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Abstract – In this work are presented theoretical analysis of 
characteristics of fourth order band-pass loudspeaker systems. 
Mathematical relationships are defined for calculating the 
electrical and acoustic characteristics of band-pass loudspeaker 
systems in linear modelling. Using the method of researching, for 
system is analyzed frequency, pulse and step characteristics. 

 
Keywords – Band-pass loudspeaker systems, frequency curve, 

step and impulse response.  

I. INTRODUCTION 

The Band-pass loudspeaker systems are known for a long 
time ago [11]. Band-pass loudspeaker systems are researched 
by Fincham [5], Geddes [8], Mallory [7], Sutphin [8], 
Berkhoff [9], Matusiak and Dobrucki [11] and others. Now 
these systems are used for low-frequency channel of: 
computer loudspeaker systems, auto audio systems and the 
soundtrack of TV, video and cinema systems.  

Figure 1 presents a band-pass loudspeaker system with 
single vent. 
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Fig. 1. Sketch of a double cavity single vented loudspeaker system  

II. GLOSSARY OF SYMBOLS 

lB.  = Force factor loudspeaker magnet system [16], 
 mT .

c  = velocity of sound in air,  ,  [3]  sm /345c

msC  = mechanical compliance of driver suspension, 
 [16] Nm /

MESвн CC ,  = electrical capacitance due to driver mass, F  

      222 ./../ lBSMlBMC dаsmsвн  , [3] 

asC  = acoustic compliance of driver suspension, 

,  [3]  2. dmsas SCC   Nm /5

21orabC  = acoustic compliance of air in box  or  1V 2V

 2
0211 .cVC orab  , [7]  Nm /5

ge  = open circuit output voltage of amplifier, V  

i  = imaginary factor,  1i  
f  = frequency, Hz  
 sK  = fourth order band-pass system response 

(transfer) function,       sKsKsK 21 .  [13] 
 sK1  = second order low-pass transfer function  
 sK2  = second order high-pass transfer function  

eL  = loudspeaker electrical inductance, H [16] 

CESвн LL ,   = electrical inductance due to driver compliance 

[3], H      222 .... dasmsвн SlBClBCL   

asM   = acoustic mass of driver diaphragm assembly 

and air load,  2
dmsas SMM  , [3],  4/ mkg

2apM   = acoustic mass of air in vent,  r - radius vent, 

 - length of vent,   L 4/ mkg

    2
02 ..61.0.85,0. rrrLM ap   , [1, 7] 

msM  = mechanical mass of loudspeaker diaphragm 
assembly including air load [16],  kg

0p   = equivalent acoustic pressure,   Pa

    degg SRRlBep ...0  , [3]  

1Q  = box 1 Q  at S resulting from all losses, [3] 
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2Q  = box 2 Q  at B resulting from all  losses, 
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AQ  = box 2 Q  at B resulting from absorption  

losses, 







AQ 

22.
1

abab R.B C
 [4] 

LQ  = box 2 Q  at B resulting from leakage losses, 
   22.. alabBL RCQ  [4] 

PQ  = box 2 Q  at B resulting from vent frictional 

losses, 









Q 

B 22..
1

apab
P RC

[4] 

eR  = loudspeaker voice coil dc resistance [16],   

gR  = amplifier output resistance [3],   
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msR  = mechanical mass of loudspeaker suspension 

losses [16], , ,  msN /. skg / 2..1  skgmN
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 21orabR  = acoustic resistance of box 1 or 2  losses [7] 

due to internal energy absorption,   3/. msN
atcR  = total series resistance, fig. 7 
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  = acoustic resistance of box 2 losses [7] due to 

leakage,   
2alR

smkg ./ 4

2apR  = acoustic resistance of vent losses,    smkg ./ 4

asR  =  acoustic losses [3],   5/. msN

    222 .. dвнdmsas SRlBSRR   

ESвн RR ,   = electrical resistance due to driver suspension 
losses[3],   

      asdmsвн RSlBRlBR ././. 222   
s  = complex angular frequency, fiis .2..    

dS  = effective area of drive unit diaphragm [7],  2m

1V  = volume of ear in close box [7],  3m

1V  = volume of ear in box with vent [7],  3m

0    = density of air ( 0 = 1.18 kg/m3) [1],  3/ mkg
  = angular frequency  f..2  ,  srad /

0  = normalized angular frequency, srad /  
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s  = resonance angular frequency of driver in close  

box [3], , srad / 
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21or  = low or high cut of angular frequency,  srad /
 
Note: In “II. Glossary of symbols” the Thiele-Small 

loudspeaker parameters [16] presented with Font style: Italic. 

