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The Best Capacitors

for Your System

Miracle of New SETI

Audio manufacturers report the new SETI sounds better than expensive film-and-foil caps
and oil-filled caps. Yet SETI costs far less (pricing is competitive with metallized polypropylene).

SETI brings out music's natural liquid beauty, so recordings sound more like real live music (you
hear the same sonic magic from some single ended triode power amps). SETI™ (SET InfiniCap) actually
sounds better (more musically natural) than the straight wire bypass reference!

New InfiniCap Signature

They said it couldn’t be done, so we did it — InfiniCap’s unique technology (pats pend) in a film-and-foil
design. This is the ultimate in sound, when only the very best will do. [.01uF stock; other values OEM custom]

Critics Judge InfiniCap’...

¢ A high end speaker system manufacturer:

“InfiniCap does amazing things for our speaker! It's far
better than all other capacitors. Compared to Hovland
MusiCap, InfiniCap is more transparent, open, faster, and
more dynamic, with better separation of instruments and
their harmonics, better inner detail, better stereo imaging
with a wider stage — and bass that's richer with more
weight, yet also tighter, faster, and better defined.”

+ Another high end speaker system manufacturer:

“SETI surpasses MultiCap RTX and Hovland MusiCap. It
gives us the most music, with the blackest background.”

* A leading high end mfr of tube and solid state electronics:

“SETI gives us the most realistic, natural music we've
ever heard! The difference compared to MultiCap is
astounding, just amazing, night and day! SETI is the
biggest parts improvement we've ever heard! it sounds
so good that your reaction is emotional; we're giddy and
swept away! SETI is fast and detailed but not hard, and it
gets music's harmonic textures right. There's no sense of
reproduced sound; it's just like hearing real live music.”

« Another high end manufacturer of tube electronics:

“The only other cap even close to SETI is the Audio Note
Copper Foil in Oil, at 8 times SETI’s price!”

“| tried them in various locations in my equipment — power
supply bypasses, in the audio signal path, etc. Unreal
sound quality. These InfiniCaps make [the multiple section
film and foil cap] sound broken! I'm not kidding! The
difference is very large.”

» Prominent audio retailer Peter Litwack, Music by Design:

“In a high end preamp we replaced very expensive
MultiCaps ($77) with an InfiniCap ($19). Ecstasy! This
preamp came stock with MultiCap's best efforts, the
deluxe film-and-foil PPFX-S and RTX series. To get good
sonics at the coupling cap, the preamp designer found it
necessary to use an array of 3 MultiCaps: 5uF PPFX-S,
externally bypassed by .47uF PPFX-S, bypassed by .01uF
RTX. That's 30 deluxe MultiCap sections in parallel.”

“We replaced this whole $77 MultiCap array with a single
4uF InfiniCap ($19). No external bypasses on the
InfiniCap. This single InfiniCap, at 1/4 the price,
thoroughly eclipsed the whole optimized array of
MultiCaps! Clearly, infinity is far better than 30."

“InfiniCap took this preamp to a whole new level. Bass
became deeper, more articulate, and much less soggy.
The stereo space expanded dramatically, extending way
beyond the room walls and wrapping around the room,
almost like surround sound. Really wild! Also, musical
instruments themselves became better articulated and
more lifelike, with better resolution revealing their subtle

resonances. Overall sound became cleaner and faster,
even using InfiniCap’s ruggedized version with no external
bypasses. Wow! InfiniCap is a home run in every way!”

» Doug Blackburn, engineer, audio writer (his article in Stereo-
phile satirized pseudo-physics in high end audio), & regular
contributor to Positive Feedback & The Audiophile Network:

“ found a great sounding new cap — unbelievable
sounding actually. | used to think [a highly regarded
multiple section film and foil cap] sounded pretty good, but
these InfiniCaps are unreal.”

»Litwack’s evaluation has since been independently confirmed
— by the preamp manufacturer himself, who has now
changed his product from deluxe MultiCaps to SETI.

Also: New Wonder Solder UltraClear™
The world’s best sounding solder makes your system sound twice as expensive!

Write to: TRT — Tomorrow’s Research Today, 408 Mason Rd, Vista CA 92084 USA
Fax/voice mailbox: 619-724-8999

Reader Service #54
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Loudspeaker
Measureme.r%g\ A

At last, there is a complete and affordable analyzer
system that provides quality data suitable for real
electro-acoustic engineering purposes. The LMS system provides a
vast array of powerful computer based features which are specifical-
: ly focused on the unique requirements of loudspeaker development
B an = B and QC production testing.

Whether your application is professional audio, consumer stereo,
car stereo, or contract installation, LMS is the perfect tool for devel-
opment and testing of loudspeaker systems.

No other measurement pack-
age today provides as many
outstanding features and
capabilities at such an
incredible price!
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System Ukilities and tures i
The system software provides a host of powerful utilities and
processing features which enable the user to perform many
complex and tedious tasks easier than ever before. Unlike
most other analyzer software which is oriented towards single
curve use, LMS handles multiple curve display and operations
with a versatile 20 entry library database.

¢ Curve library system for multi-curve operations

« Macro programming of operation for QC testing
¢ Standard and user selectable Frequency Ranges
¢ Relative and Absolute PASS/FAIL Compare

¢ import and Export Data to ASCI files
 Speaker Parameter Generation

v SPL/Z Combo Conversion

et
Processing Operaticn

The LMS software provides a host of
powerful post processing features
which enable the user to perform com

Analyzer Sustem Specifications
« Full Length IBM PC Slot Card, 8 Bit PC Slot ¥ Calibrated 8mm Electret Mic with Preamp

¢ Oscillator: Continuous of Gated Swept Sinc Wave « Mic Frequency Range: 10Hz-40kHz

« Osc Maximum OQutput: * 16dBm (5Vrms) ¢ Osc Attenuator Range: 60dB in 0.25 dB Steps
¢ THOD: 0.015%, 20Hz-20kHz « Osc Frequency Range: 10t1z-100kHz

v Frequency Resolution: 200 steps/decade. Log « Dual State-Variable Filters: LP/HP/BP/BR
 Filters can track Osc frequency by any ratio ¢ System Signal to Noise Ratio: 90dB

« SPL Measurement Range: 35-125dB-SPL v XLR lnghc-'c' Osc out. Bal Iny ‘ . ?M Input
TYudm;g'thLcs‘gu : EGA <Y 2t Page Manual witl ] otes

plex mathermatical operations on curve

data quickly and casily.

¢ Scaling, Smoothing Curves
¢ Minimum Phase Transform

Applic

__1

¢ Group Delay Transform
« Addition, Subtraction
Call Today for a free Demo Disk! Tel: (503) 620-3044 v Multiplication, Division
v Frequency Div/Mul
nven, Square Roo

3

Internatlonal Dealers: Agentina:lntertace SRL (54-1)741-1389 Australia:ME Technologies 61(0)65-
50-2254/ Austria:Audiomax 49(0)7]-31—162225 Belgium:Belram 32(0)2-736-50 00/ Brazil SDS
Equipamentos 55(0)11887-7597 Canada:Gerraudio 416-696-2779 China:HiVi Research (852)2-556-
9619, Denmark,FInland:A&T Ljudproduktion 46(0 8-623-08-70/ France:Belram 32 0)2-736-50-00/
Germany:Audiomax 49.71-31-162225/ Indonesla:Ken's Audio 62(0)216395806 Italy:Outline snc 39-
30-3581341/ Korea: Sammi Sou 4 Luxembourg:Beham 32(0)2 736-50-00/
Malaysia:AUVI 65.283-2544/ New Zealand:ME Technologies 61-65-50-2254/ Norway AET
Ljudproduktion 46(0)&623—08—70/ Phlllelnes:Dui-lchl 6326316276/ Poland:inter-Americom 48(22)43-
23.34/ Singapore: AUVI 65-283-2544/ Spain:Audio Stage Design 34(94)620-27-47 Sweden:AET
Ljudproduction 46(0)8-623-08—70/ Switzerland:Good vibes Ltd. 41-56-82-5020; Talwan:Gestion Taycan
int! 886-2-562-3883/ Thailand:AUVI 65-283-2544, The Netherlands:Duran Audio 31-41-80 15583/

UK(England):Munro Assoc 44(0)171-403-3808 L l N E A R x

©1995 Product and Trademark names are the property of their respective owners.
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LinearX Systems Inc/7556 SW Bridgeport Rd/Portland, OR 97224 USA/TEL: (503)620-3044/FAX: (503)598-9258



Capacitor
Textbook

by

Richard
Marsh

Q: What is the difference between
the Segmented Capacitor design and
the patented MultiCap?

A: Performance & Construction!

Segmented Capacitor: This old design
now appearing as a “new” audio cap
seems to offer multiple sections. But
there are important differences
between this and the patented, true
multiple-bypass MultiCap.

Design: The segmented cap is de-
signed for “fail safe” AC power appli
cations. When one segment fails, the
overall capacitance decreases, but the
cap itself continues to function, When
all the segments have failed, the cap
must be replaced.

Construction: The segmented cap is a
metalized-film design, constructed of
extremely thin aluminum applied in
equi-distant strips to the dielectric.
This is then wound into a capacitor of
random-value segments.

Result: (1) Multiple internal resonances
at random frequencies = increased par-
asitics = audible distortion.

(2) Poor quality materials, not
designed for audio use, invite shorts,
increase ESR, greatly decrease both
performance and life of the capacitor.

(3) No film & foil construction possible.

Patented MultiCap: The metalized and
film & foil MultiCaps, designed for audio,
are constructed of thick polypropylene or
polystyrene, with a thick layer of metal.
Individual capacitors of equal value are
divided off as the overall capacitor is being
wound on a special, proprietary machine.
Each bypass is a specific ratio of the
desired overall capacitance.

Result: Accuracy & musicality! A single
resonance, at a frequency well above
audio range + excellent materials &
construction = low ESR and other para-
sitics = lowest distortion & highest reso-
lution.

NOW EXCLU-
SISELY FIEOLI:A reliable
Capacilons

Tel: 310-946-8577 Fax: 944-7494
www.capacitors.com

Reader Service #69
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| to the audiophile. The company recenlly  pact, two-channel, five-band

Good News

O QUITE A LEGACY
Legacy Audio introduces the Classic loudspeaker system, for various audio
and home-theater applications. The Classic offers dual 10” woofers in
a sixth-order alignment, a 7 Kevlar driver with graphite frame, and push/
pull ribbon tweeter comprised of a 1%” linen dome and a 30-ounce magnet.
Enclosed in a 42" wooden tower and backed by a ten-year warranty,
this audio system boasts a frequency response of 22Hz-30kHz, 42
impedance, and 91dB sensitivity at 2.83V/m. Legacy Audio, 3021 Sangamon
Ave., Springfield, IL 62702, (800) 283-4644, FAX (217) 744-7269,
http:/www.legacy-audio.com.

Reader Service #101

B ON-SITE SPEAKER DESIGN
True Image Audio invites you to visit its
site on the World Wide Web to obtain

new product information, special promo- @ PROBLEM-SOLVER EQ
tions, and a link to other areas of interest  Parasound’s R/EQ-150 is a com-

reduced the price of its Speaker Design room equalizer. It is designed to
Toolbox, available as MacSpeakerz for  assist custom-audio installers in

use on a Macintosh computer or as correcting acoustically awkward
WinSpeakerz for Windows 95 systems. rooms—such as ceramic-tiled

A demo version of the loudspeaker- kitchens, plushly fumished dens,
design application software may be or those with poorly placed in-
downloaded from the website. wall or ceiling speakers. At 812"
True Image Audio, 349 W. Felicita Ave., W x 2" H, the RIEQ-150 has five
Ste. 122, Escondido, CA 92025, Ye-octave bands with +8dB boost, an EQ-bypass switch,
(800) 621-4411, FAX (619) 480-8961, and output-level control. Parasound Products, Inc., 950
http:/members.aol.com/spkrtools. Battery St., San Francisco, CA 94111, (800) 822-8802, FAX

Reader Service #102 (415) 397-0144.
Reader Service #103

B CLASSIC COMEBACK
Now 15-years old, the Quad ESL-63 retums to the US market in high-end audio specialty stores. This elec-
trostatic loudspeaker’s floor-standing design measures 36" high by 26” wide, accented by a curved frame,
transparent black grille, bumished wood end pieces, and matte-black pedestal. Radiating as a dipole and
mounted in an open frame, the ESL-63's full-range diaphragm is one-tenth the thickness of a human hair,
coated with conductive material, negatively charged, and located between two perforated metal stators for
maximum responsiveness. Distributed by Mission Electronics Inc., 400 Matheson Bivd. East, Unit 31,
Mississauga, ON 14Z 1N8, Canada, (800) 838-7955, FAX (305) 507-0797.

Reader Service #105

¢ DOLBY UPGRADE
Atlantic Technology has upgraded the home-theater System 250.1 to meet the greater power, bass,
and surround demands of Dolby Digital. The system incorporates three speakers: model 251.1 LR
front-channel, model 253.1 C center-channel, and model 254.1 SR full-range surround. Models
251.1 LR and 253.1 C each have a 4" mid-woofer with a long-throw voice coil, %"-thick cabinet
walls, and heavy-duty crossovers. The 254.1 SR surround speaker allows the localization of
rear-channel sounds and boasts a frequency response of 80-20kHz at +3dB, a front baffle with two
%" tweeters and two 4” woofers, and phase-inverted twin-pole driver configuration. Atlantic
Technology Intemational, 343 Vanderbilt Ave., Norwood, MA 02062, (617) 762-6300.

Reader Service #104

Reader Service #35 -
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" THIRD

" GENERATION

" CLASS-D POWER
AMPLIFIERS

Reliable, high-efficiency
switching amplifiers have
come of age...

developer kit.

el:423-622-1505

LGT is an OEM manufacturer of high performance audio amplifiers, either turnkey |
with a full feature set, or as pre-fabricated PCB assemblies. The high efficiency of (
Class-D is available in several configurations and output levels. Heatsinking
' requirements on all models are minimal. Contact Terry Taylor for full details and a

910 Creekside Road » BuildingA * Chattanooga, TN 37406 » Email: acoustical@aol.com

Turnkey 500WRMS subwoofer amp with full feature
set... ready to drop in your enclosure.

©1996 LGT

I G I SWITCHING TECHNOLOGIES
nourerannnn

423-622-1485

Fax:

Reader Service #79
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About This Issue

Speaker enclosures come in all shapes and
sizes, but have you ever mounted a driver in
a barrel? Charles T. Pike takes this unusual
approach and explains how the advantages
outweigh the disadvantages in “9Hz in a
Barrel” (p. 8). This project, which uses a 55-
gallon polypropylene drum, features one of
the easier-to-build enclosures we’ve seen in

| a while. And the results are enjoyable low-

frequency responses you can live with.

When you design loudspeakers, phase
and signal delay are important to consider,
but few of us are really comfortable with
these concepts. In answer to reader ques-
tions, Bill Waslo provides a short tutorial
entitled “Time, Frequency, Phase, and
Delay” (p. 12) and defines these phase-
response terms.

Now that we’ve selected the drivers and
design for our three-way system (“A
Modest-Cost Three-Way Speaker System, p.
20), it’s time to begin construction. In part 2,
G.R. Koonce and R.O. Wright present
detailed illustrations, with plenty of con-
struction and assembly tips, to guide you
through the process and ensure good-sound-

g | ing, good-looking finished boxes.

Family togetherness extends into the

' speaker-building world as the father and son

team of Richard and Erin Honeycutt offers
guidelines on how to choose inductors for
crossover networks (“Inductors for
Crossover Networks,” p. 36). You’ll discover
that their advice on choosing components for
passive crossovers debunks many of the tra-
ditional beliefs we’ve held about inductors.

