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LOUD-SPEAKER WITH PRESSURE-EQUAL-
IZED CHAMBER SYSTEM ENCLOSING

FLUX GAP

Hugh 8. Knowles, River Forest, 1., assighor to
Jensen Manufacturing Company, a corporation

of Nevada,

Original Application June 4, 1934, Serial No.
928,993, Divided and this application Septem-
ber 3, 1942, Serial No. 457,159

7 Claims,

This invention is a division of my application * -

S. N. 728,993 filed June 4, 1934, now Patent No.
2,295,483, granted Sept. 8, 1942, and relates to
loud speakers, and is more particularly directed
to loud speakers or telephones of the electro-dy-
namic or moving coil type. '

A speaker of this type, when operating in open
or unconfined fluid, radiates little power at low
frequencies, because the compression wave from

(CL 179—115.5)

5 ciently low to prevent

2
reactance high at high frequencies. This may,
of course, require the use of a large number of
sections if all the sections are made uniform, in
order to make the stiffness at low frequency suffi-
power loss of the sound
radiating system. ’ : )
In carrying out the object of my invention,
which is to improve the efficiency of loud speaker
units by substantially eliminating the power loss

one side of the moving system is almost complete~ 10 due to the resistance component of the imp_eda.r;ce
Iy neutralized by the rarefaction wave on the = - to motion of the fluid within the restricted voice
other side. The use of an infinite baffle for sepa- coil passages I make the fluid particle velocity
fi?tmlig the fmr;;t and 1rlea,xt'f ratdiatiion of a moving  in these pasiagies negt;liigiblY%%? V[Ihfgl xgheb‘;rlbsl;?lf‘-'
aphragm system will effectively overcome this ing system-is in motion. s is done o~
difficulty, but such a construction is, of course, 15 stantially eliminating “any pressuri diﬁerenl'ﬁiiaii
not of practical utility. *  across these restricted passages. I accomplis
Also, there is considerable power Ioss or loss of this by so proportioning the enclosures communi-
effective sound radiation from a loud speaker due cating with these passages that the pressure in-
to the resistance caused by forcing the air in and creases (or decreases) an equal amount in each
out through the annular gap between the top 20 enclosure when the vibrating system is displaced,
glate ofdtléetcoil ass}f;mbly and the};o voice coil bob- ° or by pro;rlidiﬁl?lowdimpedalztl:le pglt?;aitnsggé‘:aliel
in, and between the voice coil bobbin and the with the high impedance paths s -
core. At low frequencies, especially below the tally all the fluid displacem%nfi takes_ flaqg
fundamental resonance of the system, the re- through the low impedance and low. resistanc
sistive component impedes the movement of the 25 paths, giving a negligible pressure differential
?iaphragm with a corresponding decrease in ef- across the high impelcliancehlz;ths and therefore
ective sound radiation, which may be termed a negligible fluid flow through them. o “_
power loss, due to this highly resistive impedance. Another object secured by the present inven-
Also, the enclosure produces constructive and de- . tion is the provision of a vibration cone or dia-
structive interference at various frequencies, 30 phragm which possesses relatively great mechani-
causing changes in the velocity of the moving cal strength to static deflection, and which is so
system, or resonance. Particularly is this true formed as to haév;abecé;:entglc radial sectors% fg;'ggg;
when the enclosure is made large enough to pro- creasing or distributing the resonance a )
vide low stiffness reactance at low frequencies in frequencies. This eccentricity may be produced
order to avoid any objectionably high fundamen- 35 in any desired manner as.will be pointegl out here-
tal resonant frequency of the system. inafter, The eccentric rings, _corrugamo;ls Ofl‘ the
One object of the present invention is the pro- like, may be formed in the cone, or may be of ma-
vision of an acoustical network which, in itself, terial such as fibrous rings, which add mass, stiff-
is acoustically coupled, and which, as an entity, ness and resistance to the diaphragm.
is coupled to a vibrating system, the network hay- 40 Other objects and advantages of the present
;‘;g Scs’yﬂfgfss r ?ﬁfan? i:,t'InOSt Oi the u’;'elfiul fri" invention, such as certain details of- cpl;structioir;x
€ncy range of the vibrating system. S net- and operation which present novel features not,
Worl§ is designed to add but httlg st1ifness to the to my knowledge, heretofore provided, will be
ety meystem af low Irequencies with & rela- gesoriped in detail in connection with the fol-
t1verlly 1n.creasamg amot%n:’; %fl st1gnets_s as th‘?ﬁ fre- 29 wing description, which, taken in connection
quency increases, so tha _the efective reactance with the accompanying drawings, will disclose
of the vibrating system is a minimum and the to th killed in the art s preferred embodi-
velocity is a maximum in most of the useful fre- 0 those sxilled In the &
quency ranges. ment of the present invention. :
This network is adapted to cooperate with the 50 - In the drawings:

enclosure for reducing the mechanical resistance
to flow through the air gap. It preferably com-
Prises a plurality of tapered or, if desired, uniform
iterated chambers, preferably having such stiff-
ness in the first section as to make the stiffness

Figure 1 is a sectional elevational view of a
speaker unit embodying the teachings of the
present invention. ] .

Figure 2 is a vertical sectional view of a modi-

55 fied form of the invention;
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3
Figure 3 is a vertical sectional view of a still
further modified form of the invention,
Referring now in_detail to the drawings, in
Figure 1 I have provided an enclosure indicated
generally at 1, comprising a top ‘wall member 2
formed of wood or the like, a rear wall member

3 formed of wood, a lower wall 4 preferably formed: e

[+

of metal or a heat conducting- material, -and-a -

front wall 5 formed of metal or & heat ‘conduct--

ing material, the front wall 5 being provided
with the opening 6 disposed helow the center of

the enclosure for centering the speaker-unit-with

respect thereto. An annular outwardly flaring
horn 1 is mounted about the defining edge of the

opening 6 and is secured in position by means of ;5. e
- .27 dinarily results in some flow of fluid from the

- spaces

the annular angle bracket member 8,

Within the enclosure
irregularly shaped rigid dispersion plates or vanes,
which may be made of metal, wood, thin fibrous
material, or any rigid dispersion surface which
preferably occupies small volume so that the
total effective volume of the enclosure is not
appreciably reduced. These surfaces are SO
shaped and mounted that adjacent elements of
ares on the plates differ in distance from some
element of area on the cone. Optionally, these
vanes may. be perforated or the surfaces of the
vanes may be coated with material for damping
their self-resonance.

To provide for such..changes .in barometric
pressure which ofherwise might produce a dif-
ferential pressure between the front and back
sides of the diaphragm, a high resistance vent
or tube {2 may be provided, .which' extends
through a suitable opening in the rear wall 3
of-the enclosure. o

The speaker unit, which, in this particular em-
bodiment, is of the large diaphragm electro-dy-
namic type, has a field structure {3, comprising
a substantially cup-shaped housing, which is se-
cured o a top plate 14, and has mounted therein
the field coil 5. . This.coil, when energized, pro-
duces the desired magnetic flux in the annular
air gap 16. The. vibrating assembly consists of
the diaphragm {1, the voice coil and bobbin as-
sembly 18, the flexible centering member i9, the
dome-shaped cover .20, the flexible annular dia-
phragm support or -closure member 22 and the
self-damping strips.23.. o o

