
I

SCOVER AN UNLIKELY TUBE POWER SUPPLY

audio THE AUDIO TECHNOLOGY AUTHORITY

US $7.00 Canada $10.00

Continuing Audio Electronics, Glass Audio & Speaker Builder

MAY 2003

www.audioXpress.com

1

http://www.audioXpress.com




DRIVER A

> ATC

> AUOAK

> AUntdTEPHNpLQQT 

► FTCN

► tostex

► ILLUSION AUDIO

> LPG

> MAX FIDELITY

> MOREL

>PEERLESS

► ECANEPEAK

> EEAE

> VIFA

> VISATON

► VOLT

COMPONENTS
SOLEN HEPTA LITZ 

AND STANDARD 

INDUCTORS AND 

CAPACITORS - THE 
CH&Ct OF MANY 
MlGt*-lND SPEAKER 
MANUFACTURERS.

HARDWARE:
POWER AESIETOR0. 
L PAD5. CABLE. 

ABSORBING AND 

DAMPING MATERIALS, 

COLD SPEAKER 

TERMINALS, QQlD 
BANANA PLUGS 
AND BINDING POSTS. 

GRILL FASTENERS. 

PORT TUBES AND 
TRIM RINGS. PAN HEAD 

SCREWS. SPIKES 

AND TEE NUTS WITH 

ALLIN MAD BOLT* 
AHO PLENTY MURE..U

CUSTOM 
COMPUTER AIDED 
CROSSOVER AND 
CABINET DESIGN

HOW TO BOOKS

he Process of Design.

■UDCVSV - you want Thü mast complete 
OTd SIMClfefeliCNi* *i your fm’iyAi

tips - the Solen catalog

Ofd4r ItiH FHEE SùNn CtìlRl&S »ini GD- 
contamino a wds seloction of quality driver»; 
- wltH completa manutncturar's spac shootp, 

»«ili ds applica tic ne In cMnoil on woofer*, 
with predicted responso in cfcffonjnt sealtod 

and vanted anolosurcs. It Is a voIub^Id 
raaourc* ihii wìii brfog ma thè 

pcssit» litiss >n yuur d6a*gna

Order the FREI Solen CD Catalog.
Forward your request by
phone, fax, mail or email 

- or fill in the online 
request form at solen.aa.

SOLEN INC.
4470 Avenue Thibault 
Bt-Hub«rt. OC J3Y 7TÍ 
Cenada

TpI: 45Ú Í5Ú ÍÍ54 
FBXI d50.443.494B 

Email; sa lanoso Ien.ee 

WaL: httpiffwwvw.Eulan.ca



I

Parts Express is a U.S. distributor of Tang Band drivers.

SPEAKERS
Tang Band Drivers Feature:
♦ Santoprene rubber surrounds maintain consistent, long­

term performance
♦ Flat, heavily convoluted spiders allow a uniform motion 

in both the positive and negative stroke, reducing odd­
order distortions.

♦ Venting under the spider reduces 
heat build up and power compression.

♦ Heavy-duty frames minimize resonance and result in a 
cosmetically attractive speaker.

♦ Magnetically shielded motor structures can be used in 
home theater & multimedia applications

♦ Underhung design in 3" models, resulting in low 
distortion, good bass response, and extended high- 
frequency reproduction.

♦ Extremely wide frequency response simplifies crossover 
design and enables use as full-range drivers.

♦ Ferrofluid enhanced tweeters exhibit superior 
mechanical damping at resonance, reducing harshness 
and improving heat extraction from the voice coil.

TB drivers are unique 
in incorporating 
many advanced 
features not found 
on most low-cost 
drivers. Their forte’ is 
small, extended 
range drive units 
capable of covering 
very wide portions of 
the audio spectrum. 
In situations where a 
low-cost, high­
performance driiver is 
needed, Tang Band 
should be the first 
name to consider.

Check us out on the web for our full line of TB drivers 
as well as many other products, great daily deals, tech 
talk, and much more.

www.partsexpress.com 
1-800-338-0531

IÄ*>
«mJ"”“’

FREE CATALOG 
3 GET YOURS ONLINE 

TODAY!
Part NO. #264-818

SOURCE CODE: AXM

http://www.partsexpress.com


T

The SPP Amplifier

Here’s a long-forgotten, but still high-quality, power amp 

design that’s easy to build, requiring no esoteric tubes or 

parts. By Helmut Otte

I
n the early ’50s, Philips Europe 
began to equip some radios, TV 
sets, and hi-fi amplifiers with a so- 
called ironless power amplifier, a 
kind of SPP (series push-pull) with 

specially developed low-ohmic tubes 
and speakers of 200-800Q, such as the 
famous 9710A and its derivatives. 
Depending on the kind of circuit used, 
the whole amplifier could become quite 
simple. Sophisticated design and the 
lack of an output transformer led to 
very good results—i.e., low distortion 
and wide bandwidth.

THE CIRCUITS
This kind of amplifier first appeared in 
a Philips high-end radio in 1955. This 
very asymmetrical circuit looks like the 
well-known SRPP with the upper pen­
tode connected as a triode. The radio 
contained two of these amplifiers—one 
for the low frequencies and one for the 
high frequencies, feeding a total of four 
speakers (Fig. 1). It produced a fantas­
tic sound.

About a year later, the low-ohmic 
EL86/6CW5 became available; it was 
better suited for the task, and the cir­
cuit changed to a more symmetrical 
one. The screen grids were supplied via 
resistors and coupled to their corre­
sponding cathodes via capacitors. Out­
put power was about 3-4W (Fig. 2).

The next step was to drive the grids of

ABOUT THE AUTHOR
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while working for the Philips Service Hamburg from 
1964-1968. Afterwards, he studied electrotechnics, ob­
tained a “Diplom-Ingenieur,” and since that time has 
worked at the University Of Applied Sciences Hamburg. 
His interests include listening to and making music (on 
bass guitar), as well as travelling and photography. 

both tubes separately, in­
creasing the output power 
and—with the help of a boot­
strap—the symmetry, too. A 
phase splitter delivers the 
out-of-phase voltages. Be­
cause the upper pentode 
works as a voltage follower, it 
needs a high input voltage. A 
bootstrap configuration via 
CB feeds the grid with the 
correct voltage (Fig. 3).

THE FINAL CIRCUIT
This section describes one of the SPP 
amplifiers I have built. I chose this cir­
cuit because no special parts are need­
ed, and you can expect very good re­
sults. The circuit is simple and even a 
newcomer should be able to build it 
with success. The design is very flexible 
and suitable for all low-ohmic pentodes. 
There is no need for very high power­
supply voltages (I dislike voltages of 
more than 350V).

To get as much power as possible 
the screen grids should be fed with 
voltages as high as the plate voltages 
from separate voltage sources, but this 
leads to a more complicated and ex­
pensive power supply. The tube manu­
facturer Valvo (a Philips division) de­
veloped a great idea to avoid this. In 
that circuit they replaced the screen 
grid resistors with chokes. The induc­
tance of the chokes should be high—at 
least about 20H, the more the better. 
Normally these chokes will be me­
chanically large because there is a DC 
current—the screen grid current— 
flowing through them, and therefore 
they need a gap, enlarging the size to 
get a high inductance.

The published elegant solution is to 
use a double choke and connect the 
windings in reverse so the magnetic ef­
fect of the DC currents is cancelled out. 
Now no gap is necessary, the choke di­
mensions may be smaller, and you 
have only one part. I used a simple 
small toroidal mains transformer with 
two identical high-voltage windings 
(i.e., 115V/115V) for this task. The quali­
ty is sufficient.

As mentioned previously, the upper 
pentode V3 acts as a voltage follower 
with a little less than unity gain and 
therefore needs a very high control 
voltage at the grid. A normal-connected 
phase splitter cannot deliver such a 
high voltage, but with the help of posi­
tive feedback (bootstrap) from the 
screen grid, the problem is solved by 
carrying high DC voltage and the out­
put signal to the plate resistor R8 of the 
phase splitter tube. Without negative 
feedback significant distortion occurs 
long before full output power is 
reached. A NFB path from the output 
to the cathode of the first triode system 
via resistor R15 keeps distortion low. 
The value of R15 influences input sen­
sitivity.
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With a value of 47k the input voltage 
for full power output is 1.6V. A higher 
value increases the input sensitivity, 
but distortion will also increase. Sym­
metry is adjusted with potentiometer 
P1 until you have about half of the sup­
ply voltage at the cathode of V3. A bet­
ter way to adjust symmetry is watching 
the output voltage at full power with an 
oscilloscope until the signal doesn’t 
clip only at one side.

The recommended load for an ampli­
fier with these tubes is 800Q. Nowadays 
speakers with this impedance are 
scarce. But you can use normal speak­

ers with impedances of 4-8Q if you use 
an audio line matching transformer, 
which is available in very good quali­
ties for only a fraction of the money you 
must spend for tube audio transform­
ers. The low turn ratio and the low im­
pedances yield a wide bandwidth and 
low losses. You can even build such a 
transformer yourself.

Output power of the amplifier with 
the values shown in Fig. 4 is nearly 8W 
before clipping. Depending on the 
amount of NFB, the output impedance 
is about 100Q, causing a good damping 
factor for the speaker. Distortion at

7.5W is below 0.5%. Bandwidth exceeds 
100kHz.

The power supply is very simple. Be­
cause I used series-heated tubes, there 
is no need for an extra heater winding 
on the mains transformer. The trans­
former itself is a simple 1:1 transformer 
with sufficient power to feed the circuit 
and the heaters.

The diode D1 decouples the heater 
string from the filter capacitors C11 
and C12, and the heaters are supplied 
with the unfiltered voltage from the 
bridge rectifier. This voltage is 230V in­
stead of 320V at C12. With D1 the volt-
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age drop at R17 is much lower and 
therefore power losses are lower.

MODIFICATION
You can easily modify the circuit—i.e., 
use tubes with a 6.3V heater such as 
6CW5 for the output and 12AX7 for the 
driver stage. Only a slight change in 
the values of the cathode resistors R2, 
R6, and R14 will be necessary, and you 
need an additional heater winding on 
the mains transformer. Be careful with 
the value of R14, and don’t exceed the 
maximum plate power of V2 and V3!

You could make another modifica­
tion in the driver stage by using a long­
tailed phase splitter, which should

TABLE 1 
SOME SUITABLE TUBES

6.3V HEATER SAME SYSTEM, 
DIFFERENT HEATER

EL81/6CJ6 PL81/21A6
EL86/6CW5 PL84/15CW5

UL84/45B5
EL504 PL504/(28GB5)
EL508 PL508/17KW6
EL509/6KG6 PL509/40KG6
EL519
E130L
E235L

PL519

PARTS LIST
R1, R5 1M
R2, R6 820
R3, R13 100k
R4 10k
R7, R8 47k
R9, R10 680k
R11, R12 1k
R13 100k
R14 120
R15 47k-330k
R16 47 1W
R17 1k1 18W

P1 10k
C1, C2 47nF/400V
C5, C6
C3, C8, C9 22^F/350V
C4 100^F/16V
C7 220^F/16V
C10 100^F/350V
C11, C12 220^F/350V

D1, D2, D3 1N4007
D4, D5

V1 UCC85 Valvo, Telefunken, Siemens
V2, V3 UL84 Valvo, Telefunken, Siemens

CHI, CH2 Double-choke, see text

TR1 120VA, pri 2 x 115V, sec 2 x 115V
TR2 50VA, pri 800«, sec 4/8/16«

SP Speaker 800« 9710A Philips or similar

work fine, too. You can increase output 
power using higher power tubes such 
as the 6KG6/EL509. Paralleling output 
tubes will also increase output power 
even further.

TUBES
For this amplifier concept I chose se­
ries-heated tubes for simplicity of the 
power supply. Most TV sweep pentodes 
are also a good choice, and there are 
many of them available for reasonable 
prices. One of the most powerful in cur­
rent production by Svetlana, the EL509, 
will increase output power to about 
30W with a load of 150-200Q in this cir­
cuit. Another—perhaps the best but 
most expensive tube—is the E130L. 
And there are others. Table 1 shows a 
list with some recommended tubes. ❖

REFERENCES
VALVO-Handbuch Rundfunk-und Fernsehröhren 1957
VALVO-Handbuch Spezialröhren 1961
VALVO-Brief 6, Dezember 1959
VALVO-Brief 4, August 1961
Philips Sevice Circuit, Saturn 653/4E/3D
Philips Sevice Circuit, AG 9017
Svetlana (www.svetlana.com)
Winfried Knobloch, Röhrentechnik ganz modern, 

Pflaum Verlag München, ISBN 3-7905-0580-3
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A MOSFET Update of the Forte 1a
Amplifier, Part 1

A simplified version of the Pass/Thagard A75 serves as an update for 

the Forte 1a amplifier. By Joe Berry

S
ince it first appeared back in 
1992,1,2 the Pass/Thagard A75 
amplifier has proven both a 
popular and a flexible project, 
with numerous and varied examples 

from around the world featured both 
here and on the Pass Labs website 
(www.passlabs.com). This article fur­
ther demonstrates the versatility of the 
A75 by showing how you can adapt the 
design for use as an update to existing 
hardware. The hardware in this case is 
the Forte Model 1a, a 50W stereo Class 
A power amplifier whose original gain 
topology was also designed by Nelson 
Pass, but reflects an earlier design ap­
proach using a cascoded biFET voltage 
gain section feeding a Darlington BJT 
output stage.

This modification, which I’ve termed 
the Forte 1b, is guided by the require­
ment that it be fully reversible so that 
you can return the amplifier to stock 
condition if desired. In practice, this 
means that the basic update consists 

simply of replacing the Forte 1a’s 
heatsink-mounted PC board assemblies 
(Photo 1). To meet this constraint, I 
modified the A75 circuit for complete 
compatibility with the Forte 1a’s exist­
ing physical layout, power supply, fus­
ing, and thermal protection schemes.

It follows that the resulting amplifier 
is less powerful than the A75 and does 
without one or two of its refinements. 
However, the Forte 1b does preserve 
the A75’s basic all-MOSFET approach, 
and still offers you a choice between 
local and global negative feedback, and 
between two-stage versus partial folded- 
cascode operation of the front end. Per­
haps most importantly, the Forte 1b of­
fers a different subjective experience 
from the 1a, and one that listeners may 
prefer.

POWER-SUPPLY CHANGES
The original A75 circuit (Fig. 1) oper­
ates from two split DC power supplies— 
an unregulated ±40V for the output 

stage and a regulated ±50V for the 
“front end” or voltage gain section. Ele­
vating the front end supply by 10V 
makes up for about 5V of output voltage 
swing lost through the HEXFET follow­
er output stage, and another 5V lost 
through the cascoded second stage. 
This enables the A75 front end to swing 
the output to within a few volts of the 
unregulated supply rails, achieving a 
75W output into 8ft.

By contrast, the FET/bipolar circuit 
of the Forte 1a (Fig. 2) works from a 
simple unregulated ±36V DC power 
supply. The reduced voltage losses as­
sociated with the bipolar transistors in 
the Forte 1a allow the circuit to swing 
the output to within 4V or so of the sup­
ply rail without the need for a separate 
elevated front-end supply. Working 
from this power supply, the Forte 1a 
easily met its 50W (28.3V peak) 8ft con­
tinuous power rating.

Simply operating the unmodified A75 
from such a supply would result in a 
maximum continuous 8ft output of 
some 35W, about 40% less than the Forte 
1a’s original power rating. This was a bit 
more loss than I could accept, so I re­
moved the cascodes from the A75’s sec­
ond voltage-gain stage to reclaim about
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5V of output swing. Thus modified, and 
working from the stock Forte 1a power 
supply, the new circuit just meets the 
Forte 1a’s original 50W power rating.

CIRCUIT CHANGES
The conceptual schematic of Fig. 3 
provides an overview of the Forte 1b 
circuit topology. The prototype circuit 
was prone to high-frequency oscilla­
tion unless the second stage was oper­
ated in its optional partial folded-cas­
code mode.

To allow for stable operation without 
the folded cascode, I added source de­
generation resistors to each of the four 

input stage MOSFETs. I treat these op­
tions (source resistors versus folded 
cascode) as mutually exclusive because 
the source resistors are needed only if 
you omit the partial folded-cascode op­
tion. Using both options together would 
reduce open-loop gain beyond the point 
needed for stability, and may audibly 
increase noise and distortion.

I also made a number of component­
value changes to better match the cir­
cuit to the Forte 1a environment. For 
example, the heatsink was already 
drilled for ten plastic TO-3 power tran­
sistors, so I used physically similar TO- 
247 plastic HEXFETs in place of the 

metal TO-3 devices originally specified 
for the A75. Likewise, I removed the op­
tion of balanced input from the circuit 
because there is no balanced input jack 
on the Forte 1a rear panel.

In addition, I adjusted the values in 
the feedback network to give the 
Forte 1b the same closed-loop gain of 
20 (26dB) as the Forte 1a. Finally, be­
cause the A75’s unbalanced input im­
pedance value of 75kQ seemed higher 
than necessary, I reduced it to 23kQ 
for reduced high-frequency distortion. 
This new value is still high enough to 
present no problems for most pream­
plifiers.
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THE CIRCUIT IN DETAIL
Figure 4shows the actual schematic of 
the Forte 1b. Starting at the left, com­
plementary MOSFETs Q1 and Q2 and 
associated components form the con­
stant-current sources that bias the 
input stage. Current flowing through 
zener diode ZD1 sets up a constant 
9.1V DC reference voltage at the gate of 
Q1, causing a constant current of 
about

(9.1 - 4)/R1 = 5.1/511 = 10mA

to flow in Q1. Likewise, Q2 and its asso­
ciated components provide about 10mA 
of operating current for the N-channel 
half of the input stage. Gate resistors 
R3 and R6 suppress parasitic oscilla­
tions in these MOSFETs.

The series combination of ZD1, ZD2, 
R4, R5, and normally-closed thermal 
cutout T1 form a current path between 
the +36V and -36V rails. In normal op­
eration, the current flowing through 
this path activates Q1 and Q2, and by 
extension, the circuit as a whole. If T1 
or either of the two DC rail fuses (exter­
nal to the circuit) opens, Q1 and Q2 
both deactivate, shutting down the am­
plifier. In the event of a single DC rail 
fuse failure, clamping diodes D1 and 
D2 will ensure a hard shutdown of 
both Q1 and Q2 to prevent significant 
DC offset voltage from appearing at the 
amplifier output.

The complementary differential 
input stage consists of P-channel MOS­
FETs Q3 and Q4, N-channel MOSFETs 
Q5 and Q6, and associated components. 
Q3-Q4 and Q5-Q6 are matched pairs3 
for improved current sharing and DC 
offset stability. The input signal is con­
ditioned by a network consisting of 
R11, R12, C1, ZD3, and ZD4. R11 and C1 
form a 4MHz low-pass filter, shunting 
RFI to ground at the input.

The series combination of R11-R12

ABOUT THE AUTHOR
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sets the input impedance of the amplifi­
er at about 23k«, high enough to pre­
vent problems with most preamplifiers, 
but low enough to avoid excessive HF 
distortion and instability. Series zeners 
ZD3-ZD4 clamp the input to protect the 
input MOSFETs from excessive gate 
voltage.

The conditioned input signal is pre­
sented to the gates of Q3-Q5, while neg­
ative feedback from either the second 
stage or the output stage (or both) is 
presented to the gates of Q4-Q6. (Note 
that Q3-Q6 are also equipped with gate 
resistors to suppress parasitic oscilla­

tions.) If you install R23, feedback 
comes from the second stage, whereas 
if you use R21, feedback comes from 
the output stage. With both R21 and 
R23 installed, feedback from the sec­
ond stage and output stage are com­
bined, and the amplifier’s closed-loop 
gain will drop by 6dB unless you 
change R21 and R23 from 22.1k« to 
43.2k« each. As in the original A75, you 
can also use different values for R21 
and R23 to mix the feedback in differ­
ent proportions, if desired.

Optional source degeneration resis­
tors R7-R8 and R15-R16 are installed 
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to ensure stability in the absence of the 
partial folded-cascode option. These re­
sistors add local negative feedback to 
each input MOSFET to reduce open­

loop gain and increase input-stage 
bandwidth. Capacitor C2 forms a sec­
ondary feedback loop that enhances 
the stability of the closed-loop amplifier

and defines the high-frequency rolloff 
of the amplifier (-3dB) at just over 
200kHz. In this design, 22pF seemed to 
offer the best compromise between 

FIGURE 5A: Forte 1b PC board (top). Actual size is 3.65"h x 9.5"w. FIGURE 5B: Forte 1b PC board (bottom).
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damping and stability while avoiding 
the need for additional lag compensa­
tion. (The original A75 PC board in­
cludes provisions for lag compensation, 
but source degeneration obviates the 
need for this option here.)

OUTPUT STAGE
The output of the first stage drives sec­
ond-stage complementary MOSFETs 
Q7 and Q8 and their associated compo­
nents. DC bias voltage for Q7 and Q8 
develops across R18 and R29 as a result 
of the DC current flowing in Q3 and Q5. 
Variable resistors VR1 and VR2 trim 
the values of R18 and R29 to adjust the 
bias for Q7 and Q8 and null the DC off­
set at the amplifier output.

VR1 and VR2 are ultimately set to 
give 1V across R19 and R30, the source 
resistors for Q7 and Q8. This reflects 
about 30mA of idle current in Q7 and 
Q8, plus an additional 5mA drawn 
through R19 and R30 by Q4 and Q6. 
The drains of Q7 and Q8 are loaded by 
resistors R20 and R26 to limit the open­
loop gain of this stage and flatten its 
open-loop frequency response. R22 and 
R24, also in the Q7-Q8 drain circuit, 

merely serve to produce a virtual 
ground takeoff point for the optional 
negative feedback connection via resis­
tor R23.

At your discretion, you may set up 
the second stage to operate as a partial 
folded cascode by installing resistors 
R17 and R28 and capacitors C3 and C4. 
With these components removed, maxi­
mum signal voltage develops across 
R18 and R29, and Q7 and Q8 work 
mainly in common-source mode. With 
C3, R17, C4, and R28 installed, the sig­
nal voltage across R18 and R29 is atten­
uated, reducing the gain of the second 
stage by about 80%.

In this application, the nominal value 
of R17 and R28 is 221Q, just high 
enough to enable a 2:1 output current 
swing from Q7 and Q8. Lower values en­
hance the effect of the folded-cascode, 
but may also degrade the amplifier’s 
power bandwidth as well as cause exces­
sive hum at the output. Values below 
100Q may cause self-oscillation in Q7 
and Q8 and should be avoided. Also 
note that much higher values of R17 
and R28 may produce feedback-loop 
instability unless you install R7-R8 and

R15-R16.
The output from the second stage 

drives complementary-symmetry MOS­
FET source-follower output stage Q10- 
Q19 and associated components. These 
MOSFETs are in matched sets4 with 
221Q gate resistors and .47Q source re­
sistors for improved AC and DC stabili­
ty. ZD5 and ZD6 clamp the gate drive to 
the output stage to prevent damaging 
overvoltage that could occur if the am­
plifier output is shorted. These zeners 
also provide some protection against 
sustained overcurrent conditions, al­
though in this application one or both 
of the channel’s DC rail fuses will prob­
ably blow first.

The output stage is biased into Class 
A operation by adjustable voltage 
source Q9 and associated components. 
The bias voltage generated by Q9 has a 
mildly negative temperature coefficient 
that compensates for the tendency of 
the output stage bias to increase with 
temperature. VR3 provides the bias ad­
justment, and C5 bypasses Q9 at high 
frequencies.

A Zobel network consisting of C10 
and R44 is included across the output 
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terminals to ensure that the amplifier 
sees a resistive load at frequencies well 
above the audio band. R39 is in parallel 
with this network to provide a leakage 
path for any standing charge that may 
remain on the power-supply capacitors 
after you turn off the unit.

