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39 William Street, Suite 204 Worcester, MA 01609, USA
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Textured Black Polymer Coating

ASK FOR #300-739
Black Chrome Spikes Complete Kit

BUILD THIS KIT AND YOU WILL!

This system was designed by Vance Dickason and is featured in the 6th. Edition Loudspeaker Design Cookbook. It produces quick, accurate
and powerful bass. Perfect for small to medium size home theater or listening rooms. It comes in kit form and can easily be assembled in less
than 1 hour. The 3/4" MDF cabinet is finished in a durable textured black polymer coating and is rigidly coupled to the floor using our “black
chrome” spikes set. The 10" Titanic driver is precision crafted using only the finest components and features a build quality that rivals the best
European drivers. Coupled with our (#300-794) 250W amplifier, this system produces a maximum output of 112dB and yields an F3 of around
24Hz when room loaded. The amplifier contains variable phase, 30Hz bass boost and other high-end features. ®Frequency response: 24-160
Hz @Exterior dimensions: 14-1/4" W x 14-1/4" H x 14-1/4" D ®Net weight: 46 Ibs.

FREE CATALOG 1-800-338-0531

IR WWW-parisexpress.com

TOD AY’ Check us out online or give us a call

for all of your audio electronic needs.

725 Pleasant Valley Dr., Springboro, OH 45066-1158
Phone: 937/743-3000 ¢ FAX: 937/743-1677
E-Mail: sales@partsexpress.com

SOURCE CODE: AXM
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Design Loudspeaker Boxes

with BasSBox Pro

Professional-strength loudspeaker enclosure
design software that is fast and easy to use.

Very Versatile Design speak-
ers for any environment: car,
truck, van, home hi-fi, home
theater, pro sound, studio,
stage, PA and musical instru-
ment. For advanced design,
import an acoustic measure-
ment of the listening space.
For example, a measurement
of a car can be imported to
simulate the in-car response.

Easy to Learn and Use A "Welcome" window assists setup 4 A powerful
Design Wizard helps with design # Includes context-sensitive "balloon” help &
The extensive on-screen manual and 364-page printed manual are the best in
the industry and include samples and tutorials.

Advanced Box Design Design closed, vented, bandpass and passive radiator
boxes @ A "suggest' feature provides a quick start ® All box types account for
leakage losses and internal absorption @ Advanced vent calculation ¢ Band-
pass boxes can be single- or double-tuned with 2 or 3 chambers 4 Choose
from 22 box shapes 4 Open and compare up to 10 designs at the same time.

Largest Driver Database Includes the world's largest database of driver para-
meters with updates available at our website. Search by manufacturer, model,
parameters or suitability for a closed or vented box. Add, edit or delete drivers.

Sophisticated Driver Modeling
Multiple drivers with isobaric,
push-pull and bessel options &
3 dual voice coil wiring options
4 An "Expert Mode" dynamically
analyzes driver
parameters.

9 Graphs
Analyze small-
signal per-
formance with:
Normalized

el
(el Pl | oo

Amplitude Response,

Includes
the
WORLD)S
LARGEST
Driver
Datahase
HRUT
parameters
and the
dimensions
formany
thou_sTands»>

of drivers!

Impedance Response, Phase and
Group Delay graphs  Analyze large-
signal performance with: Custom
Amplitude Response, Max Acoustic
Power, Max Electric Input Power, Cone

Displacement and Vent Air Velocity graphs.
Custom Printouts Many printout options. Add your logo.
System Requirements Microsoft® Windows 95, 98, Me, NT4, 2000 or XP and a compatible computer with

plenty of memory, 35 MB of free hard disk space and a CD-R compatible CD-ROM or DVD drive.

*Prices do not include shipping & handling, taxes or import duties.

P‘\‘:’aovailable: BassBox:Lite

Powerful speaker box design at a fraction of the cost.

[ BassBox 6 Lite — Graph: Custom Amplitude Response (dB-SPL/Hz at 1 m)

BassBox Lite
is a stream-
lined version
of BassBox
Pro with 85%

BassBox 6 Pro ONLY: $ 129'00*

Design Crossover Networks

with Xegver Pro

Professional crossover network design
does not require complex measurement.

Powerful Capabilities
Design 2 or 3-way passive
crossover networks, separate
low-pass, band-pass or high-
pass filters, impedance EQ
networks, L-pads and series
or parallel notch filters. Its
internal Thiele-Small model-
ing engine provides excellent
results without costly
measurements or optimizers.

Crossover and Filters 1st, 2nd, 3rd and 4th-order "ladder" filter topologies
# Crossover network filters are arranged in the popular "parallel" topology
# 2-way networks offer Bessel, Butterworth, Chebychev, Gaussian,
Legendre, Linear-Phase and Linkwitz-Riley filters 4 3-way networks offer
All-Pass Crossover (APC) and Constant-Power Crossover (CPC) filters.

Easy to Learn and Use A "Welcome" window assists setup 4 Context-
sensitive "balloon” help @ Detailed on-screen manual and 243-page printed
manual are the best in the industry and include information for beginners.

Largest Driver Database Includes the world's largest database of driver
parameters with both open back and sealed back drivers (woofers and
tweeters). Four search options. Add, edit or delete drivers.

Driver Modeling Multiple identical drivers per filter, including MTM and
isobaric 4 Dual voice coil wiring  "Expert Mode" analyzes parameters.

4 Graphs

Analyze per-

formance with:
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# Impedance
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4 Phase Re-
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@ Group De-
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Buy a :
Pro Bundle
with both
BassBox Pro

Custom Printouts Print schematics, graphs and
parts lists. Add your company logo.

System Requirements (same as BassBox
Pro) For Microsoft® Windows 95, 98,
Me, NT4, 2000 or XP and a com-
patible computer.

Xeover 3 Pro ONLY:

$99.00*

and Xeover Pro for
$199" and save $29!

Visit us on the
worldwide web at
www.ht-audio.com.

Our internet website includes additional
information and support for our software.

Special discount pricing is available for licensed
users of older versions of BassBox and Xeover who
wish to upgrade. Contact Harris Tech for details.

Copyright © 2002 by Harris Technologies, Inc. All rights reserved worldwide. BassBox is a trademark of Harris Tech. Other

of the "Pro" features. A condensed design integrates 9 graphs into the
main window. Additional cost savings result from a complete on-screen
manual in place of a printed one and it does not use a driver database.

AR(ISTECH

Harris Technologies, Inc.
Post Office Box 622
Edwardsburg, MI 49112-0622 U.S.A.
Tel: 269-641-5924
Fax: 269-641-5738
Email: sales@ht-audio.com
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Features Fast, accurate design using driver parameters 4 Easy to use

with samples and tutorial ® Closed, vented, bandpass or PR boxes 4 12
popular box shapes # Save and reuse designs and driver parameters # File
compatibility wth BassBox Pro 4 Can upgrade to BassBox Pro later as your
expertise or needs grow 4 Includes the performance graphs of BassBox Pro.

BassBox 6 Lite ONLY: $69'°°* System Requirements (similar to BassBox Pro) For Microsoft® Windows.

belong to their Harris Tech reserves the right to make changes without notice. Computer and speakers not included.
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THE LP TERMINATOR
Follow this engineer’s calculations for improved LP reproduction.
BY RAYMONG A FULTEI oo 8

THE DR15A HORN
Looking for a new home for your 15” driver? Check out these digs.
BY Bill FZITAUFICE .o 16

DIRECT HEATERS: A GUIDED TOUR

This author sets the record straight about vacuum-tube heaters
and the best heater supply method.

BY MAIK KELY oot 28

EASY LAYOUTS AND OTHER CAD TRICKS
With a CAD program to assist you, you'll find speaker and electronic
projects easier to design.

BY PALFICK M. BIUNMET oo 36

THE ZERO AUTOFORMER

Discover the sonic advantages you can achieve with high-
impedance speakers—made possible with this custom-made
autoformer.

BY Paul SPEILZ ... 38

A DE-EMPHASIS FIX FOR THE D2D-1

Here’s a simple modification for D2D-1 owners to improve GD
compatibility.
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HIGH G,, SMART POWER TUBES, PART 3

In the concMsion of this series, the author presents five applica-
tions for power tubes.
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MONARCHY DIP UPSAMPLER
aX’s ace reviewer puts this bargain-price digital interface processor
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Each design published in audioXpress is the
intellectual property of its author and is of-
fered to readers for their personal use only.
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infringement of the copyright protection of
the work of each contributing author.
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SERVICE INQUIRIES

A one-year subscription costs $34.95; a two
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please add $12 per year. Overseas rate is
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MODEL 330

AUDIO GRADE™ POWER CONNECTOR

The construction of the 330 is built-to-last and
features an elegant polycarbonate rear housing
available in either black or clear with a durable
Nylon-Tough front housing. Additionally, there
is a dust seal to protect the wiring chamber.
Marked with “Audio Grade™” and Blue Star™.

MODEL 350

AUDIO GRADE™ |EC

The construction of the 350 is durable, featuring an
elegant polycarbonate rear housing available in either
black or clear with a durable hi-temperature rated front
housing. Additionally, there is a dust seal to protect
the wiring chamber.

Marked with “Audio Grade™” and Blue Star™.

™ AUDIO GRADE™
VFEATURE WATTGATE™
TRIPLE-LAYER PLATING

MODEL 381

AUDIO GRADE™ RECEPTACLE

The construction of the 381 is very durable and features

Glass-Filled, Nylon-Tough front and rear housings for UV
and chemical resistance. The mounting strap, rivets and
grounding strip are gold plated, solid brass.

Marked with “Audio Grade™” and Blue Star™.

MODEL 320

ECONOMY IEC

The construction of the 320 is durable, featuring
an elegant polycarbonate rear housing available in
either black or clear with a durable hi-temperature
rated front housing. Additionally, there is a dust
seal to protect the wiring chamber.

VISIT LS HT CES 20043
LVCC #=26001

801-621-1501 - www.wattgate.com




103xpresstoc.gxd 11/20/2002 4:06 PM Page 5

; e VISIT U8 AT CEHS 2003
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THE ART OF CONNECTION

A Loudspeaker begins with an idea - a treasure from
the mind of a designer. In|the production phase,
the finest components and materials are chosen:
drivers, internal wiring, cabinent materials

and finishes. But when iti comes to the &5
binding posts and connector systems, ¢ 1
compromises are made for [no good '
reason. Quality crafted speakers

deserve precision crafted

binding posts and

connector

systems.

No one should

stop short of
perfection.

*High machining tolerances

* Innovative two-piece tightening knohs

* Crimp or solder termination options

* Durable gold-plated finishes

*Topline, midline, and economy versions

8rif=H 2 1/ 0 0 0 WWW.WBTUSA.COM
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H AMPLIFIERS BY MIDWEST AUDIO
Midwest Audio manufactures “Classic”
3008, 45, and 2A3 amplifiers. The sin-
gle-ended triode amplifiers are designed
to convey the emotional impact of live
music. Inspiration for these designs
comes from RCA and collaboration with
engineers in the tube manufacturing divi-
sion. Additionally each of the amplifiers’
solid wood bases are handcrafted,
antique furniture-grade, corner-pegged,
with a hand-rubbed finish, and custom
finishes are available. For more, contact
Midwest Audio, PO Box 269, Dayton, OH, 45409, www.midwest-audio.com.

AUDIO CONSULTING

Audio Consulting offers parts
that are meant to improve your
DIY projects and satisfy your
need for lifelike reproduction of
music. Due to inquiries regard-
ing plug-and-play audio compo-
nents, Audio Consulting decided
to launch their SE amplifier
after the well-known Silver Rock
series of preamplifiers at the
Topaudio 2002 Show. The
Audio Consulting single-ended amplifier features a two-chassis construction (one
amplifier chassis, one power supply chassis), WE437A input/driver tubes,
WE 300B output tubes, wooden cabinet, Silver Rock ITs and SE OPTs, and 100%
silver wiring. For more, go to http://www.audio-consulting.ch/Topaudio2002.htm.

i B2 SPICE A/D VERSION 4.2
Beige Bag Software releases B2 Spice
A/D Version 4.2, the latest version of
the electrical circuit schematics and
simulation software. The key new fea-
tures in this release are circuit anima-
tion, compatibility with Eagle PCB,
and 10,000 new schematic parts. Cir-
cuit animation is a feature that shows
wires changing shape and color to
reflect current and voltages, and parts
changing color to reflect heat dissipa-
tion. Also, with B2 Spice A/D V. 4.2,
users of Eagle, CadSoft’s PCB design
program, can transfer their circuit
schematics to B2 Spice and run simu-
lations, and vice versa. For more, visit
http://www.beigebag.com.

[ ROCKLER WOODWORKING AND

HARDWARE

Rockler Woodworking and Hardware carries a se-
lection of woodworking hardware and accessories,
as well as shop tools, for speaker builders and do-
it-yourselfers. Celebrating its 49t year, Rockler
has developed its own line of innovative products,
including shop tables, specialty jigs, unique hard-
ware, and the Clamp-It* assembly square. For a
free catalog, visit Rockler.com or call 1-800-403-
9736.