III. ELECTRICAL CHARACTERISTICS 

The analysis of the electrical impedance of the single vented 
band-pass system of fig. 1 [15] is similar to a vented box 
system (two maxima and one minimum [11]), see fig. 3.    

The input electrical impedance of a loudspeaker in the 
closed-box is [3] 
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The electrical impedance of the vented box is 
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Fig. 2. Simplified electrical equivalent circuit of the double cavity 
with single vent loudspeaker system [15] 
 

 
Fig. 3. Magnitude of the Band-pass loudspeaker system impedance 

he math expression, Eq. (3), which describes the input 
el

 
T
ectrical impedance, includes the sum of the voice coil 

electrical impedance eee LiRZ .. , the impedance 
introduced by the mecha вн  and the acoustic 
volume аZ  (fig.2). 
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Fig. 4. Real and imaginary part of the Band-pass loudspeaker system 
impedance 
 

 
 
Fig. 5. Complex Impedance (Nyquist plot) of the Band-pass 

loudspeaker system 
 

 
 

Fig. 6 Phase of the electrical current from the audio amplifier 

IV. ACOUSTICAL CHARACTERISTICS 

The characteristics of the double cavity with single vent 
loudspeaker system may be presented with the band-pass 
system response (transfer) function [13]: 
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Fig. 7. Simplified acoustical analogous circuit of the double cavity 

Amplitude – frequency responses are presented in figs. 
8÷

with single vent loudspeaker system [15] 
 

10.  

 
Fig. 8. Normalized amplitude – frequency response of the sound 

 
 is a forth order band-pass filter response (fig. 8) with 12 

dB
e symmetrical if  

pressure created by the Band-pass loudspeaker system 

It
 per octave (40 dB per decade) slopes.   
The band-pass characteristics will b

BS   [11] and 21 QQ  . 
ase of the The ph sound pressure created by the Band-pass 

loudspeaker system ))(arg( K  is plotted in fig. 9. 
 

 
Fig. 9. Normalized frequency response of the phase of the sound 

 

he group time delay 

pressure created by the Band-pass loudspeaker system 

T   


K
d
d arg is presented in fig. 10. 
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Fig. 10. Normalized frequency response of the group time delay of 

the sound pressure created by the Band-pass loudspeaker system 

th

 
For the analysis in the time domain, the impulse response of 
 loudspeaker  )(th  (fig.11) is defined as follows: e

 

  dejKth tj)()( 
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1
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         (5) 

 

 
Fig. 11. Normalized impulse response of the sound pressure 

by the Band-pass loudspeaker system 
 
 

created 

The impulse response )(th  is a reaction of )(t -Dirac 
impulse, while the step res onse  is defi  the

         

p )(tF ned by  
integral of  )(th :  

t

 dtthtF
0

)()(  (6) 

 
Fig. 12. Normalized step response of the sound pressure created b
the Band-pass loudspeaker system 

CLUSION 

The reactance Thile-Small [2-4] 
theory of clos plied to
an

re

tics by computer simulations 
[1

 production of band-pass 
lo

REFERENCES 

[1] Beranek Leo L., “ACO 7-004835-5, 1954÷96 
[2] Thiele A. N., “Loudspeakers in Vented Boxes, Parts I and II”, 

vol. 21, n. 5, jun. 1973, 

/Feb. 

 

sponse of the magnitude (fig. 3), real and imaginer part (fig. 
4) of impedance and the complex impedance (fig. 5); 
electrical phase of the current from audio amplifier (fig. 6); of 
the amplitude (fig. 8), phase (fig. 9), of the group time delay 
(fig. 10), impulse (fig. 11) and step (fig. 12), response of the 
sound pressure created; and in the time domain: impulse (fig. 
11) and step (fig. 12) response. 

