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Closed box Vented-box loudspeaker (bass-re�ex)

Closed-box: de�nitions

Analogue acoustical circuit of a loudspeaker + closed cabinet (Volume Vb)
system:

pg

qd

Rae Ras Mas
Cas Mar Rar

Mab

Cab



Closed box Vented-box loudspeaker (bass-re�ex)

Closed-box: de�nitions

The components of the analogue scheme are:
Electrical parts

pg =
B`Ug

Sd Re
source pressure analogue to the source electrical voltage Ug

Rae =
(B`)2

S2
d
Re

acoustic resistances analogue to Re , DC resistance of the coil

(we neglect here the output resistance of voltage source Us ,
as well as the electrical inductance of the coil Le )

Mechanical parts

Ras =
Rms

S2
d

acoustic resistance corresponding to the mechanical resistance of the loudspeaker

Mas =
Mms

S2
d

acoustic mass corresponding to the mechanical mass of the loudspeaker

Cas = S2d Cms acoustic compliance corresponding to the mechanical compliance of the loudspeaker

Acoustic parts

Mar =
8

3π

ρa

Sd

radiation mass of a piston of radius a =
√

Sd/π mounted on a screen

Rar ≈
ρc

Sd

(ka)2

4
radiation resistance of a �pulsating� source of radius a (solid angle 4π)

Mab ≈ Mar ≈
8

3π

ρa

Sd

radiation mass inside the cabinet

(deformation of particle velocity in the cabinet)

Cab = S2d Cms acoustic compliance equivalent to the cabinet volume Vb



Closed box Vented-box loudspeaker (bass-re�ex)

Closed-box: response in �ow velocity

The closed-box loudspeaker is assimilated to a small semi-monopolar (in 2π

steradians) source of radius a (radiation resistance Rar = 2πρ
f 2

c
) and �ow

velocity qd .
The radiated power is then: Pa = Rar |qd |2
The power can be derived by expressing qd as a function of voltage Ug .

Since: qd =
pg
Zac

, where Zac = Rac + jωMac +
1

jωCac
with:

Rac = Rae + Ras + Rar : total losses of the closed-box loudspeaker
Mac = Mas + Mar + Mab : total acoustic mass

Cac =
CasCab

Cas + Cab
: total acoustic compliance

Then qd =

(
B`Ug

SdRe

)
jωCac

(jω)2MacCac + jωRacCac + 1



Closed box Vented-box loudspeaker (bass-re�ex)

Closed-box: response in �ow velocity

qd =

(
B`Ug

SdRe

)
jωCac

(jω)2MacCac + jωRacCac + 1

De�ning: ωc =
1√

MacCac

and Qtc =
1

ωsRacCac
the acoustic resonator's

resonance frequency and quality factor, we show that:

Cac =
1

ωcRacQtc

MacCac =
1

ω2
c

RacCac =
1

ωcQtc

And then qd =

(
B`Ug

SdRe

)
1

QtcRac

(
jω

ωc

)
(
jω

ωc

)
2

+
1

Qtc

(
jω

ωc

)
+ 1

Since
B`

SdRe
=

SdRae

B`
, then we can de�ne qc =

B`Ug

SdReQtcRac
=

Sd

B`Qec
Ug

and �nally qd = qc

(
jω

ωc

)
(
jω

ωc

)
2

+
1

Qtc

(
jω

ωc

)
+ 1



Closed box Vented-box loudspeaker (bass-re�ex)

Closed-box: response in power

Pa = Rar |qd |2 = 2πρ
f 2

c
q2c

∣∣∣∣∣∣∣∣∣
(
jω

ωc

)
(
jω

ωc

)
2

+
1

Qtc

(
jω

ωc

)
+ 1

∣∣∣∣∣∣∣∣∣
2

Then Pa = Pac

∣∣∣∣∣∣∣∣∣
(
jω

ωc

)
2

(
jω

ωc

)
2

+
1

Qtc

(
jω

ωc

)
+ 1

∣∣∣∣∣∣∣∣∣
2

where Pac =
2πρ

c
f 2c q

2

c



Closed box Vented-box loudspeaker (bass-re�ex)

Vented-box loudspeaker: de�nitions

Analogue acoustic circuit of a vented-box +
loudspeaker system (bass-re�ex):

pg

qd

Rae Ras Mas
Cas Mar1 Rar1 p0

qb

Rab

Cab

pbMab

Mar2 Rar2

Map

qp

Rap



Closed box Vented-box loudspeaker (bass-re�ex)

Vented-box loudspeaker: de�nitions

In the analogue acoustic representation of the vented-box loudspeaker:

the electrical voltage Ug applied to the loudspeaker terminals is replaced

by the equivalent pressure pg =
B`

SdRe
Ug .

the total acoustic impedance of the loudspeaker (excluding the Helmholtz
resonator of the vented box) becomes:

Z ′
as = (Rae + Ras + Rar ) + jω (Mas + Mab + Mar ) +

1

jωCas

≈ Rae + R ′
as + jωM ′

as +
1

jωCas

the equivalent acoustic impedance of the Helmholtz resonator constituted
with volume Vb (acoustic compliance Cab = Vb

