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How did you discover that there was a
better way to listen to music than a
boombox on your shoulder, or from a
table radio?

Think back to your first experience.
For me it was a neighbor who had a bet-

ter-than-average system—which he’d
built himself, fortunately. I say fortu- :

nately because I was a poor student at
the time, and doing it myself—at least
partially—was the only viable path to
improved sound. I suspect that mission-
ary work, intended or otherwise, is the
most viable method for spreading the
good word on good sound. Which is
probably why so many U.S. homes are
still without anything better than an av-
erage-quality reproduction.

One of the early industry efforts to
spread the word about good sound was
the early years of the Audio Engineer-

ing Society annual meetings in New

York, where consumer goods which or-
dinary mortals could afford were show-
cased by all manner of manufacturers.

That began to change when the money

began to flow toward the pro interests.
This affected many companies who dis-

covered that the big concerts of groups
such as the Beatles required audio on a
different scale altogether. Whereas
companies such as JBL, Electro-Voice,
Altec-Lansing, and James Lansing,
which had been offering kits for home
builders in the early '60s, were sudden-
ly much more interested in the big

money being made in the pro field.

By the mid-70s the AES shows were
becoming more and more dedicated to
professionals, with shrinking participa- '
tion by consumer companies. Recent
shows have had renewed consumer
representation for the home theater

market, but that may be an anomaly.

Better-quality sound was presented
to attendees at shows in the ’50s and :
’60s by English manufacturers such as :
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: Wharfedale and Acoustical Manu- :
facturing (Quad). In this country the
simple technique of putting a sound
i room on the mezzanine at Grand Cen- :
tral station in New York gave many
their first taste of “hi-fi.” The shows by
Stereophile magazine have migrated to
“high end” participants, representing
very small niche manufacturers, at very
i high prices. The big annual Consumer :
Electronics shows in Las Vegas certain-
ly have representation from all types of
{ audio manufacturers, but attendance
{ from a real consumer point of view is |
i relatively small, since most are profes- :
i sionals looking at the wares of other
professionals.
{  Thus, for over 20 years good audio re-
: production for the average homeowner |
i has had no national showcase—or re- :
gional ones—which might interest mid-
dle America in having a good sound
! system in the home. The closest we
i have come to such a reach toward |
: the consumer is the mall, and its use |
by some manufacturers. Cambridge
i Soundworks[], still largely represented :
in the northeast of the country, does

offer better than average listening envi-

{ ronments and affordable product lines.

I am sure there are many dealers scat-
tered throughout the country which
offer similar service.

What would happen, however, if the
audio industry got together to put 50
listening rooms in the largest metropol-
itan centers of the U.S.? Not to sell
goods, but just to sensitize listeners to
how good sound can be, with a list of in-
ternet addresses of the participating
companies. The effort could well over-
come many of the prejudices and mis-
conceptions that have arisen that hi-fi
is only for the rich, or people with supe-

i rior ears. The most convincing and

compelling advertisement for good
audio is extremely well-reproduced
sound. Music is a powerful and potent
attraction to all humans.

While awaiting any such utopian
dream, each of us might do a little bit
toward spreading the gospel of good
sound to our friends. It may not be
much, but the effort doesn’t require ser-
mons, or argument—just the sound it-
self—E.T.D. O
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Network

wenty years after the introduc-
tion of compact discs, audio- :
philes and music lovers still
play a remarkable number of
phonograph records. Phono preamp de- :
signs pop up—in audioXpress and else-
where—and many of them use the ven-
erable passive EQ circuit to compen-
sate for the RIAA pre-emphasis includ- :
ed on most LPs.
Unfortunately, many of the EQ net-
works published are inaccurate, seem-
ingly the result of cut-and-try methods.

This isn’t necessary; formulas for ac-
curately designing passive EQ net-
works have been available since 1979,

when Stanley P. Lipshitz published his :

classic article, “On RIAA Equalization
Networks™?,
Equally unfortunate, no one has

published network values for non-

RIAA equalization curves, although

! Lipshitz’s equations make it simple to

do so. Those of us who play 78 rpm
records know the bewildering assort-
ment of curves used in their cutting,

Call or e-mail today for our free 100 page catalog!

www.tubesandmore.com
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Passive Phono Preamps—A Universal

: and fans of pre-1955 non-RIAA LPs are
! in similar straits.