A global negative feedback connec­
tion will do essentially the same thing, 
but if you elect not to use global feed­
back, R39 prevents mysterious DC offset 
voltages from appearing at the unloaded 
output terminals after shutdown. While 
harmless enough in itself, this voltage 
could give rise to erroneous fault symp­
toms during bench testing.

Finally, I added decoupling capaci­
tors C6-C9 during prototyping to pre­
vent amplifier self-oscillation and to en­
hance stability when driving capacitive 
loads. The larger capacitors alone ap­
peared to take care of both problems, 
but I added the smaller film caps to 
comply with the general recommenda­

TABLE 1
PARTS LIST FOR ONE CHANNEL

R1, R2 511Q, VW metal film resistor
R3, R6, R9, R10, R13, R14, 
R17, R28, R31, R33, R35, R38, 
R40, R43, R45, R48, R49, R52

221Q, VW metal film resistor

R4, R5 6.2kQ, VW metal film resistor
R7, R8, R15, R16 39.2Q, VW metal film resistor
R18, R29 1.5kQ, VW metal film resistor
R19, R30 27.4Q, VW metal film resistor
R20, R26, R39 10kQ, VW metal film resistor
R12, R21, R23 22.1kQ, VW metal film resistor (43.2k if R21 and R23 

are both installed; see text)
R11, R22, R24, R25 1kQ, VW metal film resistor
R27 2.65kQ, VW metal film resistor
R32, R34, R36, R37, R41, 
R42, R46, R47, R50, R51

0.47Q, 3W metal oxide resistor

R44 10Q, 3W metal oxide resistor
VR1-VR3 5kQ, VW cermet trimmer potentiometer
C1, C2 22pF, 500V silver mica capacitor
C3, C4 220^F, 25V electrolytic capacitor
C5-C7, C10 100nF, 50 or 100V plastic film capacitor

C8, C9 220^F, 50V electrolytic capacitor
D1, D2 1A, 100PIV diode (1N4002)
ZD1-ZD6 9.1V, 1W zener diode (1N4739)
Q1, Q8 IRF9510 P-channel MOSFET
Q2, Q7, Q9 IRF510 N-channel MOSFET
Q3, Q4 IRFD9110 P-channel MOSFET (matched pair)
Q5, Q6 IRFD110 N-channel MOSFET (matched pair)
Q10, Q12, Q14, Q16, Q18 IRFP240 N-channel MOSFET (matched set)
Q11, Q13, Q15, Q17, Q19 IRFP9240 P-channel MOSFET (matched set)
T1 Thermal cutout, normally closed, 85°C
Miscellaneous (per channel) TO-220 thermally conductive insulating pads (2 qty) 

• TO-247 thermally conductive insulating pads (10 qty) 

• Conical/Belleville washers for #6 screws
(e.g., McMaster-Carr Part # 90127A007) (10 qty)

• Nylon shoulder washers for TO-220 
(e.g., Digi-Key Part # 3049K-ND) (2 qty)

• 3AG, 3A fast-blow fuses for testing (2 qty)
Optional (per amplifier; see text) Keystone CL-60 inrush current suppressors (2 qty), 

three-lug terminal strip, ferrite clamps (2 qty), 
14-gauge power cord (1 qty)

tions of IR, Hitachi, and others for 
MOSFET amplifier power-supply rail 
decoupling.

NEW PC BOARD
Figures 5a and 5b are top and bottom 
views of the PC board developed for 
this project. The basic layout resem­
bles that of the Forte 1a PC board, with 
the front-end components grouped to­
gether at one end and the output stage 
spread out over the remainder of the 
board. Ten TO-247 output MOSFETs 
mount directly to the heatsink in place 
of the Forte 1a’s plastic TO-3 power 
transistors. Second-stage MOSFETs 
Q7 and Q8, which dissipate 1W each, 
mount to standoffs on the heatsink 
which formerly held the Forte 1a’s TO- 
220 bipolar driver transistors.

The board layout shown here fits per­
fectly in the two Forte 1a samples I 
have modified. Still, key dimensions 
may have changed over the amplifier’s 

three-year production run, so I suggest 
that you first copy the PCB layout to 
scale (actual size 3.65" H x 9.5" W) and 
use it as a template to check your am­
plifiers for compatibility.

Copper traces on the top of the board 
provide separate ground connections 
for the front end and output stage. This 
conforms with the Forte 1a’s original 
grounding scheme, which keeps the 
input and output stage grounds sepa­
rate until they meet at the metal plate 
tied across the grounded terminals of 
the main power-supply filter capacitors.

The holes for the output and power­
supply leads on the new PC board are 
sized to accept the original #12 strand­
ed leads from the Forte 1a. You can re­
cycle the original PC board wiring or 
supply new leads at your discretion. 
You should pre-cut new leads to the ap­
propriate lengths and fit them with ring 
and push-on spade terminals matching 
those of the original. The input lead 
holes are likewise sized to accept the 
original Forte input cable, but should 
also be compatible with most replace­
ment cables.

I found it best to install as many 
components as possible on the new PC 
boards before taking the amplifier 
apart. This includes all passive devices 
as well as input-stage MOSFETs Q1- 
Q6 and the output-stage bias MOSFET, 
Q9. It does not include the input, 
power, and output wiring (unless new 
wiring is used); the thermal cutout (un­
less a new unit is used); or MOSFETs 
Q7, Q8, and Q10-Q19. It’s best to add 
these components as part of the assem­
bly process, which I will cover next 
month in Part 2. ❖
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Budget Milliohmmeter Bridge

Build this device for those times when you need to measure voice-coil 

or other low resistance values. By Charles Hansen

W
hen measuring the actual 
voice-coil resistance of a 
loudspeaker driver, most 
digital multimeters (DMM) 
do not have the accuracy or resolution 

for the job. Their test leads add a signifi­
cant amount of series resistance that in­
troduces additional error.

This project is designed to measure 
low values of resistance to 1% accuracy 
or better. I designed the original ver­
sion of this bridge to measure genera­
tor and transformer winding resis­
tances in situations or locations where 
it was impractical to use an AC line 
powered precision HP 4261A LCR 
meter. Parts cost is about $45.

HOW IT WORKS
The schematic diagram for the mil­
liohmmeter bridge is shown in Fig. 1, 
and the parts list is in Table 1. The cir­
cuit is based on the familiar Wheat­
stone bridge. Power comes from a small 
12V 1.3Ah sealed lead-acid battery that I 
bought surplus NOS (Photo 1). You 
could also use a well-filtered 12V DC 
supply.

R1 and R2 form two legs of the 
bridge. I chose their value to limit the 
test current to less than 60mA. The un­
known resistance connects to binding 
posts J1 and J2. A known variable resis­
tance then connects to J3 and J4. When 
the known resistance equals the un­
known resistance, the bridge is nulled 
(balanced) and the voltage between J1 
and J3 is zero.

The original Wheatstone bridges 
used a very sensitive center-zero analog 
meter movement called a galvanometer 
to indicate when the bridge was nulled. 
You could connect your DMM from J1 

to J3 to indicate the null point, but you 
would run into the same accuracy and 
resolution problems that limit your 
ability to measure low resistance in the 
first place.

In order to obtain a very accurate 
null indication, I used an LT1017 dual 
precision comparator and two indicator 
LEDs. If the known resistance is too 
high, the output of U1a goes low, light­
ing the “HI” LED1. If 
the known resistance 
is too low, the output 
of U1b goes low, light­
ing the “LO” LED1.
These LEDs tell you 
the direction you must 
change the adjustable 
known resistance in 
order to achieve null.

R3 and R4 intro­
duce a small amount 
of hysteresis into each 
comparator circuit. At

the exact null point, both LEDs are 
turned off. For an 8ft unknown resis­
tance, this null point is accurate to 
within 0.001ft of the value of known re­
sistance. Thus, the finer the adjustment 
of the known resistance, the finer the 
measurement tolerance of the un­
known resistance. CR1 provides re­
verse polarity protection, while C1 and 
C2 filter any noise pickup from the 
comparator circuit.

DECADE BOX
My original application used a preci­
sion decade box accurate to 0.5% for the 
“known” resistor. Another alternative is

PHOTO 1: Top view of unit with battery.
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a precision multi-turn dial-counter po­
tentiometer. Low resistance versions of 
these devices are hard to find and cost 
upwards of $100.

You can make your own 0.1Q-step 
decade box with the precision 3W 1% 
resistors and switches listed in the 
parts list. The schematic is shown in

Fig. 2. You can use the same ABS enclo­
sure I used for the bridge circuitry.

The decade box uses inexpensive 
switches with nickel contacts. The total 
resistance of the internal connecting 
wire (22-gage), the switch contacts, and 
the binding posts add up to almost 
0.1«. For this reason, the “0.1«” point
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on the first rotary switch uses a jumper 
rather than an actual 0.1 Q resistor. If 
you can borrow an accurate lab quality 
milliohmmeter, you can make a calibra­
tion label for your decade box and im­
prove the accuracy of your measure­
ments even further.

The design in Fig. 2 is adjustable 
from 0.1Q to 21Q, which will cover all 
the voice coils you should encounter. 
The “12” position on the two rotary 
switches is not connected, allowing an 
open circuit position. If you like, you 
can add another resistor to the series 
string on each deck to extend the range 
by another 1.1Q. You can also easily re­
design the circuit to measure higher re­
sistances by changing the values of R1 
and R2, and the range of the decade 
box used to balance the bridge.

CIRCUIT BOARD LAYOUT AND 
CONSTRUCTION
I used a plastic enclosure for the bridge 
circuitry, with most of the parts on a 
small wire-wrapped perfboard connect­
ed with standard T49 wire-wrap pins 
and a wire-wrap DIP socket for U1 
(Photo 2). Four 4-40 x %" spacers sup­
port the PC board with the components 
facing the top of the enclosure. This al­
lowed me to let the two lead-supported 
LEDs show through two 3/i6" holes 
drilled in the top of the enclosure.

The unknown (Rx) resistor terminal 
posts J1 and J2 are just above the LEDs 
in Photo 1. J3 and J4 are on the right 
side of the enclosure. The power switch 
is on the lower right side of the top. The 
12V battery is connected to the bridge 
enclosure with a two-pole flat trailer­
towing connector that I purchased at 
Pep Boys.

There is nothing critical about the in­
ternal wiring, except the four inputs to 
U1 should have the shortest length pos­
sible, and C1 and C2 should be located 
as close to U1 as possible.

USING THE MILLIOHMMETER BRIDGE
One of the problems with accurate mil-
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or simply click ‘til it hurts. 
www.AUDIOGON.com 
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liohm measurements is the length of 
the leads between the test meter and 
the unknown resistance. The HP 
4261A uses 4-wire Kelvin leads to com­
pensate for the drop in the leads carry­
ing the test current to the unknown 
resistance.

You can provide another form of 
compensation by making two equal­
length sets of test leads. One set con­
nects from the Rx input jacks to the un­
known resistance, the other from the 
known resistance jacks to the decade 
box. In this way the drop in each set of 
leads should be equal at null. Alterna­
tively, you can measure the effect of the 
speaker cables you want to use by con­
necting them between the driver and 
the bridge unit, and using the shortest 
possible leads between the decade re­
sistor and the bridge unit.

ADDITIONAL MATERIALS:

TABLE 1 
PARTS LIST

SYMBOL VALUE DESCRIPTION VENDOR/PART NO.
B1 12V 1.3Ah Panasonic 

LC-R121R3PU 
(or Parts Express)

(surplus)

Parts Express 149-135
C1 100nF 100V Ceramic Z5U Mouser 140-100Q9-104Z
C2 100pF 50V Ceramic NP0 Mouser 140-50S5-101J
CR1 1N4001 1A 50 V Mouser 583-1N4001
LED1, LED2
J1-J4
P1

MV8013 Red T-1 3/4 LED
Binding post, white 
2-pole flat trailer connector 
0.250 x 0.032 female lug

Mouser 512-MV8103
Mouser 164-4206
Pep Boys 47965
Mouser 644-DNF18-250C

R1, R2 200Q 3W 1% Wire wound Mouser 71-RS2B-200
R3, R4 470k 5% %W Carbon film Mouser 291-470K
R5, R6 1K 5% %W Carbon film Mouser 291-1K
S1, Sdb
U1

SPST Mini toggle
LT1017 dual comparator 
8-pin wire wrap DIP socket 
5.9 x 3.5 x 2.2 ABS enclosure

Mouser 108-MS550K
DK LT1017CN8-ND
Mouser 575-293308
Mouser 400-1562

Rdb (9) 0.1 Q 3W 1% Wire wound Mouser 71-RS2B-0.1
Rdb (10) 1.0Q 3W 1% Wire wound Mouser 71-RS2B-1.0
Rdb
Jdb (4)

10Q 3W 1% Wire wound 
Binding post, white

Mouser 71-RS2B-10
Mouser 164-4206

Sdb (2) 1P12 POS Rotary sw Mouser 10YX112

Perfboard, nylon spacers, hookup wire, solder, hardware, and so on.

I was able to measure a precision 
0.01% test resistor of exactly 6.98Q to 
6.978Q using this simple test tool. You 
can obtain this extra decade of accura­
cy by shunting the low resistance 
decade box with a higher resistance 
and computing the parallel resistance 
of the two “known” resistors. ❖

SOURCES
Digi-Key Corp.
701 Brooks Ave. South
Thief River Falls, MN 56701-0677 
1-800-344-4539
www.digikey.com

Mouser Electronics
958 N. Main
Mansfield, TX 76063-4827 
1-800-346-6873
www.mouser.com

Parts Express
725 Pleasant Valley Dr.
Springboro, OH 45066-1158 
www.partsexpress.com
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Model Price (us$) Postage (Air Economy)
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$18
China,Korea 
Hong Kong 
TaiwanDenon DL-103 

(STEREO) 200 Area 11 
$22

Singapore 
Malaysia 
IndonesiaDenon DL-103R 

(STEREO) 250
Area III 
$27

North America 
Oceania 
Europe

Denon DL-103 
PRO (STEREO) 350

Shelter Model 501 II 
(CROWN JEWEL REFERENCE) 750 Area IV 

$34
Africa
South America

Shelter Model 901 
(CROWN JEWEL SE) 1,400

These Area I ~ IV are for 
all products except book.

Title_______________Price(US $ )
Attractive Tube Amps Vol. 1&2 (Isamu Asano) 30 each
The Joy of Vintage Tube Amps 1 &2 (Tadaatsu Atarashi) 30 each NEW
Direct & Indirect Tube Amps (Kiyokazu Matsunami) 40 NEW
SE Amps by Transmitting Tubes (Kouichi Shishido) 50
The Remembrance of Sound Post (Susumu Sakuma) 30
Classic Valve (Hisashi Ohtsuka) 40
MJ Selected 300B Amps (MJ) 30
Top-Sounding Vintage Power Tubes (Stereo Sound) 30
Output Trans of The World (Stereo Sound) 30
20TH CENTURY OF AUDIO (Stereo Sound) 30
Vintage Speaker Units (Stereo Sound) 30 NEW
Tube Amp Craft Guide (MJ) 30

■MC STEP UP TRANS

Model
Specifications Price 

(us$) Postage**
Pri.lmp(Q) Sec.lmp(kQ) Response

Shelter Model 411 3-15 47 20Hz—50kHz 980 Area I i 
Areal 3 
Area HI Í 
A rea IV i

>25
>30
>40
>50

Jensen JE-34K-DX 3 47 20Hz—20kHz 550
Peerless 4722 38 50 20Hz—20kHz 300

■STAX «Speaker »Air Economy

Model Price(us$)
OMEGA ÏÏ System(SR-007+SRM-007t)
SRS-5050 System WMKn
SRS-4040 Signature System II -Ask
SRS-3030 Classic System n
SRS-2020 Basic System II
SR-001 MK2(S-001 MKH+SRM-001)

Model
Specifications Price* 

(US$)

Postage** (us$)

D (cm) Q Response db w i I! III IV

Fostex FE208 2 20 8 45hz—20kHz 96.5 100 296 62 74 120 156

Fostex FE168 Z 16 8 60Hz—20kHz 94 80 236 42 50 73 98

■TANGO TRANS ( SO) (4Omodels are available now]

Model
Specifications Price 

(US$)
Postage** (us$)

W Pri.lmp(kQ) Freq Response Application i I! III IV

XE-20S (SE OPT) 20 2.5,3.5,5 20hz-—90kHz 300B,50,2A3 396 47 56 84 113
U-808 (SE OPT) 25 2,2.5,3.5, 5 20hz-—65kHz 6L6,50,2A3 242 42 50 73 98
XE-60-5 (PP OPT) 60 5 4hz~-80kHz 300B,KT-88,EL34 620 62 74 115 156
FX-40-5(PP OPT) 40 5 4hz~-80kHz 2A3,EL34,6L6 320 47 56 84 113
FC-30-3.5S (SEOPT) 
[XE-60-3.5S]

30 3.5 20hz~-100kHz 300B,50,PX-25 620 62 74 115 156 Price 
is

FC-30-1 OS (SE OPT) 
[XE-60-10SNF] 30 10 30hz-—50kHz 211,845 620 62 74 115 156 -for a 

Pair
X-10SF[X-10S) 40 10W/SG Tap 20hz-—55kHz 211,845 1160 90 110 180 251
NC-14 (Interstage) — [1+1 : 1+1] 5 25hz--40kHz [30mA] 6V6(T) 264 30 40 50 70
NC-16 (Interstage) — [1+1 :2+2] 7 25hz-—20kHz [15mA] 6SN7 264 30 40 50 70
NC-2OF(NC-20] (Interstage) — [1 : 1]5 18hz--80kHz [30mA] 6V6(T) 640 42 50 73 98
NP-126(Pre Out) — 20,10 20hz-—30kHz [10mA] 6SN7 264 30 40 50 70

■TAMURA TRANS (All models are available) » Air Economy

* * Air Economy

F-7002 (Permalloy) 10 3.5 15hz--50kHz 300B,50 836 60 70 110 145 Price
F-7003 (Permalloy) 10 5 15hz--50kHz 300B,50 836 60 70 110 145 is
F-2013 40 10 20hz--50kHz 211,242 786 70 84 133 181 for a
F-5002 (Amorphous) 8 3 10hz~-100kHz 300B,2A3 1276 65 80 120 160 Pair

EIFL Corporation

1-8, Fujimi 2-chome, Sayama City, Saitama Pref. 350-1306 JAPAN. 
Phone:+81 -(0)42-956-1178 FAX:+81 -(0)42-950-1667 
E-mail:info@eifl.co.jp
Wire Transfer:MIZUHO BANK, SWIFT No.MHBKJPJT a/c # 294-9100866 Card Charge 6%

mailto:info@eifl.co.jp


MI The Legend of EL PIPE-O

This woofer transmission-line project takes achieving low frequencies to 

new heights. By Kent English and Nelson Pass

M
ost woofers just don’t quite 
do the lowest octave. You 
read the specs that say “us­
able response: 20Hz-20kHz,” 
and you know that the 20Hz part of it is 

wildly optimistic. Achieving very low fre­
quencies at reasonable power levels is 
not an easy job; the acoustic impedance 
experienced by a speaker cone declines 
as the inverse of the square of the fre­
quency. As a practical matter, woofers 
and their enclosures need to be very 
large to reproduce the lowest octave 
properly. Even when you compensate 
with frequency equalization and more 
amplifier power, the performance suf­
fers as you reach the excursion and 
power-handling limitations of a small 
cone in a small box.

Let’s face it. Size does matter.

motion and turn it into getting a little 
more bass out of the speaker. The two 
most popular approaches are the bass­
reflex enclosure and the transmission 
line.

The bass-reflex enclosure has the 
woofer mounted in a box that has a spe­
cific internal volume and an opening to 
the outside. Any box with an opening 
has its own acoustic resonance, known 
as Helmholtz resonance, which you ex­
perience when you blow into the open­
ing of a beer bottle. Varying the volume 
of the box or the size of the opening 
(called the port) adjusts the frequency 
of resonance, and you can tune it to the 
same frequency as the resonance of the 
woofer.

When the box’s resonance is the 
same as the woofer’s resonance, you

PHOTO 1: Sonotube speakers standing tall.

get an interesting effect: The woofer ex­
periences acoustic loading, which 
damps out its uncontrolled motion, and 
the port delivers extra acoustic output 
to the outside world. The performance

This is the saga of El Pipe-O, an ad­
venture in over-the-edge woofer con­
struction. The name El Pipe-O came 
from its striking resemblance to a leg­
endary smoking appliance belonging to 
one of Pass’ roommates in college that 
was the object of worship by a small cult.

El Pipe-O consists of very large 
woofers mated to large cylindrical 
transmission lines. The goal is to get 
good powerful response down to 20Hz 
at levels where the room starts to rattle 
before the loudspeaker.

BASS REFLEX ENCLOSURES
Suspended by elastic material, woofer 
cones have a natural fundamental reso­
nant frequency at which the motion in­
creases dramatically, and below which 
the response drops off at a sharp rate. 
Many woofer enclosures attempt to set 
up some sort of counter-resonance that
is used to damp out this uncontrolled PHOTO 2: Closeup of speaker.
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I

improves because the cone moves less 
and the output is boosted at the lowest

frequencies. You can see this in the im­
pedance curves of Fig. 1. The imped­
ance of the woofer reflects the motion 
of the cone, and here you see a compar­

ison between the woofer’s impedance 
in free air versus its impedance in a 
tuned bass-reflex enclosure.

PIPE DREAMS
A transmission line offers a different 
approach to achieving a similar effect. 
In any tube-shaped object, closed at one 
end, a resonance develops at the fre­
quency where the wavelength is four 
times the length of the tube. This effect 
is exploited in numerous musical in­
struments, particularly the pipe organ.

The wavelength of a frequency is the 
speed the wave travels divided by the 
frequency. For sound going through

grandmos 2 Audiophile Masterpieces triphon
The SMART amplifier The ULTIMATE crossover

system

✓ 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 
✓ 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.^^0
✓ Extremely reliable.
✓ Steady performances

boards.

over years.
* : under certain 

conditions

www.selectronic.fr
Phone : + 33 - 328 550 328 - Fax : +33 - 328 550 329

BP 513 59022 LILLE - FRANCE

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

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

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

✓ SILVER plated connections. 
✓ Minimal wiring.

>> Detailed information on www.selectronic.fr or by e-mail to : selectrocom@selectronic.fr <<
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The Sonicraft
SC12NRT

The SC12NRT is the newest 
driver in our line of Sonicraft woofers. 
The new SC12NRT uses the 
powerful Aurasound NRT motor. 
The shielded motor provides peak 
excursion over 1 inch. And you 
can place this powerful woofer right 
next to your picture tube.

Specifications:
Fs
Nominal Impedance 
Power
Sensitivity 
Re
Vas
Qms
Qes
Qts 
Sd 
BL 
Cms 
Mms 
Le@1kHz

23.7 Hz
4.0 Q

300 watts
88.5 dB

3.7 Q 
97.686 ltrs

9.627
0.517
0.491
0.0457 sqM

12.075 TM
329.38 ^M/N
136.92 gram

1.277 mH
Underhung voice coil geometry 
Neodymium NRT magnet system 
Polypropylene cone, inverted dust cap 
X-max 15mm peak 
Cast Frame with vented spider 
Extra Long Stroke foam surround 
Gold plated binding posts 
Conex fiber spider
Large vented magnet system 
Recommended Enclosures:
• 3 cubic feet vented, F3 25Hz 

(3" vent by 12" long)
• 2.7 cubic feet sealed, F3 35Hz
Consider using this driver in our 3ft3 
enclosure with our KG5230 300 watt 
amplifier.

Woofer Price $230.00 Each
Madisound Speaker Components, Inc. 

8608 University Green #10 
P.O. Box 44283 

Madison, WI 53744 USA
T: 608-831-3433; F: 608-831-3771 

email: info@madisound.com 

air, that speed is approximately 1100’ 
per second. At 20Hz, the wavelength is 
about 55‘, which is where a 14‘ tube will 
resonate.

