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New from SYMDEX AUDIO SYSTEMS is a
modular speaker system with full-range
speakers and add-on woofers that com-
bine for three-way operation and offer
accurate imaging, extended frequency
response, and high power-handling
capability.

The Symdex speaker system features
two-way Sigma speakers with diffraction-
reducing, edgeless cabinetry and a
movable, track-mounted tweeter ad-
justed to eliminate time smear and offer
superior transient response for accurate
imaging. A computer-designed front baf-
fle minimizes midrange wavefront
distortion by up to 9dB. The speakers
provide a frequency range of 60Hz to
25kHz at +1dB, a Q factor of 0.707 +2
percent, and a combined power-
handling capacity of 50 to 150W per
channel. Passive crossover Omega
woofers with ‘“‘wireless'’ interconnec-
tion provide enhanced frequency
response and power handling.

The Symdex Sigma speakers cost $900
a pair, and the Omega woofers cost
$1,300 a pair. Contact Symdex Audio
Systems, Dept. S33, PO Box 8037,
Boston, MA 02114.
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BANG & OLUFSEN OF AMERICA has in-
troduced the Beovus S80.2 three-way
loudspeaker system. Drivers consist of
an 8-inch woofer, 3-inch dome mid-
range/Phase Link filler driver and 1-inch
dome tweeter. All are suspended in rub-
ber gaskets and mounted on a common
axis.

The woofer is a new system called the
""Balanced Drive," which puts the voice
coil equidistant from the cone's outer
edge and the top of the diaphragm. At the
same time, the driver's null point is as far
forward as possible to minimize phase
distortion.

The midrange dome's magnet resides
within the voice coil rather than outside
as is customary. This change yields a
rigid, distortion-free chassis and a closed
magnetic circuit. The dome itself is made
of a specially coated fabric that prevents
breakup.

The dome tweeter is fitted with an
unusually large magnet and has an
aluminum voice coil. The tweeter and
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midrange are bonded onto a plate,
which, in turn, mounts to the baffle,
yielding an airtight bond with no sharp
edges to produce diffraction.

The Beovox §80.2 is capable of han-
dling up to 80W continuous and up to
110W peak. Should excess output en-
danger the speaker, a protection circuit
will turn off the unit before any damage
occurs.

The Beovox S$S80.2, with a genuine
rosewood veneer cabinet, has a sug-
gested retail price of $595 per pair. For
additional information, contact Bang &
Olufsen of America, 1150 Feehanville
Drive, Mt. Prospect, IL 60056.
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The Model Four loudspeaker system is
the latest offering from SIDEREAL
AKUSTIC AUDIO SYSTEMS. It is a compact,
floor-standing speaker designed to
deliver flat power response in real listen-
ing environments at all audible frequen-
cies.

For the low frequencies, an 8-inch
woofer is mounted in an enclosure of
acoustic suspension design. For the mid-
dle frequencies, a miniature, moving-
coil unit has a total mass of 1.31 grams,
with a free-air resonance below 100Hz. A
flat ribbon tweeter, using a super-
lightweight diaphragm of 76.5mg, repro-
duces the higher frequencies. An etched-
aluminum voice coil produces a flat fre-
quency response to 45kHz, with nearly
160° dispersion of all frequencies from
30Hz to 20kHz. The quasi second-order
crossover design has 6dB/octave filter
slopes. The crossover frequencies are
400Hz and 4kHz.
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BIAMP SYSTEMS has introduced three
new equalizers—the EQ/140 parametric,
the EQ-220 graphic, and the EQ/230
%s-octave graphic.

The EQ/140 is a single-channel, four-
band parametric equalizer engineered to
function at low noise and distortion
levels for a variety of uses. It features ful-
ly balanced outputs and inputs, +16dB
range (—40dB for feedback tuning) and
five LED overload indicators.

The EQ/220 is a ten-band professional
graphic equalizer with gyrator-simulated
inductor circuitry and transformerless
balanced line techniques to ensure low
noise. It features two independent chan-
nels, +15dB range, EQ bypass switch-
ing, overload peak indicators, magnetic
field immunity and output protection.

The EQ/230 is a 30-band, %3-octave
graphic analyzer designed for high-
quality professional applications. Fea-
tures include smooth, accurate filter ac-
tion; a ten-segment LED ladder on each
channel; tape monitoring pre/post; over-
load peak indicators; an in/out switch;
floating and balanced input/output cir-
cuitry; a %-inch phone/XLR balanced/
RCA plug; and 45mm slide controls.

For details on these equalizers, write to
Biamp Systems, Dept. S33, PO Box 728,
Beaverton, OR 97075.

For details, write to Sidereal Akustic,
Dept. S33, 4035 Oceanside Blvd., Unit
G57, Oceanside, CA 92054.



| ] e ||

PYLE INDUSTRIES’ two new 10-inch
musical instrument sound reinforce-
ment speakers feature 1%2-inch Power-
Proof® voice coils with the company’s
new high-temperature FRK voice-coil
form. These additions to the Accent I
series offer power-handling capability of
115W RMS maximum, with a 70Hz to
7.5kHz frequency response rating. The
sound pressure level is 108dB.

The 8-ohm version, model number
MEC10C290, costs $58.95, while the
16-ohm version, model number
MEC10C290-16, costs $59.50.

For further information, write to Pyle
Industries, Dept. S33, 501 Center Street,
Huntington, IN 46750.

R R e | G B i |

Three new music speakers from
ELECTRO-VOICE offer increased power-
handling capability and excellent low-
frequency reproduction. The EVM Pro-
Line Series, which is designed for profes-
sional, high-level, high-performance
sound-reinforcement systems, includes
several design improvements such as
heat-resistant materials, low-mass edge-
wound flat-wire voice coil construction
and proprietary manufacturing tech-
niques. The Pro-Line units are driven by
Electro-Voice's largest 16-pound mag-
netic structure, while the voice coil and
the magnetic structure are vented to
maximize heat dissipation.

The new EVMs are available in three
sizes and five models to fit virtually any
design application. The 15 and 18-inch
models can handle 400W continuous
power (per EIA Standard RS-426A) and
short-duration program peaks of up to
1,600W. The 12-inch EVM Pro-Line
speakers are rated at 300W continuous
with 1,200W program peaks.

The EVM-12L Pro-Line loudspeaker is
intended for extended-range sound rein-
forcement applications, or in the case of
musical instrument systems, for lead
guitar-type applications. Almost iden-
tical to the EVM-12L, the EVM-12S is
designed for more emphasis in the 2,000
to 3,000Hz range for added brilliance and
punch in full-range uses. The EVM-15B
and EVM-15L Pro-Line I()udsp(dk(rs are

systems that also require response above
3,500Hz. The EVM-18B Pro-Line offers
exceptional low-frequency performance,
including heavy fundamentals in the 30
to 40Hz range.

The EVM Pro-Line characteristics are
appropriate for both vented (bass reflex}
and horn enclosures. Electro-Voice
engineers have designed six vented
enclosures specifically for EVM
speakers. They span low-frequency
limits {3dB down) from 38 to 83Hz and
internal volumes from 1.3 to 13 cubic
feet. They may also be stepped down for
more extended bass response, with low-
frequency limits ranging from 27 to
58Hz.

Prices of the EVM Pro-Line loud-
speakers range from $240 to $395. Addi-
tional information is available from
Electro-Voice, Dept. SB-4, 600 Cecil St.,
Buchanan, MI 49107.
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A new catalog of precision tools and com-
puter and telecommunication equip-
ment is available from JENSEN TOOLS
INC. The 160-page catalog contains more
than 2,000 tools of interest to field
engineers, technicians, computer and
telecommunication service persons, and
electronics hobbyists.

Major categories covered include test
equipment, micro-tools, soldering equip-
ment, tweezers, screwdrivers, cutters,
drafting supplies, power tools, computer
accessories and circuit board equipment.
Also included are many new products
from Jensen and more than 40 pages of
service kit and tool cases for electronics
specialists and technicians.

To obtain a free copy of the catalog
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Your speakers need the very best
crossovers possible to achieve
their true potential. This means:
¢ Low DCR inductors
* Mylar capacitors for highs
¢ Steel core inductors for lows
e Heavy copper clad P.C. boards
* Phase & Amplitude correct
design
Distributed by:
Sound Box
7057 Rt. 38

Pensauken, NJ 08110
(609) 662-4530

SRC Audio
3238 Towerwood Dr.
Dallas, TX 75234
(214) 243-4145
(800) 221-0251

6000.6

phase correct

pcloRoJojol oM

electronic

crossover

The new 6000-6 is designed
to improve your system by
eliminating crossover errors
and passing perfect square
waves. A plug-in module
allows convenient frequency
change (from 40-16,000 Hz).
Level controls on rear, 1%
components used. Model
6000-6 $175 PPD. Other
models from $16.25. Free
folder/reviews ACE AUDIO
CO., 532-5 St East




STATE OF THE ART
RIBBON MID RANGE

As Manufactured by Strathearn

ABSOLUTE SOUND'S
REFERENCE MIDRANGE

UNSURPASSED CLARITY
SPACIOUS STEREO IMAGING

System Power Rating 100 Watt Max
Sensitivity 86 dB / Watt Mean at 1 meter

Dim. 25 1/8 X 5 1/8 inches

Also avdilable with:
Advanced flat honeycomb bass drivers, fast leaf tweeters

Recommendation for true State of the Art system,
offering savings with no quality sacrificed

EXCLUSIVE NORTH AMERICAN IMPORTER
VARIS AUDIO
CALL (201) 671-3074
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About This Issue

Another step in the long search
for the theoretically perfect
driver is what Dr. Carl Pinfold
believes he has taken at his
University of Liverpool
laboratories in Britain.
Following the logic of E .
Jordan's tiny, stiff, "'full-range"’
driver, Dr. Pinfold has
"stretched'’ the conventional
cone and magnet somewhat like
a rubber band. The details begin
on page 7.

Bruce Edgar concludes his
two-part interview with
Raymond Cooke, KEF's
managing director, on page 13,
while G.R. Koonce carries on
with his full workbench of lab
instruments, this time unveiling
a dual wattmeter on page 20.
Part five of Robert Carlberg's
odyssey (p. 28) gets into phasing
issues and is followed by
Robert Kral's tip on improved
imaging (p. 30).

Extraordinary craftsmanship
is evident in Canadian John
Otvos's handiwork on our
cover and in "'Craftsman's
Corner'’ (p. 32, reminding us
that cabinetry can be a whole
lot more than a six-sided box.

Note: If your address label's top
right corner code reads XX83, it is
time to renew your subscription.
Don’t miss 1984's meaty articles,
construction projects and fresh
ideas.
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Editorial

The Loudspeaker: Last Frontier

At the 74th Audio Engineering Society meeting in
New York recently, I was struck by the amount of
presentation time devoted to loudspeaker system
design. Test methods were discussed, machine and
subjective, and design approaches were explored—
especially for large auditoriums and as applied to
passive crossover networks. Of the 79 papers de-
livered, 25 were on some aspect of loudspeaker sys-
tem design or testing.

The final transformation of electronic impulses in-
to some kind of physical motion is still the most stub-
born, baffling, intriguing and insufficiently under-
stood problem in audio today. The battle with
mother nature over this problem moves forward
slowly on many fronts. We are glad to note that KEF
is taking some positive steps by measuring its drivers
and passive crossover components to match their
characteristics to what we know about driver and
crossover behavior. Contributing Editor Bruce Ed-
gar's interview with Raymond Cooke in our last is-
sue and in this one gives us valuable insight into
some of the unsolved problems facing the final trans-
ducers in our audio reproduction chains.

KEF's Laurie Fincham delivered an invited paper
on that company's impulse-testing techniques,
which measure loudspeaker performance to within
1dB down to 20Hz. R. A. Greiner and Travis A. Sims
presented a paper illustrating a current and velocity
feedback system to reduce loudspeaker distortion. I
found it interesting that they used hybrid crossover
arrangements in their systems—electronic for the
low end and passive for the higher frequency cross-
over point(s). The richness of the loudspeaker papers
was particularly evident in the 74th technical
meeting.

One other fact struck me forcefully about this meet-
ing: the papers delivered—especially in the area of

crossover design—were largely the work of ama-
teurs. As those of you who have subscribed to either
Audio Amateur or Speaker Builder probably know, 1
hold firmly to the primary meaning given in current
dictionaries for the word "amateur.” That meaning is
adescription applied to a person who does an activity
for the love of it and not for money. Unfortunately, a
secondary meaning is now recognized and is becom-
ing more pervasive. More and more people are using
the word to describe someone who is inept or inex-
pert. The prime root of the word is the Latin for
"love,” which clearly indicates its origin, in contrast
to what I consider the misuse and ultimate threat to
its usefulness.

Four of the six papers delivered in Session F {''Loud-
speakers: Network Considerations'’) were written by
amateurs. All but one of these authors are academics,
and three are mathematicians. However we may wish
to classify the seven men who presented the results
of their work, it is worth observing that only two of
them are even remotely related to the business of
making loudspeakers. Their theoretical work in the
areas covered is valuable information for those who
manufacture loudspeakers and crossovers. Of
course, we are aware that an academic who presents
a paper at such a gathering usually has some impor-
tant reasons for doing so that might have little to do
with his love for the subject. “Publish or perish'* is
not an empty slogan for university teachers. But I do
know from personal talks with all but one of these
gentlemen that they are deeply motivated by what I
would describe as an amateur’s passion for good
sound. They include R.M. Bullock, J. A. D'Appolito,
R. A. Greiner, John Vanderkooy, Stanley Lipshitz and
Eugene Zaustinsky.

Where would we be in this world without the
amateurs?’—E.T.D.



ONE-WAY DRIVE

Fundamentally, the design of mov-
ing coil loudspeakers for the
mass hi-fi market has changed little
over the past 30 years. Rectangular
wooden boxes of varying dimen-
sions contain two or three drive
units. These are fed through chokes
and capacitors so that each handles a
discrete portion of the frequency
spectrum. Generally speaking, vari-
ations on the theme have been fairly
minor (some would say subtle} and
have consisted largely of substitu-
tion of one material for another, and
of small dimensional changes, some
for sound engineering reasons, some
for commercial expediency.

So much expertise and industrial
know-how has been lavished on such
loudspeaker systems that to break
with tradition and go along a different
track is a hazardous venture and is
probably why radical alternatives are
scarce. With one or two exceptions
{notably Lowther and Jordan), the
development of moving coil drive
units to cover the whole audio fre-
quency spectrum was abandoned
some 30 years ago. The last serious at-
tempt was, perhaps, by E.]J. Jordan,
whose metal cone 50mm '‘module”
arguably deserves better from the
British hi-fi public than it has re-
ceived (although report has it that it is
highly regarded elsewhere). But the
present almost universal use of
direct-coupled amplifiers makes the
use of a single-drive unit without a
crossover an especially attractive
proposition. It enables the voice coil
to be directly connected to an ampli-
fier in a way that preserves high elec-
trical damping.

BY DR. CARL PINFOLD

The most common commercially
available loudspeakers derived from
the '‘monitor’ approach—or claim-
ing such pedigree—use two drive
units crossing over at 2.5 to 3.5kHz.
It is worth noting that this is the fre-
quency band where the ear is most
sensitive and most discriminating.
Such systems require a cone diame-
ter of 100 to 200mm to handle wave-
lengths whose dimensions are com-
parable to its diameter. Associated
tweeters with no more than a 5cm?
diaphragm area are then required to
operate in frequency regions where
music often contains its greatest
power levels, and thus the crossover
problem is further compounded.
Where additional midrange units are
employed, these are often little dif-
ferent from the drive units to be
found in car radios, television sets
and portable radios.

An alternative approach to the ubi-
quitous design philosophy just
described is to begin by designing a
good middle unit, optimized to cover
the frequency range that contains
the most crucial musical and spatial
{stereophonic} information. Then
you must work at extending its
performance in the upper and lower
octaves.

Jordan, in designing his metal
cone 50mm unit, proceeded from
the fact that in a cone speaker, as fre-
quency rises, an ever decreasing
area of the cone close to the coil con-
tinues to radiate. His objective was
to design a cone that smoothly
changed from being relatively large
at low frequencies to being effective-
ly small at high frequencies. This he
achieved by carefully sizing and
shaping it and by using a material in
which sound travels fast, thus rais-
ing the frequency at which sound
energy at the inner and outer areas

of the cone are in opposite phase to
one another. It is this phase lag be-
tween inner and outer areas of a cone
that causes it to bend and buckle, pro-
ducing irregularities in its response
and attendant coloration.

Electrostatic speakers are as good
as they are partly because they do
not suffer from this phenome-
non—all parts of their diaphragms
are set in motion in unison by an
equally distributed force. But in a
conventional moving coil speaker, a
l-inch-diameter motor coil at the
apex of a cone is expected to control
the movement of a relatively large
radiating area. Cones, being rather
flimsy structures, do not behave in
the piston-like fashion that is ex-
pected of them.

GREATER CONTROL. The crucial
dimension in the issue we are dis-
cussing is that between the edge of
the coil and the outer edge of the dia-
phragm. On this dimension depends
the degree to which the whole of the
diaphragm is controlled by the coil.
Jordan went for a controlled non-
piston-like movement, still using a
relatively small coil and large cone.
Another approach, which is adopted
in this new drive unit, is to reduce
the distance between the coil and
the diaphragm extremity to achieve
more closely piston-like movement
over most of the audible frequency
range. Briefly, this involves grossly
enlarging the coil in relation to the
size of the diaphragm.

Figures 1A and 1B show two ways
in which this can be done. In the
configuration of Fig. IA, a 10cm x
10cm flat diaphragm of '‘squared
circle’’ shape is driven by a voice
coil of 7.5cm diameter. More than
60% of the diaphragm area is within
1.5cm of the coil’'s edge. In the con-
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CIRCUIT
BOARDS

0ld Colony’s Boards are made of top quality epoxy
glass, 2 oz. copper, reflowed solder coated material
for ease of constructing projects which have ap-
peared in Audio Amateur and Speaker Builder
magazines. The builder needs the original article
(indicated by the date in brackets, i.e. 3:79 for ar-
ticles in Audio Amateur and SB 4:80 for those in
Speaker Builder) to construct the projects.

C-4: ELECTRONIC CROSSOVER (DG-13R) New 2 x 3%" board

takes B pin DIPs, Ten eyelets for variable components.
[2:72] Each 4.50
C-5. GLOECKLER VOLUME CONTROL (FG-1) 23 pos. wafer.
Ix3"(2:72] Each $4.50
D-1: HERMEYER ELECTROSTATIC AMPLIFIER II. {3:73] Two
sided with shields and gold plated fingers. Closeout.
Each $5.00 Pair $9.00
F-1. BILATERAL CLIPPING INDICATOR. (CB-1) 2 x 2'2" [3:75]
single channel. Each $3.00 Pair $5.00
F-6: JUNG 30Hz FILTER/CROSSOVER (WJ-3) 3 x 3" [4:75] High
pass or universal filter or crossover. Each $5.50
G-2: PETZOLD WHITE NOISE GENERATOR & PINK FILTER. (JP-1}
2% x 3" [3:76] Each $5.00
H-2: JUNG SPEAKER SAVER. (WJ-8) 3% x 5% " [3:77]
Each $7.00
H-3: HERMEYER ELECTROSTATIC AMP BOARDS. (ESA-3) Set of
three boards with plug-in edges for one channel. 13771

Set $19.00
J-6: SCHROEDER CAPACITOR CHECKER. {CT-10) [4:78B]
3% x 6" Each $7.25
J7: CARLSTROM/MULLER VTVM ADAPTER. (CM-1) [4:7B]
Max2%” Each $4.25
K-3: CRAWFORD WARBLER 3% x 3%, 11:79] Each $6.00

K-6: TUBE CROSSOVER. 2x4%:" [3:79] Two needed per
2-way channel. Each $4.25 Four $13.00
K-7: TUBE X-OVER POWER SUPPLY. 5 x 5%," [3:79]

Each $7.00
K-12: MacARTHUR LED POWER METER. 5% x B%" (4:79]
Two sided, two channel. Each $16.00
1-2: WHITE LED OVERLOAD & PEAK METER. 3 x 6 [1:80i One
channel. Each $10.50
L-5: WILLIAMSON BANDPASS FILTER. 3%, x 4" [2:B0]
(RWAWA79) Two channel 24dB/octave Sallen & Key circuit.

Each $6.50
L-6: MASTEL TONE BURST GENERATOR. 3% x 6%, 12:80].

Each $8.50
1-9: MASTEL PHASE METER 6%, x 2%," [4/80}  Each $8.00

SB-A1: LINKWITZ CROSSOVER BOARD 5% x 8%2" 14:80]

Each $14.00

SB-C2. BALLARD CROSSOVER BOARD 5%2x10" [3:B2 &
4:821 Each $14.00
SB-D1: NEWCOMB PEAK POWER INDICATOR % x 2" [SB 1:B3]
Each $2.50

SB-D2: WITTENBREDER AUDIO PULSE GENERATOR 3% x 5"1SB
2:831 Each $7.50
ORDER BLANK: Old Colony Sound Lab

PO Box 243, Dept. B, Peterborough NH 03458
To order, please write each board's number below with
quantity of each and price. Total the amounts and remit by
check, money order, MasterCard or Visa. U.S. orders are
postpaid. For charge card orders under $10 please add $1
service charge. Canadians please add 10%, other countries
15% for postage. All overseas remittances must be in U.S.
funds. Please use clear block capitals.

Name

Street & No.

Town

State 2P
No. Bds. Price
....Board No.. ... ... S..

..Board No.. ... . S
Total §.. ... ..
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figuration shown in Fig. 1B, where
an elongated diaphragm 20c¢m long x
4cm wide is driven by a coil 19cm
long and 1.5cm wide, no part of the
l surface is further than lcm from the

elongated coil. The control exerted
by the coil over the surface of the
diaphragm in both these configura-
tions greatly exceeds that exerted by
the conventional coil over its cone.
The time lag between the energy
leaving the coil former and reaching
| the most remote parts of the radiat-
{ ing surface is much reduced, so that
the latter moves almost entirely in
phase up to quite high frequencies.

Configuration B has certain fur-
ther advantages. First, because the
drive force is widely distributed, all
the bending, buckling, crushing and
sheer forces acting on the diaphragm
are greatly reduced. Although, being
flat, it does not have the advantage

i‘ ~_100mm |

, coiL
| |
| £
| g
| | -FLAT
' DIAPHRAGM
| 1t

FIGURE |A: The dotted area, which constitutes
60% of the diaphragm area, is within 15mm of
| the coil edge.

| t0mm__,
| T ® 1
| |
| | | DIAPHRAGM
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[ 16mm

| FIGURE IB: No part of the diaphragm is more
| than 12mm from the coil edge.

of conical shape to lend it stiffness,
longitudinally it is stiffened by the
ribs that hold the coil. Additionally,
transverse stiffness over the small
span involved is readily provided by
the material of which it is con-
structed. On the other hand, being
flat, it does not suffer from the
megaphone-like colorations of con-
ventional cones whose frontal vol-
umes form resonant acoustic cavities.
Secondly, for a sharp stereo image,
the sound source must be substantial-
ly narrower than the distance be-
tween human ears. This applies par-
ticularly to reproduction at middle
frequencies, where much of the time-
delay spatial information in stereo
material resides.

LIMITATIONS. There are two ob-
vious limitations to this combination
of large coil and relatively small
diaphragm area. A small diaphragm,
unless it is to make impractically
large excursions, cannot be expected
to produce extremely high acoustic
power levels, particularly at very
low frequencies. Moderately loud
undistorted reproduction is possible
in reasonable sized domestic rooms,
but the power levels expected by
some heavy rock enthusiasts are
beyond the system's capabilities
unless a subwoofer is used.

The second limitation is the well-
known fact that small speakers are
insensitive. Even with the substan-
tial magnets used in the prototypes,
it has not been possible to raise the
sensitivity above 86dB for 1W at 1m
on axis. But this sensitivity, which is
typical of "'monitor”” loudspeakers,
simply means that amplifiers in ex-
cess of 40W are required to obtain
acceptable loudness. This is by no
means unusual for small speakers,
and, indeed, most modern high-
quality amplifiers provide power of
this order.

Units of the kind shown in Fig. 1A
have also been developed, and while
stereo imaging is somewhat less fo-
cused, they have proved rather more
sensitive than configuration B units.
Some listeners marginally prefer the
slightly different tonal quality they
produce. This is attributable to a
rather more pronounced mid-fre-
quency region. One or two engi-
neering and production problems on
these ""A" units still await resolu-
tion, so we will initially market a
unit based on configuration B.
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FIGURE 3: Measured responses, both on and off-axis, of the speaker using a new diaphragm con-

structed of a combination of materials.

CONSTRUCTION. Now I'd like to
describe the construction of the dia-
phragms for the two configurations
and the enclosures in which these
drive units can be housed most ad-
vantageously. Choice of materials
for the diaphragms is actually rather
limited. They must be stiff, light,
and possess a degree of self-damp-
ing, so that when they flex—as in-
evitably they must to some de-
gree—they do so uncatastrophically.
Over a long development period,
diaphragms were constructed by
laminating thin sheets of balsa
wood, the grain of each sheet being
angled to the others. As sound
travels much faster along the grain
than across it, these laminated struc-
tures possessed a welcome degree of
self-damping. The surfaces of a balsa
diaphragm have to be sealed off
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from the atmosphere to make it
dimensionally stable with changing
humidity. This was done with a thin
layer of self-adhesive plastic film.

