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Good News 

A reader has sent along an ad from db 
Magazine carrying the news that the Bruel 
& Kjaer Pink Noise test recording with ‘A 
octave bands, type QR-2011-1 is available 
for $38.00 each from Bruel & Kjaer In¬ 
struments, Inc., 185 Forest St., Marlbo¬ 
rough, MA 01752. 

Readers who want to obtain copies of the 
Jordan Module manual mentioned in SB 
2/80 may obtain them by sending two dol¬ 
lars to Transcendental Audio, 6795 
Arbutus St., Arvada, CO 80004. For an ad¬ 
ditional dollar Transcendental will send 
along their complete catalog as well. The 
Jordan document is a very valuable tool for 
doing many things with speakers. A valu¬ 
able reference for your speaker building 
bookshelf. 

Orville Greene of Eventide Clock¬ 
works, Inc. informs us that their JJ193 
digital delay mentioned in SB 3/80 is priced 
at $1195. and that their 254mS version, ad¬ 
justable for 2mS increments sells for $895. 
Their address is 265 W. 54th St., New 
York, NY 10019. The same firm offers pro¬ 
grams for three computers which provide 
'A octave spectrum analysis. The programs 
are designed to run on Pet, Radio Shack 
TRS-80 and Apple machines and are priced 
at $545 to $595. 

Several readers have written to express 
their enthusiasm for another supplier of 
woodworker's tools, veneers and almost 
anything the craftsman needs for finishing 
speaker cabinets. Justly famous, Constan¬ 
tine’s, 2050 Eastchester Road, Bronx, NY 
10461 has been in business since 1812. If 
you expect to do any serious work on beau¬ 
tifying the box, you'll need Constantine's 
catalog. 

Audiophiles have inspired a host of small 
manufacturers who produce quite special 
products unavailable from the larger manu¬ 
facturers. One of these, DB Systems, 
P.O. Box 347, Jaffrey, NH 03452, offers a 
fine preamp and power amp, but in the last 
couple of years has added an array of inter¬ 
esting accessories that any audiophile ought 
to know about. Their line includes such 
things as a resistive loading kit for use with 
moving coil cartridges, a capacitive loading 
kit for offsetting the effects of the tone arm 
lead capacitance among many others. Write 
for their complete list of those special, hard 
to find accessories that hardly anybody else 
offers. 

Reader Robert Graf of Park Ridge, IL 
tells us that Leichtung, Inc., 4944 Com¬ 
merce Pkwy, Cleveland, OH 44128 has ex¬ 
cellent supplies for woodworkers and a 
Japanese saw rasp he believes every wood¬ 
crafting person should own. 

LEICHTUNG'vu 
'THE Workbench People "Nil — 

1981 Winter 
Wittbbook 
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Horn fanciers who have longed for a 
Klipshorn but haven't a corner—or cor¬ 
ners—to accommodate such formats will be 
glad to know about a "cornerless" version 
of the horn. Soundbox (Edneyville Acres, 
Rt. 1, Hendersonville, NC 28739) has a set 
of interesting plans for a bass horn which 
can be placed anywhere. It is 24x30x40 %" 
and the horn exits on one long side of the 
unit. Soundbox will include a set of plans 
free to any reader who asks for them when 
ordering their catalog for $1. Soundbox of¬ 
fers a full line of supplies for speaker build¬ 
ers in all formats. 

Small is beautiful seems to be a serious 
theme among speaker designers and manu¬ 
facturers these days. Visonik (701 Heinz 
St., Berkeley, CA 94701) has a new one 
called the Mini-Euro 2 which is 9%x63/4X 
Ski" in a two-way acoustic suspension for¬ 
mat. The 5" woofer is in a die cast frame 
and matched with al" soft dome tweeter 
crossing over at 2.3kHz. Cabinetry is finish¬ 
ed in wood veneers. The new units can be 
used alone or with a common bass woofer 
system. Minimum power requirements: 
15W. Price is under $140. each. 

Dual Port loudspeakers (SB 3/80, p. 7) 
are now available in commercial form from 
a California manufacturer. Modular 
Acoustics, (C.C.L. Enterprises, 30682 
San Antonio St., Hayward, CA 94544) 
manufacture a range of speakers in a num¬ 
ber of formats: sub woofers, satellites, time 
aligned, tuned ports, and closed box among 
others. The good news is that this company 
will also supply component parts for the 
home constructor. Their dual port unit was 
reviewed in the July 1980 issue of High 
Fidelity. Their catalog is $2, and be sure to 
ask for their parts lists and prices. 

Reliable test gear is something we all need 
for whatever work we do in speaker build¬ 
ing or electronic construction. Fordham 
Radio (855 Conklin St., Farmingdale, NY 
11735) issues a comprehensive catalog of all 
sorts of electronic test equipment at quite 
competitive prices. If you don’t build your 
own you will certainly want to know about 
Fordham. Even if you do build your own, 
there are some pieces of gear that you may 
want to buy just for the super reliability 
and accuracy possible. 

If you’re having trouble finding that spe¬ 
cial grille foam you want to finish your 
speaker project Custom Sound Corpo¬ 
ration has what you need. They supply 
custom designs in thicknesses from Vz to 
1 ‘/z " and in sizes up to 4x10 feet. They have 
an interesting flyer available on request to 
8460 Marsh Road, Algonac, MI 48001. 
Their telephone is (313) 794-5400. Send a 
15c stamp for the list and tell them SB sent 
you. 

If you have trouble with gremlins in your 
system from either the power line or your 
FM antenna, Electronic Specialists, 
Inc. (171 S. Main St., Natick, MA 01760) 
probably has some sort of answer to the 
problem. They specialize in filters for 
power line and antenna lead-ins. Ask for 
their new catalog 801. 

KEF 
KITS 

Now you can “build the best 
'S? in confidence,’’ as two of 

KEF's best-selling speaker 
systems—the Model 104aB and 
Cantata—are now available in kit 
form, enabling you to easily 
assemble a high quality speaker 
system at a considerable savings. 
And, because they are kit 

versions of two of our best-selling 
speaker systems, you can actu¬ 
ally audition the units at your 
KEF dealer before buying and 
assembling. 
KEF speaker systems are 

designed and built using a Total 
System Design Concept, where¬ 
by each part is developed to com¬ 
pliment all others in the system 
so as to achieve the targeted 
performance. 

The KEF Cantata kit consists of 
a bass unit, midrange unit, tweeter 
and an Acoustic Buttenworth filter, 
and builds into an acoustic sus¬ 
pension loudspeaker system with 
a power handling capability of 100 
watts. 

The KEF Model 104aB kit con¬ 
sists of a bass-midrange unit, 
tweeter, Acoustic Butterworth fil¬ 
ter section, plus an acoustic bass 
radiator to increase the bass re¬ 
sponse from such a modest-sized 
enclosure. The kit makes up into a 
bass reflex system with a power 
handling capability of 150 watts. 

Both the kits include fuse units 
to protect the drive units, and con¬ 
tour controls to adjust the final 
acoustic output to suit the listening 
room. 

Loudspeaker kit building has 
now been raised to a new level of 
ease and reproduction quality. 

For more details and the name 
of your nearest KEF dealer where 
you can hear just how good our 
KEFKITS are before your pur¬ 
chase, write to us at the address 
below. Individual drive units 
and crossover networks are also 
available for your special custom 
requirements. 
KEF Electronics, Ltd., c/o Intratec 
Department E , P.O. Box 17414, 
Dulles International Airport, 
Washington, DC 20041. 

j| In Canada: Smyth 
Sound Equipment 
Ltd Quebec 

KEF 
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DOLBY® DECODERS for FM and TAPES 

Hu the quality of Dolbyized® FM broadcasting disappointed you! If your station is really trying to bnng you good 

sound, the lack of proper decoding makes accurate levels and balance impossible, and minimizes the potential for noise 

reduction. An Integrex decoder lets you hear what you've been missing because of the compromises in the system in¬ 

tended to make Dolby® -encoded programming "compatible” for most listeners. 

The $99.50 Model DFM decoder easily connects to any tuner, or in the tape monitor loop of a receiver, and includes 

de-emphasis correction. If you wish to Dolbyize® your tapes as well, the newly revised and far more versatile en-

code/decode kit is $137.' Also available built, on special order. Complete details, including test reports, are available on 

request. 

'Add $3 for UPS. U for parcel post. APO$ »nd Canada Pennsylvania rodents add 6% ules tax 

r 1 

r¡& S’1 noise reducer 

I I I I ■ B B K ■ ■ ■ ’ Trademark of Dolby Libs Inc. 

_ _ _ INV. DEALER INQUIRIES INVITED 
P. O. Box 747 Havertown, Pa. 19083 

British Components and designs for 
the high quality speaker builder! 

Our range runs from transmission lines to a system similar in 
all essential respects to the LS3/5A. Audiogram have twice 
recommended our Webb kit alongside the KEF RI05 and the 
Linn Isobarik (issues 12/78 and 12/79 refer). 

Badger Sound Services Ltd. 
46 Wood Street 

Lytham St. Annes, FY8 1QG Lancashire, 
ENGLAND 

All our systems are comparable in performance with the best I 
similar commercial types and usually better—we do not con¬ 
fuse things by handling radio/T.V., group, disco, PA or junk 
designs or components. Full catalogue, data and export rates 
$5.00 air mail. Stockists of Crimson Elektrik amplifier 
modules. 
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Love and Marketing 
T Tone of three speaker manufacturing concerns in 

IxLJLi which Henry Kloss was a major principal and 
resident genius, (the other two are Acoustic Research and 
Advent) is moving out of Westwood Massachusetts to the 
West coast where the parent company, Electro Audio 
Dynamics, manufactures its Infinity line of loudspeakers. 
EAD is the second new owner of KLH, Singer having bought 
it in 1967 and then sold it again. KLH has reportedly lost 
money for the last two years, and Advent, curiously 
enough, has been in the same plight. 

AR, Advent, and KLH were all, at one time, Cambridge 
based firms. Now none of them is. 

We have seen the decline, and in some cases, the demise of 
excellent audio firms which have become the property of 
conglomerates. We have no way of knowing the real 
reasons why. AR appears to be the exception to this trend 
with a lively sales record and a lot of excellent, basic 
research to back up a sales program. 

I cannot refrain from observing that the role of individual 
imagination and genius is every bit as important to a com¬ 
pany and its success, however, as the marketing and 
management skills which most business types seem to sup¬ 
pose are the sine qua non of success. I suspect that the 
special ingredient supposed by the presence of David Hafler 
at Dynaco, the insights of Edgar Villchur at AR, and the uni¬ 
que product concepts of Henry Kloss at Advent and KLH 
were vitally important to the health and progress of audio 
manufacturing enterprises. 

Certainly marketing and money management have their 
place as all too many companies make abundantly 
clear—both in terms of sucesses and failures. But if 
marketing is no more than technique, then the consumer 
knows better than to fully trust such a company. 

This magazine and its companion publication are firmly 
committed to the proposition that imaginative, loving 
regard for the end product must be the prime ingredient in 
any successful audio manufacturing enterprise. This attitude 
is more than a commitment to quality. It is the extra mile 
one travels in the direction of real understanding of the 
device and the way it solves the tradeoffs which Mother 
Nature always demands. 

Martin Buber, a German philosopher and a devout Jew, 
put it well. Any human relationship to persons and things 
must be "I-Thou" rather than merely "I-It." By this he did 
not mean some kind of cutesy personification of things, but 
a deep respect for the uniqueness of persons and physical 
objects. Only a deep seated love for the nature and function 
of the product is motive enough to give a designer the com¬ 
prehensive insight needed to make something that is really 
excellent. 

For that reason we believe in the builder—homo 
faber—who is an amateur: who loves what he does. In my 
view the greatest of our designers are amateurs. The root of 
the word is the Latin amo for love. The buck is not the 
point. The love of excellent result—the neat, clever satisfy¬ 
ing compromise which achieves something not possible 
before. 

Better mousetraps don't come Out of marketing depart¬ 
ments. They come out of the heads of people who would 
rather know more about mice than anything else in the 
world. 

Better audio gear will come out of the minds of amateurs, 
regardless of how many or few degrees they have earned or 

who they work for. And the better results and designs can 
come out of your workshops too. Discipline is most surely 
necessary. Hard work and long hours too. What we are 
talking about is not easy. But a genuine commitment to 
quality can make the work seem pleasure and the time all 
too short. 

Over 360 loudspeaker companies dot the American land¬ 
scape here at the threshold of the eighties. Apparently the 
definitive speaker has yet to appear—but the appetite for 
fully satisfying home reproduction is far from being 
satisfied. 

As this issue goes to press we have passed the 5,000 mark 
in subscriptions to this fledgling publication. We think this 
augurs well for the spread of the reliable knowledge about 
speaker building but also opens a particularly exciting vista 
of information sharing and growth for us all. □ 

About this issue 
Robert Bullock leads off this fourth and final issue of our 
first year with number one in a major series of articles which 
will fully explore the mysteries of the great speaker theorists 
Thiele and Small. These two began to write their landmark 
articles in the early sixties and published them in Austrailian 
journals. Not until the early seventies did these important 
insights begin to be noticed in the United States. Prof. 
Bullock's hobby is speaker construction, but he teaches 
mathematics at Miami University in Oxford, Ohio. 
Siegfried Linkwitz is back this time with the extensions and 
continuing exploration of his three-box system. In addition 
we offer a full circuit board and parts layout for the 
Linkwitz electronic crossover and delay which is the work of 
another Hewlett-Packard employee, Robert Melanson. 
Melanson, a SB reader and speaker enthusiast cooperated 
with author Linkwitz, although they had not met previously 
and work in plants 150 miles apart. Circuit boards will be 
available later this year through Old Colony Sound Labs. 
Those interested in the boards or a possible kit of parts 
should drop a postcard to Box 243, Peterborough, NH 
03458. 

Roger Sanders' final article in his series on electrostatics 
begins on page 26 with full details on how to build his 
transmission line bass system to provide his system's bottom 
two octaves. 
Nick Palladino provides some handsome photos of his 

version of the popular Fried system which calls for 
pyramidal enclosures to house the mid and high frequency 
drivers with a large dual transmission line for th bass 
transducers. The rich patina of his rosewood veneer finishes 
made us wish we were able to use full color in this issue to 
show you how beautiful fine cabinetry can be. 

Our Mail Box this time is full to overflowing and promises 
to remain that way. We appreciate every one of your letters 
although we are not able to acknowledge them. We will use 
as many as we have room for. 

Our next issue will be in the mail at the end of February 
1981. We have a rich trove of good things in store for the se¬ 
cond year of Speaker Builder's publishing life. We will con¬ 
tinue with the Bullock series, a fine article on how to get the 
last drop of performance out of your tweeter, a clever and 
innovative ribbon tweeter that you should be able to make 
for less than $10, a handy gadget for making driver 
measurements in the design process, a speaker test box for 
checking finished results before building the final box and 
many many more that you won't want to miss. □ 
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Thiele, Small, and Vented 
Loudspeaker Design: Part I 

by Robert M. Bullock III 

The name Thiele and the term Thiele 
alignment are known by many with 

an interest in loudspeakers. What is a 
Thiele alignment? How is it obtained? 
How is it used? 

To answer these questions, I shall 
describe the landmark work of A.N. 
Thiele and R.H. Small's subsequent re¬ 
finements in the design of vented (bass 
reflex) loudspeakers. 1 have used their 
work in designing my own systems; it 
provides a method whereby the home 
builder can construct loudspeaker sy¬ 
stems of truly impressive quality. 

Before Thiele, vented loudspeaker 
design was simple but, more often than 
not produced poor quality sound. The 
earlier procedure did not allow for a 
vented system's critical dependence on 
certain amplifier and driver character¬ 
istics. Thiele and Small's procedures do 
allow for these characteristics and yield 
accurate and predictable results—in 
other words, they will produce good 
sound. 

1 shall describe the derivation of 
these procedures and their underlying 
assumptions. I shall also include the 
necessary data for designing your own 
system and provide some examples to 
illustrate the design procedures. 

BACKGROUND 
A loudspeaker system is a complicated 
combination of electrical, mechanical 
and acoustical components and this 
mixture of different components make 
analyzing its behavior quite difficult. 
However, years of research have led to 
a usable theory, that a loudspeaker sy¬ 
stem can be visualized as an electrical 
circuit for purposes of analysis— i.e., 
we can use an electrical circuit as a 
model of a loudspeaker system. Speci¬ 
fically, Novak, has shown that a high 
pass filter electrical circuit can be the 
model for a vented loudspeaker sy¬ 
stem. 

A model's purpose is as follows. The 
system of interest (in this case a vented 
loudspeaker) is converted (in an ab¬ 
stract sense) into the model, a system 
chosen because its behavior can be an¬ 
alyzed by some known theory (circuit 
theory in our case). Having analyzed 
the model, we convert our conclusions 
back to conclusions about the system 
which interests us. This analysis meth¬ 
od is much favored by scientists. 
Roughly, they discover new facts by 
interpreting old facts in a new setting. 

The model of a vented loudspeaker 
system, the high pass filter, is a well 
understood electrical circuit. Any facet 
of its behavior can be determined by 
applying known theory to its schemat¬ 
ic diagram. By using this model, Thiele 
and Small identified those elements of 
the loudspeaker system that signifi¬ 
cantly affected its behavior and quanti¬ 
fied these elements and effects. They 
then based their design procedures on 
this information. 

FREQUENCY RESPONSE 
The most significant aspect of loud¬ 
speaker behavior for design purposes is 
frequency response. Think of a loud¬ 

speaker system and its model, the high 
pass filter, as devices which accept an 
input signal and operate on it to pro¬ 
duce an output signal. Assume that 
neither device will alter the signal fre¬ 
quency; what we can alter is the rela¬ 
tive signal strength. In other words, 
assuming that all input signals have the 
same strength, the device may produce 
an output that varies with frequency 
and this variation is the frequency 
response. 

We can visualize this most simply in 
terms of a graph called a frequency re¬ 
sponse curve, signal frequency being 
plotted on the horizontal axis and rela¬ 
tive signal strength on the vertical axis. 
Signal frequency is measured in Hertz 
(Hz) and relative signal strength in dec¬ 
ibels (dB). Figure 1 is a frequency re¬ 
sponse curve. Think of the 0 dB level 
on the vertical axis as a reference level, 
i.e., a positive decibel measure at a gi¬ 
ven frequency means the output 
strength at that frequency is greater 
than the reference, while a negative 
decibel measure means it is smaller. 

Referring to Fig. 1, f3 is called the 
cutoff frequency, frequencies above f 3 

are said to be in the passband; those 
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below, in the stopband. In practice, the 
stopband output is at such a low level 
it is insignificant, so, only frequencies 
above f3 are "passed." We can think of 
Fig. I as a typical response curve for 
either a loudspeaker system or its 
model, the high pass filter. 

To decide whether a particular loud¬ 
speaker system will produce good 
sound, we must examine its frequency 
response curve. To find it use the high 
pass filter model and find its frequency 
response by studying its schematic dia¬ 
gram and applying electrical circuit 
theory. The resulting response will be 
that of the loudspeaker system. 

The key to success in using a model 
is to establish a relationship between 
the parts of the model and the parts of 
the system in such a way that one can 
translate a requirement in the model in¬ 
to a requirement on the system being 
modelled. Thiele accomplished this by 
identifying various parameters of the 
loudspeaker system with parameters in 
the model, thus identifying the parts of 
the loudspeaker system which in¬ 
fluence response. 

Electrical engineers call the particu¬ 
lar parameter relationships needed to 
obtain a given response in the model an 
alignment. Thiele adopted this term to 
describe the corresponding loudspeak¬ 
er system parameter relationships; this 
is the origin of the term, "Thiele align¬ 
ment." 

POSSIBLE RESPONSE CURVES 
In order to know what kinds of re¬ 
sponse curves loudspeaker systems can 
have, let us consider some of the mod¬ 
el's known response curves. High pass 
filters can exhibit a wide range of 
curves, so we need to make some as¬ 
sumptions as to what kinds of re¬ 
sponses are desirable for loudspeaker 
systems. 

We want the response curve to be as 
"flat" as possible in the passband. With 
this constraint, Thiele and Small iden¬ 
tified three types of filter response 
curves. The first is that of a fourth or¬ 
der Butterworth filter, whose response 
curve is shown in Fig. 2. The filter's 
name is abbreviated to B4, and we 
shall use this designation for the re¬ 
sponse curve as well. A response curve 
generally takes the same name as the 
filter from which it derives. 

Because drivers have different char¬ 
acteristics, we cannot always get a B4 
response from a loudspeaker system. 
To cover a range of driver characteris¬ 
tics, Thiele and Small also used a 
quasi-third order Butterworth filter, 
QB3, and a Chebyshev filter, C4. Figs. 
3 and 4 show typical responses for 
filters of these two types. The main dif¬ 
ferences between a B4 and a QB3 are 
that a QB3 has more "droop" in the 
passband and its cut-off frequency is 
higher. C4 responses are distinguished 

Continued on page 10 
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THIELE, SMALL, and VENTED 
LOUDSPEAKER DESIGN 

Continued from page 8 

by a ripple in the passband and a 
smaller cut-off frequency than a B4. 
You need to know the size of this ripple 
before deciding whether this response 
curve would be desirable for a 
loudspeaker system. 

Both Thiele and Small considered 
primarily these three responses as a ba¬ 
sis for their alignments, but there are 
many other possibilities. Two are 
shown in Figs. 5 and 6. The Fig. 5 curve 
is a fourth order boom box response, 
denoted BB4; alignments yielding this 
response appear in an article by Hoge2. 
In another articles Hoge gives align¬ 
ments which are variations of Small's 
alignments; Fig. 6 is a variant of a C4. 

For improved transient response, 
Small recommends Bessel (Be4) and 
sub-Chebyshev (SC4), both of which 
resemble a QB3 (Fig 3) but have more 
droop in the passband. Thiele also con¬ 
siders what are called higher order re¬ 
sponses. 1 have built a subwoofer sys¬ 
tem using a sixth order Butterworth 
response (B6) and the sound is out¬ 
standing. In this article, however, we 
will consider only the QB3-B4-C4 
series of responses. 
You may wonder about the use of 

the word "order" in the names of filters 
and responses. This term is used to 
classify nigh pass filters and the rate at 
which the response curves decrease at 
low frequencies. First order filters de¬ 
crease at the rate of 6dB per octave, se¬ 
cond order at 12dB per octave, etc. 

Vented loudspeaker response curves 
correspond to fourth order filters and 
so their response curves decrease at the 
rate of 24dB per octave at low frequen¬ 
cies. Closed box loudspeaker systems 
are modelled by second order filters 
and so their responses fall off at 12dB 
per octave. This decrease in response at 
low frequencies just reflects the well-
known fact that loudspeaker sytems do 
not provide significant output at very 
low frequencies. One of our design ob¬ 
jectives is to obtain the lowest possible 
cut-off frequency consistent with a flat 
passband. 

ALIGNMENT PARAMETERS 
We need to know which parameters of 
the loudspeaker system determine its 
response curve. Thiele found the fre¬ 
quency response is completely deter¬ 
mined by several amplifier, driver, en¬ 
closure, and vent parameters which re¬ 
flect those parts of the loudspeaker sys¬ 
tem related to the model's electrical 
components. 

Assume that the driver is a moving 
coil diaphragm type operating in its 
piston range. According to Thiele, this 
is from OHz to 5000/d Hz where d is 
the advertised diameter of the driver in 
inches. This means the driver will cov¬ 

er a frequency range from 0 to 5000/d 
Hz. Depending on its properties, it 
may be used at even higher frequencies 
and need not necessarily be used all the 
way down to OHz; for example, Elec¬ 
troVoice sells a unit with a vented mid¬ 
range driver. Nevertheless, vented de¬ 
signs are usually associated with the 
bass section of a multi-driver system. 