Also in this issue, we’ve devoted plenty
of space to answering reader questions and
comments (SB Letters, p. 50, and Ask SB,
p. 46). And be sure to check out “Tools,
Tips and Techniques” (p. 62) for a simple
modification that improves the clarity of a
Vifa tweeter.

Speaker Builder (US ISSN 0199-7929) is published
every six weeks (eight times a year), at $32 per year,
$58 for two years; Canada add $8 per year; overseas
rates $50 one year, $90 two years; by Audio Amateur

Union Street, PO Box 494, Peterborough, NH 03458-
0494. Periodicals postage paid at Peterborough, NH
and an additional mailing office.

POSTMASTER: '
Send address change to:
Speaker Builder, PO Box 494
Peterborough, NH 03458-0494 [
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9HZ IN A BARREL

his article describes an easy-to-build

subwoofer that has a low-frequency

cutoff of 9Hz. After completing my
previous article (“A 16Hz Subwoofer,” SB
4/94, p. 26), | had a Radio Shack 15” Model
40-1301 woofer without an enclosure, and
since 1 find nothing more inspiring than hav-
ing a driver without a home, 1 started think-
ing about enclosure designs. I did not want
to build a copy of my previous design
because it takes up a lot of space and it’s
more fun trying something new.

The first approach 1 considered was
mounting the speaker in the wall of my fam-
ily room with the back open to a 2000ft*
storage area under my living room. Figure ]
is a printout from the BassBox 5.1 computer
program showing the calculated sound pres-
sure level (SPL) as a function of frequency
(top), maximum acoustic power (center),
and impedance (bottom) for the Radio
Shack woofer mounted in a 2000ft* infinite-
baffle enclosure. Although the frequency
response could be corrected, as pointed out
in my previous article, the maximum SPL is
limited at frequencies below 50Hz by the
driver cone excursion.

OTHER APPROACHES
Since this approach did not seem too
promising, I decided to look at alternatives.
A fourth-order bandpass enclosure is nor-
mally divided into two sections, with a
sealed volume in back of the speaker and a
ported volume in front. All of the output
then comes from the port. In examining
bandpass enclosures, it occurred to me that
if you were to replace the rear sealed box on
a fourth-order bandpass enclosure with an
essentially infinite baftle, it should be possi-
ble to extend the low-frequency response.
The top graph in Fig. 2 shows the calcu-
lated frequency response of such a system
with a bandpass response that extends from

ABOUT THE AUTHOR

Charles Pike, a long-time audio enthusiast and music
lover, designs and builds his own loudspeakers and
amplifiers. He is primarily interested in music of the
baroque and classical periods. He has an MS in Physics
from Fairleigh Dickinson University and is professionally
occupied in designing lasers for military applications.
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By Charles T. Pike

8.9-45Hz at the 3dB down points! In addi-
tion, the center graph in Fig. 2 shows that the
maximum output is not limited by speaker
excursion for frequencies above about [6Hz.

Of course, there is a price to pay for this
good low-frequency response: a loss in effi-
ciency. As shown in Fig. 2 (top) the maxi-
mum SPL is 83dB at 2.83V RMS input.
However, at 100W, the maximum input
power of the speaker, the output would be
about 103dB, which I think is more than
adequate.

CONSTRUCTION
You can calculate the optimum volume for
the ported section of the enclosure with the

formulas given by Jean Margerand (“The
Third Dimension: Symmetrically Loaded,”
SB 6/88, p. 29) or by using the Quick Box
computer program. For this design, the vol-
ume is about 210 Itr. To simplify construc-
tion (and since it would be out of sight under
the house), 1 decided to use a 55-gallon
drum—almost exactly the correct volume.

I chose a 55-gallon polyethylene insecti-
cide tank because it is easier to cut than a
steel drum. On one end of the tank you must
provide a flange for mounting the speaker.
Cut a 16” square out of %" plywood or par-
ticleboard, with a 13 5/8” hole for the speak-
er. Bolt it to the tank with 8 x 10-24 flat-
head bolts countersunk to provide a smooth

Loudspeaker Parameters Amplitude Response w/ 2.83V Input (dBSPL/Hz) BassBox 5.1
~General Information— HE I — ] [ T T T T
Company: Radio Shack LSl f T S I
Model: 40-1301 % — 1
Note/SN. U s U S S S 0 ]
~Mechanical Parameters- | = ] ! -
Fs= 20.0 hertz 86 1
Qms = 6.450 80 i [
Vas = 21.000 cu.ft
Cms = T —t
Mms = 4.003 0z I I
Rms = | A |
Xmax = 0.347in 1
Sd= 1330 sq.in ] T ]
Dia= 13.0in —
~Electrical Parameters— 5 Hz 10 50 100
Qes = 0485 Frequency
Re = 56 ohms
Le= 10mH Maximum Acoustic Power (dBPWL/Hz) BassBox 5.1
Z= 80 ohms aspwi F4+4-+H——F 131 —+—+ T —
BL = < 41+ 1 e i —t -+ —~ B —
Pe= 1000 wats i 5 s s s s 5 S — 5  —
~Combination Parameters— 120 -+ t B S— TT‘H Therma)
as= 0450 HHH—1—T1 & H——1 e
111 1 0 0 I A N N G A —
no = 0955% na 1 B 74 1 S s S —
Sens = 92 00 dB (2.83 V) 108 b+1+4 ] S O O 5 N S S— S
~Muttiple Drivers— Eanes B 4 S - -+ L S
Number = 1 102 e B S
Single 96 - S — .--_;44L.L S — .
Wirng:  sngle so [T e
NetRe = 84 | L i R —1 1 S e B B E—
NetSens = . : S
5 Hz 10 50 100 500 1000 2000
Box Parameters Frequency
st_m'" C'°;%%g%’é)o . Mz)  MaxZ: 11820hms MinZ 6.7 ohms BassBox 5.1
= P U ohms 5 ——r—r—r—rrrnm
Fc= 20 1 hertz 1111
Fi= 38.2 hertz 100 | 11 1 .
Q= 0433 % D O I e e o N
Fill = none 80 | ! | - 41 _—
70 '- J + .
60 L -} — R
50 41+ 4
40 S — 1 1 =
30 g1 1+ 41T -ﬂ» —
20 —_— a4+ i S - 4
10 \i\L ‘I—1 ] -—L—- "]
0 I B i 1 B
5 Hz 10 50 100 500 1000 2000
Frequency

FIGURE I: Calculated speaker performance in infinite baffle.




mounting surface for the
speaker.

If you use plywood
for the flange. make sure
to fill with wood putty
any voids that might
make air leaks. Use floor-
tile cement between the
flange and the drum to
make a tight seal. Photo
I shows the flange
installed on the drum and
Photo 2 the flange with
the speaker mounted.

Using %" plywood or
particleboard, make the
port duct 17” long, with
inside dimensions of 5” x
5%”. Provide a small
flange for bolting the port duct to the drum
wall. Cut a 5” x 5%” hole in the rectangular
protrusion where the drain is located in the
bottom of the tank. and attach the duct using
screws and floor-tile cement for an airtight
seal. Photo 3 shows how the duct is fastened
to the drum.

Then stiffen the drum with two lengths of
perforated plumbing strapping from your

PHOTO 1: Speaker mounting flange.

local hardware store. tensioned with small
turn-buckles. Plug the small hole in the
cover with a screw or silicone sealant. Photo
4 shows the completed system, and Photo 5
shows it installed under my living room,

TESTING
In using a drum for the enclosure, | was
concerned as to whether it would be rigid

PHOTO 2: Speaker mounted on flange.

enough. It does vibrate somewhat in use, but
the frequency response (Fig. 3) measured
with a Panasonic P9932 microphone (which
J. D*Appolito indicated is flat to 10Hz [let-
ter in SB 3/94, p. 66]) agrees within 1dB
with the computed curve.

Figure 4 shows the impedance, which
also agrees well with the computed curve. It
is interesting that fourth-order bandpass
enclosures seem to follow the old rule of
thumb that the port should be adjusted to

R

- e

Loudspeaker P ters Amoii w/ 283V Input (dBSPLMH2) 5.1 muke the height of the two impedance peaks
~General Informetion— T I 1] ] ; . ;
Company: Radio Shack Gl } ] ‘t R S S Lh 'i' 'i i approximately equal.
m’e% ;}‘“301 L) S S N A } i 1 measured the near-field SPL at the port
~Mechanical Parameters— ST — T ] :| HH ] output to be 111dB at 2.83V RMS input.
Fe=  20.0herz 8 I +—++ 1411 1 . . I
ams= 6450 ool 1 . } : D. B. Keele gives the following relation-
s 21000cun 7e I ]jj | ship for calculating the near-field sound
Mms = 4.003 0z s + N E— I ] j THT ]
Rms = T 4+ 1 LN 1 il HH+
Xmax=  0.347 in 62 — ——11 11 1 1
Sd= 133.0 sq.n s | ] :H} — 1 1 _\X\: { 1 j]F L_.’ ]
Dia = 13.0in 117 1
—Electrical Parameters— 5 Hz 10 50 100 500 1000 2000
Qes = 0.485 Frequency
Re = 5.6 ohms
Le= 1.0 mH Maximum Acoustic Power (dBPWL/HZ) 5.1
Z= 8.0 ohms dBPWL i )
BL= 4 By
Pe = 100.0 watts 126 1 7 1T
—Combination Parameters— 120 1P v T T 7T Yhermar]
Qts = 0.450 1 T Lima
no= 0.955% e 1 -
Sens=  9200dB(283V) 408 ]
—Multiple Drivers— +-1
Number = 1 102 T
Single 96 { feet
Wiring:  single HT
NetZ = % 1 T ] L)
NetRe = 84 L ! 4
NetSens =

5§ Hz 10 50 100 500 1000 2000
Box Parameters Frequency
E;":’pass X::;ed X Imped ponse (Ohms/Hz)  MaxZ.7950hms MinZ: 56 ohms 51 L

- prrc 8
—Rear chamber— i i i ] . e
Vb1= 2,000 000 cu.ft i . .
Fb= 20.1 hertz 90
Fi=  89hew 80 %
—Front chamber. 70 = *
Vb2 = 7.345cuft 60 1 = 5 5
Fb= 200 herz : .
F3= 44.8 hertz ) i =
Ports = 1 (other) 40 ' | .
Area = 25.00 sq.in 30 + .
Lv= 19.621in 20 | {4 g
0 e e
0 T T1
S5 Hz 10 50 100 500 1000 2000
Frequency 't Ha)

FIGURE 2: Calculated speaker performance in modified fourth-order bandpass enclosure.

FIGURE 3: Measured frequency response.
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pressure from the far-field value for a source
radiating into a hemispherical space: Pn =
Pi(2r/a). where Pn is the near-field sound
pressure, Pt the fur-field pressure. v the dis-
tance from the source to the measurement
point. and a the radius of the source.
Dividing by the OdB reference pressure.
then taking the logarithm of both sides and

FIGURE 4: Measured impedance.

System A SPL @ 1u and 141 @ U

18 =5

w L . [T [LORE T T

FREQUEN Y tHz)

FIGURE 5: Frequency response of system
calculated with Bandpass Boxmodel.

T | F F. Electronics Company e 44 Pearl Pentecost Road / W
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rearranging terms. we get: SPL()
= SPL(n) =20log(2r/a). where
SPL(1) is the far-ficld sound pres-
sure level and SPL(n) the near-
field. Take a as the radius of a cir-
cle with the same cross-section
arca as the port. Then, if you let r
= Im. the calculated SPL at Im
with 2.83V RMS input is 82dB.
which agrees very well with the
83dB given by the computer
maodel. The testing seemed to indi-
cute that the system performed
almost exactly as expected.

CROSSOVER PHOTO 4: Completed system.

Figure 5 is the computed response
of the system using Bandpass
Boxmadel, showing it predicts a
port resonance at about 300Hz.
Some sort of a crossover is there-
fore required to suppress this peak.
[ used the same circuit given in my
previous article (SB 4/94), with the
0.t capacitors—which deter-
mine the crossover frequency-—
changed to 0.033uF. This rolls off
all frequencies above 60Hz at an
18dB/octave rate.

LISTENING TESTS
This subwoofer is connected to
the right channel of my system,

and a modified version of my  PHOTO 5: System installed.

16H7 subwoofer is connected to

the left. They are driven by an 80W-per-

chunnel amplitier that 1 designed and built.
Recordings such as Jean Guillou's perfor-

mances of Bach's Toccata and Fugue in D

ELECTRONICS COMPANY

DOR-90134
Mussorgsky's Pictures at an Exhibition on
Dorian DOR-90117 are truly thrilling to lis-

A 30680 ¢ (770)867-6300 /2713 (Fax)
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ORCA is bringing to you from France a whole new and exclusive line of fine drive units specifically designed
by Kimon Bellas, ORCA, and by Gilles Brun, FOCAL SA. Why ACCESS ?

Well think of ACCESS as "entry level”, “first step”. In clear, these drive units have been designed in such a way
that any beginner using no other measuring instrument than a set of good ears should have 100% success designing
his first system. Indeed most of these units will do great without any X-over part, or at the most with a single
inductor. Now don't be fooled, nothing is more difficuit to engineer than a drive unit that is easy to use. Experts do
know that. And expert designers will be the first ones to dive into the ACCESS catalog !

Also, think of ACCESS as “affordable”. That maybe was the toughest challenge for us: to bring you this degree
of performance and ease of use at the cost of ordinary paper cone units. We did not cut corners, we cut cost through
good engineering. All units feature the finest hand coated paper cones (still an art at FOCAL), alloy cast frame and,
needless to say, the legendary quality of FOCAL craftsmanship. The same hands who are making the world renown
FOCAL drive units are making your ACCESS drive units.

Makes sense to you ? Call ORCA for your catalog. It includes full description of each unit, large scale curves
and graphs, all parameters, and two computer simulated bass response for each ACCESS unit.

ACCESS 4A Quick, high definition 4" midrange. Wide bandwidth (up to 12 KHz !). A natural and easy match for a highly
transparent tweeter. . You pick the frequency and you pick the slope !

ACCESS 4B Potent & detailed 4" midbass. Clean up to 7 KHz. Very robust low end. Ideal for mini audio-video systems and
very small size high quality speakers.

ACCESS 5A Efficient 5" midrange. Smooth. Superb definition. It needs a good 91-92 dB tweeter for an effective match. Great
for surround systems and for high quality high output 3-way designs.

ACCESS 5B Solid 5" midbass, in the FOCAL tradition. Gentle roll-off around 4 KHz. Like most other ACCESS units, it can be
used both in sealed and in vented cabinet designs.

ACCESS 6A Efficient (92 dB +) and transparent 6" midrange. A single inductor might be all you need to get the quintessence of
this beautiful drive unit.

ACCESS 6B Surprising weight in the low end, which is powerful and well defined. This little woofer does not seem to be much
embarrassed by any signal.

ACCESS7A Extremely smooth 7" midrange/midbass. Excellent prospect for a simple efficient 2-way bass reflex , It can also be
used in surround systems main speakers, with or without a subwoofer.

ACCESS 7DB Outstanding 7" dual voice coil midbass. Powerful, crisp and efficient, this drive unit will play anything your
amplifier will throw with panache and relentless enthusiasm.

ACCESS 8A Very efficient (93 dB +) 8" midrange/midbass. One of the truly rare 8" that can be used in 2-way designs. You
will need a very good and efficient tweeter to match this unit (at least 92 dB/W/m)

ACCESS 8DB Outstanding 8" dual voice coil midbass. Efficient, smooth and crisp sounding it is also capable of handling large
dynamics and true low frequencies with the authority of a much larger woofer.

ACCESS 10A Impact & dynamics (94 dB/W/m). If a 10" midbass can make it to the tweeter range, this is the one. Its nearly
perfect roll-off will allow direct wiring without filtering. Rare unit for 2-way 10" designs !

