
T
he methods and advantages of
time-domain analysis are well
known and widely discussed in
the literature of loudspeaker sys-

tem design. This article discusses a
quick method of deriving driver param-
eters from the voltage response as mea-
sured at the drivers’ input terminals. I’ll

also provide worked examples and con-
clude with comparison driver specifica-
tions as determined by this method and
standard MLS analysis.

A TIMELY SOLUTION
Fourier analysis shows that an event
be it audio or acousticcan be de-

scribed in two ways. Better known in
speaker builder circles as the time do-
main and the frequency domain (Fig.
1), the coordinates of these two descrip-
tions (or, more accurately, domains) are
dimensionally reciprocal, with one de-
scribing the event in units of time and
the other describing the event in units
of reciprocal time, or as reciprocal time
is better known, hertz. 

Transforming the event from one do-
main to the other is accomplished
mathematically by application of the
Fourier transform (time to frequency
domain), or the inverse Fourier trans-
form (frequency to time domain).

THE FOURIER TRANSFORM
When implemented on a PC with a fast
processor, the Fourier transformor
perhaps more to the point, the compu-
tationally efficient, Fast Fourier trans-
formcan provide a real wealth of in-
formation in a very short period of
time. It’s impressive just how much in-
formation can be derived from that 
impulse!

But without resorting to such com-
plex computations, and the hardware/
software needed to accomplish them, is
it possible to derive useful information
with a basic complement of measure-
ment gear, a calculator, and some
mathematical effort? This article inves-
tigates an algebra-based method for ac-
complishing just that.
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Try this mathematical approach to derive driver parameters and see

how it compares to conventional measurement techniques.

FIGURE 1: TIME- AND FREQUENCY-DOMAIN MEASUREMENTS.
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FIGURE 2: THE CIRCUIT VERSION OF THE TEST SETUP, INCLUDING THE ELECTRICAL EQUIVA-
LENT OF THE DRIVER.
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THE IMPULSE TO MEASURE 
The setup for measuring the driver pa-
rameters is relatively straightforward.
At the source end of the chain is, of
course, the impulse source. This could
be a pulse generator or square-wave
generator capable of kicking out appro-
priate step functions.

The next link in the setup is the
power amp set, of course, at a suitably
low level to avoid: (a) blowing up the
driver being tested and/or (b) pushing
the driver into nonlinear operation. It’s
easy to see how effortlessly a pulse can
send a driver into nonlinear operation
(or even launch a cone out of its
frame!)so be careful.

The best bet when setting impulse
levels is to start with the amp’s gain set
so low as to present no audible reaction
from the driver and then slowly bring it
up, watching both the driver and what-
ever you’re using for a display (PC mon-
itor or oscilloscope). I found setting the
gain at a level just enough to produce
clean, readable, repeatable results, but
no higher, worked best. You’ll need to
spend some time experimenting with
both levels and scope settings. If you

are planning on measuring more than
one of the same driver, save yourself
some time and write down the settings.

The resistor Rg has a chosen value
many times greater than the driver’s
free-air resonance impedance peak,
and is put in place so that the driver
end of the circuit is, in effect, looking at
a constant-current
source (Fig. 2). The
common practice is to
use a 1kΩ resistor or a
resistor with a value
10× higher than the
Zpeak. But even these
values may be a little
low. With an Rg value
of 10× the Zpeak, the
actual current can
drop ≈ 1dB at reso-
nance. Once again, ex-
perimentation is key.

You record the volt-
age response at the
input terminals by
using a digital storage
oscilloscope, or, if one
is not available, an or-
dinary oscilloscope

will prove adequate as long as it has a
high-persistence CRT.

If you’re on a strict budget or would
simply rather spend more on the loud-
speaker system than the hardware used
to build it, electronics surplus outlets
are a great place to shop for affordable
generators, oscilloscopes, meters, and
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VALUES DEFINITIONS 
C Speed of sound in air, ∼345 m/s. 
Rg The resistor in the circuit to make the driver think it is look-

ing at a constant-current source. (Value: Rg>>Zpeak.)  (Ω).
Revc  DC resistance of the driver’s voice coil. 

This should be measured before commencing impulse test-
ing for reasons that will become clear shortly (Ω).

Res  Electrical resistance due to suspension losses (Ω).
Lces Electrical inductance due to suspension compliance (H).
Cmes  Electrical capacitance due to driver cone mass (F).
Bl  Driver’s force factor (N/A).
Mms  Mechanical mass of driver diaphragm assembly including

voice coil and air load (Kg).
Cms  Mechanical compliance of driver’s suspension (m/N).
RMS  Mechanical resistance of driver suspension losses (Ω).
QES Electrical Q of driver.
QMS Mechanical Q of driver.
Sd  Effective projected diaphragm area (m2).
VAS Equivalent closed air volume of driver compliance (m3).
α Damping constant.
η0  Reference efficiency.
ρ Density of air (1.18 kg/m3).
ω Natural angular frequency (rad/s).
ω0 Angular resonance frequency (rad/s).

TABLE 1 
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so on. You’ll find quite a few of these
places on the Internet. The hardware I
used was military surplus gear, pur-
chased from just such an outlet. I’ve
used this sort of gear for years and have
found the discounted price paid nets
you certainly used, but generally well
maintained, equipment. Always ask for
the service manuals if available.

On the other hand, if you have a PC
equipped with a reasonably good quali-
ty sound card (particularly useful if it
can function in full duplex mode), a bit
of ’net surfing will, in all likelihood, un-
cover software capable of turning it into
a signal generator.