Old LPs and 78s are fun. Since com-
puters make calculating networks fairly

i simple, I decided to produce a table of
i networks for non-RIAA curves and a

good RIAA network while I was at it.
Before that, however, I need to address
a simple question: why?

WHY PASSIVE?

There are two types of EQ commonly
found in phono preamps: active or feed-
back equalization, and passive equal-
ization. (There are also a few designs
that use a combination of active and
passive elements.)

In an active circuit (Fig. 1), the
EQ network is placed in the feedback
loop of an amplifier; by varying
the amount of feedback at different fre-

i quencies, the network produces a re-

sponse that follows the desired curve.
The amplifier can be differential, as
shown here, or it can be single-ended,

i with R, doubling as a cathode or emit-

ter resistor for the first stage. (Exam-
ples of the latter design include the Dy-
naco PAS preamps and the Audio Re-

i search SP-3 and SP-6 series.)

The active circuit has several prob-
lems. The first is obvious from inspec-
tion of the schematic: At high frequen-

i cies the impedance seen by the output
i of the amplifier is very low.

Consider a preamp with a gain of
34dB at 1kHz, not unusual for pre-
amps designed to be used with mov-
ing-magnet cartridges. At 20kHz, the
impedance of the feedback network
(R, plus the reactance of the capaci-
tors) will be 4.7 x R, . (This doesn’t

i take into account loading from subse-

quent stages.)
Since R, is typically low (to mini-

i mize noise), the total impedance will
i also be low; for R, = 1k (Dynaco

PAS), the impedance at 20kHz will be

i 4Kk7, which is a very low impedance



for a 12AX7 to drive. The impedance :
drops as frequency increases; mod- :

ern cartridges go out to 40kHz and
beyond, and there seems to be signif-

icant audio out there on many :
recordings, so the tube will be work- :

ing quite hard. Solid-state circuits
have it easier, if they’re generously

biased, but it’s still a dubious idea for
an amplifier to be driving what is es- |

sentially a capacitative load at high
frequencies.

OPEN AND CLOSED

In a feedback circuit whose amplifier :

has infinite open-loop gain, the closed-
loop gain will be:

Gain = (Zfeedback/Zin) +1 (1] :

Real circuits, however, don’t have infi-
nite gain, and if the feedback factor is :

small, the actual gain will be somewhat
less than this equation predicts.

IC op amps have a gain that falls :
off above a few hundred hertz, usually
rolling off at 6dB/octave in the audio !

region. Happily, this is similar to the

frequency response of a phono pre- :
amp, so the amount of feedback re- :
mains roughly the same across the !

frequency spectrum, except for the
shelved region at mid-frequencies. If

the IC’s gain at audio frequencies is :
high enough, the circuit will behave

properly, and the closed-loop gain
will be predictable and stable.

Tubes are another story. Most tubed
phono circuits have flat open-loop gain :

across the audio spectrum—for the PAS

design, about 63dB. Since midband !
gain is 40dB, gain below 50Hz is about
60dB. At bass frequencies, therefore, !

the preamp is operating with only
about 3dB of feedback.

David Hafler took this into account :
when designing the feedback net- :
work, so the frequency response is |

more or less correct, but the low feed-

back factor can produce higher distor- ;
tion in the bass, leading to the stereo- :

typical “mushy bass” associated with
the unmodified PAS. Furthermore,

the open-loop gain is not stable over :
time. As tubes age, their gain decreas-
es, and the frequency response of the

preamp changes—the bass becomes
thinner, but mushier. Not good.

— i

FIGURE 1: Actively equalized phono preamp circuit—two popular configurations.

R1
46.4K
(but see text)

16.1nF

= R2
6.772K
(7.5K]|69.8K)

FIGURE 2: Passively equalized phono preamp circuit; with the values shown, this yields
the RIAA curve. For typical moving-magnet cartridges, the two amplifiers should have a
total gain of about 60dB. See text for discussion of R1’s value.

f3
Low-frequency
shelf

f5
High-frequency
rolloff

f4
Mid-frequency
transition

Gain
(dB)

Frequency

FIGURE 3: Generalized phono equalization curve.
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THE PLATEAU

It’s clear from Equation 1 that non-in-

verting feedback amplifiers have a

minimum gain of one (at least in the
audio regions). This causes an error in

downward forever, the frequency re-
sponse flattens out somewhere in the

50-100kHz region unless corrected by

an external network.
By increasing the gain of a feedback
phono preamp circuit, the plateau is

pushed farther from the audio band.