ACCESS 10B Deep and musical 10" woofer. 1deal for medium size 3-way systems , with one of the 4", 5" or 6" ACCESS
midranges. A classic.
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TIME, FREQUENCY, P
AND DELAY

ignal theory is a topic that intimidates
S many audiophiles, who generally have

a good grasp of the concept of time
and feel comfortable discussing frequency,
but consider phase and signal delay to be
magical quantities in some sort of esoteric
alchemy, understandable only with great
effort and through extensive mathematical
abstraction. In this article I will attempt to
present a relatively simple treatment of these
subjects, with emphasis on their importance
in loudspeaker design and testing.

MEANINGS

First. I want to clarify the meaning of time-
domain data and frequencies. Time-domain
data is any quantity that varies with time,
which in the case of loudspeakers is usually
a sound-pressure or signal voltage. Music, as
viewed on an oscilloscope (Fig. 1), is an
example, as are the various other signals
(impulses, MLSs, sweeps, tone bursts, and
noise) used in loudspeaker tests.

You might think that frequency is another
word for pitch, describing the notes of a
musical scale, but for this discussion, fre-
quency is a parameter relating only to sine-
wave-like signals. The output of very few
musical instruments approximates a sine-
wave shape. While you may hear a pitch
when listening to an acoustical sinusoid (a
sine-wave-like waveform), a note from an
instrument such as a piano is not a single
sinusoid but a combination of many. In most
cases, the note is identified with the lowest
strong sine-wave frequency present, but in
some cases you can hear a pitch correspond-
ing to a low frequency that isn’t even there to
any appreciable degree.

By Bill Waslo

WAIT TILL THIS SINE WAVE

IS FINISHED

The sine wave upon which this concept of
frequency is based is a special repeating
time-domain signal. An ideal sine wave is
forever; it has no beginning or end. It (along
with its phase-shifted alter-ego, the cosine
wave) has a specific value at any given time.

To minimize the confusion, I'll refer to
points in time using numbers to indicate
positions. “Time = 0" doesn’t mean “the
beginning of time,” but just some convenient
reference point, with all previous time denot-
ed in negative seconds and all later time in
positive seconds.

Mathematical sine waves and cosine
waves have a maximum size (amplitude) of
1. The frequency of these waves is a mea-
sure of how many times per second the
basic sine-wave shape repeats itself. If the
waveform cycles only a finite number of
times and then stops, it is not a sine wave.

Cosine waves and sine waves are identical
except for a phase or time shift of 90°, which
means 90/360 (or one-fourth) of the basic
waveform. At time = 0, sine waves have a
value of 0 and cosine waves a value of +1.
Cosines rather than sines are generally used
in discussions of Fourier theory.

FIVE-MINUTE FOURIER THEORY

1.B.). Fourier (1768-1830) was a mathe-
matician and physicist who showed that any
time-domain signal can in principle be made
from a sum of sized and delayed cosine
waves. This means that you could, at least in
theory, put a great number of cosine waves
through a network that adds the voltages
(shifted and amplified) together at each point

ASE,

in time, and duplicate any possible time-
domain signal at the output.

Each individual cosine wave varies over
time between positive and negative values,
and the summation at any point can therefore
be positive, negative, or zero (Fig. 2). If you
are uncomfortable with the idea that your
treasured recording of Beethoven’s Ninth
Symphony could be duplicated with just a
bunch of sine-wave generators, | should
mention that it would require an infinite
number of them; this is an abstract theory,
you see.

The Fourier transform, used in many sig-
nal analyzers, essentially breaks a time-
domain waveform into its component cosine
waves. The transform does this by revealing
the size and phase position required of the
cosines at each frequency to reconstruct the
original waveform.

As an example of Fourier summation, a
square wave contains cosine waves (delayed
and sized) only at the frequencies that are
odd multiples of the repetition rate. Figure 3
shows a limited selection of the first five odd
harmonics summing up to make a fair
approximation of a square wave.

The classic nonrepeating waveform is the
impuise, which has a value of 0 everywhere
except at time 0, when it is at plus infinity.
These idealized spikes don’t happen in real
life, of course, yet they are central to the
concept of frequency response. If you could
take all the cosine waves at all possible fre-
quencies, all with the same amplitude of |
and all defined at the same time = 0, and
play them simultaneously, they would sum
to form this impulse.

Another way of stating this is that the

| .\W/\’, /'\\, /_’\\ £
!L\A\fi/\ la,;fvé VY
[

I < negative time 0

|- .

FIGURE |: A time-domain plot of a sound signal. X-axis is

time, Y-axis is sound pressure.

,J"n’

positive time ————————3

1

FIGURE 2: A cosine wave oscillates for all time and varies between
positive and negative values.
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:_/' INPUT LOW  HIGH fREQ INPUT  LOW  HIGH  FREQ. INPUT  LOW  HIGH fREQ INPUT  LOW  HIGH fREQ 24CX-4
. anmn v outA ures.- Tt en. . .
) CHANNEL 1 CHANNEL 2 CHANNEL 3 CNANNEL 4 _

cision 1% metal oxide film resistors, se-
lected capacitors, and the industry’s only
precision matched and selected 1% four-
gang Frequency Range potentiometer.
No matter where the control is set, you
will get flat summed response, not just

Signal to Noise Ratio

Electronic Crossovers 108 db

24CX-2 Stereo 2-Way
24CX-4 Stereo 3-Way Input Impedance

Noninverting Unbalanced

® 24CX-2 is used for BI-AMP and | the end positions where some products 20 kohms
the 24CX-4 is used for TRI-AMP | are specified. Output Impedance
systems or Surround Sound BI- | High Slew-Rate, Low Noise, Bi FET op- 300 ohms

AMP.

o 4th order State Variable Linkwitz-
Riley Filter design. All outputs in
phase at crossover point.

e 24dB per octave crossover slopes
for greater driver protection than
with 12db and 18db per octave

types.

e Flat summed electrical response
throughout the crossover region.

e Zero lobing error (polar pattern tilt)
throughout the crossover region.

¢ Automatic 3-way operation on
Models 24CX-2 and 24CX-4 or in-
dependent two or four channel 2-
way operation.

¢ Integral security cover.

¢ Polypropylene capacitors are used
throughout the signal path, active
filter section, and even the power

supply.

e The input/output connections used
are high reliability 2mil GOLD
phono plug connectors.

24CX-2/4 electronic crossovers repre-
sent the latest in state-of-the-art design
and manufacturing technology. Innova-
tive electrical and mechanical design
concepts and implementation have re-
sulted in a product of superior perform-
ance expected of units selling for several
times the 24CX-2/4 price.

A 4th order Linkwitz-Riley type of
crossover does not guarantee flat
summed response. Flat summed re-
sponse of the low and high frequency
outputs of the 4th order Linkwitz-Riley
crossover is made possible by using pre-

erational amplifiers guarantee the finest
in sound quality and overall electrical
performance.

INPUT 2 LOwW 2 HIGH 2 FAEQUENCY 2

150 180
B Nt

oo .200

- - -- - -360

SPECIFICATIONS

Crossover Filter Type
4th Order Variable Linkwitz-Riley
design, 24 db/octave slopes.
Frequency Range
xl 60 Hz to 700 Hz
x10 600 Hz to 7.0 kHz

Slew Rate
RL=2 kohms 9 v/usec.
CL=0.01 uFd+/-2.5 v/usec.
Total Harmonic Distortion
RL 2 k ohms

Low Freq Output

.005% THD

20-9 kHz @ +8 dBu (1.95 volts)
High Freq Output

.01% THD

60 - 20 KHz @ +8 dBu (1.95 volts)
Maximum Output Level

RL 2 kohms

+21 dBu (6.2 volts)

@ .05% THD 20 - 20 kHz
Maximum Output Current

25mA peak @ 250C

Maximum Voltage Gain
+6 dB Hum and Noise
(20 Hz - 20 Khz)
Av=0dB fc =800 Hz

Low Frequency Section
a. Output Attenuater
@ -infinity-104 dBu
b. Output Attenuator
@ 0dB -96 dBu

High Frequency Section
a. Output Attenuator
@ - infinity 104 dBu
b. Output Attenuator
@0dB 90 dBu

Controls

input Level:
Continuously variable from +6db
gain to 90 db attenuation
Output Level:
Continuously variable from 0 db
(unity) gain to 96 db attenuation
Crossover Frequency:
Adjustable from 60 Hz to 900 Hz
on the X1 range 600 Hz to 9kHz on
the X10 range
Power Source:
U.S. & Canadian Models 120 v AC,
60 Hz
Power Consumption
12 VA
Dimensions (WXHXD)
19 inches x 1.75 inches x 7.5
inches with security cover
Net Weight
both models 8 pounds
0dBu=0.775 v rms
Also available in 1/4 ** phone or

XLR Balanced Line
Model 24CX-2 $425.00
Model 24CX-4 $525.00

ORDER INFORMATION: All orders
will be shipped promptly, if possible by
UPS. COD requires a 25% prepayment,
and personal checks must clear before ship-
ment. Adding 10% for shipping facilitates
shipping procedure; residents of Hawaii,
and those who require Blue Label air serv-
ice, please add 20%. There is no fec for
packaging or handling. We will accept Mas-
tercharge or VISA on mail or phone orders.

MADISOUND SPEAKER COMPONENTS

el 8608 UNIVERSITY GREEN |
fld P.0. BOX 44283 N
‘Blgn|  MAOISON, W 537444283 USA. | ;
N

TEL 608-831-3433 FAX' 608-831-3771 " 1y
e-mail madisound@itis com 7
Web Page- http-/www 1tis com/madisound
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FIGURE 3: Five shifted and sized cosine components summing to

form a coarse square wave.
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i
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FIGURE 4: Five components of an impulse and their summation.

Only at time 0 do they all stack up.

impulse has equal contributions from all fre-
quencies, with all these at zero phase shift
(where phase refers to that of a cosine wave-
form). A system that could pass this wave-
form would have a perfectly flat frequency
response in magnitude and phase.

ZERO TO INFINITY

You can envision the construction of an
impulse from cosines as follows: since all
these cosine waves have zero phase shift,
each is equal to 1 at time (. Therefore, the
sum of all the infinite number of cosine
waves at time 0 will be the sum of an infinite
number of Is.

At non-zero times, however, some cosine
waves (extending up through infinite fre-
quency) have positive values, some negative,
and some zero. At times other than (), the
positives will balance out the negatives, with
zero as the resulting sum (note that this is not
meant to be a proof, but merely a conceptual
aid). Figure 4 shows several equal-sized,
zero-phase cosine-wave sections summed to
demonstrate how the impulse takes shape.

Because the impulse contains all frequen-
cies phase-aligned at equal levels, an approx-
imation of it makes a very handy test signal.
If you feed a bandwidth and size-limited
impulse through a system, all its component
cosine waves might come out the other side
with their sizes changed and their phases
shifted. This change is called the frequency
response of the system (a frequency-domain
representation). The changes to each cosine
wave consequently affect the shape of the
impulse as it passes through the system,
forming what is known as the impulse

ABOUT THE AUTHOR

Bill Waslo (BSEE, Univ. of Cincinnati) is an RF design
engineer with a midwest engineering firm. With his wife,
Carol, he also runs Liberty Instruments, developer of
IMP, IMP/M and Liberty Audiosuite analyzer systems.
His interests include music, loudspeaker design, signal
processing, reading, and gardening.

14 Speaker Builder 7/96

response (a time-domain representation).

You could apply cosine or sine waves of
each frequency, one at a time, to measure the
frequency-response characteristic of a sys-
tem and tally the curve up on a frequency-
by-frequency basis. But you can use the
impulse 1o do it all at once, assuming you
can perform the Fourier transform to analyze
the cosine components after they pass
through the measured system. A real-world
version of the impulse, finite in size and
bandwidth, is often used to measure the fre-
quency response of loudspeakers with
devices such as the basic IMP.

The reason you go to all this trouble to
define any signal as a collection of cosine
waves is so you can make unified descrip-
tions of predominantly linear systems such
as loudspeakers, which modity signals. If
you can describe how a linear device modi-
fies cosine waves of any frequency, you
need not measure the separate characteristics
of square-wave response, triangle-wave
response, or Beethoven’s Ninth Symphony
response. The full frequency response,
including phase and magnitude data, or,
equivalently, the impulse response, contains
the information needed to mathematically
determine how a system will treat any wave-
form within its dynamic range.

GOING THROUGH A PHASE
The concept of phase tends to confuse a lot
of speaker builders and audiophiles. but it's
really very simple. The phase shift of a
cosine wave is, first of all, a relative mea-
surement defined in relation to an unshifted
cosine wave. Scale the size of the wave in
question (make it bigger or smaller in height)
so that its maximum value is +1. Then see
how far to the right or left you must move it
to make it match the reference cosine wave.
Phase is always a comparison between
two cosine waves of the same frequency. If
the reference isn’t specified, you can usually
assume it to be that at the input of a mea-

sured system, or else a spectrum where all
cosines are aligned at a reference time. You
don’t measure phase shift in seconds, but in
portions of a cosine-wave cycle. This is the
first main difference between phase shift and
delay. While delay is measured in units of
time, i.e., seconds, the units used for phase
shift are radians or degrees (there are 21
radians—or 360°—per cycle).

But because the sine or cosine waves are
eternally repeating, a funny thing happens:
shifting a wave backward or forward one full
cycle of 360° (or any whole number of
cycles) gives the same result as not shifting it
at all. As a result, you can make any shift
possible within a phase change of one cycle.
This is so because you are dealing only with
cosine waves of a single frequency. As long
as you are using a single-frequency wave-
form for measuring a speaker, you cannot
tell whether the shift is x° or (360 + x)°;
there is no difference at all between the two.

DELAY SHIFT

Delay, on the other hand, is how far in sec-
onds you must shift a waveform to the left
on a typical oscilloscope plot to get it to align
with a reference unshifted waveform (usual-
ly the input signal). If your waveform for
analysis is a simple cosine wave, you can
still get there by shifting only within whatev-
er time equals 360°.

The actual phase shift corresponding to a
given time shift will depend on the frequen-
cy of the cosine wave. For instance, if the
frequency were 1/360th of a Hertz, each
cycle of the wave would last 360s, and a 1s
delay would correspond to 1° of phase shift
(360°/360). A delay of 6min. would corre-
spond to a phase shift of 360°, the same as
no phase shift at all. However, the same
6min. delay for a 1/1440 hertz waveform
(each cycle being 1440s), would correspond
to 90°.

But most waveforms are not single-fre-
quency waves but are, in Fourier theory, col-
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FIGURE 6: A phase response in “linear frequency” format. The
group delay at each frequency is proportional to the downward
slope of the curve, and is relatively uniform throughout this range.
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FIGURE 5: The first five components of a square wave and their
sum, after various uniform phase shifts (a=0°, b=360°,
d=65°). Shifts that are not integer multiples of 180° distort the

shape.

may or may not be
such a problem, and
the dividing line is
not clearly known.

c=180°,

lections of cosine waves. These complex
waveforms may not repeat at all, and if they
do, will not repeat at the same rate as each
component cosine wave. So delay is not
such an ambiguous quantity for such a com-
plex waveform.

Delay, however, can be rather hard to
define if the waveform is warped by a mag-
nitude response or is phase-shifted in such a
way that its shape doesn’t come out resem-
bling the original. This is usually the case for
loudspeakers, most of which do not have
equal delay at all frequencies (even if the fre-
quency-response magnitude might be essen-
tially flat), consequently altering complex
waveform shapes.