H TDL MODEL 109

TDL® Technology introduces the Model 109 arbitrary waveform and pseudo-
random noise generator, specially designed for audio system testing. You can con-
trol test mode and output amplitude from the front panel or by using a personal
computer over an RS-232 link. All func-

tions are controlled by a Scenix micro-

processor running at 26MHz. The pseudo-

random noise is produced by simulating in

the microprocessor a 21-bit maximal-

length shift register with feedback, and

active filters convert the binary sequence

to analog white and pink noise. For more,

contact TDL Technology, Inc., 5260

Cochise Trail, Las Cruces, NM 88012-

9736, (505) 382-3173, FAX (505) 382-

8810, http://www.zianet.com/tdl.
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B EMINENCE CATALOG

Eminence recently introduced a new
46-page product catalog and redesigned
website. Both resources include detailed
information on the Genuine Eminence
product line, as well as the new Emi-
nence Magnum® and Deltalite™ se-
ries. Not only has the entire product line
received a new look; most of the prod-
ucts exhibit improved power-handling
characteristics and expanded perfor-
mance data. Eminence has developed
sections entitled Anatomy of a Loud-
speaker, Understanding Loudspeaker
Data, Speaker Selection Guide, and
Sensitivity Guide, all available in the
catalog and on the website. The new
website also includes downloadable .pdf
files of each Eminence product as well
as forms for setting up dealers, distribu-
tors, and manufacturers as Eminence
customers. Eminence also added a Vir-
tual Plant Tour, Product Reviews, Testi-
monials, and an Endorsing Artists Page.
Finally, there is a complete section
devoted to customers requiring custom
designs and engineering services. For
more, go to www.eminence.com.




Your Best Source For Hi-End, Please Visit Us At C.E.S.

January 9-12, 2003 - Las Vegas, Nevada

Hi-Fidelity Raw & Car Drivers Alexis Park Resort - #1508

Over 20 Tweeter Models

All tweeters have specially treated soft domes and
large 1.1” (28mm) diameter voice coils. The voice
coils are wound with hexagonal shaped
(‘Hexoteric’) aluminum wire. The magnetic
systems are built using single, double or triple
magnet configurations. The motor systems are
also ducted into damped rear chambers, lowering
the resonant frequency of the tweeters.

Soft Dome & Poly-Cone Midranges

Our soft dome midranges have specially treated
domes and ducted magnet systems that are
vented into a damped rear chamber. Our 4” poly-
cone midrange/midbasses have damped polymer
composite cones, 2.2” diameter voice coils wound
with ‘Hexoteric’ aluminum wire and ducted double
or triple magnet systems.

Woofers & Subwoofers

Our 57, 6”7, 8” & 10” woofers all have large 3” voice
coils wound with ‘Hexoteric’ aluminum wire. The
ducted motor systems use a single, double or
multiple magnet design. Paper and poly-cone
versions are available for our 6”, 8 and 10”
drivers. The 12” subwoofer features a heavy-duty
cast aluminum frame, ducted magnet system and
very low resonant frequency (23 Hz).

. ®
Renaissance Car Speakers (’*W’S“‘m’

Our engineering team has carefully designed the
Renaissance car speakers to be the best sounding
speakers on the market. There are 3 models of
tweeters, 3 midranges, 3 midbass/woofers, 1
subwoofer, 3 integrated systems as well as 8
versions of 2-way and 3-way component systems.
These drivers are highly versatile, have a shallow
mounting depth and use the same technology as
our hi-end raw drivers.

414 Harvard Street tel 617.277.6663

morel acoustics usa, inc. Brookline, MA 02446 USA fax 617.277.2415

web www.morelusa.com ~ e-mail info@morelusa.com



BES The LP Terminator

This article presents the theoretical background and method to properly

terminate a magnetic phonograph cartridge. By Raymond A. Futrell

method for terminating a mag-

netic phonograph cartridge

might seem irrelevant since |

the compact disk player has
practically replaced the phonograph. :
However, some people have large
record collections—with no intention of
replacing them with CDs—and still use
a phonograph. This article is for the i
people who still play records and want
the best possible sound, and for those
who like to discover a simple engineer-

ing explanation for a baffling problem.

BACKGROUND

In 1975 my audio system included a

Thorens turntable with an Empire car-

tridge and a Revox integrated amplifier.
When I upgraded to the highly recom-
mended Shure V15® cartridge, the re-
sults were very disappointing. The
Shure cartridge sounded terrible, with
a dull midrange and shrill violins.
Nothing that I tried improved the |
sound appreciably, and I finally gave up
in frustration. It took me several years :
to realize that the same filter theory I
used to design RF filters also applied to

magnetic phonograph cartridges.

I assume the phonograph cartridge
and preamp can be modeled as the sim-
ple lumped element circuit shown in
Fig. 1. Eg is the voltage generated in
the cartridge, Rg is the cartridge DC re-

ABOUT THE AUTHOR

Raymond A. Futrell has been in engineering for about

40 years. He has an MSEE and works on military stan-

dards and specifications as a contractor to the Army

Materiel Command. As system engineer he has de-
signed electrical and communication systems for vehi-
cles, aircraft, and ships, and also designed antennas,
amplifiers, and power supplies. He worked world wide
as a field engineer and troubleshooter. Futrell’s hob:
bies include audio and reading.
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sistance, L is the cartridge inductance,
C is the total shunt capacity in the car-
tridge, tonearm, interconnects, and pre- :
amplifier. R;, is the load resistor in the :

preamp, nominally 47kQ, and E, is the

voltage across R;. The RIAA preamplifi- :

er has infinite input impedance and
looks like an open circuit.

LOW-PASS FILTER

The two reactive branches of this cir-
cuit form an “L” section two-pole low-
i pass filter. Poles refer to the elements !
that cause phase lag, in this case the se-
! ries L and shunt C. The analysis of this
circuit isn’t too complex if you consider !
i it in two stages.

First, analyze it at DC. With a DC |
voltage, L is zero impedance, a short :
circuit, and C is infinite impedance, an

: open circuit. The circuit is simply a re-
i sistive voltage divider and has the fol-
lowing DC transfer function, which is
the ratio of the output voltage to the
i input voltage.

Ep Ry

E, Rg+Rp

Second, with AC, you must also take
the reactive elements into account and
include the series and shunt reactance

: with the resistors. You then have the

following transfer function:

Eyp _ Rp//Xc

E; Rg+Xp +Rp/Xc

X, is the capacitive reactance and X,
is the inductive reactance. R;//X,
means the parallel combination of Ry,

and X . The capacitive reactance is X, =

1/SC, the inductive reactance is X; = SL,
and S = jo, the complex frequency in ra-
dians per second. After these substitu-

Rg L

C

R
h T

T
| PREAMP
|EL

'

FIGURE 1: Phonograph cartridge model.

A-1916-1

FIGURE 2: Low-pass
filter response. Q
1.01
Magnitude
0.707

Phase -90°

-180°4

A-1916-2
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The Super Amp was
nominated and received
the runners up award as
Budget Component of
the Year 2000 in
Stereophile Magasine.

uper Amp — $1,200

One listen to the Audio Electronic Super
Amp, or the more powerful Super Amp
Signature, is all it takes. You will understand
why all the reviews of the Super Amp are so
strong. This is the vacuum tube amplifier all

uper Amp Signature version — $1,500
Super Amp special DJH edition — $2,000

Super
INPUT Preamp VOLUME . w

"~ AE-3 Signature Preamp — $1,200

the guys are raving about on the net and at
Audiophile club meetings. Triode, push-pull,
zero feedback, balanced design with midrange
to die for. The bass is so defined that you will
marvel as you hear the individual bass strings
and drum hits in your recording. The Super Amp
is designed with the sweet spot of the tube in
mind. In other words, very moderate voltage
on the tubes for extraordinary tube life and
intoxicating tonal balance. In simplistic terms,
these are tube amps that work great, sound
great, and are affordable. Bring a Super Amp
into your future music enjoyment.

AE-3 Preamp — $600

a Division of Cary Audio Design
Main Factory, Showroom, and Sales

1020 Goodworth Drive
Apex, NC 27539
(919) 355-0014 ¢ Fax (919) 355-0013
www.audioelectronicsupply.com
www.superamp.com




tions and some algebra, you derive the :
! Now, let’s review some basic filter theo-
{ ry. The canonical (standard) form of a
! two-pole low-pass transfer function is as |
i follows: ‘

complete transfer function:

1
Ep LC

E, R, | (RL+R
8 52+s i_{_ig + g i
RC L R, |LC

This is a low-pass filter transfer func-
tion that describes the filter magnitude
and phase response with respect to fre-
quency. This may not look too useful, :
but the transfer function and some
basic filter theory are all that is needed !

THEORY

EL
Bg 624590 4 2
Q

Ho

: equal to zero and evaluate the transfer

function. You obtain this result:

Ep _Hp

2
Eg wp

For unity gain at DC, H, = ®,?, so

make that substitution in the transfer
function. Now evaluate the transfer
¢ function at 0y, the undamped resonant
The coefficients of the transfer function
are gains, frequencies, and time con-
stants (inverse of frequency). H, is a
gain term, Q is the quality factor, and

frequency. You just set S = jo, in the
transfer function and obtain the follow-
ing result:

to properly terminate a magnetic i ,is the undamped resonant frequency E_Lz ®o : =-jQ=Q«-90°
phonograph cartridge. defined as 1/\/LC radians per second. | ~® _woz + j"’imoz
You can select values for these coeffi- : Q
TABLE 1 i cients to obtain different magnitude :
Q VERSUS o i and phase versus frequency responses. |  This shows that at o, the magnitude
q i There are, however, two things you and phase of the transfer function is Q
0533 8?040) cannot change. As the frequency be- and -90° In a low-pass filter, the peak
0.707 1_0000)2 i comes much greater than o), the mag- | in the magnitude response is directly
1.000 1.27203, nitude response will decrease at —40dB : proportional to the Q. This is shown
421888 }ggsgo per decade and the phase lag will ap- graphically in Fig. 2.
8.000 1_5490)2 i proach -180°. The cutoff frequency (bandwidth) is
100.000 1.554w, i To normalize the transfer function to : indicated by ®,. By definition, the cutoff
L2050 L35y ' have unity gain at DC (0 = 0), set S | frequency is where the magnitude re-
Cireuit: PHOND
Gain C(in_dB) Phase deg Have Out Pulse Response of cirveuit: PHOND Input Have
3.0 0.0 Uolts Uolts
0.0 mesm 18.0 z.00 | 2.00
00 | ..‘f.fi?--.\..{; ....................................... - oo ; . too
—s.0 . . . I|r |
N | |
-1z.0 3 0.0 o.00 | i 1 0.00
-15.0 - X o Ill
-18.0 2 S ) -1.00 |— RS -1.00
E T 1 T T PP SO PTPPRT \ ....... S 34 . O
-z24.0 \ E ) = -
-27.0 2 180.0
2.000 4.309 9.283 20.00 43,09 92.83 200.0
Scale- S, FV“S—F;?“ueng‘rlﬂlg;E 'I;t'v Exit- Esc 0.0 0.0 Time slgn;?cmueomn?su.o tooo.0
FIGURE 3: Simulation results for 31pF capacitor. A1916-3
Cireuit: PHOND . .
B  HiiL-L Fhase deg  lsua Out  ulss Raspanss sr otveuse: PuoMg Toous wiaue
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-6.0 u 3.0 1.00 r : 1.00
=-%.0 72.0 | |
—1z.0 a.« 0.00 i \ ! 0.00
-15.0 \: 08.0 f kk
18.0 T R—— . o -i.00 — -1.00
A .
-21.0 \ 44. ¢
ean - -2.00 -2.00
\
N W QTS - — — S— —
2,000 4,309 388 ety 9% 182507 92.83 200.0 Tine in microseconds
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FIGURE 4: Simulation results for 62pF capacitor. rroros
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sponse has decreased to 0.707 of the :
low-frequency response. In theory, find-
{ width). The Q does not determine the
set the transfer function equal to 0.707,

ing the cutoff frequency is simple. You

replace S with jo,, and solve for o,

form.

().)02

2 2
0y~ XOc 2 2
\/2“+(0)0 -0 )2

Q

0.707 =

Note that large increases in Q do not
result in large increases in o, (band-

response.

From filter theory you know that the
Q of the L-C section completely deter- :
mines the magnitude and phase re-
sponse of a single section filter. For a :
maximally flat phase response (Bessel
¢ filter) the Q = 0.533, and for a maximally :
! flat magnitude response (Butterworth
: filter) the Q = 0.707. As the Q increases ;
beyond 0.707 the magnitude response :
develops a peak (Chebyshev filter), and
the phase response becomes more non-
have the approximate formula for Q.

i linear.

After considerable algebra,? you derive :

the formula for o,

@ =0 [1_%Q2]+M

For your convenience, I have listed !