Five parameters determine the dri¬ 
ver's influence on response. First is the 
dc-resistance of the voice coil, Rf. Sec¬ 
ond is the resonant frequency of the 
driver, f5. The next two are Q numbers 
and measure how effectively the 
driver's resistive parts damp it at its 
resonant frequency: the smaller the Q 
number, the more effective the damp¬ 
ing. Qes is the Q due to electrical resis¬ 
tance; Qms is that due to mechanical 
resistance. 

The final driver parameter gives the 
compliance, or springiness, of the dia¬ 
phragm mounting, expressed in terms 

TABLE I 
SMALL ALIGNMENTS FOR Qt = 5 

Ripple 
Q„ h a fj/h (dB) 
.2000 2.0014 7.5746 2.5914 
.2100 1.9080 6.7702 2.4566 
.2200 1.8232 6.0730 2.3332 
.2300 1.7459 5.4646 2.2198 
.2400 1.6751 4.9306 2.1151 
.2500 1.6101 4.4594 2.0180 
.2600 1.5502 4.0415 1.9276 
.2700 1.4948 3.6691 1.8430 
.2800 1.4434 3.3358 1.7637 
.2900 1.3957 3.0364 1,6889 
.3000 1.3512 2.7663 1.6183 
.3100 1.3097 2.5220 1.5514 
.3200 1.2708 2.3001 1.4877 
.3300 1.2344 2.0980 1.4269 
.3400 1.2003 1.9134 1.3687 
.3500 1.1681 1.7444 1.3139 
.3600 1.1378 1.5893 1.2592 
.3700 1.1093 1.4464 1.2074 
.3800 1.0823 1.3147 1.1576 
.3900 1.0568 1.1929 1.1095 
.4000 1.0326 1.0801 1.0632 
.4100 1.0095 .9757 1.0190 
.4200 .9877 .8785 .9767 
.4300 .9652 .7920 .9377 
.4400 .9425 .7154 .9016 
.4500 .9200 .6480 .8684 
.4600 .8979 .5888 .8379 
.4700 .8766 .5370 .8100 
.4800 .8560 .4915 .7844 
.4900 .8364 .4516 .7609 
.5000 .8178 .4166 .7395 
.5100 .8002 .3857 .7198 10 
.5200 .7836 .3583 .7017 11 
.5300 .7680 .3340 .6852 .14 
.5400 .7533 .3122 .6699 17 
.5500 .7394 .2927 .6558 21 
.5600 .7263 .2752 .6428 24 
.5700 .7140 .2592 .6307 28 
.5800 .7024 .2447 .6195 .32 
.5900 .6915 .2314 .6091 37 
.6000 .6811 .2192 .5994 .41 
.6100 .6713 .2080 .5903 46 
.6200 .6620 .1975 .5818 5 
.6300 .6531 .1878 .5738 55 
.6400 .6447 .1787 .5663 .60 
.6500 . 6367 .1701 .5592 .65 

of a volume of air which would have 
the same compliance and denoted V4i . 
Rf is given in ohms, G in Hertz, VAS in 
cubic inches, centimeters, feet etc; the 
Q numbers are dimensionless. We ar¬ 
rive at these figures by measuring 
driver impedance. A driver's voice coil 
inductance can be sizeable, but we can 
ignore it since it usually has negligible 
effects in the driver's piston range. 

The amplifier, crossover network, 
and connecting cable also contribute to 
driver damping. To take this into ac¬ 
count, we must modify the driver's 
electrical Q. Suppose the crossover and 
connecting cables have a resistance of 
R, ohms in series with the driver, and 
the damping effect of the amplifier is 
the same as a resistor of R„ ohms in 
series with the driver; then we change 
Qis to Q 'es by the formula: 

Qis — [(Rf+R, + Rí)/Re]Qíí. (1) 
One way to determine R, is to hook 

/ 

TABLE II 
SMALL ALIGNMENTS for 

Qis 
.2000 
.2100 
.2200 
.2300 
.2400 
.2500 
.2600 
.2700 
.2800 
.2900 
.3000 
.3100 
.3200 
.3300 
.3400 
.3500 
.3600 
.3700 
.3800 
.3900 
.4000 
.4100 
.4200 
.4300 
.4400 
.4500 
.4600 
.4700 
.4800 
.4900 
.5000 
.5100 
.5200 
.5300 
.5400 
.5500 
.5600 
.5700 
.5800 
.5900 
.6000 
.6100 
.6200 
.6300 
.6400 
.6500 

h 
1.9393 
1.8494 
1.7678 
1.6935 
1.6254 
1.5629 
1.5054 
1.4522 
1.4029 
1.3571 
1.3145 
1.2748 
1.2376 
1.2028 
1.1702 
1.1395 
1.1106 
1.0834 
1.0578 
1.0335 
1.0103 
.9886 
.9662 
.9436 
.9212 
.8992 
.8780 
.8578 
.8385 
.8203 
.8031 
.7870 
.7719 
.7578 
.7445 
.7321 
.7205 
.7096 
.6993 
.6896 
.6805 
.6719 
.6638 
.6561 
.6488 
.6418 

oc 
7.7775 
6.9524 
6.2372 
5.6132 
5.0655 
4.5822 
4.1535 
3.7714 
3.4295 
3.1223 
2.8452 
2.5944 
2.3667 
2.1594 
1.9699 
1,7964 
1.6371 
1.4905 
1.3552 
1.2300 
1.1146 
1.0070 
.9113 
.8266 
.7521 
.6868 
.6297 
.5798 
.5361 
.4978 
.4642 
.4345 
.4083 
.3849 
.3640 
.3453 
.3284 
.3131 
.2992 
.2865 
.2749 
.2641 
.2542 
.2449 
.2363 
.2283 

f3/fs 
2.5289 
2.3968 
2.2759 
2.1647 
2.0620 
1.9667 
1.8778 
1.7946 
1.7165 
1.6429 
1.5732 
1.5070 
1.4439 
1.3836 
1.3258 
1.2702 
1.2167 
1.1651 
1.1153 
1.0674 
1.0215 
.9777 
.9373 
.9001 
.8660 
.8348 
.8064 
.7804 
.7567 
.7351 
.7155 
.6975 
.6810 
.6659 
.6520 
.6393 
.6275 
.6166 
.6065 
.5971 
.5883 
.5802 
.5726 
.5654 
.5587 
.5524 

Qi=7 
Ripple 
(dB) 

.10 

.10 

.13 

.16 

.20 

.24 

.28 

.32 

.37 

.42 

.47 

.52 

.57 

.63 

.69 

.74 

.80 
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everything up as it would be in the 
finished system and measure the resis¬ 
tance between the amplifier connec¬ 
tions. Subtract Rf from this and the re¬ 
sult is R„ 

Small5 describes the most accurate 
method for finding R,; or, if we know 
the damping factor D of the amplifier, 
we can find R( from the formula 

R, = R„/(D-1) (2) 

where R„ is the nominal impedance of 
the driver. Typical damping factors 
vary from 15 to 500; 25-30 seems to be 
fairly common. Thiele4 says that if 
R, + R, is less than 5 percent of R„, then 
we can use the unmodified value Qfi if 
response variations of up to ,4dB are 
tolerable. 

The actual Q number used to specify 
an alignment is called the total Q, 
denoted Qr or Qrs, and is found from 
the formula 

Qrs = Q es Qms/(Q es + Qms), (3) 

or 

1/Qrs = 1/Q ES + 1/QmS, (4) 
which is sometimes more convenient. 
The remaining influences on re¬ 

sponse are the volume VB of the box on 
which the driver is mounted and the 
resonant frequency fB of the box 
resulting from the presence of the vent. 

ALIGNMENTS 
Assuming we know the values for 

Qrs, fs, and Vas, an alignment is a set 
of relationships which must be satisfied 
between QTS , fs, Vas, Vb, and fB. The 
relations for given Q,.ç are that the 
quantities fB/fs and V As/V v must have 
specified values which we obtain from 
analyzing the model; Small denotes 
these two ratios by h and a (alpha) re¬ 
spectively. Thus, an alignment is equi¬ 
valent to a list of the three numbers 
Qrs, h, a: for example, a Thiele B4 
alignment is Q ri =.383, h = l, a=x!2. 
If you have a driver with Qrs=.383, 
G = 25Hz, and V^5= lOOOOin', then a 
B4 response will be obtained if fB = 
hfs= lx25 = 25Hz and \H = \AS/a = 
10000/<2 = 7071inJ. An alignment us¬ 
ually includes a value of f3/fs also so 
you can see what the cut-off frequency 
will be with the alignment; however, 
you do not need it to make your de¬ 
sign. 

An alignment uniquely determines a 
response curve for a particular driver 
and amplifier combination. Thiele and 
Small based their alignments on the 
QB3-B4-C4 series of responses so that 
only one possible alignment is obtained 
for each value of Qrs- We will cover 
only these alignments. 

Tables I, ll, and /// list Small align¬ 
ments. To use a table, find the value of 
Qrs in the first column and use the val¬ 
ues of h, a, f3/fs found in that row. We 
can also find alignments by various 
formulas—for example, Saffran s for¬ 

mulas in Speaker Builder, Issue 1/80, 
p. 35 ("Mailbox" section). With these 
formulas, you can compute a Thiele 
alignment from a given value of 
Qr( = Qrs). Such formulas are handy 
but provide only approximate values, 
whereas accurately prepared tables will 
provide exact values. 

THIELE ALIGNMENTS 
Thiele6 was the first to analyze the elec¬ 
trical circuit model in order to provide 
specific vented speaker system align¬ 
ments. In this landmark paper he pre¬ 
sented a large table of alignments, the 
first nine of which were in the QB3-B4-
C4 series. These nine are just samples 
from a continuum of QB3-B4-C4 align¬ 
ments that can be obtained by varying 
the value of Qrs • If Qrs = .383, the 
alignment is a B4; if Qrs< .383, it is a 
QB3, and if Q ;i > .383, it is a C4. 

There are usually practical bounds 
on the values of Qri . If QTS <-2, the 
cut-off frequency is usually undesirab¬ 
ly high. At the other extreme, for large 
Qrs the alignments are C4 and so the 
response has a ripple which increases in 
magnitude with Qrs- By Qrs = -7 this 
ripple exceeds 1.5dB and an audiophile 
would probably find it objectionable. 

Exact alignment values are quite 
complicated to calculate and are best 
found using a computer. 1 will not pro¬ 
vide Thiele alignments for reasons to 
be made clear below. If you would like 
to use them anyway, Saffran s formu¬ 
las should be sufficient. Error can be as 
high as 5 percent. Be sure to correct his 
formula for h to h = .38/Qr. 

SMALL ALIGNMENTS 
Small" observed that vented loud¬ 

speaker systems designed according to 
Thiele alignments did not always ex¬ 
hibit the frequency response predicted 
by the model. He determined that the 
box and vent were exerting a damping 
effect which altered the response curve. 
He referred to these damping effects as 
losses because they usually resulted in 
decreased output at certain frequen¬ 
cies, and accounted for them by "ob¬ 
serving that these losses may be ade¬ 
quately approximated for design pur¬ 
poses by a single frequency invariant 
leakage loss." 

In other words, he introduced anoth¬ 
er parameter which represented losses 
due to box and driver leaks, sound ab¬ 
sorption in the box, and vent influ¬ 
ences. This parameter is a Q number, 
Qr; the larger this Q number, the less 
effect the box has on the response. In 
terms of QL we may regard Thiele 
alignments as Small alignments when 
Qr = oo ; this, however, is an ideal val¬ 
ue which cannot be realized in practice. 
For this reason I decided not to include 
a table of Thiele alignments. I have 
provided a sufficient number of Small 
alignments to cover most circum¬ 
stances. 

.10 

.10 

.13 

.17 

.20 

.25 

.29 

.34 

.39 

.42 

.50 

.55 

.61 

.67 

.73 

.80 

.86 

.92 

7.9232 
7.0834 
6.3554 
5.7202 
5.1627 
4.6706 
4.2342 
3.8452 
3.4971 
3.1843 
2.9022 
2.6469 
2.4150 
2.2038 
2.0109 
1.8342 
1.6719 
1.5225 
1.3846 
1.2571 
1.1390 
1.0325 
.9381 
.8550 
.7822 
.7187 
.6632 
.6148 
.5725 
.5355 
.5029 
.4742 
.4487 
.4261 
.4059 
.3877 
.3714 
.3565 
.3431 
.3308 
.3195 
.3092 
.2996 
.2907 
.2825 
.2748 

Ripple 
(dB» h 

1.8960 
1.8085 
1.7292 
1.6569 
1.5908 
1.5301 
1.4742 
1.4225 
1.3747 
1.3303 
1.2890 
1.2505 
1.2146 
1.1809 
1.1493 
1.1197 
1.0918 
1.0656 
1.0409 
1.0175 
.9954 
.9732 
.9507 
.9282 
.9062 
.8848 
.8644 
.8451 
.8269 
.8097 
.7937 
.7787 
.7648 
.7517 
.7396 
.7282 
.7176 
.7077 
.6983 
.6896 
.6814 
.6736 
.6663 
.6594 
.6529 
.6467 

fs/fs 
2.4845 
2.3543 
2.2351 
2.1255 
2.0241 
1.9299 
1.8421 
1.7599 
1.6826 
1.6097 
1.5406 
1.4748 
1.4121 
1.3521 
1.2945 
1.2390 
1.1855 
1.1339 
1.0841 
1.0363 
.9907 
.9482 
.9092 
.8736 
.8410 
.8114 
.7844 
.7600 
.7377 
.7175 
.6991 
.6823 
.6670 
.6529 
.6401 
.6282 
.6173 
.6072 
.5979 
.5892 
.5812 
.5737 
.5667 
.5601 
.5540 
.5482 

Qrs 
.2000 
.2100 
.2200 
.2300 
.2400 
.2500 
.2600 
.2700 
.2800 
.2900 
.3000 
.3100 
.3200 
.3300 
.3400 
.3500 
.3600 
.3700 
.3800 
.3900 
.4000 
.4100 
.4200 
.4300 
.4400 
.4500 
.4600 
.4700 
.4800 
.4900 
.5000 
.5100 
.5200 
.5300 
.5400 
.5500 
.5600 
.5700 
.5800 
.5900 
.0000 
.6100 
.6200 
,b300 
.6400 
.6500 

TABLE III 
SMALL ALIGNMENTS for Qt = 10 

TABLE IV 
ALIGNMENT FORMULAS 

Qr = 5 
h = ,419/Q/? 21

« = .0743/QrsJ5 ’ 
h/G = ,315/Q}?" 

Qr = 7 
h = ,420/QA5J 

a = .0569/QG'5' 
f3/fs = .305/QGnu

Ql = 10 
h = .421/QrlJJ 
« = .OóSd/QG019 

fs/fs = .296/QG335

The value of h is usually within 2%, 
the value of f3/fs within 6%, and the 
value of oc between —17% and 
+ 25%. 
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The difficulty with the Q, parameter 
is that we can find it only after con¬ 
structing the system. This means for in¬ 
itial design purposes we must assume a 
Qi value. According to Small, most 
systems have a QL of between 5 and 10, 
with a general tendency for it to fall 
with increasing box volume. Thus, the 
assumptions of Qt = 10 for small 
boxes, Qi = 7 for moderate boxes, and 
Qi =5 for large boxes should be 
satisfactory. 

For the most accurate design, after 
constructing a system using an as¬ 
sumed value for QL, we measure the 
actual value and modify the alignment 
on the basis of this value. Since I can¬ 
not discuss the measurement of box 
losses here, let us suppose the assumed 
values mentioned above result in an 
adequately accurate system. As an ex¬ 
ample of how box losses can affect per¬ 
formance, I designed a bookshelf 
system assuming Qi = 10. The com¬ 

pleted system had a very weak bass 
response. Measuring QL, 1 found a 
value of 3. Investigation revealed air 
leaking through the driver's dust cap. I 
sealed the cap with glue, remeasured 
the driver parameters which were 
altered by the additional mass (the 
glue) and realigned assuming QL=5. 
Measurement confirmed Qt = 4.5 and 
final adjustments produced a system 
with a solid bass. 

Table I contains Small alignments 

Design Box 
1. Driver: KEF B139. R„(nominal impedance) =8fi, Rt = 
6.9O,fj = 24.2Hz, Qfi = .34,QMs=6.86, V4J = 8500 cubic inches. 
The driver diameter is taken as 10". 

Amplifier: Pass A40. D = 500 
Connecting leads: Rx=.06Q (no crossover, low loss cable) 
Design: 

R,=R„/(D—l)=8/499 = .O16. 
Q'« = (R,+R. + R£)QEi/RE = 6.98X. 34/6.9 = . 344. 

Qrs =  Q EsQms^(Q es TQms) “ .327. 
Using the Ql=7 table and QTJ = .33, h = 1.2028, « = 
2.1594, fj/fs = 1.3836. 
Alignment values: 

fs = hG = l.2028X24.2 = 29. 1Hz, 
Vs = V^/oc =8500/2.1594 = 3936 cu. in., 

f 3 = (fa / Wh = 1 • 3836 X 24.2 = 33.5 Hz. 
Vent design: Using a 1.5" radius tube and the tube length 
formula (5), the tube length must be 7.72". 

The design volume of the box must be increased to account 
for the vent tube, driver, and any internal bracing. The length 
of tube inside the box will be about 7" if we use 3A" particle 
board. So the tube volume is 3.14 X (1.5)2 X 7 = 49.5 cu. in. If the 
driver and bracing occupy 120 cu. in. (an estimate), the box 
must have an internal gross volume of 4106 cu. in. Some possi¬ 
ble inside dimensions are 20H X16.5W X12.5D ( = 4125in3), 
25HX14WX11.75D ( = 4113in3). This driver should be crossed 
over at or below 5000/10 = 500Hz. 

2. Driver: same as Example 1. 
Amplifier: ST150. R, = .3ß. 
Connecting leads and crossover: same as in Example 1. 
Design: 

Using formula (1), Q' £i =.358, and so Qri =.34. 
Using the Ql = 7 table with QT5 = .34 gives fs = 28.3Hz, 

Vs = 4315in3, and f3 =32.1Hz. 
For the vent, a U/z" radius will require a 7.36" length 

Notice the increase in box size required when a lower damp¬ 
ing factor amplifier is used. A crossover will add even more to 
the box size; on the other hand, the cut-off frequency is de¬ 
creased. This looks like a good way to reduce the cut-off fre¬ 
quency, which can be reduced even more by adding a resistor in 
series with the driver. This will increase Qri and reduce f3. In my 
opinion, added resistance tends to degrade other aspects of per¬ 
formance, so do not use it unless you must. Your own ears are 
the besst judge of the results, however. Added resistance can 
also be used to balance a stereo pair, as the next example shows. 

3. Assume one channel is designed using the driver, amplifier, 
and connecting leads in Example 2, and a second channel is to be 
designed using a second KEF B139 with Rt=7, fs=21.8, Qts = 
.294, Qm5=6.36 and VBi = 10200in3. Without additional resis¬ 
tance the design values would be ffl = 30.6Hz, VB=2975in3, and 
fj=37.4Hz. Thus, one box would be 4315 — 2975 = 1340in3 
smaller than the other! Of course, you could build two larger 
boxes and block off part of one of them. 

The alternative is to change Qrj for the second driver by ad¬ 
ding additional resistance. To figure how much, proceed as 
follows. The required value of a to achieve the desired box 
volume is 

« =VXJ/V„ = 10200/4315 = 2.3638. 
From the QL=7 table, a Qri of .32 will give œ =2.3667and so a 
4310in3 box volume. The 5in3 difference should be negligible. 
So, we want Qri = .32 and we know QMJ = 6.36. Using formula 
(4), 

1/Qt3 = 1/Q FeTI/Qa«, 

1/Q '« = 1/Qr3 - l/Q™ = 2.9678, 
and hence, Q' ES = .337. By formula (1), we need a resistor R so 
that ,337 = Q'„ = (.3 + .06 + 7 + R)(.294)/7 
or 

R +7.36 = 8.0227 
and 

R = .6627. 

Thus, a resistor of 2/3 ohms in series with the driver will raise 
Qrs to .32. This can be fabricated from three 1 ohm resistors in 
parallel. The new design values will be fB = 27Hz, VH = 4310om' 
and f,=31.5 Hz. Notice that the cut-off frequencies of the two 
boxes are now also closer. 

4. Driver: Audax HD17B37. R„ = 8n, RE=6.5", f,=36 Hz, 
Qes = .28, Qm5 = 2, Vx3 = 1200 in3. Driver diameter is 6‘/z". 

Amplifier: ST150. R„=.3n
Crossover and connecting leads: Rx=.6n
Design: The value of QTS can be computed to be .275, 

which we will round to .28. The box will be small, so using 
Ql = 10 we will obtain fB=49.5 Hz, VB = 343in3 and f, = 60.6 Hz. 
If a 1" vent tube is used, it must be 16", clearly much too long 
for such a small box. Reducing the radius to Vz " gives a length of 
3.64". The radius of the latter tube is smaller than recommend¬ 
ed, so there may be wind noise. Cross over at 770 Hz. 

5. Driver: EMS 803, R.=8°, R£ = 5.5", h=39 Hz. Q„ = .5O3, 
Qms = 5.71 and Vxi =3320in3. Driver diameter is 8". 

Amplifier: Radio Shack. Damping factor unknown. 
Crossover and connecting cables: RI = .7° (measured). 
Design: The Radio Shack unit was inexpensive, so I will use 

a value of 20 for the damping factor. This may result in a slight 
response peak if the damping factor is actually higher, but I 
suspect it is not. This give R,= .42, Q'Bi =.6O6 and QTS =.547. 
Using Q/. = 7 and Qri = .55 gives fB=28.6 Hz, VB = 9615in3 and 
f3 = 24.9 Hz. This box is big enough that QL = 5 should probably 
be used. This gives fB=28.8 Hz, Vs = 11343in3 and f3=25.6 Hz. 
A 2" radius vent gives a tube length of 3.32". Cross over at 625 
Hz. 

The table indicates that the response will have .21 dB of ripple. 
If the amplifier actually has a high damping factor, there may be 
an additional variation of about .5 dB and this total possible 
variation of .71 dB may be objectionable. Notice how large the 
box must be considering the 8" driver diameter. Typical dimen¬ 
sions could be 36Hx21VVxl5D. 
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for Qi =5, Table 11 for Qt = 7, and 
Table 111 for Qt = 10. These tables were 
generated on an HP3000 minicomputer 
and I have verified their accuracy. The 
entries are the exact theoretical values 
rounded to four decimal places and in 
my opinion provide the most reliable 
values for design. If your Q number is 
expressed to more than two decimal 
places, you can either round off or in¬ 
terpolate. 

Formulas also exist for Small align¬ 
ments; for example, Hoge3 provides 
formulas for Qi = 7. These formulas 
can be off by as much as 25 percent for 
some alignments. As an example of the 
consequences of this error, I have 
drawn the response for Q£ = 7, Q ri= .4 
(close to a B4), using the tables. Fig. 7 
shows this response, labelled T, with 
the response obtained from the formu¬ 
las, labelled F, superimposed for com¬ 
parison. 

If you like to play with formulas, I 
have included some of my own con¬ 
struction for Qi =5, 7, 10 in Table IV. I 
make no claims about their accuracy 
except to say that they should be as ac¬ 
curate as those Hoge used. You can get 
an idea yourself by comparing formula 
values with the table values. 

