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Tile Thiele/Small method of low-frequency direct-radiator loudspeaker system
analysis neglects the radiation impedance components in the equivalent electric network
model. When thesecomponentsare includedSomesurprising resultsare evident. Duc to
the definition of efficiency widely used in direct-radiator loudspeaker analysis, the
absolute maximum efficiency is limited to 25%. With voice-coil inductance neglected,
inclusion of the radiation impedancecomponentstransformall responsesfrom high-pass
into band-pass functions, For low frequencies, the maximum achievable nominal power
transfer efficiency is found to be proportional to Conediameter.For a specific diameter,
the maximum efficiency depends only on the moving mass to air-load mass ratio,
Relationships and graphs are presented which relate the true nominal power-transfer
efficiency to theThiele/Smallderived efficiency.

0. GLOSSARY OF SYMBOLS

a effective radius of driver diaphragm
B magnetic flux density in driver air gap

,6 ratio of of driver voice coil dc resistance to electrical resistance representing the real

part of the acoustic radiation load ( = R E / REAR = R 1 / R 2

= 128P0 c/9rc2 · SDRE/B212 _ 1879 a2RE/B212)

c velocity of sound in air ( = 343 m/s at 20 ° C)
CAT total acoustic compliance of driver and enclosure

CEAR electrical capacitance representing air-load mass on driver diaphragm

(= MMa / B2l 2 ) (for ka < 0.3, = (8Po / 3) · a 3 / B212 = 3.23 a3 / B212 )

CME$ electrical capacitance representing driver moving mass (= MMD/ B212, not
including air-load mass)

C1 pseudonym for CME$

C2 pseudonym for CEAR
d effective diameter of driver diaphragm ( = 2a )

ein input voltage applied to terminals of loudspeaker, V rms

eom output voltage appearing across real part of radiation load in circuit model (REAR )

E error value used in calculation of Thiele-Small Efficiency vs true efficiency
f natural frequency variable in Hz

fo resonance frequency of second-order band-pass system (frequency at peak of
response)



G(s) response function ( _ ¢out(S)/ein(S))

k wave number ( = to / c = 2s / _, )

I length of voice-coil conductor in magnetic gap

LCET electrical inductance representing total system compliance (= CATB212/ SD2)

L£ electrical inductance of driver voice coil

MMa mechanical air-load mass on driver diaphragm ( = I / co YI ), note that this
value varies with frequency and can be approximated at low frequencies

by 8Po a 3 / 3 = 3.23 a3 ( for ka < 0.3 )
MMD mechanical moving mass of driver diaphragm assembly not including air load

MMS mechanical moving mass of driver diaphragm assembly including air load
( = MMD + MMA)

Pa acoustic output power ( = eout2/REAR in circuit model)

Pr. nominal electrical input power ( = ein2/R E )

Q ratio of reactance to resistance (series circuit) or resistance to reactance (parallel
circuit)

Q0 Q of second-order band-pass system at peak of response (fo)

RAS acoustic resistance of driver suspension losses

RE dc resistance of driver voice coil

REAR electrical resistance representing the real part of the acoustic radiation load

( = B212YR ), note that this value varies with frequency and can be

approximated at low frequencies by (9n 2 / 128) · B2l 2/PoCSD = B2l 2 / 1879a 2

(for ka <0.3 )

RES electrical resistance representing driver mechanical losses (= RAsB212/ SD2 )

R 1 pseudonym for RE
R2 pseudonym for REAR

s complex frequency variable ( = o + jO)

SD effective surface area of driver diaphragm ( = ga 2)

tl efficiency, (= power out / power in)

/70 asymptotic reference efficiency of driver defined as per R. E. Small (known as the
Thiele/Small reference efficiency)

(= (Po/2_c). B2f2/ _z' so_ /Mus)
r/0' same as r/0, except that efficiency is computed using the moving mass only (MMD),

which does not include the air-load mass

r/max maximum efficiency

r/peak efficiency of second-order band-pass system at peak of response (fo)

PO density of air ( ---1.21 kg/m 3 )

co radian frequency variable ( = 2_f)

co 0 radian center frequency of second-order bandpass filter
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