With a loudspeaker mounted at one 
end of the tube, essentially closing off 
that end, the mass and elasticity of the 
air in the tube will cause a favored fre­
quency where the tube is one-quarter 
the wavelength. In Fig. 2 you see that at 
this frequency the pressure and air mo­
tion are 90° out of phase with each 
other, so that high pressure develops at 
the closed end where motion is not fa­
vored, and high air motion occurs at 
the open end, where it can flow easily 
to the outside and no wall favors the 
buildup of air pressure.

This resonance is similar to that of 
the bass-reflex enclosure, and it has a 
similar effect. Figure 3 shows the im­
pedance of a woofer in free air and in a 
transmission line tube tuned to the res-

onant frequency. Like the bass-reflex, 
the transmission line damps out the

PHOTO 3: Reconfigured woofers.

Tube

Top Panel

Rear Panel

Front Baffle

Bottom Panel

Base

B-311-5

FIGURE 5: El Pipe-O assembly.
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resonant motion of the cone, but with a 
lower “Q,” or sharpness, so that you 
tend to get a single bump instead of the 
double bump of Fig. 1. Also like the 
bass-reflex, the output from the open­
ing delivers more acoustic energy to 
the room, extending the response and 
power at the lowest frequencies.

We favor a well-done transmission 
line over a bass-reflex enclosure. The 
bass is tighter and less boomy. It also 
tends to extend deeper. Part of this ef­
fect comes from the actual lowering of 
the resonant frequency of the woofer 
due to the additional air mass it must 
push in the pipe.

You can adjust the “Q” or sharpness 
of both the bass-reflex and transmission 
line enclosures by stuffing them with 
wool, Dacron, or fiberglass. The more fi­
brous material you put in them, the 
more damped the effect. Resistive mate­
rial of this sort also tends to increase the 
apparent volume of the enclosure for a 
bass-reflex and the length of the enclo­
sure for a transmission line. Choice of 
the density of this material is often left 
to the discretion of the constructor, with 
the instructions, “Stuff to taste.”

As with horns, the best transmission 
line is a straight one, with no bends. 
Bends compromise the effect, but often 
not so much that they still aren’t useful. 
Quite a few transmission lines have 
been designed which have bends in 
them in order to fit them into a reason­
able space. Figure 4 shows a couple of 
examples. They work well, exhibiting 
only minor compromise.

Our favorite configuration is one in 
which the rear wave exits at the rear 
near the floor. In this case, the floor 
adds some acoustic loading for greater 
output, and the opening, pointed away 
from the listener, is at some distance 
from the front of the woofer. This ap­
proach minimizes interaction between 
the woofer’s front and rear wave at 
higher frequencies and also effectively 
adds a little length to the line.

However, El Pipe-O is going to be a 
straight vertical tube, with the woofer(s) 
at the bottom and the open end of the 
pipe at the top. It is not going to fit in 
an 8‘ high listening room.

ENTER THE SONOTUBE
Of course, we can build our transmis­

sion line any way we like out of wood, 
or those gigantic plastic storm drain 
type pipes, or even those monstrous 
concrete sewer pipes. Perhaps some­
where along the Alaskan pipeline is 
one happy audiophile, but we are going 
to do it the easy way—with Sonotubes.

Sonotubes are heavy-duty cardboard­
type tubing used to cast concrete into 
pillars. They are available in a number 
of diameters and lengths, and are gen­
erally found in metropolitan areas. We 
usually buy them at White Cap stores, 
and we have played with 8", 14", and 24" 
diameters. We get them in 12‘ lengths, 
and the store will usually cut them to a 
desired length. If not, they are easy to 
cut with a saber saw. Oh yeah, and they 
are pretty cheap.

Because they are cylindrical, the 
tubes are very strong, like eggs, for 
pressure which is equal around the cir­
cumference of the tube, which is what 
they will experience in a transmission 
line. Also, the fiber material in the walls 
is dense and fairly dead acoustically, 
making them a good choice. For this 
project we bought a pair of 12‘ long, 24" 
diameter Sonotubes.

TURBOCHARGING YOUR REGA ARM

“Nothing less than total dynamite” HI-FI WORLD MAGAZINE

If you are the proud owner of any Rega arm why not utterly transform it 
into the league of super arms with the Origin live structural modification:- 
$91. This modification will enable your Rega to perform at a level 
exceeding that of arms costing over $1700. Rewiring with high grade litz 
cable is also offered at an additional $85 and external rewiring is $99. All 
these modifications are available in kit form if you wish to do the job 
yourself or you can send us your arm for us to do the work.

"I have to say the Rega modifications turn this humble arm into a real 
Giant killer. Gone is the rather grey, sterile sound of the cooking Rega. 
Instead, tonal colour is fresh, dynamics have great speed and impact, and 
the sound stage is huge." HI FI WORLD SUPPLEMENT (structural 
modification to an RB250)

WHAT HI-FI MAGAZINE gave this modification a 5 star rating.

For arm modifications we normally turn around your arm in 1 - 2 days

OTHER KITS & PRODUCTS 
FROM ORIGIN LIVE INCLUDE:-

■ TURNTABLES (Kits & Retail)
“the best sounding deck here...sounds 
fantastic” WHAT HI-FI MAGAZINE” group 
comparison test of 8 leading turntables

■ SIlVER 250 TONEARM $729
Probably the best tonearm available at any 
price (except for the Silver Taper).

■ SILVER TAPER TONEARM $1491

■ DC MOTOR UPGRADE
suitable to upgrade all turntables including 
Linn Lingo, Armageddon, Roksan, Thorens, 
Ariston, Rega, Systemdek etc $319 
Well reviewed as a massive upgrade for all 
turntables

FULL INFORMATION ON WEB SITE OR CONTACT - 
Origin live, 87 Chessel Crescent,Bitterne, Southampton SOI9 4BT 

Tel: 023 80442I83 / 80578877 Fax: 023 80398905
E MAIL: originlive@originlive.com WEB SITE: http://www.originlive.com
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THE WOOFERS
If you read the MCM catalog (www. 
mcmelectronics.com), then you’ve un­
doubtedly seen them. Part# 55-1835, 21" 
low frequency pro woofer. Eight ohms, 
96dB at 1W, 25Hz resonance, 200W 
RMS, 800W peak. Price: $395.

Pass couldn’t help himself and 
bought four of them. They sat around 
for a couple of years in boxes until we 
decided to make El Pipe-O. In fact, El 
Pipe-O was the excuse to use them up. 
They look to be copies of a large Focal 
woofer, but the manufacturing quality 
is not quite as high. If you buy these, we 
recommend that you test them right 
away for voice coil mis-alignment. You 
can do this by pumping a low-frequency 
signal into them while listening for 
scraping.

CONSTRUCTION
We decided to use two woofers per 
side to maximize the cone surface area 
and power handling of each speaker. 
We used MDF for the boxes so that the 
woofers were mounted on adjacent 
sides and the sonotubes were inserted 
from the top and supported on the 
floor of the box, with the sonotubes 
truncated at an angle that provided a 
good opening between the tube and 
the box.

Figures 5-10 provide details of the 
construction and dimensions of the 
boxes and cuts. The usual speaker con­
struction techniques are appropriate, 
including the use of bracing and seal­
ing materials.

Because of the size and weight of the 
speakers, final construction needs to be 
at the spot where they are to be used. 
We mounted the tubes and glued them 
in place at the box opening and on the 
box floor, and used silicone sealant 
around the juncture of box and tube. 
We also wired the woofers in parallel, 
to form 4« loads on each channel, and 
filled the box loosely with Dacron prior 
to mounting the woofers using lag bolts 
and string caulk.

Sure we have middlemen. 
FedEx & UPS, to name a couple.
—AUDIOGON.com
HIGH END AUDIO MARKETPLACE

Finally, we filled the tubes them­
selves with 20 lb of Dacron each. Pho­
tos 1 and 2show the finished speakers.

PERFORMANCE
Figure 11 shows the near-field response 
curve of the drivers without equaliza­
tion or crossover filters, driven at 1W 
(2.83V). Figure 12 shows the response 
curve of El Pipe-O at 1m away, where 

room effects can start to be observed. 
Both curves are calibrated so that zero 
equals a 100dB level.

Like many big woofers, the response 
curve extends out to higher frequencies 
irregularly and with questionable tran­
sient response. Also evident from the 
curves is the need for some equaliza­
tion to make the woofer truly flat down 
to 20Hz. No problem . . . we will simply 
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make a crossover filter that accom­
plishes both requirements.

Using a Pass XVR1, we set up, mea­
sured, and listened to a wide variety of 
possible crossover filters—varying fre­
quency, slope, and Q. Ultimately we set­
tled on a two-pole, 22Hz low-pass filter 
as the best-sounding compromise. Fig­
ure 13 shows the near-field response 
with no filter, one-pole low-pass 
(6dB/octave) at 22Hz, and the two-pole 
low-pass (12dB/octave) that we ended 
up using. Figure 14 shows the response 
at 1m. Note that active filtering does 
not alter the sensitivity of the loud­

speaker, which ranges from about 85 to 
103dB/W.

Pass’s listening room measures 30‘ x 
30‘, with a 14‘ ceiling at the center. The 
height of El Pipe-O at 12‘ means that we 
were unable to play with corner place­
ment, so we placed the speakers a few 
feet apart just behind where speakers 
would ordinarily be, allowing about 2‘ 
space between the pipe openings and 
the ceiling.

The final result (bottom curve) mea­
sures about ±3dB in the room from 
about 13Hz to 75Hz, and it goes away 
rapidly enough at higher frequencies to 

avoid being obnoxious. We evaluated 
the performance in systems using the 
Fostex 204 “full range” speaker, the 
TAD1101 with a Raven R2 on the top, 
and (over time) a fairly wide sampling of 
conventional speakers, none of which 
had a particularly strong bottom end.

A very important consideration is the 
quality of transition from subwoofer to 
an ordinary woofer; the phase and am­
plitude of the mixed response must be 
smooth or it can sound pretty awful. If 
these aren’t right, the bass can become 
very boomy from peaks or suffer fre­
quency drop-outs that destroy the attack.

Fortunately, El Pipe-O “plays well 
with others,” as long as there is not too 
much distance between the big woofers 
and the higher-frequency drivers. We 
found that placing the main speakers 
directly in front of the transmission 
lines worked best.

ACTIVE CROSSOVER
Figure 15 shows an active op-amp-type 
circuit that delivers the crossover filter 
characteristic we used, which is a two- 
pole low-pass at 22Hz. The tolerances 
are not at all critical, and just about

Hi-Fi Do Inc
BU Y& SELL

USED AMPLIFIERS, SPEAKERS, BOOKS, ACCESSORIES etc.

www.hifido .co.jp
OSAKA(Overseas Dept.):4-6-10 NIPPONBASHI NANIWA-KU OSAKA JAPAN 
TOKYO:TOKUHARA BLD 5-5-7 SOTOKANDA CHIYODA-KU TOKYO JAPAN 

NAGOYA:3-11-30 OOSU NAKA-KU NAGOYA JAPAN

PHONE 816-4396-7611 FAX 816-4396-7621
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PHOTO 4: Closeup of single woofer on granite block.

any ordinary high-quality gain circuit 
will do.

PASSIVE ACTIVE CROSSOVER
Figure 16 shows a “passive” circuit de­
signed to be placed at the output of the 
amplifier driving the main speakers 
which filters and attenuates that signal 
for feeding to the amplifier(s) driving El 
Pipe-O. As with the active filter, the tol­
erances and such are not particularly 
critical, but note that this circuit is not 
designed to be driven by an amplifier 
with balanced outputs, where both out­
put connections are “live.” It assumes 
the amplifier (-) connection is at 
ground, and also assumes that the
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ground of the driving amplifier and the 
ground of the bass amplifier are at simi­
lar potentials (which they usually are). If 
you wish to build just one El Pipe-O for 
both channels, you can give each of the 
two woofers its own crossover and am­
plifier, or you can mix inputs at the 
input of the crossover, giving each chan­
nel its own input resistor with twice the 
resistance value shown in Fig. 16.

THE SOUND
Well, of course this is the best part. First, 

you need to go through your record col­
lection looking for material that goes 
down this low. A lot of nice-sounding 
music doesn’t go below 40Hz or so, and 
if you listen to this material, you don’t re­
ally get the impression that anything 
particularly special is happening.

This is good, because we didn’t want 
the speaker to offer up a freak show of 
special effects where it’s not wanted; we 
want neutral and seamless performance 
in the upper bass. No, we wanted the 
freak show to be down around 20Hz.

Movie soundtracks are a good source 
of this sort of thing: Jurassic Park or 
Dracula. Pink Floyd’s Dark Side of the 
Moon. You know what kind of records 
we’re talking about.

Funny things happen when your 
speakers are flat to 13Hz. You need to be 
careful about your tonearm, your win­
dows, your neighbors, and your bowels. 
After we got the system running, we 
spent a hour or so going around the 
room bolting down or otherwise re-ar­
ranging knick-knacks, shelving, furni­
ture, and windows that began rattling. 
After that, we called up our friends and 
had a little party. And another.

THE PARTY INCIDENT
The first listening sessions were run 
with 100W amplifiers. Of course, the El 
Pipe-O calls for monster amplifiers, so 
we acquired Pass X1000s, which can do 
about 4,000W peak (per channel) into 
4«. The occasion of firing these up 
called for another party, during which 
we drank a lot of Cabernet and then de­
cided to test the power-handling claims 
of the woofer manufacturer.

These claims were fairly accurate at

The Ultimate Acoustic Analysis System.
For real-time testing of 
udio System performance!L J

• 1/12th Octave Real-TrnelAnalyzer (RTA)

• Energy-Time Graph (ETG)
with octave & 1/2 octave l ' band filters’ll

• Sound Pressure Level Meter

• Speaker Distortion Meter (THD+N)

• Signal to Noise Ratio

• Speaker Polarity Test

• Integrated Audio Signal Generator

• Handheld, Portable, Battery Operated

75 MicL Gen o

Powerful • Portable • Affordable
• Serial Data Download and Report Software SECCORE

&

1 -800-736-2673 • sencore.com • e-mail sales@sencore.com
Subscribe To The SO INCORE News at www.sencore.com
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The British specialists 
in tube amplifiers and 
pre-amplifier kits, 
loudspeaker kits and 
related publications
Visit our informative website: 
www.worldaudiodesign.co.uk 
Enter our HD83 competition on-line

KiT88 integrated amplifier kit

300b PSE monobloc kit

Kel84 integrated amplifier kit

Series II modular pre-amplifier kit

World Audio Publishing Ltd. 
12a Spring Gardens. 

Newport Pagnell. 
Milton Keynes. 

MK16 0EE. England 

tel/fax: 00 44 1908 218836 
e-mail:inquiries@worldaudiodesign.co.uk 

800W peak each, and at the end of this 
event we were down to two woofers.

RECONSTRUCTION
Rather than spend another $800 on 
woofers, we decided to try single 
woofers on each side, so we took apart 
the tubes and reconfigured them as 10‘ 
tubes with a woofer at the bottom. We 
made a nice cylindrical coupler out of 
MDF to mate the woofer to the tube 
(Fig. 17) and set them on the woofer’s 
magnet on blocks of granite (Photos 3 
and 4). On top of the coupler, we placed 
some of the kind of plastic grid used in 
elevator lights to keep the Dacron from 

falling onto the woofer cones. The tubes 
were stuffed the same, and we used the 
same crossover filter.

Figure 18 shows the near-field output 
of the single woofer without the filters, 
which actually turned out a bit flatter 
than the twin driver models. The re­
sults of moving out into the room at 2m 
are shown in Fig. 19, and applying the 
filter in Fig. 20. Noting the differences 
between the twin- and single-woofer 
versions, you see that the single woofer 
gives flatter response at frequencies 
above 20Hz, but falls off more quickly 
below 20Hz. Nevertheless, it manages a 
respectable ±2dB from 20 to 80Hz.
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The reconstructed version sounded 
about as good as the original, and 
probably gives a smoother transition 
to other speakers. It doesn’t have 
quite the same power handling and 
doesn’t go quite as low, but in our 

FIGURE 20: Response with filter.

opinion, it ended up being a slightly 
more elegant result.

CONCLUSION
Except for the sheer scale of the en­
deavor, this was a remarkably easy 
proj-ect. Sonotubes make great trans­
mission lines, and the vertical floor to 
ceiling approach is simple and effec­

tive. They might be tall, but the foot­
print is small, and maybe your spouse 
will let you keep them if you finish 
them properly. If you have an 8‘ ceil­
ing, you can make two out of a 12 ‘ 
piece of 8" diameter, and find yourself 
decent 8" woofers resonant at about 
40Hz. Then you can start having par­
ties, too. ❖
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Mil Simple Satellites, Part 1

This pair of audio veterans presents their findings, as they set out to de­

sign a “simple” satellite system. By G. R. Koonce and R. O. Wright, Jr.

S
ince developing the infinite box 
(IB) subwoofer1, we thought it 
useful to develop some simple 
companion satellites, requiring 
no crossover construction by the read­

er. Our goal was small satellites with a 
component cost limit of about $50 each; 
however, the costs of some selected 
drivers have since increased.

You could use two such satellites for 
a two-channel stereo system, or several 
for a 5.1-, 6.1-, or 7.1-channel multichan­
nel system. The subwoofer covers the 
range 25 to over 100Hz. All we needed 
was a satellite that covered from about 
100Hz to 20kHz!

Ideally, the satellites would be built 
with shielded drivers to allow use near 
a TV or monitor. Such a satellite might 
not fit the exact specifications for mul­
tichannel speakers, but could be used 
for that purpose. By the conclusion of 
this work, we had modified two of our 
satellite types so they were no longer 

dustry. It was an unusual flat planar de­
sign, and later I discovered that it never 
made it into final production.

With the turn of the century, I began 
another technical odyssey, which in its 
final form would bring me full circle 
and inspire us to document the Infinite 
Box (IB) design concept. Since the late 
1970s, I had used Owens-Corning’s 700 
Series sound damping material in 
speaker enclosures, but I had never 
seen it in any merchandised speakers— 
only in the prosound speakers, and not 
much of it there. This led me to ship 
GRK a package of the sound damping 
material to experiment with. GRK 
found it to be a most interesting materi­
al, so much so, that we generated a re­
search article on IB box design, which 
appeared in audioXpress2.

When we analyzed the data for the IB 
box design, we found the box size was 
somewhat independent of the speaker 
parameters. This led to an article1 on a 

simple, compact, and inexpensive sub­
woofer that would generate sound 
below 100Hz.

SATELLITE DRIVER(S)
To meet the criteria of a simple basic IB 
satellite design, we adopted a full-range 
speaker concept. This was the impetus 
for me to resume my search for a full­
range driver. Those of you intrigued by 
the concept of a single full-range speak­
er and who have access to the Internet 
should try the “Single Speaker Web­
site” (melhuish.org/audio/index.htm.). 
This is an extensive website dealing 
with full-range speakers.

The full-range speaker design config­
uration has many technical advantages:

• component simplicity
• no problems with a crossover design 

and the component assembly
• only one box design

These are only a few of the major 
physical and technical advantages this 
type of design offers. My original 
search for a full-range driver began in 
the middle to late 1980s and yielded 
only very expensive esoteric drivers 

simple or cheap, but their 
sonic performance warrants 
documenting the modifica­
tions. Photo 1 shows the five 
small satellite types devel­
oped in this work.

BACKGROUND
(BY R. O. WRIGHT, JR.)
The genesis of this article 
dates to the early 1980s, when I 
attended the Consumer Elec­
tronics Show in Chicago and 
saw a full-range speaker (ap­
proximately 100Hz to 20kHz is 
considered full-range by most 
commercial OEMs) manufac­
tured by one of Japan’s leading 
electrical firms for the car in-
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that were not very practical for a nor­
mal design or pocketbook.

The modern-day search turned out to 
be an involved worldwide search span­
ning many months and did yield suc­
cess. Over a period of months, GRK re­
ceived a number of drivers to test to see 
whether they would meet our require­
ments (about 100Hz to 20kHz). In the 
end we chose only the best to turn into 
projects for this article.

DEFINITION OF SPEAKER
For the purposes of this article, we de­
fine a speaker as being composed of 
two components: the driver(s) and the 
enclosure/box, which is the mounting 
for the drivers. When combined, these 
two components form a complete 
speaker.

DRIVER CLASSIFICATION AND 
AUDIO CHARACTERISTICS
Basic moving-coil diaphragm drivers 
are designed in two general types. The 
first is a plain driver having a cone, or 
cone modified with a whizzer, a bas­
ket, and a motor mechanism. A 
whizzer is a small freestanding cone 
mounted to the existing voice-coil for­
mer and is used to extend the frequen­
cy range of the driver. Tweeters are a 
variation or special design of the basic 
driver. In a tweeter the diaphragm and 
the voice coil are made together. This 
produces a small, light assembly that 
can operate efficiently in the high-fre­
quency range.

The second type is a compound driv­
er, which consists of two or more plain 
drivers made as a single homogeneous 
unit with a built-in crossover. In small­
er sizes, these drivers are mainly made 
for the automotive market and are clas­
sified as coaxial drivers or plate drivers, 
depending on their design. The drivers 
tested for this article were all two-way, 
and our discussion and definitions cen­
ter only on these, although there are 
three-way and sometimes four-way com­
pound drivers available.

The automotive coaxial drivers have 
the tweeter mounted in front of the low- 
frequency driver on the same axis. The 
plate drivers have a tweeter and the 
low-frequency driver mounted in a side- 
by-side configuration using one single 
mounting frame or plate.

In testing these, we noted some gen­

eral patterns about their frequency re­
sponse. Most truly full-range plain driv­
ers had small cones, 3" to 4" or less. The 
frequency response of these ranged 
from excellent to only acceptable, de­
pending on the design. The larger full­
range drivers used whizzers to extend 
their frequency range. The ones we test­
ed always had very rough high-frequen­
cy phase and magnitude responses.

The compound drivers tested gener­
ally gave a reasonably smooth bass re­
sponse and sometimes a smooth 
midrange response. Many of the car 
coaxes had midrange anomalies due to 
a poor transition from woofer to tweeter 
using the very simple crossover. The 
high frequencies seemed to be a little 
exaggerated (often referred to as “hot” 
on the top end), which is to be expected 
in a car driver.

Cars have a great deal of sound damp­
ing material built into the passenger 
compartment, which absorbs the high 
frequencies. They are almost always lis­
tened to in an off-axis configuration, and 
making the high frequencies a little ex­
aggerated will even-out the total listener 
response. Even in home applications it 
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is not uncommon to listen to speakers in 
an off-axis mode.

Most of the coaxial drivers had rough 
high-frequency responses. The power 
cepstrum plots for the car coaxes also 
showed them full of echoes due to the 
tweeter structure mounted out in front 
of the woofer. Thus they might not 
sound as clean as other configurations. 
The only plate driver tested was the best 
of all the compound drivers. It gave a 
passable response in its original form.

MULTICHANNEL SYSTEMS
The two de facto standards in the multi­
channel systems are the present-day 
two-channel stereo, whose standards are 
well known, and the surround sound for­
mat by Dolby Laboratories, Inc. Dolby 
has three different standards in today’s 
marketplace—5.1-, 6.1-, and 7.1-channel. 
We were able to obtain basic informa­
tion on the three systems from the data 
on the 5.1-channel system3, but the com­
plete technical specifications were un­
available at the time of writing. All three 
are defined by using specification num­
bers as a key to the format.

In the 5.1-channel specification the 
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“5” denotes five discrete independent 
channels: a front center, front left, front 
right, surround left, and surround right 
speakers. The surround channels drive 
the two side speakers. In addition, a 
low-frequency effects (LFE) channel de­
noted by the “.1” drives one or more 
subwoofers. The bass from the other 
channels, which may have bass-limited 
speakers, can normally be redirected to 
the LFE channel.