Unfortunately, increasing the gain de-

creases the feedback at bass frequen- i

cies (see previous).

INPUT PROBLEMS

Consider the Miller effect. The inherent

capacitance of an input device—be it

tube, FET, or bipolar transistor—is effec-
tively multiplied by its gain. In a feed- :

back amplifier, the closed-loop gain
multiplies the input capacitance.

Unfortunately, if the closed-loop

gain varies at different frequencies,

Miller-effect multiplication also
varies. This can play hob with the re-

i sponse of the cartridge, which wants :
i to be terminated by a constant resis-
tance and capacitance. In effect, the :

feedback loop becomes part of the car-

i tridge’s load impedance, sometimes
phono preamps. Instead of continuing

with spectacularly flaky results.

ENTER PASSIVE

How does the passive preamp meet :
i these challenges? Consider Fig. 2, i

drawn with an RIAA compensating
network. Cursory inspection will show

i that, even at extremely high frequen-
i cies where the capacitors are effective- :
! ly short circuits, the minimum imped-
i ance will be set by R, which is nice |
{ and high. ;
i The amplifiers, if they employ feed-
back, don’t get anywhere near open- :
loop operation at audio frequencies. In
the case of tubes and discrete solid-
state circuits, feedback is approximate-
i ly constant across the audio band.
i  What about long-term stability? As |
devices age in the two amplifiers of !
i Fig. 2, the overall gain may change a
bit. Frequency response, however,
should remain constant, as it’s deter- :

mined almost entirely by the passive
network. (“Almost?” Yes. See the dis-
cussion under “Subtleties,” which
follows.)

The passive circuit’s response is es-

sentially dictated entirely by the net-

work itself, not the amplifier’s charac-
teristics, so it’s easier to calculate
nonstandard responses. Because the
passive network’s response is not lim-
ited by a non-inverting amplifier’s
gain equation, the high frequencies
keep on rolling down as they should,
way past the audio region.

If the input stage employs a low-im-
pedance output, Miller-effect multipli-

i cation should be constant across the

audio spectrum. The cartridge will see
what it wishes to see. Even without a
low-impedance output (if, say, Al is a
simple triode stage), the effect on car-
tridge loading will be minimal.

Are there drawbacks to passive pre-
amp designs? Yes, there are: noise
and input overload. With active equal-
ization, a phono preamplifier has an
effective noise bandwidth of about
3.3kHz (RIAA curve). A passive pre-

TABLE 1
PARALLEL COMPONENTS FOR PASSIVE PHONO EQUALIZER

HIGH-FREQUENCY ROLLOFF
FREQUENCY COMMENTS C2 C2A
SETTING (HZ) COMPOSITE PARALLEL CAPS

(NF) (NF)
1580* U.S. Decca/Folkways/Elektra, early Col. LP 329 22 +9.1
1580 U.S. Columbia, King, late Brunswick 25 22+12
2122 RIAA 17.2 15 + ~ 400pF
2500 Capitol, Mercury, MGM 14.2 10+24
3180 10.7 5.6 +3.3
3180* RCA, Victor, Bluebird 26.3 22+1.0+15
3750 Odeon, OKeh, Parlophone, Polydor 9.0 36+36
3750 Early Brunswick See 1580
4000 8.3 47+18
5600 Eng. Decca, London ffrr, Eur. Columbia 6.0 20+22
7500 Acoustic 45 2.7
10,000 Acoustic 34 1.6
17,000 Acoustic, early Eur. 78s 1.8 None
LOW-FREQUENCY TURNOVERS
FREQUENCY COMMENTS C1 Ci1A
SETTING (HZ) COMPOSITE PARALLEL CAPS

(NF) (NF)
Flat Acoustic None Jumper
20/200 151 100 + 16 +2.0
25/250 Eng. Decca, London ffrr, early Eur. 78s 17 51 +33
30/300 Columbia 78, Disc, late Brunswick, 95 47 +15

most Eur. 78s, Velvet Tone

40/400 Capitol, Mercury 66 33
50/500 RIAA, King 49.9 10+3.3+36
45/630 Folkways/Elektra 45 12
50/750 U. S. Decca, early Columbia LP 345 15
50/800 RCA, Victor, Bluebird, HMV 742 33+82
50/1000 Early Brunswick 64.3 27+43
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R2 R2A
COMPOSITE PARALLEL RESISTOR
(KOhms) (KOhms)
5.302 324
5.302 324
5.494 412
5.593 475
5.979 105

6.34 None
5.494 412
6.199 280
2.679 4.64
2.4601 4.02



FOR THE ULTRA-FINICKY

In the main body of this article I've talked about the effects of amplifier output impedance
and input capacitance on passive RIAA networks. Here’s how to compensate for them.