The formula for Q is obtained by
equating the second denominator coef- :
{ ficient of the canonical transfer func-
i tion and the derived transfer function
i and solving for Q. H

®o 1 R g

: After some algebraic manipulation and
{ substitution,® you obtain the formula
i for Q.
bandwidth of a low-pass filter; it deter-
i mines the peak in the magnitude :

In practice, the theory is wrong. : :
Some tricky algebra is required to find
the cutoff frequency, so I'll just present
the first step of the derivation, and the :
formula for o . The first step is to con- :
vert the transfer function to magnitude :

C
R _
i

Q=——"—¢
1.0+Rg><RL><I

This formula seems too complicated
to easily calculate the Q, but you can
evaluate the denominator with Rg =1k,
R;, =47k, L = 0H5, and C = 100P. With
these values, the denominator is approx-
imately 1.009, so round it to 1.0 and ig-
nore it. That removes the complication
and causes negligible error. You then

C
Q“RL\/;

: COMING TOGETHER

This is the formula for the Q of a paral-
i lel resonant R-L-C circuit. After all that

—_——— 4+ =
. RiC L : .
some calculated values in Table 1. Q L : algebra, you discover that the phono-
Cireuit: PHOND
Bain fin o) Phasme des paye out Pulse Response of cireuit: PHOND Input Have
3.0 0.0 Uolts Uolts
0.0 — 18,1 2.00 2.00
-2.0 ™ .0
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-9.0 ) o |
N | \
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e \\\ ...... ron e / K
T T T - S — \ RR— T T 1.00 ) S 1.00
CBELD e .
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-24.0 . tesw -z.00 |- -2.00
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FIGURE 5: Simulation results for 125pF capacitor. tores
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graph cartridge is mathematically just :

a simple resonant circuit. Now you can
find out what value of capacitor is re-
quired for a Q of 0.533 and 0.707 with a
Shure V-15® cartridge using L = 0H5
and R; = 47k. Rearrange the formula for
Q to calculate capacitance.

2
C_L[&]
Ry,

The calculated value of C is 64pF for :

a Q of 0.533 and a Bessel filter (maxi- :
mally flat phase), and 113pF for a Q of
0.707 and a Butterworth filter (maximal-
ly flat magnitude). Now that you have
Q. L, and C, you can calculate 0, and o, :
The calculated cutoif frequency is :
19.8kHz for a Bessel filter and 21.2kHz |

i for a Butterworth filter. These simple :

calculations are all that is required to

i properly terminate a magnetic phono-
graph cartridge.

When I first performed this calcula-
tion I was skeptical of these theoretical :

results. The values are less than half of
the 250pF terminating capacity recom-
mended by Shure, and I also believed
that a few hundred pF of shunt capacity
in a moderate impedance audio circuit
had negligible effect. I didn’t have a cir-
cuit analysis program to simulate the
circuit, so I verified the theory with an
experiment.

I bought a low capacity phono cable

i and a Leach JFET preamp?, which has

about 20pF of input capacity. I cut off a
short piece of the phono cable and sol-

Cireuit: PHOND
Gain Cin_dB8)

Response of ecircuit:

PHONOD Input Have

Uolts

-1.00
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FIGURE 7: Simulation results for 500pF capacitor.
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dered the wire ends directly to the pre- :
i was dramatic, not subtle. The dull

amp inputs. The preamp came on a 3 X

3” circuit card that I mounted in the
base of the turntable under the tone-
arm. I estimated this configuration
would result in about 100pF of shunt :
cartridge.”

capacity.

When I did comparative listening
much shunt capacity. The phono cable
had 250pF of capacity (manufacturer
i specification), and assuming 25pF
winding capacity in the cartridge, 25pF
! in the tonearm wires, and 200pF in the !
Revox amplifier, that’s 500pF of capaci-
ty. The Revox preamp inputs, of
course, were shunted with 100pF ca-
i pacitors to prevent radio frequency in-
terference. That was standard prac-
ticeS. I aggravated the problem by try-
ing to correct it with more shunt ca-
i pacitors. It’s not surprising the sound
i never improved. :
To demonstrate the effect of the
i shunt capacity, I ran the circuit in Fig. !
1 in a circuit analysis program with Rg
i = 1kQ, Ry = 47kQ, L = 0H5, and several |
i values of capacity. Notice how the mag- :
i nitude, phase, and transient response ‘:
(1kHz square wave) worsen for the larg-

REFERENCES

1. National Semiconductor Corporation, Audio/Radio
Handbook, 1980. Section A5.0, p. 6—13, “Magnetic
Phono Cartridge Noise Analysis.” The author, Mr.
Maxwell, uses the same lumped element model of a
phonograph cartridge. This noise analysis shows how
he calculated the noise of a phonograph cartridge in
his design of a phonograph preamp in Electronic De-
sign, Feb. 16, 1976, p. 146, “Hold Noise Down With
JFETs...”

2. Ibid. Section 2.15, p. 2—55, “Scratch, Rumble and
Speech Filters.” Basic information on audio filters.

3. F. Langford-Smith, Radiotron Designers Hanabook,
1952, p. 411, section 4. See Fig. 9.4 and the formulas
(22) for the Q of a tuned circuit. The Q formula in this
article is mathematically identical to these formulas.

4. Professor W. Marshall Leach has posted
the JFET preamp schematic on his WebPages at
the Georgia Institute of Technology website,
http://users.ece.gatech.edu/~mleach/. Dr. Leach
has information on amplifiers and filters here.

5. National Semiconductor Corporation, Audio/Radio
Handbook, 1980. Section 2.4, p. 2—11, “Audio Rectifi-
cation.”

tests, the improvement in the sound

midrange and shrill violins went away.

The Shure cartridge sounded fine. The
pacity in a moderate impedance audio
i circuit has a significant effect. This is
consistent with filter theory. When the
terminating capacitance (or resistance)
changes, the filter response changes. I
believe this is one reason for the audi-
i ble difference between interconnects,
preamps, and so on.

improvement was so striking that one
person commented, “You bought a new

The bad sound was caused by too

i phone, or transformer. 3

: er values of capacity. Figures 3-7 show
i the results, as C is incremented from
i 31pF to 500pF.

Clearly a few hundred pF of shunt ca-

Filter theory shows that you can’t

pick the cartridge terminating resis-
tance and capacitance arbitrarily. They
must be commensurate with the Q and
i bandwidth. This applies to any induc-
tive signal source such as a magnetic
phonograph cartridge, dynamic micro-
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This series of Double Reverse (DR) horn designs

now addresses the needs of owners of 15” drivers.

By Bill Fitzmaurice

t’s finally here. Many readers have
petitioned me for quite some time
now for a Double Reverse (DR)
horn to house a 15” woofer, and the
DR15a (Photo 1) is it. Designed as a
backline bass or keyboard cab, or as a

main PA in large (up to 1,000-seat)
venues, it is more efficient with a wider :

bandwidth (Fig. 1) than any other sin-
gle 15” cabinet, flat out blowing away
commercial cabs costing thousands of
dollars. You can build it with a premi-
um woofer for less than $400, or with a
mid-line driver for less than $200. But

all things considered—as with its ;
cousin the DR12a (Oct. '02 aX)—I sug- :

gest that you don’t build this box. As
good as it is, you can do better.

HORN-LOADED VS. DIRECT
RADIATOR

Let me explain. Those of you who have

written me asking for a DR for a 15—as
well as for an 18—have done so under
the mistaken assumption that it would !

play louder and to lower frequencies
than a DR loaded with a 10 or 12. That
assumption is rooted in the obsolete
technology of commercial speakers—
for the most part either direct radiator

cabinets or horns of obsolete design. To :
understand why this is a false assump-
tion requires a review of basic speaker

design concepts.

Two factors are paramount when dis-
cussing the low-frequency response and
output capability of direct radiators:

1. The limit of low-frequency reproduc-

tion by a direct radiator speaker is
primarily determined by the Fs (reso-

nance in free air) of the driver. Ideal-

ly F's is no higher than the lowest fun- :
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The DR15a Horn

PHOTO 1: The
DR15a horn.

damental that you intend to repro-
duce, which for most popular music
is represented by the low “E” note of
the electric bass at about 40Hz. All
other specs being equal, drivers with
lower F's will reproduce to lower fre-
quencies than drivers with higher Fs
when mounted in direct radiator cab-
inets. On average, the Fs for pro-
sound woofers is about 60Hz for 10s,
50Hz for 12s, 40Hz for 15s, and 30Hz
for 18s.

2. The output capability of a direct radi-
ator speaker is primarily determined
by the product of cone area and ex-
cursion. All other specs being equal,
if two drivers of equal excursion have
differing cone areas, the larger driver
will be able to produce higher output
when mounted in a direct radiator
cabinet.

Different rules apply when dis-
cussing the passband and output of

horn-loaded speakers:

1. The limit of low-frequency reproduc-

tion by a horn-loaded speaker is pri- :

www.audioXpress.com

marily determined by the length of
the horn. While the Fs of the driver
has bearing on system response, low-
ering driver Fs will not necessarily
give better low-frequency response
from a horn of a finite size. In fact,
the opposite is possible.

2. The output capability of a horn-
loaded speaker is primarily deter-
mined by the area of the horn mouth.
Increasing the cone area of the driver
in the horn will not necessarily in-
crease either the horn’s efficiency or
output capability.

DRIVER/HORN RESONANCE
If you desire a low-frequency cutoff of
40Hz from a direct radiator, a driver F's
of 40Hz or less is usually required, ex-
plaining why 15s and 18s are preferred
for electric bass and PA subwoofer
duty. But if you desire a low-frequency
cutoff of 40Hz from a horn, must a driv-
er F's of 40Hz be employed? The answer
is no.

When a driver is mated to a horn, its
F's is lowered by the horn, resulting in a
new parameter that I call Fs(h), the
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driver/horn system resonance. The :
smaller the throat and/or the longer the
horn, the lower the Fs(h). With a horn
of sufficient length and a small enough
throat area, the Fs(h) may be half the :
Fs. A 10” 60Hz Fs driver may exhibit an

Fs(h) of 30Hz when horn-loaded, mak-

ing it totally appropriate for subwoofer :

use.

by either shortening the horn or enlarg-

On the other hand, a driver with a high

Fs may have its Fs(h) lowered to the de-
sired frequency by making the horn :

longer and/or the mouth smaller, en-
hancing both bandwidth and efficiency.

no. Even a 5” driver may deliver high

output at low frequencies with the right :
horn. On the other hand, there are dis-
tinct disadvantages to using large driv- :
ers in horn-loaded cabinets. This is best
understood when you consider two |

paramount rules of horn design:

1. Maximum output and bandwidth
from a cabinet of a specified size is
best obtained by minimizing the |
space taken by the driver and the |
rear chamber that houses it, devoting

It is possible to have an Fs(h) that is
too low. In a horn with a vented rear
chamber (as all DR horns are), the ratio
of Fh (the horn cutoff frequency) to
Fs(h) should be from 2:1 to 3:1; a higher !
ratio will cause a response dip in the i

i A QUESTION OF EFFICIENCY

second octave. You may raise the Fs(h)

that space instead to the horn. :
Whereas in a direct radiator you use
with 15s, 18s, and even 21s abound. An
power, in a horn you must make the :
horn bigger. Smaller drivers allow :
{ DTH 118b™. Similar to subs from at
2. Increasing the ratio of horn mouth to

horn throat area will increase horn

a bigger driver if you want more

bigger horns in the same size box.

efficiency. Maximum SPL from a

drivers require large throats; using

the intended effect.

plications, 10 and 12” drivers make the

cies from 32Hz to 8kHz.

The DR12 horn is more efficient, as
the specified 50 to 60Hz driver Fs al-
lows a 45 in? throat. To accommodate

consequence.
Could you exceed the performance of

that in horn-loaded cabinets small

best choice, and an 18 is useless.

This is not borne out in the market-
place, where commercial horns loaded

example of a commercial folded-horn
cabinet loaded with an 18 is the Peavey

least six other manufacturers, its sealed
rear chamber and flat-panel geometry

i renders it an antique.
horn of a given length and mouth
area requires a small throat. Larger
Fig. 3, the DR12 clearly outperforms the
them may well have the opposite of :

Comparing the performance of the
19ft3 DTH 118b with the 13ft> DR12 in

DTH 118b right down to 32Hz. More-

over, the Peavey™ rolls off high-frequen-
! ¢y response above 250Hz, making a
midbass cabinet, and another amp
i I've concluded that for horn-loaded ap-
ing the throat, but both of those actions
rob SPL efficiency across the spectrum.

channel to drive it, a necessity. The

DR12, like all DR horns, does not choke
most sense. As an example, look at Fig.
i 2. Here the DR15a is compared to the }
almost identically sized DR12. As good
as the DR15a is, the DR12 outperforms
{ it across the board, having a higher !
i SPL at most of the measured frequen-

If you desire more output or lower fre-
quency capability from a horn, is there :
an advantage to using a larger driver at :
the horn throat? The answer again is
{ an Fs of 40Hz, and the added area of a !
15’s cone, the throat of the DR15a mea-
sures over 80 in?. Efficiency suffers as a :
Now that I've convinced you, I hope, of
why you should build a DR12 instead of
the DR12 using a 15? Only by using a
i larger horn, requiring a larger cabinet. :
i But you would get more out of a 12” driv-
er—or even a ten, for that matter—from :
a larger horn as well. The bottom line is

off the woofer’s high end, requiring
only the addition of tweeters to run full
range.

Were I to build a cabinet as large as
the Peavey, it would outperform 1950s

vintage design by an even wider mar-
i gin, and I would still use a 12 to do it. I
{ would only recommend a 15 with a
horn Fh of no more than 60Hz, which
would require a box size no less than

30£t3.

THE 15 CABINET

a DR15a, why read any further? Simple.
Because if you have one or two 15s al-
ready on hand sitting in obsolete com-
mercial cabinets, and you want to give
them a new home inside the best cabi-

net money can’t buy, you can build this
enough to be portable, a 15 is not the

one. It’s a whole lot cheaper than buy-

! ing new drivers.
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FIGURE 1: DR15a woofer only, model EVM-15B™.
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FIGURE 2: Comparing the DR12 and the DR15a.
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Will your old driver work in the
DR15a? Probably. When I built the pro-
totype I tested it with three different :
drivers (I have a lot of old 15s about
that I don’t use anymore). The DR de-

sign is very tolerant of driver specs.