The rings.or corrugations. 24, since they may
comprise rings felfed or otherwise mounted on
the diaphragm, or corrugafions formed directly
in the diaphragm, are preferably so made that
the annular ring sections of the diaphragm ‘be-
tween them are not of constant width. The rings
may be disposed to He in the position as defer-
mined by the inter-section of the surface of the
diaphragm and a plane not quite perpendicular
to the axis of the speaker. The radial distance
between different sections of the rings and be-
tween the rings and the annular flexible support
22 should preferably not be a constant.
 The field -assembly 13 is held in position by
means of a pair of strip supporting members 25
which are formed of heat conducting material,
and which are spaced.apart to provide a through
air space therebetween in-order to-eliminate any
resonating effects from-the provision of a con-
fined chamber formed by these conducting strips.
These strips serve to conduct the heat generated
in the coil 15 from the housing 13 to the metal
wall 4 of the enclosure, and, in combination with
the metallic cone housing 26 which -extends be-
tween the top plate 14 and the-outer peripheral
edge of the diaphragm [71, serves to conduct this

{, I preferably provide

10

4

heat away from the coil assembly and to the
bottom and front walls 4 and 5 of the enclosure.
The wall members 2, 3 and 4 are provided with
stiffening channels or ridges 27 formed therein,
which, 'in addition, serve to prevent - self-reso-
nance of these wall surfaces.
- In the conventional type of speaker, the move-
ment of the voice coil bobbin assembly {8 into

‘and out of the air gap 16 between the core in-

dicated generally at 28 and the defining edge
of the opening in the top plate {4 results in move-

- ment of the diaphragm 11. This produces an
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increase in the pressure of fluid on the back sides
of the centering member 19 and the bobbin cover
20 as the diaphragm moves inwardly, which or-

back of the centering member and bob-
bin cover through the air gap between the top
plate 14 and the voice coil assembly 18, and be-
tween the voice coil assembly and the core tip
28 of the field structure.

With such an air flow, which directionally is out
of phase with voice coil assembly movement,
there is a considerable power loss due to fric-
tiorial resistance of the air, which results in
loss of effective sound radiating capacity, espe-
cialty at low frequencies. In the present inven-
tion, the resistive component of the reaction of
the-fluid on the moving system, due to unwanted
movement of the fluid through this gap, is sub-
stantially eliminated.

The core 28 is preferably made hollow, and is
closed at its outer end by means of the closure
plate 29 which is substantially fluid-tight. Thus,
when the voice coil assembly 18, with the dome
20, moves inwardly with respect to the field as-
sembly, there is compression of fluid in the space
30 of the core assembly. At the same time, due
to the volume -of the defining end of the voice
coil assembly, there is compression of fluid in
the annular chamber 32 surrounding the core
tip 28, and sealed from the coil assembly 15 by
means of the annular shield member 33. The
volumes 30 and 32 are preferably so chosen that,
with the proportionate displacement of the end
of the voice coil assembly I8 and the displace-
ment of the dome 20, the fluid is compressed
by ‘an equal amount in these two chambers so
that there is no differential in pressure there-
between, which prevents the flow of fluid from
the chamber 32 past the outer surface of the
tip 28 and within the voice coil assembly (8
into the space 30, or vice versa.

The flexible centering member 8, which Is,
in this embodiment of the invention, composed
of an imperforate, eccentrically-corrugated flexi-
ble member, is substantially fluid-tight, being
mounted upon a shoulder 34 formed on the spider
25, by means of an annular channel member
35, which allows tightening of the outer defining
edge of the member (9 into sealing engagement
with the shoulder 34 without producing any
torsional stresses therein. As the diaphragm,
therefore, moves inwardly, the flexible member
19 compresses the air in the chamber 37, which
air-may be allowed to escape to some extent
through the ports 38 formed in the spider 26,
and which lead to an annular chamber 39 there-
in. Preferably, the volume of the chambers. 31
and 39 with the space within the ports 38 is
so proportioned with respect to the chambers 30
and 32 that upon inward movement of the
vibrating assembly, the compression effected in
the chamber 31, or in the chambers 31T, 38 and
39, is substantially equal to the compression
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existing in the chambers 30 and 32, which means
that the pressure at opposite ends of the gap
passage 40 between the top plate 4 and the
outer surface of the voice coil assembly (8 re-
mains substantially equalized, so that no flow
of fluid through this gap is caused. This pro-
vides for inward movement of the voice coil
assembly without producing a substantial flow
© of fiuid through the annular gap between the
core and the top plate, which means that the
resistive component or friction loss is eleminated,
thus improving effective sound radiation at low
frequency. The pressures existing in the cham-
bers 30, 32 and 37 (including 38 and 39) pro-
duce a pure stiffness for the vibrating assembly,
which stiffness is relatively low at low frequencies
when the three chambers are relatively large so
that the unit variation in pressure is small.