First, begin by using clip-leads to connect up the amplifiers as shown in Fig. 6: no EQ
network, and the output of Al directly connected to the input of A2. That output is also
loaded by two parallel 20k resistors, running to ground. If you're using an AC coupling
network (Fig. 5), include the resistor Rc as well as the two 20k resistors.

Set your signal generator for 2kHz (or use the 2kHz band of a test CD), and adjust its
level until 1V appears at the output of A2. (You may need to use an attenuator at the
input of Al.) A digital multimeter will work fine to measure the output voltage V, (you
can also use it to measure the exact value of the paralleled resistors, Rpam). Compute i;:

i) =Vy/Rper 2]
Soif V, is exactly 1V and Rpa]r is exactly 10k, i, =100mA.

Now unclip one of the 20k resistors and measure the output voltage (V,) again across
the single resistor Rsing; it will have increased slightly. Compute i

i2 = VE/ R‘sing [3]
Let’s say V, is 1.05V and R,

i is exactly 20k; i, will then be 52.5mA. From these num-
bers you can compute the output impedance of A,:

Z,1 = (Vo= VG, —1ip) [4]

In the example, this comes out to about 1053Q. In an amplifier using our multi-fre-
quency EQ network, this would suggest using 43k147 for R1, rather than 44k2. This is
right handy, as 43k2 is an E24-series preferred value.

Now for A2’s capacitance. I'll describe the procedure for the multi-frequency network.
You’ll need a signal generator that you can set to 200Hz or 2kHz, or a test CD that has
those bands. You’ll also need an analog audio voltmeter (or a DAT recorder with a digital
headroom readout); most digital multimeters have very poor frequency response.

Connect as shown in Fig. 7. Don’t use clip leads this time. Instead, solder the network
board to the amplifiers the way you will actually use it. Install R1—corrected for the out-
put impedance of A, if necessary—and C /R, if you're using them, but don’t install C2 or
the rest of the network.

Set the signal generator on 200Hz and adjust its output (or your attenuator if you're
using a CD player) so that A2 is producing about -10dBu. (On a DAT machine, set the
level control at about 12:00 and adjust the generator so the headroom display reads
-5.0dB.) Switch the generator to 2kHz and measure the output again. If it has changed,
record the difference in decibels.

This is the fudge factor attributable to your test setup—generator imperfections, meter
irregularities, or whatever. (If the amplifiers are designed properly, the error won’t be
coming from them.) Let’s say, for purposes of discussion, that the setup produces a
-0.3dB change at 2kHz, relative to 200Hz.

Switch the generator back to 200Hz and temporarily wire in C2, 1.8nF. (It helps to
have a couple of pins on the network board to wrap capacitor leads around.) Measure the
frequency response, which should be down 3dB at 2kHz (well, 2.97dB if you really want
to nitpick), plus the fudge factor. So, in our frinstance, the response should be down
3.3dB when switching from 200Hz to 2kHz.

If there’s appreciable capacitance at the input of A2, however, the 2kHz response will
be down too far. In the example, with 100pF of input and stray capacitance, the response
will be down 3.5dB rather than 3.3dB. You need a smaller cap for C2. Change to some-
thing smaller (say, 1.5nF) and begin adding parallel capacitors until you get the proper
response drop.

Repeat for the other channel (the strays may be slightly different). Now your basic C2
is correct, so go ahead and install the rest of the network, switching, and so on.

What if you're doing only an RIAA network? In that case, you can probably live with-
out compensating for A2’s input capacitance. Even if it’s 100pF, that should introduce an
error of only about .05dB in the treble. Do correct R1 for A1l’s output impedance,
though.—PS
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i amp has two amplifier stages. The
! first, A1, has a noise bandwidth simi-
lar to that of an active preamp; its
noise is rolled off by the passive net-
i work. A2, however, runs flat across
the audio band—it can contribute sig-
{ nificant noise to the preamp if not
i carefully designed.