These balsa diaphragms behave
very nicely right across the frequen-
¢y range and produce little colora-
tion, although their construction is
relatively labor intensive. Organic
materials, however, are unpopular
in industrial applications because of
the difficulties of quality control, so
more recently we have developed a
lightweight laminated plastic dia-
phragm that behaves as well as the
balsa one and has none of the latter's
production problems.* The rest of
the construction details are best
gleaned from the accompanying
photographs and drawings.

There is little point in designing a
drive unit that is free of coloration

and then housing it in a resonant en-
closure. Enclosures add far more
coloration to loudspeakers than is
usually recognized. They are, after
all, rather like large areas of sound-
ing board coupled to the drivers, in
much the same way the sounding
board of a piano is coupled to its
strings. Large areas of timber serve a
welcome purpose in grand pianos,
but are less helpful in loudspeaker
design. Fortunately, small drive
units flourish in small enclosures
that are made up of relatively small,
and hence rigid, panels.

For the new drive units we have
developed fairly small enclosures
constructed of ceramic tiles on
frameworks of cork. Each tile is
mechanically separated from its
neighbors by cork and mastic. The
rigidity of the ceramic and the
system of decoupling the panels, as
well as the decoupling of the drive
unit itself, seems to produce an
acoustically ""dead’’ system, which
contributes to the general neutrality
of sound.

These units have taken a long time
to develop because every slight
change in dimension or in the
physical properties of different com-
ponents and materials has an effect
on frequency response. Whereas in
a multiple-drive-unit loudspeaker
aberrations in each drive unit can be
pushed out of its operating range and
frequency balance can be adjusted
in the crossover network, in a single-
unit loudspeaker such latitude is not
available to the designer.

Loudspeaker design has become
very much the province of special-
ized professionals who have a wide
range of materials, processes and
technologies at their disposal, along
with the elaborate modern test gear
needed to monitor results. Some of
these professionals, notably at

*Since this article appeared in Hi-Fi News &
Record Review, the suppliers of the material
for Mr. Pinfold's original plastic diaphragm
have ceased manufacture of that product. Ina
letter to Hi-Fi News & Record Review (June
1983, p. 19}, Mr. Pinfold writes, "'We finally
settled on a combination of materials, which
is more stable and a little easier to construct.
As a bonus, the new structure has resolved
some torsion mode problems which were
adversely affecting the response."” See Fig. 3
for the measured responses, both on and off-
axis, of the speaker using the new diaphragm.



Wharfedale and Celestion, have
been enormously generous with
materials, technical know-how and
the use of measuring equipment
without which this development
would not have been possible.
Among those who have helped are
the late G.A. Briggs, Ken Russell and
Gareth Milward of Wharfedale; Col-
in Aldridge, David Inman and
Graham Bank of Celestion. Tony
Kennedy and Mike Armstrong of
Preformations and Burt Hudson of
Magnet Developments have always
seen that the right magnets were
available.

As a teacher of architectural
acoustics at the Liverpool University
School of Architecture, I have en-
joyed the use of a laboratory and
measuring equipment as well as a
teaching schedule that allows some
time, mostly during vacations, to
pursue a research interest. Natural-
ly, the University holds the patent
rights. O

LINE GARBAGE |
It can penetrate your hi-fi system's power
supplies—even through the power trans-
formers, diodes and filter capacitors. If you
think our air, water and earth are poliuted,
have a look with an oscilloscope at what is
riding in on your power line sometime.

General Electric's V130LA10A Metal Oxide
Varistor filters out all line spikes above ap-
proximately 180V and can handle current up to
10A. Just solder one of these across the 110V
primary of each of your power supplies (in |
your computer, too), and you can be certain

that your system will not be polluted or en- |
dangered by line garbage.

Quantity ~ No. SDV130
Each $2.00 Four or more $1.60

We also offer a conveniently packaged,
grounded plug-in version of this device:

Quantity ~ No. MSK400

Each $10.50 Three or more $9.00
Form of Payment:

[J Check [J Money Order [ MCor Visa
Card # __ Exp. Date

Name I

Address e

City _State_______ Zip

Send all orders to
OLD COLONY SOUND LAB
BOX 243 PETERBOROUGH NH 03458
MC or VISA Charge Orders (603) 924-6371 9-4 M-F

FIGURE 4: Mr. Pinfold and his associates now sell this boxed unit using his new driver.

Order Your Speakers
TOLI-FREE
(800) 221-0251*

*orders only

Audax (Polydax) ¢ Peerless ¢ JBL
Electrovoice ¢ JVC ¢ Motorola
Sherman Research ¢ Panasonic

The best selection at the best prices. All new 1983
catalog featuring polypropylene woofers and sub-
woofers, ribbon tweeters, complete technical
specifications and hundreds of hard-to-find
accessories.

Call or write for free catalog:
SRC Audio * Dept. SB
3238 Towerwood ODr.
Dallas, Texas 75234
(214) 243-4145
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Minimum order $25.00
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OLD COLONY WINTER BLAST

SBK-C1A

i %

JUNG ELECTRONIC CROSSOVER

This versatile circuit began as a two channel 30Hz, 18dB/octave infrasonic filter. But you can adapt
one of them for use as a single channel two-way electronic crossover simply by changing the values of
a few resistors and capacitors. For three-way operation, add another card and change the parts values
to move the crossover points to the appropriate frequencies. For further information on sub-woofer
and 3-way crossovers, see SB 3/82, or TAA 4/75. Please specify one crossover point for each two-way
crossover from the following frequencies: 60, 120, 250, 500, 1k, 2k, 5k or 10k.

Based on a simple op amp design, the crossovers typically have a frequency response of +0.2dB
30Hz-160kHz. Output impedance is 10 non-inverted, input impedance is 50k§2. Power supply

Only $24.75 per card!

needed should provide +15V DC @ 10mA per card.

NEGLEX 2477 SPEAKER CABLE

For less than the price differential between standard and fancy
finishes on a pair of speakers, you can make a significant improve-
ment in the actual sound of your system. This high definition
Neglex cable is a coaxial configuration using Mogami OFHC
wire and copolymer insulation. Termination kits provide two
short lengths of OFHC wire, two gold-plated, ¥ " spade lugs and
an insulating sleeve (one kit required for each end of cable).

The cable has extremely low capacitance, impedance, induc-

ULTRAMINIATURE EARPHONES

If you have a personal stereo tape player or FM tuner, you will
appreciate the sound quality and comfort of these earphones. So
small and light they fit into the outer ear without a bulky head-
band, they sound considerably better than the headphones
usually supplied with personal stereos. The bass is deep and
strong, highs clear, and midrange smooth, with crisp, clean
detail. Samarium cobalt magnets provide light weight—just 18
grams—and high efficiency. An extra pair of foam earpads is in-
cluded. Because of their good sound and extreme comfort (they

KM-9 WILLIAMSON RECORD CLEANING SYSTEM

Only $2.00 per foot!

tance, and eddy current effects. In the audio frequency range,
impedance is virtually flat (see Nelson Pass’ article on speaker
cables in SB 2/80 for a discussion of these effects). Small im-
provements in low bass, extreme highs, imaging, depth, distor-
tion, and amplifier damping all add up to audibly better sound
and greater listening enjoyment—just one more way to remove
some of the haze which prevents your system from sounding as
clear as it should.

Only 819.50!

Ll
Actual size
seem to melt away after a few seconds, leaving just the music),

many people like to use them with their home systems as well
(you’ll need a mini to standard phone plug adaptor).

Only $8.50!

Developed by Reg Williamson, this two step system removes static charges
from records virtually forever, and removes deep-down dirt thoroughly and
safely. Static charges (as high as several Ailovolts) lock dirt on the record and
create annoying pops as the stylus traces over charged areas. The surfactant
neutralizes those charges by supplying molecules with cationic ends to cap-
ture the negative ions.

The cleaning solution dissolves the dirt and holds it in a clear film when it
dries. Simply peel the film away and the record is cleaner than when it left the
pressing plant.

You supply distilled water, glycerin, isopropyl alcohol, an applicator and
buffer pad. We supply ! oz of de-static liquid (1000 treatments), and 4 oz of
deep cleaner (80 disks). Regrettably, due to Postal Regulations, this cannot
be shipped outside the US.

ORDER FORM Old Colony Sound Lab, PO Box 243, Peterborough, NH 03458 usa
Qty. Price

SBK-C1A Jung Crossover Cards  $24.75 cach. Formof Payment: [0 Check [0 Money Order [ MC or Visa
Ft. Neglex Speaker Cable  $2.00/ft. .
_ lcrmnr!fduonpl\ns $1.00cach.......................... ... . LTl B - LR
Ultramicro Karphones  $19.50 each Name _ _
KM-9 Williamson Record Care Kit  $8.50 ¢ dch ............ S . Address
KM-98 Destatic Refill (' oz) $4.50 each. o . B - - N
KM-9R Deep Cleaner Retill (4 0z) $4.00 cach ............... City _ _ _State _Zip

Total amount enclosed:

Phone Orders: (603) 924-6371 (MC or Visa only) 9-4 EST M-F
For full kit listing, send stamped, self-addressed envelope to: Old Colony Sound, PO Box 243, Peterborough, NH 03458.




AN INTERVIEW WITH
RAYMOND COOKE: PART Il

In Part I of this series, Raymond Cooke
described his career before he founded KEF,
his first product at KEF (the K1 slimline)
and his early design philosophy.

SB: Aren't you getting into the problems of
stereo imaging and all its dependent factors?
RC: Yes. I became aware of this in the
early '60s and late '50s when we got into
stereo reproduction. It seemed evident to
me that some speakers gave a better
stereo image than others, but there were
no means of quantitatively testing for it.

FIGURE 4: KEF auditions its speakers (in this case, a pair of Model 105s) in a specially designed listen-
ing room. Sound absorbers on the walls and ceiling help to control reflections and produce conditions

for a good stereo image.

BY BRUCE EDGAR
Contributing Editor

One problem with loudspeakers is that
unless you are listening in an anechoic
chamber, you cannot hear what the loud-
speaker alone is doing. You are always
listening to a combination of direct and
diffuse sound, which has come from
nearby reflective surfaces.

The best we could do was to take a
good speech recording (i.e., one that
sounded natural, but that had a known
""pedigree’’) and listen to it in a room that
was as acoustically symmetrical as we
could find. (See Fig. 4.) We would check
to see if the voice appeared to be coher-

ently in one place or if it appeared to
move about with the spectral content.

I remember worrying about the prob-
lems of stereo imaging, trying to quantify
it and, more importantly, find out what
caused its breakup. We simply noted that
some speakers gave good stereo images
and others didn't. In addition, some
monitors gave better stereo images than
others.

SB: Was this difference in stereo image be-
tween the same or different monitor models?
RC: The difference was between dif-
ferent loudspeaker designs, not monitors
of the same design. We knew that this
had something to do with frequency
response and directional response—what
I call distribution, not dispersion.

Everyone uses the word dispersion to
describe distribution, the way high-
frequency sound is spread. The dif-
ference between distribution and disper-
sion is as follows: the old lady bathing in
the ocean and peeing at the same time is
dispersion because the rate of dilution is
such that at a distance away from the
source, the effect of the piddle is negligi-
ble. Distribution is the old gentleman,
who has had a bit too much beer to drink,
peeing over the balcony rail in a Vic-
torian music hall and spraying it about a
bit.

SB: How did you come to the conclusion
that stereo image had something to do with
distribution and frequency response?

RC: I think the real daylight came about
ten years ago at an exhibition in Paris. It
was the first exhibition put on in the new
Palais de Congres, where they hold the
Festival du Son. Our distributor there
had taken a large demonstration room
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and stacked all our loudspeaker products
at one end in an aesthetically appealing
way.

1 was working the exhibition with
Laurie Fincham, our technical director.
As I was listening to one floor-standing
model, which had been selling quite
well, I said, "I think that loudspeaker
sounds awful.” He agreed with me. The
loudspeaker was at the bottom of what
the distributor called a loudspeaker wall.
I didn’t know the cause and was tempted
to blame the records, but that wasn't the
case. When we played a speech record, it
was obvious that something was wrong. 1
didn't know whether it was the influence
of the other loudspeakers, a bad sample,
the room acoustics or the amplifier. So
we arranged to have the loudspeaker
shipped back to the factory.

The speaker had been designed using
our own drivers and the old methods of
"cut and try"’ in designing the crossover
network. In that method you try to pro-
duce a network that divides the spec-
trum on a terminal volts basis. At the
same time you try to present a feasible
load to the amplifier that does not be-
come wildly reactive or goes down to
very low impedance. It should also give a
plausible response curve and sound
right. You simply start off with a basic
network and tinker with the values and
components until you satisfy the four
conflicting requirements.

When the speaker was back at the fac-
tory, Laurie did a thorough investigation
that showed the sample was entirely
within our manufacturing tolerances. He
did, however, notice a large difference in
sound quality when listening on the prin-
cipal axis and at other angles in the ver-
tical plane. Placing the loudspeaker high
in the room produced one effect, while
placing it on the floor produced another—
not only at low frequencies, but also at
the middle and high frequencies. We
were able to attribute this change in
balance to large variations in the mid-
band frequency response at different
angles.

We found a disparity between the
character of the sound perceived on the
listening axis and that perceived on the
measuring axis, where people conven-
tionally measure response. Also, the
principal acoustic axis, which may be
different from the listening and measur-
ing axes, is highly variable in the
crossover region because the polar
distribution pattern is altered by the
phase relationships of the contributing
drivers.

This situation is well understood in
radio frequency terms. Anyone who has
worked with antennas knows that you
can swing the polar response of an anten-
na by phase retarding or advancing one
of the antenna elements.
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SB: Why didn't it occur to you or others that
the same thing would happen in acoustic
terms?

RC: I don't know. We did understand the
elements of it in a way. I remember one
BBC monitoring loudspeaker we made for
many years. It was the LS5/1A,7 with two
high-frequency drivers, one placed above
the other in vertical array. The two units
provided sufficient power-handling ca-
pacity in the midband. The system in-
cluded a 15-inch paper cone unit and
%-inch high-frequency units. The
15-inch unit had to struggle to get up to
the high frequencies and was used well
beyond the safe region up to 1,500Hz. On
the other hand, 1,500Hz was mighty low
for the tweeters to handle. They would
have been happier coming in an octave
above, but by stacking them it was just
possible to get down to 1,500Hz to meet
the woofer on its way out. This posed a
problem—you couldn't place two tweet-
ers close enough to operate in the many
kHz region. At 10kHz or more, you sim-
ply obtained a bunch of bananas for the
distribution pattern.

The idea was to roll off one of the high-
frequency units by phase retarding it. It
was understood that if you phase retard
one driver, the polar pattern in the
crossover region is tilted downward. We
elected to tilt it downward because most
studios have carpeting, which is a fairly
innocuous reflecting surface. An upward
tilt would give reflections off the ceiling.

SB: How did you change your design pro-
cedures to incorporate the new ideas about
phase?

RC: We decided that the listening axis
was the goal and that we should organize
all the phase responses to drive the
speaker in the preferred way along the
listening axis. (See Fig. 5.)

SB: What kind of crossovers do you use?
RC: That depends on what we are trying
to do. The configuration of the network
comes out of the system specification.
The '‘musicality brigade’" cling to their
belief in simple first-order networks. But
these cannot work properly because in
most cases the 6dB/octave network re-
quires electronic boosting of the output
outside of the passband. Therefore, the
6dB/octave roll-off can be used only in
electronic or active crossovers.

The normal 12dB/octave roll-off can-
not work well because the phase rela-
tionships in the crossover region are
always a problem. You have to go to third
or fourth-order filters to obviate some of
the undesirable side effects, such as the
main lobe of the distribution flopping
about in the crossover region.

You should not consider the crossover
in isolation; you have to consider the
drive unit, the box and the filter together.
We do it by the "'target function' ap-
proach. (See Fig. 6.) It invites you to say,
“"What do I want from this loudspeaker,

Horizontal

FIGURE 5: This illustrates the range of adjustments of the listening window for the Model 105. This is

a standard KEF specification.
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FIGURE 6é: KEF uses the target function to
determine the joint effects of the drive unit, the
box and the filter. Curve (a) shows the measured
frequency response of a midrange driver without
a filter. Curve (b) represents the desired
response of the filter and driver together. Curve
(c) shows the response of the filter that achieves
the target function. The curve is displaced to
show its shape.

and what is its overall frequency
response? '’ Then you take the drive unit
and place it in the box geometry you in-
tend using. You measure the amplitude

and phase response of the unit in its
enclosure geometry and subtract the
measured response from the target func-
tion. You finish with a difference curve
in amplitude and phase, which says what
the network has to contribute. You have
to find a network that will bridge the gap
between the raw driver in the box and
the target function.

SB: Is this difference curve hard to fit witha
realistic network?

RC: Generally speaking, it is readily syn-
thesized. Occasionally, you do get a
bridging function that requires some ex-
tra elements to deal with a dip or peak
that results from something in the box
geometry. The secret in driver produc-
tion is to be able to reproduce the driver
consistently, idiosyncrasies and all. Once
you've designed a network to deal with
those idiosyncrasies, they have to stay at
the same amplitude, phase and frequen-
cy so that your crossover responds in the
same way.

SB: What do you do about the response
peaks that invariably appear at the top end
of the driver response?

RC: We try to get rid of the peaks by
treating the driver first. One loudspeaker

DRIVERS

ASSISTANCE

404/455-0572

POLYDAX - SEAS - PHILIPS
PEERLESS - AUDAX
AMPEREX - EV - MOTOROLA

e COMPLETE LINES IN STOCK

e DOME & RIBBON TWEETERS,
DOME MIDRANGES, AND BEX-
TRENE & POLYPROPYLENE

* KITS AVAILABLE
- * EXTENSIVE LIBRARY OF PLANS
* FREE TECHNICAL AND DESIGN

Speaker Supply Co.

Post Office Box 48362
Atlanta, Georgia 30362

design on the English market has a
screaming peak in the high-frequency
end at just over 20kHz. The designers at-
tempted to deal with this by putting a
suck, or notch, circuit into the crossover
filter. The only problem is that the Q of
this high-frequency peak is dependent
on various quirks in the manufacture
that are hard to control.

One problem is that the filter element
has to be tuned by winding turns off of an
inductor. The danger in this is twofold.
First, it relies on the drive unit retaining
its peculiarities throughout the life of the
speaker, and second, if you have to
replace the drive unit, the replacement
will probably not match the original.
Another problem is that the suck circuit
goes to very low impedance at high fre-
quencies, so at about 35kHz the network
wanders down to an chmor so. If there is
any signal up there, it will trip the protec-
tion circuits of the amplifier.

After making sure that all the design
work conforms to the intended listening
axis, you must make sure that the fre-
quency response from both loudspeakers
is the same. We match the responses
with a computer selection program. Hav-
ing produced the world's first identically
matched pair of speakers, we were
astonished how much this improved the
stereo image.

DIRECT-TO-TAPE RECORDINGS

* Natural Sound

e Talented Performers

eNo compression, equalization or
limiting

® Available on reels, (2/4 track, op-
tional Dolby or TypeX], cassettes
(Dolby B, C, or TypeX); and digital
cassette (Beta & VHS)

eDuplicated at playing speed

BLANK RECORDING TAPES

easf and DIRECT 11 cassettes in
special longer lengths (C-66/C-68
& C-96)

* AGFA and AMPEX open reel tapes—
the best open reel tapes

eBlank VHS & Beta video cassettes

CUSTOM DUPLICATING

Write for free newsletter ) current
special offers.

Direct-To-Tape
Recording Co.

Dept. SB, 14 Station Ave.,
Haddon Heights, NJ 08035

COMPUTER SOFTWARE & SUPPLIES
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SB: How did KEF get involved with the BBC
monitor loudspeakers?

RC: It all started back in the ‘70s when
the BBC was experimenting with its
matrix H quadraphonic transmission
program and wanted four loudspeakers
that were as closely matched as possible
to 0.25dB over the midband. We had the
gear to do this because we were just get-
ting into computerized measurement.
The BBC actually used them in a listen-
ing room at Royal Albert Hall during a
Prom season. They were obviously
pleased with the results. It gave us the
impetus to do matching on a wider scale.
Of course, now we do it as an everyday
feature in sets of two.

SB: How do you match your loudspeakers?
RC: We measure and grade all the drive
units, then have a computer search
through a batch of 94 to find the proper
mate in terms of sensitivity and frequen-
cy response. If we can't find a mate for a
unit, it is dropped off. (See Figs. 7, 8 and
9.)

FIGURE 7: To find the proper mate for each
drive unit, KEF uses impulse response tech-
niques to measure each potential mate in a
94-unit batch.

SB: What are the criteria for a good match?
RC: It is normally within 0.5dB. We can
set that limit anywhere, but for domestic
uses, 0.5dB is reasonable. For every pair
of woofers we have to find complemen-
tary midranges and tweeters. We then
have dividing networks, which are close-
ly matched by tolerancing. Finally, we
measure the whole system to make sure
that the selection process has worked
and nothing has changed.
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FIGURE 8: Here matched sets of drive units and crossover networks are sent to the assembly line.

SB: How do you choose the tolerances for
your crossover components?

RC: It is far too expensive to choose by
tolerancing, so we buy capacitors and
resistors in bulk and make our own in-
ductors. They are all measured and grad-
ed in 2 percent tolerance batches, so
there might be a 15 percent spread for
capacitors. For every network we have a
routine that tells us that if one compo-
nent strays in one direction, we can
balance that change by moving another
component in a different direction. A
complex chart tells us how to use com-
ponents a long way from the design
center. Some components are critical,
and some are noncritical. (See Figs. 10A
and 10B.)

SB: What kind of capacitors are you using
now?
RC: For the large ones we use non-
polarized electrolytics. We use a par-
ticular make of capacitor with which we
have worked for 15 years. There is a lot
of nonsense talk in the US and Japan
about the nature of the dielectric. Paul
Voigt used to say, '"The poor little elec-
tron neither knows nor cares what force
is pushing him."” The people who don't
understand these things at an engineer-
ing level have the notion that electrons
are like swimmers in a vat of oil: the elec-
trons can tell the difference between the
fluids.

Because these people don't understand
things such as loss factor, they jump to

FIGURE 9: These Model 105s are awaiting final
acoustic and listening tests before being shipped
out.

conclusions that Mylars are better than
electrolytics. They change capacitors,
listen to the results and claim that any
differences are due to the dielectric.
They ignore the fact that the loss factor
and all the strays are different. They
don't know that a capacitor isn't a
capacitor—it is a conglomeration of
linear and nonlinear resistances and
capacitances—so they are reading only
the effects of stray capacitances.

Audio is riddled with this sort of think-
ing. Some people take one piece of equip-



KP-4C SUPER CLEAN HEADPHONE AMP

Two Channels for only $128!

® Designed by Jim Boak

¢ Can be optimized for either electrostatic or dynamic
phones

® Direct coupled, using a 540 op amp

® Class A operation

® | ow noise and distortion

® High slew rate

® Extended overload capacity gives you a clean, wide open
tube-like sound

* Wellregulated power supply, independent for each channel
The headphone output on most amps usually is a large

resistor in series with the output to knock the level down to

what is suitable for driving headphones. The resistor

reduces the amp’s damping ability, leaving your headphone

drivers less tightly controlled. You will also suffer the distor-

tions produced by the resistor’'s particular nonlinearities. To

solve these problems, Jim Boak has designed a high perfor-

mance amp specifically for headphones. Built around the

powerful 540 op amp, it features a circuit modification,

derived from Walt
Jung’'s work, which
gives the op amp a
highly linear transfer
characteristic. The re-
sulting distortion
curve has that gentle
rise associated with
good tube amps, and a
clean, wide open

-- sound quality you will
enjoy thoroughly every time you listen on headphones. To
top it off, Boak gave it excellent power supply regulation.
Each channel has independent power supplies using three-
terminal regulators to deliver stable voltages across the en-
tire audio range. The amp may be configured for driving
either electrostatic or dynamic headphones, and parts for
both are included.

KP-9 TANGENTIAL TRACKING TONE ARM

Only $160!

Here's your oppor-
tunity to own a tan-
gential tracking tone
arm—and have the fun
of building it yourself.
Rod Cooper’'s ingeni-
ously simple design
elegantly achieves the
benefits long attri-
buted to tangential
arms. The kit has been

sold in England for several years and has been praised for
its high quality. The metal parts are precision-machined for a
solid, tight-fitting assembly. Mount it on your choice of turn-
tables, and you will have an outstanding piece of equipment
which you can use and enjoy every day, for many years of
listening enjoyment.