As for the Vg and Qqg, I have not
found those specs to particularly affect :
performance in DRs, so I no longer con-
sider them. The F's is significant, but
not critical. The drivers I tested were !
the JBL-E140™, the EVM-15B™, and an
old Yamaha™ 15, model number un- :
known; their Fs/Fs(h) measured
32/23Hz, 39/25Hz, and 49/30Hz, respec- :
tively. In each case I tuned the cabinet
Fb to the respective driver Fs(h). The re-

sults are in Fig. 4.

The JBL and EV are very close to
each other up to 620Hz, above which
the JBL rolls off a bit. When mounted
as a direct radiator, it rolls off above i

620Hz as well, so the performance dif-
ference between it and the EV is caused

by the driver, not the cabinet. The

Yamaha lags in the low end due to its

again the performance within the

what it does in a direct radiator.
What is surprising with the Yamaha

is its strong showing out to 5kHz. Who
says that folded horns have no i
midrange? In any event, I'd say that

just about any quality musical instru-
ment 15 with Fs from 30 to 50Hz will
work well in this box. Chances are what

within that range.
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FIGURE 5: Side view of throat horn
sides and partition.
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FIGURE 6: Throat horn divider (two re-
quired).
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i There are a few structural differences :
! between the DR15a and the DR12. I al-
ready noted that the throat area of the
DR15a is larger, to keep the Fs(h) with- :
in a usable range. The cabinet does not
higher Fs/Fs(h), and it runs about 2dB
less in SPL broadband, but it runs 2dB |
lower in SPL on a baffle as well, so i

have the trapezoidal shape of the DR12,
to maximize the internal volume of the

has flared sides to minimize out-of-

i phase reflections, and a partition in the
i middle to minimize the cross-section.
The ducts of the DR15a exit the rear setting is required, or screws won’t
work, you can use a hot melt glue-gun.
better low-frequency performance. And :
while I built the DR12 prototype with a the true thickness of the materials you
woofer only, I built the DR15a prototype use will determine final sizing. Internal
{ with tweeters, a pair of CTS KSN1177s™. |

you have in your present cabinet falls

chamber farther back in the horn for

www.audioXpress.com

i PRELIMINARIES

The prototype includes the thinnest ma-
i terials possible for light weight, but if
: you're not a skilled woodworker you
may opt to use thicker non-bending
parts for ease of joinery. Most flat pan-
i els are of %” plywood, with %” and %"
i box within the footprint. To squeeze out
i a bit more high-end, the throat horn
DR15a cabinet pretty much mirrors

plywood for bending parts. You secure

most joints with drywall screws, holes
drilled and countersunk, and construc-
tion adhesive, making sure that all
joints are airtight. In places where fast

The sizes of all parts are nominal, as

i clearances are very tight, so if you use
Build it woofer only for electric bass if |
i you prefer.

thicker materials than listed, increase

i the outside dimension of the cabinet to
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compensate. In most cases cut the parts :
a bit oversize and sand-flush joints after
joining them. You'll obtain the most ac-
curate joints when first clamping the :
mating parts together, using a straight :
guideboard along the joint line where
possible, and drilling, gluing, and
screwing after proper alignment is
ily cut large panels perfectly square.

The driver chamber is fairly large, but
reaching the woofer-attaching bolts is :
still a difficult proposition. Make life eas-
ier by using Allen-head bolts with T-nuts
(available from www.partsexpress.com,
as is most everything else you may need
for hardware, including the recommend- :
ed tweeters). A small right-angle ratchet
driver is handy for driving woofer bolts
and screws in tight areas where a screw-
gun won'’t reach. Sophisticated wood-
working tools are not an absolute neces-
sity—you could make do with a jigsaw,

achieved.

PHOTO 2: Cutting the throat horn sides and
partition simultaneously.

T

¢
5 /" 4 3/4"
10/2"
, 51/4"
4 7/8"
& BN B P N -
4 1/4‘—-1‘ le—a 174 '—*I'

FIGURE 7: View of throat horn from baffle
end, showing offset of throat dividers.

B-2187-7

circular saw, and drill, but a table saw :

and sander are a great help, as are
clamps—Ilots and lots of clamps.

If you have a table saw, make your-
self a panel-cutting jig, which is simply
a piece of plywood with two rails that
slide through the slots in the table top.
With this simple accessory you can eas-

Never assume that plywood comes
square from the lumberyard. I personal-
ly have never found a piece of Baltic
birch that wasn’t out of square. When it
comes to accurately sizing parts, always
cut in two steps. First rough-cut all your
parts a bit oversize, and then trim them
to square and true with the panel jig.
Though this is not a project for begin-
ners, extreme precision is not required.
In fact, having things a tad out of
whack can be a good thing. Perfect
symmetry within any speaker cabinet

PHOTO 3: Using picture frame clamps to
i align the partition and dividers for assembly. |

can lead to resonant peaks and valleys,
while some randomness tends to mini-
mize spurious resonances.

CONSTRUCTION AND ASSEMBLY

The first step in construction is to cut
out the throat horn sides and partition
(Fig. 5) from %" plywood. These three
parts should be identical, so you should
rough-cut them to size, screw the three
pieces together, and cut them to final
size simultaneously (Photo 2). Next cut
the throat dividers (Fig. 6), also from %"
plywood.

Install these offset on the centerline
between the horn sides and partition.
To one side of the partition offset them
above the centerline, to the other side
below it (Fig. 7), so that the throat horn
is divided into four slightly different
cross-sections.

Attach both dividers to the partition
(Photo 3), then each horn side to the as-
sembly (Photo 4). Screw a couple of
scrap plywood pieces to the front of the
assembly to hold it square and true
while attaching the throat horn
sheaths, cut from 4" Baltic birch ply-
wood; flex the plywood before cutting to
find the easier bending axis. Cut the
sheaths a good inch oversize in each di-

i mension. Attach these one at a time to

the assembly (Photo 5).
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After the adhesive has set, use a jig- : holes in them; these serve to minimize : run the assembly across a table saw on
saw to trim most of the excess from the reflective surfaces within the cabinet. a panel-cutting jig to trim to final size
sides and throat, finishing the job with Mount them to the horn assembly and make it square and true (Photo 7).
a sander; leave the excess material at (Photo 6). After the adhesive has set, Cut the top and bottom (Fig. 8) from
the horn mouth for now. Cut the throat ; [ : : -
horn supports from %" plywood, mak- :
ing them about a halfinch longer than
final size. Use a hole-saw to cut a few 2”

T/ N T B AR ‘

...r _t'_nJ 'u-m_" " ‘II‘\_

r W o
| \ : — i Pl b . v "
L o | PHOTO 6: Using clamps and right-angle : PHOTO 8: Simul-cutting the top and bottom
| o “ : ratchet driver to attach horn support. i on panel cutting jig.

PHOTO 4: The throat horn sides/partition/
divider assembly.

Ty, Y

3 PHOTO 7: Truing the throat horn assembly PHOTO 9: Using guide hoard and clamps to
PHOTO 5: Sheathing the throat horn. : on panel cutting jig. : align throat horn on top.
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%” plywood. To make them identical, :
screw two rough-cut pieces of plywood
together, final-cutting them simultane-
ously, using the panel-cutting jig (Photo | ALIGNMENT
8). Draw onto them the locations of all :
mating parts, and the porthole cutout on
the bottom only. Cut the porthole out. At-
tach the throat horn assembly to the top.
Because the throat horn is slightly trape-
zoidal the supports don’t follow a

straight line, but the angle is slight

enough to be easily pulled straight when

clamped to a guideboard (Photo 9).

Cut the baffle from %" plywood. One
end of the baffle attaches to the cabinet
top, but make the other end only long
enough to extend about an inch beyond
the driver frame. Cut the baffle edges at :
a 10° angle to match the angle of the
mouth horn panels where they will in-
tersect it. Clamp the baffle into place :
against the throat horn and trace the

PHOTO 10: Aligning the baffle f
ment.

PHOTO 12: View through the porthole.
24 audioXpress 1/03

horn opening onto it; remove the baffle
and cut a hole through it on the tracing.

Use the driver to mark locations for
drilling the driver mounting-bolt holes,
keeping them as far as possible from the
baffle edge. Because the driver cone may

hit the baffle in long excursions, either
rout away about ¥s” from the baffle
i where it would be hit or make a spacer ‘:
from %” or %" plywood, attaching it to
i the baffle. Drill holes in the baffle and :
drive into it %6” T-nuts for the driver

PHOTO 14: Make sure it fits! Note addition-
i al bracing.

www.audioXpress.com

F i .'.;"
PHOTO 16: Attaching sheathing, step two.

: PHOTO 19: Vi
i place.

: bolts. Attach the baffle to the assembly,
i using clamps and a T-square to true the
i assembly in the process (Photo 10).

Starting with a piece of %" plywood

about 8” wide, cut the tweeter baffle,
with the edges at a 40° angle; save the
scraps cut from either side. Attach the
tweeter baffle to the assembly (Photo

11). Attach the bottom to the assembly

] i |

{ PHOTO 17:
i brace.

{ PHOTO 18: Halving PVC is easy with a
i home-made jig.

ew with PVC reflectors in



and drill a few 2” holes through the :
woofer baffle below where the driver

mounts (Photo 12).

Cut the four back braces (Fig. 8) from |
%" plywood. Attach these to the throat
horn supports, spaced not quite evenly
apart to randomize the frequencies of in-
ternal reflections within the horn. Mount !
one pair 7% from the top, and one pair :
8” from the bottom, leaving the space be-
tween them at 8%”. Ensure that they are ;
level by first clamping a guideboard to
the horn supports, and then the back

braces to the guideboard (Photo 13).

Cut four sets of horn braces (Fig. 8).
Mount one set to the top, the other to the

NI e 8

PHOTO 20: “Bookleaved” back sheaths.

© PHOTO 21: A back sheath marked for
i drilling pilots.

bottom to form the porthole flange. Cut :
the other two sets to size to fit between
i the baffle and the tweeter baffle, and :
from the throat horn supports to the baf-
fle. Temporarily mount the driver on the !
wood. Attach these to the assembly first
not interfere with getting the driver in
and out of the cabinet or accessing the |
driver mounting bolts. A couple of verti-
cal braces fashioned from %" plywood
1%"” wide running from the bottom to the :
braces just above the driver are a good
placements (Photo 16), gluing and

Use plywood scraps to complete the
porthole flange; you may need to trim
the flange a bit to allow clearance for

baffle to make sure that these braces do

idea as well (Photo 14).

the driver frame. Use the trimmings
from the tweeter baffle to double its
thickness at its edges. Cut holes for the
tweeters in the tweeter baffle. Cut the
mouth horn sheathing from %” ply-

at the throat horn braces, butting them
against the back braces, using clamps
to pull them into place against the
throat horn braces (Photo 15) for screw-
ing. Gradually pull the sheaths into
place, using the tweeter holes for clamp

screwing as you go. When the adhesive
has set, sand the sheaths flush to the
tweeter baffle.

PHOTO 22: Filling the back sheath seam.
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Cut four side braces (Fig. §). Attach :
them to the assembly, driving screws
from inside the driver chamber, using a
clamp and plywood cauls to align them
with the back braces during the attach- :
ment process (Photo 17).

The back reflectors are 4” Schedule 40
PVC pipe, halved lengthwise. You can
easily accomplish this on a table saw
using a fashioned plywood jig (Photo
18). The jig runs against the saw rip- :
fence, with the PVC securely clamped or
screwed to it. You may use a toothed
blade, but an abrasive blade is better.

PHOTO 23: Location of the ducts.
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FIGURE 9: Detail of overlap of sides over
bhack.

Don’t cut quite all the way through :
i the pipe, as it will tend to bind on the
i blade; go 95% through the pipe, leaving

adhesive to set, pull the screws, and
i then laminate a second layer on with
i screws and plenty of adhesive.

the final cut for a utility knife. After !

halving the pipe cut six lengths to fit :
the spaces between the top, back
braces, and bottom. Fill each piece with
poly-fill and glue it in place with hot-
melt glue, being sure to make all joints

airtight (Photo 19).
Cut the back sheaths from 4" Baltic

birch plywood. Glue them together at
one edge with a bead of hot-melt, insert- }
i ing the “book-leaved” pair into the cabi-
i net rear (Photo 20). Bend the sheaths :
i into place by hand, tracing the location :
i of the joints with the braces for drilling :
pilot holes (Photo 21). Glue and screw
| i in place first one sheath, then the other. |

Thoroughly fill the joint of the two
i sheaths with adhesive for an airtight fit :
: (Photo 22).

You may choose to consider laminat-

ing a second layer of plywood on the
i back sheaths; they won’t vibrate, but :
they may be less than roadworthy, espe-
i cially if you entrust your gear to a crew
of gorillas for transport. If so, allow the

PHOTO 24: Applying finish before attaching

: FINISHING TOUCHES

Drill six holes to accept 1%” PVC con-
duit through the mouth horn sheaths
for the ducts, three per side, spaced be-
tween the top, braces, and bottom
(Photo 23). The two center ducts may be
i no more than 3” long; install those per-
! manently first. Locate the other four so
that the ducts won’t hit the throat horn
inside the box. Make the top pair 7”
long and install them, leaving the final
pair for the tuning process. Because the
i inner surfaces of the mouth horn are
! difficult to finish after the sides are in
place, now is the best time to paint or
carpet them as desired (Photo 24).