This perhaps highlights the reason that the
concept of delay is often confusing. In an
impulse plot, delay is difficult to determine
except in systems which alter waveforms
only in horizontal (time) position. Those try-
ing to find the reference plane of a loud-
speaker driver by looking only at its impulse
responsc often are unsuccessful because the
output doesn’t look like the input. Using fre-
quency response and phase data, however,
you can easily find delay for one frequency.
but only if you already know that it doesn’t
amount to more than one period of that fre-
quency. Otherwise, the phase at that frequen-
¢y alone cannot tell you the delay.

PHASE DISTORTION VS,

LINEAR PHASE

Whether phase distortion as generated in
existing loudspeaker systems is audible is a
subject of some controversy. You would
probably agree that an imagined pathologi-
cal system that delayed, for instance, mids
and highs by only microseconds, but bass
frequencies by several months, would
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If you are design-
ing a speaker and
wish it to have ideal waveform replication,
what do you look for in the phase response?
Do you want a speaker that has the smallest
delay possible? One that imparts the same
phase shift at all frequencies? One that has
flat “group delay™? Or one that shows no
curving sections in a plot of phase versus fre-
quency? Just what does an ideal phase char-
acteristic look like?

Delay itself is what audio playback is all
about. When you listen to your recording of
Belafonte at Carnegie Hall, there is a delay
of over thirty years at work on that signal! In
speaker measurements, the amount of delay
you get depends on the distance from the
speaker to the measuring microphone.
Remember, sound travels about 17/ms; you
get an additional delay of about Ims for each
foot of speaker-to-mike spacing. In short, the
true phase response of a microphone or
speaker depends on just how far away you
measure it! (It has meaning only if you spec-
ify some reference plane.) So there would
seem to be little motivation to pursue mini-
mum delay in a speaker design.

How about constant phase shift? You
can shift each component cosine wave by a
constant phase angle, although the result
may not be what you expect. If you shift
each component by 360° or any integer
multiple thereof, you will, of course, not
change any of them and will therefore not
change the complex waveform. If you shift
by 180°, you will invert the waveform (turn
it upside down)! But if you shift by, say,
65°, what do you get?

Figure 5 shows the result of shifting the
first five components of a square wave by
0°, 360°, 180° and 65°. Note that the basic
shape of the wave is preserved for all
except the last. Shifting all the cosine com-

ponents of a complex waveform by angles
that are not integer multiples of 180° usual-
ly results in severe waveform distortion! So
equal phase shift at all frequencies is gener-
ally not desirable from the standpoint of
waveform fidelity.

What you want for ideal waveform repli-
cation is not a response without delay nor
with a constant phase shift versus frequency,
but with constant delay versus frequency.
This is known as a uniform delay or “linear
phase” characteristic.

GROUP DELAY

The same delay applied to all frequencies
means that the phase shift will be different
for different frequencies. In fact, you can
express the phase shift of a linear-phase sys-
tem as being proportional to frequency
(remember that each phase angle has many
aliases: you can add or subtract any integer
multiple of 360° to each angle value without
changing it).

A frequency response with uniform mag-
nitude (the “dB™ part) and which imparts the
same delay to all frequencies will preserve
waveform shape. If magnitude or delay is
not flat, however, the delay is difficult to
determine because the shape of a complex
(multifrequency) test signal is changed by
the system being measured. And phase shift
or delay is rather ambiguous if you consider
single cosine waves in isolation.

One way to deal with this impasse is to
consider the cosine components at closely
spaced frequencies and their phase shifts in
relation to each other as they pass through
the system. In other words, look at how the
phase shift changes for small changes in fre-
quency. This leads to a definition of what is
called “group delay,” mathematically
defined as the negative rate of change of
phase versus frequency.

On a plot of phase versus /inear frequency
(Fig. 6), this is the “slope™ or downward
steepness of the phase curve (the sharp
upward edges are a result of phase ambiguity
where —180° is equated to +180°). A uni-
form, waveform-preserving phase response
will have a constant value of this slope over
the entire curve.




But beware! The phase-response curves
shown by most measurement systems
(including IMP and Liberty Audiosuite) are
normally given in log-frequency format. A
plot of a uniform delay system, other than
one with zero delay. will then show a line for
which the downward slope gets steeper as
frequency is increased, because more fre-
quencies are scrunched together toward the
right side (Fig. 7).

In such a plot. a response with a phase-
shift line that tilts downward without a bend FIGURE 7: The same phase response as in Fig. 6, but in log-frequency format. The curve
appears to bend more at higher frequencies because of the nonlinear display format, even
though the group delay is relatively constant.

==

in it would actually have a nonuniform
delay. Figure 8 shows an overlaid LAUD
phase plot for successively increasing uni-
torm delays. The same kind of phase wrap- - — — - -
ping will occur from the delay that’s added
by moving a measuring microphone back
from a speaker.

Recognize also that constant group delay
does not guarantee uniform time delay. A
uniform time delay will exhibit constant
group delay. but the opposite is not necessar-
ily true. For example, remember the shift of
each cosine component by 65° shown in Fig.
5d. The phase response of a system bringing
about this shift could be represented by a
straight line at 65°. The slope of that curve,
and therefore the group delay of such a sys-
tem, is a constant zero. Yet you saw that the
resulting wavetorm distortion definitely indi-
cates nonuniform time delay.

If you
build it,
it will
rock.

TCH offers you the ability
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TIME DELAY

A uniform time delay implies that you could
remove delay from the phase response to
achieve a horizontal line at 0° (which means art speaker components

to combine state-of-the-

no delay). If you can’t get to a straight hori- . ; Handles
; . . . to design and build
zontal line by removing delay. or if the hori- Corners
zontal line you then achieve is at some angle your own custom loud-
other than 0. the system being measured | speakers. So whether Speaker Grills
will exhibit waveform distortion. So, it | K " K
. 7, Qe leere . e i
seems that a way to determine whether a VR SPERICS FALI0E Casters
delay is constant over a band of frequencies concert halls, disco floors
. [

) - hackwards . 3 - .- r Carpet
is to work backwards and sec whether or living rooms, TCH Speaker Carpe
removing some constant delay will get you o )
to 0° everywhere within that band. has over 500 items in Clamps

To remove delay at a given frequency. stock and ready fo i
r y at a given freq y stock and ready for Jack Dishes
take the time delay being tried (in seconds) inhimedliaie delivery
and multiply it by 360 times the frequency. ’ ? Feet

Do this for cach data frequency and add the
result to each raw phase angle (in degrees). 1-800-291-0389 Grill Cloth
remembering that you can also add or sub- |
tract 360° as many times as necessary at Piugs & Jacks
each point to reduce the answer to within

+180°. Do this for various delay values r__ » j ($50 min. order)

until a best approximation of a straight line I I < I-I l

is reached. L ' _J @
That isn’t very practical to do by hand. It —— —

is much easier to simply apply a known B N . o

complex waveform to the system and see 17(_)? lfmud\\'uy. Buffalo, NY l»i.le.Z' _P_ux: 10-892-4302

whether it passes through uncorrupted in the ‘ 2955 Congressnan Lane. Dallas, TX 75220

time domain. That is the motivation for ’
square-wave or triangle-wave testing.
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FIGURE 8: An ideal linear-phase characteristic in log-frequency format with different
amounts of delay.

OFFS=1.708ns

[ Aad]
COMP=0. 120ns

[Frequency Response Phase

voe

1k

2K

10k

FIGURE 9: The phase response of Fig. 7, with time delay (*COMP™) removed via comput-
er to resemble a horizontal line. The line is near 0°, so this speaker essentially has a linear-
phase characteristic over the range (1-10kHz).

b FerroScuna
The Solution Is Loud And Clear

FerroSound ferrofluid retrofit kits for tweeter, midrange and compres-
sion drivers are now available through the Parts Express catalog. The
generic tweeter kit contains a low viscosity ferrofluid in sufficient
quantity for most 1”7 and smaller dome tweeters. Application specific
kits for popular professional compression drivers are available for the
following models:

Manufacturer |  Model
e = CALL TOLL
SR
| DE45 | FREE
B | DE-75 | Parts Express Customer Service
Electro Voice | DH-1A | 1-800-338-0531
. L-ND.Y_M'J _
Radian 450, 455
! 4450, 4455 | £Parts
735, 750 ™
L, ~ |4735,4750 | xpress
Eminence 1» 17 exit
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However, even though such simple time-
domain testing may tell you that there is
waveform distortion, it won't clearly indicate
whether any problem uncovered is due to
frequency-response magnitude or phase
error. In addition, it is difficult to conduct
meaningful square-wave tests on loudspeak-
ers. because you cannot remove the effects
of the room reflections or echoes that also
strongly alter the shapes of the reproduced
periodic waveforms.

APPROXIMATION BY COMPUTER
With IMP- or LAUD-generated quasian-
echoic responses. you can easily remove
delay mathematically using the computer
until the best approximation to a straight line
is achieved on the plot over the frequencies
of interest (Fig. 9). You can do this by trial
and error without much effort. If the line is
then essentially near 0° (if at 180°, you can
reverse the speaker leads), the delay of the
speaker is uniform, and complex waves
made up of these frequencies will pass
phase aligned.

Of course, the magnitude of the frequen-
cy response must also be flat to achieve
waveform integrity. In IMP or LAUD,
fixed amounts of delay can be subtracted
from or added to a phase plot by using the
[F9] key.

You can get a close starting value for the
amount of delay to remove by measuring the
distance from the speaker to the mike and
multiplying that value in feet by 0.886 (or
the value in meters by 2.91). The result is the
number of milliseconds it took for the signal
to reach the mike after it left the speaker. For
this to be valid (in the case of IMP and
LAUD), the measurement should be made
with a “*Cal” normalization from the signal at
the crossover input (in dual-channel mode
for LAUD).

You should also set the first time marker
to a placement of “1” before doing any
transformations, so that the time window
includes the entire time of flight. (For fur-
ther information about normalization, time
markers, windows, and measurement
devices, see the series of IMP articles in
Speaker Builder issues 1, 2, 3, 4, and 6 of
1993, the IMP Guide, or the Liberty
Audiosuite manual.)

I should again mention that for good
sound reproduction you probably do not
need such extremely uniform phase-response
or waveform-shape integrity. It is not unusu-
al to find that the phase curve of a very good
speaker straightens only over short portions
of the audio band and often away from 0°,
revealing a nonuniform delay. The degree of
phase distortion that is tolerable before it
affects audible sound quality is another sub-
ject altogether. »
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THE SPEAKER WORKS, INC.
1021 E. Camelback Rd.
Phoenix, AZ 85014
(602) 230-0344 FAX (602) 230-8533

QUALITY DANISH LOUDSPEAKERS

D19TD-05-08 %"
« High Loss Diaphram
» Magnetic Fluid
« High Power Version
« Good Dispersion

Specifications

Impedance ......... 8Q
Resonance ......... 1700Hz
Frequency Range ....3-20KHz
SPL1/W/1/M ....... 89DB
Power Handling . .... 80W
Voice Coil .......... 19mm
Magnet ............ 3.7 oz

$11.69 ea.

P17WJ-00-08 62"
e Also in 4 ohm
» Magnesium Basket
« Mineral Filled Polycone
« High Damping Surround
» Very Smooth Response

Specifications

impedance ......... 8Q2

Resonance ......... 37Hz

Frequency Range ....5000Hz

SPL1/W/1/M ....... 88DB

Power Handling . .... 120W

Qts ... . 0.35

Vas ...l 34.7 LTR

Voice Coil .......... 32mm 2
Magnet . ........... 14.6 oz. $33 93 ea

D25AG-35-06 1”
« Aluminium Diaphram
« Magnetic Fluid
¢ Double Chamber
« Flexible Voice Coil Braids

Specifications

Impedance ......... 6Q2

Resonance ......... 850Hz

Frequency Range . ... 1.5-35KHz

SPLT/W/1/M ....... 89DB

Power Handling . .. .. 100W

Voice Coil .......... 25mm

Magnet ............ 8.5 oz. $2600 ea.

P21W0-20-08 8”
« Magnesium Basket
« Mineral Filled Polycone
« High Temp Voice Coil

Specifications « Very Smooth Response

Impedance ......... 8Q
Resonance ......... 28Hz
Frequency Range .... 25-4000Hz
SPLT/W/1/M ....... 91DB
Power handling .. ... 150W

Qts ... 0.33

Vas ... 113 LTR
Voice Coil .......... 40mm
Magnet ............ 24.6 oz.

$47.52 ea.

SHIELDED

D19TD-03-08 3"
« High Loss Diaphram
« Additional Magnet
« Good Dispersion

Specifications
Impedance ........
Resonance ........
Frequency Range .
SPLTW/TM ... ...
Power Handling .. ..
Voice Coil .........

$13.40 ea.

M13SG-09-08 5”
« Magnetically Shielded
« Very Smooth Response
« High Damping Surround
« Paper Cone

ANY QUESTIONS? — CALL US $31 52 ea.
We accept VISA - Mastercard - Check — No C.O.D.
235 PAGE CATALOG $10.00 (USA only)

SPEAKERS

Specifications
Impedance ........ 8Q2
Resonance .........
Frequency Range .
SPLT/W/1/M ......
Power Handling ....
Qts ...
Vas .. ..o
Voice Coil .........
Magnet ...........




A MODEST-COST THREE-WAY
SPEAKER SYSTEM, PART 2

tthe end of Part | (SB 6/96), | spoke
Aof the design program we used 1o
give us the proportions and detailed
dimensions of the enclosures for our three-

way system. Now I'll continue with the actu-
al construction.

BOX CONSTRUCTION

Figure 26 shows side and front views of the
box. Note that width always refers to a mea-
surement from left to right, height from top
to bottom, and depth from front to back.
Note also that “box left” refers to the side of
the box on your left as you face its front—
the same as the position of the “left” speaker
of a stereo pair.

|.—8~35'—o||

[}
|

I._ — 78.9641—

l-—15.014"~ a—l

14.75%
']
toaan
©,
—of fe-374"
BOX
LEFT™ <, *RROHT
13
Ci:D

FIGURE 26: Front and side views of
enclosure.
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By G.R. Koonce and R.O. Wright

The front panel, back, midrange top,
midrange bottom, and bottom are all the
same width, so if you cut them all with the
same saw settings, the box will fit together
well even if you don’t quite achieve the
design width. This is what I call a construc-
tion-tolerant design!

I can’t carry or easily cut a full 4" x 8’
sheet of 34" particleboard, so 1 had the lum-
beryard cut it into 8"-long strips. With the
construction of four boxes in mind, I pur-
chased four sheets of the best particleboard
and had them cut each one into two strips
131" wide, with a strip about 21+ inches
wide left over. It should take less than two
sheets of particleboard and some additional
pieces of thinner material (for the crossover
packaging) to build a pair of these boxes.
Guides for designing

took this photo. You should install it after
assembling the sides to the front panel and
bottom. Photo 3 clearly shows that both the
woofer and midrange chambers have only
their sides parallel. It also indicates the very
tight tolerances needed on the midrange and
tweeter locations to ensure proper fitting of
the midrange top.

MAKING THE FRONT PANEL

The next step is to fabricate the front panel.
It is easy to get confused here: the end cut
at a 90° angle goes at the bottom, and the
back (interior) face of the panel is longer.
Figure 28 shows the front-panel layout with
all measurements from the bottom. so they
are true on both the back and front faces. If
your 2 X 2 is not 1.6” high by 1.5” deep,

your own box will be
shown in Part 3.