VENT DESIGN 
Once you have chosen an alignment, 
you must design a vent. The type we 
will consider here consists of a circular 
tube mounted flush in the baffle board 
and extending into the interior of the 
box. We determine the proper length of 
the tube, denoted L, from the box vol¬ 
ume, the box resonant frequency, and 
the radius r of the tubing to be used, by 
the formula 

L = 1.463 x 107 x r2)/(f¿ x V fl ) x 1.463/ r 
I cannot thoroughly discuss vent de¬ 

sign here, but the following comments 
should help. The general consensus is 
that the vent radius should be at least 
one inch. I have used a three-eighths 
inch radius vent with barely acceptable 
results in a very small box. For a very 
large box, the radius should probably 
be two or three inches. 

Take some care in selecting a vent 
radius, since the larger this radius, the 
longer the vent must be. Thus, you 
may wind up designing a 10" vent to 
Eut in a box only seven inches deep! I 
ave made my vents of plastic sewer 

pipe, which works quite well. Do not 
mount the vent extremely closeTõjEè 
driver asundesirable interactions may 

^occurTThe edges of the vent should be 
smoothly rounded. 

ADDITIONAL INFORMATION 
A few cautions about box construc¬ 
tion. Do not design a cube or a box 
with a square base. Make sure al) joints 
are air tight and that there is no leakage 
around the opening used to bring the 

amplifier leads to the inside of the cabi¬ 
net. Make sure the driver is sealed into 
its opening so no air can leak out 
around the edge. Particle board is a 
good material for the box. Use plenty 
of screws and glue to insure that each 
panel is well clamped to the others. 
Battens along the seams are a good 
idea, as is bracing large panel expanses. 
Finally both Thiele and Small urge that 
you not stuff the interior of the box 
with sound absorbing material: a layer 
of sound insulation attached to all pan¬ 
els, except the baffle, is sufficient. 

In order to use Small alignments you 
must start with a driver for which you 
know the parameters. Some manufac¬ 
turers, such as Audax and EMS, make 
this information available. SRC, a 
company handling several brands of 
drivers, provide this information for 
some of their brands. Stamler's article 9 

gives a table with values for f^, Qrs , 
VAS for several drivers. Since Q£J and 
Qms are not given, amplifier-crossover 
effects cannot be included in the de¬ 
sign. 

Continued on page 30 

APPENDIX 

Terms and Definitions 

Mathematical symbols: 
oo A "number" larger than any other 
number. 
< read as less than. 
> read as greater than. 

General terms: 
Octave. A measure of distance from a 
fixed frequency to either twice or half 
the fixed frequency. An octave above 
100Hz is 200Hz and an octave below is 
50Hz. 
Parameter. A parameter can be 
thought of as a variable number whose 
value can be fixed in a particular in¬ 
stance. 

Physical terms: 
Compliance. The ease with which the 
driver diaphragm is displaced. High 
compliance drivers are those for which a 
small force will cause a large diaphragm 
displacement. The support of the dia¬ 
phragm can be viewed as a spring which 
tends to return the diaphragm to its rest 
position. A low compliance means this 
spring effect is strong. 
Impedance. An alternating current an¬ 
alogue of direct current resistance. 
Decibel. A unit used to measure the 
difference between two intensity levels, 
usually of acoustic or electrical power. 
In an electrical circuit a quantity of in¬ 
terest is the ratio of output power to in¬ 
put power at various frequencies, Po„,/ 
P,„. Thus, if the power out is three times 
the power in, P„„,/P,„ = 3. When measur¬ 
ing sound levels, all levels are compared 
to a reference level such as the threshold 
of hearing. If S, is the sound power at the 
threshold of hearing and S„ is an arbi¬ 
trary sound power, then S„/S, is a mea¬ 
sure of sound level. These ratios can 
cover an extremely large range of val¬ 
ues, say from 10 15 to IO 15 . By consider¬ 
ing lOlog (P„/P,) and lOlog (S„/S,) in¬ 
stead, the range will only run from 
— 150 to +150. These numbers are of a 
more manageable size. The logarithm 
quantities are decibels. Using decibels al¬ 
so simplifies certain calculations by al¬ 
lowing addition to replace multiplica¬ 
tion. 
Piston range. The diaphragm of a 
moving coil driver exhibits two modes 
of vibration. In the first mode it vibrates 
rigidly back and forth, like a piston. In 
the second mode, different parts of the 

diaphragm may be displaced from the 
rest position by different distances at a 
given instant. This mode of vibration 
occurs at frequencies above the piston 
range. 

One of a crossover's functions can be 
to limit a driver's operation to its piston 
range. In typical systems some drivers 
do operate outside their piston range 
and how good they sound is partially de¬ 
termined by how well controlled they 
are in this "breakup mode." Bextrene 
and polypropylene drivers have the rep¬ 
utation tor exhibiting well controlled 
performance on some interval above the 
piston range. 
Resonant frequency, damping. The phe¬ 
nomenon of resonance is the tendency of 
an object to vibrate at a certain frequen¬ 
cy when a periodic force of the same fre¬ 
quency is applied. If two strings of a gui¬ 
tar are tuned in unison and one is pluck¬ 
ed, the other will vibrate. The sound 
wave produced by the plucked string is 
the force acting on the unplucked string. 
A platoon of soldiers marching in step 
over a bridge can cause the bridge to vi¬ 
brate. Here the applied force is the sol¬ 
dier's footsteps. A singer can break a 
glass by singing the right note with suffi¬ 
cient intensity; again, the sound wave is 
the force. 

An object will usually tend to vibrate 
more at some frequencies than others. 
Such a frequency is called a resonant fre¬ 
quency. As the third example shows, a 
resonant frequency can be destructive. If 
the amplitude of the resonant vibration 
stays below a destructive level, it is be¬ 
cause the object can dissipate the applied 
force to some extent. This dissipation is 
called damping. The Q numbers are 
used to quantify how much damping is 
present. 
Transient response. Roughly, the ability 
of a loudspeaker to follow an input 
waveform, which is usually determined 
by applying an impulse input and ob¬ 
serving the output. The loudspeaker's 
ability to follow the initial rise of the 
pulse is called attack ability, and is a 
function of the loudspeaker’s high fre¬ 
quency properties. The continued vibra¬ 
tion, after passing the impulse, is called 
ringing, as in a bell after it is struck 
—i.e., after an impulse is applied to it. A 
short ring time is desirable, and depends 
on the loudspeaker's low frequency 
properties. Thus transient response de¬ 
pends on both low and high frequency 
behavior. 
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A Three-Enclosure 
Loudspeaker System: Part 3 

Changes and refinements to the 
system described in Parts I and II 

by Siegfried Linkwitz 

These notes are intended to 
encourage further development of 

loudspeakers, and bring increased en¬ 
joyment to those who want to under¬ 
take the task of building their own 
systems. The changes and refinements 
made to the original loudspeaker 
system, described in issues 2 and 3, are 
presented to show the completeness of 
the analytical design approach, and 
should not be taken as an indication 
that the previous system is obsolete. 
The audible effects of the changes are 
subtle and the added complexity of the 
circuits would be worthwhile only to 
someone trying to achieve greatest ac¬ 
curacy of reproduction. But the techni¬ 
ques described should be of general in¬ 
terest to any loudspeaker designer. 
I believe the weakest link in 

recreating the illusion of a life source 
with loudspeakers lies at the 
microphone pick-up end of the signal 
chain. It seems likely that more than 
two loudspeakers are needed, but first 
a much better understanding for recor¬ 
ding and reproducing the appropriate 
sound field has to be developed and 
demonstrated. Then it may be possible 
to transport oneself to Symphony Hall 
without moving out of the living room 
chair. Meanwhile the loudspeaker as 
the necessary electroacoustic trans¬ 
ducer can approach a high state of 
development. 

DRIVER/FILTER MATCH 

Any moving coil driver has the general 
frequency response of Fig. 22 (Fig. 1 7, 
ref. 6. Figure numbers prior to 22 refer 
to the author's previous articles, Issues 
2 & 3, 1980) when driven from a cons¬ 
tant voltage source. This is a second-
order filter with an asymptotic slope of 

12dB/octave below the resonant fre¬ 
quency f„ and flat sound pressure out¬ 
put above it. The height of the peak 
near fo and Qo are easily determined 
from an impedance measurement of 
the driver, Fig. 18. This general 
transfer function between terminal 
voltage and sound pressure output ap¬ 
plies to woofers, mid-range units and 
tweeters as long as their cone dimen¬ 
sions are small acoustically, Fig. 2, and 
must be taken into account when 
designing a crossover network. 

As an example, consider the high-
pass section of a crossover to a 25mm 
dome tweeter which has a resonance of 
800Hz with Qo of 0.9, Fig. 23(a). The 
desired acoustic output should follow 
the fourth-order high-pass 
characteristic of the 24dB/octave 
crossover with 1.5kHz as the — 6dB 
crossover frequency (b). At first glance 
it seems sufficient to shape the driver 
terminal voltage to follow the 
24dB/octave high-pass function of (b) 

Fig. 22. Frequency response of a 
moving-coil driver with dimensions 
small compared to a wavelength, which 
must be taken into account when design¬ 
ing crossover networks. 

because the filter has 22dB of attenua¬ 
tion at the driver resonance. Indeed, 
this was the procedure in the original 
crossover design for the T27 tweeter, 
Fig. 10. Such terminal voltage, 
however, causes a 36dB/octave roll-off 
in acoustic output from the driver for 
frequencies below resonance f„. 

To achieve the exact acoustic fre¬ 
quency response of (b) the terminal 

Continued on page 16 

100 900 1500 10k 
FREQUENCY (Hz) 

Fig. 23. To achieve an acoustic or 
overall high-pass filter response with 
24dB/octave slope (b), requires the ter¬ 
minal voltage to follow a 12dB/octave 
slope below resonance to compensate 
for the effects of the driver, whose 
sound pressure and phase response are 
shown at (a). 

Revised from articles first published in IVire/ess Wor/d. London. ©1978 by 1PC Business Press. All rights reserved. 
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PsBj^ 'll J>Soundbox offers you speaker parts and accessories similar 
z^to, an d more o ften than not identical, parts used by the major 

>5^? speaker companies. We all buy from the same handful of 
" manufacturers (OEM). The latest computer technology and 
the series of equations developed by Thiele (Tel) and Small enable 
Soundbox to offer some of the most advanced designs and plans 
available today, and they are free with the appropriate woofers. 
WOOFERS — Thiele Parameters, Butyl Rubber suspensions. Split 
Aluminum voice coils. Polymer-Cellulose cones, Dual Voice Coil "’-■C 
Sub-Woofers, Musical Instrument Speakers MID-RANGES — 
Cone Drivers, Horn Drivers. Ferrofluid voice coils, Aluminum voice 
coils TWEETERS — Ultra wide band Ribbon Tweeters, Horn *. 'XflB 
Tweeters. Domes, Ferrofluid, Peizos X-OVER PARTS — 
Printed Circuit Boards, Air Core Coils, Capacitors, L-Pads^^^S^^EZ 
PLANS— "Air Suspension", “Thiele Alligned" Ported 
systems, "Non'Corner" Folded Bass 
Horns (E V Eliminator and 
University Classic). And lots 
of info to improve the system 
you have now for pennies jl 

Send S1 for catalog II 
^SomaDox 
Edneyville Acres. Route 1, Hendersonville. N.C. 28739 



A THREE-ENCLOSURE 
LOUDSPEAKER SYSTEM 

continued from page 14 

voltage must follow a 12dB/octave 
slope below the 800Hz driver 
resonance (c). This then compensates 
exactly for the phase shift and group 
delay which the driver would other¬ 
wise add to the acoustic high-pass 
function. The additional phase shift 
would cause a tilting of the radiation 
pattern as the sound pressures from the 
tweeter and mid-range unit would add 
to a maximum at a point off-axis. 10 The 
amount of the phase shift introduced 
by a second-order high-pass filter can 
be calculated for Q„>0.5 from 

<(>= 180°-arctan |2Q0̂ + \ (2QO)2— 1] . . . 
I fo I 

-arctan[2Q0L - \/(2Q0)2-l| 

For the above example, the driver 
contributes 40° of phase shift at 
1.5kHz. Sound pressures from the mid¬ 
range unit and tweeter are therefore 
not in phase unless the measures 
described are taken. 

DRIVER TERMINAL VOLTAGE 

The acoustic high-pass function of the 

Fig. 24. Required drive voltage (c) has to 
be constant below the driver resonance 
frequency f„ to give the desired acoustic 
h. p. response (b) (cone excursion shown 
dashed), as a result of driver response 
(a). 

previous example requires an exactly-
shaped terminal voltage to compensate 
for the driver's own frequency 
response. A fourth-order high-pass 
response is equivalent to the cascade of 
two second-order Butterworth sec¬ 
tions. 10 The first step then is to equalize 
the driver output to follow a second-
order Butterworth function by shaping 
the terminal voltage applied to it, Fig. 
24. Design formulas were developed 
for a very useful network, Fig. 25. It is 
a modification of Fig. 20 and will later 
be used also to extend the woofer 
response. 

A note to those familiar with the 
description of transfer functions by 
poles and zeroes in the complex fre¬ 
quency plane: This network will 
generate a pair of complex zeroes (fo, 
Qo) which are positioned to cancel the 

complex poles of the driver (f„, QJ. In 
addition, a pair of complex poles (fp, 
Qp) is available which are placed at the 
crossover frequency in the case of the 
tweeter highpass or at the lower cut-off 
point of the woofer in the case of 
woofer equalization. The factor K in 
the design formulas is necessary for 
cancelling a pole-zero pair (fpl , ftl ) 
which would otherwise be introduced 
by the network. 

The second step in designing the 
acoustic high-pass filter is to follow 
this network with a standard second-
order Butterworth section to achieve 
the overall drive voltage of Fig. 23(c). 
The complete circuit of Fig. 26 is only 
slightly more elaborate than Fig. 14 but 
it achieves the exact fourth-order 
acoustic output, Fig. 23(b). 

Continued on page 18 

(d) Design formulas 

(1) Specify f0 . Oo, tp. Op

(2) k _ 2o 
fp Qp 

k “ ---- k > o required 
uo ip 
Q p fo 

(3) Choose Co (4) Ri = --- » 
2 21MO C2|2Op(1+k)] 

(5) R2 =2KR, (6) c, = c2 |2Oo (1 + k|2

(7> (8)

(9) A dc = 40 log [dB l 
fP 

(e) Circuit analysis 

* fp1 ~ fzi required 

2'H-R1/C1 C2

1 

R! 
2R,+ R2

r3 /CT 
2r3+R2|/ C2

Fig. 25. Useful network for compen¬ 
sating driver resonance at f„ and exten¬ 
ding frequency response to fp for woofer 
equalization or providing cut-off at fp 
for mid-range or tweeters high-pass, 
responses. Calculated values should be 
checked with the circuit analysis equa¬ 
tions. 
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Philips Dome Tweeters 
give the best 

compromise between 
sensitivity, 

energy distribution, 
transient response, 

distortion characteristics 
and power handling. 

When it comes to sound, advanced technology can 
put facts at your finger tips but, it's your senses 
that count. 

Recognition of this simple fact is the reason for the 
popularity of our loudspeakers, especially our dome 
tweeters. By using the latest computer techniques, 
our tweeters are designed to incorporate the most 
modern technological developments. Strict quality 
control and extensive production testing insure a con¬ 
tinuous high specification. 

But versatility is as essential when it comes to cus¬ 
tomer requirements. So we have applied our advanced 
technology to create a flexible design that provides a 
choice of magnet systems, dome materials and front 
plates. In this way, we can cater to your acoustic and 
aesthetic requirements. 

We believe in using high technology to give our 
customers what they want. In a world of sound where 
personal preference is the thing, we offer a wide range 
of dome tweeters as well as midranges, woofers and 
crossover networks. 

For your free catalog, send coupon to: 

Amperex Electronic Corporation 
Distributor Sales Operation 
230 Duffy Avenue 
Hicksville, N.Y. 11802 

Please send me a 1980 Loudspeaker catalog | 

I 
I 

Name _ । 

Address___| 

City_ State_ Zip_ * 
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A THREE-ENCLOSURE 
LOUDSPEAKER SYSTEM 

continued from page 16 

CROSSOVER FREQUENCIES 
AND DRIVERS 

The technique described could be used 
to modify the original T27 high-pass 
filter (f„ 1.2kHz, Qo 1.1). Instead, I us¬ 
ed a Son-Audax HD12.9 D25 soft-
dome tweeter with a 1.5kHz crossover 
frequency to the B110. I used 
HD12.9D25 with non-replaceable 
voice coil, is used instead of the 
HD12.9D25A because of flatter fre¬ 
quency response^It is available from 
Transcendental Audio, Arvada, Co. 
At 3kHz, the previous crossover point, 
the B110 cone diameter is about one 
wavelength so that a certain amount of 
directionality can be expected, Fig. 1. 
Further, the mid-range and tweeter 
units are separated by one wavelength 
at 3kHz so that the combined radiation 
pattern begins to narrow in the cross¬ 
over frequency range Fig. 3(b). The 
lower crossover reduces the acoustical 
dimensions by a factor of two so that a 
wider and more uniform dispersion is 
obtained over all frequencies in both 
the vertical and horizontal planes of 
radiation, Fig. 2. The loudspeaker then 
approaches more closely the acoustical 
point source. 
While the mid-range unit has to 

cover one octave less in frequency, the 
tweeter must now have four times the 
excursion capability to maintain the 
same acoustic output. The Son-Audax 
unit works well in this application and 
there is no sacrifice in overall 
smoothness of response compared to 
the T27. The new unit does not slope 
down towards the high end. For most 
commercial recordings a slight droop 
of about 3dB between 2k and 15kHz 
seems subjectively preferable and such 
response can be easily adjusted with 
properly designed treble controls. 

The crossover point between woofer 
and mid-range units has been raised 
from 70 to 100Hz, thus reducing the 
maximum cone excursion for the B110 
by a factor of two for constant sound 
output. Experience has shown that only 
the mid-range power amplifier is occa¬ 
sionally driven into clipping. If careful¬ 
ly fused, a 100W amplifier might be 
considered for driving each B110. The 
three-way system is very forgiving to 
clipping of the mid-range amplifier. It 
is not audible on short transients 
because the woofer and tweeter chan¬ 
nels still reproduce their undistorted 
portion of the total signal. The reduced 
frequency coverage of the B110 at both 

Fig. 26. Network for a 1.5kHz 24dB/octave acoustic highpass filter for a Son-Audax 
HD12.9D25 dome tweeter. The first op-amp stage compensates exactly for the driver 
resonance at 800Hz and gives a 12dB/octave 1.5kHz acoustic high-pass response. The 
second op-amp stage is a conventional Butterworth section. Design formulas for this 
network are from Fig. 25 and Fig. 14: 

low and high frequencies improves the 
amplifier power distribution between 
the drivers. 
The crossover frequency between 

woofer and mid-range units was not 
raised further because the center 
woofer is positioned 0.84m behind the 
mid-range unit and the phase shift 

$ = 360 e
X 

due to this path length would become 
excessive. Further, the stereo effect 
might suffer from the blending of left 
and right-channel information for too 
high a crossover frequency. 
In the future it could become 

necessary to have truly full range, 
separate speakers for reproducing an 
appropriately recorded sound field. 
Previously the mid-range resonance at 
70Hz was used as one section of the 
24dB/octave acoustic high-pass func¬ 
tion. The second section was provided 
by an active network. Now, both sec¬ 
tions are implemented electronically 
using the circuit of Fig. 25 to compen¬ 
sate for the BllO's resonance in its 
enclosure, with f„ and Qo determined 
from Fig. 18 (f„ 73Hz, Qo 0.6). The 
complete network has therefore a con¬ 
figuration similar to that of the 
tweeter, Fig. 26. 

WOOFER EQUALIZATION 

The center channel woofer covers a 
relatively narrow frequency range. Of 
particular interest is the lower cut-off 
point and cut-off rate. There is some 
indication that the low-end phase 
behavior of a system can have audible 
effects. A 5Hz square wave for exam¬ 
ple, which sounds like a sequence of 
clicks, will change its tonal character 
when transmitted through an all-pass 
network. 10 From network theory we 
know that any high-pass filter with a 
slope of more than 6dB/octave will 

Fig. 27. Shaped toneburst used to 
evaluate the audibility of phase distor¬ 
tion. 

Fig. 28. Passive network for 24dB/oc-
tave acoustic slopes and 1.6kHz 
crossover frequency. If constant ter¬ 
minal impedance is assumed for the 
drivers then the network and its element 
values can be determined analytically20 

(a). Computer optimized network for 
actual drivers shown at (b). 
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produce some amount of ringing to a 
step input. 17 It is impractical to roll off 
the woofer at a 6dB/octave rate 
because it would mean that its cone ex¬ 
cursion has to continue to increase at 
6dB/octave even below the 3dB cor¬ 
ner. The only practical way is to use a 
12dB/octave rate. If the Q of this high-
pass network is kept low at 0.5 then a 
minimum of overshoot is combined 
with a minimum of cone excursion. 
The original network Fig. 13 is a 

good approximation. The revised 
crossover uses the circuit of Fig. 25 
with fp 19.3Hz and Qp 0.5 which gives 
a 30Hz, 3dB corner frequency. 

The high-pass nature of the woofer 
channel introduces phase shift at the 
100Hz crossover to the mid-range unit 
according to the previous formula for 
Q« 0.5: 

4> = 180 c ~2arctan y = 22° 
Jp 

This amount of the phase shift by itself 
is insignificant, but combined with the 
phase shift due to the woofer location 
of 0.84m behind the mid-range it 
becomes necessary to add delay to the 
mid-range channel. It is implemented 
with the network of Fig. 16 which has a 
phase shift of: 

$ = — 2arctan (2tt/RC) 

Both the absolute value of the phase 
shift and the slope of the phase curve, 
or the group delay, can be made to 
coincide between woofer and mid¬ 
range channel. The specific network 
component values R and C depend 
upon the set-up of the loudspeaker 
system and no compensation is needed 
when mid-range and woofer radiate 
from the same plane. The two phase 
correcting stages have negligible effect 
at the 1.5kHz crossover. 

AUDIBILITY OF 
CROSSOVER NETWORKS 

Lowering of the tweeter crossover to 
1.5kHz raised some concern over the 
audibility and phase distortion. The 
combined mid-range and tweeter 
sound pressure has an all-pass 
characteristic. Sound pressures from 
the two drivers are in phase at all fre¬ 
quencies relative to each other but the 
overall sound pressure has a 
frequency-dependent phase shift 
relative to the electrical signal at the in¬ 
put to the crossover network. The 
group delay is not constant with fre¬ 
quency. 10 Figure 11. 

A new form of test signal was used 
which consists of a five-cycle tone 

Continued on page 22 

^BUILDER PURISTS 
The audio industry was founded by dedicated builder purists like you, seek¬ 
ing new and novel approaches to sound reproduction. 

We started that way over fifty years ago and still maintain that same 
dedication to the ideal of utmost quality, a fact which is reflected in the pro¬ 
ducts we manufacture; including raw drivers for the builder. We invite you 
to write or call to learn more about our products: 

DRIVERS: 7"Dual voice coil midrange/tweeter 
10" Dual voice coil full range 
18" Parallel wound voice coil subwoofer with heat 
sink 
24" Parallel wound voice coil ultra-woofer with 
heat sink 

FEATURES: All-polymer cones 
High speed magnetic suspension 
Equalized Flux Magnetic structures 
Sand-cast aluminum frames 
100% hand fabrication 
200% quality control 

ACCESSORIES: 3-way passive crossover 
TF-1 natural fiber cellulose damping material 
Terminals and binding posts 

ALSO NOW We are your only source for the ultimate 
hAVAILABLE: speaker wire. . .REFERENCE CABLE 

k Write for free brochures, specs, cabinet recommendations and prices. 