The theoretical analysis of the characteristics and the 
comparison with the characteris

5] confirm the proposed ideas. 
The results obtained in this paper can be used for 

theoretical analysis, design and
udspeaker systems.   

USTICS”, ISBN: 0

J. Audio Eng. Soc., vol. 19, Number 5, pp. 382÷392, 1971 May; 
pp. 471÷483, 1971 June. 

[3] Small R. H., "Closed-Box Loudspeaker Systems Part I: 
Analysis", J. Audio Eng. Soc.,, vol. 20, Number 10, pp. 
798÷808, 1972 Dec, “Part II: Synthesis", J. Audio Eng. Soc., 
vol. 21, Number 1, pp. 296÷303, 1973. 

[4] Small R. H., "Vented-Box Loudspeaker Systems: Part I: Small-
Signal  Analysis”, J. Audio Eng. Soc., 
pp 363÷372, “Part IV: Appendices", J. Audio Eng. Soc., vol.21, 
n.7, Oct. 1973, pp. 635÷639. 

[5] Fincham, L. R., "A band-pass loudspeaker enclosure", 63rd 
Convention Audio Engineering Society, Los Angeles, 1979 
may. 

[6] Geddes E. R. “An Introduction to Band-Pass Loudspeaker 
Systems”, J. Audio Eng. Soc., vol. 37, № 5, pp. 308÷342, 1989 
May. 

[7] Mallory Roy, “Calculating LF response whit PSPICE”, Speaker 
Builder, № 3 , 1991, pp. 20÷27 

[8] Sutphin E. M., “An equivalent electrical circuit bandpass 
enclosure”, Speaker Builder, № 2, 1992 pp. 10÷13 and 73. 

[9] Berkhoff A. P. “Impedance Analysis of Subwoofer Systems”, J. 
Audio Eng. Soc., vol. 42, Number 1/2, pp. 4÷14, 1994 Jan.

[10] Poularikas Al. D, The Handbook of Formulas and Tables for 
Signal Processing, CRT Press LLC, 1999. 

[11] Matusiak G. P., A. B. Dobrucki, “Fourth-Order Symmetrical 
Band-Pass Loudspeaker Systems”, J. Audio Eng. Soc., vol. 50, № 
1/2, pp. 12÷18, 2002 Jan./Febr. 

[12] Sirakov E. S., “Theoretical Analysis as a Function of the Total 
Q Factor Loudspeaker Characteristics”, XLI ICEST 2006, 29 

y 
998

June ÷ 01 July, 2006, Sofia, BULGARIA, ISBN-10: 954-9518-
37-X, pp. 208÷211. 

[13] Sirakov E. S., “Polar Diagram of multiple driver loudspeaker 
systems”, XLII ICEST 2007, “Sv. Kliment Ohritski”, ISBN:

9-786-06-2, “Mikela” Bitola, 24÷27 June 2007, Ohrid, 
Macedonia, Volume 2, pp. 317÷320. 

[14] Sirakov E. S., “LR-n Models for Voice Coil of the Loudspeaker, 
Part I: Small Signal Analysis”, XLIII ICEST 2008, 25÷27 June 

V. CON

 transformation method – 
e and vented system can be ap  the 2008 г., Технически Университет, Варна. 

[16] 

2008, Printed by: UNIGRAF, Nis, Serbia, ISBN: 987-86-85195-
61-7, pp. 550÷553. 

[15] Сираков Е. C., “Макро модел на нискочестотно озвучително 
тяло тип Band-pass”, Национална конференция  Акустика 1, 

www.vissokogovoriteli.plc.bg/, www.madisound.com/, 
www.audax.fr/, www.dynaudio.com, www.morelhifi.com/, 

alysis of a band-pass system [5-9, 11, 15].   
This work considers researching of the following 

characteristics of a band-pass loudspeaker system: frequency www.scanspeak.com/. 
 

 
 ICEST 2009 25-27 JUNE, 2009, VELIKO TARNOVO, BULGARIA

238