It is recommended that the center 
speaker be full-range while limiting the 
surround channels’ bandwidth to 
100Hz to 7kHz. Most applications won’t 
permit a full-range center speaker, so 
bass management is provided, limiting 
the center channel to above 100Hz 
when needed.

Generally, commercial equipment 
limits the bandwidth fed to all chan­
nels. The LFE will get only low-frequen­
cy information (120Hz maximum) and 
the other channels only the higher fre­
quencies. Lower-priced equipment may 
use a fixed frequency to separate the 
channels; however, much equipment of­
fers a selectable frequency of 80, 100, or

FIGURE 3: Effects of grille structure on 
Boston Acoustics FX5 coax.

120Hz. This information indicates that 
satellites that cover 100Hz up are ap­
plicable to a 5.1-channel system.

CROSSOVERS
Crossovers come in a vast variety of de­
lineations and formats. Our market re­
search showed that most available 
audio system crossovers (in contrast to 
mostly passive types built into speaker 
enclosures) are second- and third-order, 
with fourth-order being the top end of 
the range. The active crossovers were 
far more prevalent than the passive 
types in audio system designs. The au­
tomotive industry has pioneered the 
second-, third-, and fourth-order com­
pact integrated low-frequency crossover 
amplifiers, which you could use for this 
application.

After considering our technical 
needs for finite control of volume to 
equalize the speaker SPLs and distinct 
separation of the bass from the treble 
so as not to over-drive the satellite 
speakers, we chose an AC powered ac­
tive fourth-order (24dB per octave) 
crossover discussed later in this article.

TBspeakers W3-871s drivers.

TBspeakers W3-871s drivers.

BOXES
We preferred to keep the satellites 
small while using the IB approach to 
continue learning about this technique. 
These boxes were not assured of perfor­
mance down to 100Hz via the IB design 
rules2; that would have made the boxes 
too big. We simply built them at a mini­
mum practical size, and we would take 
what frequency response they offered.

It is doubtful that the IB approach of­
fers a big advantage for systems doing 
100Hz up. Thus you might try the se­
lected drivers in other box types. You 
could build closed boxes from the de­
signs shown by omitting the damping 
layers and making the back solid. It 
would be good to retain the damping 
panel, which forms a perimeter stiffen­
er for the box walls. You could partially 
fill the boxes with your favorite damp­
ing material. Unless you can definitely 
keep all low-frequency content out of 
the satellite, we do not recommend a 
vented box with these small drivers.

DIFFRACTION SPREADING LOSS
The concept of diffraction spreading 
loss (DSL) is covered in references 2, 4, 
and 5. It basically refers to the fact that 
a driver will produce a different on-axis 
response in a small freestanding box 
than it does mounted in a wall. This can 
result in subwoofer/satellite systems 
that sound weak just above the sub­
woofer’s upper limit.

With very small satellites this “weak­
ness” can extend up to almost 1kHz. 
The result is a system that has the bass 
and highs, but sounds “hollow” be­
cause the midrange is partially miss­
ing. Many subwoofer/satellite systems, 
unfortunately, produce such sound.

The cure for small enclosures is DSL 
compensation (discussed towards the 
end of the article). For enclosures out 
in the room on stands, compensation 
for the full theoretical 6dB DSL is rec­
ommended. Our experience with large 
floor-standing enclosures with low

TABLE 1
CATALOG INFORMATION ON 
INFINITY 462.5CFP DRIVER

Impedance: 4Q
Power handling: 60W RMS, 180W peak
Frequency response: 75Hz-21kHz
Sensitivity: 90dB/2.83V/m (Equivalent to about 
87dB/W/m)
Shielded: No
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mounted woofers is that 3-4dB DSL 
compensation can provide a well-bal­
anced sound. We hoped to learn the 
proper DSL compensation for small 
floor-standing satellites.

SELECTED DRIVERS
One driver of choice is the Infinity 
Kappa 462.5CFP 4 x 6" plate compound 
driver (Table 1). Figure 1 shows the 
measured responses for four of these 
units. The response is not too smooth 
or flat, but note the droop from about 
200Hz to 1kHz. This would offer some 
DSL compensation for a small box. The 
best axis for listening with this unit is 
about 20° off the tweeter centerline to­
ward the woofer (Fig. 2).

We developed two enclosures using 
this compound driver that attempt to 
place the listener on the desired axis. 
The first approach (boxes #1 and #2) 
has the woofer and tweeter mounted 
side-by-side. This configuration, as de­
veloped in reference 6, places the lis­
tener on the proper axis by using mir­
ror-imaged pairs with the tweeter al-

TABLE 2
CATALOG INFORMATION ON 

BOSTON ACOUSTICS FX5 DRIVER
Impedance: 4Q
Power handling: recommended amplifier is 12 to 100W 
Frequency response: 60Hz-20kHz
Sensitivity: 90dB/W/m
Shielded: No

B2213-9

FIGURE 9: On-axis responses for two 
W3-881s drivers.

B2213-10

FIGURE 10: On-axis responses for two 
W3-879s drivers.

ways outboard. With the boxes facing 
straight out, the normal configuration 
for stereo listening places the listener 
on the desired axis.

Getting the desired listening angle 
with the conventional tweeter-above- 
woofer layout would require an unreal­
istic tipping of the front panel. Thus we 
placed the woofer above the tweeter for
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the other set of enclosures (boxes #3 
and #4). This approach has worked well 
in the past.

A CAR COAX
The best car coax in our testing was the 
Boston Acoustics FX5 unit (Table 2). 
Figure 3 shows the on-axis response for 
one FX5 unit with and without the 
grille structure supplied with the driv­
er. Typical of the car coaxes, the tweet­
er level is too high relative to the 
woofer. Less typical is the fact that the 
grille and its mounting frame do not 
make a major response change.

The better-designed car coaxes had 
grille structures causing little adverse 
effect. On the FX5, the structure used to 
mount the tweeter gives a directivity 
that varies with which direction you 
move off-axis. The best angle for listen­
ing was about 20° off-axis toward the 
side where the tweeter’s crossover ca­
pacitor is mounted (Fig. 4).

A reason for building with the FX5 
unit was the simplicity of the enclosure. 
You just mount the FX5 on the front of 
a box and use the supplied grille and 
frame. The enclosure has a vertical 
front panel to get the desired listening 
axis, and the driver is mounted inverted 
with the crossover capacitor at the top 
(boxes #5 and #6). We wished to see 
whether such a simple satellite would 
be acceptable. Readers can try the 
same approach with other car coaxes 
they may have on hand.

A 3" FULL-RANGE DRIVER
The final driver selected was the 
TBspeakers W3-871s shielded nominal 
3" driver available from NUERA 
Acoustic Technologies (Table 3). TB­
speakers is the name used in North 
America for drivers made by Tang Band 
Speakers. Since completion of this work, 
we have identified Creative Sound Solu­
tions and RAW Acoustics as alternate 
sources for this driver. This was the only 
single-cone, full-range driver that we

TABLE 3
CATALOG INFORMATION ON 

TBSPEAKERS W3-871S DRIVERS
Impedance: 8Q
Power handling: 15W rated, 30W maximum
Frequency response: 110Hz-20kHz
Sensitivity: 87dB/W/m
Shielded: Yes 
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originally located useful down to near 
100Hz.

Good consistency is shown in the 
measured responses for five units (Fig. 
5). This driver holds up well to 20° off- 
axis (Fig. 6). You need to listen to this 
driver nearly on-axis.

The small enclosures (boxes #7 and 
#8) developed for this driver indicated a 

TABLE 4 
BASIC DIMENSIONS OF ALL SATELLITES

BOXES DRIVER(S) FRONT 
HEIGHT

WIDTH SIDE 
DEPTH

TIP 
ANGLE

APPROX. 
DEAD AIR VOLUME

#1&2 462.5CFP 8.4 8.3 6.0 19 66.7
#3&4 462.5CFP 9.55 6.3 6.0 10 66.7
#5&6 FX5 coax 7.35 7.0 7.3* 0 93.9
#7&8 W3-871s 7.0 5.63 6.4 10 43.2
#9&10 (2)W3-871s
Notes:
Linear dimensions in inches.

11.4 5.63 6.4 12 82.4

Front height is along front of box, not height when tipped.
Side depth is along side of box, not depth when tipped.
Tip angle is degrees front panel is tipped back.
Dead air volume is box volume between front panel and start of the damping layers in cubic inches.
*Depth for boxes #5 and #6 includes driver and grille sticking out in front of the box.

♦ Front Panel and Damping Panel fit inside the Box.• Top Overlaps the Sides.• The Sides Overlap the Bottom and Extend to form Pedestal.• Bottom of Sides Cut at Angle for Tipping Front Panel.• The Back Overlaps the Top, Bottom, and Sides.• The Fill Strip Fills the Pedestal Front below the Bottom.
SIDEVIEW

FIGURE 11: Basic layout of infinite box satellites.

potential DSL problem. The modeled on- 
axis response (Fig. 7) for this driver in a 
5%" wide box out in the room is sup­
pressed all the way up to about 1kHz. 
Thus we developed a second enclosure 
(boxes #9 and #10) using two vertically 
aligned drivers per box. The top driver is 
used full-range, while the bottom driver 
is used only for DSL compensation. This 
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violates our goal of no reader-built 
crossover, but it is simply a single coil.

The modeled on-axis response (Fig. 
8) for the two-driver system with coils of 
1.0 and 2.5mH shows the coil induc­
tance is not critical. We thought the 
DSL compensation thus offered was 
worth the trouble of a second driver 
and single coil, because it stayed within 
our cost range.

A potential problem with these 3" 
full-range drivers was their ability to 
play loudly enough. They are rated at 
15W input with a power sensitivity of 
87dB/W/m (Table 3). Its main advantage 
is being fully shielded.

With the single-driver satellite you 
have a system with no crossover above 
100Hz. The dual-driver satellite has two 
of the same driver type producing the 
midrange slowly fading to a single driv­

R1L
FIGURE 12: Schematic of passive 
summer/crossover/equalizer used 
in listening.

er for the high frequency portion. We 
designed both enclosure types using 
this driver to place the seated listener 
near on-axis with the driver producing 
the high frequencies.

ALTERNATE DRIVERS
Since completing the satellite construc­
tion, we discovered that Parts Express 
now offers some of the drivers sold by 
TBspeakers. They do not offer the W3- 
871s unit that we used, but do offer 
some other promising nominal 3" units. 
We tested two of these types as possible 
alternatives. Factory response plots and 
other test results are available on the 
Parts Express website.

Figure 9 shows the measured re­
sponse of two samples of the TBspeak­
ers W3-881s shielded driver (Parts Ex­
press #264-812). This unit does not look 

as good to us as the W3-871s, but is sure­
ly a usable alternate. This driver will 
mount in the same hole as the W3-871s 
with a bit of filing and relocating the 
mounting screw holes. We performed no 
listening tests with this driver type.

Figure 10 shows the measured re­
sponse of two samples of the TBspeak­
ers W3-879s shielded driver (Parts Ex-

Sound Product. 
Pure Sound.

Alpha Electronics Corp. ZML of America 

Minneapolis, Minnesota 
www.alpha-amer.com

Improve 
your audio 
experience with 

non-inductive
metal foil resistors by 

Alpha Electronics.

• Metal foil technology 
• Available in any value

• Quality sound for less 
Pure and simple...

Contact Sara at (763) 258-8550 
Email: audiofoil@alpha-amer.com

JENA KITS! 18 & 22 gauge Ultra-Wire 
for your projects

JENA LABS

Marinco 320 I.E.C.
Deep Immersion CRYO

All I.E.C. and NEMA terminations available.

CRYO-Hubbell Duplex

Our expensive ultra high-end products have earned 
us a "Formula T status. Surprising to some, 
we also offer very affordable and DIY 
products stepped in the same design philosophy.

Our authentic liquid nitrogen cryogenic immersion 
techniques are definitive state of the art.

Our DIY components offer the utmost performance 
at popular prices, all immersion CRYO treated.

www.jenalabs.com Speak-Easy Cables

DIY interconnect and speaker cable kits 
RCA and XLR cable and panel components 
AC power parts - wide assortment

audioXpress May 2003 37

http://www.alpha-amer.com
mailto:audiofoil@alpha-amer.com
http://www.jenalabs.com


T

press #264-810). These curves show a 
much larger dip in the 9 to 16kHz range 
than shown in the factory curve, and we 
doubt these units would sound as good 
as the W3-871s units. This driver 
mounts in the same hole as the W3- 
871s. Again, we did no listening tests 
with this driver type.

BASIC CONSTRUCTION
Table 4 shows basic dimensions of all 
the satellites as constructed from 5/s" par­
ticleboard. For all boxes, except those 
for the car coax, the front panel is re­
cessed to provide a frame for the grille 
cloth (Fig. 11). A vertical damping panel 
with its center cut out is mounted near 
mid-depth. This panel forms a perimeter 
stiffener on the box walls while retain­
ing the forward side of the Owens-Corn­
ing #705 damping-material layers. The 
back board slightly compresses the 
damping layers and contains a hole 
about 120% of the driver cone area.

Owens-Corning offers a family of ma­
terials called the 700 Series Insulation. 
This series has rigid and semi-rigid 
fiberglass-based materials of a variety 
of densities, which are available in a va­
riety of thicknesses and come unfaced 
or faced with various plastic materials. 
All these IBs use a nominal 2" thick­
ness of the #705 material, which we 
refer to as OC #705 damping material 
and has a density of about 5-6 lb per 
cubic foot. You could use one layer of 
nominal 2" material, or two layers of 
nominal 1" material as we did. If the 
material you have is “faced,” peel it off.

At this time we do not know of a di­
rect equivalent to the OC #705 damping 

material. For these satellites, operating 
from 100Hz up, you should feel free to 
experiment with other high-density 
fiberglass-based tangled-fibrous materi­
als that you find available locally.

To minimize box size, we simply 
screwed the back on to the top, bottom, 
and sides of the box. Since particle­
board has little holding power for 
screws driven into the edge, we glued 
%" dowels into the box pieces to take 
the screws. Building a removable back 
that will cap the rear of the box and fit 
accurately is a problem. We cut the 
back about %" oversize in both dimen­
sions so that after installation we could 
rout it to size with a flush-cutting bit. 
This makes extra work, but yields a 
small box that looks good.

Our plan for finishing the boxes was 
to apply stick-on vinyl, then staple on 
the front grille cloth, and finally put a 
thin frame around the grille edges. See 
details on finishing boxes using this 
construction in reference 7. You should 
feel free to use your favorite finishing 
method.

We built the boxes for the FX5 car 
coax drivers with the front panel cap­
ping the front of the box. This fit the 
same way as the back board: made over­
size and then cut flush with a router. 
These boxes use the grilles and frames 
that come shipped with the drivers.

Most of the boxes required that the 
front panel be tipped at an angle. We 
accomplished this by extending the box 
sides past the bottom board and cutting 
them at the desired angle, thus tipping 
the entire box. All these boxes are rec­
tangular internally.

For use on stands, you can cut this 
bottom “pedestal” such that the box 
stands vertical with perhaps another 
board added at the pedestal bottom. 
Note that even vertical-standing boxes 
need a short pedestal to accommodate 
the driver wire. With an IB you can’t 
easily run the wire out the back of the 
box. The bottom pedestals of boxes #9 
and #10, for the dual 3" drivers, were 
extra high to mount the single 
crossover coil in this location.

Keep the following in mind when 
building small satellite boxes:

1) When you place a small driver in a 
front panel that is 5S" thick, you will 
“strangle” it by restricting the flow of 
air to the rear of the cone. The front 
panel must be relieved by router or 
by hand in the areas between the 
driver struts connecting the frame’s 
front rim to the magnet structure. 
This is especially true of drivers in­
tended for automotive application 
where they would normally mount in 
a thin metal panel.

2) You must accurately cut the various 
pieces to construct small boxes; you 
will not be able to hide W' errors. 
The designs shown minimize cutting 
error problems.

3)In some cases you must flush-mount 
the driver to assure the proper re­
sponse.

4) Some front panel treatment is neces­
sary to limit high-frequency edge dif­
fraction problems at the grille frame.

LISTENING TESTS (BY G. R. KOONCE)
I performed all listening tests in my

Notes:
1.0 Both, amplifiers do not invert the signal.

The summer/crossover/equalizer drives 
both subwoofer channels and sets level

2.0 See Note 3.0
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garage using the 12" IB subwoofer devel­
oped in reference 1, for a two-channel 
stereo system with the subwoofer in the 
center and the satellites to each side. All 
speakers were on the floor and away 
from all walls. I used standard music 
CDs and SACDs, but no movie sound­
tracks or other special recordings.

PASSIVE SUBWOOFER CROSSOVER
The first listening tests included the pas­
sive summer/crossover/equalizer previ­
ously developed for the subwoofer (Fig. 
12). This approach feeds the full band­
width signals to the satellites (Fig. 13). 
These signals are then summed and fil­
tered to provide a second-order low-pass 
and then fed to the subwoofer amplifier.

This approach requires that the main 
amplifier driving the satellites have both 
speaker returns tied to amplifier ground 
(see reference 1 for other requirements). 
The advantage of this approach is its 
simplicity. The disadvantage is that the 
satellites see the bass frequencies, 
which limits their ability to play loudly.

I tried all five-satellite pairs with this 
configuration. Warble tone sweeps veri­
fied that all satellites required connec­
tion with reverse polarity to integrate 
properly with the subwoofer. Both am­
plifiers I used in this testing do not in­
vert the signal.

It was quickly evident that this ap­
proach severely limited the playing 
level, as the tiny cones in all the satel­
lites were dancing around badly. The 
boxes with the Infinity plate drivers 
(#1-#4) could play at a reasonable level, 
as could the FX5 car coaxes (#5 and #6). 
The boxes using the 3" full-range speak­
ers (#7-#10) were limited pretty much 
to background playing levels via this 
approach.

The conclusions about each satellite 
type with this configuration are the 
same as for later testing using actual 
crossovers. The basic conclusion is that 
this simple approach is useful only for 
playing background level music with 
small satellite boxes.

SECOND-ORDER CROSSOVER 
PROBLEMS
The plan next called for testing the 
satellites with second-order crossovers, 
first active and then passive units. All 
did not go well. Reconfigured with two 
active second-order monaural cross­

overs, the system was working as in­
tended. Suddenly all sorts of bad 
sounds emerged from the speakers re­
quiring immediate system shutdown. 
Fortunately, no speakers were harmed.

The basic system using only the 
main amplifier was determined to play
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just fine, and the subwoofer amplifier 
and electronic crossovers tested on the 
bench could not be made to act up. 
However, I was reluctant to try these 
crossovers again and decided to use the 
fourth-order crossover, which proved to 
be so “right” that I never returned to 
the second-order types.

Unfortunately, these active cross­
overs were needed to supply gain con­
trols for listening with the passive sec­
ond-order crossovers. I had purchased 
(from Parts Express) some of the small 
Harrison FMOD passive crossover units, 
which come as pairs for the left and 
right channels and plug into the amplifi-

B2213-17 

FIGURE 17: Effect of loading on FMOD 
low-pass crossover.

plugs into them. They are available as 
second-order high-pass (HP) or low-pass 
(LP) units at a variety of frequencies. Be­
cause I was not going to be able to listen 
to these units, I decided to test them to 
see whether they did as claimed when 
“plugged into any amplifier.”

I had purchased a pair of LP (Parts 
Express #266-254) and HP (Parts Ex­
press #266-274) units at 100Hz, so I 
could test the individual units as sec­
ond-order crossovers or cascade the 
pair (plug one into the other) and test 
them as fourth-order crossovers. I had 
been told that these units could be 
“stacked” this way.

I tested the FMOD crossovers using 
Liberty Instrument’s Audiosuite. Thus 
they were driven by a low impedance 
source and loaded by about 50kQ, typi­
cal of the input impedance range for 
amplifiers. Figure 14 shows perfor­
mance of the HP units.

Individually, the units produce the 
anticipated response. The two units cas­
caded do not produce a fourth-order re­
sponse and the level is about 13dB 
down at 100Hz. It is clear the HP units 
should not be used cascaded.

The LP units also show a reasonable 
response (Fig. 15) used alone into about 
50kQ. Note there is some low-frequency 
loss, slightly less than a dB. Again, cas­
cading two of the units to attempt a 
fourth-order crossover does not work, 
as the response shows more low-fre­
quency loss and is down about 13dB at 
100Hz. Clearly, you should not directly 
cascade the FMOD units in an attempt 
to make a fourth-order crossover. Such 

cascading would be practical if you 
placed a buffer amplifier between the 
FMOD crossover units.

I then tested the individual crossover 
units with an additional 10kQ load; the 
total load now being about 8.3kQ. The 
HP test result (Fig. 16) shows the -3dB 
point has moved to about 162Hz and 
the response is down 5.7dB at 100Hz. 
The LP response (Fig. 17) shows a low- 
frequency loss of about 2.8dB and is 
only down by an additional 1.85dB at 
100Hz. Clearly, you should use the 
FMOD units only when the input im­
pedance of the amplifier they drive is 
about 50kQ or above.

One problem with these passive 
crossovers is their expense. If you plan 
to try several frequencies, the cost 
could exceed that of buying a variable­
frequency electronic crossover. Howev­
er, they are handy for testing or where 
space is limited.

FOURTH-ORDER CROSSOVER
I next configured the system with an ac­
tive fourth-order crossover (Fig. 18), an 
Applied Research and Technology 
Model #310 unit (available from Parts 
Express). This crossover can be used as 
either a single channel three-way or a 
stereo two-way crossover with ad­
justable crossover frequencies. It has 
gain controls for all outputs along with 
the ability to mute any individual out­
put. This unit has balanced XLR jacks 
along with single-ended %" mono 
phone jacks for all inputs and outputs.

I used the single-ended inputs/out- 
puts with the Radio Shack phone plug 
to RCA phono jack adapters (#274-320 
or #274-884). Be a bit careful with these 
adapters, because I found the shell con­
tact for the ground was undersized, so I 
had to squeeze the phono plug shells 
with pliers to assure a solid ground 
connection.

This crossover worked well and con-

FIGURE 19: Individual driver with 
crossover responses for Infinity driver.
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vinced me that a fourth-order crossover 
is the way to go when using small satel­
lites in a two-channel system. A higher- 
order crossover would probably also be 
fine, but the fourth-order offers outputs 
that are in-phase at the crossover point. 
With a multichannel system, the receiv- 
er/amplifier should provide the needed 
crossover functions if you make sure to 
set it so all the satellites are fed a re­
stricted frequency range. One of the la­
beled frequency points on the ART #310 
crossover’s scale was 110Hz, so we used 
it throughout the testing. In all cases 
using this crossover, the satellites were 
driven with the same polarity as the 
subwoofer.

Note in Fig. 18 that the wattmeters 
monitor only the power to the satellites. 
Also, the system has switching between 
two pairs of satellites without changing 
the input to the subwoofer. This al­
lowed direct comparison of two satellite 
pairs while playing music. With this 
crossover, the satellites could play at a 
much higher level, because they were 
not receiving low-frequency signals.

After many years of working with 
speakers, I was a bit shocked to hear 
drums pounding away while I lifted the 
satellite grille cloth to see the cones 
barely moving. Loud music was possible 
with less than 10W into the satellites.

INFINITY PLATE COMPOUND 
DRIVERS
By the conclusion of this work we 
had modified the Infinity compound 
drivers used in boxes #1-#4. The listen­
ing results in this section pertain to 
using the drivers as purchased; results 
with the optional modifications are 
covered later.

Boxes #1 and #2 use these compound 
drivers in a side-by-side configuration, 
while boxes #3 and #4 use them in a 
woofer-over-tweeter configuration. In 
comparisons, boxes #3 and #4 won on 

B2213-20

FIGURE 20: Response of bare woofer for 
Infinity driver.

all points. The side-by-side configura­
tion had shown a very wide sweet spot 
in past incarnations, but here seemed 
no better than boxes #3 and #4. From 
here on, discussion pertains only to 
boxes #3 and #4.