* Improved tracking ability lowers distortion

® Maintains tangency +0.2°

® Low mass (10g) tracking arm of rigid Dural

® Servo controlled, with opto-electronic feedback

¢ | ow friction gimbal suspension

SBK-C2 PHASE-ALIGNED ELECTRONIC CROSSOVER

Two channels

One of the problems introduced by crossovers is the
phase delay they cause. Over the years, many attempts to
minimize this problem have been made. Bob Ballard's solu-
tion starts with a simple method of measuring the drivers’
phase relationships in the air. Then he shows you how to
build a crossover with phase adjusting circuits and tells you
how to put your system in alignment, from the preamp out-

METAL FILM

10¢ each in quantities less than

Old Colony is closing out its entire stock of Draloric metal
film resistors. Take advantage of this opportunity to stock
up at bargain prices. These precision audio grade resistors
are made by Telefunken to exacting standards. They have
tight specs at a high level of performance with long term
reliability and stability—all to assure you of high fidelity in
the audio equipment you build.
¢ Extremely low noise:

less than .05 microV/V to 10k

less than 1 microV/V to 100k

less than 25 microV/V to 1 Meg
® Temperature Coefficient: 50 ppm/C°

for only $134

puts to the sound in the air.

®* Three-way active crossover

® Phase shifting circuits to fine tune your system

® Fasy method to measure actual acoustic phase relation-
ships among drivers

* Op amp filters simplify design

® Rumble filter built in

RESISTORS
100, 8¢ each for 100 or more
¢ Tolerance: less than 1%
* Maximum Power: 0.35W @ 70°C derated linearly to OW
@ 165°C
* Maximum Voltage: 250V
¢ Copper leads coated with eutectic solder
All standard E24 values are available except: 47.5, 121,
274, 2.21k, 3.92k, 4.75k, 8.25k, 12.1k, 18.2k, 22.1k, 24.3k,
27.4k, 39.2k, 43.2k, 47.5k, 56.2k, 82.5k, 150k, and 825k.
Minimum Order: 10 per value.

Old Colony will continue to stock metal film resistors in all stan-
dard E24 values, but take advantage of these special closeout
prices on the Dralorics while supplies last.

ORDER FORM
Qty.

Price
KP-4C Boak Headphone Amp Kit $128 (twochanneis). .
_ KP-9 Cooper Tangential Tracking Tone Arm Kit $ 160 ea.
_____ SBK-C2 Ballard Phase Correcting Crossover Kits $ 134 ea
Metal Film Resistors—Minimum Order 10 per value— 10¢ each (20% off for
100 or more)
Value Qty.
Value Qty.

Value.
|Value.

_ Qty._ || Value Qty.
Qty._ ||value. Qty.
Total for resistors _
Total amount enclosed:

Old Colony Sound Lab, P.O. Box 243, Peterborough, NH 03458 usa

Form of Payment: [ | Check [ | Money Order [] MC or Visa
Card # _ Exp. Date _

Name

Address - -

City _State _ __Zip

Phone Orders: (603) 924-6371 (MC or Visa only) 9-4 EST
For full kit listing, send stamped, self-addressed envelope
to: Old Colony Sound, PO Box 243, Peterborough, NH 03458




ment out of a chain, substitute X and say,
""Since I hear a difference, it must be due
to X.”” They don't realize that they have
altered the interface condition, and this
produces a different frequency response,
which is what they hear.

SB: So you find the electrolytic capacitor
quite stable for your purposes?

RC: Yes. You have to make sure that you
are getting a high-quality capacitor
whose loss factor is right for the circuit.
We buy capacitors on the basis of
capacitance, loss factor and tolerance.

SB: Are the electrolytics you use available
to home constructors?

RC: Several firms in England specialize
in components for constructors. These
firms, such as Falcon, Badger and
Wilmslow, buy from the same source as
we do.

SB: Is there anything we have not covered
that the average speaker builder should
know?

FIGURE 10A: Capacitors used in crossover net-
works are measured individually and sorted into
| percent tolerance batches.

FIGURE

10B: The crossover networks are
checked to within +0.5dB of a reference stan-
dard and are constructed in pairs to difference
limits of 0.2dB.
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RC: I'd like to address three concerns.
First, the speaker builder should ap-
preciate the specific nature of the
crossover network and the box geome-
try. To do that, you have to take a look at
where the business came from. Twenty-
five years ago almost the whole loud-
speaker business was in components. In
the days when ElectroVoice held sway
with its range of drivers and speaker kits,
it was common for the amateur construc-
tor, even the most erudite, to take a
tweeter from one manufacturer, a mid-
range from another and a woofer from
yet another. Regardless of any im-
pedances or parameters, he would marry
all the drivers with a crossover from a
fourth source and then put them into a
cabinet of dubious geometry and dimen-
sions. Finally, he would pontificate about
its performance. Now we know what a
load of nonsense that was because cross-
over networks have to be specific to a
group of drivers.

The crossover network, moreover, has
to be specific to a drive unit in a specific
geometry. If you substantially alter the
box geometry so that you change the dis-
tance from the box edge to the drive unit,
the response of the loudspeaker will vary
significantly. You must take this into ac-
count in arriving at a target function.
Once you have settled on the type of
driver and box geometry, the only thing
you can alter to achieve the target func-
tion is the network.

People who are working on a certain
set of drivers and box geometry write to
us and ask for a schematic of a crossover
that has been designed for quite a dif-
ferent purpose. They don't understand
the significance of the network and that
it is electrically and acoustically specific
to a speaker design. So the first item to
convey to speaker builders is that cross-
over networks are speaker specific.

SB: What is the second point?

RC: We need to supply drive units in
matched pairs because even in the best
regulated families, drive units tend to
differ significantly. In uncontrolled pro-
duction, the variations in sensitivity and
response are enormous. ['ve seen varia-
tions in sensitivity of as much as 6dB in
drive units that purport to be the same
thing. Even in cases where the dif-
ferences in sensitivity are not as drastic,
you still get quite significant variations in
actual frequency response. Just as in the
days of push-pull amps it became neces-
sary to supply tubes in matched pairs, it
is now necessary to think in terms of
matched pairs of drive units, at least for
the more esoteric system.

ST
SB: What is the third item?

RC: It is important for the amateur
speaker builder to think about protec-
tion. Unless you are going to use a
loudspeaker well below the safe rating,
protection is an essential feature of a
modern loudspeaker—if the price will
stand it. (See Fig. 11.)

FIGURE |1: KEF uses this overload protection
circuit in the Model 101,

SB: What do you recommend for protection
circuits?

RC: The only way is for manufacturers
to supply the essential circuitry. Here
again, some Japanese manufacturers got
it wrong a few years ago by coming onto
the market with omnibus protection
devices that didn’'t work because the
manufacturers hadn’t studied the way a
loudspeaker fails—i.e., the thermal
overload. We have studied thermal
overload, made special test instruments,
and determined in what circumstances
and by what mechanisms loudspeakers
actually fail in service.

SB: How do they fail?
RC: They fail mainly by thermal
overload. This is a process where the rate
of power input to the voice coil exceeds
the dissipation rate or is sufficiently long
term to override the natural thermal
capacity of the voice coil, particularly in
tweeters. We give the thermal capacity
of the voice coil on all our data sheets. It
is more or less directly related to the
mass of copper in the voice coil. In a
large voice coil, the thermal capacity is
large enough to absorb the transient of
heat resulting from a fairly heavy
musical passage or from an accidental
overload, so long as it isn't a steady-state
signal.

In high-frequency units, however, the
voice coil can’t be massive, or it would
not be a tweeter any longer. So we have



to take that into account and put in a cir-
cuit that enables the speaker to differen-
tiate between false and musical signals.
Generally speaking, the simplest high-
frequency unit is able to operate on
musical signals with inputs up to a
quarter of a kilowatt. Yet that same
tweeter can be destroyed in a few
seconds by 10W.

Many soldering irons achieve the 300
to 400°F necessary to melt solder with an
input of 10 to 15W. That means that the
steady-state dissipation of 10to 15Wina
confined space in a component of small
thermal capacity will rapidly raise its
temperature to the melting point of
solder. Of course, you are in trouble with
a voice coil long before you actually
destroy it. Most people think that you
burn out the voice coil. That isn’t so. The
problem with thermal overload is that
you either bring about irreversible
distortions in the voice coil (e.g., create
an oval shape) or cause a blister due to
outgassing of volatile material.

Even though a voice coil is not
destroyed, the adhesive bonds are
damaged. As the voice coil heats up, its
resistance rises, and as the resistance
rises, the current through the voice coil is
lowered, reducing the mechanical force
from the magnet on the voice coil. Also,
the impedance shifts, as can the cross-
over point. These things occur at tem-
peratures well below those that will per-
manently damage the voice coil.

SB: Where do you see loudspeakers going in
the future?

RC: 1 think there are two distinct
avenues for progress. First, we can fur-
ther improve standards of production to
ensure greater consistency in frequency
response. Second, we can substantially
reduce the nonlinear distortion products,
which are at least a factor of ten greater
than those in any other part of the audio
chain. Once we get around the problem
of mechanical transduction at the input
end, get rid of the pickup and the analog
tape recorder, and get much cleaner
digital signals, I think the high distortion
levels present in dynamic loudspeakers
will remain a stumbling block.

SB: Do you think the moving coil
loudspeaker still has a future?

RC: Yes, partly because a lot of mileage
is left in the technology and also because
there is no serious alternative.

SB: So you don'’t believe that electrostatics
and other types of technologies are going to
take over?

RC: No. That is not to say anything bad
against electrostatics. We are merely fac-

ing up to the fact that electrostatics, by
their physical limitations (i.e., ionization
and physical size), are limited in what
they can achieve. Even today no electro-
static loudspeaker on the market can
achieve the sound pressure that the ma-
jority of the customers demand.

Two other things affect the future of
loudspeakers. The first challenge is to
make loudspeakers less obtrusive. Now
speakers are large, ugly boxes that ruin
the decor and get in the way. Many utili-
tarian devices of the past—such as a
Louis XIV commode or an old clock—
serve as room decorations long after
their usefulness is gone. When the
analog loudspeaker passes from the
scene—as it eventually must—I can't im-
agine that anyone would want to keep
one around just because it's so lovely to
look at.

Second, user convenience ultimately
gets into the act in the development of
every consumer product. When you de-
velop a motor car that can go fast
enough, can accelerate well and is quiet
enough, you can improve other features
such as safety, visibility and acceptabili-
ty. This is something that has hardly
been touched in loudspeakers. For in-
stance, we must solve a whole host of
problems with the interface between the
room and the loudspeaker. Work has
already started on using microprocessors
to enable loudspeakers to deal with this
interface. We can use microprocessors
and digital filtering to sort out some
otherwise intractable problems. You will
see more of that work, especially from
KEF.
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BUILD YOUR OWN WATTMETER

PART Il IN A SERIES ON MODULAR TEST INSTRUMENTS

In Part I of this series, the author
described a voltmeter (VM) circuit
board and several power supply
boards. In. Part II, he will explain how
to build a dual-channel wattmeter for
speaker testing, using the boards from
FPart I.

hen making acoustic measure-

ments on speaker enclosures
or individual drivers with con-
tinuous signals, you must have some
means of determining the drive level
to the unit under test. This level is
usually referred to as '"how many
watts’’ you are delivering to the unit,
but with speakers this terminology
is technically incorrect. Speaker
systems have complex impedances
{i.e., they are not only resistive) that
change with the frequency and the
acoustic environment. Measuring
“true watts'' into a speaker is,
therefore, difficult. Some equipment
measures true watts,! but in general,
speaker tests are defined in terms of
a voltage level that would deliver so
many watts into a fixed resistive
load.

For example, to find the sound
pressure level (SPL) at 1 meter for a
1W input, you do not drive the
speaker with 1 ''real’” watt. You
drive it with a voltage that would
deliver 1W into a resistor that has
the same value as the nominal im-
pedance (R} of the speaker system
under test (V?2/R=W]. Thus, a
nominal 8Q system would be driven
with 2.83V RMS, which would
translate to 1W (i.e., (2.83)2/8 = 1).
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BY G. R KOONCE
Contributing Editor

My wattmeter is a two-channel,
average VZ#R meter, where R is
switch selectable at 4, 6, 8, 12 or 16
for each channel. The full-scale
range of each channel is selectable as
1, 10 or 100W, but you could extend
it. Overload protection is provided
for each meter movement, along
with an overload indicator to show
when readings are invalid.

Each channel also has a switchable
time constant on the averager. The
fast-mode time constant (approx-
imately 0.17 sec.) is quick and con-
venient for adjusting continuous
wave (CW) signal levels during
testing, while the slow-mode time
constant (approximately 1.9 sec.} is
better for monitoring program mate-
rial or noise signals. When monitor-
ing program material in the slow
mode, the meter changes slowly and

~ TABLE I
RMS SINUSOIDAL INPUT VOLTAGES

Average Value of Nominal Resistance R,
Power

(Watts) 4Q 6Q 8Q 120 16Q
% 1414 1732 20 245 283

I 2.0 2.45 2.83 346 40
2 283 346 40 490  5.66
5 447 548 6.32 775 894

10 632 775 8.94 095 1265
30 095 1342 1549 897 219l
50 1414 1732 200 245  28.28
100 200 245 2828 3464 400

FromV = P xRy : P inwatts, V in volts RMS

gives some indication of how hard
you are driving a system. In the fast
mode, the needle kicks upward with
sounds such as drum strikes, but this
unit does not indicate wattage peaks
and is not intended as a substitute
for volume unit {VU} meters in set-
ting record levels.

Note that these meters are cali-
brated to show the wattage devel-
oped by sinusoidal inputs. Since
they use full-wave averaging, such
meters will read low on noise
signals. For true Gaussian noise
signals (white, pink or otherwise},
you should raise the meter reading
1.03dB or multiply the power read-
ing by 1.27. With noise input, a
meter reading of 4 is actually closer
to 5 (V#/Q). If you plan to test
speakers primarily with noise sig-
nals, you could calibrate this 1.27
factor (for power) right in.

Table II-1 lists the RMS sinusoidal
voltages corresponding to various
wattages with different nominal re-
sistances. The case requiring maxi-
mum sensitivity is 1W full scale,
with nominal resistance (Rx) equal
to 4. Under these conditions, the
RMS voltage input is 2V. In Part I of
this series, I presented a VM requir-
ing 4V RMS for full scale. Rather
than add a times-2 amplifier, I sim-
ply upped the averager gain by two
on the VM board. Therefore, a 4V
DC averager output is still full scale,
but only a 2V RMS sinusoid input is
needed to produce it. This affects the
averager resistor and capacitor
values. See Table II-4 for revised VM
construction information.
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FIGURE lI-1: Block diagram of the dual-channel wattmeter.

OVERALL FUNCTION. Figure II-1

shows a block diagram of the dual- * -

channel wattmeter. The first at- | 5

tenuator for each channel allows o l\\ o\, .., 0

you to select the nominal speaker

WATTS

impedance (Ry) for which the unit
will read V2/Ry. This attenuator
displays an input impedance of 300
to 600Q. This low input impedance
has the disadvantage of taking some
power from the amplifier driving the
speaker, but it is nearly immune to
hum and other pickup problems.

The first attenuator output drives
a second attenuator, which selects
the full-scale meter range. In turn,
the output of the second attenuator
drives the VM circuit board, which
means the VM board input can be
severely overdriven if you set these
attenuators incorrectly or apply high
power inputs. The VM board has no
specific protection against this, but
in two years, using 80W amplifiers, I
have not hurt anything. If you test
with kilowatt amplifiers, you should
consider a protected buffer, which
isolates the VM boards and possibly
the input attenuators from any setup
mistakes.

Once you have corrected the input
voltage for the desired value of Ry
and selected the full-scale range, all
that remains is to perform the
"voltage squared'’ function. As with
most inexpensive wattmeters, you
do this on the meter scale. Figure 1I-2
shows the scales 1 made for the
meters in my wattmeter. Once

1 . /; - }

FIGURE 1-2: The author cautions about scaling
values from his wattmeter scale because his
meters do not have linear deflection angle versus
current.

TABLE II-2
WATTAGE VS.
PERCENT METER DEFLECTION
Voltage at TP-2
Watts % Deflection on VM Board

10 100 (full scale) 4 DC
9 94.87 3.795
8 89.44 3578
7 83.67 3347
6 77.46 3.098
5 7071 2828
4 63.25 2.530
3 5477 2.191
2 472 1.789
I 3162 1.265
0.8 28.28 1131
0.6 2449 0.980
0.4 20.00 0.800
0.2 14.14 0.566
0.1 10.00 0.400
0.05 7.07 0.263
0.01 316 0.127

Note: For scale design of linear meter, full scale equals
10.

again, don't try to scale any values
from Fig. II-2, as my meters do not
have linear deflection angle versus
current. Table II-2 gives the percent
of full-scale deflection for linear
movements at various powers for
10W full-scale meters. You can con-
vert these values to degrees of
deflection once you establish the
0-to-full-scale deflection angle for
your meter and its linearity.

Table I11-3 includes the information
you need to construct the wattmeter
power supplies. Note the references
to the correct figures in Part I. The
AC wiring is shown schematically in
Fig. I-10, which also lists the re-
quired parts.

Table II-4 provides the information
you need to build the wattmeter's
VM boards. Again, this table shows
the revisions in the parts list and
refers to the correct drawings in Part
I of this series. The value shown for
R24 is for sinusoidal signals. If you
decide to calibrate your wattmeter
for Gaussian noise, change R24 to
43kQ. Using resistor values other
than those listed will affect the
averager's resistors {R24 and P1).
When P1 is finally adjusted, you find
that:

{(R24 + P1}=2.22(R2 + R3) for
sinusoids.

(R24 + P1}=2.5(R2 + R3} for
Gaussian noise.

This will allow you to select proper
values for R24 and P1 if (R2+R3} is
not equal to 19.25kq.

[ selected the resistors for the two
input attenuators in each channel
from my junk box, so I cannot give a
specific parts list. 1 used low power
resistors to trim the power resistors
to the correct values. Figure II-3
shows the information you need to
select resistors for these attenuators
and gives the final value needed for
each resistor, along with the voltage
across each resistor in normal opera-
tion and under "worst case'’ incor-
rectly set attenuators. The worst
case considered is 100W into 1612, or
40V RMS input. If you anticipate
more serious ''mistakes,’ you might
want higher wattage resistors. In
designing these attenuators, I ig-
nored the VM board loading (ap-
proximately 9.43k2). The worst case
error will occur at 16Q Ry and 1W
full scale and is about 1.5 percent

Speaker Builder / 4/83 2l



TABLE I11-3

INFORMATION ON
WATTMETER POWER SUPPLIES

Special Parts

® + |5V power supply (7815 type; design for 88mA)
R6—56%2, 6.5W (actual max. dissipation = 0.52W)
C8—10pF, 25V electrolytic (17V)
Heatsink—Thermalloy Inc. 6025
Other parts—Table -6
Parts size ist—Table 1-7
Schematic—Fig. I-14a
Circutt board—No. 249Z, negative in Fig. I-17
Board parts layout—Fig. |-15a

® — |5V power supply (79L15 type; design for 15mA)
R2—330Q, IW (actual max. dssipation = 0.15W)
C5~10uF, 25V electrolytic (17V)
R3—6.8k, AW (0.042W)
Other parts—Table 14
Parts size list—Table I-5
Schematic—Fig. 1-12b
Circuit board—No. 246Y, negative in Fig. 1-5
Board parts layout—Fig. |-13b

(0.14dB). 1 did not consider it worth
correcting.

Figure II-4 shows the overall inter-
connection diagram for the circuit
boards of the dual-channel watt-
meter. Input to each channel is via a
screw-type barrier-terminal strip.
The right channel uses a three-
terminal strip for input, return and
chassis ground. The left channel
uses a five-terminal strip to allow
"alarm'' outputs (see Part I and Fig.
I-4} from the two VM boards, which
are tied together, along with the
return. You can wire this output and
the other equipment to a central
audio or visual alarm to warn of
overloads. Although this protects
meter movements, you might want
to add an alarm to alert you of stress
on the input attenuators.

Note that the two input channel
returns tie the two "'low side’' out-
puts of your test amplifier(s)
together. This can produce hum or
even fireworks in your system if
your amplifier has unusual output
wiring such as that on a Carver
M-400. Putting a resistor in each
return lead does not work here
because of the low, variable input
impedance. If you have problems,
tie both wattmeter returns to the
same amplifier low side and put up
with a slight wattmeter error in one
channel.

The wattmeter is immune to signal
phase, so driving one channel, in-
verted, into it causes no problem.
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My test setup uses two independent
amplifiers, and the ground loop
resulting from the wattmeter hook-
up produces no hum. If the ground
loop problem really bothers you,
you can use two AC power trans-
formers and two of each power sup-
ply to make the two channels totally
independent. This requires that each
VM board's alarm output have its
own return and that you keep these
returns independent.

Part I covers the requirements for
the LEDs and the meter for the VM
boards, as well as the parts for the
AC portion of the power supplies. I
used SPST miniature toggle switches
for the time-constant switches, but
you can use anything you have on
hand.

CONSTRUCTION. Before going
into the construction details, I want
to mention that my cabinet was the
most expensive part of the unit be-
cause I selected it to fit in a particu-
lar spot. The cabinet is a miniature

TABLE II-4

'INFORMATION ON VM CIRCUIT BOARDS
) FOR WATTMETER

Revised Parts List

RI2—15k, %W (=0)

R24-3%, YW (7.9mW)

PI—10k (}.2mW)*

C5—4uF, 150V tantalum, foil (17V forward, 1V reverse)
C6—40uF, 25V tantalum, foll (17V forward, 1V reverse)
All other parts—Table 1-2

Parts size list—Table I-3

Schematic—Fig. 1-4

Parts layout—Fig. I-6

Circutt board—No. 246, negative in Fig. |-5

*See Fig. |-IL.

aluminum console consisting of a
KK4P-ND top panel and a KK4C-ND
case (available from Digi-Key Corp.,
P.O. Box 677, Thief River Falls, MN
56701). It has textured finishes on
both halves and would not take rub-
on transfers directly, so I had to label
the front panel controls by mounting
aluminum sheets with the controls. I

Ry ATTENUATOR

RANGE ATTENUATOR

RI
3000
1690 W
TO VM
sl RS s2 MG
ggpn 20 L= (INPUT)
INPUT R; L tow
1 2128 8q 2R6
- " W—o0 ¢GSQ
R4 100W
87.18 60
* Vv ° {R?n
330
ag 1
SI-SPS5P ROTARY —CAN BE SHORTING
OR NON-SHORTING
S2-SP3P ROTARY—~ NON -SHORTING
Worst Case’ Normal Full Scale
Resistor Value Voltage Wattage? Voltage Wattage?
R1 300Q 20V 1.33W 20V 1.33W
R2 820Q 16.9V 0.35W 14.6V 0.26W
R3 2120 1.7V 0.65W 8.3V 0.32wW
R4 87.1Q 7.4V 0.62w 4.5V 0.23W
RS 205Q 27.3V 3.64W 13.7V 0.91wW
R6 65Q 8.7v 1.16W 4.33V 0.29wW
R7 30 4.0V 0.53wW 2.0v 0.13wW

'‘Based on 100W into 16Q (40V RMS) input with R, attenuator in any position.
%Into a single resistor used to obtain the value.

FIGURE II-3: This information should help you in selecting resistors for the input attenuators.
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FIGURE [1-4: Overall circuit board interconnections for the wattmeter.

painted the sheets blue and put
white transfers on them. To label the
back panel connections, I used black
transfers on scraps of circuit board
(copper stripped), which I mounted
under the terminal strips. Figure II-5
shows the outside of the unit.

See Fig. 1I-6 for a look at the inside
of the wattmeter. I have not pro-
vided guidelines such as drilling

templates, but I have included draw-
ings and a detailed description of
each part. Figure II-7 shows the
placement of the various parts and
the basic AC wiring. In this figure,
the console top panel is in an open,
or flat, position. Note that in the
description ''right’ means the unit's
right and thus appears on your left in
this drawing. The line cord and fuse

FIGURE II-5: Because the author chose his
cabinet to fit into a special spot, it was the most
expensive part of his unit.

FIGURE 11-6: This internal view of the unit
shows off some of the author’s handiwork.

are on the rear, with one insulated
post provided and the metal oxide
varistor (MOV} wired from the fuse
holder to this post.

The power switch and transform-
er are mounted on top of the unit,
while the two power supply boards
are mounted on the rear wall via
Va-inch-outside-diameter by %-inch-
long 4-40 threaded spacers and
Ys-inch-long 4-40 screws. The power
supplies are wired to the VM boards
via individual twisted triplet wiring
made from No. 24 hookup wire.
Stick-on cable clamps keep the wires
in place. A piece of two-wire (No. 26}
ribbon cable runs from the +15V
power supply to the power-on in-
dicator LED.

The two VM boards are mounted
on thin aluminum brackets via
Ya-inch spacers. The brackets are
slightly larger than the boards, with
Ys-inch-wide, right-angle flanges
bolted to the top panel. I mounted
the boards so that all calibration pots
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face the bottom of the unit. Individ-
ual two-wire ribbon cable connects
them to the meters, time-constant
switches and overload LEDs. (See
Fig. II-8.) In this drawing [ have
tipped the two VM boards {compo-
nent side up} inward and pushed
them to the outside to show connec-
tion points. Exact overload and
power-on LED connections are not
shown, but the following discussion
gives more detail about them and the
limiting resistor for the power-
on LED. Most miniature toggle
switches do an internal mechanical
inversion, so the switch should be
“closed’’ when the handle points to
the "'slow’’ side.

