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O Audio Whitepaper � Voice Coil Inductance Calculation 
 
 
Many driver datasheets include the specification �Le� (effective voice coil inductance).  This 
whitepaper briefly explores what this specification is and how it is determined.  Let�s first 
start with the basics � the speaker motor itself.  The motor on a conventional piston-type 
driver consists of a moving voice coil and a fixed permanent magnet/pole structure.   A voice 
coil certainly looks like an inductor � it�s a coil of wire!  So, it would therefore seem that its 
inductance could be easily determined and stated independent of factors such as frequency.  
And one could then determine high frequency response based on this single number. 
 
In that vein, driver datasheets include a specification that is usually called Le � effective 
voice coil inductance.  But why is the term called �effective�?  Why isn�t it an absolute 
number?  Because a speaker motor�s behavior is complex and frequency dependent.  In Dr. 
Joseph D�Appolito�s book �Testing Loudspeakers� (Audio Amateur Press, 1998), Section 
2.8.4 is devoted to a description of driver inductance and how it is measured.   To quote 
from his book, �Voice coil inductance is another difficult parameter to measure, primarily 
because it is not constant, but varies with frequency.�  The book includes a graph (Figure 
2.28) of voice coil inductance with respect to frequency for a sample driver � it shows that 
voice coil inductance decreases with frequency.  To further quote, �The manner in which 
voice-coil inductance varies to produce the driver impedance curve is not important because 
the impedance curve can be measured directly.  Having said that, manufacturers continue to 
list voice coil inductance, usually at 1kHz, . . . � 
 
D�Appolito continues to describe that direct measurement of voice coil inductance requires 
that the cone be blocked so that it doesn�t move.  In the event that one cannot reliably block 
cone motion, he outlines a way to calculate the effective voice coil inductance from the 
impedance curve which includes a correction for CMES.  CMES is defined as the �electrical 
capacitance� and represents the total moving mass of the driver, including air load, reflected 
back to the electrical side.    
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FORMULAS: 
 
Using formula 2.10 in D�Appolito�s book to calculate CMES: 
 
CMES = MMS / (BL)2     (MMS is MMD plus the air load)   
 
D�Appolito then outlines the following to calculate voice coil inductance.  Start first by calculating the 
reactive component of driver impedance: 
 
X = |Z| * sin(theta) 
 
where  Z is the impedance magnitude and theta is the impedance phase angle.  The inductive 
reactance is then calculated as: 
 
XL = X + 1/(2 * pi * f * CMES).   
 
Voice coil inductance is then calculated as: 
 
LVC = XL/ (2 * pi * f) 

 
 
CALCULATION EXAMPLES: 
 
Let�s run through these numbers using the TC Sounds 12� TC2+ that is listed on this site.  We will 
calculate using f = 1kHz since that is the frequency at which Le is usually specified.  Since this is a 
dual voice coil driver, we will run the numbers for both the series and parallel voice coil cases.  
 
In either case, CMES will be the same and computes to 854µF. 
 
 
BOTH VOICE COILS IN SERIES: 
 
Using Praxis to generate an impedance plot, the magnitude and phase at 1kHz is measured to be 
Z = 34 ohms and theta = 50° for the particular driver measured.  Plugging these numbers into the 
previous set of equations: 
 
X = 26.04 ohms 
XL = 26.23 ohms 
LVC = 4.17mH 
 
 
VOICE COILS IN PARALLEL: 
 
Using Praxis to generate an impedance plot, the magnitude and phase at 1kHz is measured to be 
Z = 8.6 ohms and theta = 50.33° for the particular driver measured.  Plugging these numbers into the 
previous set of equations: 
 
X = 6.62 ohms 
XL = 6.81 ohms 
LVC = 1.08mH 
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It is interesting to note that some speaker measurement programs provide a more complex 

answer for driver inductance.  Praxis (a product of Liberty Instruments), for example, 

provides two inductance numbers that represent series and shunt inductance values in a 

speaker model.  Two values, instead of one, provide the best curve fit to the actual 

impedance curve.  In e-mail correspondence with O Audio, Liberty Instruments expressed a 

sentiment similar to D�Appolito�s regarding the relative uselessness of Le compared to the 

impedance curve. 

We hope you found this whitepaper to be useful and would like to clearly recognize �Testing 

Loudspeakers� by Dr. Joseph D�Appolito (Audio Amateur Press, 1998) as source material. 