To further reduce the stiffness contributed
by the volumes 30, 32 and 37, it may be desirable
to substitute a substantially air-tight bulbous
enclosure for the cover plate 29, in order to in-
crease the total volume of the chamber 30. It
is to be understood that these three volumes
are not independently variable since the re-
quirement is that the instantaneous pressure in
all three be substantially the same at low fre-
quencies. If desired, the entire volume of the
enclosure may be used for one of the chambers,
the other two volumes being proportioned in ac-
cordance therewith to produce the same intan-
taneous pressure in each of the chambers upon
vibration of the system at low frequencies.

The cone housing 26 is centered on the top
plate 14 by the shoulder 42, which shoulder is
formed concentric with the gap and the voice
coil assembly. It is important in an assembly of
this type in which the voice coil is completely en-
closed, to provide means for permitting access to
the voice coil to permit repairs, adjustments, or
the removal of foreign particles inadvertently in-
troduced during assembly. The shielding mem-
ber 33 fits snugly on the core, but may be re-
moved from it and from the top plate {4 to per-

mit the removal of particles which inadvertently

get into the enclosure 82. This construction
makes all parts of the enclosure readily accessible.
In this embodiment of the invention, the dome
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20 is a relatively light rigid member which may -

have embossings thereon to increase its rigidity,
and is connected to the voice coil bobbin 18 by
means of a stiff annular ring or shoulder which
is centered on the bobbin and helps to keep the
voice coil round. The stiffness of the ring and
the mass of the dome are normally so chosen as
to give a rise in velocity of the dome at high fre-
quencies. This frequency may be slightly above
the frequencies at which the sound output of the
speaker without the dome would begin to fall.
This extends the frequency range of the speaker.

The use of the imperforate spider or centering
member {9 prevents paramagnetic dust particles
or the like which may be suspended in the fluid
surrounding the magnetic circuit of the speaker
from being drawn past the dome 20 around the
outer periphery of the diaphragm {71 and into
the annular gap about the core tip, since the in-
troduction of such particles thereinto will de-
stroy the operating efficiency of the speaker. ’

Considering now the embodiment of the inven-
tion shown in Figure 2, in which is provided a
fleld coil assembly comprising the field housing
45, having the field coil 46 mounted therein about
a centrally extending core 47, the field housing
45 being secured to the top plate 48 by bolt mem-
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bers 49 spaced about the periphery thereof.
These bolts, at the same time, are adapted to se-
cure the cone-supporting spider 59 to the top
plate.

The top plate 48 is provided with an annular
central opening §3, which is disposed concentri-
cally about the core tip 54. A shielding member
or the like, indicated at 55, is secured to the un-
der surface of the top plate 48, and engages the
outer periphery of the core 54 to define an an-
nular chamber 86 therebetween, corresponding
to the chamber 32 of Figure 1. The core 47 is
provided with a tapered hollow opening, which is
closed at its outer end by the closure plate 51
bolted to the housing 45, and at its inner end is
provided with an annular retaining member 58,
for a purpose to be hereinafter described.