My LED mounting is slightly dif-
ferent from the norm. I make my
own mounts, which are actually cir-
cuit boards. They cost me close to
nothing because I make them as
fillers for unused portions of board
layouts. If you decide to go this
route, Fig. II-9 shows a negative of
four mounts. Figure II-10a shows
how they are mounted to a panel.
These mounts have a provision for
mounting two resistors in series
with the LED. I also included a limit
resistor on the green power-on LED
mounting board. {See Fig. 1I-10b.)

My construction of the Ry at-
tenuator is also a little different. This
attenuator uses some power resis-
tors that have one end (the input} in
common. (See Fig. II-3.} I cut a scrap
piece of circuit board into a semi-
circle (approximately 1.3 inches in
diameter) and drilled holes to match
the resistor leads (Fig. II-6). The
resistors that comprise the Ry at-
tenuator mount to the switch ter-
minals at one end and to this circuit
board at the other.

I constructed the range attenuator
by mounting the resistors with "'un-
used’’ switch terminals. I mounted
the input terminal strips vertically at
each end of the rear wall and wired
them to the Ry attenuator with
twisted pair No. 24 wire. Note in
Figs. II-4 and II-8 that the Ry at-
tenuator does not interrupt the re-
turn side of these wires. The Ry at-
tenuator is wired in series with the
high side wire. I used the circuit
board as input and the switch wiper
as output. The output from the Ry at-
tenuator goes to the range attenua-
tor, then {via twisted pair} to the VM
input and ground. An open wire ties
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SCREW TYPE TERMINAL STRIP
(FEEDTHROUGH TYPE)
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NOTE:
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210" WIDE X 10.5" DEEP X 4.2" HIGH

FIGURE 1I-T: In this diagram of the parts placement for the wattmeter, the top panel is in an open, or
flat, position. The “‘right” designations refer to the unit’s right and thus appear on your left as you

look at the drawing.

the alarm (E terminal) outputs
together on the two VM boards, and
a two-wire ribbon takes the alarm
and return to the left-channel ter-
minal strip. Although the position-
ing and length of the wires are not
critical, I would suggest that you use
twisted pair wiring from the input
terminals to the VM boards and that
you keep wiring to the time-constant
switches reasonably short.

SERVICING. The best way to make
a piece of equipment fail is to build it
so that it is unserviceable. To facili-
tate servicing, you should leave
some slack in the wiring from the
transformer to the power supply
boards and in the DC ouput wiring
from these boards. This will allow
you to unmount the boards and
swing them out together for servic-
ing. The way I mounted the LEDs
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TT=TWISTED TRIPLET
2R = 2 WIRE RIBBON

NOTE:
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OF VOLTMETER BOARDS

’ KEY

’ FIGURE 11-8: Wiring of the wattmeter.

and time-constant switches allows
you to unmount them also. Doing
this and removing the meter connec-
tions makes it easy for you to un-
mount the VM circuit boards and
swing them out. Leaving some slack
in the power, input and alarm wiring
to these boards also helps.

The main restriction is the open
wire that connects the two alarm
outputs on the VM boards, but you

can cut and reconnect this wire if
you must. Only a few wires connect
the four attenuator switches and
their resistors. If they need service,
unmount them, then disconnect the
wires and remove the parts.

In two years, my wattmeter has
failed only once, when one overload
LED developed an internal mechani-
cal intermittent. I replaced it easily. |
have checked calibration twice in

|

FIGURE 11-9: Circuit board for the LED mounts.

that time, but the meter has needed
no readjustment.

CALIBRATION. The only part re-
quiring calibration is the VM circuit
boards. I discussed this in Part I, but
since then have changed the
averager gain. To calibrate the
finished wattmeter for sinusoidal
signals, adjust P3 on each VM board
so that the voltage at test point (TP} 2
is approximately 4.5V. This raises
the meter protection limit to allow
board calibration. Adjust P2 to max-
imum resistance (full counterclock-
wise} and set Ry to 42 and the range
to 1W full scale. Under these condi-
tions, the input terminals are direct-
ly connected to the VM input. Apply
a sinusoid of 2V RMS at a convenient
frequency (around 1kHz}. With the
time-constant switch set at fast, ad-
just pot P1 for 4V DC at TP-2. Now
adjust P2 until the meter reads full
scale. Adjust P3 to drop the voltage
at TP-3 to about 4.1V DC. Raise the
input slightly to verify that the
overload protection is working prop-
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FIGURE 1l-10a: Mounting of the LEDs with small
circuit boards. Note the provision for mounting
two resistors in series with the LED.
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¥
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RETURN

FIGURE II-10b: Of special interest here is the
limit resistor on the green power-on LED
mounting board. See Fig. 119 for the board
negative.

erly. Doing this on both channels
completes calibration.

Use the same procedure to cali-
brate your wattmeter channels so
they read correctly with Gaussian
noise signals, except the input sinu-
soid should be 1.77V RMS |i.e.,
2/{1.27)'"*) when you adjust P1 to
produce 4V DC at TP-2. Set P2 and
P3 as above. The meter should now
read full scale with 2V RMS Gaus-
sian noise input.

PERFORMANCE. I discussed the
performance of the VM board in
Part [, but, as | mentioned before, |
have changed the averager gain. In
addition, there is the question of
how accurate the input attenuators
(Rv and range} and the homemade
meter scales are.

Table II-5 shows the measured per-
formance for my two wattmeter
channels with a 1kHz sinusoid in-

put. I adjusted the voltage (V..) with
various attenuator settings to pro-
duce a given meter reading, then
recorded this V., value. Table II-5
compares the measured V,, value
with the computed V., to produce
the indicated meter reading. For all
cases where I took the meter to full
scale (10}, the test results were
within 1 percent. This verifies the
accuracy of the Ry attenuators and
the 1W and 10W positions of the
range attenuator. My oscillator
would not produce enough output to
get to full scale on the 100W range.

This accuracy is better than the
design would indicate because of the
VM boards' loading on the attenua-
tors. This is a case of cancelling er-
rors, I suspect, so you should not
plan on 1 percent accuracy. At 5 on
the meter scale, accuracy was some-
what poorer (+2.5 percent}, which
is probably due to error in making
the scale. At 1 on the scale, the ac-
curacy was better than +1.5 per-
cent, verifying the linearity of the
unit.

Figure II-11 shows the frequency
response of the right wattmeter
channel around full scale {10 on the
meter) and at 10dB down (1 on the
meter). Note the expanded scales
used in these plots. To get data with
this high a resolution, I read the
voltage at TP-2 on the VM with a
digital voltmeter (DVM). I watched
the meter to make sure it was track-
ing this DC voltage. From 10Hz to
20kHz, the response stays within
+0.25dB. Undoubtedly, this unit

TABLE II-5
PERFORMANCE OF COMPLETED WATTMETER

Attenuators Meter  Computed
Ry Range Reading \'
1Q W 10 (IW) 2
1Q IW 5 (aW) 1.414
69 IW 10 (IW) 2.45
8Q IW 10 (IW) 2.83
12Q IW 10 (1W) 3.46
1692 IW 10 (IW) 4
1Q 10W 10 (10W) 6.32
1Q 10w 5 (5W) 447
1Q 100W I (10W) 6.32

Tests at |kHz with sinusoidal input. All voltages are RMS

_ Adual Viy — Computed Vv 194
% Error = Computed Vom X 100%

Left Channel Right Channel

\ % Error \ /" % Error
1.9 =05 2.00 0
1.38 —24 1.395 —1.34
245 0 246 +0.4
2.84 +0.35 2.84 +0.35
3.49 +0.87 3.48 +0.58
4.04 +1 4.04 +1
6.34 +0.32 6.38 +0.95
439 =179 4.44 —067
6.33 —0.16 6.40 +1.27
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FIGURE 1l-11: Frequency response of the right wattmeter channel in the fast mode set at around full

scale (10 on the meter) and at 10dB down (I on the meter).

will show interference or oscillation
problems up to 100kHz, as the
response is down less than 2dB at
100kHz. After a sudden 10dB signal
input change, the wattmeter took
two or three seconds to settle in the
fast mode and 14 to 16 seconds to
settle in the slow mode.

The modification to the VM
averager gain in the wattmeter will
improve the full-scale performance
with high-crest factor {peak-to-RMS
ratio} signals. I don't have the
necessary test equipment to provide
actual data, but the first stage of the
VM should be capable of at least a
12V peak swing, so the wattmeter
should have good linearity with
signals having crest factors up to
about 16dB. A 14dB crest-factor
capability is usually considered suf-
ficient for noise signals.

OPERATION. The dual-channel
wattmeter is connected to the out-
puts of your test amplifier(s}. [ usual-
ly use the two amplifier channels in
the normal left-right stereo mode. In
the slow mode, the wattmeter gives
you an idea of how much power you
are putting into each speaker with
program material. If you set Ry at or
below your speaker’'s minimum im-
pedance, the true average power de-
livered to the speakers will be less
than the power indicated. Remem-

ber that peak power will be much
higher.

To run steady-state acoustic tests
with CW, noise or warble tone in-
puts, you would set Ry to the
nominal impedance of the system
and use the fast mode to allow easy
signal-level adjustment. Remember,
at certain frequencies you might ac-
tually deliver more watts to the
system than is indicated on the
meters, but it is unlikely that your
ears will allow excessive power in-
puts during steady-state testing.

I sometimes convert my two am-
plifier channels to a monaural biamp
setup with an electronic crossover. |
can then monitor the power to the
drivers on each side of the crossover
frequency. It is interesting to see
how the power divides with various
types of music. This information is
useful in helping to select which
crossover frequency to use if the
drivers will allow it to move or if one
driver has a low power rating.

In Part III of this series, the author
will discuss the development of circuit
boards that measure phase angle.

REFERENCES

1. J.R. Hunt, "'Audio Power Meter,"" Popular
Electronics, October 1979, p. 62.

o fmport_ant—f_acts
about
INDUCTORS

The most important parts of your
crossover are the inductors. Their quali-
ty can mean the difference between
strong, clean bass and weak, distorted
bass. A quality inductor means: low DC
resistance, no saturation (a cause of
distortion) and exact tolerances. Unfor-
tunately, this usually means outrageous
prices and inductors the size of Volks-
wagens. Sherman Research induc-
tors offer a low cost/no compromise
solution to the inductor dilemma. For
high inductance values use steel lami-
nation core inductors with ultra-tow
DCR, low hysteresis, and no saturation
up to 1000 + watts. For lower values,
use Sherman Research air core induct-
ors that feature nylon bobbins and high
temperature SNSR wire.
For more information, contact: Sherman
Research, 14105 Inwood Rd., Dallas,
TX 75234, or these distributors:
Soundbox
7057 Rt. 38
Pensauken, NJ 08110
(609) 662-4530
SRC Audio
3238 Towerwood Dr.
Dallas, TX 75234
(800) 221-0251

NEW OFFERINGS
from

OLD COLONY

ROBERT M. BULLOCK’s
THIELE/SMALL PROGRAMS
(S8 1/83, pp. 15-20)
for
HEWLETT-PACKARD
HP-67
and
TEXAS INSTRUMENTS
TI-58
Programmable calculator
Mag. Cards.

HP: PR-1........%$4.00 ea.
TI:PR-2.........%$4.00 ea.

CIRCUIT BOARD

Newcomb: Passive Power
Indicator

S$B-D1 ckt. board, ea.. .. .$2.50
SBK-D1 kit, one channel Passive
Power Indicator [SB 1/83] with R1
resistors included for 5, 25, 50
and 100 watts @ 82 plus red and
green LED’s.. ... .. .. $6.00 ea.
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A strongly opinionated cautionary tale
of one man's fifteen-year search for the
ultimate home built speaker system

A SPEAKER BUILDER’S
ODYSSEY: PART V

BY ROBERT CARLBERG

SYSTEM 11: MARK ELEVENS.
Having learned my major lessons /4 “
already, I believed all that remained SYSTEM || /
was to achieve that last bit of quality :

difference in driver and visual =
design. I set out, theory in hand, to ) //
construct the ultimate home-built
speaker system. The alternative
would have been to give up speaker
building and buy a megabuck elec- ~N . o
trostatic system, which I could not 3/<
adapt and certainly could not afford. REAR FIRING

I already had the '’ultimate’ MINI-SPEAKER _| 7
woofers on hand, so I went shopping (ORIGINAL POSITION
for midranges and tweeters. Think-
ing back over all the systems I had
heard and all the drivers I had tested,
only a few possibilities stood out. The
Dahlquists were good, but consisted
of four different drivers of varying
availability requiring an elaborate
crossover network. It was difficult to
find out exactly what was inside the
Snells, but they turned out to be
unavailable anyway.

An electrostatic high-end would
have been nice, but the cost was high
and auditions of separate component
systems not readily available. The
ESS Heil driver was terribly expen- oA ]
sive and not guaranteed to be free of \

@ w7

4 —YAMAHA
JA-0513

——YAMAHA
JA-08O0I

—JBL 124-A
12" DIA .

the colorations encountered in ESS's \ [
applications. Even more exotic [
designs such as glass plates and \ f "
plasma drivers were much too costly i
to buy unheard. 7
The only other possibility was a
high-tech version of an old idea, the
dome. Yamaha's beryllium-dome SIZE ' 22" WIDE x 46" HIGH x
mids and tweeters from the NS-1000 8"DEEP 5400 /N7
system were impressive, even
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shackled to a second-rate woofer in a
fifth-rate cabinet design. On investi-
gation, 1 found my local Yamaha
dealer (stereo, not motorcycle} was
willing to special-order them as
replacements. They are not, strictly
speaking, on the separate component
market. At $195 per side, they
weren't cheap, but they weren't be-
yond possibility either. The way 1
justified it to myself was that this was
still considerably cheaper than buy-
ing a comparable commercial design.

You may have noticed I prefer dome
drivers. This is for two reasons—
dispersion and freedom from break-
up. Cone drivers will "beam'’ at their
upper frequency limits, and the pas-
sive cone will begin to lag behind the
active voice coil, causing cone '‘break-
up' at high frequency or amplitude
levels. Domes are, 1 believe, less
susceptible to these problems, at least
they sound that way.

[ further believe that horn drivers
are undesirable for the same reasons
that ""electrical’’ microphone record-
ing replaced the older "acoustic
recording, which used horns to cap-
ture the sound. (Read the back of a
computer-enhanced Caruso record.)
Horns provide an inherent coloration
by emphasizing certain frequencies
and de-emphasizing others, but with
an overall gain in efficiency. I've
never heard a horn that didn't sound
like "'a horn.” Finally, horn drivers
cannot be time-aligned due to theirt
convoluted sound paths. Believe
me—I've tried.

A visual analogy might clarify this.
The driver is a moving surface at-
tached to a voice coil in a magnetic
field. The voice coil translates alter-
nating current into alternating sound
pressure—an exact reverse analog of
the recording process with a micro-
phone. Ideally, the long electro/
mechanical chain of events between
the microphone and speaker dia-
phragms should disappear into zero
distortion. What is left? An enlarged
microphone diaphragm in your living
room, re-creating recording studio
motions. Why would you encumber
it with a horn, point it at the floor,
wall or ceiling, or electronically alter
the signal going into it?

So while awaiting my specially
ordered Yamaha drivers, I began
cabinet construction. I altered the
Full-Range Panel enclosures to ex-
periment with JBL woofer loading. At

1 cubic foot they sounded restrained,
at 2 less so, at 3 even less, but at 4
they were not appreciably improved
over 3 cubic feet. The woofers are so
closely controlled that foam stuffing
affects them very little, except direct-
ly behind the woofer for standing-
wave cancellation. I therefore settled
on 3-cubic-foot versions of the basic
design I had built for Marc, with
foam only as needed inside.

Since this was to be "‘the ultimate"’
cabinet, I decided to find something
more rigid than %-inch particle
board. After several weeks of search-
ing, I finally located two 4x8's {one
already cut into two 2 x 8's} of 1-inch
particle board at a local lumber yard.
The clerk was glad to sell this special
order someone had never picked up.
But did you ever try lifting and carry-
ing 32 square feet of 1-inch particle
board?

The cabinets went together with a
minimum of problems, aided by a
borrowed table saw, liberal rasping
and Weldwood plastic resin glue to
fill the gaps. The overall dimensions
were held to within about ¥, inch of
design {mostly for my own amuse-

ment), but each cabinet had a wide |

variation in how these dimensions
were met. They were about two
months in the making, with my
working evenings and weekends,
after which 1 spent another four
weeks veneering the cabinets with
real walnut.

I no longer had access to laminate
at employee discount {which put it
out of my price range}, and since this
was to be a visual adventure, I decid-
ed to try the next logical step. It went
on similarly to the laminate, except |
found that veneer shrinks slightly
when subjected to the moisture in the
glue, leaving me with hairline cracks
between the larger expanses. Oh
well, from a distance it looks good.

In addition to being designed for
high strength through the use of
small surfaces wherever possible,
two internal braces run the length of
the cabinets, bisecting the rear panels
and trisecting the front. The rear
panels are angled to lessen standing
waves. After cabinet depth, the
primary objective was stability—and
carrying them upstairs convinced me
they would remain stable thereafter.

Next time, Mr. Carlberg will continue
this discussion of his Yamaha speakers.

| POLYPROPYLENE
' DUAL VOICE COIL
' SUBWOOFERS

Sherman Research Dual Voice Coil
Subwoofers allow you to input both
right and left channels to one speaker,
giving tremendous bass from one
relatively small cabinet. Both the 8” and
12” make incredible car stereo sub-
woofers.
8" Specifications:
Impedance: 4 ohms/voice coil
Qt: .3 Fs; 30Hz Vas; 2.17 cu. ft.
1 cubic foot vented enclosure yields
F3: 40Hz and less than .1dB ripple
12” Specifications:
Impedance: 4 ohms/voice coil
Qt: .48 Fs; 19Hz Vas; 7.9 cu. ft.
6 cubic foot sealed enclosure yields
F3: 26Hz; Resonance: 30Hz.
[ Cabinet plans, matching crossovers,
| and additional specifications are
available.
|| Distributed by:
| Soundbox
7057 Rt. 38
Pensauken, NJ 08110
(609) 662-4530
| SRC Audio
3238 Towerwood Dr.
| Dallas, TX 75234
(214) 243-4145
(800) 221-0251

= = - -

“soundbox ‘

SPEAKER KITS & PARTS

—IN STOCK—

SHERMAN
RESEARCH

e Polypropylene
subwoofers (dual V.C.)

» Steel-lam coils
» Crossovers

| Catalog $2.00

l SOUNdbOX

841A S. American St., Dept. SB
Philadelphia, PA 19147

(609)662-4530 (215) 389-3658
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Tools, Tips & Techniques

Improved Imaging

Most serious stereo listening is done at
positions equidistant from the two
speakers. This defines the optimum
listening area. Even small lateral shifts in
position will produce shifts in the stereo
image. The following is a simple, effec-
tive and (best of all) cost-free way of
broadening the optimum listening area
using conventional speakers.

In Fig. 1, position 1, the speakers’ con-
tributions are equal. Center stage voices
are localized precisely between the two
speakers. In position 2, however, center
stage voices are shifted to the right. The
left speaker’s direct energy is attenuated
because the listener is farther away from
it and farther off axis. The direct energy
is also delayed relative to that coming
from the right speaker because of the dif-
ference in path lengths. As the listener
moves from position 1 to 3, the center
stage follows, and the stereo breadth

shrinks until all the sound appears to be
coming from the right speaker.

You can compensate for this effect by
angling the speakers sharply inward, * as
shown in Fig. 2. At position 3, the direct
energy from the left speaker still arrives
late, but its amplitude over a wide band
of frequencies is at least equal to that
coming from the right. This is because
you are listening nearly on axis relative
to the left speaker, while you are well off
axis relative to the right.

I made my measurements in an aver-
age room using a pair of 10-inch, two-
way speakers. I set them up as in Fig. I,
with a microphone at position 2, and
recorded the contributions of each
speaker as a function of frequency. Note
that the contribution of the right speaker
is considerably greater than that of the
left (Fig. 3).

Next, I angled the speakers, as in Fig. 2,
with 6 equal to 50°. Note that the con-

Continued on page 43
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FIGURE |: When you position your speakers
straight-on, the center stage follows you as you
move from position | to 3, and the stereo
breadth shrinks until all the sound seems to
come from the right speaker.

*This concept was introduced by Benjamin B. Bauer in a patent granted March 5, 1963, and
assigned to CBS. I am not aware of any loudspeaker that uses any embodiment of the patent or
any concept the patent may have introduced during its 17-year duration. Recently, however,
several companies have instituted variations of Bauer's basic concept, most notably Bose in its

new Delco/GM-Bose automotive systems.

1 2

—" ) ¢ e e o e

FIGURE 2: To compensate for the shrinking that
occurs in Fig. 1, angle the speakers sharply in-
ward.
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FIGURE 3: Frequency readings of the speakers in the standard, straight-on

arrangement at position 2.

at position 2.

FIGURE 4: Frequency readings of the speakers in the angled arrangement
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Ot %ala/n/g/ Sound Sat’'s

BOOK SERVICE

TAB BOOKS

T-4 DESIGNING, TESTING AND BUILDING YOUR
OWN SPEAKER SYSTEM by David Weems. A cookbook ap-
proach to speaker design with 10 tests for performance. Indivi-
dual drivers are specified for actual building projects. Weems
likes closed box and reflex enclosures, but is skeptical of trans-
mission lines. Includes a BASIC program for Thiele/Small pa-
rameters. 192pp., softbound. Each $8.95

PENGUINS

P-1 THE NEW PENGUIN STEREO RECORD & CAS-
SETTE GUIDE by Edward Greenfield, Robert Layton, and Ivan
March. Drawing on profound technical knowledge and on vast
musical and historical learning, this newly revised and updated
guide to recorded classical music deals with more than 4,000
disks, giving details of title, performers, record number, label
and price range. 977pp., softbound. Each $12.95

P-2 A NEW DICTIONARY OF ELECTRONICS by E. C.
Young. This remarkably compact reference covers electronics
from A-Battery to Z-parameters with succinct, concise defini-
tions and illustrations. A quick reference completely revised
and updated with lots of added charts and reference data.
618pp., softbound. Each $5.95

P-3 A NEW DICTIONARY OF MUSIC (THIRD Ep., 1973;
FIRST PUB. 1958) by Arthur Jacobs. Alphabetically arranged en-
tries covering composers, individual musical works, orches-
tras, performers, conductors, musical instruments, and techni-
cal terms. 458pp., softbound. Each $4.95

P-8 INTRODUCING MUSIC by Otto Karolyi. Even if you've
listened to music for years, you may be surprised at how little
you know about its fundamentals. A beautifully basic and
spare introduction to the grammar and vocabulary of music—
enough to understand the language without speaking it. It will
deepen almost any non-musician music lover's pleasure in lis-
tening. 174pp., softbound. Each $3.95

WILEY BOOKS

W-1 HIGH PERFORMANCE LOUDSPEAKERS (2ND ED.)
by Martin Colloms. Highly praised source book on loudspeaker
theory and construction by a top-notch English authority.
245pp., hardbound. Each $29.95

HOWARD W. SAMS

S-11 HOW TO BUILD SPEAKER ENCLOSURES by Alexis
Badmaieff and Don Davis. The "'whys'’ and '"hows''of speaker
enclosures. Drawings and instructions cover infinite baffle,
bass reflex and horn types plus combinations. 144pp., soft-
bound. Each $6.95

S-19 SOUND SYSTEM ENGINEERING by Don and Carolyn
Davis. A thorough introduction to sound systems for halls,
studios, outdoor locations and much else. 245pp., hardbound,
8Y¥2x11. Each $21.95

DOVER BOOKS

D-1 REPRODUCTION OF SOUND by Edgar Villchur. An
elegantly simple 92-page paperbound primer on the subject by
the man who invented the bookshelf speaker. Loan or give it to
friends who want to build a system as good as yours.

Each $2.50

D-3 MUSIC, PHYSICS AND ENGINEERING by Harry F.
Olson. A thorough introduction to the physical characteristics
of sound and the relationship of sound to musical instruments
by the former head of staff at RCA's lab for acoustical and elec-
tromechanical research at Princeton, NJ. A classic by one of the
giants in the audio field. Good, easy to read chapters on acous-
tics, mikes and recording, recording and playback systems, as
well as an electronic music chapter. 2nd. Ed. (1967} 460pp.,
softbound. Each $6.50

McGRAW-HILL

MH-1 HANDBOOK FOR ELECTRONICS ENGINEER-
ING TECHNICIANS by M. Kaufman and A.H. Seidman. A
comprehensive compendium of electronic facts. Component
selection, circuit analysis, power supplies, IC uses and charac-
teristics, op amps, transistors, batteries and tubes. A one-vol-
ume encyclopedia on how components work and how to
choose the best of them for your application. 740pp., soft-
bound. Each $35.00

MH-2 HOW TO MAKE PRINTED CIRCUIT BOARDS by
Joel Goldberg. All the topics on making your own circuit boards
are covered both in theory and in practical advice: design and
layout, artwork preparation, photo layout, silk screening and
etching. Each $6.50

BOOK

SERVICE

Name _ . _

change without notice.