REAL-WORLD MATHEMATICS
Consider the concepts of Table 1 and de-
finitions of Fig. 3. For my measure-
ments, I used the data presented by the
first maxima (Y0, t0), first minima, (Y1,
t1), and second maxima (y2, t2). I also
measured Revc prior to pulsing the driv-
er. Here’s the equation sequence for de-
termining the driver’s parameters:

(sec.) (1)
(rad/sec) (2)

(3)

(4)

(rad/sec) (5)
(6)

(rad/sec) (7)

(8)

With Revc known, you then calculate:

(volts) (9)

(amperes)(10)

You can now calculate Cmes, Res, and
Lces: 

(farads) (11) 

(Ohms) (12)

(Henries) (13) 

Pulsing the driver once again, this time
with an added mass of known weight,
you can then calculate Mms:

Mms = ((Madd)/((fs/fsam)2) − 1 (Kg)
Where: Madd = Mass added to cone(14)

Fs = ω/2π (Hz) (15)
Tmadd = t(y2) − t(y1)  (sec.) (16)
= period found after 
adding mass.
Fsam = (2π/Tmadd)/ 2π (Hz) (17) 

Knowing Mms, you can then calcu-
late Cms:

Cms = (1)/(4π2 × (fs)2 × Mms)
(m/N) (18)

Finally, you have:
Vas = ρ × c2 × Cms × Sd2 (liters) (19)
BL = (Mms/Cmes)0.5 (N/A) (20)
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WHERE:
AN = VOLTAGE MAGNITUDE
I * REVC = VOLTAGE STEP
Y0, T0 = COORDINATE VALUE OF FIRST MAXIMUM (VOLTS, SECS.)
Y1, T1 = COORDINATE VALUE OF FIRST MINIMUM  (VOLTS, SECS.)
Y2, T2 = COORDINATE VALUE OF THE 2ND MAXIMUM (VOLTS, SECS.)
YQ = PRE-PULSE VOLTAGE

T = PERIOD OF THE OSCILLATION (SECS.)

B-784-3

FIGURE 3: VOLTAGE STEP AND SUBSEQUENT OSCILLATIONS.
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Qmes = Res × Cmes × ωo (21)
Qes = Qms × Revc/Res (22)
Qts = 1/((1/Qms) + (1/Qes)) (23)
η0 = (4π2 × fs3 × Vas)/(c3 × Qes) (24) 
SplRef = 112.2 + 10 × Log (η0)

(dB Spl/1W/1m) (25)

A WORKED EXAMPLE
I performed a series of trials on each
of four KEF B-139 woofers, two of
which were from earlier SP1044x se-
ries and two of which were a more re-
cent version, the SP1333x. The num-
bers shown are taken from a measure-
ment run done on one of the older
KEFs. I measured all drivers using
both LMS and Liberty Instrument’s
Laud v. 3.12. 

I’ll present here for quick compari-
son the results as taken from a Laud
measurement and as derived from the
impulse response, plugging the various
(y,t) values into the series of equations
as previously mentioned. 

Laud The Math Method
fs = 36.46Hz fs = 36.93Hz
QES = 0.699 QES = 0.696
QMS = 6.987 QMS = 5.85

QTS = 0.635 QTS = 0.622
VAS = 53.6 ltr VAS = 53.2 ltr
Bl = 12.152 T-m Bl = 12.22 T-m
Cms = 0.3131 mm/N Cms = 0.3081 mm/N
Mms = 60.864 gm Mms = 60.287 gm
η0 = 0.357% η0 = 0.377%
SPLref = 87.5dB SPLref = 87.97dB
fsam = 22.72Hz fsam = 22.86Hz

For a final, certainly more definitive
comparison, I modeled both sets of pa-
rameters in LEAP with the intention of
seeing how system responses would
compare (Fig. 4).

The frequency response plots match
to within 1dB at all frequencies of inter-
est. Note the 1dB/division y-axis scale.aX
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FIGURE 4: MATH VS. MEASUREMENT COMPARISON
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✔ Probably, the nearest approach to :
“A STRAIGHT WIRE WITH GAIN”.

✔ High end 2 x 100 WRMS / 8 ohms MOS-FET amplifier.
✔ SILVER plated PTFE / fiberglass printed circuit boards.
✔ SILVER plated connections.
✔ Military grade components.
✔ Only J-FET and MOS-FET audio transistors.
✔ NO CAPACITOR in the sound path ✱.

✔ Minimum wiring and easy construction.
✔ Outstanding performances.
✔ Absolute Transparency and Sound.
✔ Extremely reliable.
✔ Steady performances

over years.
✱ : under certain 

conditions

for the DIYer
2 Audiophile Masterpieces TRIPHON

The ULTIMATE crossover
system

GRANDMOS
The SMART amplifier

In U.S. : V E R A S T A R R 
3468 Cedar Valley Court, Smyrna, GA 30080

www.verastarr.com

To complete the GRANDMOS (or any good quality
amplifier) we have designed the TRIPHON system :

✔ Musically neutral and transparent.
✔ 3-way electronic crossover.

✔ 6 or 12 dB/octave slope (true LINNKWITZ-RILEY filter).
✔ 4-channel Class A minimalist MOS-FET amplifier

for MID and HIGH frequencies.
✔ Choice of cut-off frequency.

✔ PTFE / fiberglass printed circuit boards.
✔ Fully discrete component technology.

✔ SILVER plated connections.
✔ Minimal wiring.
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