Within the hollow core 47 is disposed what I
term an -acoustically coupled network, which, in
the present embodiment, comprises three succes-
sive chambers, indicated at 59, 60 and 61, which
are separated by partitions 62 and §3 and com-
municate by means of centrally disposed tubes
64, 65 and 66 with the space 57 behind the dome
68 of the diaphragm. If desired, the chamber 59
may be filled with sound absorbing material, al-
though this is not necessary. This material may
comprise hair felt, mineral or glass wool, or the
equivalent, to provide a resistive termination at
high frequency. In the particular form shown,
the masses and stiffnesses of successive sections
of the filter are unequal so that a tapered trans-
mission line is produced. The member 58 holds
this assembly in position within the hollow core
41. The chamber 67, between the dome 68, the
retaining member 58, the partition 69 and the
tube 66 provides a stiffness reactance to the dia-
phragm through the dome 68.° This is connected
by the mass of the fluid in the tube €5 to the
volume or chamber 61 included between the par-
titions 63 and 69, which chamber adds a certain
stiffness reactance, being in turn coupled through
the mass of the fluid in tube 65 to the space or
volume 60 between the partitions 63 and 69 and
outside of the tubes 63 and 65. The latter cham-
ber 68 is connected through the tube 64 to the
chamber 59 to provide the next successive stiff-
ness reactance to the vibrating system. -

In general, the fundamental resonance fre-
quency of the vibrating sound radiating system
is made low enocugh to prevent introduction of
objectionable resonance in the voice.range. It
is therefore desirable to couple the vibrating sys-
tem to a network which produces very little stiff-
ness at low frequencies and increasing stiffness
at higher frequencies. The velocity of the system
and hence the sound output, is increased by the
addition of sound reactances, since this lowers
the impedance of the vibrating system. This net-
work may either be a mechanical or acoustical
network. In this particular embodiment an
acoustical network is employed. B

In the particular embodiment shown, at ex-
tremely low frequencies the volumes 59; €0, 61
and 67 are.all in parallel, that is, when the dome
68 moves in slowly the mass reactance of the
fluid in the tubes 64, 65 and 66 may be neglected
so that the fluid in the entire network is com-
pressed. This volume is so chosen that, for a giv-
en displacement of the dome §8, the voice coil
79, the diaphragm 52 and the centering mem-
ber 75, which constitute the moving system, the
pressure in chamber 6T just equals the pressure
in the chamber-58, which in turn equals the pres-
sure in the chamber T2, ports 13 and annular

3
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chamber 14, so that there is no differential in
pressure through either the annular gap be-
tween the voice coil 710 and the top plate 48, or
between the voice coil and the core tip 54. It
is therefore apparent that a substantially pure
reactance or stifiness component is added to the
system at low frequencies.

At increasingly higher frequencies, the mass
reactance of the fluid in the tube 66 increases SO
that the particle velocity of the fluid is smaller,
and the compression becomes largely localized in
chamber 6§1. This produces a stiffness which is
greater than that of the low frequency stiffiness
and which is approximately inversely in ratio
as the volume of the space 67 is to the combined
volumes 59, 60, 61 and 67.

In general, since it is desirable to make the
ratio of these stiffnesses large in order to make
the stiffness reactance large at high frequencies
where the mass reactance of the vibrating sys-
tem is large, it is desirable that the volume shown
at 61 be substantially smaller than the remain-
ing volumes. This volume may be controlled by
movement of the partition 68 toward the dome
68, or it may be formed as an integral part of
the retaining washer 53. Thus, the volume 67
may be reduced to the minimum required by
the maximum displacement of the vibrating sys-
tem. The number of sections may be increased,
if desired, by successively reducing the volumes
58, 60 and 61, and by the addition of additional
partitions and connecting tubes. By thus in-
creasing the number of sections and the length
of the network or line, the ratio of the stiffiness
at low and at very high frequencies can be in-
creased counsiderably.

In the embodiment shown in Figure 2 the tubes
13 perform the same coupling function between
volumes 12 and T4 that the tubes 64, 65 and 66
provide between volumes 59, 60, 61 and 67.

Referring now to the embodiment shown in
Pigure 3, an alternative construetion is provided
in which a plurality of pairs of relatively thin
flexible members 160 and i61 form support means
to which is cemented a thin perforate screen 162,
which may be made of porous cloth, felt, or simi-
lar material, or formed as a light metal screen.
Tn situations in which no other provision is made
for the by-passing of the high resistance fluid

flow path between the voice coil 163 and the top ;

plate 164, it is necessary that the screen 162 be
perforated.

