driven sim 
ilar diaphragms to one hornby separate chan 
nels. The number of diaphragms for the 
latter method must be impractically large in 
order to afford sufficient power at low notes so 
without excessive amplitude of diaphragm 
movement. - 

If, following the first of said two methods 
a plurality of instruments are operated to 
gether, the disadvantage just explained is still 95 
present. Moreover, for the low notes, the cut 
off point of each horn must be low and that 
necessitates bulky horns. The plurality of 
large horns requires a larger space thanis or 
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It is an object of my invention to so modify 
the loudspeaker described in the above-men 
tioned patent that it shall be particularly 
adapted to the reproduction of low notes. In 
order to accomplish this object, it is E. osed 
herein to construct a loudspeaker which will 
not be effective for notes above some 200 to 
500 cycles per second. 

It is a further object of my invention to 
lo devise an effective system for the reproduc 

tion of sound in which the loud speaker just 
mentioned shall be supplemented by a loud 
speaker that will satisfactorily reproduce the high notes. 

ls. It is a further object of my invention to so 
combine the loudspeakers that the loud 
speaker adapted for the higher notes shall be 
nrotected from the heavy currents of low fre 
quency which are necessary for the proper 

20 reproduction of the low notes. 
It is a further object of my invention to 

provide a combination of loud speakers in a 
circuit, in which the several parts of the cir 
cuit shall be so designed that each loud 

25 speaker therein will be protected from all fre 
quencies lower than those for which it is in tended. 
It is a further object of my invention to pre 

vent any loudspeaker in such a combination 
30 from diverting current of a frequency to 

which it is not responsive away from the loud 
speaker which is responsive thereto. 

It is a further object of my invention to 
provide such a circuit in which the impedance 

3 shall be independent of the frequency. 
Other objects of this invention and details 

of the construction will be apparent to those 
skilled in the art from the following speci 
fication and the accompanying drawing, in 40 which 

Figure 1 is a sectional view of a portion of 
a loud speaker particularly adapted for low 
notes, 

Fig. 2 is a diagram of circuits and appara 
45 tus representing a system in which a plu 

rality of loudspeakers are used, and 
Fig. 3 is a diagram illustrating a modifica 

tion of the circuits which may be used. 
In Fig. 1, the get 1 may be a perma 

50 nent magnet or may be supplied with a wind 
ing 2 to constitute an electromagnet. Pref 
erably, the magnet 1 is to produce a very 
powerful flux through an annular gap, as is 
indicated by the letters N and S on the two 55 sides of the gap 3. 
Upon the magnetic structure, a cap 4 is se 

cured which has an opening 5 intended to be 
connected to the small end of a horn. The 
horn, as explained in the above-mentioned 

00 patent, should have the area of its cross-sec 
tion increase with the distance from the throat 
5, according to an exponential law. Below 
the orifice 5, the cap 4 provides a diaphragm chamber 6. 

65. The diaphragm 7 has the shape of a cone. 

At the edge of the cone, the diaphragm is in 
tegral with a cylindrical skirt 8, including a 
heavy portion provided with a groove 9 and 
a thin portion 11 which is in the air gap. At 
the bottom of the portion 11, a flange 12 may 
be provided to cooperate with the heavy part 
8 to form an annular channel, in which is lo cated a coil 13. 
The groove 9 receives the inner edge of a 

collar or annular member 14 of heavy rubber 
or other flexible material. The outer edge of 
the collar 14 is clamped between the cap 4 
and the upper part of the magnet. The cap 
may be caused to compress the collar by any 
desired means, 
In my invention, I associate with the throat 