CONSTRUCTION
ORDER
I constructed the boxes
as follows, working on
all four at the same
time. Cut the pieces for
the front panel, back,
midrange top, midrange
bottom, and bottom all
to the same width.
Figure 27 shows the
dimensions of each
piece of the basic
enclosure. I initially
made the midrange top
about 4" 100 decp, and
also left the midrange
bottom long in depth,
with only one end cut at
an angle for later fit-
ting. I cut the cabinet
top and sides later to
ensure a better fit.
Photo 3 shows all the
final pieces sitting on a
side board to help you
visualize how the parts
fit together. The 2 x 2
had not been installed on
the front panel when 1

|0—8.35'—’1'
TOP [\ WIDTH=14.75"+ FOR SANDING

I‘—°-551'—":|\/15-

'4-—8.863"—.1
MIORANGE  [——————) wioTn-13.26"

}~—9~069ﬂ\/15-
/\ 30°
Ls.zar‘
T wiothe13.26"

MIORANGE T———————\ "5,

BOTTOM }__,MMﬂ\(

14.567~ -

.
[ 1
BOTTOM [ ] WIDTHx13.25" 1
14.768" o
L 15
fo— 20.217 -
BACK [ ] WIDTH=13.25"
. .
FRONT e | .
PANEL = ﬁ'\ WIDTH» 13.25 J
I 24.625*
15'\:1\/
NOTE : ~=| 3.822"
DO NOT CUT TOP AND SIDES INITIALLY [SEE TEXT) .
15.014"
1 M o
o — 27.944 |

FIGURE 27: Basic drawing of all pieces of %" particleboard in
cabinet.
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PHOTO 3: Basic layout of panels to con-
struct enclosure.

you will have to make some adjustment.

As noted near the end of Part 1, the tweet-
er position is raised 1/16” higher than on the
test front-panel design to prevent the back of
the rather deep SEAS tweeter from touching
the midrange top board. You should check
this tolerance later, and., if necessary, grind a
slight notch to prevent a possible rattle con-
dition. I did not need to do this on any of the
four boxes, but it is tight.

You must mark on the front panel the
positions of the three driver holes and of the
2 x 2. Also mark the positions of four nail
holes for attaching the midrange top, and
four more for affixing the 2 x 2. I assembled
my boxes with 1 5/8” tempered steel panel
nails (made by ELCO), which you cannot
drive into good particleboard without first
drilting holes for them (I used a #51 dnill).

If these nails bend. they easily break off,

- 13,25 ——ef
24626
| =y p——— — 24.424"
| — miDRANGE TOP
LOCATION
2.9DIA.
0.7765" gf ——— 18.9375"
} v N ] |- 17.4015"
— e ]—16.625"
$ 375"
DIA- — 4 14.625"
= ] —12.25"
2x2 LOCATION
- —10.65"
-7.0*
16— & oia.
—— 60"

BACK OF BOARD

FIGURE 28: Layout of front panel.

and since they are ridged,
they will tear up the parti-
cleboard if you try to pull
them out. If a nail breaks [
recommend you drive the
remainder in flush, then
drill and install a new nail
nearby. Drill the nail holes
for the 2 x 2 straight in (at
right angles to the surface),
but keep in mind that dow-
els fit into the 2 x 2, so
space the nails to avoid the
dowel holes (see Fig. 3/).

You must drill the nail
holes for the midrange top
at an angle of 15° to the
front-panel surface. (You
need to be able to drill
holes at 15° and 30° angles
for this project. See dnilling
jig in Photo 8 and discus-
sion later.) My experience has shown that
you get better accuracy if you drill the
angled holes from the side of the board that
mates with the other board. Start the drill
vertically to make a small dent (to prevent
the drill from walking along the board sur-
face); then set the board to the desired angle
and drill the hole.

DRIVER HOLES

Next, cut the driver holes using a circle cut-
ter (fly cutter) in the drill press. I do not
recess drivers into the front panel, as 1 feel it
weakens this critical mounting interface and
is not needed because of the front panel
treatment described later. Again, the tweeter
and midrange hole locations are quite criti-
cal. The tweeter hole must have notches for
the terminals, and space gets tight here,
because the Audax tweeter requires two
notches 180° apart, while the SEAS needs
one large notch. There is no room between
the tweeter hole and the midrange top board,
s0 you cannot put any of these notches at the
bottom of the hole.

You have to be careful here, or you won’t
be able to properly place the two sets of
screw holes needed, as the two tweeters
don’t have the same screw-hole centers.
Photo 4 shows back and front views of a
finished front panel. Mount the SEAS
tweeter rotated slightly counterclockwise
from having its top two screws on a hori-
zontal line, while you mount the Audax
rotated slightly clockwise, with the SEAS
notch serving as one of its notches, and the
opposing notch cut slightly above the center
line. Take plenty of time here. I recommend
making a cardboard template that fits both
tweeters and then transferring the dimen-
sions to the front panel.

1 cut the notches with a Roto Mite cutter

PHOTO 4: Front and rear views of front panel—bottom
assembly.

and its ¥4 solid carbide bit (#RZ250), both
available from Trendlines (American Legion
Hwy., Revere, MA 02151, 800-767-9999). 1
did the final fitting by hand filing to be sure
each tweeter type would fit into each front
panel. 1 drilled eight screw holes (#48) for
the two tweeter types, mounting them with
#6 x V27 sheet-metal screws, which I find
work better in the face of particleboard than
normal wood screws. Photo 4 shows the
arrangement of these eight holes.

With the hole sizes shown for the
midrange and woofer, it is necessary to file a
small chamfer on the front edge of each to
get the drivers to fit in flush with the front
panel. [ mounted both the midrange and
woofer with #8 x 5/8” sheet-metal screws
into #43 holes. The wire terminals tend to
restrict the rear of the cone, so 1 mounted
both drivers with the terminals facing the
top, which is the most restricted area of each
chamber. | believe the driver has to
“breathe™ on the back for the front to work
properly. so 1 always relieve the rear edge of
the driver mounting hole. For the sake of
maximum stiffness and mounting strength, 1
do not like to relieve too much material
behind the mounting screws and. thus.
relieve only the area not blocked by the dri-
ver frame. To do this, | set the midrange and
woofer into their holes and mark on the back
of the front panel the correct areas to relieve.

1 perform the reliefs with a router. For the
midrange-top relief, 1 used a 3/8”-radius bit,
but did not cut to full depth. You want to set
the bit so it will not cut into the area of the
front panel where the midrange top attaches.
For the other three midrange reliefs, I used
3/8” radius and full depth. The four woofer
reliefs were done with a Y2"-radius bit, but
not quite to full depth.

Photo 5 is the best picture 1 could get of
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Silver Streak is the ideal interconnect for all “up-scale” audio
applications. It will deliver years of exacting audio performance, that
gets you closer to the “being there” experience.

SilverStreak incorporates many advanced KIMBER KABLE technolo-
gies, as found in our most costly reference models. Proven tri-braid—
VariStrand™ cable geometry, advanced metallurgy and custom
Teflon™ dielectrics, synergistically combine to deliver superior per-
formance in a package that's modestly priced.

| PHOTO 5: Front panel reliefs on midrange
and woofer holes.

’ these reliefs. Building systems with small
| drivers over many years has shown me that
|
|
!

these reliefs are important to get the system
The heart of SilverStreak features to the maximum level of which the drivers

a single AG VariStrand™ con-

The heart of the balanced
SilverStreak features twin AG
VariStrand™ conductors, fabri-
cated from hyper-pure silver.

The ground glone is comprised
of a single TCSS conductor with
all Teflon™ dielectric.

Precision "studio grade” XLR
connectors for perfect fit and
peak performance.

ductor, fabricated from hyper-
pure silver.

The ground plane is comprised
of twin TCSS conductors with all
Teflon™

dielectrics.

UltraPlate™ RCA connectors fea-
ture precision machined crafts-
manship for perfect fit and peak
performance.

KIMBER KABLE

2752 S 1900 W e Ogden Utah 84401

| are capable, so please do not omit them,
even if you must file them by hand.

BOTTOM FABRICATION

The next step is to fabricate the bottom
| board. Note that the right-angle cut is at the
| front, and the upper face is the shorter one.
| Refer to Photo 3. Figure 29 shows the bot-
| tom-board layout. Mark the %” set-back of
| the front panel and mark and drill the nail
| holes to attach this board to the front panel.
Then mark the position of the port duct and
make the hole. My finished boxes indicate
that the diameter of the port duct could be
slightly larger (maybe '4”) than mine, but if
it’s too large, it will end up too close to the
back board when you tune the enclosures.
| Mating the front panel to the bottom
{ board seems simple to do, but my experience
| has shown this to be the most critical assem-
; bly of the entire box! You must fasten the
| front panel and the bottom exactly at right
l angles in two planes. Apply glue to the bot-

tom of the front panel and then clamp the

front to the bottom board using a C-clamp

hooked into the woofer hole. As shown on

- 14.768%
|—|'= 14,567~

gox | [+=—55°"
REAR

HOLE TO FIT ?UCT

POSITION BOX
OF BOTTOM FRONT
BRACE

13.25"

K

801-621-5530 * Fax 801-627-6980 .

. TOP OF BOARO
www.kimber.com

. 3

FIGURE 29: Layout of bottom board for
losure.
| end
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the left in Photo 4, verify with a carpenter’s
square that the front panel is truly at right
angles to the side of the bottom. Then nail
the two pieces together. By adjusting the
position of the C-clamp in the woofer hole,
you can “pull” the front panel so you're sure
it stands at right angles to the bottom board.
Then let this assembly dry.

FABRICATING THE SIDES

You can use the L-shaped front panel and
bottom assembly as a template to mark the
sides of the box on the wide strip left over
from cutting the particleboard sheets.
Figure 30 shows the basic layout of the side
boards. Cut out the side boards, making the
pairs the same size. even if the boxes are

slightly different. Then mark the position of

cach mating box part (inside and out) on
each side board.

Locate and drill the nail holes for the front
panel, bottom, midrange top. and back. This
includes a hole for a 2”7 (coated) sinker nail
(#46 drilly into the end of the 2 x 2 that you
will mount on the front panel. 1 did not at
this point drill the nail holes for the midrange
bottom or the braces that mate with the side.
as they are hand fitted and may not come out
exactly as shown in Fig. 30.

Now glue and fasten one side to the front
panel/bottom assembly with jusl a few nails

2%21{1.6" HIGH x
1.5" OEEP)

—_— 27,9442

NOTE: SHOWS ALL PIECES INTERFACING WITH SIOE
BOARDS. ALL ARE 3/4" THICK PARTICLE
BOARD EXCEPT 2x2.00 NOT DRILL SIDE
BRACE HOLES INITIALLY.

FIGURE 30: Layout of side board for
enclosure.

and verify that the back and midrange top
will fit properly. Next, glue the second side
and fix it in position with long wood clamps.
If the box stands properly without rocking.,
finish nailing the sides to the front panel and
bottom board. Drive all the nails in the sides
below flush so you can sand the boxes if you
wish; what you do will depend on how you
plan to apply a finish to the enclosures.

Ublo SELECYT

6’4" Fiberglass Cone Shielded Woofer

Woven Fiberglass Cone

*High Compliance Rubber Surround

*Rounded Over Front Steel Basket

*35Hz~10KHz Response

*8ohm, 40W/80W RMS/Peak Capacity

eMagnetically Shielded
for Home Theater Use
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"—13 14t

[ eo— — o 1.6"
AN kS “‘j k-
172" DIA. HOLE RARRKE I‘"
(@ 90" TO SURFACE

NOTE: MIORANGE BOTTOM BOARO COVERS =1.06" ON
2x 2 BACK FACE.

FIGURE 31:
front panel.

Details of 2 X 2 brace for

Figure 31 shows the details of preparing
the 2 x 2 braces for installation. Cut them so
they fit rather tightly and then install them.
Next, set in the midrange top. mark it, cut it
to proper depth, and drill the necessary nail
holes for attaching it to the back. Pass the
midrange wire (#18 Zip cord) through the
midrange top to the crossover (CO) area
behind the tweeter, choosing a place where
no nail from the side board will penetrate the
wire. | recommend placing the wire hole 3”
in from the back of the midrange top and 1”
in from its side. 1 had used a location in ¥2”
from the side; but, when I got to CO con-
struction, this position caused an interference
problem. I knot the wire on the inside and
seal it with lots of RTV.

Verifying that the back will fit properly
and that the midrange top mates at the correct

™ High Performance
Good Looks -
Great Price! '

Speaker
%UI’déf MCM Electronics is the undisputed leader for

supplying top quality speaker components at

Readers unbeatable prices. Take advantage of this

(0/;]|%l tremendous offer, available for a limited
time, only to Speaker Builder readers.
Call today to order; or for )
your free catalog . . .

1-800-543-4330

Authorized Original Parts Distributor
Panasonic
OQuasar / Technics

nen/@

Premier Distributor

85D CONGRESS PARK DR.
CENTERVILLE, OH 45459
A PREMIER FARNELL Company

@ MCM ELECTRONICS®

You must supply this
special price code:
#55-1640

Reg.’17.95....5ale 12 95

Hours: M~F 7 a.m.~ 9 p.m., Sat. 9a.m.~ 6 p.m. EST.

Fast delivery from distribution centers ¢
near Reno, NV and Dayton, DH. CODE:SB34
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Price effective November 12 through
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R A M E N

HIGH EFFICIENCY PURE RIBBON TWEETERS

ORCA is sincerely proud of introducing these exceptional high frequency transducers from France. The
RAVEN tweeter is a true ribbon tweeter, possibly the purest transducer available today. In a dome tweeter
the signal is carried through the voice coil wire, and the sound is radiated by the dome attached to the voice
coil. Here, the carrier of the electrical signal and the radiating diaphragm are one and the same part: the
ribbon itself. Furthermore, the RAVEN ribbon is 100% pure conductive material, no metalized film. To have
an idea of the high frequency performance of the RAVENS, imagine that the moving mass here is about 30
times less than a high quality dome tweeter. The music comes through effortless, almost immaterial. The
special and massive NeFeB magnet of the RAVEN:S is five times more powerful than a conventional magnet.
The result: the RAVEN R1 is capable of 118 dB peak with no measurable distortion (R2: 120 dB). At I0WRMS,
that is continuous power now, R1 reaches 105 dB with less than 1% distortion, and R2, 107 dB. The RAVENs
come with a specially designed matching transformer (very low distortion, low loss and wide bandwidth)
for optimum coupling with your power amplifier. Now look carefully at the decay of these units !

T S ————TTYTIT LT 1 . — RAVEN R1
Ao A H :. 21

Wwout:  RAUEN N1 _with transfornar ONGA TR KGS .I ]4

LBS 2.5

@2 x 80 mm
3631 3. S
Moving mass:
0.0061 g
0.0002 oz.
dB/W/m 95

2 KHz to 40 KHz

RAVEN R2

KGS 222

LBS 49

166 x 76 mm
6.54 x2.99in.
Moving mass:
0013 ¢g

0.0005 oz.
dB/W/m 98

2 KHz to 40 KHz

RAVEN TRANSDUCERS are distributed worldwide
exclusively by ORCA Design & Manufacturing Corp.
1531 Lookout Drive, Agoura, CA 91301 - USA

TEL (818) 707 1629 FAX (818) 991 3072

E-Mail: orcades @ aol.com

OEMs, stocking distributors and importers inquiries
welcome. Goods now in stock in America.




point with the front panel. fix the midrange
top in place. Install the wire as noted above,
leaving plenty of length each way.

SEAM FILLETS

[ advise that you fillet all seams in the con-
struction to ensure air-tight joints and pre-
vent edge buzzing or rattling. I have used
many substances for the fillets over the
years, but the best 1 have found is the same
glue (Titebond 11) T use for assembly. If the
joint is not tight, the glue will continue to
seep into it until it is. Drying and rechecking
takes a bit of time, but you should continue
to add a small bead of glue along the joints

until it hardens on top. verifying that the joint
is sealed.

In placing the glue fillets on the assem-
bled portions of the box, try to avoid arcas
where braces or other items will later be
installed. so you can fit them in more easily.
Pay special attention to the midrange cham-
ber, since you will soon close it up. and
reaching in through the midrange mounting
hole to fillet seams is difticult. When the box
is finished. be sure to fillet the seams on the
outside of the bottom and front panel.