Street & No. _ . _

City _ _— _
State ZiP
PO BOX 243 « PETERBOROUGH, NH 03458 « CHARGE ORDERS (603) 924-6526 ¢ 9-4 M-F EDT

To order from Old Colony Sound Lab, please write each book’s number below with quanti-
ty of each and price. Total the amounts and remit by check, money order, MasterCard, or
Visa. For charge card orders under $10 add $1 service charge. Please add 50¢ for postage on
the first book; 25¢ per additional book. Canadians please add 10% for postage. All remit-
tances must be in U.S. funds. Please use clear block capitals. NOTE: Prices are subject to

Number of Books Price
.......... BookNo.................. S,
“““““““ BookNo.......... e S
........... BookNo........ ... ... ... ..., S.. .. ... .....
........... Book No.. .. ... - I
Postage $
TOTALS...........
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Craftsman’'s Corner

Designer Speakers

These Harry F. Olson-inspired speakers
are the work of Canadian cabinetmaker
John Otvos, who spent roughly 250
hours handcrafting the pair. The solid
red oak cabinets are made of ¥¢inch
timber and are internally damped with
plastic tar and Y2-inch "tootie-frootie”
carpet underlay. Walnut feet, 160 feet of

PHOTO I: Otvos’s solid red oak speakers, which he describes as *‘extremely open and natural sound-
ing,” were originally housed in a 20-by-30-foot (600-square-foot) room with a 19-foot cathedral ceiling.
“It was my personal concert hall,” he writes.
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brass inlay, and a rosewood and satin-
wood conch inlay add to the elegance of
the cabinets.

Inside, each speaker’s driver comple-
ment consists of a 14-inch Audax woofer,
with its magnet braced to the cabinet, a
5-inch Audax midrange with a separate
spherical cabinet, and two 1l-inch Seas

World Radio Histol

PHOTO 2: Otvos recently added black felt to
the driver baffle, which is made of %-inch parti-
de board and reinforced with heavy-duty plastic
laminate.

ferro-fluid tweeters that are wired in
parallel. All magnets and baskets are
damped with flexible refrigeration com-
pound. Otvos used a Philips crossover
and Oracle wiring {720 strand)
throughout.

The speaker's voice coils are aligned
and offset 2 inch. For better sound
reproduction, the left speaker is a mirror
image of the right, and both are designed
with nonparallel sides, front and top.
The driver baffle is made of 3%-inch parti-
cle board, which is reinforced with
heavy-duty plastic laminate and covered
with black felt. Four-inch-thick fiber-
glass batting is mounted on the back
wall, while a 3-inch triangular foam baf-
fle is mounted off-center behind the
tweeters and suspended from the speak-
er top. The brass screws that attach the
speaker back to the sides, top and bottom
of the cabinet are all polished and
covered with clear lacquer. A %-inch
acoustic foam grille cloth, supported
along the perimeter with Velcro, adds
the finishing touch.

These exquisite speakers, which are 52
inches high, 24 inches deep, 32 inches
wide at the base and 26 inches wide at
the top, have an internal volume of 6.75
cubic feet. Otvos estimates their value at
$5,000 for the pair.

John Otvos
Brighton, Ontario
Canada KOK 1HO




KITS

=~ QLD COLONY

BOX 243, PETERBOROUGH NH 03458

What's Included? Old Colony kits include all the
parts needed to make a functioning circuit, such as
circuit boards, semiconductors, resistors and capa-
citors. Power supplies are not included in most
cases. Unlike kits by Heath, Dyna and others, the
enclosure, face plate, knobs, hookup wire, line
oord, patch cords and similar parts are not in-
cluded, and you must obtain these parts separately
to complete your project. Step by step instructions
usually are not included, but the articles in Audio
Amateur and Speaker Builder are helpful guides.
Our aim is to get you started with the basic parts—
some of which are often difficult to find—and let
you have the satisfaction and pride of finishing
your unit in your own way.

CROSSOVERS
ELECTRONIC
For both electronic crossovers: choose frequency of 60,
120, 240, 480, 1k, 2k, 5k or 10kHz.
KC-4A: ELECTRONIC CROSSOVER, KIT A.
[2:72] Single channel, two-way. Values of Ry, R;, Cy,
C; must be specified with order. All parts and C4
circuit board. Includes new LF351 ICs. Each $8.00

KC-4B: ELECTRONIC CROSSOVER, KIT B.
[2:72] Single channel, three-way. Values of R,, R;,
C,, C;, must be specified with order. All parts and
C+4 circuit board. Includes new LF351 ICs.

Each $11.00

KK-6L: WALDRON TUBE CROSSOVER:
Low pass. Single channel, 18dB/octave, Butter-
worth, [3:79] includes Bourns 3-gang plastic pot,
level control, Mullard tubes, board, and three fre-
quency range determining capacitors. Specify ONE
frequency range per kit please. (Hz.): 19-210; 43-465;
88-960; 190-2100; 430-4650; 880-9600; 1900-
21,000. Single channel. Each $43.00
KK-6-H: WALDRON TUBE CROSSOVER:
High pass. Single channel, 18dB/octave, Butter-
worth, [3:79) includes Bouns 3-gang plastic pot,
level control, Mullard tubes and 3 frequency deter-
mining capacitors. Please specify one of the fre-
quencies above. No other can be supplied.

Each $45.00

KK-6-S SWITCH OPTION. 6-pole, 5-pos. rotary
switch, shorting, for up to five frequency choices
per single channel. Each $8.00

When ordered with two kits above, Each $7.00

KK-7: WALDRON TUBE CROSSOVER
POWER SUPPLY. [3:79) All parts, including
board, transformer, fuse, semiconductors, line
cord, capacitors. Will power four tube x-over
boards (8 tubes), one stereo bi-amped circuit.

Each $88.00

SBK-Al: LINKWITZ CROSSOVER/FILTER.
Speaker Builder's [4:80] first kit, including all parts
and board for one channel of the three-way cross-
overffilter/delay. 24dB/octave at 100Hz and 1.5kHz
and 12dB/octave below 30Hz, with delayed woofer
tum-on. Board is 5¥2 x 8Y2. Requires + 15V supply,
not supplied. Use the Sulzer supply KL4A with KL-
4B or KL4C. Perchannel $64.00
Twochannels $120.00

SBK Board only Each $14.00

PASSIVE
KF-7: CROSSOVER FOR WEBB TLS. [1:75]
Passive four-way crossover, in pairs, assembled.
Components are included for both STC and Celes-
tion tweeters. Made by Falcon of England.
Pair $87.50

FILTERS & SPEAKER SAVER
KF-6: 30Hz RUMBLE FILTER. [4:75] Two
channel universal filter card supplied with WJ]-3
{F-6) circuit board and all basic parts, 1% metal film
resistors and 5% MKM capacitors for operation as
an 18dB/octave 30Hz rumbile filter. 30Hz, OdB gain
only. Kit may be adapted as two- or three-way
single channel crossover with added capacitors and
resistors. Each $19.75
KH-2A: SPEAKER SAVER. [3:77] This basic
two-channel kit includes board and all board-
mounted components for control circuitry and
power supply. It features turn-on and off protection
and fast opto-coupler circuitry that prevents tran-
sients from damaging your system. 4PDT relay and
socket included. Each $35.00
KH-2B: OUTPUT FAULT OPTION. Additional
board mounted components for speaker protection
in case of amplifier failure. Each $6.75
KH-2C: COMPLETE SPEAKER SAVER WITH
OUTPUT FAULT OPTION. Each $40.00
KI-5 WILLIAMSON BANDPASS FILTER.
[2:80] Two channel, plug-in board and all parts for a
24dB/octave 20Hz-15kHz with precision
cap/resistor pairs. TLO75IC's. Each $31.00

SYSTEM ACCESSORIES
KH-8: MORREY SUPER BUFFER. [4:77] All
parts & board for two channel output buffer to iso-
late tape outputs in your preamp from distortion
originating in a turned-off tape recorder. Many uses
for this versatile matchmaker. Each $14.00

KH-9: TONEARM MOUNT BOARD. For the
Thorens TD-124 turntable only. Exact fit, unpainted
fine grade hardwood. Three countersunk holes
drilled to fit frame. Each $3.25

KF-1: BILATERAL CLIPPING INDICATOR.
{3:75] Single channel, all parts and board for any
power amp up to 250W per channel. (Does not
work well with Leach Amp). Powered by amp's
single or dual polarity power supply. Each $5.50
Two Kits, as above $8.25
KJ-3: TV SOUND TAKEOFF. For extracting the
TV set's sound to feed your audio system [2:78].
Circuit board, vol. control, coils, IC, co-ax cable (1
ft.) and all parts including power transformer.
Each $21.50
KJ4: AUDIO ACTIVATED POWER SWITCH.
Tumn your power amps on and off with the sound
feed from your preamp.|[3/78] Includes all parts ex-
cept box and input/output jacks. Each $50.00
KK-14A: MacARTHUR LED POWER
METER. [4:79] Two channel, two sided board and
all parts except switches, knobs, and Mtg,. clips for
LEDs. LEDs are included. No chassis or panel.
Each $110.00
KK-14B: MacARTHUR LED POWER
METER. [4:79] As above but complete with all
parts except chassis or panel. Each $137.50
KL-2: WHITE DYNAMIC RANGE & CLIP-
PING INDICATOR. [1:80] One channel, in-
cluding board, with 12 indicators for preamp or
crossover output indicators. Requires + 15V power
supply @63 mils.  Single channel. Each $49.00
Two channels. $95.00
Four channels. $180.00

BENCH AIDS s TEST EQUIPMENT
KH-7: GLOECKLER PRECISION 101dB AT-
TENUATOR. [4:77] As basic to measuring as a
good meter, and more accurate than most. All parts
except chassis and input/output jacks to build au-
thor's prototype including all switches and loads.
Resistors are MF 1% and 2% types. Each $50.00
KL-3C: INVERSE RIAA NETWORK. [1:80]
Two channels, 1% polystyrene capacitors and
metal film resistors, gold jacks, cast aluminum box,
solder lugs and alternate 600 ohm or 900 ohm

R;'/C;' components. Each $35.00
KL-3R: INVERSE RIAA. [1:80]
Resistor/capacitor package complete. Stereo R, /C; '
alternates. Each 25.00

KL-3H: INVERSE RIAA. [1:80] Box, terminals,
gold jacks, and all hardware, (No resistors or caps)
inKL-3C. Each $13.50
KF4: MORREY'S MOD KIT FOR HEATH
1G-18 ({IG 5818) SINE-SQUARE AUDIO GEN-
ERATOR. [4:75] Includes two boards and all add-
ed parts needed to modify the Heath unit to distor-
tion levels of parts per million range. Replacement
sine-wave attenuator resistors not included.

Each $35.00
KG-2: WHITE NOISE/PINK FILTER [3:76] All
parts, circuit board, IC sockets, 1% resistors, +5%
capacitors. No batteries, power supply or filter
switch. Each $22.00
KJ-7: VIVM BATTERY REPLACEMENT KIT.
[4:78) All parts to replace your VIVM's battery
with a regulated supply. Each $7.50
KJ-6: CAPACITOR CHECKER. [4:78] All parts
to build an accurate meter for measuring
capacitance, leakage, and insulation. Check phono
& speaker lead capacitance effects. Includes all
parts with4Y2" D' Arsonval meter.  Each $68.00

KK-3: THE WARBLER OSCILLATOR. [1:79]
For checking room response and speaker perfor-
mance without anechoic chamber. All parts and
board. Each $56.00

KL-6 MASTEL TIMERLESS TONE BURST
GENERATOR. [2:80] All parts with circuit board.
No power supply. Each $19.00
KM-1: CARLSTROM-MULLER SORCERER'S
APPRENTICE [2:81] All parts except knobs, chas-
sis. Includes four circuit boards. For construction of
the first half of A Swept Function Generator, with
power supply. Each $145.00
KM-2: CARLSTROM-MULLER PAUL BUN-
YAN. [3:81] All parts except knobs, chassis, output
connectors and wire. Includes two circuit boards
and power supply. Each $85.00

KM-3: CARLSTROM-MULLER SORCERER'S
APPRENTICE/PAUL BUNYAN [2:81, 3:81] All
parts in KM-1 and KM-2. Each $225.00

PRICE INCREASES EFFECTIVE DEC. 1, 1983
Jack A $2.50 Phono Plug $2.75
Jack B $2.50 Neglex 2477 Termination Kit $1.00

ORDERING INFORMATION Prices, except as noted, are
prepaid in the USA and insured. We prefer to ship via UPS,
which requires a street address. If you cannot receive UPS
delivery, please include an extra $2 for insured service via
Parcel Post. We cannot accept responsibility for safety or
delivery of uninsured Parcel Post shipments. Charge card
orders under $10 please add $1 service charge.
PRICES SUBJECT TO CHANGE WITHOUT NOTICE.

CHARGE CARD TELEPHONE ORDER SERVICE
M-F 9AM—4pm EDT (603)924-6371

MasterCard/Visa Cards Welcome. UPS next day and
2nd day air are available to some areas.




UPDATE:
ACOUSTICAL
PHYSICS

Bill Morrison of Acoustical Physics has
pointed out a couple of misleading items in
our review of the Acoustic Image Model II
loudspeaker (SB 3/83, p. 34). The bass in-
ductor in Fig. 1 is not iron but ferrite cored,
which is powdered iron glued into a rod
shape. According to Bill, the new resistor to
balance the midrange should be a 20 ohm
value (10W), rather than the 5 ohm one I
suggested. —Ed.

CORRECTION:
3M STILL KICKING

I am writing in reference to a letter from
Kenneth M. Rauen (SB 2/83, p. 33)
stating, ‘‘Technidisc is the only
American producer of laser video
disks—since IBM and MCA merged, and
DiscoVision Associates (DVA) and 3M
went out of the business...."”

I do not know where Mr. Rauen re-
ceived this astounding information, but
I'm sure our hundreds of customers
would heartily disagree with him. 3M is
not only in the laser video disk business,
but now offers one and three-day turn-
around on limited production runs.

As a matter of fact, it is interesting to
learn Technidisc is finally in business. I
hope their disk production is more error-
free than Mr. Rauen's letter.

Frank M. Price

Sales & Marketing Manager
Optical Recording Project/3M
3M Center

St. Paul, MN 55144

Mr. Rauen replies:

I thank Mr. Price for his letter saying 3M is
alive and well. I am sorry I gave SB readers
false information. I received that informa-

tion from a supposedly authoritative source
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within Technidisc. I have since left Techni-
disc and am negotiating with 3M for a pro-
cess development position. Once again, I
apologize for my error.

REBUTTING
BALLARD

I am concerned about Mr. Ballard's arti-
cle on electronic crossover design (SB
3/82, p. 14; 4/82, p. 26). In addition to
some minor conceptual errors in the
properties of crossover networks, he
makes three major errors in his version
of the three-way, fourth-order Linkwitz-
Riley (LR4) crossover network. These er-
rors nullify the subtle {but real) benefits
he seeks to gain from these filters. The
three errors are:

(1) Incorrect interconnection of the
filters for a three-way LR4 crossover.
The correct topology is noninteracting
and needs no experimental "‘tweaking."’

{2) Incomplete compensation for in-
herent phase errors in the three-way LR4
crossover. (This is really part of the first
problem.)

{3) Improper use of phase equalization
to align the acoustic centers of the in-
dividual drivers.

To critique Mr. Ballard's article prop-
erly, I must present some background
material on '‘ideal’ loudspeakers and
crossovers. The discussion will be
somewhat long-winded and slightly
mathematical, so please bear with me.

The "ideal’’ loudspeaker must have
two properties—flat magnitude response
and linear phase response. It should also
have an acceptable polar response. Let's
define the first two properties a bit more
carefully. Flat magnitude response means
that the acoustic sound pressure level
(SPL) at a fixed point in space must be
constant, as the frequency of a constant
amplitude electrical sine wave input to
the loudspeaker is varied over the audio
band. Linear phase response means that
the phase angle between the sine wave
electrical input and the sinusoidal
acoustic output at a fixed point in space
must grow linearly with increasing fre-

quency. The relationship between the
electrical input and acoustic output of
the ideal loudspeaker (often called the
loudspeaker transfer function) is shown
in Fig. 1. Mathematically, you can ex-
press the magnitude characteristic, G,
and phase characteristic, ¢, of the ideal
loudspeaker as follows:

Gify = G,
offy = -2n T, f

where G, and T, are constants and f is fre-
quency in Hertz. (Note that ¢=0 is a
special case of linear phase.)

Let's now define two types of distor-
tion. Amplitude distortion in a loud-
speaker is simply its departure from flat
response. Phase distortion is its departure
from linear phase response.

An alternate property of interest is time
delay. The time delay, T, experienced by a
sinusoidal signal passing through a loud-
speaker system with phase lag, ¢, is

T (f) =;ﬂf,)
2nf

In general, this time delay varies with
frequency. For a system with linear
phase, however, the delay is

27 T, f

T(f) =
t 2nf

= T, = A CONSTANT

Thus, you see that a loudspeaker with
linear phase delays all incoming frequen-
cies equally. Such a speaker hasno "'time
smear.’’ If the speaker also has flat fre-
quency response, it has perfect 'impulse
response’’ and no ''transient errors."’
Now, for a multiple-driver loudspeak-
er to have perfect impulse response, the
acoustic output of all the drivers must
add together {properly considering
amplitude and phase) to yield the flat
amplitude and linear phase response of
Fig. 1. Assuming for the moment that the
individual drivers in the multiway
speaker are "ideal’’ over their respective
frequency ranges and that their acoustic
centers are physically aligned, then the
electrical responses of the ideal cross-
over networks must also add electrically



to produce flat frequency response and
linear phase response.

One class of crossover networks that
has this response is the "'sum-to-one,"" or
""constant voltage,”" crossover. Small!
discusses several forms for these
crossovers. None of these filters has the
high-pass and low-pass outputs in phase.
This leads to the first conceptual error in
Mr. Ballard's article: the absence of
phase distortion does not imply or re-
quire that the individual drivers be in
phase at the crossover frequency {or
anywhere else}.

Constant voltage crossovers are not
suitable for all multiway systems, since
the ultimate attenuation rate in at least
one channel is limited to 6dB/octave.
Recognizing that we are more sensitive
to amplitude response distortion than
phase distortion, a compromise set of
crossover networks has evolved. When
summed together, these constant magni-
tude response filters provide flat fre-
quency response and higher roll-off
rates, but do not have linear phase. In-
cluded in this class of crossover are the
following:

(a) all odd-order Butterworth filters

(b} all cascades of two Butterworth
filters.

Category (a) crossovers have these
properties:

¢ response down 3dB at cross frequency

(f)

* outputs 90° out of phase at all frequen-

cies

® constant output power

¢ roll-off rates of 6, 18, 30, etc. dB/octave
Category (b) crossovers have these

properties:

® response down 6dB at f,

e outputs in phase at all frequencies

FREQUENCY —=

AMPLITUDE RESPONSE(—)
/
/
/
/
-
PHASE RESPONSE (- —-)

FIGURE [: In an “ideal” multiple-driver
loudspeaker, the acoustic output of all the
drivers must combine to produce flat amplitude
and linear phase response.

¢ one-half total power at f,
e roll-off rates of 12, 24, 36, etc. dB/
octave.

The in-phase property of category (b}
filters is desirable because it eliminates

frequency-dependent tilt in the polar
radiation pattern of noncoincident
drivers. (See Linkwitz, SB 3/80, p. 9.}

Any network that has flat frequency
response with a frequency-dependent
phase shift is an all-pass network. Thus,
the constant magnitude crossovers sum
to the all-pass network response. None of
these crossovers has linear phase, and
thus all of them produce some
frequency-dependent time delay, or
"time smear."’

Mr. Ballard's fourth-order filter was
popularized by Linkwitz2 and SB. The
outputs of a two-way Linkwitz filter sum
to a second-order all-pass network
denoted ¢ (f,, Q) with center frequency f,
equal tof, and aQ of 0.707. (Ballard's Fig.
5 shows an op amp realization of a
second-order all-pass.) The time delay of
a two-way, fourth-order Linkwitz filter
and a third-order Butterworth filter are
shown in my Fig. 2. Note that the
Linkwitz filter produces a sharp change
in time delay through the crossover
region relative to the third-order filter.
{Linkwitz never said his crossover was
free of phase distortion.) Some evidence?
suggests that this time smear is discerni-
ble in some types of program material
when crossing over in the 100Hz to 3kHz
region.

This relates to Mr. Ballard's first two
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major errors. (In Ballard's defense, Link-
witz makes the same errors.) You must
cascade the constant-amplitude response
filters for multiway systems in a specific
manner to maintain the overall flat fre-
quency response property. When-they
are correctly interconnected, no ex-
perimental ‘tweaking’’ of individual
filter responses '‘a la Ballard" is re-
quired. Furthermore, when they are im-
properly connected, no simple ad hoc
"tweaking'' will bring them back to flat-
summed response.

Without going into tedious mathemati-
cal detail, the correct three-way topolo-
gies are shown in Figs. 3a, b and ¢ using
Ballard's crossover frequencies as an ex-
ample. The three-way summed response,
shown in Fig. 3d, is a cascade of two all-
pass networks. Ballard’s topology ap-
pears in Fig. 3e for comparison.

In Fig. 3a, notice that Eyp and E, ow are
in phase and 6dB down relative to E, {not
E;x). so they are in the proper phase and
amplitude relationship for the 400Hz
crossover. E; has the correct magnitude
relationship relative to Euup and E ow, but
you must correct it for the additional all-
pass phase response suffered by Eum+
E.ow. You can build Figs. 3a and 3b with
nine op amps, two for each filter and one
for the all-pass. Figure 3¢ makes direct

use of the sum-to-all-pass property to
synthesize the network by subtraction.
You can build this form with eight op
amps.

You should be aware of some practical
considerations. First, if the crossover fre-
quencies are widely separated (i.e., a fac-
tor of ten or more), you can probably
eliminate the all-pass phase correction
circuit with no audible effect. Under the
same condition the Ballard/Linkwitz
topology will also perform satisfactorily,
but as I said before, it makes no sense to
“tweak’’ the filters. Second, any addi-
tional frequency shaping (e.g., rumble
and hiss filters) must occur before E,y to
preserve the constant magnitude proper-
ty of the crossover. Finally, if the cross-
over frequencies are close, the individual
outputs might not be exactly 6dB down
and in phase because all three drivers are
contributing to the output. Figures 3a, b
and ¢, however, will always have flat-
summed frequency response without ex-
perimental "‘tweaking.”

My final comment concerns the proper
use of phase equalizers to correct for off-
set in the acoustic centers of multiple
drivers. The purpose of these equalizers
is not just to put the drivers in phase at
the crossover frequency, but to provide a
constant time delay, equal to the inter-
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FIGURE 2: The Linkwitz two-way, fourth-order
filter (LR4) produces a sharp change in time
delay through the crossover region relative to
Butterworth’s third-order filter (B3).

2T

DELAY

driver's offset, throughout the active
crossover region. This preserves the flat
frequency response property of the
summed outputs over the crossover
region. With the proper time delay, the
drivers are in phase at all frequencies.
Putting them in phase at f., however,
does not guarantee the correct time
delay. The difference, mathematically, is
that time delay is unique, while phase
is not.

FIG 30 FIG. 3b
E2
HI-PASS ALL-PASS HI-PASS
fcz 3kHz fo: 400, Q=7 En fc= 3kHz > Em
HI-PASS
] fc = 400Hz
N
HI-PASS LOW-PASS
fc=400Hz Emip ] fc = 3kHz = Ewmio
LOW-PASS £ N
fc =3kHz
LOW -PASS LOW-PASS ALL-PASS
fc:aooHz [ ELow fc = 400Hz fo=3kHz, Q= 7 = ELow
FIG 3d
S I
| AL -pass ALL-PASS
Emn ’[ fo- 3kHz, Q- 7 *| to-400, Q- 7 > Er +Emp +ELow
FIG. 3¢ FIG 3e
ALL-PASS . i
fo=3kHz, Q=.7 .
ALL-PASS LOW-PASS HI-PASS LOW-PASS .
fo: 400, Q= 7 fc=3kHz Emo  Ew 400Hz 3kHz Emio
Ein
LOW - PASS - Low-pass | .
fc = 400Hz sk 400Hz Lo
I =SUMMING AMP

FIGURE 3: Figures 3a, b and c show the correct three-way topologies using Ballard’s crossover frequencies. Figure 3d shows the three-way summed all-
pass equivalent. Compare this to the Ballard/Linkwitz topology in Fig. 3e.
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If you time align two drivers initiaily,
their outputs are in phase at all frequen-
cies. If you have one driver forward or
backward a distance equal to one wave-
length at 3kHz, the drivers will still be in
phase at 3kHz when measured as Ballard
recommends (because phase repeats
itself every wavelength in distance}, but
they will be out of phase at all other fre-
quencies (except at 6, 9, 12, etc. kHz) and
no longer time aligned.

The distinction between phase lag and
time delay relates to another major error
in the Ballard article. When time aligning
drivers, you cannot arbitrarily select the
midrange driver as “home base.” In-
stead, choose the driver with the greatest
delay as the reference driver and delay
all other drivers to match it. This is
because none of the electronic circuits
can produce negative delays—i.e., you
cannot predict the output of a driver
before its electrical input arrives.