5 in Fig. 1, a horn having so Small a rate of 
flare that the cut-off frequency is lower than 
60 cycles per second. Such a horn is very 
bulky and it is, therefore, highly desirable 
that the results be obtained with only one such horn. 
In order to radiate the power corresponding 

to a big organ, a band of some fifty pieces, or 
a chorus of several hundred voices, the sound 
delivered by the loud speaker should have a 
power of several watts. I have found, for ex 
ample, that it is necessary to radiate 2/6 watts 
in the form of sound in order to satisfactorily 
reproduce such sounds. - 
In order to exert as much power as this, it 

is necessary that the orifice 5 be small. Prac 
tical considerations of convenience in mount 
ing render it inadvisable to make the di 
ameter of the diaphragm 7 more than about 
four inches. Also, the practical limit of 
movement for the diaphragm, when mounted 
by the flexible strip 14, as shown, is about 
of an inch. From these considerations, I 
find that the diameter of the throat 5 should 
be about 4, inch. 
From these dimensions, the volume of air 

which must flow into or out of the throat for 
each movement of the diaphragm is easily computed. At low frequencies the move 
ment of the diaphragm is large and the vol 
umetric displacement produced by said move 
ment is a large fraction of the volume of 
the diaphragm chamber. Consequently, the 
pressure change in the chamber is large 
enough to effectually drive the air through 
the throat of the horn. The volumetric flow 
through the throat will, therefore, at low frequencies be substantially equal to the vol 
umetric displacement by the diaphragm. 
At high frequencies, the amplitude of the 

diaphragm movement is Small and the vol 
umetric displacement is a small fraction of 
the volume of the diaphragm chamber. The 
El in the chamber, therefore, changes yonly a Small amount and, consequently, 
will be more or less ineffective in driving the 
air through the throat. The volumetric flow 
through the throat thus becomes less than 
the volumetric displacement by the dia 
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phragm at high frequencies and this causes 
the instrument to give out less response at . 
higher frequency and at very high frequen 
cies to give practically no response. 

If the clearance between the diaphragm 7 
and the walls of the diaphragm E. er 6 
be only slightly greater than the of an 
inch mentioned, the movement of the dia 
phragm causes a large percentage change in 
the volume of the diaphragm chamber. If 
there is large clearance between the dia 
phragm and the walls of the diaphragm 
chamber, even at maximum displaeement of 
the diaphragm, the movement of the dia 
phragm makes a smaller percentage change 
in the volume. Greater compression of the 
air will occur, therefore, when the clearance 
is smaller. 
When the compression is more than very 

slight, the reaction against the diaphragm 7 
by the compressed air follows a non-linear 
law, with the consequence that the radiated sound, instead of faithfully representing the 
movements of the diaphragm, will have cer 
tain extraneous frequencies. I have found 
that this difficulty may be avoided for fre 
quencies below about 500 cycles per second 
by making the clearance between the dia 
phragm 7 and the walls of the chamber 6 
about is of an inch, that is to say, about twice 
the maximum amplitude of the movement of 
the diaphragm. 
A structure, as described above, will have 

such damping characteristics that the great 
est excursion of the diaphragm will be less 
than one half of the clearance afforded by 
the diaphragm chamber when the radiated 
power in watts is as great as one two 
thousandth of the square of the frequency in 
cycles per second. 
Because the damping is large, the mass of 

the vibrating system may be great without 
A large mass means inef 

fectiveness at high frequencies, but, because 
the clearance of the diaphragm chamber has 
been so chosen that high frequencies will not 
be reproduced effectively in the instrument, 
the choice of a large mass will sacrifice hardly 
anything which has not already been sac 
rificed. I have found it advantageous to . 
make the combined mass of the diaphragm 
6 and the coil 13 about A pound. Moreover, 
by making the diaphragm and skirt of alu 
minum, the proportion of the mass of the 
RE. system which is in the coil is in 
Crea.Sec. 

This weight is sufficient to enable me to 
make the coil of a conductor so long that the 
desired force may be developed by the inter 
action between said coil and the magnetic 
flux, and, at the same time, to make the con 
ductor of ample cross-section, whereby the 
resistance of the device is readily brought 
within the limits indicated below. 
The circumstance that the coil is attached 

3 

to the diaphragm at its circumference, en 
ables the coil to be made with a small radial 
thickness. The air gap may, therefore, be 
short. That the portion 11 of the skirt be 
side the coil 13 is thin not only is another 
reason why the gap may be short but has 
also the advantage that eddy currents are 
minimized. 

