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The present invention relates to sound trans 
lating apparatus, and more particularly to an 
improved loudspeaker and method for converting 
electrical energy into acoustical energy. 
An important consideration in providing high 

quality sound reproduction is that the sound 
translating apparatus have uniform acoustical 
power output over a wide range of lsound fre 
quencies. Although many excellent systems have 
been proposed in the past, the sound reproducing 

_ quality of relatively small apparatus in use today, 
particularly apparatus of the kind used in the 
home or in places where space is relatively limited, 
is not too good. In many home instruments, in 
order to obtain adequate low frequency response, a 
large open back cabinet is used. Other acoustical 
systems employ relatively large, closed cabinets, 
having a base reflex opening for accentuating low 
.frequency acoustical power output. In others, a 
plurality of loudspeakers are mounted in a single 
cabinet to provide suitable coverage over a wide 
frequency range. 
The use of a closed back loudspeaker cabinet is, 

however, generally accepted as superior to that 
of the open back cabinet for sound reproduction, 
`since the later type of cabinet exhibits a serious 
resonance which accentuates the acoustical power 
output at the particular resonant frequency. In 
addition, the low frequency acoustical power out 
put of the open back cabinet below the resonant 
frequency of the loudspeaker is highly attenuated. 

It is a primary object of the present invention 
to provide an improved sound translating appa 
ratus the dimensions of which are relatively small 
and the acoustical power output of which extends 
over a wide range of useful sound frequencies. 

It is also an object of the present invention to 
provide an improved sound translating device of 
relatively small dimensions the acoustical power 
output frequency characteristic of which is com 
parable to that of larger instruments having ex 
cellent sound reproducing qualities. 
Another object of the present invention is to 

improve the sound reproducing qualities of a loud 
speaker mounted in a relatively small, closed back 
cabinet. 

Still another object of the present invention is 
‘ to provide a method of operating a loudspeaker 
mounted in a closed cabinet which will enhance 
the sound reproducing qualities thereof. 
A further object of the present invention is to 

provide a method of operating a loudspeaker 
mounted in a closed cabinet which will extend 
the acoustical power output frequency range 
thereof. 
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It is another object of the present invention to 

provide a sound reproducing apparatus having a 
closed back cabinet of relatively small dimensions 
with excellent fidelity over a wide frequency 
range, and which is also highly efficient in use. 
In accordance with the present invention, the 

sound reproducing apparatus comprises a cabi 
net structure arranged to provide two acoustically 
closed chambers. An opening is provided in a 
wall of the cabinet, between one of the chambers 
and the exterior of the cabinet. A loudspeaker 
diaphragm is disposed over this opening and forms 
a closure therefor. A sound transmitting passage 
is provided between the chambers and a second 

r loudspeaker diaphragm is mounted in a manner 
to form a closure therefor. The two loudspeakers 
are connected to the output stage of a conven 
tional Vaudio frequency amplifier. The loud 
speaker mounted between the chambers is 
adapted particularly to reproduce most efficiently 
low audio frequency sound waves whereby me 
chanical coupling between the diaphragms 
through the air medium common to both dia 
phragms serves to assist in driving the other dia 
phragm in the low frequency range thereby en 
hancing the sound reproducing quality of the 
apparatus by extending the overall acoustical 
power output frequency range. 
The novel features characteristic of the pres 

ent invention, as well as additional objects and 
advantages thereof, will be understood better from 
the following detailed description when read in 
connection with the accompanying drawing, in 
which 

Figure l is a side view, partly broken away, of 
a single loudspeaker mounted in a closed back 
cabinet, 
Figure 2 is a wiring diagram of an electrical 

circuit corresponding to the acoustical network 
of the vibrating system of the apparatus shown 
in Figure 1, 
Figure 3 shows two curves which indicate the 

acoustical power output frequency characteristics 
of a loudspeaker mounted in closed back cabinets 
of diiîerent volumes, 
Figure 4 is a side View, partly broken away, of a 

sound reproducing apparatus in accordance with . 
one embodiment of the present invention, 
Figure 5 is a wiring diagram of an electrical net 

work corresponding to the acoustical network of 
the vibrating system of the apparatus shown in 
Figure 4: 
Figure 6 shows two curves, one of which indi 

cates the electrical impedance frequency charac 
teristic of one of the loudspeakers shown in Fig 
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ui‘e 4, and the other of which shows the electrical 
impedance frequency characteristic of the other 
loudspeaker, 