The sides overlap the back sheaths
i by a couple of inches, so you'll need to
dado off %" (*4” if you made the back
! double-thickness) from the sides where
the overlap occurs (Fig. 9). You may do
this with a router, or a table saw, using
i a finger-board to hold the sides tight
against the rip-fence (Photo 25). Attach

: o R
PHOTO 25: Using a featherboard with rip-

B-2187-9 sides. i guide to dado side edge.
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the sides to the assembly, sanding the
joints flush after the adhesive has
dried. Complete the application of your
finish. Drill a hole as required through
one of the sides to install your choice of
jack and wire, along with a hole
through the horn sheath for the wire to
pass through, sealing with hot-melt.
Reflecting sound waves within the
cabinet will cause serious peaks and val-
leys in response, so you must minimize
reflective surfaces. Sound-absorbing

and both they and acoustic foam can be
difficult to install. I recommend pads on
the driver frame and magnet, foam on
the inside of the porthole cover, and
poly-fill stuffing everywhere else. The
key is to be sure that there are as few ex-
posed reflective surfaces as possible
without blocking either the rear of the
woofer cone or the entrances to the
ducts.

TUNING UP

The tuning process is next, assuming
that you have the required equipment.
If so, install the woofer, leaving the

porthole off and the tweeter holes clear.
Run an impedance plot, looking for a |
spike in the vicinity of 30Hz. This spike

is the Fs(h).

Install the tweeters, weather-strip-
ping their flanges, likewise with the
porthole cover. Temporarily install the
final two ducts, experimenting with
their lengths until an impedance sweep
shows a low, the Fb, at the Fs(h) fre-
quency. For an EVM-15B with an Fs of |
39Hz and Fs(h) of 25Hz making the last
two ducts 5” long gives the desired

25Hz Fb (Fig. 10).

If you cannot test your box, I suggest
a good compromise for most drivers is
to make the last two ducts 5” long. By i
point of reference, loaded with the JBL-
E140 the 23Hz Fs(h) required making !
the last two ducts 7” long, while the |
tested Yamaha with Fs(h) of 30Hz re-
quired 3” ducts for the final pair. Once !
you’ve decided on the length of the
final pair of ducts, glue them in place
from both the inside and outside of the

cabinet.

You have two options when wiring :
the tweeters. If you wire them parallel |
with each other, you will get maximum |
sensitivity, giving a lot of high-end cut- :
ting power when needed; trimming

: amp EQ will flatten the response if :
necessary. On the other hand, if you
i prefer flat response, wire the tweeters |
{ in series with each other, cutting their !
i SPL sensitivity by 6dB, while increas-
ing their wattage to over 500. Wire the
tweeters in-phase with the woofer and
i screw the porthole in place. With a !
i cabinet of this size casters are a must,
as are good handles; the bulk of the
i box, if not the weight, makes lifting it a
two-person job.

pads are an effective, if pricey, option, If you question whether it’s worth-
i while to load an on-hand 15 into a |
i DR15a, Fig. 11 may help to make up !
i your mind. Here the DR15a (with two i
CTS KSN1177s, series wired) is com-
pared to our old friend, the Peavey DTH
118b. The Peavey is a lot bigger and
i heavier, but in the range where it is
i supposed to work best, low bass, it runs
about 4dB less sensitive, while above :
{ 250Hz it doesn’t work at all. I'd call that
{ not much of a bargain when cabinets
i such as the DTH 118b go for around a
grand. You can load your old 15 into a
i DR15a for about a hundred bucks—
including the tweeters.

But please, if you don’t intend your

DR15a for an existing driver, don’t
build it! You can get more power from a
DR12, and almost as much from the far
smaller DR12a and DR10. And for those
{ who want to see how small a folded
horn can be, watch for the next in this
series: the DRS5. Your lunchbox is prob-
ably bigger.

PARTS LIST

i All parts sizes are nominal, most some-
what oversized from final assembled di-
mension, all parts not listed (see text).
Listed in general order of assembly, all
dimensions in inches.

1. Throat horn sides and partition, 7 x 25
i 2. Throat dividers, 4% x 7

3. Throat horn sheaths, 9 x 12

4. Throat horn supports, 25 X 3%

5. Top, bottom, 29 x 26%

6. Baffle, 16 x 21

7. Horn braces, 4 X 20

8. Side braces, 12 X 18

9. Tweeter baffle, 5 x 25

10. Back braces, 7% X 14%

i 11. Mouth horn sheaths, 20 x 25

i 12. Back halves, 24 x 26%

13. Sides, 19 x 26 <
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This article will help you decide which scheme to use in applying ;
i seven times the heater rating. This ef-

power to vacuum-tube heaters. By Mark Kelly

'm going to start this article with a
long and rather involved technical
discussion of the various types of
heaters found in types of vacuum
tubes (V/T), and then move on to the
practicalities of different schemes for
applying power to these heaters. If you
find the technical stuff boring, or al-
ready know it, you can skip to the prac-
tical stuff and refer back to the first part

as necessary.

Direct heaters are those in which the
cathode and the heater are one unit, :

with a filament that may be:

e Pure tungsten-the so-called bright

emitter, which runs at 2300C/2600K
similar properties but lower melting
points, so the following comments
i apply equally.

(dazzling white)

o Thoriated tungsten-the so-called dull
emitter, which runs at 1600C/1900K

(bright yellow)

e Oxide-coated tungsten or other

metal-runs at 600-800/900-1100K
sistance means that the resistance
offered by a piece of tungsten is

Indirect heaters use a tungsten or
molybdenum alloy element fitted inside
the cathode sleeve, which is coated
with emissive oxides. These run at a |
temperature sufficient to raise the cath-
ode to the same temperature as the
oxide-coated direct-heated type. The ob- :
ject of this is to ensure thermionic
emission—electrons are effectively |
this. One is the problem of current

This is a gross simplification; the ac-
tual mechanism involves a probability :
function of electron escape called the
work function, which describes the
amount of energy required for an elec- }
tron to escape the surface of a given
material. The lower the function the
lower the energy—and therefore tem-

(dull red to orange)

“boiled off” the cathode.
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have been reports of a diamond film

low that it provides high levels of elec-

no heater.

The other metals and alloys used have

Direct Heaters: A Guided Tour

rent (and power) drawn to be about

fect is exacerbated in AC heaters, as the
heater can be switched at any point on
i the AC waveform. If it happens to be
switched at the peak, the voltage across
perature, required for emission. There :
value while the resistance is 1/7, so the
semiconductor with a work function so
L (V/R).
tron emission at room temperature. :
One day we may get triodes that need :
cient to get the element to white heat.

Tungsten is used for the very high
temperature elements, simply because
tungsten has the highest melting point :
i of any metal, about 3750°C. Tungsten is
a very dense (SG = 19), very hard but
quite brittle metal, and like most metals
displays a strongly positive temperature
i coefficient of resistance (a bit less than
1% per degree C, or 10,000 ppmK?). i
with their higher ratios of hot to cold re-

the element will be 1.4 times its RMS
power drawn is 14 times the rated value

If the thermal mass of the heater is
low enough, this pulse of power is suffi-

This causes the bright flash you some-
times observe at turn-on with AC heaters
in some V/Ts—European-made small
twin triodes (ECC8%/12A*7, and so on)
seem particularly prone. This same ef-
fect also explains why your light globes

just about always blow at turn-on.

The problem of turn-on current surge
is worsened in bright and dull emitters

sistance. An additional effect that can
occur in these larger V/Ts is that the

! pulse of current will induce its own

POTENTIAL PROBLEMS

The temperature coefficient of re-

very much higher when it’s hot
than when it’s cold. The ratio of hot
to cold resistance for heaters de-

SUPPLY

FIGURE 1A: IC current regulator.

ICA1
L T1086

Rsense

é LOAD

pends on how hot they become—

usually about 7 to 1 for indirect
types, 10 to 1 for dull emitters, and
15 to 1 for bright emitters (and for
domestic light globes). There are
two major effects associated with

surge at switch-on; the other is the
tendency of the element to act as a
current regulator when hot.

As an example of current surge,
imagine an indirectly heated V/T
fed from a constant voltage source.
At switch-on the heater’s resistance
is 1/7 its hot value, causing the cur-

G-1958-1A
E| LOAD
4K7
Q1
MJE3055
SUPPLY
Q2
BCS49
Rsense
G-1958-1B

FIGURE 1B: Discrete current regulator.
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magnetic field, which will then induce

motion of the filament across the field,

the force of which can be enough to

also tend to be expensive, current-limit-

ing and/or slow-start techniques be-
come very important in installations

using them.

A different problem occurs if heaters
are connected in series, where the in- :
crease in resistance will cause the first
heater that reaches high temperature to
hog all the voltage, thus raising its tem-
perature and resistance, leading to a
form of thermal runaway. For this rea-
son the cheap mass-market V/Ts that :
were used in series heater strings—es-

pecially in TV sets—usually have con-

trolled warm-up times, often about 20 :
seconds. If all the heaters in the string
have the same warm-up time, thermal |
runaway will be avoided. This suggests :
that the US versions of the small twin !
triodes mentioned previously don’t !
flash as much because they were manu-

factured with TV use in mind.

The other effect mentioned—that of :
the filament acting as a current regula-
tor—is fairly self-explanatory. As the
voltage across the heater increases, the |
resistance also increases, thus limiting
the increase in current and therefore
the increase in power dissipated. As an :
example, an increase of 10% in heater
voltage gives a 5% increase in current
rather than the 10% you might have ex-
pected. The increased temperature
causes a 5% increase in the resistance

of the filament.

This means a 10% voltage rise gives
an increase in power dissipation by a
tungsten filament of about 15% rather
than the 21% which a linear resistance !

: would. The safe operating limits for :
heaters are thus specified in terms of
i voltage, and current regulation of }
snap the filament (remember, tungsten
is very brittle). Given that these V/Ts i
i TYPE OF HEATERS
Pure tungsten bright emitters run at a
temperature so high that the metal
evaporates, which eventually causes
the filament to fail. Since these are !
never seen except in antiques and very
high power transmitting V/Ts, we need
not bother ourselves further with them,
except to note that dull emitters are
often called bright emitters, even by
i ode, and the heater element needs to be
very closely thermally coupled to, yet
doped with low levels of thorium, i
which lowers the work function, en-
abling them to emit electrons at a tem-
perature low enough for evaporation i
not to be a problem. The temperature is
still high enough that the power con-
sumption of a dull emitter is much
higher than the equivalent oxide-coated
type. An example is the WE212E/ i
| STC4212E, which is electrically very :
similar to the very old British DA250 tri-
ode. The 212E uses a 14V 6A (84W) dull
emitter, while the DA250 uses a 10V 2A
without damage to the insulating layer.
Dull emitters are not nearly as prone :
ing, there will be slight leakage of elec-

heater supplies is counterproductive.

those who should know better.
Thoriated tungsten dull emitters are

(20W) oxide-coated heater.

to cathode stripping as are oxide coat-

ings, so they are often used in V/T de-
signs where low levels of space charge
make cathode stripping a problem,
such as low-mu power triodes. Thoriat- :
ed tungsten filaments are easily dam-
aged by high levels of ion bombard-
ment, so anything that causes the V/T
i to become gassy (such as outgassing
from overheated electrode structures) :
best to arrange for the minimum possi-

will shorten life dramatically.

Direct oxide-coated heaters use

BALLAST 1R5
) —
N —
Qt
SUPPLY MJE2955

ing the greatest ther-

FIGURE 2: Shunt voltage regulator.

G-1958-2
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a highly emissive
oxide coating that !
allows low tempera-
ture operation offer- ;| “SLEEPING SICKNESS"”

Another effect that occurs with oxide-
mal efficiency and |
are therefore used i
in situations such as i
battery V/Ts where |
power efficiency is
very important. In
some cases low-mu
triodes also use }
oxide-coated direct :
filaments (such as

2A3 and 300B), but often these are de-
signed with very high emission re-
serves to prevent cathode stripping

i and/or very high thermal mass to re-
duce hum. The very high emission from
i the oxide coating is due to it acting like

a semiconductor; hence, even 300Bs
are semiconductor devices—so much
for the “no semiconductors” purists.
Most modern V/Ts use indirect oxide-
coated heaters, which avoids the need
to have separate heater supplies for
each V/T and gives less heater-induced
hum and noise. This system uses an
oxide-coated sleeve to form the cath-

electrically insulated from, this sleeve.
One scheme to achieve this is to
thread tiny ceramic beads on the ele-
ment to fit inside the sleeve, but it’s
much cheaper to coat the element in a
layer of insulating ceramic particles in
a binder. For good thermal efficiency
this layer should be as thin as possible,
but it means that the electrical insula-
tion it offers is easily broken down. This
places a limit on the voltage difference
between the heater element and the
cathode sleeve, which can be tolerated

Even if operated well within this rat-

trons between the heater and the cath-
ode, and this leakage current can cause
noise if there is a high resistance be-
tween the two. For circuits in which the
cathode is grounded for AC and the
heaters are tied to ground, this causes
no problem, but for circuits where the
cathode floats, such as the long-tailed
pair, SRPP, mu stages, and so forth, it is

ble resistance between cathode of the
upper V/T and its heater supply if low
noise operation is important.

coated types is the growth of an inter-
face layer between the sleeve and its
oxide coating, which can effectively
electrically insulate the coating, result-
ing in a loss of emission. This problem
generally occurs when the cathode is
kept hot while the V/T is biased at cut-
off, hence its common name “sleeping
sickness.” Using V/Ts this way was a
normal feature of industrial and com-



puter use, and is approached in audio :
systems that keep the heaters lit in
B+ delay is very important for all V/Ts

STC/Brimar (effectively the British
arm of Western Electric) claimed to ;|
have solved the problem in their long- :
life series of V/Ts by using sleeve alloys
and coating oxides that did not interact
(retrofitting with these types was pro-
moted as “Brimarising” your equip-
ment). In the absence of this, it is pru- :
dent not to allow your equipment to op-
erate with heaters lit but no B+ for
longer than necessary. In normal condi-
tions the flow of electrons from sleeve to
coating keeps the interface in an electro-
chemically reduced state with respect to

standby mode.

the coating, preventing the build-up.