FINISHING THE MIDRANGE CHAMBER
The next step is to fabricate the midrange

* CAR SPEAKER SYSTEM
* IN-WALL SPEAKER
* TWEETERS

Surface/Angle/Flush
Mounting Kits

® Best choice for cost saving effectively.
® Most professional manufacturer for speakers.
® Available for OEM design and free 1997 catalogues.

Forgings INDUSTRIAL CO., LTD.
P.O. BOX 1823, TAIPEI, TAIWAN, R.O.C.
TEL: 886-2-585-3316/7 FAX: 886-2-594-2708
ATTN: Ms. Su Lien

Pot-Light Style/Square In-Wall
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bottom board. At the front. this fits against
the back of the 2 x 2 brace, tlush with its top
edge, and against the midrange top just flush
with the back board. The front-to-rear A"
dowels will interfere with the midrange bot-
tom, so you must cut notches in the bottom
at the appropriate positions. Also, to attach
the midrange bottom to the 2 X 2, drill three
nail holes in the 45°-angle cut of the front
edge. making these holes perpendicular to
the plane of the cut edge. The rear of the
midrange bottom is not nailed until you
install the back.

Once you install the midrange bottom
board, you will no longer have access to the
midrange chamber. so the damping material
for that chamber must be fabricated before
you fasten in the bottom. I was worried
about strands of the fiberglass damping
material | use getting into the midrange dri-
ver via its vented magnet, so | wrapped all
the fiberglass mats for this area in old grille
cloth. See Photo 6 to clarify the following
description.

Tear 6” x 177 strips of (nominal) 3%2”
fiberglass into two equal half-thicknesses.
Placing two such strips side by side. wrap
them in grille cloth, creating a finished 127 x
177 mat. Sew the mat closed along the seam
and at each end with heavy thread. at one
end doubling the grille cloth over and sewing
it to make a lip four layers of cloth thick.

| This is the end you later staple to the front of

the midrange top board.

Next, make a cardboard template of the
side surface of the midrange chamber, and
from this a paper template for measuring the
cover of a full thickness 3%2” fiberglass mat
cut to fit the side. Then staple the large fiber-
glass mat to the front of the midrange top.
Photo 6 shows on the left an inverted box
with one of the side mats set in. The center
box shows the large mat stapled in place.
Now poke the midrange wire and the loose
end of the large mat through the midrange
hole to get them out of the way, and install
the midrange botton.

Use lots of glue on the sides, as it is
almost impossible to fillet the inside of
these seams through the midrange mounting
hole. Now drive the nails into the 2 x 2,
clamp the midrange bottom up tight against
the midrange top, verify that the back will
fit in properly, and then install the nails
through the sides. After the glue dries, fillet
the midrange-bottom seams, including the
one where it meets the midrange top. This
last fillet will require you to file clearance
on the inside top of the back board so it will
fit in properly.

When filleting the seam where the
midrange bottom mects the 2 x 2, you need
to avoid the holes and notches for the front-
to-back dowels. Now, working through the
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midrange mounting hole,
poke the large fiberglass
mat into proper position and
put some glue along the
lower front edge to keep it
in position. Then glue the
outer surfaces of the side
mats and push them into
position. The side mats
serve (o0 lock the large mat
into position. This finishes
the midrange chamber.

SIDE BRACES

The next step is to install the
braces that stiffen the top
(midrange bottom), bottom,
and sides of the woofer
chamber (Fig. 32 and Photo
7). To make the two side  mats.

braces and the back braces,

you can use the triangle-shaped sections cut
from the side boards to convert them from
rectangles to their final shape. The braces
will not be full width for their entire length,
but this is no problem. Install the bottom
brace first, ¥2” in front of the port hole and
perpendicular to the bottom board. Drill
holes and drive nails into this brace through
the bottom and sides. The remaining braces
do not mate with this one.

Fitting the side braces is painful hand
work. They do not have to be in the exact
position shown, but you don’t have a lot of
clearance between the side-to-side dowel
and the woofer magnet. The braces go in
vertically, parallel to the back. Once the side
braces are cut to fit and you’ve made the top
brace with the two #36 holes drilled. install
all three pieces, clamping the tops of the side
braces to the top brace. Then drill the two
#36 holes into the midrange bottom board,
mark the dowel location 10” up from the
bottom of the box, and mark the brace loca-
tions inside the box.

Now remove the pieces, drill the dowel
holes and the dowel clamping-block-attach-
ment screw holes, and put the through-bore
and countersink on the top brace. The flat
lrwin bits will drill the holes for these dow-
els in particleboard with no problem,
straight in or at an angle. These holes, about
1” deep. are at the interface of the brace and
the clamping block. Drill the necessary nail
holes in the box sides and then install all
three parts permanently, along with the %"
dowel (about 12” long) and the dowel
clamping blocks.

BACK BRACES

The back braces are a bear. Figure 33 shows
the dimensions, with the layout shown in
Photo 8. Put the dowels in the 2 x 2 and
mark the dowel-hole locations on the fitted
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PHOTO 6: Midrange box construction and damping

back brace—about 10 7/8” up from the
inside bottom edge of the boxes. Remember
that these dowel holes go in at a 15° angle.
Once you've finished the back braces and
dowel clamping blocks, cut the ¥2” dowels to
the proper length (about 8 11/16”) and
assemble all parts in the boxes.

Mark the positions where the braces fit
best on the midrange bottom and the box
bottom—about 3%4” from the inside edge of
the side boards. Drill nail holes in the bottom
board and toe-nail holes in the 30°-cut faces
of the back braces at the top. Then install
both back braces. making sure they will sit
tightly against the back board when it is
installed. Be sure to drive the toe-nails at the
top in flush so the back will fit. Also, file

PHOTO 7: Woofer box side-bracing parts.

grooves along the sides of the ¥2” dowels
where they go into the 2 x 2, so glue will not
prevent their insertion.

After the glue has dried, fit the back board
in temporarily. I did not think 1 could support
the back braces sufficiently to drive nails
into them, so | drilled three holes for #6 x
1V2” flat-head particleboard screws in each
side of the back. You should also mark the
back for nails into the bottom board (angled
up at 15°) and into the midrange bottom
board (down 30°), being careful to avoid
existing nail locations.

Photo 8 shows an upright and an inverted
box with the back braces installed. Also
shown at the left front of the picture is the
15° drilling jig for the drill press. The remov-

30° f ———13.25% —

[} | a ) ]
1.75" IE:'\——F 0" "
Uy | i I

TOP BRACE—r o—li'——’l\'®"/ L.- Prae

SIDE BRACE —w

3/4" DOWEL ABOUT o
12" LONG

10" FROM
CABINET BOTTOM

TOWARD FRONT —»

NOTES: (T)DRILL INITIALLY #36.IN FINAL PREPARATION DRILL TO #12 AND
COUNTERSINK FOR # 8 x 2* FLAT HEAD PARTICLE BOARD SCREW.

(@) INITIAL DRILL #36. DRILL CLAMP BLOCK #13 AND COUNTERSINK
FOR #8x 11/4" FLAT HEAD PARTICLE BOARD SCREWS.

(3)3/4* HOLES FOR DOWEL DRILLED APPROXIMATELY 1" DEEP.

@SIDE BRACES CUT TO FIT: OVERALL LENGTH IS ABOUT 14" SO START
LONGER. IF BRACE NOT FULL WIDTH FOR ENTIRE LENGTH PUT NARROW

END AT TOP.

FIGURE 32: Details of all pieces involved in side bracing woofer box.




PHOTO 8: Woofer box back braces and damp-

ing material.

able dowel across the top of the jig allows
drilling at 30° when the board is properly
positioned. Also shown is a back board with
the wire installed on the cabinet’s left side.
down 3” from the top of the board and in 1”
from the side.

tom brace, behind the bottom brace.
and outside the back braces, but here
stopping about 2” from the back of the
box. This leaves the port area clear.
and the gap at the rear allows room to
place fiberglass on the back.

Cover each side with nominal 3%2”
fiberglass both in front of and behind
the side braces, but again leave about
2” from the cabinet rear uncovered.

At the top of the woofer box. cover
the bottom side of the 2 x 2 with %"
fiberglass, wrapping it around the 2 x
2 up over to the dowel area. (This
fiberglass is really ¥2” thick and is sold
as wrap-around insulation for pipes.)
Then use the nominal 32" fiberglass
from the 2 x 2 1o the top brace and
from that brace back to 2” from the
cabinet rear. Cover the fiberglass from
the top brace to the front panel with
grille cloth to keep fibers from getting into
the woofer.

The right side of Photo 8 shows the box
at this point of construction. Next, cut three
strips of fiberglass to

board and nail and screw it in. (Don’t forget
the woofer wire before you install the back.)

With the box on its back, reach in through
the woofer hole and fillet the inside back
seams (the back is later filleted on the out-
side also). With the interior fillets done.
install the Jast three strips of fiberglass
through the woofer hole, poking them under
the existing fiberglass on the sides. top. and
bottom to hold them in place while the glue
sets. (I initially used rubber cement to glue
the fiberglass, but we discovered it came
loose when the boxes were shipped. You
should use a stronger glue or, alternatively.
the approach described by R.O. Wright in
Part 3.)

CROSSOVER PARTS

At this point. the box is complete except for
the CO parts and the top board. Figure 34
shows the dimensions of the parts for the
Zobel board, and Fig. 35 the parts 10 fabri-
cate the CO board. The two 15/16” holes in
the rear of the Zobel board (Fig. 34) serve as
finger holes to permit handling and to allow

cover the back board IR ET

~15/16" D

(avoiding the back TOF | o |
THE WOOFER BOX braces). but do not [ ..f p— i 578" PARTICLE t
We were unable at the time to obtain a sec-  install them yet. T Soss ¢ o | 18"
ond pair of woofers. so from this point con-  Now drill the need- _L
struction continues on only two boxes. Line  ed holes in the back L—z '—-40—2— |
- Cwith e e ) i — 5 \ |
the woofer boxes with hber.gla.s.s .l.s.tollow.s'.’ board, . mclfjdmg ) NOTCH PO ———— ,
Cover the bottom board with nominal 32"  countersinks for the LK .
fiberglass in three areas: in front of the bot-  screw holes. glue the
N -
Q
_ 1 - & 1.85" . “
- 3 30° BOX S 78"R
\ } RIGHT }— )
e BRACE .
LOCATION 4.8
— je—1.375"
_f — 172" PLYWOOD
5+ ° BOTTOM VIEW
SIDE BOX ] esr =
RIGHT F ¢ o] 15
Sl ABOUT 10.875" —)
" " 1 Sl " PARTICLE TWEETER TERMINAL
31/ j@ 22 5.25 o 10 BOARD STRIP BLOCK
) ¥
— 378" 2.75%
¥ H | J—1715 "l “I“ I‘— "]
REAR VIEW i e 3.2% __]
je—— 2.1 —
T i CLAMP BLOCK a1t ,I ‘5'
. 0o 172" DOWEL FROM 2x2 (2) f VDO
l 1.375 L STIFFENER BRACE

NOTES: (1) FINISHED BRACE ABOUT 18.5" LONG SO START LONGER.
172" HOLE ABOUT 1" DEEP AT BRACE /CLAMP BLOCK

INTERFACE AND UP AT 15°

FIGURE 33: Details of all pieces involved in back bracing woofer

box.

#8x1.25" FH PARTICLE BOARD
SCREWS (THREAD HOLE: #36

3 HOLES- 1/72"D
I.—To FIT 24— .l

VIEW FROM BOX LEFT- SEE PHOTO 10

S TWEETER
PASS HOLE:= #13) TERMINAL
D OO0 \§ M
\_ STIFFENER BRACE
L-PAD

ASSEMBLY GLUED AND NAILED TOGETHER

board.

FIGURE 34: Details of all pieces used to construct the Zobel
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air flow, as this board holds several resistors.
Do not omit these “finger” holes or the holes
shown in the Zobel-board stiffener.

Photo 9 shows the pieces of the boards.
At the right front are the three pieces that
build the Zobel board (I added a fourth
stiffener piece later), and at center front are

Lr— —13 )/8'—-.1

115" | —RETAINING SCREWS TOP
—0

[ 5/8" PARTICLEBOARD
(HORIZONTAL BOARD)

485"
NEED 2 PER BOX
-] -]
100" |3

t L—o.ss' L
I

-}

3/8" RADIUS CUT INSIDE AND OUT
AT TOP AND BOTTOM

12 7/8'——%1

5/8" PARTICLEBDARD [
({HORIZONTAL BDARD) 5.6"
NEED 2 PER BOX l

TOoP
ASSEMBLED VIA GLUE AND
\ [} BRASS SCREWS (SEE PHOTON
2.05"
t

F

FIGURE 35: Details of all pieces used to
construct the crossover boards.

the two pieces that form the
T-shaped CO board, of
which two are needed per
box. On the left are finished
Zobel and CO boards, with
the only components mount-
ed being the L-pad and
tweeter terminal strip on the
Zobel board.

The E-shaped pieces (Fig.
36) are screwed to the enclo-
sure sides to hold the boards
as shown in the box at the
right rear of the photo. Note
the foam tape covering the
groove faces. The box at the
left rear shows how it appears
with the boards installed.

TIGHT QUARTERS

The approach does provide easy access to
the tweeter L-pad and a quick and conve-
nient way to change the tweeter and CO. If
the distance from the upper surface of the
midrange top to the upper edges of the sides
is not at least 6.9”, you may never get the
COs packed in this area and should use a
different approach. Even with 6.9” avail-
able, the space was so tight that I was forced
to make the horizontal portion of the Zobel
board out of Y2"-thick plywood rather than

PHOTO 9: Pieces used to package and mount crossovers.

5/8” particleboard. The plywood was then
so lively that I added a stiffener from the
vertical board to the small block for the
tweeter terminal strip to damp the board so
it would not ring.

After fabricating the parts needed for
packaging the COs, cover the slide grooves
in the E-shaped holders with 1/16” single-
sided foam tape, including the front edge of
the short (bottom) E leg. Place additional
foam tape on the inside faces of the vertical
boards, on both the Zobel and CO, to make

Loudspeakers, Drivers, Horns, Tweeters, Crossovers, Hardware, Connectors... and much, much more!
Image delivers virtually every component for the speaker builder.
See for yourself. Call or FAX for your FREE catalog today!

5235 W. 65th Street » Unit D » Bedford Park. IL 60638
1-800-552-1639 « Phone (708) 563-4950 » FAX (708) 563-4956
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Diaphragms and Recone Kits
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Recone Kits

McCauley

Loudspeakers & Drivers,

Acoustician

Drivers, Horns, Tweeters,
Diaphragms & Crossovers
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Audio
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INTRODUCING

Peak Instrument Go.

THE
WOOFER
TESTER"™

QUICKLY AND
ACCURATELY :

MEASURES: X NS UNBELIEVABLE
Fs, Qwms, QEs, INTRODUCTORY OFFER!

Qins; MaS, Ble, < o5

SPL @ 1W/1m, $19925
Mmd, Cm, and Rm PLUS SHIPPING
IN MINUTES! #SB-390-800

Peak Instrument Company proudly introduces “The Woofer
Tester”. Just ask any loudspeaker engineer, and they will tell that

the only way to design enclosures of the correct size and tuning ¢ 30 DAY
is to measure the Thiele-Small parameters for the actual drivers MONEY BACK
to be used. The reason? Manufacturers' published specs can be GUARANTEE

off by as much as 50%! But until now, measuring the parameters

yourself required expensive test equipment and tedious calcula-

tions, or super expensive measurement systems ($1,200 to ¢ 1YEAR
$20,000). The Woofer Tester changes all that. Finally, a cost WARRANTY
effective, yet extremely accurate way to derive Thiele-Small

parameters, in only minutes! The Woofer Tester is a combination

hardware and software system that will run on any IBM compat- ¢ SAME DAY
ible computer that has EGA or better graphics capability and an SHIPPING
RS232 serial port. The Woofer Tester will generate the following

parameters. Raw driver data: Fs, Qums, Qes, Qrs, Vas, BL, SPL &~ ~

@ 1W/1m, Mmd, Cm, and Rm. Sealed box data: Fsb and sys- Cc 41 &

tem Q. Vented box data: Fsb, ha, alpha, and Q loss. The Woofer
Tester system includes hardware, test leads, serial cable, AC wall
adaptor, detailed instructions, and software. Distributed exclu-
sively by Parts Express, Dayton, OH.