Hartley Products Corp., Box 3I6B, Ramsey, NJ 07446 
(201)327-4443 

IF YOUR MUSIC LISTENING REQUIREMENTS DEMAND PHASE COHERENT, 
ACCURACY OF REPRODUCTION WITH VERY HIGH SIGNAL RESOLVING 
ABILITY. DEEP. TIGHT AND ARTICULATE BASS, WITH HIGH SPL CAPABILITY 
FOR TODAY AND TOMORROW'S WIDE DYNAMIC RANGE RECORDINGS. 
CHECK OUT OUR LINE OF DRIVERS, DESIGNS, AND PARTS INCLUDING 
AUDIO-GRADE CAPACITORS. DESIGN AND MOD ASSISTANCE AVAILABLE. 

REFRESHING SONIC PURITY NOW AVAILABLE 
Use Ted Jordan/TA designs with the Jordan 50mm Module intended for building linear line 
source arrays that radiate coherent cylindrical wave fronts and do most of the work in your 
dream system. Speaker signal tracing, high resolving at all usable realistic SPL's is now here 
in a satellite size you can almost hide at a cost that makes sense. 
Send for the Jordan Manual, a 26-page text book on sound and speaker design and a catalog 
of drivers, crossover parts, application notes, biamping and subsonic filter kits, audio-grade 
capacitors for your electronics projects, mods and crossovers Both for $3.00. 

Transcendental Audio 
INNOVATIVE COMPONENTS AND DESIGNS IN HIGH-END AUDIO 

6796 ARBUTUS STREET, ARVADA, COLORADO 80004 - 303-420-7356 
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(SEAS) 
The only name in SPEAKERS 

SEAS loudspeaker kits are the economical, easy way to first rate 
sound. One acoustic suspension design, and three bass reflex 
complete systems are offered with 3 drivers and crossovers, 
plus separate fully finished lacquered ash veneer cabinet kits 
that require no special tools for assembly. A 7-driver, 4-way high 
efficiency, high power driver kit for disco use is also available. 
These comprise only a portion of the wide range of SEAS drivers 
engineered for the full scope of sound reproduction applica¬ 
tions. We invite you to contact the U.S. distributors listed below. 

Issue #3 of Speaker Builder, in its comprehensive review of our 
largest kit, #603, pointed out that we do not include in the kit de¬ 
tailed specifications on the drivers and crossover. Engineering 
data sheets are available for the designer, of course, and here 
we have condensed those for the popular 603 system. Reprints 
of the review are available on request. Do it and say it: “See Us”. 

H-1O7 
TECHNICAL DATA: 60 
Recommended enclosure volumes: — 
Closed box — 
Bass reflex — 

Recommended frequency range 3000-25000 Hz 
Lower limiting frequency (DIN 45500) — 
Upper limiting frequency (DIN 45500) 25000 Hz 
Free air resonance 1000 Hz 
Operating power (DIN 45500) 3,2W 
Characteristic sensitivity 91 dB 
Nominal power (DIN 45573) 50W' 
Music power (DIN 45500) — 
Flux density 1,80 T 
Force factor (B1 product) 3,5Wb/m 
Voice coil diameter 26 mm 
Voice coil height 1,5 mm 
Air gap height 2,0 mm 
Voice coil resistance 4,80 
Effective diaphragm area 7 cm2
Moving mass 0,3 g 
Air load mass in baffle — 
Mechanical suspension resistance — 
Weight 0,58 kg 
1) Crossover frequency 4000 hz, 12dB/oct. 

603 KIT SYSTEM 

603 Crossover: 600 & 3000 Hz 
R, 3.9 ohm, 5 watt 
R2 2.2 ohm, 5 watt 
C, 48^F, 50 volts 
C¡ 24/xF, 50 volts 
C3 5mF, 50 volts 
L, 4.7mH, 0.8 ohms 
L, 0.47mH, 0.8 ohms 
Lj 0.48mH, 5.1 ohms 

11F-M 
TECHNICAL DATA: 
Recommended enclosure volumes: 
Closed box 
Bass reflex 

Recommended frequency range 
Lower limiting frequency (DIN 45500) 
Upper limiting frequency (DIN 45500) 
Free air resonance 
Operating power (DIN 45500) 
Characteristic sensitivity 
Nominal power (DIN 45573) 
Music power (DIN 4500) 
Flux density 
Force factor (B1 product) 
Voice coil diameter 
Voice coil height 
Air gap height 
Voice coil resistance 
Effective diaphragm area 
Moving mass 
Air load mass in baffle 
Mechanical suspension resistance 
Weight 

4Í2 8Í2 

1,5-3 litres 

400-5000 Hz 

150 Hz 
5,0W 
89 dB 
100W' 

1,10 T 
4,2Wb/m 4,7Wb/m 

26 mm 
5,8 mm 
4 mm 

3,10 6.5Í2 
55 cm 2 
4,0 g 
0,5 g 

0,53 kg 
1) Crossover frequency 800 Hz, 6dB/ckt. 

DISTRIBUTORS 

THE SPEAKER WORKS 
P.O. Box 303 

Canaan, NH 03741 

J.C. ELECTRONICS 
2001 Springfield Avenue 
Maplewood, NJ 07040 

CLASSIC RESEARCH and 
ENGINEERING 

5070 E. 22nd Street 
Tucson, AZ 85711 

PERFORMANCE IN CLOSED BOX 
box resonance 

volume frequency (fo

(litres) 

50 
70 
100 

lower 
limiting 

frequency 
(Hz)’ 

40 
38 
35 

1) DIN 45500 
2 » of cabinet filled with mineral wool 

PERFORMANCE IN BASS REFLEX BOX 
box 

volume 

(litres) 

70 

100 

port area/ j Helmholz 
length resonance 

(cm'/cm) (Hz) 

40/20 25 

40/20 I 22 
i_ 

lower T natural 
limiting I frequencies of 

frequency transfer function 

jj i M nz. vj — u.a i 
60 Hz. Q = 0.75 

30 13 Hz. Q=1,0 
I 50 Hz. 0 = 0.6 I 

1) DIN 45500 
Cabinet walls internally lined with 5 cm mineral wool. 

THIELE/SMALL PARAMETERS: 
CU: 3.3 Q„: 0.41 Q„: 0.36 Vx5(mJ): 0.23 

SEAS FABRIKKER A.S., Norway 
U.S. Office: Box 64, Maple Glen, PA 19002 

33F-WB 
TECHNICAL DATA: 
Recommended enclosure volumes: 
Closed box 
Bass reflex 

Recommended frequency range 
Lower limiting frequency (DIN 45500) 
Upper limiting frequency (DIN 45500) 
Free air resonance 
Operating power (DIN 45500) 
Characteristic sensitivity 
Nominal power (DIN 45573) 
Music power (DIN 45500) 
Flux density 
Force factor (B1 product) 
Voice coil diameter 
Voice coil height 
Air gap height 
Voice coil resistance 
Effective diaphragm area 
Moving mass 
Air load mass in baffle 
Mechanical suspension resistance 
Weight 

80 

50-100 litres 
70-100 litres 
30-1000 Hz 
see tables 

30 Hz 
1,6W 
94 dB 
80W 
200W 
1,20 T 
12Wb/m 
39 mm 
24 mm 
10 mm 
6,00 

550 cm1
45 g 
7g 

3,0Ns/m 
5.65 kg 



(SEAS) H-107 
A high efficiency 1 " dome tweeter with 
exceptionally smooth high frequency 
response. The optimally shaped vac¬ 
uum formed high loss plastic dia¬ 
phragm does not require coating, and 
thus no protective grid is needed. 

TRANSIENT RESPONSE measured in IEC 
baffle; measuring distance 1 meter. 

(SEAS) 11F-M 
A high power 4 1Zi " midrange with a pa¬ 
per cone and foam surround. Engineer¬ 
ing a proper impedance match be¬ 
tween cone and surround, plus coating 
the cone with damping material, drasti¬ 
cally reduces cone resonances. 

TRANSIENT RESPONSE measured in 3 litre 
closed box, measuring distance 1 meter. 

(SEAS) 33F-WB 
A very high efficiency 13" woofer with 
foam surround delivers improved large-
signal transient response optimized by 
the slightly progressive suspension, 
and extremely low bass distortion 
through an unconventional magnetic 
design. 

TRANSIENT RESPONSE measured in 64 li¬ 
tre closed box, measuring distance 1 meter. 
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THREE-ENCLOSURE 
LOUDSPEAKER DESIGN 

Continued from page 19 

burst of variable frequency. The tone 
burst is not turned on and off in the 
usual abrupt fashion but instead it 
builds up and decays gradually. Fig. 
27. The envelope of the burst follows a 
raised cosine function. 18 This signal is 
ideally suited to measure the 
psychoacoustically important blend of 
frequency and time response of 
loudspeakers. The spectral content of 
the shaped tone burst is concentrated 
in a narrow frequency range. The ear 
appears to be very sensitive to phase 
distortion of this signal, while a square 
wave or rectangular envelope burst are 
almost useless at higher frequencies for 
such tests. 
A system with 24dB/octave cross¬ 

over filters has the phase shift of a sec¬ 
ond-order all-pass network with com¬ 
plex poles and zeroes of Q = 0.7. No 
audible change could be noticed on in¬ 
sertion of this network into the test sig¬ 
nal path. The Q had to be increased to 
2.4 before any effect was noticed with 
the test signal at 1.5kHz. Observation 
with an oscilloscope indicated ringing 
of the trailing edge of the shaped burst 
which became increasingly more audi¬ 

ble as Q was raised above 2.4. It can be 
concluded safely from these tests and 
others with program material that the 
phase distortion of a 24dB/octave 
crossover is insignificant. 
Often, claims are made for the 

superiority of low-order crossover net¬ 
works with 6dB/octave slopes. It 
should be obvious from Fig. 24 that a 
6dB/octave acoustic response cannot 
be realized with a passive network 
because the driver itself introduces a 
12dB/octave slope and the aforemen¬ 
tioned associated phase shift. Merely 
applying a terminal voltage which 
changes with 6dB/octave would 
guarantee an 18dB/octave slope below 
the driver resonance and 6dB above it, 
but with excessive phase shift which 
defeats the whole phase argument for 
this type of network. 

Even a 12dB/octave acoustic high-
pass filter would be extremely difficult 
to achieve passively as can be seen 
from the required terminal voltage of 
Fig. 24(c). 

The lowest-order acoustic high-pass 
filter which can be realized with a 
passive network has 18dB/octave 
slope, sometimes called an acoustic 
Butterworth. 19 This filter still suffers 
from the phase quadrature between 

low and high-frequency driver outputs 
and the resulting frequency-dependent 
irregularity in the radiation pattern. 10 

Surprisingly then, the 24dB/octave 
crossover is the lowest-order function 
for which the all-important radiation 
pattern has a stable axis. So-called 
"linear phase" loudspeakers are based 
on wishful thinking and not on 
physical realties. 

PASSIVE CROSSOVERS 

Not everyone is at home with the elec¬ 
tronics and the rather elaborate op¬ 
amp circuits for this loudspeaker 
system. A passive crossover seems at¬ 
tractive as it would consist only of in¬ 
ductors, capacitors and resistors in a 
relatively simple interconnection. Un¬ 
fortunately it is considerably more dif¬ 
ficult for the home constructor to ar¬ 
rive at the correct element values for a 
passive network than to design active 
networks with their great flexibility to 
change transfer functions and gain. 19

To design a passive network for a 
24dB/octave acoustic crossover re¬ 
quires a computer optimization routine 
unless one is satisfied with the trial and 
error procedure on which most 
loudspeaker design has been based un¬ 

See overleaf; text continued on page 30 

Loudspeaker 
Components 

HORNS • WOOFERS • MIDS • TWEETERS 
AT TREMENDOUS OEM SAVINGS. ALTEC. ELECTRO¬ 
VOICE. PHILIPS-AMPEREX. PEERLESS. POLYDAX. 
ISOPHON. AND MANY OTHERS. HUGE SELECTION OF 
X-OVER COMPONENTS. LARGE INVENTORY FOR IM¬ 
MEDIATE DELIVERY. GOOD SELECTION OF MUSICAL IN¬ 
STRUMENT LOUDSPEAKERS CATALOG CONTAINS VAL¬ 
UABLE X-OVER INFORMATION. AND TECHNICAL DATA ON 
SPEAKERS. SEND $1°° TO: SRC AUDIO DEPT SB 

3238 Towerwood Dr. Dallas. TX 75234 

ENCLOSED IS $1.00, PLEASE SEND CATALOG 

name_ 

address_ 

city_ 

s»^tp_zip code_ 

au
di
o 



LINKWITZ CROSSOVER-PARTS LIST 

C, 
C2,3/ 8/9/10/11/18/24 

C. 

c,„ 

Cg 

012,16/20 

017,19/28/29 

c„ 

Cjl/22/27 

C23 

C25/32 

013/14,26/32 

C30 
C33 

Rl/3/22/23/24/ 

Qty Value 
1 4.7gF 
8 2200pF 
1 5600pF 
2 3300pF 
1 .2gF 
3 4700pF 
4 .OlgF 
1 .02gF 
3 .lgF 
1 .015gF 
2 .068gF 
4 .033gF 
1 ,012gF 
1 22gF 

11 34.8k 
3 68.1k 
4 38.3k 
2 14.7k 
2 4.22k 

Parts listed above are for one channel. The 
builder need not double the components for the 
woofer if only one woofer is to be used. The cir¬ 
cuit layout was designed to accept 
polypropylene, polystyrene, parylene and 
polycarbonate capacitors in both filter and 
bypass applications for sonic improvement. If 
you wish to bypass electrolytics, choose values 
that are 2% of the preceding value, i.e. 4 7pF — 
,094pF (.IpF); 1880pF (1800pF). All resistors are 
'/4 1V, 1% metal film. For the ± 15V power sup¬ 
ply the Sulzer design (TAA, 2/80) is suitable. 



HOW TO DESIGN THIS 
INTO YOUR NEXT SPEAKER. 

This is the graphic for our consumer and regular trade adver¬ 
tising and might seem a little glossy for you hard-core speaker 
builders but the point is still this: Your speakers should kick butt. 

And after you get through with flux density calculations, Theile 
formulas, crossover nomographs, vent cutting, damping, cutting, 
sawing, screwing and wiring, the best way to make make sure 
your speakers kick butt is with an equalizer. 

We make the only five-band EQ in the 
world with three octave bass bands: 
36, 60 and 120 with “Q’”s around 2.9. 
(We throw in a wider band at 1K and a 
sizzlerat 15.5, too.) 

We also include something no 
builder of speaker systems should 
ever be without: An 18dB/octave 
Tchebechev subsonic filter. 

And the 520B Equalizer 
costs just $119. 

On the other end of the spectrum (excuse the pun) is our C-101. An 
octave equalizer with built-in Realtime Spectrum Analyzer, built-
in Pink Noise Source and phantom-powered Measurement Mike. 

All for just $549. 
We don’t even have to tell you what use that combination can be 

to the speaker designer/builder. And it also has the 18dB/octave 
subsonic filter and a special Rumble Reduction circuit which 

mono’s bass under 200Hz to cut audible low-end crud. 
We also make just the Analyzer portion of the C-101 with 

pink noise and mike for $399. And the equalizer only for $249. 
We sell our line through over 600 reputable hi-fi dealers across 

America. If you’re resourceful enough to enjoy Speaker 
Builder, you’ll have no trouble 
ferreting out your local Audio 

Control dealer. 
It’s worth it to get 
speakers that truly 

kick butt. 

AudioCorrtrol 
6520 212th SW, Lynnwood, WA 98036 in the Heart of the Northwest Rainforest. 
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An Electrostatic 
Speaker System: Part III 

The woofer system is an important factor 
in the overall performance of the 

speaker system. Of the total sound energy 
radiated by the complete speaker system, 
probably 80% to 90% of the sound is 
radiated by the woofer. The ESL appears to 
make all the sound when you have a woofer 
system that is doing its job properly. In all 
the commercial ESL hybrid systems I have 
heard, woofer system problems usually 
destroy the system's coherence. The usual 
complaint is that two different types of 
drivers are obviously at work. The sound is 
not homogeneous. 

In comparison to such a system, a full 
range ESL sounds considerably more co¬ 
herent and detailed, even given its limita¬ 
tions. However, if you construct a trans¬ 
mission line speaker system to use with the 
ESL's the sound will be superior to a full 
range ESL. Electronic crossovers are a large 
factor in this superiority so do not attempt 
to operate the system without them or by 
using a single amplifier and a passive, high 
level crossover. A biamped system is ab¬ 
solutely necessary. 

You may expect the following improve¬ 
ments with a T.L./ E.S.L. system: 1. greatly 
improved SPL's, 2. deep bass which is not 
available from the ESL's, 3. improved detail 
in the bass and midrange when compared to 
the full range ESL's, 4. the system will seem 
at ease. 

T.L. construction is more complex than 
that of your average box. A number of 
designs for T.L.'s are available and I refer 
you to J. Theodore Jastak's articles on 
design and construction, particularly his 
first in TAA 1/73. 

The transmission line's basic concept is to 
direct all the energy from the rear of the 
driver into a tube. The length of the tube 
essentially determines the low frequency 
cutoff of the speaker; the longer the tube, 
the deeper the response. Typically, 6' to 8' 
tubes are used, although this varies to some 
extent with the size of the woofer. I use a 10' 
tube in my design which is for 10" woofers. 
Some of the shorter lines can decouple from 
the woofer at lower frequencies so that the 
woofer flapping and fluttering becomes a 
problem. This does not occur in my design 
because of the 10' line. In fact, woofer ex¬ 
cursions even at very high SPL's are amaz¬ 
ingly small. 

MULTI-RESONANT 

A typical box enclosure has many resonant 
frequencies which markedly affect the 
sound. T.L.'s are generally free of 
resonances for two reasons: 1. The tube is 

by Roger R. Sanders 

tapered, which results in an infinite number 
of tiny resonances rather than a few large 
ones. 2. It is completely filled with damping 
material. Most T.L. designs do not use 
completely tapered tubes because of dif¬ 
ficulties in construction, but have a number 
of steps in them to approximate a taper. My 
design tapers steadily along its entire 
length. 

The tube terminates at a port. Most of 
the energy has been absorbed by the time 
the sound waves reach it. However, very 
low frequencies will escape the line there. I 
believe these frequencies have been slowed 
enough by the damping material to shift 
their phase by about 180 degrees by the 
time they escape the port. Therefore they 
come out in-phase with the woofer's front 
radiation and support the deep bass. 
However, I have no data to confirm this. 
The general theory says the cross-

sectional area of the line should be 
somewhat larger than the driven area of the 
woofer at the beginning and then taper to 
approximately the same size as the woofer 
area at the port. Several English engineers 
believe the line may be the same size as the 
woofer initially and taper to about 70% of 
woofer size at the port. 

I chose to use larger areas and my enclo¬ 
sures are rather large. The drawings (Figs. 
17 and 18) are for enclosures 3" narrower 
than mine. They will work adequately since 
they are still larger in cross-sectional area 
than the woofers and the cabinets will be 
more attractive. 

DESIGNS & MATERIALS 

Ted Jastak demonstrates several types of 
construction techniques which should work 
well if you feel that my design is too dif¬ 
ficult to build. I have not tried them, 
however. My design is a composite of ideas 
gleaned from Jastak, 1 l.M. Fried, Reg 
Williamson, and Bert Webb2, the basic 
design is the classical Bailey line3 with 
modifications. 

I used W high density particle board in 
construction. Although there is no such 
thing as too much mass in a speaker 
enclosure, the 3A" sides of mine do not flut¬ 
ter at high SPL's, and the sound is clean and 
free of resonances when measured with a 
spectrum analyzer. If you want to use 1" 
particle board, or cast the enclosure in con¬ 
crete, do so. 

I did not insert the parts in grooves 
because I am not much of a wood worker. I 
just cut the parts accurately on a table saw 
and used wood screws about every eight in¬ 
ches along with plenty of "Tightbond" glue. 

A certain sequence should be followed dur¬ 
ing assembly. Take one side and attach the 
front, back, top, and bottom. Then add the 
internal partitions. These form a folded 
tube since a tube 10 feet long behind each 
woofer would be rather awkward. I wait to 
cut the port and woofer cutout until 1 have 
this basic box constructed because it is then 
a rather simple task using a sabre saw. 

Run the speaker wires and jacks inside 
the box. Once you put the last side on the 
box, you will not be able to do this. Staple 
or otherwise firmly attach the loose end of 
the wire near the woofer cut-out so that is 
will not fall back when you turn the speaker 
upright. 

Next lay a straight edge across the inter¬ 
nal partitions, making marks on the edges 
of the box to show the locations of these 
partitions. When you put the last side in 
place, you will know where to drill the 
screw holes. 

STUFFING GUIDE 

You now must completely stuff the box 
with damping material There is little ques¬ 
tion that natural long fibre wool is best for 
this. However, it is expensive and you must 
moth proof it. Other materials, such as 
polyester fluff, fibreglass, and open cell 
foam can be used, although they don't 
damp quite as well. 

If you use wool, you will need to support 
it with nylon mesh or a dowel every eight 
inches so it will not gradually compress. 
Sprinkle it with moth crystals before put¬ 
ting the side on, and use a fine grille cloth 
over the port. 

Determining the correct amount of dam¬ 
ping material to use is at best a guess. Even 
if you know how much to use, determining 
the density in the enclosure would be im¬ 
practical. Jastak suggests using about ‘/z 
pound of wool for every cubic foot of 
space. The material should be set up in a 
constant impedance mode, meaning that it 
should be packed tighter behind the woofer 
than at the port. I ended up putting in the 
wool very lightly at the port and pushing it 
gently to compress it a bit as 1 went up the 
line. 

In my opinion it is better to overstuff 
rather than understuff. You need not stuff 
the area immediately behind the woofer at 
this point; you can do that after the box is 
completed and you are about to mount the 
woofer. 

When you have completed the stuffing, 
attach the last side and finish the enclosures 
as you choose. I puttied the screw heads 

Continued on page 28 
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Old Colony KITS 
POLICY: OLD COLONY SOUND LAB is a 
service agency for readers of The Audio Ama¬ 
teur and Speaker Builder magazines. It at¬ 
tempts to provide circuit boards and the ba¬ 
sic, or hard to find, parts for construction 
projects which have appeared in the maga¬ 
zine. Old Colony assumes that the construc¬ 
tor will use the Audio Amateur or Speaker 
Builder magazine article as the guide for 
building his unit. Kits, with noted excep¬ 
tions, are not priced to include article reprints 
or construction instructions. Old Colony 
kits, with stated exceptions, do not provide 
metal work, cabinets, line cords and the like 
We suggest that before purchase amateurs se¬ 
cure and evaluate the articles, which give de¬ 
tails on each unit Kits vary widely in com¬ 
plexity and required construction skills. A 
very few can be assembled by the beginner. If 
you are just starting in audio, get some experi¬ 
ence building Heath or Dyna kits before tack¬ 
ling an Old Colony kit, or locate an ex¬ 
perienced friend to help in case of difficulties. 