These boxes produce a very high pres­
ence sound, but are not “in-your-face,” 
because the image is from the plane of 
the boxes rearward. They will play very 
loudly, and in general the sound is better 
than I had expected from looking at the 
driver test responses. The highs do not 
sound as clean as I would like, but are 
not “hard.” I had hoped for better perfor­
mance from these compound drivers.

This is an acceptable satellite, but 
should be used on the floor and not on 
stands. The tonal balance would proba­
bly improve with the boxes nearer the 
rear wall, but imaging might suffer.

The best listening was with the boxes 
facing straight out and not angled to­
ward the listener. This is a good satel­
lite choice if you play loud music. 
These drivers played at 20W average 
input and loved it. The drivers are not 
shielded, and the satellites are nominal 
4Q systems.

BOSTON ACOUSTICS FX5 CAR 
COAXES
Boxes #5 and #6 use these drivers. These 
satellites are clearly too “hot” in the 
high end and sounded a bit strident. The 
boxes sounded best angled outward 
slightly. By playing with this angle you 
can control the sound a major amount.

These satellites have very high pres­
ence with a bit of “in-your-face” sound. 
They are not good candidates for use on 
stands, but probably sound best near 
the floor/rear-wall interface.

These drivers have the highest sensi­
tivity of all the ones we tested and will 
play loudly. On the floor, away from the 
rear wall, they do have that “hollow” 
sound due to DSL, and they do not
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sound as good as boxes #3 and #4. 
Their main merits are the very simple 
construction and low cost. These driv­
ers are not shielded, and the satellites 
are nominal 4Q systems.

TBSPEAKERS 3" FULL-RANGE 
DRIVERS
We first tried the single-driver boxes #7 
and #8. The satellites were toed in so 
that the drivers aimed directly at the lis­
tener. These boxes have a very pleasant 
musical sound, but something was 
missing. The highs were there, and it 
was clear you were not listening to a 
metal-dome tweeter, but to a mellow 
soft-dome tweeter.

I liked the basic sound, despite the 
“hollow” effects of small boxes due to 
DSL. If used on the floor against the 
back wall or in a bookcase, they might 
be fine. However, even on the floor out 
in the room they are not acceptable.

Playing level was not really a prob­
lem. Background listening was only a 
fraction of a watt into each satellite, and 
about 5W per satellite was reasonably 
loud. There should be no problem in 
this regard for a multichannel system. 
The imaging and clarity were good.

Switching to the dual-driver boxes #9 
and #10—again aimed at the listener— 
was a shock. From systems that were 
weak in the 100Hz to, say, 500Hz range, 
you now had systems that were strong 
in that range. To my ears they were too 
strong when on the floor, sounding ab­

FIGURE 22: New crossover for Infinity driver developed via modeling.

solutely bass heavy. It made voices 
slightly husky. I needed to keep re­
minding myself that 3" drivers were 
producing that sound.

As with the single-driver boxes, a few 
watts to each satellite was sufficient for 
listening. Switching between single- 
and dual-driver boxes on orchestral 
music was very interesting. The dual­
driver boxes revealed all sorts of music 
that was being lost with the single­
driver boxes. I thought the dual-driver 
boxes would sound better off the floor 
(more later).

I experimented with coils from 1.3 to 
2.5mH and liked the design value of 
2.5mH best. This is not a good satellite 
choice for boxes that will be on the 
floor and against the back wall, such as 
in a bookcase. It is an ideal choice for 
boxes on stands out in the room. Clarity 
and imaging were very good, but the 
strong output in the 100-500Hz range 
yields what I call “Cambridge” sound, 
and some may be bothered by a lack of 
high presence. On the floor, these satel­
lites are just great for listening to classi­
cal music at background level.

I thought that perhaps the 6dB DSL 
compensation for boxes #9 and #10 was 
excessive. Reducing the DSL compen­
sation to about 3dB could be accom­
plished by simply inserting a 3dB L-pad 
between the coil and the bottom driver. 
Theory says this is a bad idea. If you 
pad a driver, you raise its Q and destroy 
the electrical damping. Also, you now 

have the two tiny woofers sharing the 
same air volume while playing at differ­
ent levels and having different Qs.

Would the use of an IB and the fact 
that the drivers were not used to handle 
the bass overcome these problems? It 
was simple enough to try, so I listened 
with such a pad included. Theory wins 
this one, as the sound was terrible. The 
DSL compensation was reduced, but 
the sound of musical transients was 
horrible and produced some very 
strange-sounding drums.

As an alternative, I raised boxes #9 
and #10 up off the floor on 13" tall open 
boxes of about the same footprint. This 
gave the best sound, even though this 
aimed the listening axis a bit too high. 
There is little doubt that these are the 
best satellites that we developed (with 
unmodified drivers), if you plan to put 
the speakers on stands out in the room.

Build boxes with vertical front panels 
and use stands that place the top driver 
at about ear level. With the boxes 13" 
off the floor, the presence was better, 
yielding a better overall sound.

SUMMARY FOR 3" FULL-RANGE 
DRIVER BOXES
Even when on the floor, the single-driv­
er satellite boxes #7 and #8 suffer from 
a “hollow” sound due to DSL. They may 
be fine when near the back wall, as in a 
bookcase, but they would be terrible on 
stands out in a room. If you play your 

FIGURE 23: Electrical responses of new 
crossover networks.
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music extremely loudly, these are not 
acceptable candidates—they are shield­
ed drivers, and the satellites are nomi­
nal 8Q systems.

The dual-driver satellite boxes #9 
and #10 are the best satellites we devel­
oped—before modifying the Infinity 
drivers. I thought that on the floor, they 
were a bit overcompensated for DSL. 
These small boxes would be ideal out in 
the room on stands. They can really 
play no louder than the single-driver 
boxes, even though they sound louder 
due to the filled-in 100-500Hz range. 
Thus they are not the best choice for 
playing loud music.

Used alone, without subwoofer, they 
would make good computer speakers 
because of the limited power require­
ment with the listener so close. Again, 
the drivers are shielded, but these satel­
lites are nominal 4Q systems.

INFINITY DRIVER MODIFICATIONS 
(BY G. R. KOONCE)
ROW and I both shun writing construc­
tion articles that require you to modify 
the driver. Here is a voluntary major 
modification that we developed after 
completing the basic satellite work. 
When done, your satellites will no 
longer be simple or cheap. They will, 
however, be good-sounding, small satel­
lites that are worth the cost and effort.

I was not happy with the sound of the

Infinity plate driver in either box type. I 
had expected more from this driver 
based on it being a real two-way com­
pound driver and its reputation. These 
are high-technology drivers with the 
woofer and tweeter using a ceramic- 
coated aluminum cone and dome.

The test results had not been encour­
aging, leading you to expect a “bright” 
sound, probably by design because of 
the intended automotive application. I 
did expect clean highs with a %^ dome 
tweeter, but believed I did not get them. 
I thought that some simple modifica­
tions such as changing the crossover 
capacitors to film units and adding a lit­
tle padding on the tweeter could im­
prove the sound.

I started by examining the factory 
crossover (CO) network, composed of a 
second-order low-pass (LP) on the 
woofer and a first-order high-pass (HP) 
on the tweeter, both using non-polar 
electrolytic capacitors. Both drivers are 
nominal 4Q with the tweeter driven 
with reverse polarity. The LP coil value 
was unmarked, but assuming a Butter­
worth LP for 4Q, the 5.6pF capacitor 
would mean CO about 5kHz. The 3.3pF 
capacitor in the HP meant CO at about 
12kHz. But the response (Fig. 1) sure 
did not show a gaping hole from 5 to 
12kHz, so something was strange.

SOME STRANGE TEST RESULTS
I disconnected the tweeter from the 
woofer so I could drive them indepen­
dently and tested one unit. The individ­
ual responses of the drivers with their 
CO (Fig. 19) tell the story. The woofer 
does not go away at 5kHz, but is the 
major contributor up to 10kHz. While 
not shown, the LP network interacts 
with the woofer impedance to produce 
additional electrical peaking. Those 
highs I did not enjoy were coming from 
the woofer and not the dome tweeter. 
The tweeter makes a low contribution

B2213-27

FIGURE 27: Test system responses with 
new crossover.
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from 10kHz to about 16kHz, then has a 
major peak to 20kHz.

Figure 20 shows the response of just 
the bare woofer on-axis and 10° off-axis. 
The woofer has a terrible peak in the 
9kHz range that Infinity had included 
in the woofer passband. Such peaks 
are common with metal cone drivers 
and require some attention in the CO 
design.

Figure 21 shows the bare tweeter re­
sponse from on-axis to off-axis 20°. 
Other than the nasty peak above, say, 
16kHz, this is a nice-looking response 
for a %" tweeter. Examination of the 
driver responses indicated that CO 
around 6kHz would be good with a sec­
ond-order HP protecting the tweeter.

Based on the measured driver re­
sponse and impedance curves, we de­
veloped a new CO using modeling tech­
niques (Fig. 22). The woofer and tweeter 
are both driven with positive polarity. 
The LP consists of a second-order net­
work optimized to increase the down 
slope from 200Hz to 1kHz for DSL com­
pensation. The series R-L-C network 
shunted across the woofer terminals 
cures the peak around 9kHz. The tweet­
er HP is a second-order network fol­
lowed by a 3dB pad.

Figure 23 shows the electrical re­
sponses of these networks loaded by 
their driver. The effect of the shunt net­
work on curing the 9kHz peak is clearly 
evident. The acoustic response of each 
driver with its CO network (Fig. 24) 
shows the down slope for DSL compen­
sation and CO at about 6.5kHz. We did 
not attempt to cure the woofer anomaly 
around 1.5kHz to 2kHz or the tweeter 
peak above 16kHz.

The modeled system response with­
out DSL (Fig. 25) shows the droop from 
low frequency and then a basically flat 
response up to 16kHz. The response is 
stable from on-axis with the tweeter to 
10° down from the tweeter axis toward 
the woofer. This is the response range 
used for listening with boxes #1-#4. Fig­
ure 26 shows the same plots including
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6dB of DSL, demonstrating that the sys­
tem has a full 6dB DSL compensation.

TESTING THE NEW CROSSOVER
We breadboarded the new CO and used 
it to test one Infinity driver. Note that 
the 0.180mH coil in the shunt network 
comes from the original factory CO. It 
has enough resistance so that you 
could omit the 1Q resistor shown in the 
modeling schematic to save one more 
component. The test results (Fig. 27) for 
the same angles as were used in the 
modeling (Fig. 25) are in good agree­
ment. Note that DSL does not appear in 
the type testing used here.

We modified the Infinity drivers for 
boxes #1 and #2 to remove the factory 
CO and brought out individual wires for 
the woofer and tweeter. After listening 
tests, we assembled the new COs under 
the box pedestal. We also tried the new 
CO in breadboard form and then in­
stalled it in boxes #3 and #4, which 
pose a problem, because the pedestal is 
very small.

Using small coils and putting the 
shunt network inside the box mounted 
on the driver allowed us to fit the CO 
under the pedestal. It is unlikely with 
the coils available today that you could 
fit the CO under the box unless you in­
creased the pedestal height. Table 5 
lists the additional components needed 
to modify a pair of #1 and #2 or #3 and 
#4 boxes.

HOW DO THEY SOUND?
The original boxes sounded light just 
above the subwoofer range and had ex­
cessive highs that were not as clean as I 
had expected, but now I had very fine- 
sounding satellites. With this CO modi­
fication both box types are great satel­
lites that can play loudly. You could use 
either type on stands built with a flat 
bottom rather than the tipped front

TABLE 5
MATERIAL TO MODIFY A PAIR OF 

BOXES #1-#4
QTY. COMPONENTS FOR NEW CROSSOVER
2 0.45mH coils for the woofer
2 4.0pF film capacitors for the woofer
2 0.18mH coils taken from original factory

crossovers
2 1.5pF film capacitors for the shunt network
2 3.0pF film capacitors for the tweeter
2 0.13mH coils for the tweeter
Misc. Extra wire to bring out tweeter directly

www.audioXpress.com 

panel. Adjust the stand height so a seat­
ed listener’s ears are at tweeter height 
for boxes #1 and #2 and a bit above 
tweeter height for boxes #3 and #4. You 
could place boxes #3 and #4 on tall 
stands and build them upside down, 
i.e., invert the front panel to put the 
tweeter at the top.

At most times boxes #1 and #2 and 
boxes #3 and #4 sound very similar. 
Boxes #3 and #4 have very specific 
imaging—almost analytical. Boxes #1 
and #2 now show the very wide sweet 
spot I had learned to expect with the 
side-by-side configuration. Their image 
is not quite as specific as boxes #3 and 
#4, but they offer a wider soundstage. 
On some music I preferred boxes #3 
and #4, and on other music I preferred 
boxes #1 and #2, so I could never select 
a clear winner. Other listeners offered 
similar opinions.

Infinity has recently raised the price 
of the Kappa 462.5CFP plate drivers. 
This, plus the cost of parts for the 
new CO, make these rather expensive 
satellites. Also, you need to assemble a 
reasonably complex CO network.
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Modifying the Infinity drivers to re­
move the original CO parts and attach 
wires to the tweeter terminals exposes 
them to possible damage. Note that the 
woofer terminal closest to the wide 
input terminal is the plus woofer termi­
nal. On the tweeter a red dot marks the 
plus terminal. While these are not sim­
ple satellites to build, they are good-

SOURCES
Boston Acoustics, Inc.
300 Jubilee Drive
Peabody, MA 01960
978-538-5000
www.bostonacoustics.com

Creative Sound Solutions
32-32691 Garibaldi
Abbotsford, BC, Canada V2T-5T7
604-504-3954
www.creativesound.ca

Eminence Speaker Corporation LLC
PO Box 360
838 Mulberry Pike
Eminence, KY 40019
502-645-5622
www.eminence-speaker.com

Infinity Systems, Inc.
250 Crossways Park Drive
Woodbury, NY 11797
800-553-3332
www.infinitysystems.com

Madisound Speaker Components
PO Box 44283
Madison WI 53744
608-831-3433
www.madisound.com

MCM Electronics
650 Congress Park Drive
Centerville OH, 45459
937-434-0031
www.mcmeletronics.com

Near Audio (Bogen Communications, Inc.)
14 Main St.
Brunswick ME 04011
207-798-5606
www.nearspeakers.com

NUERA Acoustic Technology
6538 Albery Place
Burnaby BC, Canada, V5E-4G2
604-517-6683, Mr. Billy Lau
www.nuera-acoustic.ca

Owens Corning—For information on obtaining the 
#705 damping material, call the Customer Service 
Center: 800-328-7617

Parts Express
725 Pleasant Valley Dr.
Springboro, OH 45066-1158
800-338-0531
www.partsexpress.com

Radio Shack Corporation
300 West 3rd St., Suite 1200

Fort Worth, TX 76102-2912
www.radioshack.com

RAW Acoustics
16756-85 Ave.
Surrey, BC Canada, V4N-4W3
604-576-8951
www.rawacoustics.ca 

sounding small boxes that show more 
of what I had expected from the Infinity 
Kappa drivers.

Part 2 of this article covers construc­
tion details for the five enclosure types, 
discusses diffraction spreading loss 
compensation, and summarizes the 
overall work. ❖

AMPLIFIER SOURCES
Following is a list of some of the companies who can 
supply continuously variable frequency car amplifiers 
with 24dB per octave filter slope. These will all require 
a nominal 12V (13.8V actually) power supply at 
approximately a 20A rating for home use. You can 
purchase the power supplies from either Parts Express 
or MCM Electronics.

Alpine Electronics of America, Inc.
19145 Gramercy Place
Torrance, CA 90501
800-421-2284
www.alpine1.com
Alpine MRP-M200,150Wx 1 into 40, eq., subsonic 
filter, polarity switch.

USA Acoustics
2424 Blanding Ave.
Alameda, CA 94501
510-864-7005
www.usacoustics.com
USACOUSTICS USX2050,160W x 1 into 40 and 
USACOUSTICS USX2050,280W x 1 into 40.

JL Audio, Inc.
10369 North Commerce Pkwy.
Miramar, FL 33025
954-443-1100 
www.jlaudio.com
JL AUDIO 250/1,250W x1 into 40, eq., subsonic fil­
ter, class D.

For others who prefer to purchase a more convention­
al subwoofer amplifier with a built-in crossover, these 
crossovers are second- and third-order only, often 
referred to as “plate amplifiers.” Here are several 
sources for these amplifiers:

Adire Audio
1111 Elliott Ave. West
Seattle, WA 98119
206-789-2919
www.adireaudio.com
Adire HS200,200W into 80, eq., subsonic filter, polari­
ty sw., and Adire HS500,490W into 80, eq., subsonic 
filter, polarity switch.

Parts Express
725 Pleasant Valley Dr.
Springboro, OH 45066-1158
800-338-0531
www.partsexpress.com
250W subwoofer amplifiers, par numbers 300-792, 
-793, -794, -796.

Marchand Electronics, Inc.
PO Box 473
Webster, NY 14580
716-872-0980
www.marchandelec.com
XM Series not including the XM46.

The only fourth-order passive crossover is available 
from:

Marchand Electronics, Inc.
PO Box 473
Webster, NY 14580
716-872-0980
www.marchandelec.com
XM46.

Electronic Crossovers 
Tube 

Solid State
Line Level Passive 

Crossovers

Custom Solutions
We can customize our 

crossovers to your specific 
needs. We can add notch 

filters, baffle step 
compensation, etc....
All available as kit 

Free Catalog: 
Marchand Electronics Inc.

PO Box 473 
Webster, NY 14580 

Phone (585) 872 0980 
FAX (585) 872 1960 

info@marchandelec.com 
www.marchandelec.com
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Disposable Camera = Tube Power

One man’s junk is another man’s treasure. Discover how you can recy­

cle the cast-off camera into your next tube project. By Graham Dicker

TABLE 1 
CAMERA INVERTER TEST RESULTS

LOAD (k) VOLTAGE (V) CURRENT POWER
(mA) (mW)

1000 300 0.30 90.00
330 255 0.77 197.05
220 253 1.15 290.95
100 235 2.35 552.25
47 203 4.32 876.79
22 165 7.50 1237.50

A
fter building tube projects for 
many years, I find that one of 
the most annoying tasks is 
building the power supply for 
the project. The filament voltages never 

provide a problem, but the H.T. voltage 
supply always becomes a task. One of 
the easier methods I have used over the 
years is to use a reverse-connected 
power transformer and a rectifier to 
provide a few hundred volts H.T. An ex­
ample of this method is shown in Fig. 1, 
which is the method I use in a future 
issue of aX in my sound card preamp 
power supply project.

Recently, however, I have discovered 
that disposable film cameras are being 
sold by the millions, with some being 
recycled and others ending up in the 
landfill. If you ask them nicely, most 
film processors will give the old shells 
away for free. Inside of these shells lies 
a nice DC to DC inverter ideal to use for 
small preamp or portable projects.

Photo 1shows three of the most com­
mon cameras in the marketplace; most

are made in Taiwan or China 
and marketed by a variety of 
companies. You can pur­
chase them in quantities of 
ten for around $2.99 USD new 
with film, or $4 USD for sin­
gle quantities. The ones you 
need for recycling are those 
with the built-in flash.

I pried apart with a screw­
driver the two plastic clam 
shells, to reveal the inner 
workings of the camera 
(Photo 2). Inside were all the 
plastic mechanics, including 
the viewfinder and camera 
lenses, which you may choose 
to keep for optic projects. You 
can also see the printed cir­
cuit board with the DC to DC 
converter, which you can easi­
ly remove.

Photo 3 shows some exam­
ples. The different type num­
bers are shown in the same 
order as the original cameras
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PHOTO 1: Some popular disposable cameras.

PHOTO 2: Inside the camera.
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PHOTO 3: Converters from the cameras in 
Photo 1.

in Photo 1. The basic performance of 
each converter I tested was so similar 
that I tend to conclude that it doesn’t 
matter which one you use.

The schematic diagram of one of the 
converters is shown in Fig. 2. A 1.5V sin­
gle-cell battery is used to power the in­
verter. The inverter transformer consists 
of a small ferrite core with around seven 
turns bifilar wound for the primary and 
the feedback winding. The circuit is a 
self-sustaining feedback circuit that 
runs at approximately 6kHz. The sec­
ondary winding consists of around 175 
turns providing about 220V AC, which is 
half-wave-rectified by a single 1N4004 
diode. This is filtered by a 160p.F 300VW 
electrolytic capacitor.

When the DC voltage approaches ap­
proximately 270V, the relaxation oscil­
lator formed by the neon (and its stray 
capacitance) along with the 220k series 
resistor lets the neon flash to indicate 
charging of the filter capacitor. This 
voltage is applied across the flash tube, 
which is triggered by the secondary 
voltage of the trigger transformer. A 
large current pulse is provided by 
charging the .1gF capacitor through the

LANGREX SUPPLIES LTD
DISTRIBUTORS OF ELECTRONIC VALVES, TUBES & SEMICONDUCTORS AND I.C.S.

1 MAYO ROAD, CROYDON, SURREY, ENGLAND CR0 2QP
PHONE 24 HOUR EXPRESS MAIL ORDER SERVICE ON STOCK ITEMS FAX

44-208-684-1166 F-MAII: 1 ANGREX@AOICOM 44-208-684-3056

A SELECTION OF OUR STOCKS OF NEW ORIGINAL VALVES/TUBES M ANY OTHER BRANDS AVAILABLE
STANDARD TYPES

ECC81 RFT 3.00
ECC82 RFT 6.00
ECC83 RFT 8.00
ECC83 EI 4.00
ECC85 RFT 5.00
ECC88 BRIMAR 6.00
ECC88 MULLARD 10.00
ECL82 MULLARD 5.00
ECL86 TUNGSRAM 10.00
EF86 USSR 5.00
EF86 MULLARD 15.00
EL34 EI 6.00
EL37 MULLARD 30.00
EL84 USSR 3.00
EL509 MULLARD 10.00
EL519 EI 7.50
EZ80 MULLARD 5.00
EZ81 MULLARD 10.00
GZ32 MULLARD 25.00
GZ33/37 MULLARD 20.00
PL509 MULLARD 10.00
UCH81 MULLARD 3.00
UCL82 MULLARD 2.00

M
These are a select 

an immediate q 
distributors of valve 

Air Post/ Pac

AMERICAN TYPES
5R4GY RCA 7.50
5U4GB SYLVANIA 15.00
5Y3WGT SYLVANIA 5.00
6BX7GT GE 7.50
6FQ7 EI 5.00
6L6GC SYLVANIA 20.00
6L6WGB SYLVANIA 15.00
6SL7GT USA 7.50
6SN7GT USA 7.50
6V6GT BRIMAR 7.50
12AX7WA SYLVANIA 7.50
12BH7 BRIMAR 12.00
12BY7A G.E. 7.00
211/VT4C G.E. 85.00
807 HYTRON 7.50
5687WB ECG 6.00
6072A G.E. 10.00
6080 RCA 10.00
6146B G.E. 15.00
6922 E.C.G. 6.00
6973 RCA 15.00
7308 SYLVANIA 5.00
SV6550C SVETLANA 20.00

ANY OTHER BRANDS AVAILABLI 
on from our stock of over 6,000 types. Pleas 
uotation on any types not listed. We are one 
s in the UK. Same day dispatch. Visa/Maste 
king (Please Enquire). Obsolete types are ou

SPECIAL QUALITY TYPES
A2900/CV6091 G.E.C. 17.50
E82CC SIEMENS 7.50
E83CC TESLA 7.50
E88CC G. PIN TESLA 8.50
E188CC MULLARD 20.00
ECC81/6201 G.E. 5.00
ECC81/CV4024 MULLARD 6.00
ECC81/M8162 MULLARD 7.50
ECC81/6201 G. PIN MULLARD 10.00
ECC82/CV4003 MULLARD 15.00
ECC82/M8136 MULLARD 17.50
ECC83/CV4004 MULLARD 40.00

SOCKETS
B7G CHASSIS 0.60
B9A CHASSIS 1.00
OCTAL CHASSIS 1.00
OCTAL MAZDA 2.00
LOCTAL B8G CHASSIS 2.50

SCREENING CANS
ALL SIZES 1.00

E
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PHOTO 4: Modification to type 1 inverter. PHOTO 5: Type 2 inverter mod. PHOTO 6: Type 3 inverter mod.

series 10k resistor, with the capacitor 
in series with the trigger transformer 
primary. When the trigger switch is 
closed, the capacitor discharges 
through the transformer primary, pro-

Sure, we’re an audio center. 
Center of the universe, that is.
www.AUDIOGON.com
HIGH END AUDIO MARKETPLACE

ducing a high-voltage trigger pulse for 
the strobe tube.