ρc2
, we neglect the resistance

Rab) and the port of length lp and cross-section sp (acoustic mass

M ′
ap = Map + Mar2 = ρ

ap+2∆L

sp
, with ∆L the termination correction

accounting for the acoustic radiation at each sides of the port ∆L ≈ 8a
3π

)
reads:

Zab =
jωM ′

ap

(jω)2 M ′
apCab + 1

=
jωM ′

ap(
jω

ωp

)
2

+ 1

, with ωp = 1√
M′apCab



Closed box Vented-box loudspeaker (bass-re�ex)

Vented-box loudspeaker: acoustic radiation

The radiated sound power is due to the combination of both the loudspeaker
diaphragm and the port radiations. Then, we can consider the �ow velocity
qs + qp = −qb to process the radiated power, and consider the loudspeaker as

a semi-monopole Rar =
2πρ

c
f 2.

The radiated power then writes:
Pa = Rar |qb|2,
and can be derived by analyzing the
analogue acoustic circuit of the system.



Closed box Vented-box loudspeaker (bass-re�ex)

Vented-box loudspeaker: acoustic radiation

We can derive qb in the analogue acoustic circuit as qb = jωCabpb,
where pb is the pressure inside the cabinet of volume Vb.
Pressure pb can be simply deduced by analyzing the �pressure divider�:

pb =
Zab

Zab + Z ′
as
pg , then:

qb =
B`Ug

SdRe

jωCabZab

Zab + Z ′
as

=
B`Ug

SdRe

(jω)2CabM
′
ap[(

jω

ωp

)
2

+ 1

][
jωM ′

as + R ′
as +

1

jωCas

]
+ jωM ′

ap

=

B`Ugωs

Sd ReM
′
asωs

(jω)3CabM
′
apCasM

′
as

(jω)4M′as CasM
′
apCab + (jω)3M′apCab (Rae + Ras )Cas + (jω)2 [M′apCab + M′as Cas + M′apCas ] + (jω)Cas (Rae + R′as ) + 1

Reminding ωs =
1√

M ′
asCas

and Qts =
1

ωsR ′
asCas

, as well as ωp =
1√

M ′
apCab

it

comes:

qb =
B`Ug

Sd ReM
′
asωs

(
jω

ωs

)3 ω2s
ω2p(

jω

ωs

)4 ω2s
ω2p

+

(
jω

ωs

)3 1

Qts

ω2s

ω2p

+

(
jω

ωs

)2 ω2s
ω2p

+ 1 +
Cas

Cab

ω2s

ω2p

 +

(
jω

ωs

)
1

Qts
+ 1

.



Closed box Vented-box loudspeaker (bass-re�ex)

Vented-box loudspeaker: acoustic radiation

qb =
B`Ug

Sd ReM
′
asωs

(
jω

ωs

)3 ω2s
ω2p(

jω

ωs

)4 ω2s
ω2p

+

(
jω

ωs

)3 1

Qts

ω2s

ω2p

+

(
jω

ωs

)2 ω2s
ω2p

+ 1 +
Cas

Cab

ω2s

ω2p

 +

(
jω

ωs

)
1

Qts
+ 1

.

Introducing α =
Cas

Cab
et h =

ωp

ωs
, it comes:

qb =
B`Ug

Sd ReM
′
asωs

(
jω

ωs

)4
h−2

(
jω

ωs

)4
h−2 +

(
jω

ωs

)3 h−2

Qts
+

(
jω

ωs

)2 [
1 + h−2(1 + α)

]
+

(
jω

ωs

)
1

Qts
+ 1

.



Closed box Vented-box loudspeaker (bass-re�ex)

Vented-box loudspeaker: response in power

Pa =
2πρ

c
f 2

 B`Ug

Sd ReM
′
asωs

2

∣∣∣∣∣∣∣∣∣∣∣

(
jω

ωs

)3
h−2

(
jω

ωs

)4
h−2 +

(
jω

ωs

)3 h−2

Qts
+

(
jω

ωs

)2 [
1 + h−2(1 + α)

]
+

(
jω

ωs

)
1

Qts
+ 1

∣∣∣∣∣∣∣∣∣∣∣

2

=
2πρ

c
f 2s

 B`Ug

Sd ReM
′
asωs

2

∣∣∣∣∣∣∣∣∣∣∣

(
jω

ωs

)4
h−2

(
jω

ωs

)4
h−2 +

(
jω

ωs

)3 h−2

Qts
+

(
jω

ωs

)2 [
1 + h−2(1 + α)

]
+

(
jω

ωs

)
1

Qts
+ 1

∣∣∣∣∣∣∣∣∣∣∣

2

= Pao

∣∣∣∣∣∣∣∣∣∣∣

(
jω

ωs

)4
h−2

(
jω

ωs

)4
h−2 +

(
jω

ωs

)3 h−2

Qts
+

(
jω

ωs

)2 [
1 + h−2(1 + α)

]
+

(
jω

ωs

)
1

Qts
+ 1
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