In Fig. 2, three loud speakers 20, 21 and 
22 are shown in parallel. The line 23, across 
which each of these loud speakers is con nected, is supplied with signal-conveying 
current. This is indicated by the microphone 
18 and amplifier 19. The loud speaker 20 
is designed, as explained in connection with 
Fig. 1, for the production of low notes and 
will not readily produce notes above 250- or, 
at most 500 cycles per second. The cut-eff 
frequency of the horn forming part of the 
loud speaker 20 is as low as the lowest fre 
quency of the signal-conveying current. It 
may very well be below 30 cycles per second. 
In order to respond YE proportionate 
power to this low frequency, the loud speaker 
20 must possess inherent limitations which 
prevent it from effectively radiating fre 
quencies above, at most,500 cycles per second. 
The loud speaker 21 is of an intermediate 

character. The horn associated with it 
should have a cut-off frequency well below 
the frequency at which the instrument 20 
ceases to be effective. For example, the in 
strument.21 should be capable of effectively 
reproducing frequencies lower than 250 
cycles per second. Because designed for suf. 
ficient power at those low frequencies, the 
instrument 21 must fail to give full power at very high frequencies. 
The loud speaker 22 should be designed to 

reach frequencies of 5,000 or more cycles per 
second. The cut-off frequency of the horn 
forming part of the instrument 22 should 
be below the upper limit of the frequencies 
at which the instrument 21 is effective. The 
smaller horns used with the instruments 21 
and 22 in Fig.2 may be added to the large 
horn used with the instrument 20 without 
adding seriously to the bulkiness of the ar 
rangement. 
In the branch circuit including the instru 

ment 20, a resistor 25 and an inductor 26 are 
shown. It is permissible to so design the in 
strument that the desired resistance and in 
ductance are obtained without the addition 
of external inductance. 
The branch circuit including the instru 

ment 21 is provided with a resistor 27 and 
an inductor 28, which, likewise, may be pro 
vided by the electrical properties of the in 
strument itself. This branch of the circuit 
also includes a condenser 31 which is not a 
part of the instrument itself, but must be 
added to the branch circuit. The condenser 
31 is of a suitable size to make the branch 
circuit including it of comparatively small 
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impedance to the medium frequencies, but 
the branch circuit is not tuned in the sense 
of having a well defined maximum of re sponse at a particular frequency. 

5 The resistor 27 is of sufficient magnitude 
to insure that the branch circuit will be near 
ly untuned. Very low frequencies, however, 
will not pass through this circuit because, 
for them, the condenser 31 acts as a blocking 
condenser. 
In the branch circuit including the instru 

ment 22, no inductance is represented. The 
instrument possesses a winding, and, there 
fore, will have some inductance, but by ex 
pedients well known in the art, and particu 
larly by providing conductive plating upon 
the surfaces of the gap, as explained in con 
nection with my Patent No. 1,691,243, dated 
Nov. 13, 1928, the inductance of this instru 
ment may be made very small. A condenser 
32 is placed in the branch of the circuit in 
cluding the instrument 22 and acts as a means 
by which the higher frequencies are received 
through this circuit more readily than the 25 lower frequencies. 
The resistances R of the instruments 20 

and 22 in Fig. 2 are preferably equal, and equal to 
1 L 
3C 

where L is the inductance of the inductor 
26 and C is the capacity of the condenser32. 
Also, the resistance 27 of the instrument 21 

35 is made twice this magnitude. If then, the 
inductance of the inductor 28 is made 

L 

30 

40 and the capacity of the condenser 31 is made 
2C, the impedance of the circuit 23 will be independent of the frequency. 