Table 1 shows the test results of load­
ing the output of the DC to DC converter 
with different resistors. You can obtain a 
range of load currents with useful out­
put voltages and use these for tube am­
plifier projects. Loads above 7mA cause 
excessive heating of the ferrite core 
and/or the oscillator transistor.

The test figures also show a dramatic 
drop in output voltage above the 1W

output level. Load currents from 1 to 
4mA are, however, most useful to 
power up to four average triode sec­
tions with the usual 100k plate loads. 
The falloff in output voltage with load 
current is better shown in the graph of 
Fig. 3. The most useful output is in the 
0-4mA and 200-300V region.

Photo 4 shows where I was able to 
tap off the DC voltage from a type 1 in­
verter, in this case around 285V. You 
can ignore the trigger contacts and
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All others. . . . . . . . . . . . . . . . . . . . . . . . .
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D1 Toroids
for Audio

6.3V ACapply a 1.5V DC supply to the contacts 
as shown. You also need to short out 
the two pads indicated to keep the os­
cillator working all of the time. Photos 
5and 6show where to hook up inverter 
types 2 and 3 in a similar manner.

All three inverters showed little rip­
ple in the DC output and little radiated 
noise. If you wish, you can easily en­
close the inverters in a metal tin for 
shielding. Figure 4 shows a simple 
power-supply circuit to provide 1.5V for 
the inverter. I have one of these built 
into a jiffy box along with a 12V center­
tapped transformer for filaments, which 
I use for prototyping valve circuits. ❖

R1 
10K

C1 
1000uF

D1
J £ 1N4004

12V

T1
BD137

+1.5V
to INVERTER

R2
3K3

G-2148-4

FIGURE 4: Power-supply circuit.

Visit Our Website
www.audioXpress.com
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Audio Uses of Transformers

The author calls on readers to contribute information and pool 

resources to retrieve wisdom otherwise partially lost. By Peter Buddee

A
s a long-time reader of Audio 
Amateur publications, I find it 
difficult to start writing with­
out first answering the classic 
question: How did I become an audio 

addict in the first place?
In my case, it is very easy to pinpoint 

in time and space. As a teenager in the 
summer of ’64, I accompanied my fa­
ther to an industrial exhibition in a 
small Swedish town. In the exhibit 
booth of the most popular Swedish 
home electronics producer, I saw en­
throned an open-reel tape recorder with 
its spools rotating at a higher speed 
than I had ever imagined possible, giv­
ing an almost hypnotic visual effect. At 
the side of the tape recorder there was 
a pair of headphones. So, what does a 
young teenager interested in music and 
electronics do in a situation like this? 
Right, he puts on the headphones!

Since this was my first exposure to 
true high-quality sound reproduction, I 
simply wasn’t prepared for the result. Up 
until this moment, I had heard only medi­
um-fi music reproduction, but now I was 
receiving the sound quality of an open­
reel prerecorded tape at 7% ips . . . plus 
the effect of stereo reproduction (also 
new to me), combined with the spooky 
“throwing you in the middle of the or­
chestra” effect given by the headphones.

There is only one expression able to 
register the impact this event had on 
me: “Wow!”

ACKNOWLEDGMENT
To Per Lundahl at Lundahl Transformers in Sweden, 
for his patience in answering all possible (and some 
quite impossible!) questions during this process. I think 
his major reaction now is surprise. With his company’s 
background mainly in pro audio, he now seems to un­
derstand that the technology used in his products 
could prove eminently useful in audiophile applications.

Although I do not recollect the music 
I heard that day, the impact of the 
sound quality has set my priorities ever 
since. My favorite pastime became 
music listening—live or canned. But if 
reproduced, it needed to be of the “best 
possible” sound quality.

I began tinkering with replay equip­
ment, trying to improve sound quality 
whenever possible. I became a classic 
Audio Amateur reader. Also, I joined a 
network of audiophiles that fed and sus­
tained my interest. Some of the mem­
bers of this group became designers and 
manufacturers of audio equipment, as 
well as recording engineers. Over the 
years, the number of active members 
would vary, but there was always a core 
group, keen on honoring continuity.

This group eventually accumulated 
quite some insight into audio-related 
matters. Also, it has access to a continu­
ous timeline, stretching over decades, 
seeing the trends coming and going.

THE REAL ISSUE
There is one audio chain component 
that has remained—over the years—rela- 
tively unchanged in people’s minds. If I 
said, “This component has always been 
seen as a necessary evil, to be used only 
when necessary,” what would your first 
guess be? The right answer is (at least in 
this case!), “the audio transformer.”

It has become clearer in recent years 
that the dominant perception of audio 
transformers does not contain the whole 
truth. As usual (!), the truth proves to be 
more complex than traditional under­
standing, giving good reasons to look a 
bit deeper into the matter.

Accepting (as always) the need to use 
a properly designed component in a 

www.audioXpress.com

properly designed circuit, this group 
has, over the last couple of years, com­
piled a list of possible uses for audio 
transformers. The more we thought 
about this issue, the more obvious it be­
came to us that there seemed to be a lot 
of prejudice getting in the way of really 
good solutions. If you observe the 
recording industry, or the broadcast 
companies, you face a very different at­
titude towards transformers. The group 
found application after application 
coming to the surface, where a trans­
former potentially could provide a very 
satisfying solution.

Very early results of testing some 
new ideas (being primarily forgotten 
old ideas!) seemed to very much sup­
port our view. We also found that we 
had an interesting supplier of audio 
transformers, with strong goals, living 
in central Sweden close to the Baltic 
Sea. Oddly enough, it wasn’t until 
rather late in the process we discovered 
each other, so that we could tap into 
the more detailed knowledge base 
available in this organization.

Overall, my wish is to challenge all 
readers, requesting input from each 
reader who has experience with any of 
the applications described here. I am 
quite convinced there is much more to 
tell than a single person could possibly 
manage to find by himself in a lifetime!

Enough background material for 
each application could result in one or 
more articles supporting the very best 
solutions for each application.

THE APPLICATIONS LIST
So, at last, here’s our list. It tries to follow 
“the general direction” of the signal path, 
and so it would be correct to start with:

1. The Moving-Coil Step-up Trans- 
former—a common place to observe 
a transformer. There could be many 
reasons why the transformer seems 
to be a common solution to bring the 
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output of a moving-coil cartridge to 
the correct level for connecting to the 
47kQ phono input. To the best of my 
knowledge, I haven’t seen any at­
tempt in many years to analyze this 
solution compared to the “active MC 
input amplifier.” Input, anyone?

2. Line-Level Preamp Input Trans­
formers—rather unusual today, it does 
provide galvanic isolation between sig­
nal ground in the preamp and any de­
vice feeding it, at the same time provid­
ing an elegant way to go from bal­
anced to single-end, or vice versa.

3. Preamp Output Transformer—gal­
vanic isolation, impedance, and level 
matching are easily available for this 
configuration.

4. Line-Level “Problem Solver” Trans- 
former—basically a “one-to-one” unit, 
you could insert between, say, a pre­
amp and a power amp (in the cable) to 
ensure no DC interactions between the 
two. This application is a classic pro­
audio solution to ground problems.

5. Power Amp Input Transformer— 
again, galvanic isolation, general 
matching and balanced to single end 
conversion are available here.

6. Power Amp Interstage Transformer— 
general matching, but also eliminat­
ing the coupling capacitor in the sig­
nal path before the output tube grids. 
Given a transformer with good 
enough symmetry, this would allow 
the transformer to be used as a phase 
splitter before push-pull output tubes.

7. Power Amp Output Transformers— 
the classic use for transformers in au­
diophile equipment. Most often used 
in tubed circuits, there are some ex­
ceptions in which solid-state solu­
tions actually have output transform­
ers. I would love to see what thinking 
is available today, for both of these 
applications!

8. The Plate (Anode) Choke—not being 
a true transformer, it has a lot in com­
mon with its brother. The most im­
portant feature here is the inductive 
load it presents the active device, giv­
ing the tube a more linear way of 
working. This is according to the text­
books, but what does experience say?

By the way, the fact that the (normal) 
transformer also provides this induc­
tive load to the drive circuit is only 
rarely mentioned when discussing 

transformer applications. Is everybody 
aware of this fact?

Talking about chokes, there are sev­
eral more applications including this 
device:

9. The Grid Choke
10. Power Supply Filter Choke

Having made this list to look more 
and more like a list of inductive compo­
nents, there is one more item to go; at 
least it is a true transformer:

11. Mains (Power) Transformer—not ac­
tually in the signal path, it would still 
be able to contribute to the sound qual­
ity of the circuit it supplies. What do we 
know about the way the mains trans­
former influences sound reproduction?

Reading through this text, I would 
like to call it “NOS ideas”! Indeed, it all 
seems to be much about retrieving par­
tially lost knowledge, and the phrase, 
”New Old Stock,” could perhaps be 
viewed as appropriate.

Now, anybody who has anything to 
share with the rest of us, please do so! ❖
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Showcase
A Headphone Amp
By Klaus Noll

PHOTO 1:
Headphone amp.

This project, a small headphone ampli­
fier (Photo 1), was sparked by Gary 
Galo and his remark about the values 
of the Pooge 5 line amp stage (AD744/ 
AD811) in conjunction with the Jung/

Didden regulators (described in TAA 
1-4/95 and reviewed in AE 4/00) in 
his kit review of PHONES-01 in Audio 
Electronics2/00.

I had been toying with the idea of
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working with the regulators for a while, 
but was deterred by the apparent com­
plexity of the issue. The work-over in 
AE4/00, I think, proves me right.

The purpose of the project was to de­
sign a piece of equipment which was 
first class in every respect. I incorporat­

ed all the suggestions Walt Jung had 
laid down in his review; i.e., special rec­
tifier diodes (only type available: BYV 
28-100), preregulators, and so on. I 
opted for the AD817, even at the risk of 
sacrificing a bit of performance, for two 
reasons: I found the header arrange­

ment of the SMD AD825 too fiddly for 
my geriatric eyes, and, anyway, the 
AD825 wasn’t available from any of the 
four retailers I contacted (Analog De­
vices ICs are very difficult for the ama­
teur to acquire).

Figures 1-3show the amp schematic

FIGURE 6A: Voltage regulator circuit card patterns, solder A-2134-6A 
side, bottom. (75%)

PHOTO 3: Rear view.

www.audioXpress.com

PHOTO 2: Inside the amp.
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and board layouts. The voltage regula­
tor schematic and board layouts are in 
Figs. 4-6. And the DC supply informa­
tion is shown in Figs. 7-9.

I designed a PCB for the regulator/ 
prereg section, based on Jan Didden’s 
original trace pattern, with space for 
two positive and two negative regula- 
tors/preregs, which provide ±14V for 
the two amplifiers. You can see this 
board (Photo 2) in the middle of the 
cabinet (which, by the way, is the MC-10 
from Sescom, who were extremely help­
ful and friendly in getting the cases 
sent to Europe). All four regulators 
worked faultlessly right from the begin­
ning. The eight heatsinks are probably 
hopelessly oversized, but I liked the 
looks of them (silly to put them in a 
closed cabinet). The AD811s carry little 
heatsinks, stuck on with heat-conduc­
tive sticky foil normally used for fixing 
heatsinks on CPUs.

The signal is fed straight to the vol­
ume pot from a separate line stage in 
my preamp, bypassing its volume con­
trol and then through the 744/811 amp 
to the phones jack (Photo 3). Amplifica­
tion is four times and can be varied by 
±6dB in the right channel to enable the 
adjustment of balance if necessary.

I use a Beyer Dynamics DT 880 pair 
of headphones (600ft nominal imped­
ance) which are rather ancient. (You 
may want to buy some modern phones.)

What about the sound? Gary Galo 
was right to maintain that this was 
probably the best headphone amp avail­
able. The sound is simply overwhelm­
ing and light-years away from what usu­
ally emanates from the outlets of com­
mercial equipment, prestigious CD 
players, and tape machines. The amp, 
on the other hand, mercilessly reveals 
recording faults such as momentary 
clipping (even on noble records) or mis­
balancings in the soundstage.

Mr. Galo was a bit off the track as far 
as the costs of such an amp are con­
cerned. I certainly didn’t spend thou­
sands of dollars on the project, but man­
aged to complete it for under $300. ❖

SOURCE
Sescom
517 Main Street
PO Box 839 
Wellsville, KS 66092 
785-883-3009
FAX 785-883-4422
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P1

FIGURE 9: Raw DC supply circuit card 
foil pattern, solder side. (85%)
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POSSIBILITIES
“Damping Loudspeakers in Series” 
by Dick Pierce (aX, Nov. ’02, p. 38) 

should convince anyone that series 
connection of (assumed identical) 
speakers has no effect on damping. But 
in the interest of encouraging people to 
look for the simplest solution to a prob­
lem, I’d like to point out the simplest 
analysis of series damping, namely, 
symmetry.

Consider two identical speakers (or 
any electrical impedances including re­
actance and/or nonlinearity) in series, 
with any voltage V1 applied to the series 
pair. By simple symmetry, the voltage 
across each element must be V1/2, for all 
conditions. Thus, with two identical 
speakers in series, each speaker always 
sees V1/2. Therefore, if V1 is constant, so 
is the voltage across each speaker, re­
gardless of frequency or current drawn. 
The speaker can’t tell this symmetry- 
derived constancy from a voltage source 
V1/2 driving it individually. Thus all pa­
rameters, such as current vs. frequency, 
are the same (except for half the drive) 
as if the speaker were solely connected 
to a constant-voltage source. Hence, 
damping also is unaffected.

The argument that one speaker’s re­
sistance decreases the other’s damping 
is flawed: if, say, a 4Q speaker were con­
nected in series with a 4Q resistor, cer­
tainly the electrical damping would be 
halved (twice the QES). But the second 
speaker is not a resistor! Rather, its 
voltage/current ratio and phase (imped­
ance) varies with frequency (and any­
thing else, such as nonlinearity of me­
chanics) in exactly the same way as the 
other speaker. This preserves the sym­
metry, therefore the constancy of indi­
vidual speaker voltages.

As an aside, the electrical dual would 
be two identical speakers in parallel, 
driven from a constant-current source. 
The current would split equally.

But what about the real world of non­
identical speakers (say in series)? No 
longer symmetrical, damping willbe af­
fected. For example, suppose (exagger­

ated for clarity) one speaker of a sealed- 
box pair has a resonant impedance 
peak at 40Hz, the other at 50Hz 
(acoustic interactions ignored). Then at 
40Hz, the first speaker presents a high­
er impedance to the second than the 
latter’s own. (Also, the impedance phas­
es are different.) Vice versa at 50Hz. 
Thus, the voltage across each speaker 
will rise (> V1/2) at its own resonance 
frequency; damping is decreased.

The same can happen if identical 
speakers in series are loaded different­
ly acoustically, for example, if damping 
material is more densely packed 
around one speaker; or in a vented en­
closure, if one speaker is significantly 
closer to the vent.

It is for such reasons that parallel 
speaker connection is preferable; only 
then is constant-voltage drive assured 
with dissimilar drivers, loading, and so 
on.

Electrical elements in series driven 
by a constant-voltage source (or the par- 
allel/current source dual) are actually a 
form of feedback stabilizing, if you con­
sider the time delay of reactances (even 
what we call “resistors” have parasitic 
L and C). Consider a 1Q resistor with 
one end connected to a +2V source 
(with reference to some defined ground 
point). Initially, the resistor’s other end 
is floating—zero current. Then, this end 
is connected to a second 1Q resistor 
whose other end is grounded.

Now we have 2 V across two series 1Q 
resistors. The steady-state 1A of current 
doesn’t flow instantly; parasitic L and C 
cause a build-up delay, possibly with 
damped oscillations (at RF frequencies, 
most likely). With identical resistor par- 
asitics, each resistor would see an im­
mediate and constant voltage of 1V 
across it (regardless of transient cur­
rent oscillations) due to the symmetry.

But with dissimilar parasitics, of suf­
ficient magnitude, the resistor mid­
point voltage would oscillate about 1V 
until (theoretically never fully) decayed 
to zero. In the steady-state, the resistors’ 
resistance values determine the final
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voltage division. So considering the os­
cillations due to reactances, it is inter­
action between currents and voltages, 
damped by resistance, that stabilizes 
the final result. And any self-regulating 
interaction process is, analytically 
speaking, negative feedback. (So, fellow 
audiophiles, technically there’s no such 
thing as a zero-feedback amplifier!)

A fellow engineer once witnessed 
positive feedback with resistors, pro­
ducing sustained oscillation. Actually, 
this is unfair; the resistors were temper­
ature-dependent; the circuit was an at­
tempt to compensate some voltage- 
controlled RF device. One “resistor” 
had a strong positive temperature coef­
ficient (TC); the other a strong negative 
one. The supplied voltage fed to these 
two in series was enough to significant­
ly heat at least one element, thus 
changing its resistance. This changed 
the current, and therefore the heating 
of both itself and the other element.

The result was an oscillation of cur­
rent and mid point voltage, frequency of 
about one cycle every 15 minutes 
(0.0011Hz), which lasted longer than the 
engineer’s patience! The world’s sim­
plest ultra-low frequency oscillator—no 
transistors, no tubes! (You could call it a 
thermo-parametric oscillator.)

This example of unexpected feed­
back interaction with assumed-to-be­
passive elements is not as remote from 
normal audio design as you may 
think—with high driving power, voice 
coils heat up and their resistance in- 
creases—oh, the possibilities!

Dennis Colin
Gilmanton, I.W., N.H.

Dick Pierce responds:

Oh, the possibilities indeed! The possibilities 
are endless.

Fortunately for us, the realities are far 
more limited.

First, a general comment on Mr. Colin’s al­
ternate explanation involving the notion of 
symmetry. It is certainly another valid ap­
proach to describing the situation, and is one 
that I am fully aware of and alluded to in the 
final section of my article in describing the in­
consequence of identical non-resistive attenu­
ators in series. The same holds for his com­
ment about the electrical dual of a series con­
nection driven by a voltage source versus par- 
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allel connection driven by a current source. 
My choice for the path taken was that it used 
the familiar Thiele-Small parameter set, the 
lingua franca of loudspeaker drivers.

However, the remainder of his comments 
take the discussion quite a ways away from 
reality in several aspects. Let’s examine sev­
eral of the flawed assumptions in his reply, 
because those assumptions are quite crucial 
to his premise.

Let’s specifically examine one very impor­
tant assumption, where he states “acoustic 
interactions are ignored.” Unfortunately, the 
acoustic interactions cannot be ignored: at 
the frequencies we are talking about, these 
interactions not only cannot be ignored, they 
are important to the understanding of the sit­
uation.

Beyond that, Mr. Colin makes other as­
sumptions that are physically difficult or im­
possible to realize. Take his example of two 
speakers in a sealed box having two different 
resonances. The resonant frequency arises 
from the interaction of the moving mass of 
the cone and the total compliance as seen 
by the cone: that includes the suspension 
compliance and the enclosure compliance. 
Moving mass is one of the easiest-to-control 
parameters in a loudspeaker: the variation in 
resonant frequency between otherwise iden­
tical drivers is due overwhelmingly to the 
variations in driver compliance.

Yet, Mr. Colin’s example completely ig­
nores the fact that in most cases today it is 
the enclosure compliance that is the control­
ling factor: thus, it is quite difficult to obtain 
the situation he describes, with two nearly 
identical masses seeing a common total sys­
tem compliance. Expecting a sealed box with 
two drivers of the same model to have reso­
nant frequency one-third octave apart is dif­
ficult to imagine, much less take as a serious 
challenge to the analysis presented. Indeed, 
I would say with all due respect, his example 
is highly unrealistic and at substantial vari­
ance with the actual behavior of multi-driver 
sealed box systems.

His example further purposely discards 
the mutual coupling between the drivers, 
which is significant at the resonant frequen­
cy of the system, unless Mr. Colin is suggest­
ing placing these two drivers in a sufficiently 
large enclosure that the drivers are essential­
ly uncoupled. That would suggest an enclo­
sure size of a few yards for reasonable low- 
resonance woofers.

Other assumptions made by Mr. Colin 
bear some note. Take, for example, the no­
tion that the difference in distance between 
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the ports and the drivers, as a significant 
agent is, to be perfectly frank, far-fetched at 
best. At the frequency where the driver mo­
tional impedance is at its greatest, i.e., 
damping is significant, the wavelengths are 
substantially longer than the dimensions of 
the enclosure, the enclosure is working in 
pressure mode, and there, essentially, is no 
such distance issue.

Similarly, his comment about the differ­
ence that might arise because “damping ma­
terial is more densely packed around one 
speaker” is highly unrealistic. First, as I am 
sure everyone is aware, the most significant 
mechanism for damping is the electrical loss 
in the speaker, followed by the mechanical 
losses, smaller by a factor of from 2 to 20. A 
very small part of the total dissipative mech­
anism that would have an effect on the driv­
er are acoustic losses, suggesting that there 
would have to be a huge difference, more 
than would be realizable without someone 
being painfully aware of the difference when 
assembling the speaker, in the damping be­
tween the two speakers. Realize also the ef­
fects of such damping at the frequencies of 
interest: substantially less than at high fre­
quencies. Lastly, who on earth would want to 
do such a thing purposely? Or what manu­
facturer would have such poor control over 
its assembly to allow such to happen?

Mr. Colin’s comment that “electrical ele­
ments in series driven by a constant voltage 
source are actually a form of feedback stabiliz­
ing” is simply wrong. Feedback and feedback 
stabilization require effective power gain which 
is simply not relevant to the case at hand. The 
concept of “feedback” is one which is poorly 
understood in some corners of the hi-fi com­
munity, and is used as a bogeyman for ex­
plaining, inappropriately, all manner of prob­
lems, real and imagined. Indeed, you might 
even hazard to suggest that these wrong-head­
ed notions of feedback are, in some respects, 
a cornerstone of high-end audio mythology.

His further comments on this topic once 
again ignore the reality that in the loudspeak­
ers we use, the losses by far dominate and 
overwhelm the reactances, and the notion of 
coupled “active” oscillators, which his hypoth­
esis implies, depends first upon the invalid as­
sumptions of his feedback model and second 
on mechanical oscillators whose Q at reso­
nance exceeds those of real drivers by orders 
of magnitude. In place of his RF parasitics, 
which can, in magnitude, exceed the bulk re­
sistance of the resistors in his example, con­
sider instead effective sizes of the reactive 
components represented by the mechanical 
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“parasitics” of real drivers and systems.
Mr. Colin’s hypothesis can be tested in 

practice: it leads to a set of behaviors that 
can be observed. In this sense, his hypothe­
sis, no more or less than mine, is falsifiable: 
the proof is in the observational pudding. 
Probably the one example in my article that 
is the best candidate to support his hypothe­
sis is the two separate speaker systems that 
are hooked in series: there is no common 
mutual capacitance and, if desired, the 
speaker can be separated by a distance to 
minimize the effects of mutual coupling. You 
do not, as a result, observe behavior other 
than what the model I presented predicts. 
This might suggest that some of the assump­
tions behind Mr. Colin’s model need to be 
addressed. Occam, on the other hand, re­
mains clean-shaven as always.