Figure 7 shows two curves representing a com 
parison of the acoustical power output frequency 
characteristics of the apparatus shown in Figures 
1 and 4, both cabinets having the same volume, 
Figure 8 is a sectional view of a second embodi 

ment of sound reproducing apparatus in accord 
ance with the present invention, and 

Figure 9 is a-wiring diagram of an electrical 
network depicting the electrical impedance of 
the two voice coils of the systems shown in Fig 
ures 4 and 8. 

Referring more particularly to the drawing, 
wherein similar reference characters designate 
corresponding parts throughout, there is shown, 
in Figure l, for comparison purposes, a closed 
back cabinet l in which a loudspeaker 3 is 
mounted with the diaphragm 5 thereof disposed 
behind an opening 'I provided in a wall 9 of the 
cabinet so as to form a closure for the open 
ing. The acoustical network for this type of en 
closed loudspeaker cabinet may be represented by 
yan electrical circuit diagram, as shown in Figure 
2 of the drawing, wherein: 

p1=the driving pressure of the loudspeaker, which 
may be calculated from the equation: 

_fm1 Pi- A1 (l) 

where 

B1=magnetic flux density in the air gap; 
l1=length of the conductor in the voice coil of the 
loudspeaker; and 

i1=current in the voice coil of the loudspeaker; 
A1=area of the cone diaphragm of the loudspeak 

er; 
rA=acoustical radiation resistance presented to 
the cone diaphragm of the loudspeaker; 

and where 
Ms=inertance of the cone diaphragm, the voice 

coil and the air load on the cone diaphragm of 
the loudspeaker; 

CAs=acoustical capacitance of the cone dia 
phragm suspension system; 

CAQ-:acoustical capacitance of the cabinet, as cal- , 
culated from the equation: 

where 
V=volume of the cabinet; 
p.=d.€ns'1ty of air; and 
cçvelocity of s_ound. 
`The acoustical volume current in the system is 

given by the equation: 

j(l: l p1 TA +‘7wMs-œC'As-.wCAC 

vwhere 

yew/1_1' 
cp=21rf 
f :frequency 
i The acoustical power output of the system is 
given by the equation: 

P = 7’ AX 12 (4) 

Referring to the Equations 3 and 4- above, it will 
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be seen that the acoustical power output lin the ‘low 
frequency range is influenced by the cabinet 
volume. As the cabinet volume is decreased, the 
low frequency cut-off in acoustical power output 
is increased in frequency. ` 

If, for> example, a loudspeaker having a twelve 
inch diameter diaphragm with a resonant fre 
quency of ‘70 cycles per second is mounted in a 
closed back cabinet l, in the manner shown in Fig 
ure 1, the acoustical power output frequency 
characteristic of the apparatus using cabinets 
having volumes of 5 and 2 cubic feet, respectively, 
may be represented by curves as shown in Figure 
3. In this family of curves, curve A represents 
the acoustical ̀ power ouput frequency character 
istic for the twelve inch loudspeaker mounted in a 
ñve cubic foot cabinet, and curve B represents 
the acoustical power output frequency charac 
teristic for that same loudspeaker mounted in a 
two cubic foot cabinet. A comparison of these 
two curves shows that, in the case of the ñve 
cubic foot cabinet, the resonant frequency of vthe 
loudspeaker is approximately 100 cycles per sec 
ond, whereas, in the case of the two cubic foot 
cabinet, the resonant frequency is approximately 
130 cycles per second. A comparison of these 
two curves shows that, the smaller the cabinet 
cavity the higher the resonant frequency of `the 
loudspeaker. In either of these cases, the reso 
nant frequency is too high and the acoustical 
power output falls off rapidly below the reso 
nant frequency thereby reducing Vthe output in 
the low frequency range, a condition unsuitable 
for excellent sound reproduction. 
On the other hand, if a loudspeaker having a 

