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Appendix: sub-woofer characteristics 

A closed box enclosure has network 
function 

where sn = s/wo 
S = o+jw 

The second-order, low-pass with gain A is 

The two functions above in cascade ,give the fourth-order, bandpass 

Summing this with the response of the bass enclosure Cl channel only) 

The magnitude function, which is too 
long to reproduce here, is then taken and 
programmed into a home computer. The 
result of evaluating this function is that, 
for a filter QI of 1, an enclosure Q of 0.7 
and an enclosure fo of 100 Hz, the gain 
required is A = -8, the 3dB-down re
quency of the system is 33Hz and ripple is 
1.6dB at 113Hz. Note that the gain is 
negative, as is usual with second-order 
crossovers, when the drive unit is connec
ted out of phase to achieve this. In the case 
of this desigh, the negative gain is achieved 
by the summing amplifier, and the driver 
is connected in phase. 

For the D30/110 an enclosure volume of 
3 litres was found to give the necessary Q 
and fo. For the WFR15S an enclosure 
volume of 33 litres gave an fo of 100Hz, 
but the Q was too high. To reduce the Q 
the following expressions are considered 
from Smalf. 

2 

Rg is the output resistance of the ampli
fier and, by making it negative, Qts can be 
reduced to the desired value. The required 
Q'ts is given by: 

Is = 31 Hz, fe = 100 Hz, Qc 0.7. 
Therefore, 

Q'ts = 0.22 

sinceQms = 4.19, Q'es = 0.23 fromeqn. 1. 

We know that with Rg = 0, Qes = 0.46 
and that Re = 7.3, so from eqn. 2, 

wsCmee = 0.063 
and the required Rg is -3.7n. 

The amplifier is given a negative resis
tance by the circuit shown. 

By inspection: 

R = 
-R }R3RS 

g R2R4 

For the CE608, RI = 47k. Choose Rs = 
O.ln, R3 = R4 = 27k. Then Rz = 1.2k. 

List of symbols 
c velocity of sound 345 mls 
Cmee electrical capacitance representing 
moving mass 
I frequency 
le resonant frequency of closed box system 
Is free air resonant frequency of drive unit 
G(s) response function of s 
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The Author 
The author was born in London, 
and lived as a child in Nairobi, 
Ke n y a .  He a t t e n d e d  Ip s w i c h  
school, and from there went o n  to 
Southampton University, where 
he obtained an Honours Degree in 
Electronic Engineering in 1967. 
Appointed as an Executive Engi
neer in the Post Office HQ, he 
spent some time carrying out or
ganisation and methods studies, 
before moving on to the Experi
mental Packet Switching System 
(EPSS) for which he helped to 
produce a mini-computer-based 
tester. Currently he is with the Me
chanization and Building depart
ment of Postal Headquarters, 
where he is developing a traffic 
r eco r d i n g  s y s t e m  f o r  p a r c e l  
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Qes Q of driver at Is considering electrical 
resistances Re and Rg only 
Qms Q of driver at fs considering driver 
non-electrical resistances only 
Qc total Q of system at le 
Qts total Q of driver at Is considering all 
driver resistances and Rg 
Re d.c. resistance of driver 
Rg output resistance of amplifier 
s complex frequency variable (jw=o) 
Ws radian resonant frequency of driver in 
free air D 

Personal privacy of 
engineers 
Mr F. W. Sharp of the Institution of Electronic 
and Radio Engineers writes to us as follows: 
The suggestion was made in a BBC Radio 4 
programme "Reel Evidence" broadcast on the 
evening of August 26th, that the membership 
lists of the chartered engineering institution s 
were freely available and could be used to com
pile unauthorized information about the work of 
individuals. As far as the IERE is concerned, 
this is not so: the Institution's membership list 
is maintained on a strictly confidential basis. By 
decision of the IERE Council a "list of mem
bers" is now no longer published. 
F. W. Sharp 
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