If it is preferred to use two parallel 
branches in the circuit instead of three, the 

45 resistance of the two instruments should be 
made equal to each other and equal to 

50 If this is done, the impedance of the two 
branch circuit will be equal at all frequencies 
within the audio frequency range of recep tion 

5 It is also possible to apply the advantages 
of this invention to a circuit in which the 
instruments are arranged not in parallel but 
in series. Such a circuit is illustrated in Fig. 
3, in which the line. 33 is supplied with sig 

so nal-conveying current in any desired way. 
As in Fig. 2, this is indicated by means of 
a microphone 18 and an amplifier, 19. 
The instrument 40 is, in design, like the in 

strument 20 in Fig. 2. Its resistance is rep 
fis resented by the resistor 45. and, over its in 
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tended range of frequencies, its inductive re 
actance may be neglected. 
The instrument 41 is designed like the in 

strument 22 in Fig. 2, and the resistor 43 rep 
resents the resistance of this instrument. The 
condenser 42, unlike the condenser 32 in Fig. 
2, is in parallel with an instrument and the 
instrument is the low-frequency one. 
A connection 47 and a connection 48 es 

tablish a closed circuit including the instru 
ment 40 and the condenser 42. The connec 
tion 48 and a connection 49 establish a closed 
circuit including the instrument 41 and the 
inductor 46. The combination of the two 
closed circuits constitutes a connection across 
the line 33. The return conductor may be a 
part of the line itself, as illustrated, or it 
may be the usual ground connection. It is possible, by making 

L R-7, 
as before, to produce a circuit including two 

O 

s 

instruments which will have a constant im- . 
pedance at varying frequencies and will, con 
sequently, have the advantage which the cir 
cult disclosed in Fig.2 possesses. The over 
lapping of the frequency ranges provided for 
in the design of instruments 40 and 41 gives 
the advantages already explained in connec 
tion with Fig.2, when Fig. 2 is supplied with 
only two instruments, as already discussed. 

In the operation of the device, current 
which is modulated in accordance with sound 
is impressed upon the line 23. The micro 
phone 18 and the apparatus represented by 
the rectangle at the right of the microphone 
are intended to indicate any kind of appara 
tus for producing such modulated current. 
The low frequencies in the current in line 

23 of Fig. 2 pass readily through the instru 
ment 20. The high frequencies will not E. 
through the branch of the circuit including 
the instrument 20 because of the large induc 
tance in this branch. 
High frequencies pass more readily through 

the branch including the instrument 22 than 
lower frequencies because of the presence of 
the condenser32. This condenser also serves 
to prevent this branch from acting as a shunt 
through which low-frequency currents may 
be diverted from the instrument 20. In the 
same way, the inductance in the branch cir 
cuit including the instrument 20 prevents this 
branch from shunting high-frequency energy 
from the instrument 22. 
In the same way, but to a smaller degree, 

the branch including the instrument 21 con 
ducts intermediate frequencies and is pre 
vented from short, circuiting either the low frequencies or the high frequencies. 
The instrument 20 in the inductive branch 

responds to the very lowest frequencies and 
nroduces sound therefrom. At fre?hman riac 
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above about 200 cycles per second, the re 
sponse of the instrument 20 begins to fall off. 
The falling off is not abrupt, but gradual, and 
a considerable portion of the energy at fre 

is quencies up to 500 cycles is translated into 
sound by the instrument 20. 
The intermediate instrument 21, or the 

high-frequency instrument, if there are but 
two, as a cut-off frequency so far below 500 

10 cycles that it effectively supplements the in 
strument 20, at those frequencies for which 
the response from the instrument 20 is small. 
The higher frequencies to which the instru 
ment 21 will respond extend well beyond the 

is point of cut-off for the instrument 22. 
The upper limit of frequencies to which the 

instrument 22 will respond is as high as the 
highest frequencies to which the system is in 
tended to respond. In practice, it is usually 

20 sufficient if this limit is about 5,000 cycles. 
If only two instruments are used, the upper 
one must cover the range from well below 500 
cycles to above said limit. 
In this way, a faithful reproduction, both 

25 of the extremely low pitches and of the high 
pitches, is obtained without overloading any 
of the instruments. Moreover, since the com 
bination of several instruments in parallel 
presents a constant impedance to the line 23, 

30 the load upon said line is independent of the 
frequency. 
In the circuit illustrated in Fig. 3, low-fre 

quency currents pass through the instrument 
40 which is designed to produce sound effec 

35 tively therefrom. High frequency currents 
are not substantially impeded by the instru 
ment 40 because the condenser 42 acts as a 
short-circuit about the instrument 40 for 
them. Moreover, the inductance of the in 
strument 40, although presenting a negligi 
ble impedance to frequencies within the range 
of that instrument, offers considerable im 
pedance to frequencies well above its intend 
edrange. 