In a passive preamp, Al amplifies

the cartridge’s output with a flat fre-
quency response. Since the cartridge is
i playing back a recording with pre-em-
phasized highs, it’s putting out a signifi-
i cant amount of high-frequency energy.
Then there are scratches: fast spikes
with surprisingly high peak levels, all
at high frequencies. The first stage of
any passive preamp must be carefully
i designed to avoid overload or high-fre-
quency intermodulation distortion.

With care, however, noise and over-

i load problems can be minimized. Given
the major drawbacks inherent in active
i phono preamps, I think passive is the
i way to go for most applications—espe-
cially if you want to play with non-RIAA
curves.

: TWEAKING THE CURVES

¢ If you intend to play only RIAA-equal-
ized records (essentially everything
i after 1955), the network in Fig. 2 will
i work fine, as long as the output imped-
ance of Al is low (see “Subtleties”). A
simple pair of low-noise IC op amps will
i do, or you can use discrete op amps & la
Nelson Pass or Erno Borbely, or tube
stages, simple or elaborate. The net-
i work shouldn’t care.

If, on the other hand, you need

switchable curves, take a look at Figs. 3
and 4. Figure 3 shows an idealized fre-
i quency-response curve. I conform to
i Lipshitz’s conventions by labeling the
i breakpoints f, (low-frequency shelf), f,
{ (mid-frequency turnover), and f; (high-
i frequency rolloff). You can adjust these
by tweaking the values of C1, C2, and
i R2, which I do by adding components
{ in parallel with them. R1 remains con-
i stant at 44k2, a bit lower than I used in
i the RIAA-only network.

Unfortunately, the various bits of the

network interact with one another; Lip-
i shitz’s equations show that twiddling
i one frequency affects the others. When
I set up a spreadsheet into which I fed
i frequencies while the computer



cranked out network values, I discov- i

ered it didn’t work very well. The inter-
actions made designing a switchable,
buildable network difficult.

Instead, I produced a spreadsheet :
into which I plugged network values

and the computer figured out frequen-
cy breakpoints using the equations in

the “R3 = 0” columns of Lipshitz’s Table
1(c). I discovered that by tweaking R2 !

along with C1 I could make the curves
come out right, within 0.1dB of their

ideal shapes. Figure 4 shows the :
switchable network; Table 1 lists com-

ponent values to connect in parallel
with the basic network. All components

are standard E24 (capacitors) or E96

(resistors) values.

Please understand that the settings :

suggested for various labels, as shown
in the “Comments” column of Table 1,

are only suggested starting points

based on published information and
some informed guesswork. Actual

recording curves varied wildly over :
the years, and the final decision on

which EQ settings are correct belongs
to your ears alone.

Some recordings have curves that :
are quirky enough to require special
networks. So, for example, there are :

two switch settings for a high-frequen-
cy rolloff at 1580Hz: one for American

Decca 78s and Folkways, Elektra, and

early Columbia LPs, one for American
Columbia, King, and Brunswick 78s.
(By a stroke of happy fortune, the same
network value generates 1580Hz when

TABLE 2
COLUMN HEADING FORMULA
a2 EQ Name [enter name]
b2 C1(nF)  [enter C1]
c2 C2(nF)  [enter C2]
d2 R1 (K) [enter R1]
e2 R2 (K) [enter R2]
f2 RealC1  =b2/1000000000
g2 RealC2  =c2/1000000000
h2 RealR1  =d2*1000
i2 RealR2  =e2*1000
j2 formula 1 =(h2*(f2+92))+(i2*f2)
k2 formula2  =((j2*j2)—(4*h2*i2*f2*g2))"0.5
L2 T3 =(j2+k2)/2
m2 T4 =i2*f2
n2 T5 =(j2-k2)/2
02 f3 =1/(L2*2*3.14159)
p2 f4 =1/(m2*2*3.14159)
q2 f5 =1/(n2*2*3.14159)

These formulas were written for the spreadsheet pro-
gram in Microsoft Works. If you plug them into a differ-
ent program, you may need to change the syntax to fit
that program’s preferences.

the midrange turnover frequency is set
i for 300Hz—late Brunswicks—but |

3750Hz when the midrange is at
1000Hz—early Brunswicks.) Similarly,

there is a 3180Hz rolloff setting for the :
RCA/Victor/Bluebird family of 78s, and

a different one for other discs that use
this frequency.

