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Photo Story “ The Time-Behaviour of Equalisers in dependancy of the  
   Quality factor” 
  
The story describes the change of Time-Behaviour by the use of equalizers, from recording to 
loudspeakers right up to room acoustics. 
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1. The Quality factor 
 
During recording and reproduction of music filter circuits are used. These are equalizers 
during studio recording, crossover circuits in loudspeakers, resonant circuits to compensate 
speaker distortion and equalizers to compensate room acoustics. The function of the circuit is 
described by the transmission function. How this transmission function is achieved has no 
relevance for the function itself, it can be accomplished with active or passive circuits, with a 
DSP or computer. The function itself describes the properties. 
The amplitude plot and phase-frequency is calculated from the function. Usually only the 
frequency plot receives consideration. By electrical circuits the time-behaviour, the in and out 
swing is recognizable in the frequency plot. 
In electronic engineering the parameter Quality factor Q is used to describe the time-
behaviour. Q is for instance known from Bass loudspeaker alignment, Qm, Qe and Qt. 
 

Calculation of the Quality factor Q of a 
series resonant circuit. 
 
Resonant Frequency = fr 
U=Umax /[2 
Bandwidth B=f2-f1 
Quality factor Q=fr/B 
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2. The Frequency Amplitude Plot and Cosinus-Burst 
Measurement 
 
For the measurement of the frequency amplitude plot, the PN noise signal is recorded using a 
professional studio program. With the EQ function the noise is calculated with corresponding 
quality factor. This signal is then played and recorded by the ATB system. With this 
measurement the properties of the soundcard, the drop at low frequencies and the ripple at 
high frequencies are recognizable. 
For the Cosinus-Burst measurement the signal is produced and recorded by the ATB precision 
system. After calculation with the EQ function of the program the Time plot is displayed. 
 By the equalizer function gain, amplification and the width of the frequency range are set. 
 

The frequency plot and the Cosinus-Burst as 
reference signal with the EQ switched off. 
 
Q=0 , gain= 0 , width=0 
The Quality factor is calculated from the 
frequency plot. 
 
 
 
 

 
 

Q=0,2 , gain=10dB , width=5 
 
The frequency plot shows a wide range for 
the amplification of the signal. 
 
The shape of the cosines-burst dose not 
change. 
 
 
  

 
 

 
The shape of the cosines-burst dose not change. 
 

20        100  200         1k      2k         Hz      

dB

50

40

30

20        100  200         1k      2k         Hz      

dB

50

40

30



 4 

Q=0,66 , gain= 10dB , width=2 
 
The frequency range for the amplification 
is smaller. By the Cosinus-Burst the 
maximum amplitude has shifted. 
 
 
 
 

 
 
Q=1,3 , gain=10dB ,width=1 
 
The frequency range gets smaller. By the 
Cosinus-Burst the maximum amplitude 
shifts further back. An after swing emerges. 
 
 

 
 
 

 
 
Q=3,3 , gain=10dB , width=0,5 
 
The frequency range gets smaller and 
smaller.  
 
 
 

 
 

 

 
The after swing of the Cosinus-Burst is getting stronger. 
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Q= 5 , gain=10dB ,width=0,2 
The frequency range for the amplification is 
very small. 
 
 
 
 
 
 
 

 
The signal of the Cosinus-Burst is no longer recognizable. The reduced amplitude shows that 
the signal cannot swing into the steady state. 

 
Q=16,6 , gain=10dB , width=0,1 
 
This setup seems to be ideal to compensate 
sound distorting peaks in the frequency plot. 
  
 
 
 
 

 
The Cosinus-Burst shows that a new signal appears. This has a different form and altitude and 
also a very long after swing. 
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3. The Quality Factor of Circuits 

3.1 Resonant Circuits 
 
The EQ function that was calculated in the previous chapter can also build up passive 
elements achieving comparable results. 

 
The blue line shows the frequency plot of the 
resonant circuit with Q= 7.14. By the lower 
plots a compensation was tried. That could 
not succeed because the EQ has only a 
maximum suppression of 20dB. 
 
 
 
 
 

 
The picture shows the Cosinus-Burst measurement with long in and out swing. 
 

3.2 Crossovers 
 
The filters of loudspeaker crossovers are specified by the Order and Quality factor. 
Over the Order the steepness. 
1 Order =  6dB/Octave 
2 Order = 12dB/Octave 
3 Order = 18dB/Octave 
4 Order = 24dB/Octave 
described. 
The Quality factor is over the name of the developer, here for 2 Order. 
Linkwitz-Riley,  Q= 0.49 
Bessel,  Q= 0.58 
Butterworth,  Q= 0.707 
Chebychev,   Q= 1  
described. 
According to literature Chebychev filters should only be used in exceptional cases. With Q= 1 
the signal is distorted. 
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3.3 Digital Filters 
 
Next a digital filter is shown in a spectral decay graph.  
In this measurement the Hull curves are calculated from the Cosinus-Burst measurements. 
The Hull curves of several frequencies are displayed in the ATB precision spectral decay 
graph in 3D. The y-axis is the amplitude, the x-axis the frequency and the back running z-axis 
the time. So that all frequencies can be shown at the same time, the time of the z-axis is 
normalized and scaled in periods. 
  