On the other hand, if any of the arrangements
> previously described are used in which no vent-
ing through the flexible member is necessary, this
material should preferably consist of. a flexible
imperforate member, such as rubber, leather, thin
sheet metal or the like, which has a slight amount
of elasticity and a large amount of mechanical
resistance to suppress the natural modes or vibra-
tions of the flexible supporting arms 160 and 161.
These supporting arms may either be of the con-
ventional flat radial or non-radial type.

As an alternative, in place of the screen 162,
the centering and enclosing functions may be
separated by the use of a bellows-like collar 165
which preferably is corrugated eccentrically, hav-
ing corrugations which vary in depth and width
at different parts of its circumference to supress
the natural modes of vibration. The same pre-

cautions should be exercised in -its design and

construction that are exercised in the case of
the flexible support members. It may be per-
forated in a case in which the high impedance
-fluid paths are to be shunted through this mem-
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ber, or it may be imperforate in cases in which,
the effect’ of the high impedance path is elimi-
nated by eliminating the pressure differential as
described in connection with Figure 1. v

The flexible centering means is supported upon
4 ring member 166 which' is fastened to the top
plate 164 by means of sCrews 1{67. These screws
pass through clearance holes in the top plate so
that the voice coil may be centered in the gap,
after which the screws (67 are tightened. - The
flexible supporting members (60 and 161 are
clamped by the circular channe]l or clamping
ring 168, and the space between the screen 162
and the top plate, indicated at 169, is vented
through the ports 170 formed in the supporting
ring 166. This volume is also vented through
the top plate by means of ports {12 formed there--
in, which preferably are covered by screen mem-
bers 173. :

The volume or chamber 174, beneath the dome
115, which dome is preferably provided with re-
enforecing ribs 176, similar to the ribs shown in
Figure 2, is vented through the diagonal ports
{11 and through the dome-shaped depression
118, the depression 178 communicating through
ports 119 with the annular chamber {80 formed
by the closure member £82. This chamber 180 is
vented through ports [83 and screens or filter
members 184 into the space occupied by the field
coil 185.

By the provision of the depression {18, the vol-
ume under the dome {15 is considerably in-
creased, and the pressure variations are there-
fore correspondingly reduced. As far as possible,
the construction at the core tip is formed to pre-
vent increasing the reluctance of the core tip.
The diagonal vents {11 in the voice coil bobbin
186 are so formed that the intermediate sup-
ports between the ports 1T act as the stiffness
members through which the voice coil drives the
cone 187. By increasing the angle subtended by
the strips with the axis of the coil, the stiffness
can be reduced, and therefore the angularity of
the openings 1171 will, to a large extent, deter-
mine the selection of the stiffness produced by
the voice coil assembly and thus will control the
mass of the voice coil winding and the effective
mass of the cone at high frequencies, so that the
sound radiated at high frequencies can be in-
creased or decreased as desired. It will be noted
that the dome 115, with its reenforcing webs 116,
is provided with a shoulder 188 which cooperates
with a corresponding shoulder 189 of the voice
coil bobbin 186 to bear directly against the dia-
phragm 181. The dome 175 is thus provided with
enclosed reenforcing members and with a shoul-
der which bears directly on the voice coil bobbin
shoulder and provides good thermal conduction
to the voice coil bobbin 186 and diaphragm 18T.
The dome is preferably formed, in each of the
embodiments of the invention described, of some
light weight metal having high heat conductivity,
such as aluminum, magnesium beryllium and
their alloys.