lower resonant frequency were used, for example, 
one having a 50 cycle per second resonant fre 
quency alone, the resonant frequencies of that 
loudspeaker mounted in cabinets of 5 and 2 cubic 
feet volumes, would be respectively, 86 and 120 
cycles per second. However, experience has 
shown that a twelve inch loudspeaker with a 50 
cycle resonant frequency is not only diíiicult to 
constructy but it is also dimcult to. maintain uni 
form acoustical power output in the mid-fre 
quency range due to break up of the ̀flexiblesus 
pension system for the diaphragm. 
The current trend „being toward the use of 

smaller cabinets. for sound translating instru 
ments, the present invention is particularly con 
cerned with the improvement in low frequency 
acoustical power output of conventional. types 
of loudspeakers mounted in closed back cabinets 
of> relatively small volume. For average use, a 
tolerable cabinet would have a volume of approxi 
matelyV two cubic feet. ' 
In accordance with one embodiment of the 

present invention, improved sound reproducing 
quality of relatively small apparatus is obtained 
by employing an acoustically closed cabinet or 
walled enclosure lßfhaving an opening l'l through 
awall i9 thereof. A partition 2_Il having an open 
ing 2.3 therein is mounted with-in the cabinet so 
that it divides the interior into two chambers 
25„ 21. 
A sound reproducer comprisingz a> loudspeaker 

29 isA mounted with the diaphragm 3L! thereof 
covering the wall opening lil-'so that it forms with 
the cabinet wal-l a closure forY that opening. A 
second loudspeaker> 33. is mounted with the dia 
phragm 35 thereof covering the partition opening 
23» so thatit forms with» the-'partition- a closure for 

f that opening. Thus, the loudspeaker diaphragms 



2,688,373 

together with the enclosure walls and the parti 
tion provide two acoustically closed chambers. 

In one sound reproducing apparatus, made for 
experimental use, a cabinet having a volume 
of two cubic feet is provided. A loudspeaker 29 
having a twelve'inch diameter cone diaphragm 
3| and a resonant frequency of 70 cycles per sec 
ond is mounted behind the opening I1 connect 
ing the chamber 25 with the exterior of the cab 
inet. A second loudspeaker 33 having a ñve inch 
cone diaphragm is mounted with its diaphragm 
35 covering the partition opening 23. The par 
tition ZI is arranged in the cabinet I5 so that 
an acoustically closed chamber 25 of one-half 
cubic foot volume is provided behind the larger 
diaphragm. The other chamber 21 has a volume 
of one and one-half cubic feet. The respective 
electro-mechanical driving means for the loud 
speakers 29, 33 are connected electrically in series 
with a common source 'of energy provided by a 
conventional audio frequency ampliñer (not 
shown). If desired', the electro-mechanical driv 
ing means may be connected electrically in par 
allel with the source of energy. The acoustical 
network for this arrangement is shown by an 
electrical circuit diagram, such as that illustrated 
in Figure 5 of the drawing, wherein: 

p1=driving pressure of the large loudspeaker, as 
determined from the equation, 

A1 (5) 

where 

B1=ñux density in the air gap in the large loud 
speaker; 

l1=length of the conductor in the voice coil of 
the large loudspeaker; 

i1=current in the voice coil of the large loud 
speaker; and ' 

A1=area of the cone diaphragm of the large 
loudspeaker; 

p2=driving pressure of the small loudspeaker, as 
determined from the equation: 

172:@ 
where 

B2=fiux density in the air gap in the small loud 
speaker; 

l2=length of the conductor in the voice coil of 
the small loudspeaker; 

i2=current in the voice coil of the small loud 
speaker; and 

A2=area of the cone diaphragm of the small 
loudspeaker; 

m=acoustical radiation resistance presented to 
the cone diaphragm of the large loudspeaker; 