Yes, indeed, the possibilities. Physics has 
a way of winnowing the possibilities to man­
ageable numbers, though.

OUTPUT BIASING
In response to a recent inquiry in 
this column regarding the use of in­

dividual versus common-cathode bias 
resistors in self-biased power amplifiers 
employing multiple output tubes, I 

would always use individual resistors 
and bypass capacitors on each tube. 
Use of a common-cathode resistor for 
two or, even worse, four tubes would ag­
gravate mismatch between the tubes. 
With a common resistor, both or all 
four tubes are forced to operate at the 
same bias voltage, and if they are close­
ly matched—meaning each tube draws 
the same cathode current at the same 
grid bias voltage—the total current 
would divide equally among them and 
everything would be fine.

However, if the tubes are not closely 
matched, one tube may draw consider­
ably more current at the same bias volt­
age than the others, or conversely, need 
more bias voltage to reduce its current 
to that of the other tube(s). This tube 
would draw more than its share of cur­
rent and force the voltage dropped 
across the resistor to be higher than 
normal. This, in turn, would bias the 
other tube(s) to a lower than normal 
current. Furthermore, since the value 
of the cathode resistor is one half (for 
two tubes) or one fourth (for four tubes) 
the resistance it would be for each tube 
individually, the tube drawing the high-
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er current would be less able to obtain 
the bias it needs.

As a result, in extreme cases, espe­
cially with four tubes on one resistor, 
the plate on the hog tube may glow red- 
hot, while the other(s) will be almost 
cut off. Providing a means to measure 
or compare the current drawn by each 
tube and adjust or balance these cur­
rents would be a solution to this prob­
lem, but it would be more complex than 
the individual resistors and bypass ca­
pacitors, and occasional measurement 
and readjustment would be needed.

With individual resistors, each tube 
could set its own bias independently 
and, to some extent, self-equalize. Im­
balances can still occur, but not as 
much as with all tubes tied together, 
and you can easily detect these imbal­
ances by measuring the cathode volt­
age on each tube. This also applies to 
push-pull drivers and other voltage am­
plifier stages, too.

The only time I use common-cathode 
resistors is in cathode-coupled long­
tailed phase inverter and differential 
stages, where it is fundamental to the 
operation of the stage. Common-cath­
ode resistors were generally used in the 
days when tubes were the cheapest (or 
only) way to amplify audio mainly for 
cost competitive reasons, but today, 
when tube amplifiers are a specialty, 
the added cost of a few extra resistors 
and capacitors is negligible.

Actually, fixed bias would be superi­
or to self bias for power amplifiers, be­
cause the operating point will not shift 
with changes in signal level and tube 
current; more of the total B+ voltage 
would be available to the output tubes, 
resulting in more power with less dis­
tortion, and some electrolytic capaci­
tors (the cathode bypass capacitors) 
would be eliminated from the signal 
path. However, the need to monitor the 
current and adjust the bias voltage of 
each tube is even more important for 
fixed bias than for self bias. For small 
(under 15 or so watts per channel) units 
intended for moderate volume levels in 
homes and other small spaces and 
where cost and minimal maintenance 
are important, individually self-biased 
output tubes would be a good choice.

Michael Kiley 
Crestwood, Ill.
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PAST AND PRESENT
While browsing through a copy of 
audioXpress several days ago, some 
thoughts crossed my mind. Current 
U.S. audiophile publications seem en­
tirely devoted to reviewing equipment 
on the market and presenting little 
technical material beyond performance 
specifications plus reviewer comments. 
While audioXpress has some of this, it 
seems to me to be unique in having do­
it -yourself construction and tutorial ar­
ticles of interest to the serious hobbyist. 
There were past U.S. radio publications 
that devoted part of some issues to 
audio equipment construction, but to 
my knowledge they are no longer 
around. I believe the greatest contribu­
tion Audio Amateur Publications may 
have made—and is now making—is 
keeping interest in audio alive as a 
technical hobby.

My interest in audio goes back to my 
teen years, which began about 1940 
when I built an amplifier using a pair of 
45s in the output with parts mostly sal­
vaged (scrounged) from old radios. My 
career as an engineer began in 1948 
when I designed some components of a 
guided missile. Needless to say, design 
in the beginning involved vacuum 
tubes; later it involved solid state. Over­
all, I was at it for more than 40 years in 
one engineering capacity or another.

It is interesting to me to see renewed 
interest in vacuum tube amplifiers, and 
I believe that some opinions are not all 
on solid technical ground, but as hob­
byists we are entitled to hear things 
that others may not, or may not exist at 
all. I am a little nostalgic, however. 
Tubes, unlike transistors, are forgiving 
even when operated so far above their 
ratings that the plates run a little red, 
but they usually survive.

I find it interesting that the audio 
hobby seems to have followed a path 
similar to that of ham radio. In the early 
days each was almost entirely a do-it- 
yourself hobby with high technical in­
terest on the part of the builder. Kits ap­
peared later, and became popular 
among those with little or no technical 
knowledge as well as those with experi­
ence; enjoyment probably came from 
having successfully built an operating 
system.

Currently audio equipment, like ama­
teur radio equipment, is almost exclu­

www.audioXpress.com

sively of commercial systems and com­
ponents involving no more than inter­
connecting the parts. Interest seems 
not in the internal workings of the gear 
but enjoyment in listening (audio) or in 
communicating (ham radio). As hob­
bies, both have greatly changed from 
the early days.

I have subscribed to Audio Amateur 
publications since the 1970s and am 
privileged to have had articles pub­
lished in them. I was an avid reader of 
Audio Engineeringand at one time had 
issues going back to 1949. I don’t have 
them anymore, but I now have each of 
the seven Audio Anthologies, obtained 
as they became available. The articles 
were by audio professionals and seri­
ous hobbyists, including C.G. McProud, 
the publisher.

When the publication name was 
later changed to AUDIO, it became 
somewhat less do-it-yourself and less 
technical, but I remember it having 
good equipment reviews and test re­
ports and a quasi-technical article or 
two; I believe do-it-yourself was dropped 
later. I think audioXpress is much like 
Audio Engineering.

I am glad to see some of the great 
audio publications of the past such as 
Olson’s Acoustical Engineering and 
Langford-Smith’s Radiotron Designers 
Handbook and others being brought 
back by Audio Amateur Publications. 
Individuals interested in vacuum tube 
applications in audio would benefit 
from the latter.

The anthologies present a good 
panorama of audio as it developed over 
more than a decade. I obtained some of 
these publications, and others, about 
the time when they came out. I treasure 
my collection. I hope Audio Amateur 
Publications can get the rights to other 
great ones.

I think you and your staff are doing 
a fine job and wish you the best in the 
future.

J. Laurence Markwalter, Jr. 
Port Charlotte, Fla.

THOR UPDATE
Since reading your article in 
the Sept. ’02 issue (“Building the 

THORS,” p. 14), I’m interested in how 
the THOR speakers sound now that 
they’ve settled in. The very favorable

http://www.audioXpress.com


review by Dennis Colin (May ’02) initial­
ly steered me towards this design (I’ve 
since noted there has been a mixed re­
action from DIYers on the web). My 
problem is that I do not know of a fin­
ished pair here in Adelaide, South Aus­
tralia, to audition. Your views would be 
immensely helpful.

Ross Yannis
Adelaide, South Australia

Edward T. Dell responds:

The THORs have improved, if anything, over 
the months since I completed building them. 
If the fact that this design was based on 
new, unprecedented transmission line re­
search by G. L. Augspurger, the expert who 
evaluates speaker patents for both the Jour­

nal of the Audio Engineering Society and for 
The Acoustical Society of America, and who 
for many years was production director for a 
very large speaker manufacturer, and that 
the design for THOR was done by one of the 
most well-known speaker designers on the 
planet, then I don’t know what kind of pedi­
gree you need to have confidence in a sys­
tem. I do not, generally, put very much con­
fidence in what I read on the web. At best it 
is a mixed bag ranging from genuine experts 
to totally uninformed folks who like to hear 
themselves talk.

What I do put confidence in is the hour I 
spend each lunchtime since building the 
THORs, listening to CDs and for the last 
month to SACDs from a new Sony DVD play­
er. This includes some 200 CDs so far. I 
have never heard this quality and resolution 
from any speaker system, either commercial 
or those I have built myself. The width of the 
frequency response—both at the top end 
and the bass—is without any competitors 
that I have listened to.

It is the most revealing speaker system I 
have ever heard. I am constantly surprised 
by what I hear. This is true for many CDs 
where the difference in recording methods is 
evident, sometimes painfully. I am beginning 
to note differences in microphone tech­
niques. The regular CD issues from Nimbus, 
EMI, and Decca/London sound much better 
than many other brands. Only issues in the 
last year or two from DG sound worth listen­
ing to.

I very rarely use the cliche “awesome” 
about anything, and especially speakers. But 
the SACD reissue of Stravinsky’s Rite of 

Spring by Telarc rates that adjective, as does

the Hohvaness “Mt. St. Helen’s Symphony.” 
The drums in both those recordings, as re­
produced by the THORs and without a sup­
plemental sub, are nearly overwhelming.

I think highly enough of the THOR perfor­
mance that I have plans in place to build an­
other pair for an ambient system, powered by 
bi-amped Pass Zens.

Why not look for the Australian distributor 
for SEAS products and ask for any dealers 
who sell to DIY people who may have built 
the THORs. It is early days for this, since we 
published the original tests in May of 2002. 
However, I confidently predict that any DIY 
speaker enthusiast who carefully builds the 
THORS according to our published plans 
and uses decent power—even as low as 20W 
per channel—will be more than satisfied.

DIGITAL RIAA PLAYBACK
I wish to respond to a statement in Gary 
Galo’s review (audioXpress Oct. ’02) of 
the KAB preamp, which I quote from 
page 46:

“. . . Among the virtues of digital equal­
ization is the lack of nasty phase shifts 
inherent in analog filters. In the case of 
playback curves, the lack of frequency-
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dependent phase shifts presents a 
problem.”

He goes on to say,

“. . . It should certainly be possible to 
design digital filters to mimic both the 
phase and frequency characteristics of 
analog filters, but no one has done this 
commercially for playback equalization 
of disc records, as far as I know.”

In my experience, the usual way of 
designing digital filters actually does 
mimic both the phase and amplitude 
characteristics of an analog filter as a 
function of frequency. So, it is quite 
easy to design a digital RIAA filter that 
does a highly precise job of compensat­
ing for this recording equalization on 
an LP.

The only issue is that the bass boost, 
combined with the treble rolloff, is like­
ly to use up 40dB of the 90dB dynamic 
range available in 16-bit audio, leaving 
about 50dB with which to represent the 
signal after digital RIAA compensation. 
To work around this, it is preferable to 
convert the analog LP to digital form 
using a 24-bit digitizer, leaving about 
60dB for representing the signal using 
commercial 24-bit sound cards.

The digital filter designer could prob­
ably adjust the digital equalizer’s gain 
to preserve more than 50dB dynamic 

range with 16-bit recording, but you get 
the idea.

As for phase shift, I have designed a 
digital RIAA filter to be used on 
44.1kHz audio samples in software, and 
I present graphs of only the error be­
tween the actual response and the ideal 
RIAA response.

Figure 1 shows the amplitude error, 
where the ideal response in dB was 
subtracted from the digital filter re­
sponse in dB. The error is negligible up 
to a frequency of 10kHz, and by 20kHz 
the error is only +1dB. Since this is the 
range where most tweeters roll off, I 

don’t consider this much of an error. 
The purist would sample at 96kHz, and 
the amplitude error up to 20kHz in this 
case would be effectively zero.

As for the phase error, this is shown 
in Fig. 2. There actually is a noticeable 
phase error because of the way digital 
filters behave as you approach the sam­
pling frequency (even with pre-warping 
during the design). However, the curve 
of phase error is so close to a straight 
line that it looks like a pure delay, 
which is inaudible. The excess delay is 
about 15° at 20kHz, which I doubt is au­
dible. Again, redesigning for 96kHz 
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sampling will reduce even this error to 
effectively zero.

The only way to get non-analog 
phase response from a digital filter is to 
use non-analog design techniques. This 
is typically done in the antialias filters 
built into analog-to-digital converters in 
order to eliminate the large excess 
group delay inherent in steep filters, 
and similarly in the reconstruction fil­
ters in CD players.

It is even possible to use phase 
equalization techniques (without alter­
ing the amplitude response) on digi­
tized LP tracks in order to improve the 
sound captured from some LPs, and I 
have done so. However, that is beyond 
the scope of this letter.

Victor Staggs 
Torrance, Calif.

* Since I wrote this letter, a company 
has made a commercial software RIAA 
digital filter. The Griffin Technology 
Company, which makes monitor and 
sound adapters for the Macintosh com­
puters, has released an RIAA equalizer 
digital filter to be used when importing 
LP recordings directly from a turntable, 
without any phono preamp. If you own 
their iMic sound input digitizer, the 
recording and equalization software is 
a free download at this date.

Gary Galo responds:

After receiving Victor Staggs’ letter, I made 
inquiries to three of the leading manufactur­
ers of digital editing equipment; namely, 
Sadie, Sonic Solutions, and Cedar. I asked 
them whether the algorithms for their digital 
equalization would mimic both the frequency 
and phase characteristics of analog filters. I 
also explained that I was specifically inter­
ested in phono equalization. I received no re­
sponse from Cedar.

Ron Rigler of Sonic Solutions noted that 
they manufacture an equalization system 
specifically for RIAA de-emphasis. He further 
stated: “My understanding is that the filters 
are designed to mimic the phase response of 
an analog filter. You can use Desk Events or 
Complex Filtering in the background to pro­
duce any set of filters you desire.”

Mike Porter of Sadie replied as follows: 
“The truthful answer is that we aren’t 100% 
sure that the EQ does follow typical analog 
phasing characteristics. The EQ was de­

signed several years ago before the “Linear 
Phase” phrase became a popular topic of 
discussion. We are fairly certain that “Linear 
Phase” was not designed in as a principal 
characteristic of our EQ. The gentleman who 
was the design engineer with Sadie at that 
time left the company a few years ago and 
we were not able to contact him.”

So the answer to this question would 
seem to vary from one manufacturer to the 
next. I caution against using any digital 
equalization system for phono equalization 
without a guarantee from the manufacturer 
that their digital equalizers duplicate both 
the amplitude and phase characteristics of 
analog filters.

I agree with Dr. Staggs regarding the dy­
namic limitations of 16-bit digital audio. In 
professional workstations, and the best 
sound cards, 24-bit is now the norm, so this 
shouldn’t be a concern.

However, I do not agree with Staggs on 
what constitutes sufficient accuracy in an 
RIAA equalizer. Long-time readers of these 
pages (I refer to the predecessor of aX, The 

Audio Amateur) will recall the debates of the 
late 1970s and early 1980s regarding the 
audibility of differences between phono pre­
amps. The view among some engineers was
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that the only audible differences between 
phono preamps were those caused by errors 
in frequency response, phase, and absolute 
polarity. Those on the “golden-ear” side of 
the debate insisted that other, less easily 
quantifiable differences were also audible.

One thing that most audiophiles in both 
camps agreed on was the necessity of ex­
tremely accurate RIAA equalization, elimi­
nating RIAA errors as a factor in LP repro­
duction. Errors of ±0.25dB are at the edge 
of acceptability, and for well over 20 years 
the better RIAA phono preamplifiers have 
generally offered accuracy to within ±0.1dB. 
Since Stanley Lipshitz published his paper 
“On RIAA Equalization” in the June 1979 
issue of the Journal of the Audio Engineering 
Society, the mathematics for designing ex­
tremely accurate RIAA networks has been 
readily available.

As Lipshitz pointed out in his opening 
paragraph: “One fact, however, is indis­
putable, and that is that frequency response 
differences exceeding a few tenths of a deci­
bel in magnitude between disk preamplifiers 
are audible. Such deviations tend to be 
broad band in extent, since they arise from 
gain and component errors within the RIAA 
deemphasis circuit.” Lipshitz also points out 

that the additional high frequency time­
constant, T6, inherent in feedback-based 
RIAA preamplifiers, can cause an audible 
rise in high-frequency response if not proper­
ly compensated.

I consider Dr. Staggs’ RIAA accuracy to 
be unacceptable by either “scientific” or 
“golden-ear” standards. I doubt that very 
many audiophiles in either camp would con­
sider the gradual rise in response in the top 
octave—a full 1dB at 20kHz—to be inaudi­
ble or otherwise of no consequence. In fact, 
it is an error very similar to what you can get 
if you ignore Lipshitz’s T6 in a conventional 
analog RIAA de-emphasis circuit.

Figure 3 is an RIAA phono preamplifier I 
designed a while back, using Analog De­
vices’ AD745J op-amp as the gain block, 
buffered by their BUF04 closed-loop, cur­
rent-feedback buffer. I designed the circuit 
for a 1kHz gain of 40dB. R3 satisfies the 
stability requirement of the AD745 (mini­
mum voltage gain of 5), and I calculated the 
RIAA values using a spreadsheet I designed 
to do the Lipshitz math for all four RIAA 
topologies. The network R6/C3 compensates 
for T6. I have not dealt with the DC-offset is­
sues here. Either a servo or an output cou­
pling capacitor will be necessary. I have 

shown the parallel capacitor values neces­
sary to make up C2, from available E12 val­
ues. R1 and R2 can easily be made from se­
ries or parallel combinations of E96 values.

Figure 4 shows a SPICE computer simula­
tion of the RIAA accuracy, using a mathemati­
cally ideal RIAA emphasis model. As you can 
see, the circuit is capable of excellent RIAA 
accuracy, better than ±0.012dB. Figure 5 
shows what happens to the RIAA accuracy 
when the R6/C3 network is eliminated. The 
RIAA response is up 1dB at 20kHz. If I were 
to publish such a circuit in these pages, I 
would probably be taken to task for a serious 
design oversight, and rightly so.

I admit to being a purist, and agree with 
Staggs that a 96kHz sampling rate is proba­
bly a minimum requirement if RIAA EQ is to 
be done properly in the digital domain.

REVIEW AFTERWORD
I read and enjoyed your review of the K- 
12M stereo amplifier by S-5 Electronics. 
Your review was thorough and honest.

I was concerned about the part on 
the K-12M’s muddy bass, which would 
probably be solved by an upgrade of the 
output transformers. Substituting those 
supplied with Hammond P-T1609s
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(10KCT: 4/8/16^) would clean up the 
bass.

It’s also important to note that the 
11MS8 is not a high-fidelity tube per se. 
It’s a variation of 11BM8 (an 11-volt 
6BM8). The 11MS8 and 11BM8/6BM8 
were intended for single-end use in 
portable phonographs and tape 
recorders where chassis space is ex­
tremely limited. In this type of applica­
tion, small speakers with limited fre­
quency response were used anyway, so 
the 6/11BM8 filled the bill.

You had reported that the 11MS8 
was made in Japan. Tubes produced in 
Japan have rated poorly in VTV(Vacu- 
um Tube Valley) magazine’s tube 
shootouts. It might help to replace those 
furnished with some purchased from 
Antique Electronic Supply—providing 
they’re not just Japanese jobbers.

A similar kit, using 11BM8s, as op­
posed to 11MS8s, is available from AES 
for $140. While it costs $10 more, I 
would go with it. In addition to the 
earlier-mentioned opt upgrade, the 
11BM8 is probably easier to obtain 
under additional brands names, mak­
ing further experimenting possible.

Neal A. Haight 
Castro Valley, Calif.

Duncan and Nancy MacArthur respond:

Thanks for your thoughtful comments on the 
S-5 amplifier.

We tend to agree with many of your ideas 
about parts with the caveat that sometimes 
parts choices are synergistic, and changing 
one may upset the balance of the whole. In 
the final analysis, it’s the results that matter.

In particular, the transformer set would 
appear to be a weak point in this design. But 
good iron costs money, and each consumer 
will need to make decisions based on his or 
her own budget.

Our only experience with the AES kit is 
the description and small picture on their 
web page. It appears to be extremely similar 
to the S-5 and has the same designer. At any 
rate, the AES amplifier looks worth investi­
gating if you’re in the market for an amplifier 
in this price range.

We note that S-5 is now selling a case for 
the amplifier that appears to address many 
of our ergonomic concerns. As of now the ex­
istence of this case and the fact that we’ve 
heard it would tip the scales slightly towards 

the S-5 for us. (If you audition the AES, we’d 
be interested in hearing about your reaction.) 

For more information, the websites are lo­
cated at http://s5electronics.com/index.html 
and http://www.tubesandmore.com/.

SOFTWARE IDENTIFIED
Can you please tell me what software 
was used for circuit simulation in “A 
Passive, Low Level Crossover” (Nov. ’02 
aX, p. 16)? If it is not too much trouble, 
could you direct me to a vendor that 
sells this or a similar product to run 
these simulations.

David Miles
MilesAudio@aol.com

Cornelius Morton responds:

I used B2 Spice by Beige Bag Software 

(www.beigebag.com, 734-332-0487, 
info@beigebag.com) for the simulation. Typ­
ing in “spice simulation” in the Google 
search window will bring up a ton of informa­
tion and sites on SPICE simulators. A good 
start is the following link to a site listing nu­
merous SPICE sources: http://www.et1. 
tu-harburg.de/private/kb/download.html.

PASS DIY

Printed Circuit Boards 

Key Components 

Plans

Zen Variations 

Pearl Phono 

and more...

PO Box 12878 
Reno, NV 89510

www.passdiy.com

600W
MONO/
STEREOMOSFET AMPLIFIER

«a

MONO 65W 
PURE CLASSA 
TUBE POWER
AMPLIFIER 
WITH PTEB^M 
TUEES ■

call or email for the NEW Velleman catalog & distributor list

7415 WHITEHALL STREET SUITE 11 7, TEL: (817) 284-7785
FORT WORTH, TX 76118 FAX : (817) 284-7712
www.vellemanusa.com email : lnfo@VellemanUSA.com

audioXpress May 2003 65

http://s5electronics.com/index.html
http://www.tubesandmore.com/
mailto:MilesAudio@aol.com
http://www.beigebag.com
mailto:info@beigebag.com
http://www.et1
http://www.passdiy.com
http://www.vellemanusa.com
mailto:lnfo@VellemanUSA.com


I

NEW! CARA Test CD for Room Acoustics
ELAC Technische Software GmbH
The CARA Test CD is designed to help you test the acoustics of your 
listening room. Tracks 1-28 contain Pure Sine Wave Tones (70 sec­
onds per track). Tracks 29-55 reproduce narrowband C/is octave) 

and pink noise (70 seconds per 
track). The last four tracks on the 
disc provide coloration, polarity, 
and phase testing.
CDCARA...........$19.95

CBS Records Standard Test Disc Pro Series 
CD-1

Auditory Demonstrations Test Disc
Philips
79 tracks featuring demonstrations 
of cancelled harmonics, decibel 
scale, masking, virtual patch, loga­
rithmic and linear frequency scales, 
effect of echoes, and more.
CDAC.................... $37.95

For measuring CD player perfor­
mance with E.I.A. standard sig­
nals. 21 tracks including sepa­
ration, frequency response, lin­
earity, and other signals.
CD1...................... $45.00

CD-CHECK®
Easily ensure your CD-player delivers the complete range of digital sound.

CDDR2 $24.95

Studio Reference CD
Prosonus
Developed especially to allow high- 
quality test and evaluation proce­
dures to be made easily and quickly. 
62 bands of test signals.
CDSA1.............. $69.95

AUDIO-CD®
An easy and inexpensive way to detect hearing loss early—allowing you to 
take preventive and corrective action.

CDDR1 $24.95

Mix Reference Disc-Deluxe Edition
Expanded collection of audio test signals for pro audio or multimedia 
applications.

CDMX1 $39.95

"My Disc"-The Sheffield/A2TB Test Disc
For critical evaluation of audio components, listening environments, 
and your critical listening ability. 86 tracks including musical selec­
tions.