Cathode stripping occurs when the
outflow of electrons from the cathode
exceeds—even momentarily—the avail-
able electrons in the space charge. This
causes permanent electrochemical :
changes in the emissive coating, which
reduces the emission available, thus re- |
ducing space charge, making further
varying degrees of success. Any of
ping will occur when the potential dif-
ference between plate and cathode is

stripping more likely. Cathode strip-

established before the cathode has
reached full emission, so some form of

using oxide-coated cathodes.

PRACTICAL STUFF
The various ways of applying power to
the heaters can be classified as follows:

AC
mains frequency
RF and intermediate frequency

DC

battery supply

rectified AC, unregulated
capacitor input
choke input

rectified AC, regulated
current regulator
series voltage regulator
shunt voltage regulator

switch mode derived DC

I have seen all of these applied to V/T

circuits by different designers, with

these schemes may be applied to
heaters individually, multiply in paral-

: lel, or multiply in series, although this
last is now very rare, driven as it was by
the need for utmost economy at the low
i end of the market.

i The predominant design historically
has been AC heaters in parallel, driven
from one or more heater windings on a
mains frequency transformer. Some be-
lieve this to be the best overall system,
! but it is not without its problems.
Among these are mains frequency
hum, noise and associated hash (espe-
i cially in directly heated V/Ts), and lack
of regulation of voltage and current.

: Mains hum has three components—
i electrical, magnetic, and thermal. Ther-
mal cycling of the heater element oc-
i curs because it gets hottest at the peak
of each wave and coolest at the cross-
{ ing point, giving 100 hot flushes per
i second. This is reduced by giving the el-
ement and sleeve a high thermal mass,
ensuring that the heating and cooling
are slow enough that the thermal cy-
i cling is minimal.

Electrical hum is caused by the mod-
ulation of the plate to cathode voltage
by the heater voltage and is only a prob-
{ lem in directly heated V/Ts.

LANGREX SUPPLIES LTD

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

1T MAYO ROAD, CROYDON, SURREY, ENGLAND CRO 2QP

PHONE 24 HOUR EXPRESS MAIL ORDER SERVICE ON STOCK ITEMS FAX
44-208-684-1166 MA OM 44-208-684-3056
A SELECTION OF OUR STOCKS OF NEW ORIGINAL VALVES/TUBES ANY OTHER BRANDS AVAILABLE

STANDARD TYPES AMERICAN TYPES SPECIAL QUALITY TYPES
ECC81 RFT 3.00 5R4GY RCA 7.50 A2900/CV6091 G.E.C. 17.50
ECC82 RFT 6.00 5U4GB SYLVANIA 15.00 E82CC SIEMENS 7.50
ECC83 RFT 8.00 5YSWGT SYLVANIA 5.00 E83CC TESLA 7.50
ECC83 El 4.00 6BX7GT GE 7.50 E88CC G. PIN TESLA 8.50
ECC85 RFT 5.00 6FQ7 El 5.00 E188CC MULLARD 20.00
ECC88 BRIMAR 6.00 | 6L6GC SYLVANIA 20.00 | ECC81/6201 G.E. 5.00
nggg Mgtﬁgg 12-88 6L6WGB SYLVANIA 15.00 E8881§CV4024 MULLARD 6.00

: 6SL7GT USA 7.50 ECC81/M8162 MULLARD 7.50
ECL86 TUNGSRAM 1000 | gSN7GT USA 750 | ECC81/6201G.PIN  MULLARD  10.00
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EL34 El 6'00 12AX7WA SYLVANIA 7.50 ECC82/M8136 MULLARD 17.50
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e gesh 390 | 21ivTac GE. 85.00 SOCKETS
EZS0 MULLARD 5.00 807 HYTRON 7.50 B7G CHASSIS 0.60
EZ81 MULLARD 10.00 5687WB ECG 6.00 B9A CHASSIS 1.00
GZ32 MULLARD 25.00 6072A G.E. 10.00 OCTAL CHASSIS 1.00
GZ33/37 MULLARD 20.00 6080 RCA 10.00 OCTAL MAZDA 2.00
PL509 MULLARD 10.00 6146B G.E. 15.00 LOCTAL B8G CHASSIS 250
UCHS81 MULLARD 3.00 6922 E.C.G. 6.00 SCREENING CANS
uUCL82 MULLARD 2.00 6973 RCA 15.00

7308 SYLVANIA 5.00 ALL SIZES 1.00
SV6550C SVETLANA 20.00
MANY OTHER BRANDS AVAILABLE
These are a selection from our stock of over 6,000 types. Please call or FAX for
an immediate quotation on any types not listed. We are one of the largest
distributors of valves in the UK. Same day dispatch. Visa/Mastercard acceptable.
Air Post/ Packing (Please Enquire). Obsolete types are our specialty.
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FIGURE 3: Series/shunt regulator. G-1958-3

Magnetic hum is caused by the mains
frequency setting up a magnetic field,

structures, such as support rods, which
are made of ferromagnetic materials.
This is reduced by winding the element
in a way to cause the field to self cancel
(such as the bifilar winding in the
EF86/6267) or making all structures non
magnetic (such as stainless steel sup-
port rods in the RCA “red tubes”).

In most cases mains frequency hum
can be reduced by connecting the
ground return of the V/T to a point mid-
way in the heater voltage, by center
tapped heater windings or a tapped re-
sistor (adjustable is even better) across
the heater supply. The problems with
mains noise and hash are reduced by
employing an electrostatic screen

(Faraday screen) between primary and

secondaries of the power transformer,
and these should be specified in all
power transformers for audio use.
These problems are considerably wors-
ened if the HT supply and the heater
supply are on the same transformer, be-
cause the main culprit here is diode re-
verse switching transients causing ring-
ing in the supply transformer, which
will be quite audible in the heater.

The switching transients are much
worse with capacitor input HT supplies
because of the large current pulses as
the capacitors recharge each cycle.
This means that quiet diodes are very
important—the quieter the better. I am
firmly in the ultra fast soft recovery sili-
con diode camp, but I also use choke
input HT supplies and DC heater sup-
plies. Vacuum diodes have high series
resistance and consequently a soft turn-
off characteristic, so if you’re not pre-
pared to go to the expense of choke

32 audioXpress 1/03

As to preference between different

: SOLUTIONS
i One method of reducing the problem
i with mains noise is to raise the frequen-
i ¢y of the heater supply until it is out-
side the audio band and the thermal cy-
cles are so short that they have almost |
no effect. I have seen designs calling
i for RF supplies. I know only one person |
¢ who has built one of these, and the de- :
{ sign was abandoned because all the
heaters acted as aerials transmitting
i modulated RF signals to each other,
causing huge problems with hash. This
could be reduced by lowering the fre- i
i quency to the point where structures
! the size of V/T heaters became ineffi- }
! cient aerials, but intermodulation prod-
ucts are likely to be a problem at these
intermediate frequencies.
! You can avoid all these problems by
! supplying the heaters with DC power,
! and this is as old as the V/T—the first do-
mestic radios used battery power be-
cause the available rectifiers were too
cumbersome and expensive. Obviously
: with DC there is no thermal cycling and
! the only signal modulation will be by :
! residual ripple, but in directly heated ;
{ V/Ts this comes at the cost of uneven
grid to cathode voltage due to the heater :
! potential across the filament. This does
not, despite some claims to the contrary,
compromise sonic performance—any :

www.audioXpress.com

: sonic problems encountered with DC
heaters are much more likely to be due
to inadequate power supply design.

It does mean that one end of the fila-

ment will have slightly higher emission
i and so will theoretically “wear out”
first. If this is a concern, it is a simple
i matter to arrange that the physical
placement of the heater positive and
negative are reversed for each member
of a pair of V/Ts (e.g., each channel for
single-ended or each phase for bal-
i anced) and swap the two V/Ts every so
often. For high power transmitting V/Ts
the standard recommendation was that
: input supplies, then vacuum diode rec-
tifiers are a reasonable compromise.
which induces eddy currents in any V/T
i types of vacuum diode, all I can say is if :
you can hear your rectifiers your power
supply design is inadequate. I have ad-
dressed the problems with poor regula-
tion in the previous section about the
i positive temperature coefficient of :
tungsten.

heater polarity should be reversed

every 500 hours of operation, but these
were operated in deep class B or C, in

which case even a small potential dif-
ference will result in the most negative
part of the cathode leading and lagging
the current pulse, greatly increasing
the difference in emission.

i BATTERY SUPPLY
i As mentioned, the first applications
used batteries for heater supplies, and

battery supply remains the best all-
round solution, as long as you can af-
ford batteries to supply the required
power—a 212E heater would be a real
challenge for the Duracell bunny. The
old radios usually had lead acid 6V bat-
teries as the A supply for heaters (the B
battery supplied HT, hence the term B+
for the HT supply, and the C battery
provided bias). The voltage from a lead
acid cell is 2.1V standard, so a three-cell
battery nominally 6V will deliver 6.3V.
This is the reason that 6.3V is the stan-
dard heater voltage.

The heater batteries will need to be
recharged, and the standard recharging
potential is 6.9V, which is why this is

i the upper spec for 6.3V heater ratings.

The battery is considered fully dis-
charged at 5.7V—the lower spec.

Are you beginning to see a pattern
here? Lead acid batteries are hazardous
due to their sulfuric acid content, and
they give off hydrogen when cycled, a
potential explosion hazard in a con-
fined space. These days you should use
a deep cycle sealed lead acid (SLA) bat-
tery for safety. These are available in a
range of current capacities, specified in

i Amp hours (Ah). A 12Ah battery, how-

ever, cannot be expected to deliver 12A
for one hour because this is too high a



current drain. The Ah rating of a bat- :
tery is normally specified at the 20 hour
rate—the 12Ah battery will give 600mA |
for 20 hours, and it is best to use them
at about this rate, so the 12Ah battery

would suit a 600mA heater.

You will need to recharge this battery,
and it is best not to have the charger !
running while the V/T is in use, which |
rather defeats the purpose. It is impor-
tant not to allow the charging current to !
exceed the maximum current specified
by the battery manufacturer; this will |
cause outgassing and reduce the life of
the battery. A current-limiting resistor :
or, even better, a constant-current regu- :
lator in the circuit will prevent this. Your
current regulator should be on the sup- |
ply side of the voltage regulator so that
the battery gets constant-current charge
at the beginning of the charge cycle and

constant-voltage charge at the end.

I use battery supply for the directly
heated output V/Ts in my new preamp, :
and the regulated DC supply for the indi-
rectly heated drivers is switched over to :
charge the batteries when the preamp is
turned off (this requires supplies at 6.9V
or higher, which then need to be re-
duced for the heaters, but refer to the se-
ries shunt regulation section later on).
This arrangement allows a duty cycle of :
16 hours in 24; if you need more than
this, as might be required in pro installa-

tions, you will need back-up batteries.

RECTIFICATION

This brings us to rectifying an AC
heater supply to DC. The most primitive
scheme is a bridge rectifier with capaci-
tor input, a voltage dropping resistor
and capacitor for filtering, but you
should avoid this design at all costs.
The capacitor input produces the prob-
lem with large current surges and in- i
duced ringing in the supply trans-
former outlined previously, and this in- |
duced noise will ride through into the
HT supply. With heater supplies there
usually isn’t the headroom to insert
enough series resistance to slow it
down, and you'll just go round in cir-
cles attempting to increase the filtering :
by increasing the value of the capaci-
tors because the larger the cap the
more current it takes to charge, hence |

the bigger the current surge.

A much better solution is the choke
input, the main problem here being the :

difficulty and expense of obtaining the :
type of choke required. You will need
one of a value well above the critical in-
;) where R, is the

ductance (R,/6nfy,

load presented by the heater. For exam- :
i ple, a 211 or 845 presents a load of
around 3R1, giving a critical induc-
tance of 3.3mH for a 50Hz supply, so a :
choke of 6mH or more would be indi-
cated. This choke will need to maintain :
this inductance with 3.25A DC through |
it and ripple current corresponding to
7V AC. At the same time the DCR will !
need to be very low to reduce copper
losses. Such chokes are made by One

Electron and Bartolucci, among others.