Ms1=inertance of the cone diaphragm, the voice 
coil and the air load on the diaphragm of the 
large loudspeaker; 

Ms2=inertance of the cone diaphragm, the voice 
coil and the air load on the diaphgram of the 
small loudspeaker; 

CAs1=acoustical capacitance of the diaphragm 
suspension of the large loudspeaker; 

CAs2=acoustical capacitance of the diaphragm 
suspension of the small loudspeaker; 

Casa=acoustical capacitance of the volume of 
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air in the small chamber common to both loud 
speakers, as determined from the equation 

(7) 
V3 

Cass-p c2 
Where 

V3=volume of the air in the small chamber com 
mon to both loudspeakers; 

p=density of air; and 
c=velocity of sound; 
CAs4=acoustical capacitance of the volume of 

air in the large chamber, as determined from 
the equation 

V4 ' 

0454:;55 (8) 
Where V4=v0lume of the air in the larger cham 
ber. 

The volume current in branch I of the elec 
trical circuit is given by the equation: 

Where 

D = 'ZAiZAz -I- ZAiZAs -i‘ZAzZAa 
v(The acoustical impedances 

ZM, ZM and Zas 
refer to the acoutical impedances of the branches 
I, 2 and 3 respectively of the network of Fig 
ure 5.) 

The acoustical impedance of branch I of Fig 
ure 5 is given by the equation: 

J', 
wC'Asi 
branch 2 of Figure 

(10) 
The acoustical impedance of 

5 is given by the equation: 

45142:* wC'Asa (11) 
The acoustical impedance of branch 3 of Fig 

ure 5 is given by the equation: I 

= __ J' _ J' 
¿A3 ‘MM2 wCAsz wC'Asi (12) 

The volume current in branch 3 is given by 
the equation: 

Since the two loudspeakers are connected in 
series, i1=i2, and 

P1 BiZiAz -=“=K 
P2 BzlzÁl 

where K: constant. 

(14) 

The acoustical impedance at p1 is given by the 
equation: 

, D 

Zai = ZAK) ( 15) 
ZA 2 “|- î“ ‘l-ZA a 

The acoustical impedance at p2 is given by the 
equation: 

, D 
Z :m 
“2 zA2+zA1+KcA2 (16) 

The electrical circuit of the Voice coils of the 
large and small loudspeaker connected in series 
is shown in Figure 9. The electrical impedance 
and the quantities in this circuit will now be de 
ñned. In the electrical circuit, the electrica-l im 



peda?cef oft the; two.. loudspeakers: connected-~K in 
seriesuisgiverrby the` equation; 1 

1^E1==electrical resistance of the voice coil of ’the 
. largeloudspeakerg. 

L1=inductance of the,l voice! coilf of. the: large 
loudspeaker; 

rr2=electrical resistance of the-voice coil, or"> the 
sma-ll i loudspeaker; ; 

L2r~ir1ductanoer or. the; voice coil.l of». the.l small 
loudspeaker; 

ZEMi--motional electrical impedance or the voice 
coil of the large loudspeaker. The motional 
electrical impedance of the voice coil of the 
large u loudspeaker is. the' electrical.` impedance 
due to motion of the voice coil as determined 
fromtheequation: 

ZEMz--motional electrical impedance of the voice 
coil of the small loudspeaker. The motional 
electrical impedance of the voice coil ofthe 
small loudspeaker» isy given by theequation: 

013212)” 
„ eine’ (19) 

The;t current. .through y the voicey ycoils.».is ï given-.by 
tnaequation: . 

where e=voltage applied.to-«the=.voice coils; 
The acoustical power output is »the power out 

put deliveredzbytthe diaphragm of the large loud 
speaker, and isgivenby. the equation: , 

PwncV (2r) 
Employing lîlquati‘onsi)` .toA 2l inclusive it is pos 

sible to determine-the‘acoustical ‘power output of 
theisystem.. The'above analysis shows. thatit is 
possible to eirtendtheflowl frequencyk rangefby the 
use of a second loudspeaker. ` 