In a typical three-way system with all
drivers mounted on a common baffle,
direct-path wavefronts from the tweeter
will generally arrive at an on-axis posi-
tion first, followed by those from the
midrange and the woofer. In general,
therefore, you must delay all upper-
range drivers relative to the woofer.
Pulse-testing methods are the best deter-
minants of these delays. If you use a sine
wave phase angle approach, convert the
measured phase angle to an equivalent
time delay at f, using

Realize the phase angle with a cascade of
delay equalizers to minimize nonlinear
phase distortion.

An example here will help. A typical
tweeter/midrange offset is 40mm. This
corresponds to a time delay of 115usec,
which at 3kHz corresponds to a phase
shift of 124°. A second-order phase
equalizer with a Q of 1//3 is particularly
attractive, since it has a time delay that is
constant within 1% up to 0.5 f.. The
delay for this equalizer appears in Fig. 4.
A single equalizer will produce the re-
quired 124° of phase shift at 0.79 f,
(f.=3.8kHz). Notice, however, that the
frequencies immediately above this
point suffer the greatest time smear. Us-
ing one equalizer would destroy the flat-
summed frequency response. Toobtain a
constant delay for one octave on either
side of the crossover region, the equa-
lizer center frequency must be at least 4
f.—i.e., at least 12kHz for our example.
Three equalizers, each providing 39usec
delay (f,=14.4kHz}, will do the job.

Thus, phase considerations alone
would lead you to use one equalizer,
whereas delay considerations show that
you need three equalizers to provide the

required delay without excessive phase
distortion.

The situation is more complicated with
the woofer/midrange crossover, since an
equalizer that provides the proper delay
at 400Hz using the 4 f, criteria will in-
troduce nonlinear phase response in the
3kHz mid/tweeter crossover region.
Perhaps the best way to obtain this delay
is to physically offset the drivers.

My purpose in writing this letter is not
to criticize Mr. Ballard, but to point out
that current crossover design philosophy
and its theoretical underpinnings have
reached a high level of sophistication. In-
complete understanding of this theory
can lead to incorrect circuits that appear
correct on the surface. Mr. Ballard's er-
rors are subtle, and their audibility might
be marginal, but audio has reached a
level of development where subtleties
are of primary concern.

Joseph A. D'Appolito
Andover, MA 01810

Mr. Ballard replies:

Mr. D’Appolito seems to be very
knowledgeable in his assertions, particular-
ly those concerning "time delay’’ versus
"“phase delay’’ and the proper topology for
interconnecting low and high-pass filters to
obtain crossovers with constant voltage out-
put. He makes several statements, however,
that lead me to assume that he has never ap-
plied any of his knowledge.

First, he refers to some “minor conceptual
errors’’ in my article. He might have more
than one in mind, since he uses the plural,
but he mentions only one: "', .. the absence
of phase distortion does not imply or require
that the individual drivers be in phase...."
This is true, but there must be adequate in-
phase voltage vectors to obtain constant
voltage over the crossover region. My circuit
accomplishes this and also puts the voltage
vectors from adjacent crossovers in phase.

Second, Mr. D'Appolito says that I made
"three major errors’’ in my article. Accord-
ing to my dictionary, the phrase '‘'major er-
ror’ means that the crossover does not
work. In his concluding paragraph, how-
ever, he says, "Mr. Ballard's errors are sub-
tle, and their audibility might be marginal
...." Subtle? Marginal? Might? Mr. D'Ap-
polito apparently does not know what the
network sounds like. I know how my ver-
sion sounds. I've built it. But Mr. D'Ap-
polito never provides any quantitative infor-
mation about audible effects—of either his
network or mine.

Now for the three major errors.

(1) Incorrecl interconnection of the
filters for a three-way, fourth-order
crossover.

If Linkwitz's LR4 crossover is also wrong,
why did Mr. D'Appolito wait so long to
disclose this? Nevertheless, Mr. D’'Appoli-

aT
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Q:=1//3:058
3Tk T=1/2%fo0
a2
T 2Tk
w
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FIGURE 4: A second-order phase equalizer with
a Q of 1//3 has a time delay that is constant
within 1% up to 0.5 f..

to's topology, as presented in Fig. 3, is in-
teresting and deserves some attention on my
part in converting it (o usable hardware.

First, look at Fig. 2, which shows time
delay for the LR4 as practically constant up
to f.=1 and thereafter encounters a sharp
change. Now look at Fig. 4, which Mr.
D'Appolito implies is the proper way to ob-
tain time delay. It looks very much like the
LR4 in Fig. 2.

In answer to his statement about the prac-
tical considerations in his topology, I would
say that the same practical considerations
apply to my topology. For example, in the
bandpass for the midrange, if the two cross-
over frequencies are four octaves or more
more apart (he uses a decade), my circuit
also requires no tweaking. I chose 400 and
3,500Hz because they are less than four oc-
taves apart (also slightly less than a decade,
but four octaves is a better guideline).
Similarly, if I chose 200 and 3,200Hz, which
are exactly four octaves apart, the circuit
would require no tweaking.

The topology in my circuit, even with
tweaking in the bandpass, provides almost
flat voltage response, as is proven with a
summing amplifier. Bob Bullock, a con-
tributing editor of SB, has confirmed this
through mathematical models with com-
puter printouts, which show deviations of
less than 1dB from flat response. Are these
bumps of less than 1dB the consequence of a
major error?

{2) My second major error as slaled
by Mr. D'Appolito is part of the first
and thus has been answered.

{3) Improper use of phase equaliza-
tion.

In his example, Mr. D'Appolito uses a
tweeter and midrange with a 40mm offset.
How does he measure this? Coil-to-coil
centerline? Physical offset does not provide
a true picture of phase or time delay offset.
To produce an audible output, you must
know the acoustical phase centers between
drivers when AC voltage is applied. | am
sure most audiophiles are aware that a
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driver coil moving in its own magnetic field
produces a counter emf (a voltage that op-
poses the applied voltage). Therefore, the
complex impedance of the driver coil—
represented by inductance and resistance
fand sometimes capacitance)—is different
when the coil is moving (dynamic) and when
it is standing still {static).

Consequently, sound output from a driver
is seldom in phase with applied voltage.
Current determines acoustical phase out-
put, but current is seldom in phase with
voltage. In addition, physical offset and the
driver coil’s dynamic impedance affect
acoustical phase. Since the combination of
these factors is difficult to determine from
mathematical analysis, the major feature of
my article was to determine actual acousti-
cal phase differences between drivers at
crossover frequency and to correct them
electrically.

In spite of these "major errors,” which
might be subtle and might be marginal and
possibly can’t be heard, I am sure most
readers will find vast improvement in their
systems with my network. As Mr. D'Ap-
polito implies, however, major improve-
ments are built on an accumulation of subtle
improvements, and only actual application
of his suggestions will determine whether
they produce any audible difference.
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CONE
CORRECTION

We are writing in response to Steve
Williamson's letter in SB 2/83 (p. 35). A
successful method for treating paper
cones plagued with clicking dust caps
caused by long excursions is to spray the
dust caps with Krylon clear acrylic spray
paint. Apply the paint in successive
layers, allowing for adequate drying be-
tween coats, until you achieve the
desired stiffness. The acrylic soaks into
the fiber and might reduce the cone's
susceptibility to environmental changes,
particularly humidity.

Ken Rauen

Detroit, MI 48221
Mark Schlorff
Ferndale, MI 48220
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MATH SKILLS
A MUST

Another round of applause goes to SB for
G. R. Koonce's recent editorial com-
ment, "'A Case for Custom'' (2/83, p. 6).
In my opinion, if someone is a true hob-
byist in any field, he or she should take
an interest in a project from its inception
to its completion. In speaker building, 1
have found that a project always begins
with a string of design formulas and
equations, long before the blade hits the
wood. Granted, my high school math
skills did need some polish, especially
after my graduation from "'kit'" work to
custom design, but after reviewing for-
mula rearrangement and consulting
several technical compendiums (includ-
ing those from Speakerlab), most of it
was a breeze.

Alas, math is a necessary evil in
speaker building, if only to double check
a kit or plan, but educational opportuni-
ties to hone these skills are cheap and
readily available.

Do keep publishing your informative
magazine.

Doug Cabaniss
Sullivan, IN 47882

MATH MERITS
CONSIDERATION

I endorse Mr. Koonce's editorial in the
2/83 issue of Speaker Builder (p. 6). As |
see it, the mathematics used to describe
the design of speaker systems clearly
defines the limits within which any in-
dividual must operate. In my own case, |
have been able to eliminate several
designs that I thought were valid, but
upon careful analysis found to be off
base. By examining the formulas, I have
saved a lot of ill-spent money and even-
tual disappointment.

I agree that the "'math stuff’’ can be dif-
ficult and boring, but I have found that
many of your authors have taken great
pains to make the material understand-
able to those of us who are not engineers.
I especially enjoyed the series by Robert
Bullock (SB4/80, p. 7; 1/81, p. 12; 2/81, p.
18; 3/81, p. 18; 1/82, p. 20}, which I have
used as a tutorial to help me understand
the Thiele-Small parameters and loud-
speaker design.

In addition, the recent article by Ernest
Wittenbreder, ''An Audio Pulse Genera-
tor'’ (SB 4/83, p. 14}, is an excellent step
toward the objective evaluation of com-
pleted speaker projects. I would also like
to see articles on building equipment to
evaluate completed speaker systems.

(See G. R. Koonce's series on modular test
instruments beginning in SB 3/83.—Ed.).

Another enjoyable part of SBis '"Tools,
Tips & Techniques.”” I would like to see
this section expanded, as it includes a lot
of creative material.

By the way, if any readers are in-
terested in comprehensive information
on making circuit boards, I would sug-
gest a book written by Dr. Joel Goldberg
of Macomb County Community College
in Warren, Michigan. How to Make
Printed Circuit Boards, which is published
by McGraw-Hill in its electro-skills
series, costs $6.50. (It is available from Old
Colony Books, No. MH-2.—Ed.)

You have a fantastic publication. I hope
you continue your successful efforts.

Phillip Trosko
Troy, MI 48099

SANDERY’
SURPRISES

I found Roger Sanders's ESL/TL update
in SB 4/82 (p. 39) quite interesting.
Although I have little experience in elec-
trostatics, some of his comments sur-
prised me. First, he is now using two
transformers, each having a turns ratio
of 45:1. I tried the following formula to
calculate the amplifier load at 20kHz:

-
~ 2afC(TR?|

where f =frequency in hertz, C =speaker
capacitance in farads, TR = transformers’
turns ratio. Thus, Z, equals

1
27(20,000Hz)(2,400x10712F)(45 + 45)2

which equals 0.419Q.
If this is correct, isn't this a pretty severe
load for almost any amplifier?

Second, Mr. Sanders states, ''In-
sulating the drivers is unnecessary, since
the arcing is no worse without it.”" 1
believe that although stator insulation is
difficult to install, it is very important in
determining maximum sound pressure
level (SPL).

Finally, Mr. Sanders suggests using
Heath shrinkable diaphragms, which do
not allow control of the resonant fre-
quency. Don’t you think it is important
to be able to control this factor, using a
stretcher to place it where you want?

Ricardo O. Lazzari
Buenos Aires, Argentina

Mr. Sanders replies:

Let me take this opportunity to clarify a few



points. First, it would appear that the load is
too low for most amplifiers when the trans-
formers are operated in series/parallel as |
recommended. | might point out that the
load still seems too low even when operated
with just one transformer. You are looking
at 20kHz, however, where there is very little
energy. Down in the lower frequencies,
where the work must really get done, the im-
pedance is reasonable. In any event, it really
doesn’t matter what the math says: amplifi-
ers generally seem to tolerate the load just
fine, so don’t worry about it.

As for insulation on the ESLs, because the
original insulation techniques were not very
good, I decided to do away with them entire
ly. Actually, better insulation would reduce
the SPLs, not increase them. Again, from a
practical standpoint, the insulation is not
necessary, and the highest SPLs will be
achieved with a bare speaker. Please recall
that the speakers do not arc from ionizing
the air, but rather from the diaphragm's
touching the stator. In any case, we do not
generate high enough drive voltages to
ionize the air. If we did, good insulation
would help.

Finally, the resonant frequency of the
speaker is not important as long as it is well
below the crossover frequency. The dia-
phragm will stretch out of shape with a
stretcher or will shrink only to a certain
tightness when you use heat. In addition, the

resonant frequency has been limited to
below 200Hz in all cases | have checked
{mine is 44Hz). You can, therefore, ignore
resonance in this hybrid system. On the
other hand, high and uniform diaphragm
tensions are necessary to achieve stability
and high polarizing voltages, which lead to
high SPLs. We want all the tension we can
get and can ignore its effects on resonance.

I hope these explanations have been
helpful.

INDUCTOR
DEFENSE

Two letters in SB 1/83 remarked on my
custom wound inductor article (3/82, p.
20). While | am gratified to have Wilfred
Harms (p. 41) among my readers, I must
take exception to his comments. First, 1
have not overlooked the problem of
using nominal speaker impedance values
for crossover design. In my article, 1
specifically acknowledge that speaker
impedance at crossover '‘often is dif-
ferent from the speaker’s nominal value
of 8 or 4 ohms. Consult the manufac-
turer's impedance graph of the speaker,
or for more accurate results, test the par-
ticular driver to determine its actual
characteristics."’

The avowed purpose of the article is to
enable home constructors to assemble
inductors to custom sizes and DC resis-
tances, allowing them to tailor a network
to real-world gonditions. For those with-
out test equipment, being able to cut a
piece of wire to length, roll il up on a core
and be reasonably certain of its induc-
tance is quite handy. Those with more
elaborate test equipment can check the
inductor’s behavior in situ and adjust its
performance accordingly.

On Mr. Harms's other point, it is true
that a correctly sized ferrous-cored in-
ductor will perform satisfactorily. Be-
cause its magnetic field is concentrated,
it requires less wire with less DC resis-
tance loss than its air-cored counterpart.
As tape-head designers attest, however,
despite ferrous materials' superior con-
centration of magnetic force, they do not
react to applied and withdrawn magnetic
fields in a linear way.

Consider residual magnetism. This
property is roughly the magnetic analog
of dielectric absorption in a capacitor.
Magnetic energy is stored in the ferrous
core rather than draining to zero level
during each audio cycle, much as the
electrons are not all 'released’’ in each
cycle of a capacitor.

Hysteresis and coercivity are other fer-
rous nonlinearities that air cores do not
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Driver Complement
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kHz gradual slope design matched to the transfer function of
each driver

Enclosure

High density, nonresonant, multi-fiber construction finished
in hand-rubbed walnut veneer

L3"w x 34%"h x 13%"d

Ordering Information

Basic Model 1l Kit $225/pair
includes all drivers, pre-wired crossovers, hardware, grill
cloth, damping materials, enclosure plans, and instructions

Complete Model Il Kit $400/pair
includes all components in the Basic Kit plus finished walnut
cabinetry and grills

Factory Assembled Model I $600/pair

All orders must be accompanied by money order, cashiers
check, or personal check made payable to Acoustical Physics
Laboratories. For C.O.D. shipments, a payment of 25% down is
required. Shipments are made on a freight collect basis so that
shipping charges are paid when the order is delivered. A 30 day
money back retum policy and a five year limited warranty is in
effect on all orders for the ACOUSTIC IMAGE " Model II.

Specifications subject to change without notice.

ACOUSTICAL PHYSICS LABORATORIES

3877 Foxford Drive
Doraville, Georgia 30340
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share. These are described by their
familiar loop shapes when graphed. The
effects would be less important if audio
were steady-state tones, for the non-
linearities within each cycle would then
balance out. Since music is composed of
complex wave forms, ferrous nonlineari-
ties do affect even low-level signals.

Mr. Harms takes exception to my
citing a caveat in Richard H. Small's
work on constant voltage networks
(JAES, January 1971). To paraphrase,
Small suggests you take into account the
vonce coil inductance when sizing cross-
over networks. This remains good ad-
vice, regardless of Mr Harms's later
MHFSBWSZIP 18), which goeson to
_kithatjou must take more into account
when designing real networks than an
laLxMWMi

Inductors in a crossover network
operating into an inductive voice coil
will require series treatment for accurate
analysis. Mr. Harms's work is an addition
to the literature on crossovers, not a
replacement.

Another letter by Scott Ellis (p. 43)
comments on difficulties in winding
coils. | measure out the wire with a tape
measure and helper who walks away
with one end of the wire. I then leave the
wire temporarily loose on the ground
and proceed to wind it up on the core.
The larger coils (3mH or so) can tangle,
but not hopelessly. You can remove the
kinks by bending the wire exactly op-
posite to the way in which it was
originally bent.

Mr. Ellis's problems with understand-
ing the use of the time constant, T,, ap-
parently stem from his assumption that it
is the inverse of the frequency. This is
not so. The time constant is defined as
159,155/f,. This means that the time con-
stant for a given frequency is 159,155
times the inverse of the frequency.

Mr. Ellis also refers to ""Coyle's for-
mulas.” The formulas are not mine: 1
adapted them from A. N. Thiele’s work
in the JAES (June 1976). In addition, 1
should have cited the source of my table
listing wire gauges. It is Modern Physics,
by Dull, Metcalfe and Williams, an old
high school text of mine.

Mr. Ellis's observation that the DC
resistance of a commercial coil varies
from that of one wound according to
Thiele’s model is probably best ex-
plained by the difference in physical
geometry between the two coils.

Finally, since I wrote my article, in
which T cited Baekgaard's 6dB series for-
mula with a Zeta, or fudge factor, of
V% , 1 have come to prefer a Zeta of 0.5.
The eqhation now becomes

/\/ - o
L (in microhenrys) =(Z}{T,)/0.5
and
C (in mncrofarads)
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(To)(0.5)/Z

This yields a steeper attenuation in the
most audible octave nearest the cross-
over, even though the ultimate perfor-
mance is the same. TM
_series crossover is that it is linear in
cn_phtude and minimum phase, and it is
lotally forgiving in coil and capacitance

value inaccuracies. An off-value coil or
cap_merely_changes the crossover fre-
_quency or slope, but the acoustic sum re-
mains constant.

“This_means if you have limited test
equipment and cannof_accurately bal-
ance four coils for a 12dB/octave cross-
over you can at least wind one coil for a
_6dB series. The price of good amphtude

phase and ease of construction is the 6dB

series network’s modest rate of attenua-
tion. I have not found this to be as much
of a problem as some of the literature
might indicate. With the advent of wide
bandwidth drivers of high efficiency {by_
IBL and Dynaudio, among others), we
are seeing a resurgence of interest in 6dB
crossovers. This is appropriate, | think.

Daniel Patrick Coyle
Grants, NM 87020

LETTER WRITERS AHOY . . .

We need your cooperation in the mat-
ter of your welcome letters to authors
and other readers. Please enclose a
stamped and addressed envelope if
you expect a reply. If the author/
reader lives outside the USA, please
include two International Postal Re-
ply coupons (available at your post
office) instead of stamps on your en-
velope.

In questioning authors, please
leave room in your letter for replies
which should relate to the article, be
framed clearly, and written legibly.
Please do not ask for design advice or
for equipment evaluations.

Letters to authors or other readers
cannot be acknowledged, unfortu-
nately. Any letter which does not
comply with the requests above will
not be answered.

YOUR EMINENCE

I'm writing in response to Max Knittel's
letter on dual coil Qg (SB 2/82, p. 38). 1
also purchased a 12-inch dual VC
Eminence from McGee. Unlike Mr.
Knittel, however, I had completely
satisfactory results with my unit. Careful
tests gave the following parameters with
one VC open:

® fs=14Hz

* Q=044

° V,s=22.3 ft?

A 6.1 {t3 enclosure (not corrected for
braces, but stuffed with Dacron) yielded
a system Q of 0.955 and a system
resonance of 27.5Hz.

Perhaps Mr. Knittel's woofer suffers
from a malady such as cone drift—i.e.,
the cone is heavy. Q. is, of course,
dependent on more than just magnet
weight, and the manufacturer could
have lowered the Q cheaply by using
more layers of VC.

Roy C. Koeppe
Tulare, CA 93274

CLASSIC RETURNS

In my review of Merhaut's Theory of
Electroacoustics (SB 4/82, p. 36), | men-
tioned in passing Prof. Frederick V.
Hunt's out-of-print classic, Electroacous-
tics. 1 have recently learned that the
Acoustical Society of America (ASA)
reprinted this volume in a paperback edi-
tion just a few months ago and that you
can order it for $15 per single copy or
$12.50 each for five copies or more (at-
tention, audio clubs!}. Write to the ASA
at 335 East 45th Street, New York, NY
10017.

Scott B. Marovich
Palo Alto, CA 94303

EXPONENTIAL
HORN ADVICE
WANTED

I would like to see an article on building
exponential horns, including expansion
rate, throat dimensions for 10, 12, 15and
18" low-frequency woofers, mouth
areas, and axis length. I am familiar with
Dinsdale's articles in Wireless World, but
3” or oval-shaped speakers are not ap-
propriate for my sound-reinforcement
needs. I also read your article on Voigt's
tractrix horn curve and expansion rates
{SB 2/81, p. 9), but got lost in all the for-
mulas. Consequently, exponential horns
seem to be my best option, but I need
more information about constructing
them.

Also, please do not assume that ail
speaker builders use Brand X or McGee
Radio Products, for example. Some, in-
cluding myself, do use Altec, JBL and
ElectroVoice products and would not
consider using anything else.

C. Darrell Freeman
Birmingham, AL 35212

I don't know why Mr. Freeman thinks we

. mewmEwm



8/s20/88
11502 Ice Caves Rd.

Grants N.M. 87020

Dear Mr. Weems,

The odor is sweet to me. I have prefered series to parallel passive
crossovers for some time because of what 1 subjectively identify as the
better transient clartity of the series configuration. I came to this
impression listening to domes.

I don’'t have the Speakerlab publication you refer to so I 'm not sure
quite what they meant, but there 1s no disagreement between what I have
read in several of Ashley’'s papers and the Baerkgaard paper. Ferhaps Mr.
Ashley will set us all straight, but here is my view.

In "Active and Fassive Filters as Loudspeaker Crossover
Networks", (JAES, &/71), Robert Ashley and Allan Kaminsky discuss series
crossovers. They mention that Kaminsky developed the quasi—second order
filter by relaxing the caonstant input impedance criterion. In both papers
the transter characteristic for the quasi-second order network is the
same, although there is a notational difference. (Ashley and kKaminsky use
the notation of zeta for lower case "a" in Baerkgaard and omega for the

wave number, which Baerkgaard normakizesto one. See equation 1.)

R







The value of "a" or zeta may be thought of as the inverse of a damping

tactor. It 1s in the selection of this value that Ashley and Baerkgaard

differ. If the damping factor is changed then the behavior near resonance

is affected. UOne may choose a value to optimise input impedance or time
ey

delay or amplitude linearity. If zeta is fixed at 1.0 then the filter

behaves as a first—order filter and the inductive reactance balances the
capacitive reactance, producing a resistive load which is easy for the amp
to drive. If zeta 15 set to 0.5 then the filter behaves as a quasi-—second
order filter, by which is meant slightly steeper roll off rates at
crossover. Baerkgaard choose the root of 2/3 to optimise for maximum flat
response for each driver. As zeta changes, the values for L and C also
change for a given crossover frequency.

Here is the effect of twiddling L and €C: When L 1s increased and C is

7
decreased, the value for "a" or zeta increase;\and dampens the circuit.

Conversely, when L 1s decreased and € is increased, the circuit produces a
slight increase in amplitude for each driver jJjust above crossover,
followed by a steeper dip at crossover.

Regardless of the value of zeta, in theory the ideal amp will not
have to deliver more power because the net impedance should remain
constant although its reactive component will be more capacitive or
inductive as theta is varied. Real amps have decided "preferences" as to
which domain they will best drive at what frequency. A reactive load may
be thought to spit back electricity at the amp, making it harder for the
amp to develop a given voltage across a speaker’'s terminals. For this

reason it may be better to not get too reactive with too low a zeta.

()( j ~"’/ '/"" & 1 l £+
Sincerely, [

~~
N '
7 ‘ <

Daniel Coyle







“assume all speaker builders use Brand X

.."" Authors choose their drivers with no
direction from us, and several authors have
chosen to use the brands Mr. Freeman men-
tions. I would be interested to know what
reasons Mr. Freeman has for . . . not using
anything. .." other than Altec, JBL or Elec-
troVoice.—Ed.

MAGNET MALADY

Recently I unmounted the drivers in my
speaker system to check the connection
to a dead driver. To my surprise, 1 found
the driver's magnet plates covered with a
milky white dust similar to the corrosion
found on car battery connectors. 1
checked the other speaker, and it was the
same. The woofers were in the worst
shape, as their chassis and magnet plates
were completely covered with the chalk-
like dust.

I have a three-way transmission line
system based on TAA plans from some
years back. I also built a pair of fully
enclosed three-way speakers for a friend
using the same Philips drivers. He is
strong on chemistry, and when 1 called
him to tell him about the dust, he sug-
gested 1 clean the drivers with baking
soda and a small amount of water. It did
the trick. [ dried them thoroughly, then

spray painted them to protect them from
future corrosion.