CROMOVIRS 
RLSCTRONIC 

For both electronic crossovers: crossover points and 
Ri, Ra, Ci, Ca MUST be taken from Fig. 3, p 11, 
Issue 2, 1972, TAA. No other values can be supplied. 
KC-4A: ELECTRONIC CROSSOVER, KIT A. 
[2:72] Electronically divide the signal before 
the amplifier Requires one amp for bass, a se¬ 
cond for treble (or one stereo amp per chan¬ 
nel). Lowers distortion and dramatically in¬ 
creases power capability. Single channel, 
two-way. Values of R,, R2, Co C2 must be 
specified with order All parts and C-4 circuit 
board Includes new LF351 ICs. Each $8.00 

KC-4B: ELECTRONIC CROSSOVER, KIT B. 
[2:72] Single channel, three-way. Values of 
Rn R2, Ci, C2, must be specified with order 
All parts and C-4 circuit board. Includes new 
LF351 ICs. Each $11.00 
KK-6L: WALDRON TUBE CROSSOVER: 
Low pass. Single channel, 18dB/octave, But¬ 
terworth, [3:79] includes Bourns 3-gang 
plastic pot, level control, Mullard tubes, 
board, and three frequency range determining 
capacitors. Specify ONE frequency range per 
kit please. (Hz ): 19-210; 43-465; 88-960; 
190-2100; 430-4650; 880-9600; 1900-21,000. 
Single channel. Each $43.00 
KK-6-H: WALDRON TUBE CROSSOVER: 
High pass. Single channel, 18dB/octave, But¬ 
terworth, [3:79] includes Bourns 3-gang 
plastic pot, level control, Mullard tubes and 3 
frequency determining capacitors. Please 
specify one of the frequencies above. No other 
can be supplied. Each $45.00 

KK-6-S Switch Option. 6-pole, 5-pos rotary 
switch, shorting, for up to five frequency 
choices per single channel. Each $8.00 
When ordered with two kits above, 

Each $7.00 
KK-7: WALDRON TUBE CROSSOVER 
POWER SUPPLY. (3:79) All parts, including 
board, transformer, fuse, semiconductors, 
line cord, capacitors. Will power four tube 
x-over boards (8 tubes), one stereo bi-amped 
circuit. Each $88.00 

PASSIVS 
KF-7: CROSSOVER FOR WEBB TLS. [1:75] 
Passive four-way crossover, in pairs, assembl¬ 
ed. Components are included for both STC 
and Celestion tweeters. Made by Falcon of 
England. Pair $76.00 

FILTBRS 
& Speaker Saver 

KF-6: 30Hz RUMBLE FILTER. [4:75] Rolls off 
system response at 18dB/octave below 30Hz 
to eliminate rumble and garbage on discs 
below 30Hz Cuts speaker distortion and 
wasted amplifier power. Two channel univer¬ 
sal filter card supplied with WJ-3 (F-6) circuit 
board and all basic parts, 1% metal film 
resistors and 5% MKM capacitors for opera¬ 
tion as an 18dB/octave 30Hz rumble filter 
30Hz, OdB gain only. Kit may be adapted as 
two- or three-way single channel crossover 
with added capacitors and resistors. 

Each $19.75 

KH-2A: SPEAKER SAVER. [3:77] Protects 
speakers from destructive transient signals by 
quick shutdown of amplifier output. This 
basic two-channel kit includes board and all 
board-mounted components for control cir¬ 
cuitry and power supply. It features turn-on 
and off protection and fast opto-coupler cir¬ 
cuitry that prevents transients from damaging 
your system 4PDT relay and socket includ¬ 
ed. Each $35.00 

KH-2B: OUTPUT FAULT OPTION. If the 
amplifier goes into self-destruct mode, this 
added feature cuts off drive to output devices 
quickly. Additional board mounted com¬ 
ponents for speaker protection in case of 
amplifier failure. Each $6.75 

KH-2C: COMPLETE SPEAKER SAVER WITH 
OUTPUT FAULT OPTION. Each $40.00 

KK-8: COMPEX C. Signal compression ma 
repeatable format for tape recording or signal 
transmission. Two channel board with all 
parts to compress signal, including 1% 
polycarbonate capacitors and large tantalums 
[3:79] Each $45.00 
KK-9: COMPEX E. Signal expansion in tape 
replay mode or after transmission via limited 
phone lines. Two channel expansion board 
with all parts including precision Rs St Cs, 
[3:79] Each $35.00 

SYSTEM ACCESSORIES 
KH-8: MORREY SUPER BUFFER. [4:77] All 
parts & board for two channel output buffer to 
isolate tape outputs in your preamp from dis¬ 
tortion originating in a turned-off tape record¬ 
er. Many uses for this versatile matchmaker 

Each $14.00 

KF-1: BILATERAL CLIPPING INDICATOR. 
[3:75] Single channel, all parts and board for 
any power amp up to 250W per channel 
(Does not work well with Leach Ampl. 
Powered by amp's single or dual polarity 
power supply. Each $5.50 

Two kits, as above $8.25 

KK-14A: MacARTHUR LED POWER METER. 
[4:79] Two channel, two sided board and all 
parts except switches, knobs, and Mtg, clips 
for LEDs. LEDs are included. No chassis or 
panel. Each $110.00 
KK-14B: MacARTHUR LED POWER METER. 
[4:79] As above but complete with all parts 
except chassis or panel Each $137.50 
KL-2: WHITE DYNAMIC RANGE & CLIP¬ 
PING INDICATOR. [1:80] One channel, in¬ 
cluding board, with 12 indicators for preamp 
or crossover output. Requires ± 15V power 
supply @ 63 mils. Single channel. 

Each $49.00 
Two channels. $95.00 
Four channels. $180.00 

BENCH AIDS & 
Test Equipment 

KH-7: GLOECKLER PRECISION lOldB AT¬ 
TENUATOR. [4:77] As basic to measuring as 
a good meter, and more accurate than most. 
All parts except chassis and input/output 
jacks to build author's prototype including all 
switches and loads. Resistors are MF 1% and 
2% types Each $50.00 

KB-8: INVERSE RIAA KIT. Six precision com¬ 
ponents to shape your audio signal 
generator's output to the response curve of a 
recorded disc. Checks phono preamp inputs. 

Each $5.75 

KL-3C: INVERSE RIAA NETWORK. [1:80] 
Revised, precise, deluxe network Two chan¬ 
nels, 1% polystyrene capacitors and metal 
film resistors, gold lacks, cast aluminum box, 
solder lugs and alternate 60Ü ohm or 900 ohm 
r2 '/C2 ' components. Each $35.00 

KL-3R: INVERSE RIAA. [ 1:80| Resistor/capa-
citor package complete. Stereo R2 '/C2 ' alter¬ 
nates. Each 25.00 

KL-3H: INVERSE RIAA. [1:80] Box, termin¬ 
als, gold jacks, and all hardware, (No resistors 
or caps) in KL-3C. Each $13.50 

E-2: JUNG REGULATED POWER SUPPLY. 
± 15V @ 1.5A. [4/74] Lab quality device but 
excellent for powering system components. 
Includes board, all board mounted parts plus 
two LM395K regulators. Transformer and filt¬ 
er caps not included. Each $35.00 

KF-4: MORREY S MOD KIT FOR HEATH 
IG-18 (IG 5818) SINE-SQUARE AUDIO GEN¬ 
ERATOR. |4:75] Includes two boards and all 
added parts needed to modify the Heath unit 
to distortion levels of parts per million range. 
Replacement sine-wave attenuator resistors 
not included Each $35.00 

KG-2: WHITE NO1SE/PINK FILTER [3:76| 
All parts, circuit board, IC sockets, 1% resis¬ 
tors, ±5% capacitors. No batteries, power 
supply or filter switch. Each $22.00 

KJ-7: VTVM BATTERY REPLACEMENT 
KIT. [4:78] All parts to replace your VTVM’s 
battery with a regulated supply. Each $7.50 

KJ-6: CAPACITOR CHECKER. (4:78| All 
parts to build an accurate meter for measuring 
capacitance, leakage, and insulation Check 
phono & speaker lead capacitance effects. In¬ 
cludes all parts with 494" D'Arsonval meter. 

Each $68.00 

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

KL-6 MASTEL TIMERLESS TONE BURST 
GENERATOR. [2:80] Highly valuable and 
useful device for testing speakers and room 
response. All parts with circuit board. No 
power supply. Each $19.00 

ORDERING INFORMATION 
Prices, except as noted, are prepaid in the USA and 
insured. We prefer to ship via UPS, which requires a 
street address If you cannot receive UPS delivery, 
please include an extra $2 for insured service via Par¬ 
cel Post. We cannot accept responsibility for safety 
or delivery of uninsured Parcel Post shipments. 
PLEASE ADD $1 service charge for all orders under 
S10 

CHARGE CARD 

TELEPHONE ORDER SERVICE 

Mon. through Fri. 9am—4pm 
(603) 924-6526 

MasterCharge/Visa Cards Welcome 

OLD COLONY Box 243 Peterborough NH 03458 
27 4/80 I Speaker Builder 



SPEAKER SYSTEM PART III 
Continued from page 26 

(they were counter sunk during construc¬ 
tion), sanded the edges and joints, and 
painted them with flat black latex paint. 
You may want to put a veneer on them or 
wrap them with some kind of cloth. If you 
use the cloth, it will probably be necessary 
to paint them black first so that the wood 
and silver screw heads do not show 
through. For cosmetic reasons I also added 
a "2" rim of wood on the bottom of my 
boxes recessed about 1" from the edges, to 
form a base. 

HOOKUP & BALANCE 

Now hook up the woofers and the ESL's 
and phase them. Place them in the position 
where you plan to listen and spend some 

time listening carefully. Reverse the leads 
and listen again with the idea of getting the 
best, most satisfying sound. One phase 
should sound fuller than the other; this is 
the in-phase condition. 

Finally, adjust the woofer level to match 
the ESL level. You will undoubtedly find 
that your woofers will play louder than 
your ESL's so you must reduce the drive to 
the woofer amps to match the ESL's. 
Presumably you have level controls on 
your amplifier. If not you will have to 
mount attenuators in your crossover output 
on the low pass section. See Fig. 19 for 
general attenuator design. 

CRITICALLY IMPORTANT 
ADJUSTMENT 

Virtually all constructors make a critical 
mistake in setting up their system: they ad¬ 

just the woofer so that it is too loud! This is 
because most of us are used to hearing the 
sound of conventional woofer systems that 
are usually designed with a pronounced 
peak in the area somewhere between 60Hz 
and 120Hz. Most manufacturers have 
found that linear speakers do not fare well 
in the typical dealer's showroom in the con¬ 
ventional "A-B" listening test. To sell, a 
speaker must sound "bassy," even if it 
sounds unnatural. If you doubt this, notice 
that your dealer probably normally runs his 
showroom equipment with the bass jacked 
up and/or the "loudness" switch "on!" 

You may be used to hearing this midbass 
peak and you will miss it immediately in 
T.L.'s. Notice that speakers with this mid¬ 
bass peak do not sound as if they have deep 
bass because the bass is attenuated com¬ 
pared to the peak. The T.L.'s will have a lot 

Note: Entire enclosure stuffed with wool 
or dacron fluff. Pack loosely at port, 
moderately tight behind driver. Design 
suitable for 10" drivers, KEF B139 rec¬ 
ommended, all wood 3/i " particle board 
(hi density) or ply. 
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of deep bass because it will not be masked 
by a midbass peak. Your tendency will be 
to turn up the level of the T.L.'s until you 
are satisfied that there enough bass is pre¬ 
sent. This will probably be too much 
woofer level. The deep bass will be exag¬ 
gerated with rumble and other garbage, and 
more importantly, the midrange will sound 
muddy. 

I thought I would be able to tell when the 
adjustment was correct, but I couldn't seem 
to get the midrange straightened out. 1 was 
cursing the woofers until I used a spectrum 
analyzer. It was then clear where the pro¬ 
blem was. I turned the woofers down and 
as usual, the sound wasn't bassy enough. 
But after a few hours of listening, par¬ 
ticularly to master tapes, it was obvious 
that this was the correct level. We get used 
to errors in the sound and then we can't 
recognize the problem. 

Since few of you will have a spectrum 
analyzer, the rule of thumb is to listen to 
the midrange. If it is not absolutely clean, 
your woofer level is too high. Another 
good technique is to turn down the woofers 
to where you are sure they are too low. 
Listen to that level for several hours and 
then turn them up a little at a time, and 
listen again for a full, but clean midrange. 

THE SOUND 

It is difficult to describe the system's sound 
because nothing about it is impressive . The 
problems that plague other speakers, such 
as poor resolving power, poor imaging, 
boxiness, poor frequency response, 
edginess, distortion, etc., are absent in this 
system. Nor does it have the typical "elec¬ 
trostatic sound," caused by the rising high 
end and falling midrange, which makes 
most ESL's sound bright and thin. Yet the 
legendary electrostatic detail is there. 
The speaker has extended highs with 

good detail. It does not sound edgy and 
does not exaggerate hiss and noise. I at¬ 
tribute this to lack of tweeter resonances. 
Hiss seems to be suppressed, yet the highs 
are obviously present and the system never 
sounds dull. 
Another unique feature is that the 

speaker system is easy to listen to at low 
levels. It has been my experience that con¬ 
ventional dynamic speakers must be driven 
at loud levels in order to "bloom" and 
sound reasonably good. With this system, 
you will no longer keep turning up the level 
to hear the sound well. You will be listening 
at lower levels and enjoying it more. 

The image the speaker produces is unique 
and must be experienced. It is three dimen¬ 
sional and stable. For the first time you will 
clearly hear the hall sound and ambience as 
it was recorded (although this is totally 
dependent on the source material). The 
directional design virtually eliminates room 
acoustics at all but the bass frequencies. 

The speaker sounds as natural with hard 
rock as it does with classical chamber 
music. Many of the better dynamic 
speakers make good source material sound 
well, but make marginal material sound 

Continued on page 30 

Audio Amateur Publications 
are pleased to announce their appointment 

as agent in the United States for 

ODIOPHILE 
The distinguished French publication 
dedicated to a new approach to high 
quality audio: both construction and 
sonic arts. 

L'Audiophile is a 140 page bi¬ 
monthly, 7x9'/2 ", beautifully printed 
a: d illustrated magazine which ex-
F Jies the engineering reasons for 
high quality in sound reproduction 
equipment. Published now for nearly 
four years by Editions Fréquences 
and edited by Gérard Chrétien and 
Jean Hiraga, the articles critically ex¬ 
amine all sorts of equipment and 
study such matters as component ef¬ 
fects on sound and the question of 
the relevance of measurements ver¬ 
sus subjective evaluations. M. Hiraga 
brings a strong Japanese interest to 
the magazine and often discusses un¬ 
usual Japanaese products. 
The magazine also devotes a large 

section to Arts Sonores (sonic arts). 
Articles deal with the acoustics of 
Bayreuth, the characteristics of vari¬ 
ous musical instruments, old instru¬ 
ments and their reproduction sonic¬ 
ally. The Arts Sonores section is 
edited by Jean-Marie Piel. 

Typical articles: 
Techniques Sonores; Output 
Transformerless amplifiers: The Sound of 
Turntables, a tentative evaluation; 
Thoughts on turntables; The Koetsu car 

tridge; Defining and measuring the prin¬ 
cipal characteristics of the high frequency 
speaker; Do Asians and Europeans hear 
differently? Arts Sonores; Sound 
Engineers' View: Pierre Lavoix of Erato; 
Listening to the Onken-Mahul system; The 
Saxhorns, a study of the tuba's cousins; 
The Concertgebouw of Amsterdam, study 
of a hall; Outstanding new discs; Impulse 
testing linear and non-linear systems. 

The viewpoints expressed by L'Aud-
iophile's editors are personal, opin¬ 
ionated, and are a refreshing depar¬ 
ture from the views generally current 
in the USA. The magazine does not 
take advertising and unhesitatingly 
takes positions about relative merits 
of equipment which includes US, UK 
Japanese and French gear. 

Although L'Audiophile is published 
in French, the text is relatively easy to 
translate for anyone with a year or 
two of high school language study. 
The written word is augmented by 
copious illustrations and diagrams, 
whose designations are in almost all 
cases identical with those used in 
English publications. With a simple 
French/English dictionary and a year 
or two of either Latin, French or 
Spanish, the dedicated audiophile 
can translate L'Audiophile well 
enough for it to be a useful input for 
fresh ideas about sound. 

Send subscriptions to: SS/4/80 

Audio Amateur Circulation/L’Audlophile 
Post Office Box 576, Peterborough NH 03458 usa 

□ Enter my subscription to L'Audiophile 
for the next six issues $ 48.00 

□ Back Issues: (circle issues desired) 
Issues 3, 4, 5, 6 for 1978 @ $6 each ppd. Total_ 
Issues 7, 8, 9. 10, 11, 12 @ $7 each ppd. Total_ 
Issues 13, 14, 15, 16 @ $9each ppd. Total_ 

(For a translated set of eacn issue’s contents pages, send a stamped, 

addressed #10 envelope to the above address). 

Please allow at least eight weeks for delivery of first copy on regular subscription. Orders 
cannot be accepted from areas other than North America. Remittances in US $ only. 

Remittance details: 

I enclose $_for the above in: □ check, □ money order 
□ MasterCharge/Visa □ <s 1 o.oo minimum) 

card number: 

Expire_/_ Interbank_/_ 

Signature 
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THREE-ENCLOSURE 
LOUDSPEAKER DESIGN 

Continued from page 24 
til today. If a driver could be 
represented by a resistor then exact 
network values are easily calculated, 20 

Fig. 28(a). Real drivers have complex 
terminal impedances, Fig. 18. This not 
only affects the component values of 
the theoretical network but also the 
topology as can be seen by comparing 
the two networks of Fig. 28. Here a 
prototype design is shown for a 1.6kHz 
crossover between the Son-Audax 
tweeter and a 110mm woofer/mid-
range similar to the B110 in the 
plywood enclosure of Fig. 4. Even the 
computer-optimized network of Fig. 
28(b) has the desired acoustic 
amplitude and phase characteristic on¬ 
ly for about one octave either side of 
the crossover frequency. Additional 
electrical equalization is required to 
correct for the diffraction effects below 
1kHz and to extend the low frequency 
response to 50Hz. 

The active network in contrast to a 
passive one can be exact because the 
voltage source at the driver terminals is 
able to impose any desired acoustic fre¬ 
quency response on the driver, without 
interaction between the source's fre¬ 
quency response and the driver im¬ 
pedance. 

REFERENCES 
10. Linkwitz S. H., Active crossover networks 
for non-coincident drivers, JAES. Vol. 24, Jan. 
1976. p.2. 
16. Linkwitz, S. J., Loudspeaker system design. 
Wireless World. Vol. 84, May 1978, p. 52 and 
June 1978, p. 67 and Issues 2 & 3, 1980, Speaker 
Builder. 
17. BlinchikoH H. J., and Zverev A. L, Filtering 
in the time and trequency domains. Wiley. 197o. 
18. Linkwitz, S. H., Shaped Toneburst Testing, 
IAES. Vol. 28, April 1980. 
19. KEFTOP1CS, International Edition, Vol. 1, 
No. 2A, 1976, and Vol. 3, No. 1 1978, KEF Elec¬ 
tronics Ltd., Tovil, Maidstone ME156QP, Kent. 
20. Linkwitz, S. H., Passive crossover networks 
tor non-coincident drivers. I AES. Vol. 26, March 
1978, p. 149. 

THIELE, SMALL, and 
VENTED LOUDSPEAKER DESIGN 

Continued from page 13 
Parameters obtained in this way are 

subject to typical production spreads 
of up to 20 percent. You will obtain the 
most accurate design by measuring the 
parameters of the actual driver you 
will use. A good, but brief description 
of how to find these parameters can be 
found in the catalog offered by EMS, 
Inc., who provide good reasonably 
priced drivers and crossovers. If you 
cannot do the measurement yourself, a 
competent audio repairman should be 
able to do it for you. 

The foregoing design procedures 

take into account the actual amplifier¬ 
speaker cable to be used. Except for 
some integrated systems, commercial 
manufacturers obviously cannot do 
this. They probably design assuming 
the speaker cable resistance and R„ are 
both zero. If you wish to simplify the 
procedure you can do this too. How¬ 
ever, response variations can easily 
reach several decibels, depending on 
the amplifier and speaker cables. Even 
ignoring these effects, modify Q in the 
presence of a crossover. Failure to do 
this will cause even more variation, so 
you might just as well include all ef¬ 
fects. In this aspect of design, you 
could achieve better sound than the 
manufacturer. 

I would also like to emphasize that 
these procedures apply only to a driver 
in its piston range. In other words, it is 
implicit in the procedure that the driver 
be crossed over within its piston range. 
If it must operate above this range, as 
is commonly the case in two-way sys¬ 
tems, then the voice coil inductance 
and the altered mode of diaphragm vi¬ 
bration for example, may have a signi¬ 
ficant influence on response and you 
must take them into account. 

In order to hone your design skills, 
given in the Design Box are a number 
of examples. The first one is in detail; 
the others contain only the results so 
you can do the calculations. The driv¬ 
ers in the examples are actual units I 
have used, and I measured the para¬ 
meters. My bass amplifier is the ST 150 
for which I measured R,. The Pass A40 
was built by a friend and is an impres¬ 
sive sounding amplifier with a most 
awesome damping factor of 500. Using 
it you could surely ignore Rs. 

Thiele-Small alignments provide an 
accurate, predictable design method 
for the home builder, with a potential 
for sound superior to any commercial 
system using raw materials of equal 
quality. 1 encourage you to build a 
vented system using these procedures 
and prove it to yourself. 

REFERENCES 
1. J.F. Novak, "Performance of Enclosures for 
Low-Resonance High-Compliance Loudspeak¬ 
ers", IRE Trans. Audio, Vol. AU-7, 1959, pp. 
5-13. 
2. W.J.J. Hoge, A New Set of Vented Loud¬ 
speaker Alignments", IAES, Vol. 25, 1977, pp. 
391-393. 
3. W.J.J. Hoge, "Confessions of a Loudspeaker 
Engineer,", Audio. August 1978, pp. 47-55. 
4. A.N. Thiele, "Loudspeakers, Enclosures and 
Equalizers,", Proceedings of the IREE, Novem¬ 
ber 1973, pp. 425-447. 
5. R.H. Small, "Direct Radiator Loudspeaker 
Analysis", IAES, Vol. 20, 1972, pp. 383-395 . 
6. A. N. Thiele, "Loudspeakers in Vented Boxes" 
IAES, Vol. 19, 1971, pp. 382-391, 471-483. 
7. R. Saffran, letter in "Mailbox", Speaker Build¬ 
er, Issue #1, 1980, pp. 35-36. 
8. R.H. Small, "Vented-Box Loudspeaker Sys¬ 
tems, Parts I-IV", IAES, Vol. 21, 1973, pp. 
363-372, 438-444, 549-554, 635-639. 
9. P.J. Stamler, "How to improve that small, 
cheap, speaker", Speaker Builder, Issue #1, 1980, 
pp. 18-27. 

AN ELECTROSTATIC 
SPEAKER SYSTEM PART III 

Continued from page 29 
awful. This design corresponds well with 
everything. It is able to extract as much 
detail as is available from the source 
material without exaggerating any of the 
distortions or edginess present in so much 
of our corrupted source material. 

SUMMING UP 
I hope this series of articles has been useful 
to the home constructor. I am confident 
that those who build the system will be aw¬ 
ed by their accomplishment, particularly 
when they hear the results. I wish to again 
thank David P. Hermeyer for his invaluable 
assistance several years ago, when the idea 
of my ESL was still a dream. Many of the 
techniques described here were developed 
by him and he generously allowed me to 
publish them. Thanks also to Bob Unter-
brink for all his work and experimentation 
on practical methods of building the curved 
ESL's. 