Parts CALL TOLL FREE

XPTeS= 1-800-338-0531
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sure there will be no contact between parti-
cleboard pieces to cause a buzz problem:
this is clearly visible in Photo 9. Then
clamp the E-shaped pieces into position on
the box sides and verify that the boards fit
without interference.

Finally, screw the E-shaped mounts into
the sides. This violates one of my basic rules,
as they were not glued or filleted, so a poten-
tial for buzzing existed. | wanted to be able
to move them if need be, and if a buzz result-
ed, I planned to reinstall them with a thin
sheet of damping material clamped between
them and the cabinet sides. No problem
developed here, however.

FINISHING THE BOX
You can now cut out the top board, making
it a bit wider than the measured dimension
so you can sand it smooth. Drill holes for
nailing the top to the sides and front panel (at
15° angle), then glue and nail it on and fillet
it on the inside. Drive the nails in to below
flush. The construction is now complete.
Now, you should do whatever is needed to
finish the box. I sanded the outside faces and
painted the bottom diffuser area with flat
black paint.

Builders have finished boxes of this type
by painting them. veneering them, laminat-
ing them with Formica”. or wrapping them

with stick-on vinyl. As for grille cloth, this
design intends for you to staple it right on the
front of the box and cover the staples with
thin trim strips. but this would prevent tweet-
er changes. If you want to be able to change
the tweeter. you can fasten the grille cloth to
a very shallow removable frame.

Also, if you object to the exposed particle-
board edges at the bottom, you can install a
bottom board. 1 have experienced no sonic
change with this, but it makes future retuning
of the woofer very difficult unless the board
is removable or contains a hole aligned with
the port.

DRIVER INSTALLATION

Solder the woofer and midrange to the prein-
stalled wires and fix them in place using
Moretite putty-like material to obtain an air-
tight seal. These drivers are then removable
in case you want to play with the damping
material in their chambers. To the tweeter,
solder wires of sufficient length to allow it to
sit on the top of the box and still be connect-
ed 1o the terminal strip on the front edge of
the Zobel board. These pigtails should termi-
nate in space lugs, as you will not want to
have to remove the terminal-strip screws to
change tweeters. The tweeters do not need
an air-tight seal to the front panel, so you can
install them dry.

6.125"
5.2%
6.6"

MOUNTING BOARD
3/4" PARTICLE BOARD
{NEED 2 PER BOX

4.75"
4.33" o S —t
3.95"—
1"D

3/4"0
1.93"—
1.55" . -
1.23"

0 REF | ; !
OREF  1.35" 575" 7.875"
OREF 6" 15" 5" 5.5"
[ I
J__Oﬁ_)o s
0.8" I
= )
10" | | MOUNTING SCREWS
¥ | g} anooowes s
05" [C e
U RAO)
e 6"'.—
—e 15"
4.5"

NOTES: () 3/4" LONG 1/4” DIAMETER DOWELS
GLUED IN TO ACCEPT RETAINING SCREWS.

(@ SLIDE GROOVES COVERED WITH FOAM TAPE
{SEE PHOTO 9 AND TEXT }

FIGURE 36: Details of the E-shaped pieces.
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ISBN 1-8825-8010-9. BKAA2-V $34.95 (ship-

‘l ping weight- 2 Ibs.)

OLD COLONLY SOUND LABORATORY

g PO Box 243, Dept. B96 * Peterborough NH 03458 « USA
FAX 603-924-9467

Email: audiotech @top.monad.net

From the editor of VOICE CO"., Vance Dickason...
two of the most comprehensive books on loudspeakers ever produced. From an extensive primer on loud-
speakers to the advanced techniques for using computer-aided design, these two volumes provide powerful tools
for those wishing to build technically outstanding, satisfying loudspeaker systems.

Loudspeaker Recipes:
Book One

Computer-aided speaker design
techniques for four two-way systems as
examples of any system you wish to
design. Dickason identifies issues, explores
compromises, rationalizes

solutions in real projects. Valuable insight
even if you don't use CAD. Softcover,
1994, 112 pp., 8.5 X 11, ISBN 1-8825-
8004-4. BKAA30 $24.95 (shipping

weight- 2Ibs.)

We accept checks in US$ drawn on a US bank

oy Pant - —Descrption __ Price@w@'— Visa Mastercard Discover American Express
- B r o ¢ SFppmgi Table (Based on total shipping weightﬁ itAeasﬂred):
) ) S ) ; — | $ Domestic Canada Overseas
Name — - - ublotal | Wt in Lbs. (UPS Ground) (Al (Surface) (Air)
i I Shipping® ! |13 $5.00 $850 $11.00 $23.00
Street ; B | |46 $5.50 $1250 $17.00  $39.00
Cy * ST Code * | Handiing | $ 2.00 9 $6.00 $16.00 $23.00  $56.00
_ _ _ i = — — :10-12 $7.00 $2000 $29.00 $68.00
carette B e | Total Order | $ |20+ Call for a quote. ]
TEL or FAX Today's Date
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PERFORMER'’S AUDIO, the magazine
for music performers, is designed to meet musicians’ electronic
needs. Unlike other music magazines, Performer’s Audio tackles the nitty-gritty of performance audio is-

sues. Whether you perform in public and/or record your own music, Performer’s Audio will make you sound
better. You'll discover how to get the most out of every piece of your equipment, optimizing the audio perfor-
mance of your system.

You'll find it all in the pages of Performer’s Audio: mikes, preamps, speakers, studio consoles, portable
mixers, instruments and stage gear. If it contains electronics, it'll be covered here.




PERFORMER’'S AUDIO WILL UNCOVER the
guts of your electronic equipment, walking you through the steps
it takes to improve vour sound—Irom the power supply to the
cabling system to the amps and mikes to the speakers, mixers
and recording gear.
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IF YOU'RE SEARCHING for information on tube-
driven or solid-state musical gear, or if you need software for scor-
ing and arranging compositions or the latest on acoustic or test-
ing applications, Performer’s Audio wil! bring you state-of-the-

art designs and mods to meet all of your performance needs.

¥~

You'll find articles written . . .

1 for performers

1 by performers...

who understand your technical needs — both on { the stage

and in the studio.

I BUILD-IT-YOURSELF PROJECTS IDESIGN MODIFICATION . .
] Amps & Preamps troubleshooting and repairs of your
¥ synthesizers equipment
l Signlal Processorts iTIPs .. . on getting the most out of N
Drum Machines your tube amplifier ;
! Digitizers AND MORE!!! on
§ ALL projects include . . . schematics, . . . parts lists, IPRACTICAL MEAKS ... totun
. tube selections . . . AND assembly instructions your sleeper amp into a great-sound-
ing unit
NFIELD-TESTED DESIGNS . . . that rival more expen-
Sy d ke L a BSIMPLE TRICKS . . tios and tutori-

BCIRCUIT & WIRING SCHEMES .

your system’s performance

WHO SHOULD

als for better equipment performance

. that will boost

BMODS of stock guitar amps

BE READING

PERFORMER'S AUDIO?

! Sound Engineers 0 Music Directors [ Enthusiasts
I Serious Musicians
I Vintage-Amp Lovers

I Beginning Performers
I Weekend Warriors

! Recreational Musicians
l Music “Techies”
! Club Band Members

If you're on this list, PERFORMER'S AUDIO is your NEW magazine!
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BY now you cai

It’'s for musicians like you who derive satisfaction and enjoyment
from tackling a project from start to finish. It's for helping you
whether you're upgrading your equipment, modifying a circuit or
just trying to understand what’s behind your best performance

) ? . c .
. e That e Ty iy
all SEE Thnas PERFORMER S AUDIO 0 TOr
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s Mo sntivre o lbss
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sound. It’s a practical guide to working with every piece of equip-
ment you own—rfo get you the best possible sound without spend-
ing a small fortune. Performer’s Audio emphasizes “how to build”
as well as “how to buy” with savvy!

I a ke th e pl u n Se into the truly satisfying world of great electronic gear.

I send for your premiere issue of PERFORMER’S AUDIO and he ready to take your performance to new heights.

I FAN OF Maii-in the form below to reserve your premiere issue of PERFORMER’S AUDIO . we'll enter your charter

subscription at the low rate of $19.97 for one year (that’s six issues). You'll save over 15% off the newsstand price and you'll be sure to
receive each issue as soon as it’s published.

Don't miss the EXCITING FIRST ISSUE! Subjects include:

B Buito A 60W Guitar Amp © Roabp WARRIOR Tips TO PrOTECT YOUR GEAR
CHOOSE THE RIGHT MONITORS FOR THE STAGE |l GUITAR AMP Mops: WHy SiNGLE-ENDED [s BETTER
B RecAPTURING VINTAGE Sounp - How PerRFORMANCE SPEAKERS WORK

FOR ADVERTISING RATES, SCHEDULES & INFORMATION CONTACT PETER WOSTREL AT 1-800-524-9464.

YES! Enter my charter subscription to PERFORMER’S AUDIO at the low introductory rate of
$19.97 for 1 year (six issues). When the invoice comes, I'll pay it and continue to receive issues or if
I decide it's not for me, I'll write “cancel” on the invoice and return it. I'm under no further obligation
and my satisfaction is guaranteed!

SAVE ME MORE $59 Sign me up for the two-year introductory rate of $34.97 (12 issues). Il
save over 25% off the newsstand price! I'll receive the same guarantee of satisfaction.

CANADA / MEXICO: ADD $6 PER YEAR.
OVERSEAS RATES: $32, 1 YR; $56, 2 YRS.

NAME

STREET & NO

ary STATE zp

COUNTRY
mn DMERC PERFORMER’S AUDIO
e v 9 1o Jatd PO Box 876
GO Lol 1at]]

Peterborough, NH
03458-0876 USA.
Phone: 603-924-9464
Fax: 603-924-9467

PERFORMER’S AUDIO, PO Box 876, Peterborough, NH 03458-0876 USA.
Phone: 603-924-9464 Fax: 603-924-9467
E-mail: audiotech@top.monad.net

VISIT OUR WEB SITE AT www.audioxpress.com!



Design Your Listening Room
With Software From

AIRR (Anechoic in
Room Response)
SoundBlaster Sound
Card Speaker
Response Software
Julian ). Bunn

NEW FROM SWITZER-
LAND! AIRR is a program
that offers a cheap alterna-

tive to loudspeaker measure-

ment for owners of PCs
equipped with a
SoundBlaster™ or
compatible sound card.
Based on the principle of
pulse generation of the
loudspeaker followed by
Fast Fourier Analysis, AIRR
features full color real-time
plotting of both the
digitized pulse received by
the microphone and the
frequency response of the
loudspeaker system. The
AIRR display itself can be
“captured” into a PC
Paintbrush (PCX) file, which
mav then be inclhuded as
graphics in a document.

The AIRR software includes
operating instructions com-
bined with on-line help and
a sample file containing
microphone response data.
AIRR requires a PC
equipped with a
SoundBlaster 16 soundcard
(or rump;uihlc); VGA
screen with at least 640 x
480 resolution; microphone
(usually supplied with the
sound card, althongh a cali-
brated microphone such as
Old Colony’s Mitey Mike is
often desired); and loud-
speaker to test, Math
coprocessor not required,
Shipping weight: 11b,
SOF-AIR

$49.95

SOF-AIRDEM

Demo Only

$5.00

Modes For Your Abodes
Joseph Saluzzi

This unique program helps acousticians and audiophiles in
designing listening rooms or better understanding a room’s
sonic character. MODES is a menu-driven, user-friendly pro-
gram that rapidly generates and prints out axial, tangential,
and oblique modes, as well as predicts axial coincidences.

Its database summary screen provides a convenient, rapid
means of mnning multiple calculations and comparing many

room sets. Supports standard text printing. IBM PC oy compat-

ible, MS-DOS
5.0+, 604K RAM, IMb free disk space.

From SR 6/92, 1-2/93,

Article reprints inchided. Shipping weight-cach version-1 1b.
SOF-ABO

bOS

SOF-ABO!

Requires Windows 3.1+
SOF-ABO2

Requires Windows 95

$25.00
$49.95

$49.95

Visual Ears Software for Windows - KB
Acoustics

Visual Fars allows the audio ¢nthusiast to enhance
system perl'(n‘man(‘e by minimizing standing wave and
boundary reflection pmblcms with proper speaker and
listener placement. In most cases, room problems can be
reduced to satisfactory levels, at a prime listening position,
without resorting 1o obtrusive acoustical control devices. The
program features many enhancements:
* Slanted or Cathedral Ceilings.
* Drag and Drop for the listener and speakers.
* Supports Woofer/Satellite systems and considers

the crossover.
* Supports 3 Way systems and considers the crossover.
* Provides 1/3 octave averaging.
* Uses high speed 32-bit algorithins written in C.
* Models systen low Irequency roll-oft.
* Saves multiple set-ups in a single file.
* A multiple file capability is useful for dealers

who are setting up customers' roomns.
* Operates in cither Imperial or Metric mode.
Requires Windows 3.1 or 93, VGA monitor and mouse.
Shipping weight: 1 b,

SOF-VER $89.95

The Listening Room For IBM
Sitting Duck Software

This interesting program predicts standing wave modes in
small rooms and is designed for positioning speakers—and
the listener-in such a way as to minimize standing wave
effects and other room-generated influences. It allows for a
full range of speaker and listener movement in 3D space
and continuously updates a standing wave Pressure versus
Frequency display.

IBM 256K RAM; DOS 211+ CGA, EGA,
VGA, or Hercules graphics required.
Shipping weight: 1 1b.

SOF-TLRI $47.50

The Listening Room For MAC
Sitting Duck Software

Like the popular PC version, this program for the
Macintosh allows you to interactively position listener and
speakers in your listening room, although this is now
accomplished using the Macintosh “dragging” graphics
technique. The program actively displays the magnitudes
of standing waves, as well as the effects of (now up to 12:4)
early reflections on the direct response. Several features
have been added, notably local optimization of listener
and/or speaker pusiliuns to maximize, minimize, or
smooth the standing wave patterns. This MAC version also
enables you to model the woofer low frequency limit and
slope. and produces high-resolution output including multi-
ple graph overlays. Requires 512k RAM. Shipping weight:
11b.

SOF-TLR2 $67.95

U Yes! Please send me

*Shipping

$_2.00

Handling NAME
Total Order $
Rest of World STREET

Waeight in Lbs. Domestic (UPS)  Canada (Air) Surface Air

1-3 $500 $ 8.50 $11.00 $23.00 ¢TY STATE ZIPCODE
4.6 %550 $12.50 $17.00 _ $39.00

OLD COLONY SOUND LABORATORY Mcnvisapiscover # EXPIRE
PO Box 243, Dept. B96
TEUFAX TODAY'S DATE |

Peterborough NH 03458 USA

Tels. 603-924-6371, 603-924-6526 Fax 603-924-9467 « Mastercard « Visa - American Express « Discover « Check or Money Order in US Funds Drawn on US Bank «
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WOOFER R1 PIGTAIL

PIGTAIL TO 7 FROM

CO BOARD WOOFER
ﬂ

R4 TWEETER
(— TERMINAL
7 STRIP
o
+ IN| 8 OHM JouT] "
L-PAD
TWEETER LP1 R6
PIGTAIL TO 10
CO BQARD COM RS _O
- 60

T'°“"[

FIGURE 37: Schematic for components
packaged on Zobel board.