Similarly, the inductance 46 affords a 
short circuit about the instrument 41 for the 
low frequencies to which it is not responsive 
and a path of little impedance for the cur 
rents to which the instrument 40 responds. 
Thus, the current in eachinstrument to which 
that instrument is responsive follows mainly 
a path outside the other instrument. 
In both Fig.2 and Fig. 3, it is a consequence 

of the constant impedance of the circuit that, 
for those frequencies to which more than one 
instrument responds, the current so divides 
between the responsive instruments that no 
over emphasis of such frequencies results. 
Many variations of this invention and 

many applications of it beside those specially 
stated herein will be apparent to those skilled 
in the art. I, therefore, do not wish the spe 
cific description to be construed as a limita 
tion but I intend to be limited only by the 
prior art and by the claims, 
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I claim as my invention: 
1. A loudspeaker comprising a diaphragm 

chamber, a diaphragm constituting one wall 
thereof, means for moving the diaphragm 
and means for acoustically damping said dia 
phragm and radiating sound, the magnitude 
of said damping being so great that the great 
est excursion of the diaphragm is less than 
one half the clearance afforded by the dia 
phragm chamber when the radiated power in 
Watts is as great as one two-thousandth of the 
Square of the frequency in cycles per second. 

2. A loudspeaker comprising a diaphragm 
chamber, a diaphragm constituting one wall 
thereof, means for moving the diaphragm 
and means including a horn communicating 
with said diaphragm chamber through an 
orifice for acoustically damping said dia 
phragm and radiating sound, the volume of 
said diaphragm being so great in comparison 
to the area of said orifice that the power of 
the radiated sound in watts at any frequency 
is greater than one two-thousandth of the 
Square of said frequency when the excursion 
of said diaphragm is one-half the clearance 
afforded by the diaphragm chamber. 

3. A high-power loudspeaker comprising 
a diaphragm, means for acoustically damp 
ing said diaphragm and radiating the result 
ing sound, means for driving the diaphragm 
against said damping and a diaphragm 
chamber affording clearance between its 
walls and said diaphragm, the acoustic damp 
ing being sufficient to cause the power radi 
ated as sound to exceed a half awatt when 
the driving means moves the diaphragm 
through one-half of said clearance at the 
lowest frequency for which the speaker is 
intended and the clearance being great 
enough to prevent efficient radiation above 
1,000 cycles per second. 

4. In a sound-producing instrument, a 
diaphragm, means for vibrating said dia 
phragm, a diaphragm chamber provided 
with an orifice through which air moves upon 
movement of the diaphragm and acoustic 
damping means associated with said orifice, 
the ratio of the area of the diaphragm to the 
area of said orifice being great enough to so 
limit the movement of the diaphragm at fre 
quencies above 500 cycles that, at a given 
power, the volumetric displacement by dia 
phragm will be so small a fraction of the 
volume of the diaphragm chamber that the 
volumetric flow through said orifice will be 
substantially less than said volumetric dis 
placement and said ratio being small enough 
to permit so great a movement of the dia 
phragm at frequencies below 250 cycles per 
Second that, at the same power, the volu 
metric displacement of the diaphragm will be 
a sufficiently large fraction of the volume of 
the diaphragm chamber to cause the volu 
metric flow through said orifice to be substan 
tially equal to said volumetric displacement. 
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5. In a loudspeaker, a conical diaphragm, 
a coil support integral therewith, a magnetic 
circuit having an air gap in which said coil 
support is located and a coil on said coil sup 
port, the mass of said coil exceeding the mass of said diaphragm. 

6. In a loudspeaker, a conical diaphragm, 
a coil support integral therewith a mag: 
netic circuit having an air gap in which said coil support is located, a coil on said support, 
and an annular flexible member seated in an 
annular channel formed in said diaphragm 
for guiding and supporting said diaphragm against permanent displacement. 

ls Intestimony whereof, I have hereunto sub 
scribed my name this 13th day of June, 1927. 

CLINTON R. HANNA. 

  