As always, I stand behind my work and 
remain willing to answer questions and 
assist readers who may be having problems. 
1 would appreciate a S.A.S.E. if you write, 
particularly from foreign correspondents. 1 
can also be reached evenings at 
209-358-1427 California time. 
SOURCES 
The Audio Amateur, P.O. Box 576, Peter¬ 
borough, NH 03458. ESL and electronic articles. 
DeCoursey Engineering Laboratory. 11828 Jef¬ 
ferson Blvd., Culver City, CA 90230. Precision 
18dB/octave electronic crossovers. 
Old Colony Sound Laboratory, P.O. Box 243, 
Peterborough, NH 03458. Electronic kits nd 
parts, Williamson amplifiers 12dB/octave 
crossovers. 
B&F Enterprises, 119 Foster St., Peabody, MA 
01960. Surplus electronics & power supplies, 
catalog available. 
Roger R. Sanders, 1578 Austin Street, Atwater, 
CA 95301. ESL matching transformers ($35 each, 
$40 foreigners) Polyester film 36" width, (25c 
running foot). 
PARTS LIST 
8 Perforated metal 24" x 36", 20 to 36 mil thick 

40 Insulators (yu" acrylic sheet or 80 mil poly¬ 
carbonate sheet) 0.5" x 22.5" 

16 Insulators 1.5" x 22.5" 
16 Insulators 1.5" x 37.5" 
1 Polyester film Vt mil clear, minimum 20 feet, 
40 recommended, 36" wide 

1 Tube of tine powdered graphite 
1 Epoxy adhesive, 32 oz. 

12 4-40 x 3A" brass, round head nuts and bolts 
for electrical connections. 

1 Steel bar stock 12 feet long, 1' x 0.25" 
4 Bolts, steel 6-32, 2 inches long 
1 Roll "Scotch" double sided tape 
1 Roll masking tape, W wide 
1 Roll plain cellophane tape 
4 Aluminum foil 1" x 0.5" 
1 Plate glass, */«" thick, 38 x 26 
1 Package rayon or cotton balls 
2 10" dynamic drivers (see text) 
2 Sheets 4 x 8 x W" particle board 
1 Woofer damping material, approximately 

eight pounds long fibre wool or synthetic ma¬ 
terial (see text). 

200 Long wood screws 
1 Pint "Tightbond glue 

Mise: Electronics as required for ESL drive. Frames as 
desired for ESL cells. Hook up wire, suggest high voltage 
test prod wire for ESL's. Finish trim and grille cloth as 
desired. 
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Craftsman's Corner 
CRAFTING A KIT 

I have just finished reading the first issue 
of SB. 1 must agree there is a definite need 
for a magazine devoted to the amateur 
speaker builder, it has been a long wait. 

I am a woodworker by trade with almost 
seven years in the business and can remem¬ 
ber being bit by the bug to build my own 
speakers about a year ago. 

I am in the opposite position from Mr. 
Stamler who did the article in SB s first issue 
How to Improve That Small, Cheap 

Speaker." Where he could not do the wood¬ 
work, I cannot do the math. As hard as 1 
tried to figure it out, 1 had no luck. 
Could SB do an article or two or three on 

popular drivers, give their specifications 
and work through the complete problem 
giving not only the symbols but an explana¬ 
tion for people like me who need to know 
what we are doing? (There are lots of us.) 

The Stamler article was a great idea but 
when it came to the math 1 was left in the 
dark. In the equation: 

I know fj = low frequency cutoff, f, = dri¬ 
ver free air res., VAS = compliance equiva¬ 
lent to vol. of driver, V« = cabinet internal 
volume, but now what? 

Not being able to cross the bridge 1 had to 
go the next best, buying a kit. Checking out 
most of the kits available, 1 settled for the 
Fried "C" monitor satellite and "T " trans¬ 
mission line subwoofer, (see photos) 1 must 
say it was a very enlightening experience to 
say the least. 

The Fried C's are made from (tine chip) 
particle board sides and back 1" and the rest 
W, 48 lb./ft.' All edges are joined by fing¬ 
er joints and white glue tor the strongest 
possible enclosure. The interior is sealed 
with silicone for air tightness and uses 
Fried's edge-on foam filters. 

CONSTRUCTION TIPS 

1 would not recommend these speaker en¬ 
closures to anyone who hasn't some wood¬ 
working skills and experience as well as ac¬ 
cess to a table saw. The pyramid shape re¬ 
quires compound angle cuts which are best 
made with a jig to produce the eight mating 
mitered sides. 1 used finger joints but these 
are not necessary. I think it advisable to 
build each cabinet completely and cut the 
holes for the speakers and the vent after it is 
complete. After the sides are assembled, 
measure and cut to fit the top and bottom 
pieces. 

Since the drivers are flush, front mounted 
they must be routed to achieve this. The 
6.5" midrange and the 10" woofers are an 
odd shape which requires a lot of skill to cut 
the odd routed pattern. Practice on scrap 
until you are proficient enough to cut them 
successfully. 

Mount the crossovers and foam damping 
through the speaker holes. I replaced the 20 
gauge wire which came on the crossovers 
with much heavier stranded types. Before 
mounting the drivers make sure the foam is 
not blocking the pressure relief hole. 

The exterior is hand veneered in Brazilian 
Rosewood. Matched butted sheets are fin¬ 
ished with Danish oil and about 20 coats of 
wax. Front corners have %" radii for better 
dispersion. The crossover has the latest 
mods with 4-way binding posts. The grilles 
are of my own design as Fried has none yet. 
1 cut them with an electric knife, which 
works beautifully. They are open cell foam 
cut for the drivers and pressure release hole. 
The stands are Levitation to which I added 
a set of casters. I made the plastic covers to 
keep the dust out as the Fried tweeters have 
a "sticky" dome that attracts dust. 

The kit instructions specify J4 particle 
board but 1 believe you will have less spuri¬ 
ous resonances with 1" stock if you can find 
it in your area. If you must use V«", line the 

/’/loto C. Closeup of the small enclosures show¬ 
ing the careful veneering and without the foam 
grilles Palladino fashioned for his units. 

walls with felt or undercoating for damp¬ 
ing. 1 found it necessary to place open cell 
foam at the termination of the transmission 
line because I was getting excessive 
amounts of bass in my small listening room 
(17.6x10.5x8.5'). 

I made the baffles removable by mount¬ 
ing them on 1" cleats with tee nuts and 
screws. 1 had the glazier cut a piece of %" 
thick plate glass and bevel the edges to add 
a special touch. Knowing it would be heavy 
1 built a base platform from 2x3's & 3A" 
plywood and covered it with black formica 
to match the grilles. 

Heavy duty casters are a must. 
And the best part is, they sound as good 

as they look. 
My system consists of a Dynaco 416 with 

two C-100's on the bottom and Tom 
Holman's Apt 1 on the top end connected 
by monster cable. 1 use a modified Dahl¬ 
quist Ll’-l as well. Control is from a 
Yamaha C2A with input from a B&O 4004, 
Nakamichi 582, and a Yamaha T-2 tuner 
linked by Audio Technica and Cotter 
cables. 

Following suggestions by Linkwitz in SB 
Continued on page 32 

Photo A. Palladino s complete Fried system. Photo B. Pyramidal shaped midrange tweeter cabinets include a 6.5 mid 
and 3 tweeter unit with crossover inside. Edges are rounded for least dif¬ 
fraction. The small enclosures are normally mounted as in Photo A. 
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SB Mailbox 

MR. BULLOCK REPLIES TO 
KNITTEL AND REES 

After reading Small's discussions of refer¬ 
ence efficiency rp, I agree with Professors 
Knittel and Rees (SB 3/80) that is depend¬ 
ent on "driver parameters alone and...inde¬ 
pendent of enclosure volume or type." The 
confusion is caused by regarding kp as a 
constant in their formula (2). However, 
mathematically from Small's derivation, it 
is not a constant. The only possible cons¬ 
tant in the formula is the reference efficien¬ 
cy itself. Small did not derive the formula 
to calculate system efficiencies. He used it 
to describe trade offs which could be made 
among efficiency, cut off frequency, and 
enclosure volume if one were free to choose 
a driver with the necessary characteristics. 
The above comments do not mean that 

the enclosure has no effect on efficiency. 
For example, the driver parameters them¬ 
selves are not constants but depend on driv¬ 
er mounting conditions. Thus, to determine 
system efficiency, the driver parameters 
should be determined under the mounting 
conditions which exist in the system. In 
some systems I have constructed there is 
enough variation in the parameters from 
their free air values to change the efficiency 
by 10%. Another way the enclosure can af¬ 
fect efficiency is described by Small (1) as 
follows: "If deliberate mass loading of the 
driver is employed in the system, e.g., plac¬ 
ing a restricted aperture in front of the driv¬ 
er, the system reference efficiency will be 
less than the basic efficiency of the driver." 

It is clear that my suggestion to Mr. 
Stamler to raise the cutoff frequency will 
not result in a more efficient system. It is 
true that my suggestion will result in a flat¬ 
ter system response. Whether this is desir¬ 
able is a matter of taste, but it should be 
considered. 

Another benefit of my suggestion is that 
the realigned system will have less distor¬ 
tion at the same output or be capable of 
higher output with the same distortion lev¬ 
el. The realigned system won't have to re¬ 
produce frequencies as low as the original, 
and so cone excursion requirements will be 
less. For example, raising the cutoff from 
27Hz to 31Hz will permit either an output 
increase of about 2.5dB with the same dis¬ 
tortion or the same output with cone excur-

CRAFTMAN'S CORNER 
Continued from page 31 

2/80 1 removed the drivers from my system 
and mounted them with rubber grommets 
on each hole. The change made everything 
cleaner and at a cost of 80c was well worth 
the effort. 

Nick Palladino 
Brooklyn, NY 11223 

BUILDERS AHOY 
While we have many fine manuscripts 
in hand for future publication in these 
pages—we need your contributions too. 
How about those offerings for our Crafts¬ 
man's Corner. Tools. Tips & Techniques? We 
also need accounts of your construction 
adventures with specific projects. Why 
not plan to take pictures (black and 
white preferred) and make notes when 
you re building that next project—or kit. 
Write it up just as you would a letter to a 
friend. Send it along to us and we’II give 
it every consideration. We pay for arti¬ 
cles. so you might have a nest egg for 
that next project you want to try, as 
well. We have a nice sheet of sugges¬ 
tions for authors which you may have 
just by asking for it. □ 

sions of about 75% of those required in the 
original system. In the latter case, the dis¬ 
tortion levels will be lower because of the 
reduced excursion requirements. Again, 
whether these reasons merit a change is 
somewhat a matter of taste. But, when us¬ 
ing a small woofer as Mr. Stamler did, 1 
would make the change because of the pos¬ 
sible reduction of distortion. 
Robert M. Bullock 
Oxford, Ohio 45056 
REFERENCES 
1. Small, R. H. "Direct Radiator Loudspeaker 
System Analysis," I. Audio Eng. Soc., Vol. 20, 
1972, pp. 383-395. 

MR. STAMLER REPLIES TO 
KNITTEL AND REES 

Messrs. Knittel and Rees set my mind 
straight on a point which had been confus¬ 
ing me for awhile. 1 had overlooked the 
crucial equations in Thiele and Small’s 
papers. Their exposition is lucid, complete, 
experimentally verified, and correct. 

To summarize: For a given driver, the ef¬ 
ficiency is more or less fixed, although it 
can be lowered by a lousy cabinet design. In 
a vented box, the tradeoff is between 
cabinet size and f3, with f3 varying inversely 
with the square root of cabinet size. In a 
closed box, the tradeoff is between cabinet 
size and system damping, with a larger box 
yielding a more heavily damped system, 
and hence better impulse response. The 
lowest value of f3 will be found when the 
system is designed for a maximally flat 
(Butterworth) characteristic, where Qrc = 
.707. Keeping the same driver and closing 
the vent in a vented box so that it becomes a 
closed box with the same internal volume, 
the effect will be to raise f3 and to change 
the impulse characteristics, usually toward 
a more highly-damped response. The effi¬ 
ciency, however, will remain the same. 

1 am preparing a new version of my table 
of speaker characteristics, with corrected 
efficiency figures and data for some new 
drivers. My tests on KEF BllO's, incidental¬ 
ly, seem to show that KEF's figures as given 
in the table are more accurate than the ones 
I used for my original calculations, but that 
there are quite considerable unit-to-unit 
variations. I am presently completing a 
modified vented-box system designed 
around the KEF data. 

Spectrum Loudspeakers, 2136 Perth St., 
Toledo, Ohio 43607 is selling felt donuts for 
alleviating diffraction on 1" dome tweeters 
such as the T27. While I haven't tried them 
yet, they should work as well as the cotton 
donuts and look a lot better. 

Also, Transcendental Audio, 6796 Ar¬ 
butus St., Arvada, CO 80004 is offering a 
collection of bextrene drivers from Polydax 
and (hurrah) a goodly shelf stock of 
polypropylene capacitors in respectable 
sizes. Their catalog is very informative and 
only $1.00. Their service is prompt. Replac¬ 
ing non-polarized electrolytics with film 
capacitors in the DN-13 dividing network 
made a very considerable difference in 
quality. 

SANDERS QUERIED 

In regard to the article about elec¬ 
trostatic loudspeakers by Roger Sanders, 1 
was absolutely amazed that someone who 
claims to have hands-on experience and 
knowledge of electrostatic speakers appears 
to know so little. 

As I was reading the article, I found at 
least 15 statements which were either not 
true or could be very misleading. Since a 
detailed reply to each would require too 
much editorial space, I have picked some of 
the more important ones and would like to 
comment on the following: 
1. Electrostatic speakers do not use any 
power. 
2. Graph vs. wavelength 
3. Wavelength of a 20kHz frequency 
4. Speaker draws no current 
5. Add some series resistance to make the 
amplifier stable 
6. It is not possible to achieve bass in a 
reasonable sized ESL without an enclosure 
7. Electronic crossovers are a must. They 
are superior to high level crossovers. 
8. Difficult to get proper response from a 
passive equalizer. 

The above statements can be grouped in¬ 
to three categories. The first three 
statements deal with the principles of 
acoustics, the next two are concerned with 
electronics, and the last three are the 
author's opinion. 

In the first group, statement one says that 
an electrostatic speaker uses no power. 
However, unless Mr. Sanders has dis¬ 
covered the perpetual motion machine this 
cannot be true. To be specific, the author 
states in his article that he likes to listen to 
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is velocity in inches/sec. The wavelength 
then determined by: 

X = — 
f 

Where X = the wavelength in inches 
c = the velocity of sound in air 
f = the frequency in Hz. 

his speakers at a sound pressure level of 
103dB at a distance of four meters. If we 
take the simplistic view that the required 
sound pressure level is solely due to the 
source (and not from reflections) we can 
then calculate an equivalent power level. 
The following equation defines the power 
level in dB related to a given sound pressure 
level. 

PWL = SPL -I- 201og(r) + 10.5 
Where PWL = Acoustic power level in dB 

SPL= Acoustic sound pressure 
in dB 

r= the measuring distance 
From the figures given in the article we find 
that: 

PWL = 103 + 201og(13.2) + 10.5 
= 135.9 or approximately 136dB 

By itself this figure doesn't mean much, but 
let us convert this to acoustic watts. 

PWI W = log’1 (^IW^. 

Where W = Acoustic power in watts 
W„z. = Acoustic reference power (IO-13 
watts) 
From the above, the acoustic power output 
of Mr. Sanders speakers is: 

W = log-'(—6 )10-'3
10 

= 3.98 acoustic watts. 
This power (approximately 4 watts) is the 

amount of power required at the source to 
produce a SPL of 103dB at a distance of 
four meters. Since there are no frequency 
terms in the equation, this power is in¬ 
dependent of frequency. 

While this doesn't tell us whether the 
speaker uses any power, and the author did 
not state the efficiency of his speakers, let 
us be generous and use a figure of 25%. 
(Note: most conventional speakers are in 
the range of 1 to 10%). With this figure, the 
input power to the speaker is: 

P 4 
P,„ = = — =16 watts 

eff. .25 
In our extremely conservative case, we 

see that the speaker does require some 
power, and this should be expected as it is 
difficult if not impossible to achieve 100% 
efficiency which Mr. Sanders claims for the 
speakers. 

The last two acoustic items deal with the 
author's graph vs. wavelength and the 
wavelength of a 20kHz frequency. First of 
all, the graph is misleading. The curve 
shown implies that wavelength and fre¬ 
quency are a non linear function. The pro¬ 
blem here is the choice of scales used in the 
graph. Instead of using linear-log scales, the 
author should have used log-log scales. The 
graph would then be linear. Readers are 
referred to the Audio Encyclopedia (by H. 
Tremaine) p. 16 for the correct form. 

As for the wavelength of a 20kHz fre¬ 
quency, the velocity for sound in air, under 
normal conditions, is taken as 1129 ft/sec. 
If we multiply this by 12, we obtain the 

For a 20kHz frequency: 
13543 
20000 

.677 inches 

This says that the wavelength of a 20kHz 
signal is almost 2.5 times greater than what 
the author claims. Those readers who wish 
to verify the above equations are referred to 
such texts as The Handbook of Noise 
Measurement by General Radio, and 
Acoustic Noise Measurement by Bruel and 
Kjaer as well as the one previously men¬ 
tioned. 

In group two, which deals with elec¬ 
tronics, we have statements that "the 
speaker draws no current," and "...add 
some series resistance to make the amplifier 
stable." Of these two statements, the most 
serious is the first. In an electrostatic 
speaker, beside the current needed to 
achieve the acoustic output power, there is 
also a large wattless current required to 
charge and discharge the speaker 
capacitance. 

To give you an idea of the type of cur¬ 
rents we are talking about, suppose we 
determine the values at 1kHz and at 20kHz. 
At 1kHz, the reactance of the author’s 2400 
picofarad speaker capacitance is 66250 
ohms. The secondary winding resistance of 
his 44:1 stepup transformer is about 500 
ohms so that the total impedance in the cir¬ 
cuit is 66251 ohms. The resulting current 
flow, if we assume a peak voltage of 2000 
volts (which equals the polarizing voltage) 
is 30mA. Calculation of the phase angle 
shows that the current is leading the voltage 
by about 89 degrees so that the power re¬ 
quired in the electrical circuit is very small. 
From this we might conclude (as the author 
seems to have done) that an ESL requires no 
current or power. 
However, let us see what happens at 

20kHz. At this frequency the capacitor's 
reactance is 3313 ohms and the total im¬ 
pedance is 3351 ohms. With a peak voltage 
of 2000 volts, the current is now .88 amps 
and the phase angle is 81.4 degrees. This 
still doesn't appear to be too bad, but 
remember this is on the secondary side of a 
stepup transformer. The current in the 
primary winding is equal to the secondary 
current multiplied by the turns of ratio or 
about 39 amps. Just as the current has in¬ 
creased, so has the power. At this frequen¬ 
cy the power required = 131 watts. This 
power is in addition to the power previous¬ 
ly calculated. These values of current and 
power are a long way from the values 
originally stated, and is the reason that 
ESL's need high powered amplifiers. 

Mr. Sanders also states that when you 
connect your amplifier to the speaker, it 
may oscillate, ana the way to correct this is 
to connect a resistor of one to ten ohms in 
series with the transformer's primary wind¬ 
ing. If you do this, it may make the 
amplifier stable but it may also have some 
other undesirable effects. For instance if the 
2400 picofarads of speaker capacity is refer¬ 
red to the primary winding it now becomes 
4.6 microfarads. If a 10 ohms resistor is 
connected in series with such a capacitor it 
will form a low pass filter so that the output 
will be 3dB down at 3.4kHz. 

If you follow this approach, the max¬ 
imum resistance you should use is about 
two ohms. This will place the 3dB point at 
17kHz. If this doesn't solve your problem, 
get a different amplifier or forget about 
driving the author's speakers. 

Books by 

B-l AERIAL HANDBOOK A Layman s Guide to An¬ 
tennas. (2nd Edition) 176pp. by Briggs 
and R.S. Roberts on the principles of re¬ 
ceiving aerials with details on building in¬ 
door, outdoor types as well as boosters 
and single frequency attenuators. Q & As 
included. Softbound. $5.50 

B-2 ABOUT YOUR HEARING. A thorough investiga¬ 
tion into how we hear and how to care for 
ears. Correlates effects of age, noise ef¬ 
fects, deafness, hearing aids. A valuable 
work on caring for the most vital part of 
your audio system. 176pp. Softbound. $5.50 

B-5 AUDIO BIOGRAPHIES. Briggs' personal remi¬ 
niscences about, coupled with dozens of 
autobiographies by, the people he met 
during his forty years of audio research 
and experiment. Briggs and many of his 
"guests’" write in a vital, personal style, 
which illuminates the human side of aud¬ 
io. 344pp. Hardbound. Each $8.95 

B-4 CABINET HANDBOOK. A 112-page guide for the 
audiophile on design, woodworking, ve¬ 
neering and polishing of speaker cabinets. 
Deals with principles of everything from 
horns to bookshelf types. Sections on gui¬ 
tars and room treatment as well. Soft-
bound. Each $6.95 

ORDER BLANK 
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PO Box 243. Peterborough NH 05458 
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To order from Old Colony Sound, please write 
each book's number below with quantity of 
each and price. Total the amounts and remit by 
check, money order, or MasterCharge, or Visa/ 
BankAmericard. Please add 50' for the first 
book, 25* for each additional book. Canadians 
please add 10% for postage. All remittances 
must be in U.S. funds. Please use clear block 
capitals. 
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Invaluable, Indispensable Additions 
To Your Audio Bookshelf By 

WALT 

AA-I SLEWING INDUCED DISTOR¬ 
TION IN AUDIO AMPLIFIERS by Walter 
G. Jung, Mark I. Stephens, and Craig Todd is 
available as a 32 page booklet. About this land¬ 
mark series, which appeared in the four 1977 
issues of The Audio Amateur, Peter Mitchell 
says: "...clearly the most important work in 
audio electronics in several years..." 

Each, $4.00 

S-12. IC OP AMP COOKBOOK. SE¬ 

COND EDITION. A new. 480 page updated 
and revised, compendium on understanding 
and using integrated circuit operational 
amplifiers. Voltage and current regulators, 
signal processing, log and analog converters, 
amplifier techniques, Comparators, integrators 
and differentiators, signal generators, and a 
wide variety of other useful applications. 
Schematics give buildable parts values. Soft-
bound. 

Each $14.95 

S-16 AUDIO IC OP AMP APPLICA¬ 
TIONS. A new thoroughly updated and larger 
edition of Jung's earlier work on op amps for 
audio use. The book includes a general in¬ 
troduction to op amps, the special factors the 
user must consider in using op amps for audio, 
building blocks for audio uses, and dozens of 
practical and buildable circuits. Second Edition. 
208 pp., softbound. Each $7.95 

H-9 IC ARRAY COOKBOOK The newest 
circuit packaging idea now explained. IC arrays 
give the builder super-matched transistors and 
diodes for excellent results in amplifiers, 
oscillators, and many other applications. A 
practical handbook, full of usable, useful data. 
200 pp., softbound. Each $7.95 

Old Colony, Box 243, Dept. TA 
Peterborough, NH 03458 

Send me Walt's books: 

_SID Preprint at $4.00 _ 

_copies Cookbook at $ 14.95 ea. _ 

_copies Audio IC's at $7.95 ea. _ 

_copies IC Timers at $9.95 ea. _ 

_copies IC Array at $7.95 ea. _ 

Total_ 

Name _ 

Street & No. _ 

T own_State_Zip_ 

Please add 50< for first book; 25 < per additional book for postage 
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This brings us to the last part, and con¬ 
cerns some of Mr. Sanders' opinions about 
electrostatic speakers and crossover net¬ 
works. To show that his conclusions can be 
misleading, 1 am enclosing a photo of a 2' 
by 2' ESL radiating 90dB of pink noise at 3 
feet. From the photo it can be seen that 
diaphragm resonance is at 30Hz. This 
speaker which has been in development for 
more than 10 years is monolithic in design 
and requires no enclosure, no electronic 
crossovers and all equalization is done with 
high level passive equalizers; which also 
solves the dispersion problems. It is also in¬ 
teresting to note, that when the same test 
was done at 4 meters there was very little 
difference in the result. 