CURRENT-REGULATED SUPPLY

All these schemes share the problems
with lack of regulation canvassed previ-
ously. The obvious solution is to regu- :
i late the heater supply, and here you
have the choice of current or voltage reg-
ulation. As outlined previously, the posi-
tive temperature coefficient of tungsten
means that heaters should always be
run with constant voltage across them,
so I believe that currentregulated sup-
plies are counterproductive, apart from
the benefit of total elimination of current
surge at turn-on. You are quite entitled
to disagree with me, so if you want to try

a current-regulated supply, here’s how.

The simplest method is to use one of
i the common threeterminal series volt-
i age regulators and a current sense re- :
i sistor (Fig. 1a). The resistor sets the out- :
put current to the value that gives a
1.25V drop across the sense resistor (for :
IC regulators with Vref = 1.25V, which |
is most of them). An output current of
600mA therefore requires a resistor of :
2R1, a current of 1A requires a resistor
of 1R25, and so on. The resistors will
need to handle dissipating 0.75W and |
1.25W, respectively—I would use a 5W

wirewound.

Most common V/T heater currents
don’t happen to coincide with the E24
or even the E96 schedule of preferred :
values, so you will need to use series or ;
parallel resistors to make up. The volt-
age drop across the regulator and sense :
resistor will be the regulators’ dropout
voltage plus 1.25V, giving a drop of
greater than 4V with the common
: LM31x series of regulators. This means
you need about 12V DC to feed a 6.3V
heater after allowing for 10% line regu- :
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lation, and the regulator will dissipate :
large amounts of power, which will
make it run hot—for instance, a 600mA :
supply will mean the regulator will be :

dissipating 3W, so a heatsink rated at

10C per watt would be appropriate. You
can reduce the dissipation by using a
low dropout regulator such as the LT |
series, or if you don’t mind the heater !

sitting slightly positive to ground, you

can use the constant-current source of :

Fig. 1b.

This will operate quite happily with
only 1.2V across it, as long as the tie
point for the top BJT is higher than
: SERIES SHUNT REGULATION
I have recently been playing with
shunt-regulated supplies, however, and
{ with appropriate design they measure :
i and sound better. A shunt regulator }
i uses a passive series resistance be- |
tween the supply and the load and a
{ variable resistance in parallel with :
(shunting) the load. Reducing the
shunt resistance increases the current
drawn through the series resistor, in-
creasing the voltage drop across it and
thus reducing the voltage across the
load. Any resistance in the supply acts
i as part of the series resistance. H

For this design to be short-circuit
proof requires that the series resistor :
though the lamps are rated for 1000
power drawn from the supply in the
short-circuit condition, and that the |
supply be able to cope with this level of :
current draw. This is improved by using :
a large value of resistance as the series
element and correspondingly higher
supply voltage, but this arrangement
becomes steadily less efficient as val-
i use a common V/T such as a 6SN7GT
! with a heater rated at 6.3V 600mA.
shunt element needs to be able to dissi-
pate the power generated when it
voltage changes of £10%, both in terms
the normal shunt current. The shunt el-
ement needs to be fast, quiet, and capa- :
ble of sinking reasonable currents.
i None of the commercial IC shunt regu- :
lators (LM431 and similar) have the cur-
! voltage is at —10% of nominal.

that. In this case the current is set by :
the resistor Rset in the emitter circuit :
of the lower BJT and is approximately

650mV/Rset.

VOLTAGE REGULATION

As mentioned previously I firmly believe

that voltage regulation is preferable, so

I'll go into much more detail about this. :
The usual method of voltageregulating
supplies is also to use one of the many
available three-terminal IC voltage regu- :
lators. These are series regulators—reg-
ulation is achieved by inserting a vari-

able resistance in series with the load.

Three-terminal regulators are avail-
able with output voltages up to 125V and
with output currents up to 10A (not si-
multaneously), which covers all the
heater supplies you are likely to need.
The best designs offer high speed, low
noise, low “dropout” (difference between
supply and output voltage), and high
regulation, as well as having inbuilt !
short circuit, over temperature protec-
tion, and current limiting—this last is a }
very useful feature. By choosing a regu- :
lator with a current limit less than twice
the rated heater current, you can greatly
reduce the switch-on surge. You can fur- |
ther improve this by inserting an NTC
surge limiter in the primary circuit of
the heater supply transformer, and this :
is as much surge protection as dull emit-

ters or oxide-coated heaters need.

The small additional cost of the high-
er performance regulators over the : H
you will need to use either a discrete
circuit using a voltage reference diode
and a comparator, or the enhanced IC
circuit of Fig. 2. I obtain best results |
with a high-performance audio transis-
tor as the shunt element (e.g., Motorola, :
! series resistance of 4R3. This can be

78xx and LM31x series will be amply re-

paid by their better performance. I have
used the Linear Technology LT series :
with great satisfaction over the years.

The output voltage of a variable regula-

tor is set by a divider off the output ;
back to the reference pin, again usually :
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at 1.25V below the output voltage.

For very precise work you must take
account of the input current to the ref-
i erence pin in determining the resistor :
i values for the voltage divider, and to :
lessen this effect it is a good idea to
keep the values fairly low—generally
the top resistor should be between 100 :
i and 200R, meaning that the divider net-
i work will shunt about 6 to 12mA. For
: quietest operation, you should bypass
the top resistor with a small fast capaci-
tor of about 10 to 50uF—the Sanyo Osh- :
Con series is useful for this application.
! use a nonlinear resistance with a posi-
tive temperature coefficient as part of

be large enough to dissipate the entire

ues are increased.
For it to be open-circuit proof, the

shunts the load current in addition to

rent capacity for these applications, so

MJE350).
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The load resistor on the output of the
431 will need approximately 0.8V
across it and pass enough current to
supply both the IC and the base of the
transistor. The IC performs best with
about 5-10mA through it, and the base
current in the transistor will be approx-
imately the shunt current divided by
the Hfe of the transistor. For example,
with a 150mA shunt current and an Hfe
of 30, the base current will be 5mA and
the total current 10-15mA. So a 56R to
82R resistor is appropriate.

One development of this idea is to

the series resistance, so that the in-
crease in current draw increases the re-
sistance of the element. The best non-
linear resistance is—you guessed it—a
tungsten filament. You can use special-
ly designed V/Ts called ballast tubes or
barretters in this application if you can
find one with the specs you need.
Because it is unnecessarily expen-
sive to use a V/T for this, I used 6V
motor cycle lamps for 6.3V supplies and
12V car lamps for higher voltage sup-
plies. You may be able to find a lamp

i holder to solder directly into printed

circuit boards. I used a plug with flying
leads to a chassis-mounted lamp. Al-

hours service, this would only apply in
the short-circuit condition in this appli-
cation. In normal use the lamp sees
about half rated voltage, so expected
life will be 100,000 plus hours—that’s
over 30 years at eight hours a day.

As a practical example of a shunt
regulator for a heater supply, you can

Good design practice calls for the regu-
lator system to be able to cope with line

of maintaining regulation and having
sufficient dissipation. A sensible mini-
mum shunt current is 10% of load cur-
rent, so the regulator system needs to
be designed to provide this when line

The other major constraint is the
available transformer winding voltage.
It makes sense to keep to reasonably
easily available voltages.

Using a 9V winding with the previ-
ously mentioned constraints calls for a



made up of a 6V 12W lamp, which will

wirewound resistor. In the short-circuit
condition, with 12.6V across the resis-

tor and the lamp, the lamp’s resistance
will increase to about 3, limiting the
current to 2A. This will eventually !

cause the transformer to overheat.

These calculations are at line voltage :
plus 10%, assuming zero effective im-
pedance in the transformer windings.
Real-world conditions will be less se-
vere. The current draw at turn-on will |
also be limited to about this value (the :
lamp heats much more quickly than
the V/T heater), offering very effective
turn-on surge limitation. The major :
drawback of shunt-regulator systems is
that they are wasteful of power—in the :
previous case a 6.3V 600mA (4W)
heater supply is drawing about 10W

from the transformer.

SERIES SHUNT REGULATION

: voltage followed by a shunt regulator to :
have a resistance of less than 1Q with a
current of 1A through it, and a 3R3 15W | input is already regulated, you needn’t :
i worry about supply side swings, so the
i voltage drop in the series element can i
be quite small, and the shunt current

can also be a small fraction of the heater

give the required voltage. Because the

current. You can also take advantage of

tion is not a problem.

outlined previously) followed by a 6.3V

about 100mA, so the series regulator

unregulated DC. But again, it makes

This means the series regulator will be

dissipating about 3W, so it will need a

heatsink.

An advantage of this scheme is that
the series regulator circuit can be in
the power supply and the shunt circuit
wired close to the V/T socket, so that if

{ you use an umbilical between them it is
the current limiting in the series IC reg-
ulator to give short-circuit protection, :
and as long as the shunt transistor has
enough heatsink, open-circuit protec-
i whether all this effort is worth it. As I

I use a 6.9V series regulator (so the
output of the series regulator can be
used to charge the battery supply as
importance:
shunt regulator based on the LM431 IC !
(Fig. 3). In this case the shunt current is

carrying DC, but any noise pickup in
the wiring is shunted out.

If you have stayed with me through-
out, you are possibly wondering

gain more experience, I become more

convinced that the main influences on
the sound of V/T amps are, in order of

1. circuit design

i 2. transformer quality
needs to deliver 700mA at 6.9V, giving
about 5W. The series regulator input
! needs to be 1.2V above this plus allow !
i for diode drop, cap ripple, and 10% line
{ variation, giving a minimum of 11.5V ;
One way around this—and the scheme I
now use—is double regulation, or series
shunt regulation. To do this you need an
IC series regulator running at a higher |

3. power-supply design
4. parts quality

It is often much cheaper, and always
more effective, to work on the first

i three. Heater design is an important
sense to use readily available sec-
ondary voltages, so try for a 9V AC
winding, giving a theoretical 12.6V. i

part of power-supply design, and the
cost difference between quality levels
can be very small. 3
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Here are some tricks of the trade for building speakers and producing

printed circuit boards. By Patrick M. Brunner

aving built an assortment of
speaker projects (such as Mr.
Edgar’s tractrix horn) and |
electronic projects, I have
found it much easier to design a proj- !
ect layout with the use of a CAD pro-
gram. I use “Generic Cadd, Rev.6.0,”
which is cheap (under $100 the last :
time I saw it in a retail store) and easy
to learn and use, plus it has some very
convenient printout features. Any
CAD program you may have available

should suffice.

The big advantages with these types
of programs are easy precision with
digital coordinate readouts (up to six :
decimal places, although three is plen-
ty), snap-to-grid points, easy repeated
features with linear or radial copy, and
editing by a couple of keystrokes at

most.

The other desirable item for imple-
menting these construction tricks is a
wide carriage tractor feed printer (for
larger projects), although a narrow car-
riage unit will suffice in most instances !
with a little added work. Even a 9-pin !
unit is adequate. I use an old, slow, reli-
able Epson Ex-1000 as well as a Stylus-

1520.

SPEAKER CABINET LAYOUTS

1. Draw cabinet’s panels actual size.
CAD features allow easy, exact place-
ment of evenly spaced assembly
holes, accurate curves, and other de-

tails not easily done by hand.

2. Make accurate, actual-size drawings
of each component (on a separate
layer) to allow for easy component
placement and to verify that the parts
fit without interfering with each i
other or cabinet structure. Be sure to '
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include mounting holes and any
other pertinent details of the part. Se- :
lecting different colors makes it easy
CHASSIS AND CONTROL PANELS
panels, and so on. You can view the
whole project easily. Turning layers
on and off reduces the confusion on

to differentiate various parts, layers,

more complex drawings.

. An important “calibration” trick is
to draw a rectangle 5” x 10” (use nar- |
rower dimensions on a narrow car-
riage printer) and print it out at a 1 |
to 1 scale. Measure the resulting :
printout and verify that the result is
5” x 10”. Your printout’s dimensions |
may be off. If they are off, re-scale !
your test drawing (write down the
re-scale correction factor(s), possi-
bly different for the X and Y axes) i
and make another test print. You
should be able to get an exact 5" X |
10” printed rectangle. If scaling is
needed, re-scale during the printout
configuration. Don’t re-scale your

drawings.

. Select the layer(s) (and objects) of
interest for printing. Using the print-
out features, print out the completed
drawing to get a 1 to 1 print. If the |
panel (or other items) are greater :
than 13” wide, make one or more !
printouts to cover the needed width.
Few projects will need more than
two printouts (26” wide). With
Generic Cadd R6.0 you can select :
any print length you like, so with
tractor feed paper any length is
easy. If you need two or more print-
outs, join them with transparent i

tape.

. Spray (lightly) the back of the print-
out with adhesive and attach to the :
panel you are working with. This will :
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Fasy Layouts and Other CAD Tricks

make locating holes easy and cutting
panels simple. Drill and cut through
the paper. Peel the printout remains
off when finished. Use the spray ad-
hesive sparingly so as not to bond the
paper permanently to your panel or
leave excessive adhesive residue on
your work piece.

1. Using the same methods just noted,
you can rapidly lay out an aluminum
panel or chassis, center-punched and
drilled, filed, and so on.