For curiosity’s sake, we checked my
friend’s system, which looked like new
inside and out. We can’t understand why
1 had this problem and he didn't. We
know the humidity is high, but both our
homes are air conditioned during the
summer, which dries out the air, and we
can’t think of any chemical reaction that
might have occurred at the frames. The
only difference between our systems is
that his speakers are fully enclosed and
mine vented; his are damped with fiber-
glass and mine with dacron. Maybe
dacron holds humidity and fiberglass
doesn't?

Does anyone have any ideas or sugges-
tions regarding the origin of this corro-
sion? If so, I would love to hear from you.

Rafael Lopez
Miami, FL 33125

SUSPENSION
PROBLEMS

I have been using several of the Jordan
50mm modules and have experienced
some suspension problems that seem to
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FOCAL incorporates new drive units fitted with two concentrnic but separate voice
colls They have been specially designed for a specific application Both voice coils
work in different frequency ranges; one operates over the lull range of the unit whilst
the other only operates over the lower bass range, being rolled off at higher fre-
quencies In this way. it 1s now possibie to modity the lower midrange and bass levels
as required and adjust the frequency response in an area not previously possibie
The voice coits work together in the lower bass range but have different roli-off fre-
using two ¢ This design increases the total efficiency
and the networks. As I 1 not necessary 1o use many elements

10 obtan a hnear response, the phase shift 1s reduced and the bass performance
15 quite outstanding for small urits

FOCAL has developed a new synthetic 1sotropic matenal for loudspeaker cones,
NEOFLEX, which combines at last, both nigidity and lightness NEOFLEX gives ex-
cellent dispersion patterns, very linear response curves and gradual roll-off siopes
at high trequencies without any peaking. Good sensitivity {much better than Bex-
trene and slightly higher than polyp:  low and bass
response enable NEOFLEX umls 10 be used with low rated power amplifiers, whilst

power lable due to the good thermal resistance and high
moulding temperature 01 me NEOFLEX and the high temperature capability of the
voice coils

Distributed in the United States by:

\./'] MADISOUND SPEAKER COMPONENTS
” 8982 TABLE BLUFF ROAD

1 BOX 4283
| MADISON, WISCONSIN 53744
N (608) 767-2673

be fairly common. The modules are not
burned in any way. [ would love to have
them back in good working order, but
returning them to England for repairs
costs more than buying new ones. Does
anyone know what the problem is and
how to repair it?

Daryl Jensen
Weimar, CA 95736

SUMMING IT UP

Controversy seems to surround the issue
of summing the bass input to a sub-
woofer below about 100Hz. Those in
favor of doing so cite the cancellation of
vertical signals—such as rumble and
warp—from the cartridge as the major
advantage. On the negative side, op-
ponents note the loss of perceivable
stereo separation, despite the low fre-
quencies involved. Whatever the merits
of summing, another practical problem
is the use of a lower crossover frequency
than might otherwise be desirable, just to
avoid the loss of perceivable stereo
separation that everyone seems to con-
cede (i.e., generally above about 100Hz).

I had often wondered if anyone had
ever tried a hybrid approach, using a
higher crossover frequency to case the

Rich blue, heavy vinyl binders im-
printed in white with Speaker
Builder's 10go. Spaces for twelve issues
on loose wires will store your valuable
SB data in a readily accessible format.

Each $7.00
Two binders, ea. 6.50
Three or more, ea. 6.00

Ppd. In USA. Outside USA please add $2. per binder for shipping.
Canada must add S& for one and $2 for each additional binder.

ORDER BLANK
Speaker Builder
PO Box 494, Peterborough NH 03458

Send_ ____binderis) @$ ea.
votal$_ check; (IM.0.; (IMCard; Visa
Charge card no.
Charge cardexpiration date.
Signature
Name
Street & NO..
Town St Zip
[:55° = S R ek TR | R
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burden on the midrange unit, perhaps
400Hz, while summing only the signals
below, say, 80Hz. It seemed to me that
you could do this by using an 80Hz filter
on each bass channel, summing the low-
pass result, and then summing that
summed signal with the separate high-
pass signals. In that arrangement, you
would choose a low-pass crossover fre-
quency that would cancel the cartridge’s
low-frequency vertical output (what is
the highest summing frequency neces-
sary to get rid of the garbage reason-
ably?), selecting the overall subwoofer
crossover frequency on the basis of the
subwoofer and midrange drivers' fre-
quency-handling abilities.

This, I thought, would allow the best of
both worlds, provided you were willing
to accept the loss of stereo separation
below whatever lower crossover fre-
quency you chose.

Then, just as I was preparing this letter,
I came across an Audio {August 1983}
review of Audio Control's Richter Scale
crossover and equalizer. Audio Control
seems to have incorporated this concept
into that unit, as it includes optional bass
summing below 200Hz at a 12dB slope,
with either a 100Hz or 800Hz crossover
frequency. Although my hybrid idea has
been incorporated in a commercially
available unit, I am curious about the
choice of the 200Hz starting point. That
seems high relative to the likely loss of
stereo separation. What do you think?

Anthony Cary
San Francisco, CA 94111

QUAD TIPS

If you own a pair of QUAD ESLs, you
have, in my opinion, possibly the finest
sounding loudspeaker money can buy. If
you have a private room for listening to
music, you are advised to remove the
cabinet grilles {front and rear) to obtain a
still better transparency.

A monophonic amplifier for each
channel should be put as near as possible
to the speakers. When using biamplifica-
tion for deeper bass, suspend the units
about one foot above the floor to avoid
floor reflection. This reflection, although
enhancing bass, produces a resonance in
the 240Hz region. With crossovers at
100Hz in this mode, you may remove the
additional filtering from the audio
transformer introduced with serial
number 16,800 {March 1966). This was
devised to protect the treble unit. The
filter includes two 560pF capacitors from
pin 8 to 9 and the 270k resistor from pin 8
to 13, jumping pin 8 to 9.

With your amplifiers positioned as
near as possible to the ESL, you have the
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option to take a feedback voltage to the
amplifiers from pin 3 of each loud-
speaker audio transformer. Use a 1.5 to
2M ohm and a 1W resistor from pin 3 of
each audio transformer to a tagboard,
running the signal that appears before
the resistor all the way back to the
amplifier's feedback point via shielded
twin audio cable. This procedure will
reduce the influence of both the speaker
cables and the audio transformer.

If you are using valve (tube} amplifiers,
use the 8 ohm instead of this 16 ohm out-
put, which will allow a better tonal
balance, given the unique impedance
curve of the QUADs.

If you use a four pin phono cartridge,
wire it in an inverted manner, that is,
using the left channel signal lead (white}
for left ground and the left channel
ground lead (blue) for left signal. Use the
right channel signal lead (red) for right
ground and the right channel ground
lead (green) for right signal. This pro-
duces a more coherent acoustic phase
with the QUADs.

If you have a large enough listening
room, you may want to try placing each
unit at a minimum distance of one meter
from any wall.

To obtain the best possible result from
your QUAD ESL, eliminate the small
cabinet resonances by gluing ceramic
tiles firmly to the outer face of the
cabinet floor board, and substitute
marble strips for the wooden curved
lateral cabinet pieces.

Holbein Oliveira de Menezes
Rio de Janeiro, Brasil
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JANSZEN WOOFER
REPLACEMENT

I had never been satisfied with the stock
woofer in my Janszen 412HP speakers
because the electrostatic elements were
much faster and sharper sounding than
the woofer. When I noticed an ad in
Audio for polypropylene woofers from
Speakerworks, I investigated and found
an impressive substitute for the stock
woofer—with the same size, holes, and
sensitivity and almost the same im-
pedance. For $34.50 plus shipping, I
couldn’t go wrong.

The only problem I have found is that
the speaker cabinet volume is a bit too
large for the new woofer. You should
reduce the volume to about 2 ft3 with
dense foam rubber, which you can find
in an upholstery supply store. (Fiberglass
will not perform the same function.)

I'm still experimenting with this,
listening and checking the proper
resonance point (around 40Hz) with a
test record. I have flat upper and middle
bass (no rises or heaviness), good lower
bass (flat down to around 50Hz), and
tight, clean, clear, fast lows. A by-
product of the flatness and speed of the
new woofer is an added sense of
spaciousness. For a minimal expense, I
have derived the maximum benefit from
my speakers.

The woofer (and a polypropylene mid-
range driver) are available from Speaker-
works, 1910 Seneca Lane, Mt. Prospect,
IL 60056. Incidentally, the designer of
the woofer (and also the mid, I believe) is
Chuck McShane, former director of
loudspeaker R & D at Acoustic Research.

Tom Fonte
Torrance, CA 90523

Foam rubber might work well for reader
Fonte, but why not use clay or cement
bricks? The rubber is more expensive and
might introduce a variable that is difficult to
measure.—Ed.

NEW TL WOOFERS

The Madisound ten inch polypropylene
woofer has an impedance rise at the
crossover frequency (700Hz in the
TL-10), which prevents the crossover
from rolling off as predicted. An im-
pedance compensation network solves
this problem. This should be an 8 chm
resistor (10W) in series with a 25 micro F
cap. Connect this network in parallel
with the woofer (i.e., across the woofer
terminals). The easiest location is on the
crossover.

The Audax ten inch woofer may also
benefit from impedance compensation,
though the problem is not as great as
with the Madisound. For the Audax, the
correct network is an 8 ohm resistor in
series with a 10 micro F cap. Builders in-
terested in using impedance compensa-
tion networks with other systems should
observe these guidelines: 1. The
resistor’s value should equal the driver's
impedance. 2. The value of the capacitor
will be between 10 and 50 micro F. Fine
tune it with an AC voltmeter connected
across the woofer terminals and a sine-
wave generator connected to your ampli-
fier. Select the cap that makes the cross-
over roll off at the predicted rate. Use
film type caps or electrolytics bypassed
with films. This type of network com-
pensates for impedance rise at the upper
end of the driver's operating range and
not at its resonance frequency.

In regard to the fiberglass lining
behind the woofer: if you use the Madi-
sound ten inch polypropylene, line each




surface behind the woofer with a double
layer of the Radio Shack fiberglass. This
means the bottom, back, underside of
the step, and both sides of the enclosure.

Finally, do not use the fixed resistive
attenuators {R1 and R2) with the mid-
range and tweeters if you use the Madi-
sound woofer, because it is more effi-
cient. Builders who have encountered a
midrange deficiency should remove the
resistors; the L-pads provide ample
attenuation.

Gary Galo
Potsdam, NY 13676

T TS SO A N E
Tools, Tips & Techniques

Continued from page 30

tribution of the left speaker is now a deci-
bel or two greater than that of the right
(Fig. 4). This should help compensate for
the delay in the left speaker’'s direct
energy—about 2msec in this instance.

The net subjective effect is quite good.
Center stage remains centered between
the two speakers, even for extreme off-
center positions. Of course, the phantom
center image cannot be made perfectly
stable because a loudspeaker's directivi-
ty is so frequency dependent.

In general, the less directional a
speaker is, the greater § must be for op-
timum operation. An 8-inch, two-way
system produced the best effect with 6
equal to 70°, but a little subjective testing
will allow you to adjust 6. The actual
angle is not too critical.

Although I have limited my discussion
to home stereo systems, this concept is
applicable to mobile installations. With a
little care and creativity, you should be
able to produce a balanced stereo image
between passengers in the vehicle's front
seat.

Bob Kral
Berwyn, 1L 60402

Gas Guidelines

In response to the USA-61 kit report (SB
1/83, p. 30), 1 cannot help wondering
whether the author’s trouble with the
Dalesford D-153 (separated cone and sur-
round) stemmed from not allowing
enough time for the gases from the under
seal to dissipate. When using such sub
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dry thoroughly for at least three to four
days to prevent gases from damaging
cone-surround bonding agents. A little pa-
tience carly might save much agony later.

\

Classified Advertising

PRIVATE CLASSIFIED ADVERTISING
SPACE up to 50 words in length is
open to Speaker Builder's subscribers
without charge for personal, non-commer-
cial sales and for seeking information or
assistance. The publishers reserve the
right to omit any ad. Any words beyond 50
are 20 cents per word. Please type or
neatly print ad copy on a separate sheet or
card with your full name and address.

TRADE CLASSIFIED ADVERTISING
RATES: 35 cents per word including
name, address and zip code—prepaid
only. 10% discount for four insertions.
Speaker Builder cannot accept responsi-
bility for the claims of either the buyer or
the seller.

TRADE

TESLA TWEETER: At last, a very efficient
80, 40W round horn tweeter. Designed and
produced by TESLA ELECTRIC COMPANY.
None finer for under $40. Free brochure,
1029 Marles Drive, Santa Ana, CA 92706.
T4/83

BUILD WITH THE BEST! ElectroVoice
speaker components and our engineering
staff. Free catalog packed with information and
great deals! Try our consult by mail plan. S&S
ELECTRONICS, 1005 Market St. #207, San
Francisco, CA 94103, (415) 864-8205. Visa,
MasterCard. T4/83

AEOLIAN LOUDSPEAKERS LTD. offers the
most advanced drive units in the world: from
England, the high power, wide dispersion
SHACKMAN ELECTROSTATIC, and a high
power modified JORDAN 50mm MODULE.
From France, the next step beyond Bextrene
or polypropylene, the Neoflex cone, dual voice
coil bass/mids from FOCAL open totally new
design areas. Plus, an incredible concave
tweeter. Available only from AEOLIAN
LOUDSPEAKERS LTD., Box 1005, W
Newbury, MA 01985, (617) 363-5495.

T4/83

TRUCKLOAD sale, Ampex high quality open
reel tape. 1800’ or 2400’ on 7” reels. Used
once. Case of 40, $45 postage paid. Cas-
settes, 10%2” reels and test equipment
avallable. MasterCard/Visa accepted
VALTECH ELECTRONICS, Box 6-SB,
Richboro, PA 18954.(215) 322-4866. T1/84

CUSTOM MADE POLYACOUSTIC foam
speaker grilles to your specifications. Any size,
thickness, color, pattern or quantity.
Reasonable prices. Speaker builder, manufac-
turer inquiries invited. Info—25¢ to CUSTOM
SOUND SB, Algonac, MI 48001. T4/83

A&S SPEAKERS has the widest selection of
high-end speaker components, speaker kits
and custom, mobile speaker systems. We
specialize in plastic cone drivers from the
finest European and American manufacturers.
Audax, Dynaudio, Dalesford/Cambridge,
SEAS, Morel, Philips, Jordan, Siare, Peerless,
Becker and Volt are among the brands offered.
Featuring the Bill Reed Signature kit, the Jack
Caldwell Compact Monitor/Subwoofer system,
Dynaudio’s ‘‘Authentic Fidelity'’ kits and an ex-
tensive selection of custom mobile speaker
systems. Free 1984 price list. A&S
SPEAKERS, Box 7462B, Denver, CO, 80207,
(303) 399-8609. T4/83

WE ARE ONE OF the largest independent
manufacturers of crossover networks and
speaker system accessories in the U.K., sup-
plying manufacturers, retailers and export. We
have a growing number of outlets in the U.S.A.
and Canada. Your guarantee is the trust our
manufacturing customers put in the quality and
reliability of our networks. If you have supply
problems, please send for details: $2 bill Air,
$1 bilt Surface, to our mail order retail outlet:
FALCON ELECTRONICS, Tabor House, Nor-
wich Road, Mulbarton, Norfolk, England. T2/84

AUDIO CONCEPTS: Strathearn full range rib-
bons, AC acoustic foam, Technics ribbons,
polypropylene caps, oak-walnut enclosures
.1—2.4ft3, Shadow Engineering electronic
kits, Falcon and AC speaker kits. Moving coils
from Audax, Dalesford, Dynaudio, KEF,
Peerless, etc. Much more. Informed, helpful
service. Fast delivery at guaranteed lowest
prices. Demos by appointment. MC/Visa phone
(608) 781-2110 9-5 CST M-F. Catalog $1.00.
AUDIO CONCEPTS, 1631 Caledonia St.,
LaCrosse, W1 54601, (608)781-2110. T4/83

CORNING METAL FILM RESISTORS. Preci-
sion value, ““W +1% /low noise, thermally
stable resistors. All standard E24 values from
100 to 1Meg(l. Prices 25 cents each, $1.80
for 10 of the same value, $7.50 for 50 of one
value. Enjoy the benefits of cleaner, quieter
sound, tighter equalization and better balance
between channels which these audio grade
parts can bring to your equipment. Send
stamped self addressed envelope for order
form and complete list of available values to
OLD COLONY PARTS, Dept. SB, PO Box
243, Peterborough, NH 03458.
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CABLE TV CONVERTERS & DESCRAM-
BLERS. Plans and parts. Build or buy. For
more information send $2 to C & D ELEC-
TRONICS INC., PO Box 21, Jenison, M|
49428. T3/84

OPEN REEL TAPES from studio masters.
Philips, Argo, Telefunken, Vanguard, Unicorn.
Catalog $1.00. BARCLAY-CROCKER, Room
1470-L, 11 Broadway, New York, NY 10004.

TTF

" Speaker
Clinic—

One S.E. 47th.
Portland , Oregon 97215

Specialty Loudspecaker Services
Computerized [.ab Providing:
Acoustical, Parameter/Systems Analysis
Precision Air Coils, 1% tol.
Catalog $1.00

FREE SPEAKER KIT CATALOG, 17 proven
designs. Also, 42 page catalog with Thiele data
specifications on 400 components (polypropy-
lenes, JBL, EV, SEAS, Audax & 100 crossover
parts), Hafler kits, $2. GOLD SOUND, Box
141-SB, Englewood, CO, 80151, (303)
789-5310. T3/84

DELIVERANCE! For new systems or to
upgrade present systems. Jordan 50mm
modules and subsystems deliver! Send $5 for
the 46-page Jordan manual of theory, applica-
tions and five speaker plans. Write for free
specifications and pricing. OPUS RAGER
CO., PO Drawer H, Foresthill, CA, 95631,
(916) 367-2292. T4/83

AUDIO CONCEPTS continues with the finest
esoteric loudspeaker kits in the world.
Dynaudio, Morel, Strathearn, WonderCap™,
Peerless, Shadow. Electronic crossovers,
audio grade caps, coils, cabinets. Best pro-
ducts, service for the builder. Trade discounts
available. New 1984 catalog $2.00 refundable.
1631 Caledonia St., LaCrosse, WI 54601,
(608) 781-2110. T3/84

KEEP THOSE LINE SPIKES out of your audio
system. RCA’'s new, handy plug-in contains
GE’'s 15A/115V spike suppressing metal oxide
varactor to keep destructive spikes and light-
ning surges from damaging your valuable
equipment. Send $11.00 for postpaid ship-
ment to OLD COLONY, Box 243C, Peter-
borough, NH03458. T4/83

MENISCUS AUDIO SYSTEMS offers
polypropylene woofers, midranges, tweeters,
accessories, and lots of help for the beginning
builder. Catalog 25¢. 3275 Gladiola S.W.,
Wyoming, MI 49509. T1/84

JBL USED SPEAKER SYSTEMS and com-
ponents bought, sold and traded. 313-
229-5191 or 5115 Red Fox, Brighton, M|
48116 T1/84

44 Speaker Builder / 4/83

SPEAKER GASKETS: Finest quality
neoprene for air-tight seals. Size & price each:
3%2" Dome Tweeter $1.30. 2x6” Horn
Tweeter $1.40. Midrange and Woofers 5"-
$1.50, 5%2"-$1.60, 6%2"-$1.70, 6 x9"-$1.80,
87-$1.90, 107-$2.00, 127-$2.25, 15"-2.50.
Send payment with order to TESLA ELEC-
TRIC COMPANY, 1029 Marles Drive, Santa
Ana, CA92706. T4/83

GOLD PLATED phono jacks $1.20, plugs 90¢
ea., $1.00 handling. Also custom 1% capaci-
tors, 0.5% resistors. Details SASE. REFER-
ENCE AUDIO, Box 368M, Rindge, NH
03461. T4/83

ESL TRANSFORMERS, $42. Mylar 48" x
30! $10. 12” Dynaudio woofers for T.L., $99.
Post Paid. SANDERS SYSTEMS, 1578 Austin
St., Atwater, CA 95301. T4/83

LONG HAIR WOOL carded, cleaned for stuff-
ing speakers. $12.50/Ib. including shipping.
J. EBBERT, 431 QOld Eagle School Rd., Straf-
ford, PA 19087, (215) 687-3609. TTF

SAVE 50%. Build your own speaker system.
Write: McGEE RADIO ELECTRONICS, 1901
McGee Street, Kansas City, MO 64108. T4/83

STURDY GOLD PLATED PHONO JACK. Im-
proved rear mount design attaches easier and
holds more securely than standard phono
jacks. Gold plated brass jack and ground flag
with mounting hardware, $1.75 each. Match-
ing shielded gold-on-brass phono plugs, $2.00
each. Minimum order $10.00. For flyer and
order form, send self addressed stamped
envelope to OLD COLONY PARTS, PO Box
243, Peterborough, NH 03458.

‘““IN PHASE’ 24dB/octave electronic
crossover minimizes irregularity in radiation
pattern through crossover region. 0.0008%
distortion, 5 year warranty. Single frequency
with power supply (specify) $523. D8
SYSTEMS, Main St., Rindge, NH03461. TTF

AUDIOPHILE ACCESSORIES
DBP-2J SWITCH BOX.....45.95, AU (gold jacks).....54.95
Selects between up to 4 phono inputs. Used with OBP-6 or 6MC,
allows for selectable loading of cartridges
DBP-6 PHONO EQUALIZATION KIT...........ccoooeueee 34.95
Allows adjusting the input i of the phone input of every
preamp and receiver with low loss Polystyrene Capacitors
DBP-6MC RESISTIVE LOADING KIT..................... 34.95
Allows adjusting foad resistance from 10 to 200 Ohms for moving
coil cartnidges. Gold plated phono plugs in both kits

DBP-8 SPEAKER WIRE 12 ga., in 3, 6, 9 meter and bulk.

DBP-9AU BANANA PLUGS Eight goid plated, solderless..14.95
DBP-9H BANANA HANDLES Four red, four blk............ 5.50
DBP-9P GOLD PLATED DUAL BANANA PLUGS 2 pk....14.95
DBP-9J GOLD PLATED DUAL BANANA JACKS 2 pk....15.95
DBP-10 PHONO ALIGNMENT PROTRACTOR........... 21.95

Allows adjusting the lateral tracking error of a mounted cartridge to
within % of one degree. Non-technical instructions & case included.

DBP-12 AUDIO CABLE 10 meter (33#).................. 65.95

Low capacitance (400pF) stereo interconnect cable. terminated with
rugged goid plated phono connectors. Custom lengths available.

0BP-13J GOLD PLATED PHONO JACKS (%) 8 pk.....12.95
0BP-13JR GOLD PLATED PHOND JACKS (% ") 8 pk.....15.95

0BP-13P GOLD PLATED PHONO PLUGS 8 pk............ 7.95
DBP-13PM GOLO PLATED PHONO PLUGS, 4 red, 4 blk.21.95
DBP-14 GOLD PLATED SPADE LUGS 8 pk............... 5.95
DBP-CK CRAMOLIN AUDIO KIT contact treatment
ELECTRONIC CROSSOVERS...6, 12, 18, 24dB.......... Inquire
At your dealer or direct. Orders under $45, add $2.50 Handling
DB SYSTEMS

Main St., Rindge, NH 03461 (603)899.5121

Space in this section is available to audio clubs
and societies everywhere free of charge to aid
the work of the organization. Copy must be pro-
vided by a designated officer of the club or
society who will be responsible for keeping it
current. Send notices marked Audio Clubs in
care of the magazine.

SAN FRANCISCO BAY AREA AUDIO-
PHILES. Audio Constructors society for the
active, serious music lover. We are dedicated,
inventive and competent. Join us in sharing
energy, interest, expertise and resources.
Send self-addressed stamped envelope to S.
Marovich, 300 E. O'Keefe St., Palo Alto, CA
94303 for newsletter.

POLYPROPYLENE
MYLAR CAPS and
AIR-CORE COILS

made to order ‘

| CHOUDHRY ELECTRONICS
‘ PO Box 1743

| Santa Monica, CA 90406

‘ (213) 450-5113

L

SARASOTA AUDIOPHILES interested in
forming a club—write: Mark Woodruff, 5700 N.
Tamiami, Box 539, Sarasota, FL 33580.

AUDIOPHILES INTERESTED IN FORMING
an audio club in the Washington, D.C. area
please contact: Joseph Kmetz, 9861
Goodluck Rd., Apt. #10, Lanham, Maryland
20706 or call days (301) 794-7296, eves.
(301) 585-3186.

Madisound
Speaker
Components

8982 Table Bluff Road

Box 4283

Madison, Wisconsin 53711
(608) 767-2673

Audax, Dynaudio, KEF,
Philips Loudspeakers

SERIOUS AUDIOPHILES interested in a cen-
tral Colorado group (Denver, Boulder, Ft. Col-
lins, Greeley area) contact James S. Upton,
2631 17th Ave., Greeley, CO 80631.

MINNESOTA AUDIO SOCIETY. Monthly pro-
grams, newsletter, special events, yearly
equipment sale. Write: PO Box 3341, Traffic
Station, Minneapolis, MN 55402.



THE VANCOUVER AUDIO SOCIETY pub-
lishes a monthly newsletter with technical ar-
ticles, humor and news of interest to those
who share our disease. We have 50 members
and meet twice every month. Dues are
$15/year which includes 12 newsletters ($15
US outside Canada). Call (604) 874-3225 or
write Dave Mann, VAS, Box 4265, Vancouver,
BC, Canada V6B 3Z7. We would like to be put
on your mailing list.