Frequency response of a 2 by 2' ESL radiating 
90dB SPL at 3 feet. Microphone on axis with 
speaker centerline. Vert. IDdB/cni, Horizontal is 
‘/i octave. (Note dip in the response curve at 
2500Hz is a room refections.) 

In closing, I only hope that in future ar¬ 
ticles Mr. Sanders will stick to details about 
constructing his ESL and leave the technical 
details to those who understand or are try¬ 
ing to determine the how and why of these 
speakers. It might also be advisable for Mr. 
Sanders to keep his opinions about the 
techno-freaks to himself. If it weren't for 
such men as Kyle, Walker, Janszen and 
Hunt to name a few, the author would not 
be able to build an electrostatic speaker. 
Ronald H. Wagner 
Fremont, CA 94538 

MR. SANDERS REPLIES: 

Mr. Wagner is obviously a competent elec¬ 
trical engineer and his comments regarding 
acoustics and the electrical requirements of 
ESL's are accurate. However, I am puzzled 
about the tone of hostility in his letter. He is 
attempting to discredit the author by at¬ 
tacking omitted details and opinions as 
though he were criticizing a technical jour¬ 
nal article. He overlooks the substance of 
the article. In my numerous articles, I have 
not attempted to be extremely technical. I 
am writing for the reasonably intelligent 
audiophile who wishes to build something, 
and needs a basic understanding of the fac¬ 
tors involved and clear instructions written 
in English, not math. I omit a great deal of 
technical information and virtually all the 
math with the exception of the information 
that is necessary. There simply is not 
enough space in a magazine to present all 
the information available to support all the 

opinions and general statements that must 
be made. 

Let me use an example. Mr. Wagner is 
upset that 1 stated that ESL's do not require 
amplifier power. He uses the example of 
driving an ESL at 2kV at 20kHz and then 
calculates that it will take over 100 watts to 
drive it. To begin with, I hope that nobody 
is listening to 20kHz at that level. Music 
does not require such performance. In the 
energy spectrum of real music, the majority 
of energy is below 1kHz. The remainder 
rolls off rapidly above there, and even 
source material that actually had musical 
information at 20kHz would be at an ex¬ 
tremely low level relative to the rest of the 
spectrum. My system (ESL's, woofers, both 
channels driven) will reproduce music at 
your listening location at concert hall level 
(103dB, measured in a concert hall, row A, 
full orchestra, maximum loudness). But let's 
see what is going on with the ESL amplifier 
at this level. The woofers are generating the 
majority of the energy. There is little infor¬ 
mation at the high frequencies that would 
require current from the ESL amp. The 
most taxing area for the ESL amp is in the 
midrange, where little current, but large 
voltages, are required. I have measured the 
power supply current requirements in amps 
when they were played at levels where they 
were distorting. Oscilloscope tracings 
revealed that all the distortion was due to 
voltage clipping. There was never any cur¬ 
rent clipping. 
A Williamson 20-20 used about 120mA 

from the power supply when voltage clipp¬ 
ing at a system level of 96dB, and 80mA of 
the 120 was the ever present bias current. 
These studies made it clear to me that I 
could design a direct coupled amp that 
delivered 2200 volts to the speakers, but on¬ 
ly 28mA was necessary for complete 
freedom from current clipping Matching 
transformers rated at 15 watts are adequate 
for 200 watt amplifiers, and also it works 
better to connect a tube amplifier to the 
transformers for a deliberate impedance 
mismatch. It is no problem to sacrifice cur¬ 
rent capability when striving for voltage. 
Conventional amplifiers should run fairly 
cold even when driving the speakers to 
amplifier clipping levels. The transformers 
should never show any temperature rise at 
all. The speakers do not require power. 
They require voltage. 1 suspect that Mr. 
Wagner would feel better if I said that the 
speaker require essentially no power. ESL’s 
require some power, but this is not a pro¬ 
blem, and for the purposes of a "how to" 
article, we need not concern ourselves with 
it. 

Mr. Wagner deals with the wavelength of 
sound, even to the point of criticizing the 
type of graph scales used. It is true that a 
20kHz wavelength is not lA inch long, but 
about Vi inch long. It is not difficult to 
make an occassional detailed error after 
long days at the typewriter. The point is 
that the wavelength is much shorter than 
the 2 foot minimum dimension of the 
speaker, and therefore, the speaker will be 
directional. It doesn’t matter if it is 'A inch, 
or 4 inches, it is going to be directional. 
Perhaps Mr. Wagner noted that the graph is 
quite correct. His objection to my choice of 
scales for the graph is nonsense. The graph 
gives a quick reference to the wavelength of 
sound so that the reader can see that a large 
dipole is needed for freedom from low fre¬ 
quency phase cancellation problems. What 
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difference does it make that the line is curv¬ 
ed or straight? 

It is not possible to get bass from a 
reasonably sized ESL without an enclosure 
if you want high SPL's and linear frequency 
response. I detailed the problems, com¬ 
promises, and options to the readers. There 
is only one ESL 1 have heard that would 
produce high level bass SPL's, and that was 
the Day ton-Wright. However, 1 do not call 
it reasonably sized, and it will not perform 
well above 6kHz. A one foot square ESL 
that will produce lOOdB in the range below 
50Hz and that can be driven by conven¬ 
tional amplifiers and reproduce the rest of 
the audio spectrum, would make an enor¬ 
mous amount of money. 1 will be pleased to 
retract my statement if and when such a 
speaker is demonstrated to me. Until then, 1 
am giving readers accurate information. 

Electronic crossovers are a must. 1 have 
never heard any speaker system with 
passive, high level crossovers that could not 
be improved with electronic crossovers, 
regardless of what theory might say. But 
more importantly, a home constructor 
must be able to construct whatever type of 
crossover system is used. It must also be 
reasonably priced. Electronic crossovers are 
cheap, and so are amps. Passive high level 
crossovers are very difficult to design 
because the ESL load is so far from 
resistive. And there is the problem of get¬ 
ting parts for passive high level crossovers. 
When was the last time you tried to buy 
magnet wire in Idaho, Canada, or 
Switzerland? Where would you get induc¬ 
tor cores? How about large, non-polarized 
capacitors? If you could get them, how 
much would you pay? What about the 
fellow who only wants one cell rather than 
two, or the reader who wants a large array? 
Electronic crossovers not only work better, 
they are the only practical way to do a 
"how to" article, particularly when a large 
percentage of readers do not live in the 
United States. 

It is difficult to get proper response from 
a passive equalizer, but it is not impossible. 
Feedback from readers revealed that im¬ 
pedance matching can be a problem for 
many home constructors. Most of these 
readers do not have access to the in¬ 
strumentation required to "tweak" their 
systems. The reader must rely on the 
author's schematic and build it to the letter 
for proper performance. Variables beyond 
the author's control can cause big pro¬ 
blems. To solve this problem, I went to ac¬ 
tive equalization. Furthermore, regardless 
of what the techno-freaks may say, you 
cannot detect any difference between 
passive and active equalization in this ap¬ 
plication. 
Techno-freaks are their own worst 

enemies when it comes to achieving good 
sound. 1 have not met Mr. Kyle, Walker, 
Janszen, and Hunt. I would like to do so. I 
seriously doubt that they would be 
classified as techno-freaks as they had some 
understanding of the problems, rather than 
being led to advertising hype, and they 
must have had open minds in order to reach 
out and break new ground. 

My article is a tool that a home construc¬ 
tor can use to build a speaker system that 
will surpass the performance of the finest 
commercial systems, and hundreds of home 
constructors have already verified this. My 
information is as complete and accurate as 
necessary to achieve this goal. 

Mr. Wagner's comments are more ap¬ 
propriate for an engineering colleague 
writing a technical article than for an 
author doing a "how to" article for the 
audiophile public. If Mr. Wagner has exten¬ 
sive background, engineering skill, and 
long experience with ESL's, he should share 
some of his discoveries. An article describ¬ 
ing a simple to build, inexpensive, small 
durable speaker that has adjustable disper¬ 
sion, can reproduce the entire audio band¬ 
width without need of crossovers, has low 
distortion, is easy to drive, and can 
reproduce music at levels in excess of lOOdB 
would be very well received. Of course, the 
article would have to have years of 
technical research, experiments, and data 
greatly simplified and presented in sum¬ 
mary form. And then there is this little pro¬ 
blem that engineers have about writing 
their manuscripts with their calculators 
rather than with a typewriter...hummmm? 

CONSTRUCTOR FEEDBACK 

In reference to Mr. Marsh's Double 
Chamber Enclosure (SB 3/80), I built a cou¬ 
ple of them following the original article in 
about 1972 and they worked exactly as 
described. The bass was very low in distor¬ 
tion. The drivers I used at that time were 
two 6.5 inch Philips woofers with 1 lb. 
magnets. I no longer have the number of 
the Philips driver but I believe it is still 
available today. If not something similar 
should be fairly easy to obtain. 

I congratulate Mr. Sanders on a fine 
series of articles. I built electrostatics per his 
earlier articles in TAA. They sounded ab¬ 
solutely fantastic. I would caution readers 

Listen, 

If you haven’t heard the 
PPA-1, you haven't heard 
your moving-coil cartridge. 
Audition the Marcof PPA-1 
Pre-preamplifier at fine 
audio dealers. 

Marcof 
mb Electronics 

7509 Big Bend Blvd., 
Webster Graves, MO 63119 

GET IT TOGETHER. . . 

SEAS SPEAKER KITS use 
the finest Scandinavian drivers in computer optimized three-way designs, from 

59 00. For literature and information on SEAS Speaker Kits, raw drivers, 
and crossover networks, send SI 00 (refundable upon purchase» to: 

THE SPEAKER WORKS 
Box 303 
Canaan, N.H 03741 

Dealer Inquiries Invited (603-523-7389) 
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Mailbox 

with less than perfect ability to follow in¬ 
structions to the letter that you should 
think twice about tackling the job. I listened 
to my electrostatics for approximately 14 
months with at least 7 or 8 failures of one 
kind or another. 1 finally gave up because 1 
couldn't take the silence while 1 repaired 
them. 1 believe a completely reliable set of 
electrostatics can be built at home following 
the articles, but it ain't easy. 
Rion Dudley 
Seattle, WA 98119 

LA SCALA SEARCH 

Does anyone know where I might obtain a 
set of plans for the Klipsch La Scala 
speaker? 1 would like to try this as my next 
speaker project, and perhaps one of SB's 
readers might be able to help me out. 
Glenn J. Behrle 
P.O. Box 5147 
Woodmont Station 
Milford, CT 06460 

MODS WANTED 

Having received my first two issues of SB I 
especially enjoyed the article by Paul Stam-
ler. Unfortunately, most of the construction 
pieces I ve seen seem to address themselves 
to the scratch building of esoteric and ex¬ 
pensive or relatively cheap speakers. I 
would like to see more modification articles 
on the more popular "bookshelf" speakers. 
Some are: the Dynaco A-25, EPl-100, Ad¬ 
vents, and old AR's. These could range 
from simple crossover component updating 
to complete speaker replacement with, per¬ 
haps, the new bextrene drivers. 

Most of these speakers were excellent in 
at least one area but had shortcomings else¬ 
where. For instance, 1 found the AR-5's mid 
to highs very good while the bass was 
somewhat heavy and ill defined, whereas 
the large Advent's bass was smooth and 
tight with a slightly rough midrange and 
treble. In cases like these perhaps the of¬ 
fending drivers could be replaced with new¬ 
er units and appropriate complementary 
crossovers. 1 have never attempted speaker 
construction myself, so 1 can only speculate 
on the effects of such modifications as larg¬ 
er gauge internal wiring, mylar crossover 
caps, long hair wool, and speaker phase 
alignment might have on the performance 
of the old classics. 

If these mods were designed for specific 
brands and boxes with the appropriate cir¬ 
cuit and driver recommendations, the aver¬ 
age music lover who is handy with screw¬ 
driver and soldering iron, but not necessari¬ 
ly a MIT graduate would have a good 
chance of upgrading his old classics. 

1 recently replaced the woofer in a used 
popular bookshelf speaker. 1 ordered a 
driver and a crossover capacitor. 1 received 
the entire masonite mounting board with 
wiring and speaker lead push-in clips. 1 was 
quite unimpressed with the 18 to 20 gauge 
wiring, absence of a balancing pot, and the 
tact that the capacitor was epoxy mounted 
at one end and merely soldered to the 
speaker lead at the other. 
R. W. Clifford 
Lancaster, CA 93534 

Classified 
Advertising 

PRIVATE CLASSIFIED ADVERTISING 
SPACE up to 50 words in length is open 
to Speaker Builder’s subscribers 
without charge for personal, non¬ 
commercial sales and for seeking in¬ 
formation or assistance. The 
publishers reserve the right to omit any 
ad. Any words beyond 50 are 15 cents 
per word. Please type or neatly print ad 
copy on a separate sheet or card with 
your full name and address. 

TRADE CLASSIFIED ADVERTISING 
RATES: 25 cents per word including 
name, address, and zip code—prepaid 
only. 1O°/o discount for four insertions. 
Speaker Builder cannot accept respon¬ 
sibility for the claims of either the 
buyer or the seller. 

ACTIVE 
ELECTRONIC 
CROSSOVERS 

Plug-in Butterworth (maximally flat) filters in 6dB. 
I 2dB. or I 8dB per octave attenuation, any frequency 
specified. Filters flat beyond lOOkHz. 
Complete crossover in attractive metal cabinet with 
all terminations and regulated power supply. 

STEREO BI-AMP S139 
Tri-amp, quad-amp, and monoaural types available at 
comparable prices. Other available features: summer 
for “single woofer“ systems. Subsonic noise elimina¬ 
tion filters supplied with or without bass boost, level 
controls. 

FOR OEM S AND 
HOME ASSEMBLERS 

500 Series dual filters and/or plug-in filters, regulated 
power supplies. 

FREE CATALOG & PRICE SHEET 

Write to: 

'Dt&M'lAty fNCINIHINC LAKMATOtY 

1I828 Jefferson Bl.. Culver City. CA 90230 
Phone: (2I3) 397 9668 

TRADE 

DREAM SPEAKER SYSTEMS, drivers, parts, 
designs, Jordan 50mm Modules, bextrene 
drivers for woofers & midbass, soft dome 
tweeters, low DCR coils, film caps to 10uf, 
systems designs, push-pull woofers. Ap¬ 
plication notes included in literature, send 
$1.00. The 26 page Jordan Manual now 
available send $2.00. TRANSCENDENTAL 
AUD/O, 6796 Arbutus St., Arvada, CO 80004. 
Polydax, Decca, E. J. Jordan, Eminence, 
Cylindrical "Un-Box” enclosure systems. 
(303)420-7356. T1/81 

ELECTRO-VOICE raw loudspeakers. Audio 
Control equalizers. Tapco amps, etc. Dis¬ 
count prices with quick response. SONIX 
COMPANY, Dept. B, Box 58, Indian Head, 
MD 20640. T1/81 

10 GOOD REASONS TO READ TRANSCEN 
DENTAL AUDIO’S New Catalog. 1. The Jor¬ 
dan 50mm module —A wideband 
(150-22kHz) midrange/tweeter from 
England. The dynamic driver that rivals the 
transient detailing of fine electrostatics. 2. 
Polystyrene and Polypropylene Audio 
Grade Capacitors, .001 uF to 5.0uF for 
crossover and preamp mods, new construc¬ 
tion. Mylar Caps to 30uF,, NPE's in 125VAC 
3. Low DCR air core inductors in 5.0m.h. #12 
and #16 gauge wire. Why use “super” 
speaker cable without 'em? Custom win¬ 
ding available. Dealer inquires invited. 4. 
Unique subwoofer designs with twin bex-
trenes in push-pull vented enclosures for ar¬ 
ticulate bass to 23Hz with seamless 
crossover. 5. The new Dynaudio 83/<” 
woofer from S.E.N. Labs in Denmark that 
handle 1 kilowatt for 10 milliseconds! 6. 
Cylindrical “sandwich” construction 
enclosures for 672” bextrenes and Jordan 
modules. Non-resonant. 7. Polydax soft 
domes and bextrenes from 51/«" to 10”. 8. 
Ribbon and Polymer supertweeters from 
JVC, Decca and Foster. 9.18dB/ocatve elec¬ 
tronic crossover and subsonic filter kits 
from Rowland Research. 10. Driver applica¬ 
tion, crossover and enclosure design 
assistance available. Send $1.00 for 
catalog, $3.00 for catalog and 26 page Jor¬ 
dan manual. TRANSCENDENTAL AUDIO, 
6795 Arbutus St., Arvada, CO 80004 (303) 
420-7356 9:30 to 5:30 Mountain time. T4/80 

featuring 
Jordan 50 mm Modules & Audax 
bextrene woofers, patterned 
after Ted Jordans own design. 
X-over @ 150 Hz, minimum 
distortion, excellent detail 
In kit form exclusively from 

Lazer Audio 
45383 Industrial PI. 
Fremont. Ca. 94538 
Brochure: SI.00 

COMMONWEALTH LOUDSPEAKERS. Fine 
quality loudspeakers also drive units, 
walnut veneer cabinets, air core inductors, 
mylar capacitors, crossover networks. 
Choose from famous manufacturers like: 
Decca, Coles, Dalesford, Richard Allan, 
Jordan, Schackman, Radford and more. 
Send $3.00 for design, reprints, plans and 
catalog (refundable with first purchase): 
COMMONWEALTH ELECTRONICS. 300 N. 
Allen, Pasadena, CA 91106. (213) 793-5184. 

T1/81 
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"An authentic musician and artist" was 
Jean-Pierre Rampal’s description of pianist 
James Boyk. We are pleased to offer two 
disc of Boyk in concert at California In¬ 
stitute of Technology, where he is Artist in 
Residence. Unedited performances, cross¬ 
ed figure-eight miking; no limiting, com¬ 
pression, EQ, or bass blend. PR-1 ($8.95 
ppd.): Beethoven Sonata Opus 111 & three 
Scarlatti sonatas. PR-2 ($11.95 ppd.): 
Schumann Scenes from Childhood & 
Chopin Fantasy in F Minor. PERFOR¬ 
MANCE RECORDINGS, Dept. SB, 2135 
Holmby Ave., Los Angeles, CA 90025. T4/80 

AUDIOPHILE ACCESSORIES 
DBP-2J SWITCH BOX.39.95 AU (gold jacks).47.95 

Selects between up to 4 phono inputs Used with DBP-6 or 6MC, 
allows tor selectable loading ot cartridges 

DBP-6 PHONO EQUALIZATION KIT.29.95 
Allows adjusting the input capacitance ot the phono input ot every 
preamp and receiver with low loss Polystyrene Capacitors 

DBP-6MC RESISTIVE LOADING KIT.29.95 
Allows adjusting load resistance from 10 to 200 Ohms for tor moving 
coil cartridges Gold plated phono plugs in both kits. 

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

DBP-9AU BANANA PLUGS Eight gold plated, solderless.... 10.80 

DBP-10 PHONO ALIGNMENT PROTRACTOR.19.95 
Allows adjusting the lateral tracking error ot a mounted cartridge to 
within 'A ot one degree Nontechnical instructions and case included 

DBP-11 CAPACITANCE LOADING SWITCH BOX.79.95 

DBP-12 AUDIO CABLE 10 meter (33 ft).59.95 

Low capacitance (400pF) stereo interconnect cable, terminated with 
rugged gold plated phono connectors 

DBP-13J GOLD PLATED PHONO JACKS (W”) 8 pk...10.80 

DBP-13P GOLD PLATED PHONO PLUGS 8 pack.7.20 

ELECTRONIC CROSSOVERS ..6, 12, 18dB.Inquire 

At your dealer or direct Orders under $45. add $2.00 Handling. 

DB SYSTEMS 
Box 347Q Jaffrey, NH 03452 (603)899-5121 
Dealer inquiries invited. Overseas distributors in Benelux. W Germany. 

Scandinavia. Japan. Hong Kong. Singapore. Taiwan. France 

BASF TAPE: Largest discounts, fastest ser¬ 
vice. All tapes guaranteed. INTERGALAC¬ 
TIC ENTERPRISES, 1789 Carr, Troy, Ml 
48098. T4/80 

ALLEVIATE DIFFRACTION with our tweeter 
damping rings. V»" thick felt with adhesive 
backing 2” Id 4" Od for one inch domes 
$4.00/pair. Check or money order only. 
SPECTRUM LOUDSPEAKERS, Caller #2998, 
Toledo, OH 43606. T4/80 

AMPLIFIERS, SPEAKERS, CROSSOVERS, 
wire cables, (shielded and unshielded), 
noise gates. Send for flyer: PHASE CON¬ 
CEPT LTD., 3975 Omaha Dr., Norcross, GA 
30093.(404)923-1127. T1/81 

Musicality The Speaker Shop offers you 
Hafler kits (in stock), Conrad Johnson, 
Quad (England) KEF, 3D Acoustics, D.E.A. 
DCM Time Window Grace, Stanton 980 LZS, 
Cobra, Mitsubishi, Aiwa, Signet, Micro¬ 
Seiki, Burhoe, Monster Cable, AT620 
cables, French import albums (beautiful 
classics). Decca ribbon speakers $200.00 
pr. Frt. prepaid while supply lasts. 
SPEAKER SHOP INC., 3419 Bailey, Buffalo, 
NY 14215(716)837-1557. T4/80 

METAL FILM RESISTORS, RN55, 0.35 watt, 
107 values from 10 ohms to 1 Meg., 25c ea., 
10 per value/$1.80, 50 per value/$7.50. Send 
stamped self addressed envelope for list of 
values and order form. New gold plated 
brass rear mount phono jack, $1.75 ea. Gold 
plated shielded RCA type phono plugs, 
$2.00 ea. Minimum order $10.00, quantity 
discounts available. OLD COLONY PARTS, 
Dept. SB, PO Box 243, Peterborough, NH 
03458. 

GOLD PLATED phono jacks $1.10 plugs 85c 
ea., $1.00 handling. Also custom 1% 
capacitors, 0.5% resistors. Details SASE. 
REFERENCE AUDIO. Box368M, Rindge, NH 
03461. T1/81 

TOP QUALITY Speaker Cables with banana 
plugs. 25 ft. only $24.95. SNAKE CABLES, 
Dept. SB, P O Box 242, Littlerock, CA 93543. 

T4/80 

TOP QUALITY SPEAKERS AND KITS. Send 
$1.00. SPEAKER WAREHOUSE, 809 North 
Route441, Hollywood, FL33021. T1/81 

SAVE 50%. Build your own speaker system. 
Write: McGEE RADIO ELECTRONICS, 1901 
McGee Street, Kansas City, MO 64108.T4/80 

CUSTOM MADE FOAM SPEAKER GRILLS. 
Any size, thickness, color, quantity. Send 
15c stamp for information. CUSTOM 
SOUND—SB, Algonac, Ml 48001. T4/80 

STOP THE AGONY! Get yourself a set of 
Custom High Quality Speakers. For Ultra 
unique speaker design book send $3.50 to: 
WOOD “N" THINGS WORKSHOP, PO Box 
1043, Binghamton, NY 13902. T2/81 

NEW GOLD PLATED PHONO JACK. Rear 
mount, gold plated, solid brass jack w/gold 
plated ground flag and hardware, $1.75 ea. 
Will interchange with Audio Research 
SP3A-TS phono jacks. Gold plated solid 
brass shielded phono plugs, $2.00 ea. Send 
stamped self addressed envelope for flyer 
and order form. Minimum order $10.00. OLD 
COLONY PARTS, PO Box 243, Peter¬ 
borough, NH 03458. 