A DSP for digital crossover is measured. A shelf high pass and shelf low pass is set. Both 
functions have the same settings for frequency and amplitude. When the settings for the 
Quality factor are the same the frequency plot shows no change. The functions cancel each 
other out. 
For the measurement different Quality factors, for the low pass, Q= 0.7 and for the high pass 
Q= 0.5, are chosen. 
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The spectral decay graph shows the shelf filter with Q= 5. Correspondent to the frequency 
plot measured in steady state, there is a drop at 140 Hz. The spectral decay graph shows that 
the drop appears after a delay. The filter has to firstly steady up. That the drop is later reduced 
through the after swing of the upper resonance, is a new acknowledgement. The peak at 280 
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Hz shows the full beauty of the time behavior with a Quality factor of Q= 5. When swinging 
in the maximum is first achieved, when the signal for higher frequencies has already dropped 
off. The swing out lengthens the Cosinus-Burst durance 3 fold. In chapter 2 the Burst is 
shown for Q= 5. Shelf filters are also recommended for higher Q·s, for instance to smooth the 
frequency range of dome tweeters. The frequencies at 1.5 kHz are lifted and a steeper roll off 
is achieved at 850 Hz. The resulting after swing in that case denies natural reproduction. 
 

3.4 Loudspeaker Bass-Alignments 
 
The alignment of a woofer in a loudspeaker box determines its signal behavior. The aim is an 
exact time behavior, fast in and out swing. This is described by the Thiele-Small parameter 
with the quality factor. According to theory this amounts to a Q of 0.7.    
 
When speakers are set into boxes, the Q factor can be assessed with measurement of the 
impedance curve only when the box is closed. The quality factor can be assessed by SPL 
measurement. This works with closed boxes. By enclosures with openings, bassreflex, band 
pass, transmissionline, basshorns cardioids and TQWT, two sound sources are present. To 
determine the quality factor with the SPL method, both have to be measured simultaneously 
and with adjustment of sound pressure levels of the radiating surfaces. With that very many 
publications are faulty. With those measurements the quality factor cannot be assessed. 
 
To assess the quality factor of vented boxes, the quality factor is measured using the Cosinus-
Burst. To blend out measurement room effects the near field measurement is applied. As 
measurement frequency the resonance frequency or alignment frequency is chosen. 
 
The evaluation of an advantageous loudspeaker enclosure is made possible by use of a very 
sophisticated simulation software used in the car industry. The results of the calculation show 
that most models used in the loudspeaker technology are mere hints of explanation. 
 
In the low frequency range the laws of airflow and air resistance are applicable. Who ever 
holds his hand in front of a vent will feel the airflow. To software makes optimizing existing 
constructions possible. Bassreflex constructions can be made effectively larger with use of an 
airflow resister. And also TQWT bass enclosures can be optimized. By dipole subwoofers the 
calculations leads to the optimal construction, being the Dipol-Cardioid subwoofer. 
 
An example for the construction of an enclosure is the loudspeaker Analog.on OK. The 
version with the new high-tech woofer is labeled Analog.on OK-SP. The enclosure volume 
has 20 Liters for the two 17cm low-mid range speakers. The optimal effective air volume is 
achieved by use of airflow resistors (Variovents). At the same time enclosure resonances are 
suppressed. Otherwise the calculated volume would be 140 Liters. 
Using the Cosinus-Burst the quality factor was assessed to be Q= 0.9. This is a good value in 
comparison to other bassreflex loudspeakers. 

 
Cosinus-burst with 60Hz 
The picture shows that the Analog.on OK-
SP is able to reproduce the Cosinus-Burst. 
This is just one example of bass alignment 
testing using the Cosinus-Burst. 
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3.5 Room Acoustics 
 
Further more the quality factor of listening room resonances, modes are shown. As will be 
described, the quality factor has to be assessed with a DSP for resonance compensation. 

 
The frequency plot of a loudspeaker in a 
listening room measured at seating position. 
At 32Hz and 62Hz drops and at 116Hz peaks 
are to be seen. To setup the equalizer the 
resonances and their quality factors and also 
type have to be known. 
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The spectral decay graph shows the time behavior of the listening room in the low frequency 
range. The resonance seen in the frequency plot at 32Hz appears in the spectral decay graph to 
be more a layover of reflections. Here a ridge runs parallel to the x-axis. To determine the 
quality factor of the resonance a Cosinus-Burst measurement with 60Hz is carried out. 

 
 The Cosinus-Burst measurement shows a 
quality factor of Q= 5. 
At 150ms a reflection is seen. In the spectral 
decay graph these are easily recognizable by 
the lightly curved ridges, that run 
perpendicular to the x and y axis. 
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