SOUTHEASTERN MICHIGAN WOOFER
AND TWEETER MARCHING SOCIETY
(SMWTMS). Detroit area audio construction
club. Meetings every two months featuring
serious lectures, recording studio visits,
design analyses, digital audio, AB listening
tests, equipment clinics, annual picnic and
audio fun. Club publication, LC, The SMWTMS
Network, journals the club’'s activities and
members’ thoughts on audio. To join or
subscribe call (313) 544-8453 or write
SMWTMS, PO Box 1464, Berkley, Mi
48072-0464.

NEW JERSEY AUDIO CLUB. Emphasis on
construction and mods, electronics and
speakers. Beginners, students, musicians,
everyone welcome! Contact Bob Young, (201)
381-6269 or Kevin Carter, (201) 277-3231,
14 Irving Pl., Summit, NJ 07901.

AUDIOPHILES IN THE NEW JERSEY and
Staten Island areas interested in forming a club
please contact Joe at PO Box 1588, Staten
Island, NY 10314, (212) 698-2280.

THE AUDIO SOCIETY OF HONOLULU cor-
dially invites you to attend one of our monthly
meetings and meet others like yourself who are
interested in the how's and why's of audio.
Each meeting consists of a lively discussion
topic and equipment demonstrations. For infor-
mation on meeting dates and location contact
Bob Keaulani at 1902 South King Street.
Honolulu, HI 96826, (808) 941-1060.

CONNECTICUT AUDIO SOCIETY WANTED.
Serious audiophiles in Conn., or Putnam or Dut-
chess Co., NY, contact John J. McBride, 33
Perry Dr., New Milford, CT 06776, (203)
355-2032.

THE COLORADO AUDIO SOCIETY is agroup
of audio enthusiasts dedicated to the pursuit of
music and audiophile arts in the Rocky Moun-
tain region. We offer a comprehensive quarter-
ly journal plus participation in meetings and lec-
tures. Membership fee is $10 per year. For
more information, send SASE to: CAS, 4506
Osceola St., Denver, CO 80212.

THE NEW YORK AUDIO SOCIETY meets
monthly with prominent guest speakers,
discussions and demonstrations of the latest
equipment. Its $20 annual membership dues
include a subscription to S/N, the society's
quarterly publication. For a free invitation to
our next meeting, call (212) 544-1222, {212)
289-2788 or (201) 647-2788 or write us at PO
Box 125, Whitestone, NY 11357.

SAINT LOUIS AUDIO SOCIETY meets
monthly for discussion and equipment audi-
tion. For information sheet send a stamped,
self-addressed envelope to SLAS, 7435 Cor-
nell, Saint Louis, MO 63130.

A CLUB FOR FM AND TV DXers, offering
antenna, equipment and technique discus-
sions, plus updates from FCC on new station
data. Monthly publication ‘‘VHF—UHF
Digest.” Annual convention in August. For
more info: Worldwide TV-FM DX Association,
PO Box 97, Calumet City, IL 604089.

PACIFIC NORTHWEST AUDIO SOCIETY |

(PAS) consists of 50 audio enthusiasts
meeting monthly, second Wednesdays, 7:30
to 9:30 PM at 4545 Island Crest Way, Mercer
Island, WA. Be our guest, write Box 435
Mercer Island, WA 98040 or call Bob
McDonald (206) 232-8130.

THE BOSTON AUDIO SOCIETY INVITES
you to join and receive the monthly B.A.S.
SPEAKER with reviews, debates, scientific
analyses, summaries of lectures by major
engineers. The BAS was the first to publish in-
fo on TIM, effects of capacitors, tonearm
damping, tuner IM distortion, Holman's and
Carver's designs, etc. Sample issue $1.
subscription, $16/yr. P.O. Box 7, Boston, MA
02215.

The NEW

Speakeriab K.

16’ of exponential bass hom
folded into a 4° high enclosure
for awesome impact and dynamic
range, high efficiency and power
handling. We updated a time-
honored design witha 15”
woofer, 7" midrange, and hom
tweeter for a digital-ready
speaker for the 80°s. Learn more
in our FREE 32-page catalog
[Allow 4 - 6 weeks for delivery
Send $1.25 for faster, 1st class.)

—speakerab—

Dept. SB34. 735 N. Northlake Way
Seattie, Washington 98103

PRIVATE

FOR SALE

KEF drivers: two B110's, two T-27s. Also two
crossovers with 104ab nominal values. Caps
are all Mylar and metallized polyester (except
for one n-p). Best offer. Steve Williamson,
33420 Michigan Ave., #38, Wayne, M| 48184.

Altec speakers—custom mirror-image pair,
model 19 monitors, $800; components include
Altec 416-8B, 802-8G, 811-B, N-801, owner
built oak veneer cabinets. Single Altec
802-8G, $125; pair Transylvania Power Co.
“tubes,” $50. All FOB Houston, TX. Mike
Sullivan, 2410 Ralph St., Houston, TX 77006,
(713) 523-3373.

Jordan modules, $110/pr.; JVC ribbons,
$28/pr.; JVC equalizer circuit, $11/pr.; Morel
MDT-28, $35/pr.; Peerless PHT-25 tweeters,
$13/pr.; SEAS H107 tweeters, $10/pr.;
Becker 8" polypropylene 908A327, $32/pr.
Assorted crossover components. Prices in-
clude shipping. Eric Pitschmann, Torrey Hall,
Rm. 108, 282 Torrey St., Akron, OH 44304,
(216) 762-8142, (216) 524-6684 from Dec.
18-Jan. 16.

JOIN AN
AUDIO CLUB

Expand your horizons. Improve
your system. lLearn about the
latest equipment and techniques.
Share viewpoints and ex-
periences. Don't miss out on the
fun and value of belonging to an
audio society.

Typical activities include:

®* Guest Speakers. Here's your
chance to listen to and meet
“superstars’ of circuit design,
prominent manufacturers,
acoustical consultants, and
recording engineers.

® Tours. Get a behind the scenes
look at the equipment and talk
with the people who operate it
at local TV and radio stations,
universities, research labs,
recording studios, and factories.

Newsletters. These publica-
tions are often of high technical
quality and are full of worth-
while information even if you
don't attend many meetings.
Ads and reviews help you find
the right equipment, the latest
records, and the dealers who
carry them.

® Fvaluation and Testing. Fre-
quently clubs sponsor clinics so
you can bring in your equipment
for checkups on test equipment
most individuals don't own.

® Group Buying. This can be an ef-
fective way to obtain obscure
items from abroad, including
audiophile disks.

No club in your area?
Start one—with a free classified
ad in Audio Amateur or Speaker
Builder.

For more information, see the club listings
in the Classified Ads of this issue.

Speaker Builder / 4/83 45




Classified Advertising

Jordan crossovers, new pair, $50; Bearcat
220 20-channel scanner, $150; Rolex Daytona
Cosmograph, $390; 4 Jordan modules (used 5
months), $45 each; Commodore NAV 60 flight
computer & manual, $45; KEF B139's, $110.
Russ Bleakley, PO Drawer H, Foresthill, CA
95631, (916) 367-2292.

Peerless KJ20 DMR 2" dome mids, $38/pr.
PHT 19 tweeters, $19/pr. KEF B139 flat
woofers, $175/pr., with original boxes, hard-
ware. SEAS H204 3" dome mids, $55/pr.
Audax MHD 17HR37TSM 6% “ cone mids,
$62/pr. HD13D37 1%2” dome mids, $42/pr.
Steve Fritz, 5227 Calle Cristobal, Santa Bar-
bara, CA 93111, (805) 964-0245 (weekends
only).

Air 2.2 amp, new $1099; Belles | amp, black,
new $549; Belles | preamp, black, new $439;
Robertson 4010 amp, new $699; Denon
DRM3 cassett $349; pair new Dynaudio 12"
plastic cone woofers, one has slightly
damaged surrounds, $110; two pair
Strathearn ribbons in beautiful oak dipolar
panels, new $900, sell for $600. All above in-
clude shipping. Mike, 1919 S. 19th St.,
LaCrosse, WI 54601, (608) 781-2110.

Pyramid ribbon tweeters $600; RH Labs SB-
2B oak woofers, pair $475; ARC D-305B
$1,800, ARC ST-70-C3 $175; Electrocom-
paniet Ampliwire Il $900. David Shreve, 319
Concord, #7, El Segundo, CA 90245, (213)
322-4623 evenings.
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Marantz 120 tuner, $225; Jensen metered
MOSFET 150, $500; Jensen Superfet PAT-5,
$300; Thorens TD125 MKIi, $250; custom
long-pivot tonearm (superb), $150; custom
Marsh preamp, best components (polyprops,
teflon, Techlab pots, rack-mount, toroidal
separate power supply), $400. Wally Kowalski,
PO Box 205, Sumas, WA 98295, (604)
792-6353 home, 792-0794 work.

FREE 1982 CATALOG
1001 Bargains—Speakers—Parts—Tubes—High
Fidelity Components—Recorder Changers—Tape
Recorders—Kits—Everything in Electronics. Write:
McGEE RADIO COMPANY
PE, 1901 McGee Street, Kansas City, Missouri 64108

Acoustat 2+2, $1,100; Threshold Fet 2,
$800; Threshold S150, $850; Lux PD-121
with Grace 707 and FOE, $500. Ailin mint con-
dition. Ron Sutherland, PO Box 741,
Lawrence, KS 66044, (913) 749-0133.

Pair of English Goodman 15” Triaxial 415
speakers, with or without walnut enclosures or
plans from Goodman. Have had no high volume
operation. Original owner. Replaced with
KEFs. Best offer. Genuine walnut cabinets.
Enclosure for equipment (36 “w x 32 ”h) $50;
speakers (18 x 18 x 32h) $35/pr.; TV (44w x
32h) $50. All matching. $120 for all or best of-
fer. 3001 19th Ave. SE, Rochester, MN
55904, (507) 282-9966.

One JBL D-130, 15" driver. Extended range
model. 1692 impedance. Make offer. Split ship-
ping costs. Steve Williamson, 33420 Michigan
Ave., #38, Wayne, Ml 48184,

TV Sound Take-Off. Audio Amateur 2/78 built
from Old Colony kit. Never used. $20 plus ship-
ping. Robert Friend, 932 Larrabee St., Los
Angeles, CA 90069.

lvie 10A and 20B octave analyzer and pink
noise generator. Less than two years old. Mint.
$550. (2) EV SP12, factory sealed, $100 each.
Gerald Ognibene, 901 Charity St., Abbeville,
LA 70510, {318) 893-0174.

Magnaplanar Tympani Il tweeter/midrange
{pair). Marantz 15 power amp (2x60W). All in
good working condition. Make offer. Rich
Davidson, 501 Paige Loop, Los Alamos, NM
87544.

JR-149 loudspeakers (rosewood), $325 or
trade for Hafler DH-200 or equivalent. Karl,
(301) 859-5266.

Audax Satellite system (13“x 8" x 10"). 6% "
Bextrene, 1” fabric dome, 18dB Mylar/air core
crossover, Bitum. damping. Very quick, clean
and detailed, $175/pr; Panasonic RQJ-20X
(Cass/Stereo/dbx). 3 months old. List $200.
sell for $110. Speakerlab 10” 1008RS
Qt =.23, Fs=20. Vas =10ft3, excursion
max =1.5". Damped cone. Perfect for subs,
$40/pr. Panasonic RQ-212DKS portable tape
recorder. Like new, $50. Noreico 185 Pocket
Dictation Unit with 6 minisettes. New $200.
sell $75. 120,000mF. 75V externai filter bank,

Jordan modules, $110/pr. (2 pairs and round
cabinets available); KEF T-27, $18; KEF B110,
$30; Audax HD 12 x 90, $8; Audax 13D27,
$20; Coles 4001 (8Q) supertweeters, best of-
fer; Pioneer TX 9500 tuner, best offer; Dynaco
PAT-5, best offer; Transcriptor turntable with
vestigal arm, best offer; Dalesford D-153, $30.
Jan Waalkes, 6507 Ramsdell, Rochford, Mi
49341, (616) 874-8369.

RTR electrostatic amps—350Hz crossover,
$95 each; Altec line amps, $50 each; Per-
moflux headphones, preamp-amp, $20 each;
Kronlite 50W low distortion tube amp, $175;
ARC 50F-18 dual tube power amp, $325; ARC
CPS-1A dual tube preamp, $195; HP650 test
oscillator, $50; crossovers—JBLNS00, $40;
University N-2A, 2B, $10 each; Singer Spec-
trum Analyzer 10Hz to 40mHz, $300. Joseph
R. Stephens, 41285 Crest Dr., Hemet, CA
92343, (714) 658-9575.

Jordan module speaker system using 4 per
side. Enclosure is multiple materials, 1% inch
thick, plus cork facing, $350. Excellent sound.
Don, {513) 435-7155.

PRIVATE

“"WANTED

Interested in contacting anyone working with
Strathearn film diaphragm drivers. Also |.M.S.
Professional MK ill monitors for sale. Call (519)
837-3964 or write to T. B. Palmer-Benson,
RR1, Ariss, Ontario, Canada, NOB 1BO.

Info and/or issues of Listener's Review Finder,
Arts & Music, Radio Times (British), Hi-Fi and
Video Dealer News (British), /llinois Enter-
tainer, Stereonotes (Canadian), Leisure Time
Electronics, and Critical Record Review. G.
Mileon, 14 Border St., Lynn, MA 01905.

Dynaco MKIll's, Kenwood LO7MII's, Fisher
R200, Scott 333B, Fisher 800C, Scott 380,
Sherwood S7700, Harman Kardon TA 7000X,
hi-fi buying guides and annuals from 1955-66.
Trade for various speaker drivers. Steve Fritz,
5227 Calle Cristobal, Santa Barbara, CA
93111, (805) 964-0245 (weekends only).
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Old Jaffrey Road, Peterborough NH 03458, Editor, same
Owner. Edward T. Dell, Jr.. Carol Carr 1 y
Road, Peterborough, NH. Known bondh
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EN OUR COLLECTION of recordings passed the 200 mark my wife
remarked to a friend that | was the only one who could find anything. When
they passed the 400 mark, neither of us could. Our solution to the problem
became the Old Colony Recordings Index System.

Of course, if each long play disc contained only one piece of music, we would
not need an index. That's how it was in the pre-1948 days of the 78s. We just
arranged our heavy albums in order from Albeniz to Wieniawski. Today a
single disc may contain both these and eight others in between. The spine of
the average 12" package is a little over 3,/16"" wide and 122"" long. Evena
list of composers on that spine is difficult—and the compositions outright
impossible.

What is possible is a serial number for each package. A way to put it on the
spine of the recording package is the heart of the Old Colony Recordings Index.
To aid you in making a simple, useful index of your recorded music we offer the
basic makings which you are not likely to find available locally. The system is
simple, inexpensive, and flexible.

The OLD COLONY RECORDINGS INDEX has three main components:

COMPONENT 7

A wraparound, pressure sensitive, adhesive label for the sleeve or box of the
recording. It has a place for stamping a serial number for the recording in three
places.

When wrapped around the typical disc’s sleeve, the number appears on front,
back, and spine of the package. On multi-disc boxes or tapes the serial appears
on the spine and front. The glue on the labels is permanent and does not age or
deterioriate. Four small tone control knob symbols on the label may be marked
to note preferred settings for listening to the indexed recording.

COMPONENT

Is a special adjustable, five-band rubber stamp. lts characters are turned 90
degrees so they appear vertically rather than horizontally. This makes the five
character serial number easy to read on the narrow edge of the sleeve spine
when it is stored on the shelf.

The first two bands of the stamp are the letters A to K (omitting I) and the last
three are the numberals O to 9. These provide plenty of flexibility in coding.
The two letters can be used to designate cabinets and their shelves; the
numerals consecutive serial numbers on those shelves.

COMPONENT
abi
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Shelf A
Item 71

Cabinet B
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Tape #27
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A 3x5 (or larger if you prefer) file with guides for each composer (and some
performers) arranged in alphabetical order. Each card represents one work of
that composer in your recordings collection
The name of the work is listed on the top line. The serial numbers of the discs
and tapes where this work may be found are listed below with the main per
formers noted as well.

Cabinet E
l’

Carlos: 'wvo_ ‘iynthesizer

r---------------

HIGH FIDELITY

*...The Old Colony record filing system provides what appeurs to be
by far the best solution to date.... The convenience of the...system to
the user 1s likely to increase arithmetically as the size of his record
collection increases; so the lurger the collection, the better this in
vestment will be."’

... We have tried several different filing systems ourselves us our tupe
and disc collections grew, but it has become clear to us that the only
sensible way of doing it is in conjunction with u file of catalog cards
We never pursued the matter nuch beyond that point. The originator
of The Old Colony Sound Lab system did. and the result is a filing
system that secnis to be foolproof, is easy to use, und is about as ver
satile as you wish to make 1.

J. Gordon Holt, in

THE STEREOPHILE,

Winter, 4-68, p. 15

Box 49, Elwyn PA 19063

A number of users have found the system ideal for indexing slides. The
stamp is used directly on the slide mount, with two letters and one numeral
indicating the slide storage package and the remaining numerals the slide
number in the set. A 3x5”" index file is set up by category: Flower gardens’’

Fountains’®  Uncle Fred”’ etc.

The Old Colony starter kit includes a set of printed sheets containing some
250 composers’ names (and their birth and death dates). Cut out with scissors,
these fit standard “2-cut 3x5°" file guides, available from any good stationer for
afew cents each. A tiny dot of white glue holds the names in place on the guide
while it is being covered with Scotch magic mending tape (¥’') for a durable
finish.

In addition to the starter kit you will need to purchase locally: 3x5 file cards,
3x9 file guides (/2-cut), a file box or drawer, an inked stamp pad (cloth, not
foam, permanent black ink) white glue, and Scotch magic mending tape (%a™').
Your only added cost for a collection of more than 250 recordings is for labels
and index cards. The system works equally well for tapes, multi-record sleeves
and boxes, cassettes, and video tapes.

THE OLD COLONY RECORDINGS INDEX makes it possible to index
your recordings as you acquire them, regardless of size or content. The sooner
you start indexing, the easier it will be to keep up with what you own. Radio
stations, university libraries, and hundreds of serious collectors are en
thusiastic users of the Old Colony system.
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ORDER FORM OLD COLONY SOUND LAB
PO Box 243,

Ship to: Peterborough NH 03458 USA
Name__ § S -
Address — — - -

City — State ZIP

Quan Item Toral price
________Old Colony Recordings Index 3

starter kits at $9.95 each

(250 labels, 250 composer names
adjustable rubber stamp, and full
instructions.

_Labels at $1.50 per 100
(400:35; 1,000 812.
_Adjustable stamp(s) at $7.95 ea.

Total remittance ¢

Please make check or money order payable to OLD COLONY SOUND LAB
No C O.D.s. MasterCharge and Visa(BAC) acceptable. All onders postpaid in
the USA. Add postage for 1 Ib. for starter kit to foresgn address All remit
tances must be 1n USA funds

-----------—--------------------J



TEST RECORDS

PERFORMANCE TESTS WITHOUT INSTRUMENTS
CBS LABORATORIES’ STR PROFESSIONAL TEST RECORD

=

For over ten years, the original series of these high-precision test
records set a standard for the audio industry. The new series sets an even

higher standard. It's been revised, recut and expanded.

The new series consists of eight records for professionals and one for

non-professional audiophiles.

Each record contains a complete series of easy-to-use tests to help you
rapidly and accurately evaluate components and systems. Even one of
these records can eliminate the need for costly, additional equipment.
Each will find productive use and save you hours in the Jaboratory, on the

production line and in field testing.
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TAKE A LOOK AT WHAT THIS ESSENTIAL TESTING SERIES CONTAINS:

STR 101 SEVEN STEPS TO BETTER LISTENING. For only $6.98, you can improve
your system with CBS Laboratories’ "Seven Steps to Better Listening.” This high-precision
test record enables you to make sure that your equipment functions properly. . .to tune
your system to your ears and your room acoustics. Included is a detailed 16-page booklet by
. Audio’s Edward Tatnall Canby explaining how to use the record to improve your system's
performance. With the record you can perform the following “'ears alone' tests: left-right
identification, phasing, loudspeaker balance, tone control setting, alternate phasing, buzz
and rattle elimination, lateral tracking, and vertical tracking.

STR 100 STEREOPHONIC FREQUENCY TEST RECORD. Designed for the evaluation
of pickups and systems. Provides a constant amplitude characteristic below 500Hz and a
constant velocity characteristic above 500Hz. Tests include: Sweep Frequency—with the
sweep rate synchronized for use with a graphic level recorder; Spot Frequency—with voice
announcements; Channel Separation; Wavelength Loss and Stylus Wear—to pinpoint over-
size or worn-out styll, and excessive pickup tracking force; Compliance; Phasing; Vertical
and Lateral Tracking: Tone Arm Resonance—to check system performance at low and
subaudible frequencies and thus reveal undamped resonance which may cause equipment
overloading.

STR 112 SQUARE WAVE, TRACKING AND INTERMODULATION TEST RECORD.
Enables detailed study of tracking capabilities of stereophonic phonograph pickups. The
square wave modulation allows a rapid appraisal of stylus-tip mass, damping, and tracking.
Low frequency compliance and tracking are determined by means of 300Hz bands of pro-
gressively increasing amplitude. Intermodulation distortion measurements are made possi-
ble by graduated 200Hz intermodulation test bands. The STR 112 has been cut with vertical
angle approximately 159 which is representative of current recording practice.

STR 120 WIDE RANGE PICKUP RESPONSE TEST RECORD. Makes possible the
measurement of pickup response at frequencies far beyond the audible range, where
elusive distortion elements can cause audible distortion. The low-frequency range includes
glide-tones at twice normal level for the detection and elimination of arm resonance,
loudspeaker cone and cabinet rattles. Other tests include: silent grooves for measuring rum-
ble and surface noise characteristics; and standard level bands at 0dB for overall system SIN
measurements. This record is suitable for use with a graphic level recorder to provide per-
manent, visible records for precise evaluation.

STR 130 RIAA FREQUENCY RESPONSE TEST RECORD. Provides RIAA frequenc
characteristics for the calibration of professional recording equipment and for testing th
response of professional and consumer record reproduction equipment. This record i
suitable for use with a graphic level recorder to provide permanent, visible records fo
precise evaluation. Spot frequency bands for use without automatic equipment are included

STR 140 RIAA PINK NOISE ACOUSTICAL TEST RECORD. Designed for acoustical
teSting of systems and loudspeakers and for psychoacoustic tests on reproduction equip
ment. With the STR 140 it becomes possible to test loudspeakers in the room in which the

will be used. Spot frequency tones with voice announcements facilitate the testing pro
cedure. Continuous glide-tones in '-octave bands cover the frequency range from 30 to
15,000Hz and are synchronized with a graphic level recorder.

STR 151 BROADCAST TEST RECORD. Developed especially to meet the needs off
broadcast engineers, audiophiles, and other professionals seeking a convenient signal
source for the testing and adjustment of all audio equipment. Tests include: phonograph
pickup response and separation, speed accuracy at 33% and 45 rpm, wow and flutter, rum-
ble and hum detection, ballistic test of VU meters and many others.

STR 170 FREQUENCY RESPONSE 318 MICROSECOND TEST RECORD. Provides
pickup designers and recording studios with a high-level, easily-equalized signal for fre-
quency response and channel separation measurements. The STR 170 employs a 318
microsecond characteristic corresponding to the “test’ or “flat"’ mode common to most
disc recording equipment. Constant amplitude recording is employed in the region below
500Hz with constant velocity recording in the region above. The transition is smooth, in
contrast with the STR 100 which employs a sharp breakpoint at 500Hz. The record is
suitable for use with a graphic level recorder to provide permanent, visible records for
precise evaluation.

SQT 1100 QUADRAPHONIC TEST RECORD. Designed for calibration, verification,
and adjustment of SQ® decoding equipment. The record provides test bands for pickup
measurements, for adjustment of decoder electronics and for channe! identification and
balance. Each band is described in terms of recorded characteristics and its intended use.

SQ is a Trademark of CBS inc.

OLD COLONY SOUND LAB

P.O. Box 243, Peterborough, NH 03458
[J Check [J Visa/MC

Credit Card #

Expiration Date __

Quantities are limited. Be sure to order enough for many years of use.

P

Send me the following test records:

—— copies {STR 101) Seven Steps to Better Listening at $6.98 ea.
— — copies (STR 100) Stereophonic Frequency at $10. ea.

copies (STR 112) Sq. Wave, Tracking and Intermodulation $15. ea.

Name

—— copies (STR 120) Wide Range Pickup Response at $15 ea.

copies (STR 130) RIAA Frequency Response at $15 ea.

Street

— copies (STR 140) RIAA Pink Noise Acoustical at $15 ea.

copies (STR 151) Broadcast Test at $15 ea.

City  State Zip
Phone Orders (VISA/MC only)
(603) 924-6371 M-F EST

copies (STR 170) 318 Microsecond Frequency Response $15 ea.
copies (SQT 1100) Quadraphonic Test at $15 ea.