“HOW TO DESIGN AND CONSTRUCT 
PASSIVE CROSSOVERS” Everything you 
always wanted to know about crossovers 
but were afraid to ask. For your copy send 
$6.00 to MESALAB, 3942 Mesa Ave., 
Sarasota, FL 33583. T4/80 

CATALOG OF HARD to find speaker 
cabinet hardware, crossover parts, 
tweeters, midranges, woofers, cabinet 
plans, grille cloth, etc. Over 300 Hi-Fi and 
Pro Audio items. For your copy send $1.00 
to UNIVERSAL SOUND, 2253 Ringling Blvd., 
Sarasota, FL 33577. T4/80 

RAW FRAME SPEAKERS—All Types—All 
Sizes. Philips C.T.S. Peerless, Polydax, 
Dealer pricing. APOLLO ELECTRONICS, 
1437 Santa Monica Mall, Santa Monica, CA 
90401. (213) 393-0794. Mon.-Sat. Stuart. 

T2/82 

HIGH PERFORMANCE LOUDSPEAKERS 
factory direct. LS/35A and other 
equivalents. European drivers, speaker 
enclosures, kits, finished systems. Student 
reps needed. Box 18009 Seattle, WA 98118 
and Box 12242, Jacksonville, FL 32209. 

T2/81 

LONG HAIR WOOL carded-cleaned for stuf¬ 
fing speakers. $8.75/lb. including shipping. 
J. EBBERT, 770 Holly Rd., Wayne, PA 19087. 
(215)687-3609 T4/80 

BIG #12 gauge speaker wire twisted with 
outer jacket 100 ft. $40. C.O.D. ok. Sample 
$1.00. AUDIO HOUSE, 4304 Brayan Dr., 
Swartz Creek, Ml 48473. (313) 655-8639 T4/80 

OUR FREE CLASSIFIEDS 

SPACE IN OUR classified columns is open to subscribers tor 
finding equipment or for selling equipment This is a personal 
service. If your ad is for profit, it must appear in the regular 
Trade classified section, at 25c per word. 
NEW LIMIT: Because of our new technology we now have 

more room in the classified section and we re increasing the 
number ot words in private ads to 50.(rather than 40) as 
before If your private ad is over 50 words, please send along 
a check with your text tor 15c per word over the 50 limit 
Number and street count as one word as do Zip codes with 
the state abbreviation. 
PLEASE help us by typing or printing your ad on a separate 

piece of paper or card— including your name and address ex¬ 
actly as you want it to appear 
YOUR AD will not be repeated unless you re-submit it for 

subsequent issues It we receive your ad too late tor one 
issue, it will appear in the next one Private ads are not 
acknowledged unless you send us an addressed postcard tor 
the purpose 
ADDRESS all classifieds to 'Classified Department It 

helps Please make full use ol this service Your offerings of 
equipment will delight others who are searching for them 
Readers are welcome to use these pages to search for infor¬ 
mation about equipment. 

CROSSOVER COMPONENTS and ac¬ 
cessories for the speaker hobbyist. Low 
prices. Send for free flyer. UNIVERSAL 
AUDIO, Box 712, Providence, RI 02901. 

T4/80 

SPEAKER CABINETS— factory close out of 
rich walnut vinyl laminated cabinets con¬ 
structed of %” particle board. Shipped 
assembled with grill frames. Speaker open¬ 
ings can be cut to your specifications. 
Measurements 24x13x13. Only $19.95. 
FABER, 1625 Kelley St., Santa Rosa, CA 
94501. T1/81 

DYNACO AF-6, FM-5, FM-3, FM-1 FANS; 
Scott LT-110 Fans: PLL Stereo Demodulator 
is assembled and tested and features the 
KB4437 (Separation: 45dB, THD: 0.04%) 
with pilot canceller circuit for greatly im¬ 
proved sound quality. Send for free info. 
VSM AUDIO, PO Box 114, Maspeth, NY 
11378. T3/81 

ESOTERIC COMPONENTS at tremendous 
savings. Substantial savings on wide varie¬ 
ty of hi fidelity components. Many hard to 
get items. Extensive selection of moving¬ 
coil cartridges and tonearms. 
AUDIOWORLD, Box 6202B, Grand Rapids, 
Ml 49506. (616) 451-3868. T4/80 

Issue «4 is now available It contains reviews of CRAMOLIN contact cleaner 
the DYNAVECTOR DV 1OOR and DV 1OOD moving coil cartridges the LINN 
Ittok LVII pickup arm the MARCOF "Glass Mat" platter plate the HAFLER DH 
200 MICHAELSON & AUSTIN TVA 1 SUMO Power and SUMO Gold" 
power amplifiers the MICRO SEIKI BL 91 and ORACLE turntables the MUSI 
CAL FIDELITY bb 1 and POWERLIGHT MC 4 pre preamplifiers the SAEC 
SS 300 platter plate and the SPECTRA Disc Cushion Issue «4 also features a 
survey of interconnecting cables with reviews of cables from AGI AUDIO 
CRAFT AUDIONICS AUDIO NOTE AUDIO TECHNICA BELDEN DISC 
WASHER. FULTON MELCO MITCH COTTER NEUMANN PETERSON SAEC 
SOUND CONNECTIONS SOLAR TRADING SUPEX and ZEPHYR 

P0 BOX 10973 Subscription rates to AUDIO HORIZONS™ for four (4) issues are US 816 
o . ... ennr (»20 by FIRST CLASS MAIL) Canada and Mexico $ 18 (»22 by FIRST CLASS 
ot LOUIS, Missouri oj I Jo MAIL) and outside North America 324 (AIR MAIL) PLEASE REMIT IN U S 

FUNDS ONLY Sample copies of all issues of AUDIO HORIZONS are available for 
•5 50each(U S Canada, and Mexico), and »7 DO each (outside North America) 

AUDIO 
HORIONS 
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AUDIO CLUBS 

Space in this section is available to audio 
clubs and societies everywhere free of 
charge to aid the work of the organization. 
Copy must be provided by a designated of¬ 
ficer of the club or society who will be 
responsible for keeping it current. Send no¬ 
tices marked Audio Clubs in care of the ma¬ 
gazine. 

AUDIO SOCIETY WANTED in the Fort 
Wayne, Indiana area—for serious audio¬ 
philes only—contact: J. D. Reynolds, Jr., 
703 Nordale Drive, Fort Wayne, IN 46804. 
Phone (219) 432-1294. 

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

DO YOU LIKE CLASSICAL MUSIC AND 
AUDIO EQUIPMENT? Would you like to 
form a small society mixing music listening 
with audio equipment discussions? If you 
live in Nassau or Suffolk County New York 
in the vicinity of Plainview, contact: Alex 
Soave, 192 Central Park Road, Plainview, 
NY 11803. (516) 935-1704. 

SERIOUS AUDIOPHILES interested in a 
central Colorado group (Denver, Boulder, 
Ft. Collins, Greeley area) contact James S. 
Upton, 2631 17th Ave, Greeley, CO 80631. 

FT. WORTH AREA AUDIO SOCIETY being 
formed. Would like a diversified group 
(women welcome), for information send a 
stamped, self-addressed envelope to 
Richard P. Machos, 6201 Onyx Drive North, 
Ft. Worth, TX 76118. 

DELAWARE VALLEY AUDIO SOCIETY? 
Why not? If you are interested, let us know. 
Write Jim Elliott, c/o HiFi Hospital, 306 
White Horse Pike, Clementon, NJ 08021. 
(609) 627-1680. 

AUDIO SOCIETY WANTED in the Sacramen¬ 
to CA area. Serious audiophiles and 
dedicated audio amateurs please contact 
Barry Waldron, 8811 Little Oaks Way, 
Stockton, CA 95207. (209) 478-9310. 

MINNESOTA AUDIO SOCIETY Monthly pro¬ 
gram—Newsletter—Special events. 
$10/year. Write: P.O. Box 3341, Trafffic Sta¬ 
tion, Minneapolis, MN 55402. 

A CLUB FOR FM AND TV DXers, offering 
antenna equipment and technique discus¬ 
sions, plus updates from FCC on new sta¬ 
tion data. Monthly publication “VHF— UHF 
Digest”; annual convention in August. For 
more info: Worldwide TV-FM DX Associa¬ 
tion, PO Box 97, Calumet City, IL 60409. 

PRIVATE 

FOR SALE: Marantz 15 60 watt amp ex¬ 
cellent, $175; H-K Citation 12 60 watt amp 
excellent, $185; Dyna PAT-4 preamp good, 
$75; Heath AM/FM tuner $5; Hafler head 
amp like new $65. WANTED: Advent FM 
radio, Dyna A-25 speakers inexpensive 
stereo receiver. Rich Davidson, (505) 
672-1094, 501 Paige Loop W., Whiterock, 
NM 87544. 

FOR SALE: Small loudspeakers will outper¬ 
form many loudspeakers twice their size. 
This home experiment utilizes a unique 
design for linear phase and bass response. 
Black w/black grille. Will sell the pair for 
cost of drivers $120. Steve Ponder, 2602 
Valley Brook Drive NE, Huntsville, AL35811. 
(205) 534-0955. 

FOR SALE: One Infinity electrostatic mid¬ 
range panel $20; four Janzen electrostatic 
panels, $12. each; Eico MO:377 Audio 
Generator $30; Heathkit FM stereo 
generator w/manual $85; Heathkit GR-64 
multiband AM receiver w/manual $40; 
Philips GA-212 turntable w/manual $45. R. 
Beem, Rt. 2, Box 277, Commerce, GA 30529. 

FOR SALE: Dyna PAS-3X tube preamp (a 
“classic” design), with unused spare parts 
such as Telefunken tubes, etc. $100. Dan 
Shanefield, 119 Jefferson Rd., Princeton, 
NJ 08540. (609) 924-9450 evenings. 

FOR SALE: Altec 811B horns, 802B drivers, 
800Hz crossovers $300/complete pair; Teac 
A6010 RR with auto reverse and remote 
$250; Phoenix Systems compander $40; 
Dynaco ST 400M $350; A-1 excellent. David 
Spangler, P.O. Box 695, Newark, OH 43055 
(614) 345-1909/(614) 323-1815, before/after 5. 

-! 
CROSSOVERS COILS CAPACITORS 

SPEAKER CABINETS & KITS 
Send $1.00 for Brochure 

KUSTOMIZED SPEAKER SYSTEMS 
260-A Glenn Circle 

Powell, T ennessee 37849 

ADVERTISING INDEX 
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Amperex.17 
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Badger Sound.4 
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KEF Electronics.3 
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Old Colony Books.39 
Old Colony Kits.27 
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Soundbox.15 
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Speakerlab.40 
Speakerworks.35 
SRC Audio.23 
Transcendental Audio.19 

FOR SALE: Dynaco QD-1 (wired) $10.00. 
Hafler preamp cabinet $10.00. H/K CIT 
14/15/18 walnut cabinet $10.00. L. Cart¬ 
wright, 2723 Darlington Rd., Beaver Falls, 
PA 15010. 

FOR SALE: Leak, English made amp and 
preamp, Stereo 60 and Varislope $120 both. 
Dynaco PAS preamp and FM 1 tuner. 
WANTED: ST-70 or PAS 3X. Bruce Coffyn, 
777 Hillside Dr. So., St. Petersburg, FL 
33705. (813) 867-2296. 

FOR SALE: Fried C’s $350 pair; Audionics 
BT-2 $310; Audionics CC-2 $360; Grado 62 + 
(never used) $130; Grace FGE $135 (never 
used). Jan Waalkes, 6507 Ramsdell Road, 
Rockford, Ml 49341. (616) 451-3868. 

FOR SALE: Bozak drivers two B199 Be Bass 
(12"), two B-209 Be midrange (6'/a”), eight 
B-200 Zc tweeters (2"), two 104B 
crossovers. Like new with original cartons. 
Great sound. Will sell drivers and 
crossovers alone $400, or with beautiful 
rosewood cabinets $475. Must sell quickly. 
Call (802) 763-8247 evenings. 

FOR SALE: Van Alstine modified Dyna 410X 
with 100,000 mFd. power supply. Latest ver¬ 
sion $350; JR149-JR LPA super woofer 
speaker system $650. Robert Constand, 
1005 Victoria Drive, Dunedin, FL 33528. (813) 
736-1852. 

WANTED: Dynaco/Dyna tube amplifiers and 
tube preamplifiers. Please send name and 
address with model and price. Larry 
Pollack, RR 3, Box 31N, Angola, IN 46703. 
(219) 665-9047. 

FOR SALE: Rogers LS3/5A speakers with 
Rogers stands $400. Symdex Sigma (superb 
imaging) speakers with adjustable levita¬ 
tion stands $415. TEAC 3300S tape deck us¬ 
ed less than 50 hrs like new with factory ser¬ 
vice manual, 8-IOVi” reels of Maxell, Ampex 
and 3M tape and 2-7” reels of Ampex $450. 
(516) 757-5046 after 6PM. 

WANTED: PC boards and/or transistors for 
W.J.J. Hoge’s electornic crossover (Audio 
Aug. ’78). B.T. Dettling, 120 S. College St., 
Akron, OH 44304. 

STATEMENT OF OWNERSHIP MANAGEMENT AND CIR 
CULATION (Required by 39 U.S.C. 3685) Date of Filing Sept 
24. 1980. Title of Publication SPEAKER BUILDER frequency 
of issue Four times a year. 
Annual subscription price $10.00. Location of the head 
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frey Road, Peterborough NH. Publisher Edward T. Dell. Jr . 
Old Jaffrey Road, Peterborough NH 03458, Editor same. 
Owner Edward T. Dell. Jr., Carol Carr Dell. Old Jaffrey Road. 
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other security holders owning 1 percent or more of total 
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1 certify that the statements made by me above are correct 
and complete. 
Publication No. 01997920 Edward T. Dell. Jr.. Editor 
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OLD COLONY BOOK SERVICE Box 243 
Peterborough 

New Hampshire 03458 
NEWNES CONSTRUCTOR’S 

GUIDES 
H-l ELECTRONIC DIAGRAMS 
by Morris A Colwell. A beginner's 
introduction to electronic diagrams 
of all sorts: schematics, block, lay¬ 
out, and circuit board. Symbols, in¬ 
terconnections, circuit elements, 
representational conventions are 
all explained. Basic symbolic lan¬ 
guage for the electronics enthusi¬ 
ast. 112pp., softbound. 

Each $6.95 

H-2 ELECTRONIC COMPO¬ 
NENTS by Morris A. Colwell. Start¬ 
ing with the minimum basics of 
electronic building, the author 
gives a good introduction to the 
components themselves and all the 
variety possible in resistors, capaci¬ 
tors, inductors, transformers, semi¬ 
conductors, ICs, as well as electro¬ 
mechanical devices such as relays 
and switches. A quick tour of the 
parts you use for electronic gear to 
get you started toward knowing 
your way around. 96pp., soft-
bound. Each $6.95 

H 4 SIMPLE CIRCUIT BUILD 
ING by P C. Graham. A beginner's 
approach for simple circuits to 
step-by-step guidance from the 
very elementary circuit through in¬ 
creasingly complex circuitry. Cir¬ 
cuit board layouts, logic modules, 
ICs, power supplies, AC amps, and 
more. A good way to cut your teeth 
on building if you have no previous 
experience in electronics. 128pp., 
softbound. Each $6.95 

HAYDEN BOOKS 
H-8 BUILD YOUR OWN 
HIGH-QUALITY, LOW-COST 
TEST EQUIPMENT by M J. Salva-
ti. Especially written for the do-it-
yourself craftsman who wants to 
build his own one-of-a-kind test 
gear especially tailored for highest 
performance. A wealth of circuitry 
including a $40 harmonic distor¬ 
tion analyzer, an DC voltmeter, a 
breadboard electronic load, and 
much more. 140pp., softbound. 

Each $5.95 

H-10 HI-FI LOUDSPEAKERS 
and ENCLOSURES by Abraham 
Cohen. (Second Edition) Speaker 
theory covers how and why of 
drivers, enclosures, and rooms. 
Brief discussions of measuring and 
building are included along with 
advice on placement of stereo 
speakers. 438pp., softbound. 

Each $9.65 

The PENGUINS 
P l PENGUIN STEREO REC 
ORD GUIDE (2nd Ed.) by Edward 
Greenfield, Robert Layton, and Ivan 
March. Drawing on profound tech¬ 
nical knowledge and on vast musi¬ 
cal and historical learning, this 
newly revised and updated guide 
to recorded classical music deals 
with over four thousand discs, giv¬ 
ing details of title, performers, 
record number, label and price 
range. For record buyers in a hur¬ 
ry, a starring system (from one to 
three) is provided; while, for the 
enlightenment of browsers, there 
is a short but informative discus¬ 
sion of each record. The authors 
are long time reviewers for The 
Gramophone the world's oldest 
phonograph review medium. The 
authors' scope and zeal are stun¬ 
ning, their standards of judgement 
and accuracy high. . .what an 
achievement —Sunday Times(Lon-
don)."The answer to a record col¬ 
lecting browser's prayer.''—High 
Fidelity. 1,169pp., softbound. 

Each $8.95 

P 2 A NEW DICTIONARY OF 
ELECTRONICS by RV. Young. 
This remarkably compact refer¬ 
ence covers electronics from A-Bat-
tery to Z-parameters with succinct, 
concise definitions and illustra¬ 
tions. A quick reference complete¬ 
ly revised and updated with lots of 
added charts and reference data. 
618pp., softbound. Each $4.95 

P 3 A NEW DICTIONARY OF 
MUSIC (Third Ed., 1973; first 
pub. 1958) by Arthur Jacobs Alpha¬ 
betically arranged entries covering 
composers, individual musical 
works, orchestras, performers, 
conductors, musical instruments, 
and technical terms. 458pp., soft-
bound. Each $3.95 

TAB BOOKS 
T 3 THE BUILD IT BOOK of 
MINIATURE TEST and MEAS 
SUREMENT INSTRUMENTS by 
Robert Haviland is a general elec¬ 
tronic constructor's manual as well 
as a source for test instrument us¬ 
age, design, and construction. An 
interesting and different source¬ 
book. 238pp., softbound. 

Each $4.95 

SAGAMORE PRESS 
SG 1 MICROPHONES: DE 
SIGN AND APPLICATION by 
Lou Burroughs. The co-founder of 
Electro-Voice has produced a com¬ 
prehensive handbook on micro¬ 
phone usage which is eminently 
practical, easy to read and use. 26 
chapters. Paperbound. 

Each $12.95 

DOVER BOOKS 
D-l REPRODUCTION OF 
SOUND. BY Edgar Villchur. An el¬ 
egantly simple 92-page paper¬ 
bound primer on the subject by the 
man who invented the bookshelf 
speaker. Loan or give it to friends 
who want to build a system as good 
as yours. Each $2.00 

D 3 MUSIC, PHYSICS and EN¬ 
GINEERING by Harry F. Olson. A 
thorough introduction to the physi¬ 
cal characteristics of sound and the 
relationship of sound to musical in¬ 
struments by the former head of 
staff at RCA s lab for acoustical and 
electromechanical research at 
Princeton, NJ. A classic by one of 
the giants in the audio field. Good, 
easy to read chapters on acoustics, 
mikes and recording, recording 
and playback systems, as well as 
an electronic music chapter. 2nd. 
Ed. (1967) 460pp., softbound. 

Each $5.50 

FONTANA BOOKS 
FT 1 INTRODUCING AMA¬ 
TEUR ELECTRONICS by lan Sin¬ 
clair is a primer of both elementary 
theory and basic construction tech¬ 
niques. For beginners who want a 
survey to introduce them to the 
field. Tools, simple theory, circuits, 
component descriptions, measure¬ 
ments, and much more. 88pp., 
softbound. Each $4.50 

FT 2 HAND TOOLS FOR THE 
ELECTRONICS WORKSHOP by 
Harry T. Kitchen. An excellent basic 
introduction to tooling the ama¬ 
teur's workbench for electronics 
construction. Good chapters on 
cutting, measuring, drilling, tap¬ 
ping, and soldering. 124pp., soft-
bound. Each $4.95 

McGRAW HILL 
MH 1 HANDBOOK for ELEC 
TRONICS ENGINEERING 
TECHNICIANS by M. Kaufman 
and A H. Seidman. A comprehen¬ 
sive compendium of electronic 
facts. Component selection, circuit 
analysis, power supplies, IC uses 
and characteristics, op amps, tran¬ 
sistors, batteries and tubes. A one-
volume encyclopedia on how com¬ 
ponents work and how to choose 
the best of them for your applica¬ 
tion intelligently. 740pp., soft-
bound. Each $26.00 

HOWARD W. SAMS 
S-5 AUDIO ENCYCLOPEDIA, 
(2nd Edition), by Dr. Howard M. 
Tremaine Twenty-five sections 
covering everything from basic 
theory to solid state. A complete 
audio reference library in itself, the 
most comprehensive and authori¬ 
tative work on audio available. 
Covers every aspect of the audio 
art—from the basic principles of 
sound to the latest in solid-state 
equipment. 3,650 entries, 1,760 
pp.. hardbound. Each $39.95 

S-l 1 HOW TO BUILD SPEAK 
ER ENCLOSURES, by Alexis Bad-
maieff and Don Davis. The whys’’ 
and hows of speaker enclosures. 
Drawings and instructions cover 
infinite baffle, bass reflex, and 
horn types plus combinations. 
144pp., softbound. Each $4.95 

S-l 2 IC OP AMP COOKBOOK 
(2nd Edition), by Walter G. Jung. 
The bestselling, authoritative, best 
introduction to practical op amp 
usage available. 480pp., soft-
bound. Each $14.95 

S 14 ACTIVE FILTER COOK 
BOOK by Don Lancaster A prac¬ 
tical, user-centered volume with 
everything you need to build your 
own active filters. Explains the 
various types and how to select the 
best for your circuit. 240pp., soft-
bound. Each $14.95 

HOWARD W. SAMS' complete cata¬ 
log of all titles is available from Old 
Colony. Ask for a copy with your 
next order—and Old Colony can 
supply any Sams book (except 
Photofact* ). 
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Our Speakerlab Thirties are the culmination ofour acoustic technology and speaker 
building experience — in collaboration with one of the world’s top acoustic designers, Mila 
Nestorovic. A speaker with better transient response in a smaller enclosure than any system 
we have ever of f ered. They’re our Stradavarius. 

Because our ears receive most information about a musical sound in its very' first instant, 
a speaker’s ability to react instantly to an impulse (called transient response) is extremely 
important. Our Thirties image so well that the speakers themselves actually seem to 
disappear. The pluck of a guitar string or the snap of a snare drum appear instantly in the 
Thirties field of sound. 

Because they use the patented Nestorovic Woofer System®, Thirties achieve almost a 
full octave of extra low bass. Through a unique phase-control network and incredibly high 
flux density 8" and 10" woofers, you get amazingly tight bass transient response. The result is 
tremendous bass from a relatively small enclosure. Handling up to 350 watts/channel. 
Thirties are simply unlike any speaker system you have previously heard. 

Experience the Thirties: handcrafted, technically precise instruments. 
And Thirties arejust one of 

ten dif ferent speaker designs f roi 
Speakerlab. We also have a wide 
range of speaker parts available. 
Send for our free catalog — it’ll te 
you more about us, our kits and 
our f amous patented Nestorovic 
Woofer System®, Wave Apertur 
Drivers®, Poly lam® Cones and 
Subwoof er Drive Systems. /peokeM 
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