Several modelsoflthissystem have been built. 
As a typicalexample; inf one model, the diameter 
of thee cone; diaphragm of the large- radiating 
loudspeaker was 12 inches and the,díame.ter». of 
the cone diaphragm~ of4V the, small driving loud 
speaker wasâinchesl. The massIof the voice coil 
of the small loudspeaker was about twice that of 
the- large.- loudspeaker.. Theiñux densityv in»A the 
air gap was 12,000 gausses as comparedto 10,000 
for the large loudspeaker. The resonant fre 
quency of the smallfloudspeaker was 50 cycles per 
second and the largel‘oudspeaker 80 cycles per 
second. rf'he total cabinet volume-¿was 2f cubic 
feet. The. volume behind the small loudspeaker 
Was >l’l/g cubic feet: Th‘evolurne b'eiïweerrthev two 
loudspeakers was less than 1/2 cubic foot: E1n' 
ploying this system, an examination of the acous 
tical circuit shown in; Figure 5» and Equations 9 
to 20 inclusive, discloses,> that the load on the back 
ofthe large loudspeaker diaphragm is Very small 
in' the region" from' 50“ to 300` cycles' per‘fsecond. 
Thus, the acoustical power output conditions; as 
far as the large loudspeaker is, concerned, are 
practically the same. asif. the large loudspeaker 
were mounted in a.. cabinet having a very large 
volume. The electricalz impedanceA frequency 
characteristic of the largey speaker valone is shown 
by' curve A in Figure 6i |The electrical impedance 
frequency characteristic of the smalll loudspeaker 
mounted in al cabinet oi -' one and one »half cubic 
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feet.. is . shown. by curve Br lil‘igure.v ç 6. Iny the 
regioniabove 30.0,»cyclesfper. second,vthe.acoustifcal 
impedance-oí thechamber of one half, cubic foot 
volume is; small- compared to the acousticall im» 
pedancevof; the large-diaphragm and, therefore, 
does-notinñuence the acousticalpower output. 
It. will beyobserved fromv the curves shown` in 
Eiguree` »that above. 30,0 cyclesl per secondtheelec 
tr-ical. impedance, of», the. small loudspeaker is very 
smallrcomparedto theelectricalimpedance ofthe 
largefloudspeaker. As av result, since the two 
loudspeakers“ are; connected in seriesv practicallyr 
allatlfieinput` electrical power ísfed to the large 
loudspeaker in the region above 300 cycles. 
Under the above-.conditionsthelarge loudspeaker 
operatesï alone and; iny the,Y conventional manner 
above :300;cycles per» second. 
The acoustical power output» frequency. char, 

acteristic; for, the- combination or closely coupled 
loudspeakers. mounted in a cabinet of two cubic 
feet volume: is shown by,A curve A in Figure '7. 
For.- comparison», purposes, the acousticaly power 
outputmharacteristicfor the 12 inch loudspeaker 
mountedzalonein\a12»cubic_foot cabinet, as shown 
byA curve-.Bin Figure 3, is slperimposed on curve 
Aeinr’?‘igure 7. It will be seen fromacomparison 
of these two.curves that there is considerable ex 
tension of the low frequency acoustical power out 
put. This> is`> explained` by the introduction of 
the smaller loudspeakerI and: coupling it mechani 
cally with the large loudspeaker through the en 
closed volume of airinlthe small chamber 25. 
Thus, in the region below 300 cycles, the small 
loudspeaker, which is adapted to reproduce most 
eiîiciently sound waves of relatively low audio 
frequencies in the desired range of frequencies, 
functions as. a. supplementary driving . element for 
the large loudspeaker, which is adaptedto repro 
duce. eñiciently. sound waves over that, entire 
range. Eflectively, the sound pressure developed 
by. the small. loudspeaker. reduces the acoustical 
impedance presented to the back of the large loud 
speaker, over thatwhich would exist if'the large 
loudspeaker operated directly into, the entire 
cabinet.. Inthe example referredito above,_over 
the frequency range, from»` 50Í to 300 cycles per 
second, the acousticall impedance presented to 
the back of the large loudspeaker is practically 
the same as that of a.. very large cabinet. 
From the foregoing description, it will be ap 

parent that the present invention provides anim 
proved sound reproducing system for complete 
ly closed loudspeaker cabinets of relatively small 
dimensions.. 