What is claimed is: :

1. In a loud speaker, field magnet structure
forming an annular fluid gap, a vibrating assem-
bly comprising a diaphragm, a bobbin closed at
its outer end and carrying a voice coil; and a clo-
sure member attached to the outer surface of the
diaphragm near the small end thereof, means in-
cluding the inner end of said hobbin forming a
chamber located within said magnet structure
and communicating with said fluid gap, means
including said closure member forming a cham-
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ber located without said magnet structure and
communicating with said first-mentioned cham-
ber through said gap, and means including said
bobbin forming a chamber located without said
magnet structure and communicating with said
first-mentioned chamber through said gap, each
of said three chambers being of such volume and
50 related to the volumes of the other two cham-
bers that the instantaneous proportionate volu-
metric displacement within each chamber Ie-
sulting from movement of the vibrating assembly
is the same in all chambers.

2. In a loud speaker, field magnet structure
forming an annular fluid gap, a vibrating assem-
bly comprising a diaphragm, a closure member
attached to the outer surface of the diaphragm
near the small end thereof, and =z bobbin cen-
tered within said gap and dividing said gap into
an inner annular passageway and an outer an-
nular passageway, said bobbin being closed and
attached at its outer end to the small end of the
diaphragm and carrying a voice coil, means in-
cluding the inner end of said bobbin forming an
internal chamber located within said magnet
structure and communicating with both the inner
and outer annular pasageways, means including
said closure member forming a first external
chamber located without said magnet structure
and communicating with said internal chamber
through the outer annular Passageway, and
means including said bobbin forming a second
external chamber located without said magnet
structure and communicating with said internal
chamber through the inner annular passageway,
the volumes of said three chambers being such
and so related that instantaneous pressures in
all chambers are always equal whereby the pres-
sure differentials at the ends of both annular
bassageways are substantially nil.

3. In a loud speaker, field magnet structure
comprising a top plate having a central opening
and & central pole piece extending through said
opening to form a fluid gap, said central pole
biece having a well formed therein opening at
the exposed tip thereof, a vibrating assembly
comprising a diaphragm, a bobbin closed at its
outer end and carrying a voice coil, and a closure
member attached to the outer surface of the dia-
phragm near the small end thereof, means in-
cluding the inner end of said bobbin forming a
chamber located within said magnet structure
and communicating with said fluid gap, means
including said closure member forming a cham-
ber located without said magnet structure and
communicating with said first-mentioned cham-
ber through said gap, and means including said
bobbin forming a chamber located without said
magnet structure and communicating with said
first-mentioned chamber thrcugh said gap, said
last-mentioned chamber including the volume of
the well within said central polé piece, the vol-
umes of said three chambers being such and so
related that instantaneous pressure variations
resulting irom movement of the vibrating as-
sembly are the same in all chambers.
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4. The structure of claim 1 and including &
network of acoustic reactance chambers coupled
with and forming a part of the volume of at least
one of the two chambers without the field magnet
structure,

5, The structure of claim 3 and including at
least one transverse partition within the well of
the central pole piece forming at least two acous-
tic reactance chambers and a tube segment pass-
ing through the partition to acoustically couple
adjacent reactance chambers.

6. The structure of claim 3 in which communi-
cation between the volume within the bobbin and
the volume within the well in said central pole
pieces is restricted to a relatively long and nar-
oW passageway.

7. In a loud speaker, field magnet structure
forming an annular fluid gap, a vibrating as-
sembly comprising a diaphragm, a bobbin closed
at its outer end and carrying a voice coil, an open
spider centering member attached to said dia-
phragm at the small end thereof, and a flexible
closure member attached to the outer surface of
the diaphragm at a small distance from the small
end thereof, means including the inner end of said
bobbin forming a chamber located within said
magnet structure and communicating with said
fluid gap, means including said bobbin forming a
chamber located without said magnet structure
and communicating with said first-mentioned
chamber through said gap, and means including
sald flexible closure member forming a chamber
located without said magnet structure and com-
municating with said first-mentioned chamber
through said gap, said centering member being
disposed within said last-mentioned chamber,
each of said three chambers being of such volume
and so related to the volumes of the other two
chambers that the instantaneous proportionate
volumetric displacement within each chamber
resulting from movement of the vibrating assem-
bly is the same in all chambers.
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