2. In addition to the panel’s components

and mechanical layout, you can use a
separate layer for the panel’s text and
any graphics you desire. You can then
implement front-panel graphics using
Brady Laser Plate® adhesive-backed
laser printable plastic film. (A similar
product may be available under other
names.) It comes with a protective
paper carrier and has a matte finish. A
laser printer will give the bestlooking
“label” for your front panel, but you
can copy an inkjet printout in a pinch
with lesser quality.

The Brady Laser Plate comes
clear as well as in colors. The clear
film with black laser printing looks
good on aluminum or white (and
some colored) Plexiglas. The results
are very good for prototypes and
home projects, but not as nice as (or
expensive as) silk-screened or en-
graved panels.

After using the paper drill and cut
pattern, clean and de-burr holes and
edges. Remove any adhesive residue.
You can texture aluminum panels
with Scotchbrite abrasive pads for a
uniform finish. Clean the panel thor-
oughly. Carefully remove the Brady
Laser Plate backing and position it
on the panel. Smooth out any air bub-
bles and then burnish the film for a
good bond. Trim out holes and edges
with an X-acto knife.



CROSSOVERS AND OTHER SIMPLE
PCBS

1.

You can quickly implement cross-
overs on copper-clad PCBs stock by
doing a 1 to 1 layout with the same :
methods previously described. Do the
layout drawing as viewed from the
component (non-copper) side. Add
“cut” lines dividing the copper, pro-

ducing large wide conductors.

. Do a mirror image of your layout and
then print it out. Using spray adhe- :
sive, mount the printout to the cop- :

per-clad side.

. Drill all of the components’ leads
mounting holes. A small tungsten
carbide drill bit works best but is very !

brittle. Take care if you use one.

. Route along the “cut” lines with a
Dremel tool with a round-ended bit :
set to cut ¥ to Y5 (0.015” to 0.020”
deep) the way through the board
stock. A Dremel routing attachment
makes the depth control easy. Tung-
sten carbide tools last longer when

dealing with fiberglass boards.

. Remove the paper; clean any adhe-
sive residue and sand away any burrs
with 240-grit silicon carbide paper

wet or dry paper. This also makes sol- :

dering easy.

. Mount the components on the non-
copper-clad side and solder the
leads. When finished, if desired,
clean off the flux with alcohol or
other suitable solvent. Spray the
copper with clear Krylon acrylic |
spray if you want to keep the copper

shiny.

. Suggestion: Input and output termi-
nals can be made with steel or brass
screws soldered on the copper side.
Use a nut to secure the screw while

soldering.

. Suggestion: Don’t forget holes for
cable ties to mount larger compo-
nents, and holes to attach the !
crossover to your cabinet. 3
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B The ZERO Autoformer

Discover the advantages of high impedance speakers with this auto-

transformer to improve your system'’s sound. By Paul Speltz

ow impedance speakers are not

a good match for small ampli-

fiers, especially vacuum tube

output transformerless (OTL)
designs, but that was the combination I
found myself living with a few years
ago. The basic problem was that the
woofers were electrically under-
damped, which caused a bloated-sound-
ing bass. After considering and trying a
few obvious solutions, I used an auto-
former to transform my low impedance
speakers to high impedance speakers.
This increased the amp-to-speaker
damping factor. In addition to the ex-
pected results, I found some unexpect-
ed benefits.

MISMATCH TROUBLES

As a veteran speaker builder, with the
experience of roughly ten different
speaker designs built from scratch, I
had essentially settled into the speaker
system of my choice. It was and still re-
mains a 3-way system using Dynaudio
and Peerless drivers, making a nominal

ABOUT THE AUTHOR

Paul Speltz is a DIY two-channel audio enthusiast. He
became a speaker builder in high school, and the
hobby evolved to tube amp kits, DIY preamps, DIY in-
terconnects, DIY speaker cables, refurbishing vintage
tube gear, and turntables. Paul earned his BS degree
in Industrial Technology, concentration in Electronics,
at the U of Wisconsin-Stout in 1985. He is now the Se-
nior Electronic Engineer for Viking Electronics, a
telecommunications equipment manufacturer
(www.vikingelectronics.com), where he has been em-
ployed for over 17 years. He is a huge OTL amp en-
thusiast, spending his free time contributing to the
Atma-Sphere’s Owners Group (ASOG) website
(www.otlamp.com). He’s also the President of the
Audio Society of Minnesota (www.visi.com/~asm). In
addition to audio and electronics, Paul enjoys snow-
boarding, windsurfing, and motorcycling. He has been
married to his wife Judy for 15 years. They have a 12-
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4.7Q load speaker system. Being content
with my speakers, I started exploring
amplifiers, which led me to tube amps,
and then OTL tube amps. By definition,
my OTL amp’s output tubes need to di-
rectly handle the low 4.7Q impedance
load of my speakers. I would have been
set if I had previously designed and
built a 16Q speaker system that would
have been more OTL friendly.

Isn’t this just how it goes sometimes; I
spent years designing, building, chang-
ing, tweaking, and then finally settling
in and loving my DIY speakers. Then I
borrowed a friend’s OTL tube amps.
Even though the OTLs didn’t properly
damp the 4Q Peerless woofers, they
brought life to the music in a way that

there was just no going back to a more
traditional/popular amplifier design. I
knew I had to build myself a kit pair of
Atma-Sphere M-60 OTL monoblocks (no
longer available in kit form).

I considered another speaker project,
this time a 16Q design, but I was never
able to build up enough steam to take it
past the concept stage. I had already ex-
perienced the benefits of no feedback
in tube amplifiers, so I was unwilling to
increase the damping factor of the
amps that way.

Instead I decided to address the over-
ly blooming bass with a bigger OTL
amp. This would lower the amp’s out-
put impedance and raise the damping
factor. I did this by building my M-60
kit using larger output power supplies,
and loading up each amp with eight
6336B tubes per channel in place of the
stock 6AS7 tubes. Each 6336B tube is
roughly equal to two stock 6AS7 tubes,
so I had essentially doubled the amp.

PHOTO 1: The ZERO speaker impedance multiplying autoformer used to multiply the im-
pedance of any speaker so that it “feels” like the optimum load for the amplifier being
: used. For example, the ZERO can transform a 4 or 8Q speaker into a 16Q speaker.
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With the “hot rod” amp biased at 1A, I :

achieved the woofer control as expected.
The ability to flow twice as much current
gave me four times more output power
as well. This worked out well all winter,
but with about 1200W of heat being
dumped into the room, I wanted a differ-
ent solution for the summertime.

PHOTO 2: Frequency along the horizontal
axis (log scale from 20 to 40kHz), and im-
pedance along the vertical axis (2(/major
line). Zero ohms is the bottom line, 2Q2 on
the next line ahove, 42 on the next line,
and so on. The lower trace is of an actual
4Q speaker. It exactly crosses 4Q at the
center line (1kHz). The upper trace shows
the impedance of the same speaker after
its impedance has been multiplied by two
(2x) with the ZERO autoformer. It now
crosses 8Q at 1kHz.

AUTOFORMER IDEAS

After learning that autoformers had :

been used to drive extremely low im-
pedance (1-2Q) speakers, I tried a wild

experiment. In my basement there was :
a pair of 300VA 50-60Hz toroidal power

transformers, which I figured out how
to configure into a 2:1 winding ratio
autoformer. This would give me a 4:1

impedance ratio and enable me to

transform my 4.7Q speakers into 18.8Q
speakers. I was quite surprised at how
well they worked.

PHOTO 3: Same as Photo 2, except the
upper trace shows the impedance of the H
same speaker after its impedance has been :
multiplied by four (4x) with the ZERO auto-
former. It now crosses 16Q2 at 1kHz.

_ Five
Signals

_PERFECTLY ALIGNED

KAB introduces Groove Tuning™
A new concept that lets you mix

. the five signals of amono groove
for the best sound possible.

Leamn More Online

Preserving The Sounds
Of A Lifetime

www.kabusa.com

General attenuator specifications
Number of steps: 24
Bandwidth (10kOhm): 50 MHz
THD: 0.0001 %
CT2 6-gang Attenuation accuracy: +0.05 dB
volume control for A/V Audio Channel matching: +0.05 dB
Mechanical life, min. 25,000 cycles
CT100 key specifications
Gain (selectable): 40 to 80 dB
RIAA eq. deviation: +0.05 dB
§.  S/N ratio (40/80dB gain): 98/71 dB
¥ THD: 0.0003 %
" Output resistance: 0.1 ohm
Channel separation: 120 dB
Bandwidth: 2 MHz
PCB dimensions: 105 x 63 mm
417x25 "
CT101 key specifications
Gain (selectable) 0,6o0r12 dB
Bandwidth (at 0dB gain) 25 MHz
Slew rate (at 0dB gain) 500 V/uS
S/N ratio (IHF A) 112 dB
THD 0.0002 %
Qutput resistance 0.1 ohm
Channel matching +0.05 dB
PCB dimensions: 100x34 mm
CT101 Line Stage Module 3.97x1.35 "
with a stereo CT1 attenuator added.

DanisH Aubio Conn

http:/ www.DACT.com
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DACT audio components offer unusually
large bandwidth, low distortion, high
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Tel.: {(+66) 2 260 6070
Fax: (+66) 2 260 6071
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Running them full range, I could :
hear an increase in bass control, and
the high frequency was only a bit :
squirrely. I believed that the bass !
could become even better if I could get
a lower DC resistance value on the
autoformer, and the highs would clean
up if the autoformer was actually de-
signed for audio. I also tried the same
experiment with a 50-60Hz El-core :
power transformer, but the results :
were poor. The EI transformer had no
frequency extension. It liked to run
only in the 50-60Hz region that it was !

designed for.

Further pursuit of autoformers

gained me a used pair of Atma-Sphere

Z-Music (Auto) Transformers. New
units were no longer available, so I was |
lucky to get them. These really worked :
out well. I used them to give my speak- :
ers high enough impedance so that dur-
ing the summer months I could run the
amps with half the stock tubes instead !
of my double-size version. One of the
hardest pills to swallow for an OTL am-
plifier lover, like myself, is adding
“iron” to the system. But since I liked
them, I left them connected to my | THE AUTOFORMER ADVANTAGE :
There are a few general advantages an
i autoformer has over a typical trans-
former. First, I usually think that sim-
: pler is better, and I believe it applies in i
this case. With only one winding, the

music has the advantage of coming PHOTO 5: A 10kHz square wave signal

out on the same winding that it goes in i passing through the prope_rly loaded trans-
instead of having to totall ¢ former. The non-vertical rising and falling
on, imstead ot having to totally pass : edges and the complex ringing shows some

from the primary winding to the sec- : of the inherent difficulties with this type of

speakers through the summer.

AUTOFORMER BASICS

In general, a power transformer is used
to transform voltage and current. An
audio transformer is used to transform |
impedance, but both are really doing
the same thing. The winding with more
turns will have more voltage, less cur-
rent, or higher impedance. The winding
with fewer turns will have less voltage,

more current, or lower impedance.

A typical audio transformer has a
“primary” winding and a “secondary”
winding. For example, a tube amp
transformer may be used to convert a :
10kQ plate-to-plate impedance to a 4Q
impedance for driving a 4Q speaker. To
achieve this 10k:4 impedance ratio, a
50:1 winding ratio is required, due to a
square root relationship between the
impedance ratio and the winding ratio
in a transformer. This typical trans- i
former also provides electrical isolation i
from primary to secondary so that the

output can be electrically floated.

An “auto-transformer” or “auto- |
former” is the simplest type of trans-
former. An autoformer has only one
winding with multiple taps available.
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The impedance conversion is achieved :
to leap over the electrical isolation of a
different set of taps than the audio
came in on. An autoformer can be used
any time electrical isolation is not

by bringing the audio signal out on a

required.

The same impedance ratio to wind-
ings ratio rules apply; that is, the wind-
ing ratio is the square root of the im-
pedance ratio required. So an imped-
ance ratio of 4:1 (16Q:4Q) would be
achieved with a winding ratio of the

square root of four—a 2:1 winding ratio.

Another way to think of an auto- i
i former is to imagine a typical tube amp :
output transformer with the primary !
{ windings removed. There is only the
output secondary winding with 164,
8Q, 4Q, and common taps. Now connect
a 4Q speaker on the 4Q tap, and it will :

be reflected as a 16Q load on the 16Q from a Heathkit UA-1 monoblock. Its 57.7:1

. . . i winding ratio provides a 13.3kQ (plate to
tap. I tried using a typical tube amp : win . .

: version.
transformer as an autoformer, but, as plate) to 4¢2 impedance con
expected, there was a serious lack of
low frequency energy transferred be- :

cause the transformer was not designed

to be used in this manner.

ing the need for the entire audio signal

typical transformer allows for a much
greater transfer of the low level infor-

PHOTO 4: A “typical” tube amp transformer

I .0ps A Chil JS-5.00mV,

E @14.60% : A
1CAL(TH
i

ondary winding. I believe that remov- transformer.
FIGURE 1: GRAY
Speaker impedance multiplier.
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mation resolved in the music.
Second, the autoformer is “dry
meaning it is not “soaked” with DC bias !
current. Accommodating DC current in
general limits the frequency extremes. !

: More “iron” needs to be added to keep :
»; | the core from saturation and a trans- :
former needs to be even larger to do
bass well. This larger size tends to limit
high frequency extension due to an in-

Electronic Crossovers

PHOTO 6: The ZERO autoformer. Using its 2:1 winding ratio leads, a 4:1 impedance con-

version is achieved.

Tube
Solid State
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Power Amps
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