CDSH3 $29.95

EIA-426-B Loudspeaker Power Rating Test CD
from ALMA International _
Developed as a companion to the written standard, the CD contains the cali­
bration and test signals for all tests defined in the standard and outlines the —J 

procedures for making best use of the disk in setting the power ratings of 
loudspeakers and the amplifiers that drive them. Also includes a number of 
test-signal tracks, including additional higher-frequency pure tones and 
shaped tone bursts, not a part of the standard. 2001.

CDAL2 $99.00

Stereophile Test CD Three
From the publishers of Stereophile 
magazine, contains 27 tracks 
which include musical selections 
and signals for testing loudspeak­
ers and rooms, electronic compo­
nents, amplifiers and CD players.
CDSTPH3 ............... $9.95

Shipping weight of all CDs is 1 lb. each. 

TO ORDER: 

call 1-888-924-9465 
or fax 603-924-9467

Order On-line at
www.audioXpress.com

Check out more test CDs and track listings for 
these products on-line at 

www.audioXpress.com

Old Colony Sound Lab, PO Box 876 Dept. V3, Peterborough, NH 03458-0876 USA 
Phone: 603-924-9464 Fax: 603-924-9467 E-mail: custserv@audioXpress.com

I

http://www.audioXpress.com
http://www.audioXpress.com
mailto:custserv@audioXpress.com


T

New Chips on the Block
AKM AK4363 and AK4364
By Charles Hansen

Ready, willing 
and

AVEL

AKM Semiconductor has introduced 
the AK4363/AK4364 96kHz 24-bit, 2- 
channel stereo EA DAC with integrated 
programmable phase-locked loop 
(PLL), for MPEG/AC-3 audio playback. 
In an MPEG video system, the video 
and audio signals must be synchro­
nized, which requires an audio DAC 
that operates at 27MHz, the MPEG 
clock standard. These chips are de­
signed to solve integration problems 
for Set Box designers. The AK4364 also 
has a SPDIF digital audio interface 
transmitter (DIT) that simplifies trans­
mission of digital audio to an external 
A/V receiver.

FEATURES INCLUDE:
S/(N+D): 90dB @ 5V
DR: 102dB @ 5V
S/N: 102dB @ 5V
Multiple sampling frequencies:

16kHz, 22.05kHz, 24kHz (half rate)

32kHz, 44.1kHz, 48kHz (normal rate) 
64kHz, 88.2kHz, 96kHz (double rate)

On-chip low jitter analog PLL:
Multiple master clock frequencies 

generated from 27MHz 
128fs/192fs for double rate 
256fs/384fs for half/normal/double 

rate
512fs/768fs for half/normal rate 
1024fs/1536fs for half rate

Master clock: PLL/external
Data input formats:

LSB justified/MSB justified/I2S selec­
table
Selectable function:

Soft mute
Digital attenuator (256 steps)
Digital de-emphasis 
(44.1kHz/48kHz/32kHz)

Output mode: Stereo, mono, reverse, 
mute
Input level: TTL/CMOS selectable 
Output level: 3.0V pp @ 5V
Control mode: 3-wire serial/I2C Bus
Low power dissipation: 80mW
Small 24-pin VSOP package
Power supply: 2.7 to 5.5V

AK4364 on-chip DIT:
Compatible with S/PDIF, IEC958, 
AES/EBU, and EIAJ CP1201 mode

AKM Semiconductor, contact Richard 
Kulavik toll-free at 888-256-7364, or 
icinfo@akm.com for information and 
engineering samples. AK4363 pricing 
$2.06 US (10k pieces), AK4364 pricing 
$4.63 US (10k pieces). ❖ 

offering an extensive 
range of ready-to-go 

toroidal transformers 
to please the ear, but won’t 

take you for a ride.

Avel Lindberg Inc.
47 South End Plaza 

New Milford, CT 06776 
tel: 860-355-4711 
fax: 860-354-8597 

www.avellindberg.com

LASl
Record Preservative

Hear Ye - Hear Ye

bxsr
THE LAST FACTORY____________ 
2015 RESEARCH DRIVE__________________
LIVERMORE, CA 94550-3803_____________ _
925-449-9449 • FAX 925-447-0662 
www.lastfactory.com
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Book Review
Loudspeaker and Headphone Handbook
Reviewed by Richard Honeycutt

Loudspeaker and Headphone Hand­
book, John Borwick, Ed., Focal Press, 
an Imprint of Butterworth-Heinemann, 
Linacre House, Jordan Hill, Oxford, 
OX2 8DP, UK; 225 Wildwood Ave., 
Woburn, MA 01801-2041, USA. $120.

Perhaps the first in-depth book on loud­
speakers was Loudspeakers, by N. W. 
McLachlan, published by Unwin Broth­
ers in 1934. Since then, high-quality ad­
ditions to the genre have been few and 
far between. Beranek’s Acoustics and 
Olson’s Acoustical Engineering each 
contained a treasure-trove of informa­
tion, but neither was wholly dedicated 
to loudspeakers. Good books on head­
phones have been—to my knowledge— 
nonexistent, and even good papers on 
the subject in professional journals are 
not common.

First published in 1988, the Loud­
speaker and Headphone Handbook 
jumps into the breach quite nicely. The 
current third edition contains the fol­
lowing chapters: Principles of Sound 
Radiation, Transducer Drive Mecha­
nisms, Electrostatic Speakers, The Dis­
tributed Mode Loudspeaker (new to 
this edition), Multiple Driver Loud­
speaker Systems, The Amplifier/Loud- 
speaker Interface, Loudspeaker Enclo­
sures, The Room Environment: Basic 
Theory, The Room Environment: Prob­
lems and Solutions (these last two were 
a single chapter in the previous edi­
tion), Sound Reinforcement and Public 
Address, Loudspeakers for Studio Mon­
itoring and Public Address, Loudspeak­
er Measurements, Subjective Evalua­
tion, Headphones, International Stan­
dards, and Terminology. The third edi­
tion contains 718 pages, as compared to 
592 for the second.

No single person could write equally 
well on all these subjects, so the Hand- 
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book is the product of special­
ists, each contributing one or 
more chapters. All are names 
well-known in the industry, in­
cluding the late Peter J. 
Baxandall, Graham Bank, 
Mark Gander, Martin Col- 
loms, Floyd Toole, and John 
Woodgate, to name a few.

This book covers principles, 
and it falls somewhere be­
tween being a design text and 
a general acoustics text. 
While it provides more depth 
and detail than the hobbyist 
books on the subject, it is cer­
tainly not a cookbook.

One example is the first 
chapter, which describes the 
principles of sound radiation, 
using an appropriate level of 
math (complex differential equations). 
The discussion is limited to mathemat­
ical models applicable to loudspeak­
ers, and includes mention of the fre­
quency range in which each model is 
useful. The chapter examines the ef­
fects of mutual coupling on frequency 
response and diaphragm loading, and 
discusses edge diffraction. It explains 
the function of a horn both as an im­
pedance transformer and as a means 
of directional control, and discusses 
nonlinear propagation of sound in in­
tense sound fields.

The chapter on transducer drive 
mechanisms begins with a short histo­
ry of loudspeakers, then proceeds to 
discuss cone behavior, magnetism, sev­
eral different magnetic field structures, 
interaction between the voice coil and 
the stationary magnetic field in a loud­
speaker, the chassis, efficiency, power 
handling and dissipation, the dome 
driver, the horn driver, the ribbon 
speaker, modeling the motor, the com-

Third Edition

Loudspeaker 
and Headphone 
Handbook

pound loudspeaker, and motional feed­
back. As you can see, this chapter 
packs quite a bit of information into its 
62 pages. So do the other chapters.

Another example is the chapter on 
headphones. On the one hand, it is only 
one chapter, but on the other, it is 108 
pages long! Far from just cataloging the 
many ways that you can mount speak­
ers in cans and strap them to your 
head, this chapter begins with a thor­
ough discussion of the ways in which 
the acoustics of headphones differ from 
those of a loudspeaker—both from a de­
sign and a usage standpoint.

Next comes a section on modeling 
headphones, after which you are finally 
equipped to appreciate both the acousti­
cal problems in headphone design and 
the ways in which the various realiza­
tions of headphones interact with the 
acoustic problems. This chapter pre­
sents sample low-frequency responses 
for closed circumaural, open foam cir­
cumaural, impermeable foam circumau-

www.audioXpress.com
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ral with fixed acoustical resistance, and 
integrated open headphones, then com­
pares isodynamic and moving-coil trans­
ducers. It examines anomalies in re­
sponse due to resonances involving the 
cushion/flesh resilience and the mass of 
the earcup, and studies in-ear phones.

This chapter provides a good bit of de­
tail concerning the human hearing 
mechanism, especially in relation to the 
behavior of headphones. It discusses 
special-purpose phones, and, finally, de­
scribes headphone testing. From these 
two examples, you can see how much 
depth is provided in the Handbook.

Now, given the generous topical cov­
erage, is there anything left out? Actual­
ly, not much. One important aspect of 
professional loudspeaker performance 
that tends to receive little coverage in 
the general press is directivity.

In the Handbook, while the informa­
tion on directivity is spread among sev­
eral chapters, it all sums to a pretty 
good outline of the subject. In particu­
lar, Peter Mapp’s chapter on sound re­
inforcement and PA touches on most of 
the important considerations regarding 
directivity. You might hope for a com­
plete chapter in a future edition devot­
ed entirely to directivity, beginning 
with principles, and then moving to a 
discussion of cone drivers, horns, and 
various types of arrays. This sort of ma­
terial is available, but has not been col­
lected into a single reference.

The Loudspeaker and Headphone 
Handbook lends itself to numerous 
uses. The engineer who specializes in 
general electrical or mechanical engi­
neering will find this book an excellent 
entré to speaker design.

To the practicing loudspeaker engi­
neer, the book presents a helpful intro 
into the areas of speaker art and sci­
ence with which (s)he may be unfamil­
iar. The engineer who designs electron­
ic equipment that interfaces with loud­
speakers, or the consultant whose work 
involves sound systems, can learn 
much that is important to their work. 
And the hobbyist (aren’t most of us, re­
ally?) can develop a professional-like 
understanding. In addition, the gener­
ous end-of-chapter references lead you 
to information in further depth.

In short, this book should be in the li­
brary of every loudspeaker professional 
or enthusiast. ❖

AUDIO TRANSFORMERS
AMERICA’S PREMIER COIL WINDER 

Engineering • Rewinding • Prototypes

McINTOSH - MARANTZ - HARMAN-KARDON 
WESTERN ELECTRIC - TRIAD - ACROSOUND 

FISHER - CHICAGO - STANCOR - DYNACO 
LANGEVIN - PEERLESS - FENDER - MARSHALL 
ELECTROSTATIC SPEAKER TRANSFORMERS

Williamson Amplifier Transformer Specialist 
WE DESIGN AND BUILD TRANSFORMERS

FOR ANY POWER AMPLIFIER TUBE

PHONE: [414] 774-6625 FAX: [414] 774-4425 
AUDIO TRANSFORMERS 

185 NORTH 85th STREET 
WAUWATOSA, WI 53226-4601

E-mail: AUTRAN@AOL.com
NO CATALOG CUSTOM WORK

Putting 
the Glow 
in Your 
Audio 

System!

Visit us at:
www.houseoftubes.com

We know that tubes are 
the heart of a transceiver 
and the soul of an amplifier. 
That s why we re dedicated to 
reliable tubes at excellent 
prices. We offer the finest 
in audio tubes and quality 
components, and we’ve made 
ordering convenient.

e-mail:
landlord@houseoftubes.com

TUBES—They re our foundation.
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Classifieds

FOR SALE
Sale Western Electric Craftsman 500
845 211 Amplifier quality parts throughout, 
will part out. All must go.
Daniel @ 917-218-7668

VENDORS
American Science & Surplus. Audio, elec­
tronic and mechanical components, connec­
tors, wiring, kits, magnets, speakers, tools, 
hardware, and more! Call for a free catalog: 
847-647-0011 or shop www.sciplus.com.

ALL-FET line amp, poweramp kits 
www.borbelyaudio.com 
Borbely Audio kits in USA: 
www.audiokits.com

CONCRETE CABINET loudspeakers 
www.faradaysound.co.uk 
DIY instruction booklet $15

Repairs and upgrades for audio equipment. 
Let longtime aXcontributor and VTVsenior 
editor Eric Barbour make your system sound 
better.
METASONIX, PMB 109, 881 11th St., Lakeport, 
CA 95453, synth@metasonix.com, (707) 263­
5343.

UNDERSTAND ELECTRONICS, THE EASY 
WAY. Read the book that received all 5-star 
reviews at both amazon.com and bn.com, 
saying it’s unusually easy to read and under­
stand. Explains what makes inductors and 
amplifiers work and so on. Hints about solder, 
oscillation, measurements. Write author’s 
name, Shanefield, in any bookstore’s search 
box. See also
http://homepage.mac.com/shanefield.

Sonic Craft is your high-end speaker source! 
Accuton, AudioCap, Axon, Alpha-Core, Black­
hole 5, Cardas, Goertz, Mills, Sonicap, and kits 
are on the way! Call 940-689-9800, or see 
www.soniccraft.com

Principles of Power, tube audio books, kits, 
FAQ www.londonpower.com.

gear racks, media 
drawers and more

Factory direct since 1984 
Free brochure (mention audioXpress) 

Per Madsen Design (800) 821-4883

www.rackittm.com

www.kleintechsys.com

ACOUSTIC INTERFACE PADS
COMPOSED OF SPACE-AGE POLYMERS 

Improve sound clarity, optimize and expand tonal 
range. Isolate, reduce, and dampen cabinet distor­
tion and vibration. Secure objects and furniture for 
stability. Eliminate the need for spikes, bolts, 
mounts. Fastens and adapts any speaker to any 
stand or surface. Great for center channel speakers, 
tile, wood, and linoleum floors. Stops vibration 
between amps, CD transports. Dealers encouraged!

p: 561-969-2298 f: 561-423-0388 e: support@kleintechsys.com

EUPHASE Audio 
www.euphase.com 
info@euphase.com

USHER AUDIO TECHNOLOGY
Speaker Drivers

DIY-ZEROs
Autoformers as seen in 

Jan. 2003 of audioXpress 

$433/pair
PaulSpeltz@hotmail.com 

651-735-0534 
www.ZEROimpedance.com

www.diyhifisupply.com
Tubes: Valve Art, TJ Meshplate, Sovtek, 

Svetlana, China milspec NOS 
Kits: Billie 300B, Ella KT88, Joplin 2A3, 
Basie pre, Origin Live turntable kit, DAC 

Accessories: XO Clock, S&B transformers, 
SSC isolation

Parts: Audionote copper and silver caps, 
Goldpoint, DACT, Seiden, Bullet plugs, 

Ultra-refined silver wire, SCR, Kiwame, etc 
www.diyhifisupply.com 

sales@diyhifisupply.com

High Quality Products 
Competitive Prices

Visit www.euphase.com for more information on the 
drivers and ordering.

Please contact for OEM and Quantity Purchase 
inquiries. Other models and customizations can be 

quoted upon request.
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Unique C.D. player & TUBE gear MOD’S! 
Loudspeaker rebuilding! 

fab audio high efficiency loudspeakers! 
audio-upgrades@bellnet.ca

Yard Sale
FOR SALE WANTED

tubes?
www.tubes.it

BILLINGTON
EXPORT ^5 LIMIT ED

All types of audio tubes. 300B 6DJ8 
ECC81 ECC83 KT88 Mullard GEC 
Sylvania. Discount for large quantity. 
Billington UK. Tel (0)1403 784961. 
Fax (0)1403 783519.
Email/website www.bel-tubes.co.uk

www.audioXpress.com

Assemblage L-1 preamp kit with chassis, no 
switches, pots, or faceplate, $250; Sonic Frontiers 
SFL-1 preamp circuit board, only $150; Anthem 1 

all tube integrated amp (circuit board only) with all 
three transformers, $250; Assemblage DAC 3.1 
Signature, $1000; D2D rate converter, $350. 

dave.pitt@rogers.com or 905-819-8462.

Marantz 23 tuner; Philips CDC-875 changer; Pro­
ton 440 tuner; Dynaco FM-5; Philips CDB-560; 
Isodrive; Magnavox CDB-582; Byteline III digital 
cable; PS Audio 5.5 preamp with M500 power 
supply; VAC-poweramp-PA 100/100 (KT88 

tubes). All mint. Dave, 724-274-8149.

Drivers, all new. Scanspeak, two Kevlar mids 
13M8636 ($115 ea), $70 ea; two mid 13M8640 
($85 ea), $50 ea; Vifa, two tweeter D27TG45-06 
($25 ea), $15 ea; Scanspeak Automotive, two 
bass 21W555 ($156 ea), $95 ea; four tweeter 
D2904.60000 ($110 ea), $65 ea; Dynaudio, eight 
tweeter D260 with square frame, $50 ea. 360­

260-1147, weekends 509-586-9735, wrightt@ 
gbaudio.com.

Old/new hi-fi gear and speakers, tube/solid state, 

amps, preamps, tuners, tubes, tube testers, gui­
tars, guitar amps, and so on—Altec, McIntosh, 
Audio Research, Marantz, Conrad Johnson, 
Western Electric, Electro-Voice, ASL, Hickok, Gib­
son, Fender, Vox, and so on, all considered, work­
ing or not. Call 850-314-0321 or e-mail 
sonnysound@aol.com.

Want to buy “as is”: Quad ESL 57 or Quad ESL 

63 speakers or parts for restoration project; NAD 
3020 integrated amplifier or NAD 7020 receiver. 
Greg (519) 745-1579 or gnawrock@sympatico.ca.

Yard Sale Guidelines
For information on how you can publish 
your free personal ad in audioXpress, visit 
our website at www.audioXpress.com.

Classified Information
To find out how you can order an ad 
for the classified pages, see our web­
site at www.audioXpress.com.

Now in the

6th WE
EDITION ÄO

SMALLER

QUIETER

USES LESS
POWER

MITEYMIKE II
“One seldom finds a low-cost microphone that pro­
vides high quality performance and yet can be used 
with confidence in so many different circum­
stances.” Daniel Queen, Voice Coil

• More Pages j A
• More Graphs ?
• More Referencess
• Brand New Chapters

I BKAA60
I $39.95

• Explanations of New Technology

Order Your Copy Shipping and

TODAY 
by calling

handling add 
$7.25, Canada 

add $11.00

1-888-924-9465 Overseas sur­
face mail add

or order on-line at $10.25, air mail
www.audioXpress.com add $22.25.

Old Colony Sound Laboratory, PO Box 876 
Dept. X3, Peterborough, NH 03458-0876 USA 

Phone: 603-924-9464 Fax: 603-924-9467
E-mail: custserv@audioXpress.com

MITEY MIKE II—SPECIFICATIONS:

Response (rel. 1 kHz)

Sensitivity @ 1 kHz 
Max. SPL (at 3% THD) 
Wide Band Noise Level 

Flat Weighting 
“A” Weighting

Mid band dynamic range

Price
Mike and wand
$139.00 per channel
$179.00 calibrated per channel

Preamp
$159.00 assembled single channel
$249.95 assembled two channel

± 1 dB, 20Hz-10kHz 
± 2 dB, 10kHz-20kHz
25 mv/Pa, ± 2 dB
130 dB

< 40 dB
< 36 dB
> 120 dB

Buy this microphone system for any 

application where you need 

a compact low-distortion, 

self-powered microphone.

• Loudspeaker Testing

• Sound Reinforcement

• Performance

• Field Recording

• Acoustical measurements

Call 1-888-924-9465 to order
OR E-MAIL TO CUSTSERV@AUDIOXPRESS.COM

ORDER MITEY MIKE II ON-LINE AT 
www.audioXpress.com!

Old Colony Sound Laboratory, PO Box 876 Dept X3, 
Peterborough, NH 03458-0876 USA 

Phone: 603-924-9464 Fax: 603-924-9467 
E-mail: custserv@audioXpress.com
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Vintage Glass
Merit Output Transformer

Output transformer designed for the 
Norman Crowhurst twin-coupled ampli­
fier featured in the November 1957 

issue of Radio Electronics magazine. 
(From Merit Coil & Transformer Corp. 
A-2997 instruction sheet issued Nov.

1957.) Courtesy of Reed Hurley, Stock­
bridge, Ga. ❖

MANGER Bending wave transducer
"Natural accuracy"

low mid-range high mid-range low

E-Speakers.com
Los Angeles, California. 818 907-8942 / www.e-speakers.com
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	SCOVER AN UNLIKELY TUBE POWER SUPPLY

	The SPP Amplifier

	Here’s a long-forgotten, but still high-quality, power amp design that’s easy to build, requiring no esoteric tubes or parts. By Helmut Otte

	THE CIRCUITS

	THE FINAL CIRCUIT


	THE ART OF CONNECTION

	MODIFICATION

	TUBES

	|Music performance and craftsmanship that exceed your expectation in every way



	A MOSFET Update of the Forte 1a

	Amplifier, Part 1

	POWER-SUPPLY CHANGES

	Hi-Vi RESEARCH®

	full range and midrange woofers

	CIRCUIT CHANGES

	THE CIRCUIT IN DETAIL

	OUTPUT STAGE

	NEW PC BOARD



	Buy low. Sell hi-fi.


	Budget Milliohmmeter Bridge

	HOW IT WORKS

	DECADE BOX

	audioXpress May 2003 19

	CIRCUIT BOARD LAYOUT AND CONSTRUCTION

	USING THE MILLIOHMMETER BRIDGE



	MI The Legend of EL PIPE-O

	BASS REFLEX ENCLOSURES

	PIPE DREAMS

	ENTER THE SONOTUBE

	THE WOOFERS

	CONSTRUCTION

	PERFORMANCE

	ACTIVE CROSSOVER

	USED AMPLIFIERS, SPEAKERS, BOOKS, ACCESSORIES etc.
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	THE SOUND

	THE PARTY INCIDENT

	Powerful • Portable •

	Affordable


	1 -800-736-2673 • sencore.com • e-mail sales@sencore.com

	RECONSTRUCTION

	CONCLUSION




	Mil Simple Satellites, Part 1

	SATELLITE DRIVER(S)

	BACKGROUND

	(BY R. O. WRIGHT, JR.)

	DEFINITION OF SPEAKER

	DRIVER CLASSIFICATION AND AUDIO CHARACTERISTICS

	MULTICHANNEL SYSTEMS

	CROSSOVERS

	BOXES

	DIFFRACTION SPREADING LOSS

	SELECTED DRIVERS

	A CAR COAX

	A 3" FULL-RANGE DRIVER

	ALTERNATE DRIVERS

	JENA KITS!

	Speak-Easy Cables

	BASIC CONSTRUCTION

	LISTENING TESTS (BY G. R. KOONCE)

	PASSIVE SUBWOOFER CROSSOVER

	SECOND-ORDER CROSSOVER PROBLEMS



	Bloomington, Indiana 812-320-4004 www.venushifi.com

	FOURTH-ORDER CROSSOVER

	INFINITY PLATE COMPOUND DRIVERS

	BOSTON ACOUSTICS FX5 CAR COAXES

	TBSPEAKERS 3" FULL-RANGE DRIVERS

	SUMMARY FOR 3" FULL-RANGE DRIVER BOXES

	INFINITY DRIVER MODIFICATIONS (BY G. R. KOONCE)

	SOME STRANGE TEST RESULTS


	PTFE Insulated Twist-eye Terminal Strips

	www.grennanaudio.com
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	TESTING THE NEW CROSSOVER

	HOW DO THEY SOUND?


	Electronic Crossovers Tube Solid State

	Line Level Passive Crossovers

	Custom Solutions



	Disposable Camera = Tube Power

	One man’s junk is another man’s treasure. Discover how you can recycle the cast-off camera into your next tube project. By Graham Dicker
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	To order your own CD of the 2002 series of audioXpress call toll-free

	1-888-924-9465

	or e-mail
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	Showcase
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	Build your own

	$50 audio burn-in generator!
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