It will be obvious to persons skilled- inA the. art 
that: various modiñcations- and changes in the 
sound reproducing apparatus shown and de 
scribedV herein ,are-possiblewithin the spirit of the 
present invention. For example, as. shown in 
Figure 8;„the partitionzl may be disposed diago 
nally of the interior of the cabinet._ On the other 
hand,y two separate, acoustically closed cabinets 
may be provided; with means for transmitting 
sound" from one or'the loudspeakers mounted in 
onecabinet tothe chamberprovidedlby the other 
cabinet. Other changes of- like nature will, or” 
course, readily suggest themselves. Therefore, it 
is-desiredithatthe particularforms of the present 
invention» showny and- described» herein shall' be 
considered as illustrative andnot aslimiting. ' 

is claimed is: 
l. Sound reproducing apparatus comprising 

awallecl4 enclosure; means- dividing the interior 
of said enclosure>into separate acoustically closed 
chambers, an exterior wall of said enclosure 
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having an opening therein connecting one of said 
chambers with the exterior of said enclosure, said 
dividing means including an opening therein de 
iining a sound passage between said chambers, 
sound reproducing means including a diaphragm 
mounted over each of said openings and forming 
a closure therefor, and electro-mechanical driving 
means connected to each of said diaphragms. 

2. The invention as deñned in claim l wherein 
said sound reproducing means comprises a plu 
rality of closely coupled loudspeakers, one of said 
loudspeakers being adapted to reproduce efiicient 
ly sound waves over the entire range of desired 
audio frequencies and the other of said loud 
speakers being adapted to reproduce most eni 
ciently sound waves of relatively low audio fre 
quency in said range. 

3. The invention as defined in claim 1 where 
in the volume of the chamber common to both 
said diaphragms is substantially smaller than the 
volume 0f the other of said chambers. 

4. The invention as defined in claim 1 wherein 
said electro-mechanical driving means for each 
of said diaphragms is connected to a. common 
source of electrical energy. 

5. The invention as deñned in claim 1 wherein 
one of said diaphragms is larger in area than the 
other of said diaphragms. 

6. Sound reproducing apparatus comprising 
a walled enclosure, means including a partition 
having an opening, a loudspeaker diaphragm 
covering said opening, said last named means 
dividing the interior of said enclosure into two 
acoustically closed chambers, one wall of said 
enclosure having an opening therein connecting 
one of said chambers with the exterior of said 
enclosure, and a second loudspeaker diaphragm 
mounted over said opening. 

7. Sound reproducing apparatus comprising 
walled enclosures defining first and second 
acoustically closed chambers, said first and second 
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chambers having a common wall, the ñrst one of 
said chambers having an opening in an exterior 
wall thereof, a loudspeaker including a diaphragm 
mounted over said opening and forming a closure 
therefor, an opening in said common wall, a 
second loudspeaker including a diaphragm 
mounted in said opening in said common wall and 
forming a closure therefor. 

8. Sound reproducing apparatus as defined in 
claim 7 wherein said enclosures are dimensioned 
to provide acoustically closed chambers of dif 
ferent sizes. 

9. Sound reproducing apparatus as defined in 
claim 8 wherein the enclosure having an open 
ing in the exterior wall thereof is dimensioned to 
provide the smaller one of said chambers. 

10. Sound reproducing apparatus as deñned in 
claim 9 wherein one of said loudspeakers is 
adapted to reproduce most efñciently low audio 
frequency sound waves, said one of said loud 
speakers having its said diaphragm mounted over 
the opening in the enclosure having the smaller 
one of said chambers. 

11. Sound reproducing apparatus as defined in 
claim 10 wherein said loudspeakers are connected 
electrically in series. 
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