WOOFER TUNING

Next, tune the woofer. Start with a duct
tube 8” long and proceed to cut it off until
you obtain the desired impedance-curve
minimum (f ), assuming this should match
the computed box-tuned frequency (f}).
Remember to stand the box up on the floor
when checking the tuning; standing it near
the edge of a workbench will not yield the
correct results.

For my woofer A, the desired f, was
38.6Hz, and the final duct was 5%” long. For
wooter B, the values were f = 37.6Hz and
length = 6.0”. If you do not plan to measure
your drivers to establish an {_ value. I would
go with a 3”-diameter duct about 5.5” long.
(The second pair of boxes with the newer
woofers required 3”-diameter ducts of 6'2”
and 6%” length and | now recommend a
length in this range.) Note that setting f_ typ-
ically does not result in quite the desired
(same) f,,.

The system performance just does not

TABLE 4

ZOBEL BOARD PARTS

(All capacitors are plastic-film units of 100V or greater.)

UNIT VALUE HOW PART WAS IMPLEMENTED

C9  30pF Parallel 10 + 10+ 10

C10  6uF Parallel 5.6 + .47 (selected)

C11 1pF 1uF selected

R1 7Q 5Q @ 10W series 22 @ 11W

R2 47Q 472 @ 5W

R3  10Q2 102 @ 7TW

R4 7Q 3Q @ 5W series 402 @ 5W

RS 602 47€2 @ 5W series 15€2 @ 10W
(selected)

R6 1002 102 @ TW

LP1  8Q L-pad marked 15W, 1.64” diameter,
%" threaded mounting collar.

TS1  2terminal  Terminal barrier stip—#5 screws,

overall 1.4” long x 0.85” wide.
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change that quickly with small
tuning variations, which is good.
since environmental variations
will move the tuning around any-
how. If you insist on spikes on the
bottom of the box, they should be
in place during the tuning process.
I have no idea whether they
would affect the sound. as I have

never tried lifting the diffuser off
the floor.

DAMPING THE FRONT
PANEL

The %4”-deep grille frame and cov-
ering grille cloth can have adverse
effects on the clarity of the sys-

TS2
L1
+ e ©)
WOOFER INPUT  1.64mH
PIGTAIL
C1 43.8uF
+ T
il ©
MID-TWEETER
INPUT PIGTAIL L2
00 O
- 0.239mH
c2
I ©,
6.64uF

FIGURE 38: Schematic for components packaged on
first-order crossover board.

tem’s high-frequency response;

detailed discussion and test results .

will be shown in Part 3. Covering

the front panel with damping BIGTC)

WOOFER
INPUT

material greatly reduces these
effects and removes the need to
attempt to set the drivers flush into
the front panel. I, thus. cover the
front panel with ¥2” fiberglass, the
6”-wide kind made for wrapping
pipes. Photo 12 shows a front
view of the enclosure with this
covering.

TWEETER
INPUT
PIGTAIL

ZOBEL-BOARD PACKING

At this point in construction. the
box could be played. so I bread-
boarded the COs and tried them. |

.
MIDRANGE-"

NGE

TS5
c7 cs
————0
4.95uF 12.1uF
L8}
0.178mH
H

O
"MEETER

FIGURE 39: Schematic for components packaged on
third-order crossover board.

was happy with the sound; no
changes were needed in the CO values devel-
oped via the baffle and breadboard tests.

Wanting to proceed slowly. I packed only
the Zobel-board components. Figure 37
shows the schematic for the Zobel board,
and Table 4 lists the component values.
Photo 10 shows the layout I used in trying to
maintain minimum inductance in the wiring.
The pigtails should be long enough to allow
pulling the CO board all the way out when
they are attached. The pigtails end in termi-
nal lugs for attachment to the barrier terminal
strips on the CO boards. I used spade lugs so
I could disconnect the wires without remov-
ing the terminal-board screws.

I played the systems with the installed
Zobel boards and the COs still in breadboard
fashion. I could detect no difference in the
sound quality. Note that a notch must be
filed in the bottom edge of the Zobel board’s
vertical face to allow clearance for the
woofer wire. | soldered the woofer and
midrange wires directly to the Zobel board,
as there is no reason to make it removable.

CROSSOVER BOARDS
Next, I packaged the two CO boards for each
system. Figures 38 and 39 are, respectively,

the first- and third-order CO-board schemat-
ics, and Table 5 lists the component values
for both. I used large film capacitors for
these COs for two reasons: | wanted to be
sure there was enough room for others to
build the CO, and I thought from past experi-
ence that the systems sound better with the
physically larger capacitors.

Photo 11 shows the top and bottom views
of the two CO boards. The black stripe on
the mounting board indicates the top of the
structure. The first-order CO is easy to pack-
age, and | mounted all components on the
top of the horizontal board to keep them as
far as possible from the tweeter and the
large metal shell of the L-pad. I used a sin-
gle six-terminal barrier strip for this CO
board to provide terminations for the three
pigtails from the Zobel board. | used two
input pigtails, one feeding the woofer and
the other the midrange and tweeter to allow
biwiring if desired. The length of these pig-
tails depends on where you plan to locate
the amplifier input terminals.

Again, 1 recommend minimum-induc-
tance wiring practice; see SB 5/90, p. 26, for
information on this. Remember that with the
first-order CO the midrange is wired so that




when the pigtail is connected, the midrange
polarity is inverted.

The third-order CO board is a bear. |
spaced the coils as best | could to keep them
away from the coils on the opposite side,
from the tweeter, and from the L-pad on the
Zobe! board right below the CO board. With
the large film capacitors, this board gets full.
The woofer LP and tweeter HP are on the
bottom of the board, and the midrange BP
occupies the top. Again, use minimum-
inductance wiring practices and the two
input pigtails. The pigtails from the Zobel
board terminate on three individual two-ter-
minal barrier strips, the woofer and tweeter
on the bottom and the midrange on the top.

CROSSOVER PROBLEMS

The first-order CO board was installed, and
there was no change in the sound as far as 1
could determine. That was not the case when
I tried the third-order CO board. I noticed a
slight increase in sibilance, generally caused
by an excess of energy in the 4kHz range,
which is the upper CO frequency. Certainly
the speakers were not perfect before this, but
I believe | heard a change, and I now pre-
ferred the sound with the tweeters set about
1dB lower in level.

I examined and measured the third-order
CO boards, but all components were correct
and were the same ones used in the bread-
boarded CO listening. ROW reports that
coil crosstalk will cause the etfect observed,
and this may indeed be the problem, but I

PHOTO 10: Bottom view of finished Zobel
board.

have measured side-by-side ferrite bobbin
core coils and found them rather immune to
this. I tried sliding the CO board back to see
if the L-pad was interacting with a coil
(these coils are more sensitive to interaction
with items off the end than off the side), but
that made no difterence. | pursued the mys-
tery no further.

For the best sound, | recommend that you
do not pack the third-order CO as | did.
There was also cabinet-top vibration, which
is not good. This is a result of the CO pack-
aging not providing room for a stitfener on
this board. If you were to package the first-
order CO on the bottom of the board (keep-
ing inductors away from the tweeter and L-
pad) instead of the top, you could put a brace
on the cabinet top board. But you would then
have to package the third-order CO outside
of the box.

Perhaps a design with a pedestal at the
bottom to house the CO would be a better
approach. I plan to investigate this problem
on the second
pair of boxes

TABLE S

and will report
a solution if 1

PARTS LIST FOR BOTH CROSSOVER BOARDS

find a good

(All capacitors are plastic-film units of 100V or greater.)

UNIT VALUE HOW PART WAS IMPLEMENTED

C1 438uF  parallel 15 + 15 + 10 + selected cap

c2 6.64uF  parallel 5.6 + 47 + 47 (selected)

C3 54.4uF  parallel 10 + 10 + 10 + 25 (selected)

C4 26.7uF  parallel 10 + 10 + 2.5 + selected cap

C5 11.1uF  parallel 10 + 1 + 47 (selected)

Cé 96.4uF  paraliel 25+ 25 + 25 + 10 + 10 + selected cap
c7 4.74uF  two small selected caps in parallel

C8 121uF  parallel 10 + 2.5 (selected)

Note: 25uF capacitors were purchased as 10uF and 15uF soldered in parallel.

(Al inductors wound on ferrite [or powdered iron] bobbin cores.)

CORE HEIGHT & DIAM. IN INCHES
0.99 x 1.38 (wound up 1.4)

UNIT VALUE RDC Q WIRE
L 1.64 mH 023 #18
A bigger core would be better.

L2 0239mH  0.08 #18
L3 2.24 mH 0.27 #18
L4 0911mH 022 #20

This should have bigger wire and thus lower Rdc.

1.08 x 1.13 (dewound 0.35)
1.31 x 2.44 (dewound 3.0)
1.07 x 1.11 (dewound 1.0)

1.07 x 1.11 (dewound 0.5)
1.07 % 1.11 (wound up 1.0)
1.1 % 1.09 (dewound 0.35)
0.73 % 0.86 (dewound 1.0)

one. | also

L5 0.45mH 0.10 #18
L6 1.08 mH 0.24 #20
L7 0.124mH 009 #20
L8 0.178mH 013 #22
TS2 6 terminal Terminal barrier strip ~ #5 screws
TS3 2terminal  Terminal barrier strip ~ #5 screws
TS4 2terminal  Terminal barrier strip ~ #5 screws
TS5 2terminal  Terminal barrier strip ~ #5 screws

PHOTO ! 1: Top and bottom views of fin-
ished crossover boards.

think more experimentation with the third-
order CO component values could further
smooth performance in the region of the
upper CO frequency. (Follow-up work in
this area will be reported in Part 3.)

Photo 12 shows a tront and back view of
the finished boxes. Amplifier input is via a
barrier terminal strip mounted on the back of
the box. | provided a jumper to tie together
the two CO pigtails for single-wire drive,
which was how I did all my listening.

Part 3 of this series will cover grille eftect
and final testing. guides on designing your
own enclosure, continued work on the sec-
ond pair of boxes, and discussion of the sys-
tem’s sonic quality. R. O. Wright and Ed
Dell will also describe their experiences lis-
tening to these systems.

PHOTO 12: Front and back views of finished enclosures.
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INDUCTORS FOR CROSSOVER

passive crossover network used to

be considered a simple thing: just

hook up a capacitor in series with
the tweeter and an inductor in series with the
woofer, and you have it. What size capaci-
tor? Try 1/2nfR. What kind of capacitor? A
nonpolar electrolytic. How about the coil?
Oh, about a pound of #18 wire jumble-
wound on a toilet-paper roller. Stick a bolt
through the middle to mount it.

As my previous article “Caps for Passive
Crossovers” (SB 3/92, p. 34) demonstrated,
the traditional advice about capacitors was
poor. You should begin by selecting the
proper order of the filter. Then you choose
whether or not to Zobel the speakers. Using
software or formulae from The Loudspeaker
Design Cookbook, you can determine com-
ponent values. Finally, you select a polyester
or polypropylene capacitor, or, if you must
use ’lytics for financial reasons, you parallel
them with polys.

The traditional advice about inductors was
even worse than that for capacitors. To show
you why, | must first review some basics.

INDUCTOR BEHAVIOR

Inductance is the property of a conductor
that resists a change in current. If you con-
nect a coil in series with a battery and a
switch and then throw the switch, the current
in the inductor does not immediately rise to
maximum. Instead, the current exponentially
approaches the maximum value, which you
can find with Ohm's Law.

How long it takes the current to reach
maximum is determined by the inductance
of the coil and the resistance of the connect-
ing wires, the switch contacts, and the bat-
tery itself. The more inductance, the more
time delay. Inductance is measured in hen-
ries, and crossover inductors are usually in
the millihenry range.

ABOUT THE AUTHOR

Richard Honeycutt was assisted on this article by his
son, Erin, 19, a physics major at Wake Forest University,
who has been assisting with sound-system installations
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If you apply AC to the coil, the current
tries to change all the time, and the inductor
opposes that change. An inductor’s opposi-
tion to the flow of AC is called the induc-
tive reactance, X, and this depends upon
the value of the inductance and the frequen-
cy of the AC. (At higher frequencies, the
current is trying to change faster, so the
inductor offers more opposition.) The for-
mula is X; = 2nfL.

Any piece of wire has inductance. When
you wind the wire into a coil, the inductance
increases, with the final value being approxi-
mately proportional to the square of the
number of turns in the coil. You can reduce
the number of turns necessary to yield a
given inductance by inserting a magnetic
core into the center of the coil.

A perfect inductor would have inductive
reactance, but no resistance. How closely an
inductor approaches no-resistance behavior
is described by its quality factor, or Q. (The
concept is the same as speaker Q: a ratio of
power stored to power dissipated under cer-
tain conditions.)

The Q of a coil is given by: Q = X, /R.
Since a magnetic core reduces the number of
turns needed for a coil of a given inductance,
adding the core also increases the Q, all other
things being equal. All other things, however,
are not equal. To see why, you must look at
the magnetic behavior of various materials,

PERMEABILITY FACTORS

Based on their behavior in a magnetic field,
materials fall into three groups. When insert-
ed into a magnetic field, some materials,
called diamagnetic, very slightly weaken the
field. A second group of materials, called
paramagnetic, will very slightly strengthen a
magnetic field. Finally, the third kind, ferro-
magnetic materials, will greatly strengthen
the magnetic field.

The factor by which a given material
changes the field is called its permeability. A
material having a permeability of 1 would
have no effect on a magnetic tield—it would
be truly nonmagnetic. Actually. there is no
such material, but diamagnetic materials
such as copper (permeability = 0.999) and
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FIGURE I: The hysteresis loop for a ferromagnetic material.




FIGURE 2: Hysteresis loops for soft iron
(left) and hard iron (right).

paramagnetic materials such as air (perme-
ability = 1.0000004) come so close that they
are often called nonmagnetic.

The ferromagnetic materials. on the other
hand, have permeabilities significantly greater
than 1. Iron. for example. is in the 200-1000
range. nickel is about 100, and Mumetal (an
alloy of nickel. chromium, copper. and iron) is
close to 20.000. There are also a number of
ferromagnetic ceramics, called ferrites, that
have significant permeabilities.

HYSTERESIS LOOP

A material’s permeability is not constant,
but depends upon the strength of the field in
which it is placed. Figure ! shows a graph
of the magnetic flux density inside a materi-
al plotted against the applied external field.
Such a graph is called a hysteresis loop. The
explanation of the curves is as follows:

1. The iron is initially unmagnetized. As the
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FIGURE 3: Comparison of second-order
crossovers with low- and high-Q coils; (
filter with high-Q coils; — — — filter with low-
Q coils).

magnetic field is applied and increased, the
field inside the iron increases to its maxi-
mum possible level.

2. The iron holds some magnetism as the
field is reduced, even to zero.

3. The applied field’s polarity is reversed.
but some reverse field is needed to bring the
field inside the iron down to zero. As the
strength of the reversed field increases, the
iron becomes magnetized in the reverse

direction. The field inside the iron increases |
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until the maximum value is reached with the
reversed polarity.

4. As the applied field is reduced. the field
strength inside the iron decreases, but the
iron still has some intemal field even when
the applied field is zero.

5. If the external field is now applied again
with the original polarity. then increased, the
field inside the iron will also be returned to
its original polarity and increased.

There are two features of particular inter-
est about a hysteresis loop. One is that above
a certain applied field level, the field inside
the material no longer increases. This condi-
tion is called magnetic saturation. In a coil

core, the applied field results from current in
the windings. Thus there is a maximu