I've included a couple of settings
for playing acoustic 78s. These :

should ideally be reproduced flat.
However, as there is virtually no sig-
nal present in the high frequencies,

I've given you the option of rolling 5

these off at 7.5, 10, or 17kHz to reduce
noise. The latter setting, effectively

flat for real-world recordings, is also :
i appropriate for early European elec-

trical 78s, which used no high-fre-
quency pre-emphasis.
You don’t need to include all possi-

ble combinations, of course. Use as i

many as you please, given the number
of switch positions you have available
(or how many you feel like soldering).

The spreadsheet runs in Microsoft
¢ Works. If you'd like to design your own

networks, you can download it from

http://members.aol.com/beansnicker/ :
multieq.wks. Microsoft Works spread-
sheets won’t usually run on other

programs. To plug the formulas into
your own software, you need the text

file containing the cell entries at :

http://members.aol.com/beansnicker/
multieq.txt (or see Table 2). Note that
these formulas use the Works syntax,

which you may need to edit slightly
i to fit your program’s language. :

(BeanSnicker? That’s my small record
label, which reissues 78s.)

: SUBTLETIES

I mentioned before that you could pop
these networks in between just about

i any low-noise amplifiers with enough
i headroom to avoid overload. In fact, }
¢ you can use just about any quiet, fast IC

op amps without further ado. If, howev-

i er, you choose to use something fanci- :
i er, such as a tubed stage or a discrete

transistor circuit, you must consider
some subtleties.

i The first is the output impedance of :
! Al. A quick glance at the schematics |

will tell you that A1’s output imped-
ance is in series with R1. Properly

! speaking, it constitutes part of R1.

-

nu. P>
uic',rn mm:s

H'F'E‘Fl:i.T

16 Character X 2 Line

LCD with Backlight
Barwoo 8 16218L-5-VE0 Frk
% 7 dol kmai. 256" % D.54° '__,J::_':

v Sead. 115 1 1A P
moduin sze. LED baciklghl ﬂ"}. ’

Inciudied Rdok-up et Gl L .

CAT # LCD-53

0
s??ﬁh
Phone Line
Privacy Protector

Pregacie modam, Llas and v f
TransmrssEnne o mismeplhon '-i",
Prsatinis daves-dropping of ‘-'-!E;_-';
prona corrspreations.  The i

OeViCE 0 BNEWer OF SO0eSs N hne
pocaarees Then B, AB of tha oihers aes
Oenesd scoess unll the (el devcs hangs-up
irsialls babwaen phona ra and wal jack
Bl Yo neid Ofd | e sacs insmasenl

10 for 36,50 each
100 for $5.00 cach

1
|
L=

";IllH'rljd Irgs GA‘I’ l‘ TL“'EU
10 for §12.50
51%‘;,., 100 for 580.00

Nickel-Metal Hydride
AA “Flat-Top" Cells

Farasonio £ HHRA11&A0 1.2 Woll, 1100 mah
Tiat-log”™ mohaegeabls A cale Trase calls am
dengned lor vas m Balary pscke; Thay a0 mod
hava tha raisad buton found on most replaoe
Alla DAt 0557 tamamr X 1057 bng
Lame quarily svmishie. Two shyies
REGULAR-FLAT TOP n 3. -
CAT & NMH-110

50 |4opcs 51.25 = 120pcs $1.00
51 ‘nach

Bl0pes B5E aach
e —
SOLDER-TABBED | ] =)
CAT & HMH-110T A

s10 [ norsiomen
1-800-826-5432

SHOP OUR ONLINE STORE

=

www.allelectronics.com

TEAMG ST WALLE DNIEN Doy eyl el e F

if coniesasl U 54 3500 ew ordes. & ofvem ckackng 86

HL P i ol Sl Sy W8 plapieig AE Svkey (IR

i CALMOIT S mami ochue ool piae s e Uhse sy
Limiasd KOO0 Pross pubescs

=ALL, WHITE W TR L]

FAX or E-MAIL MAIL ORDERS TO:

Pl ALL ELECTRONICS

Q6 Page CORPORATION
oG F.O. Bax 567
E.ﬂﬁr!:u Van Nuys, CA 914086

wmnid O iﬂ'l“"l'

FAX (B18)781-2653

allcorp.com

allcorp&

e-mail

audioXpress December 2001 13



With most ICs this is no big deal. ;
Within the audio band, their output i

impedance is typically an ohm or
two, a negligible fraction of R1. In dis-
crete circuits, however—especially

a difference.
A tubed stage whose output is a

cathode follower has a fairly low out-
put impedance. A 6SL7/12AU7 stage :

I've used runs about 500Q. This won'’t
affect the curves much, producing an

error of a bit less than 0.1dB below :

50Hz in the RIAA curve. The ultra-

When describing high-frequency
curves, some sources list the time-con-
stant of the rolloff point rather than its
frequency; others describe how many
decibels the signal is attenuated at
10kHz. Here’s a table of conversions:

finicky, of course, will prefer to com- ;
pensate by lowering the value of R1 a

like amount.
Amplifier stages without followers

i are a whole 'nother ball game. Take
with tubes—this impedance can make

sections in parallel, as described in a
recent audioXpress article?. I calcu-

late this amplifier’s output imped-
ance to be about 28k5. This would re- :

quire dropping R1 to 15k7, which is
pretty low.

If T were using these tubes as my :
input stage, without a follower, I'd
i scale up the networks’ resistances and

scale the capacitances down by the

i same factor. If you double all the resis- :
tances, for example, R1 ideally would
i be 88k4. Subtracting the output imped- :

ance of the tubes leaves you with 59k9

i as the actual resistor, a more reason- :

grid-to-plate capacitance of 2.8pF.
Multiply this by the stage gain, add
the grid-to-cathode capacitance and
some strays in the wiring, and you're

i up to 100pF.
a pair of 12AX7 common-cathode |

In the RIAA circuit this won’t make
much difference (it’s only about 0.3%
of C2), but it will shift the 17kHz
rolloff for acoustic records down to
16kHz. The truly finicky may again
wish to compensate by using a small-
er capacitor for C2, trimming it up so
that the total (including A2 and
strays) equals 1.8nF. (See the sidebar
for suggested trimming procedures.)

AC AND DC

Finally, we've assumed up to this point
that the preamp circuit is DC-coupled.
This is certainly feasible with ICs (espe-
cially if you use a servo in the feedback

11?28 5 §?6at o Tgl(“s) able figure. loop to null out offset voltages). It may
2:122 14 75 not be possible to do that with all dis-
2,500 ~12 64 WAIFS AND STRAYS crete circuits, however, and it’s almost
3,180 -10 50 i Another problem develops at the : impossible with tubes.
3,750 -9 42 i input of A2: capacitance. Again, IC op ;|  Figure 5 shows the (idealized) net-
g’ggg :g 32 i amps present little problem; even i work with a coupling capacitor added,
7:500 -4 21 FET-input units have only a few pF at | and a resistor to provide the input de-
10,000 -3 16 i the input. Discrete FET circuits and : vice of A2 a path to ground. Straight-
17,000 -1 9 tubes, however, can present more of a forward enough, but there are again
i problem. A 6SL7, for example, has a } subtleties.
C1la C2a
R1 Parallel Parallel
caps caps
(but?éifext) (see Table 1) (see Table 1)
T IITIILT
c1 L e —
33nF T
o o
S1 5 b
Low Frequencies
4-pole multi-pos. o o
——O
R2 ot ’ ©
6.34K S2
High Frequencies
% 2-pole multi-pos c2 _L
: 1.8nF—T—
FIGURE 4: Passive equalization ) Y G SR G G o TOA2
network with switchable fre- Gnd
. R2a
quencies. See Table 1 for Cla, Parallel
C2a, and R2a values. One chan- resistors
nel of stereo preamp shown. (see Table 1)
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The first is that the coupling resistor
R, affects impedances in both direc-
tions. If, as shown, R = 200k, that
value will appear in parallel with the

amplifier’s output impedance, lower- :

ing it. Still’s paralleled-12AX7 circuit,
for example, would now have an out-
put impedance of 24k9. Follower out-
put won’t be noticeably affected. A
cathode follower with an output imped-
ance of 500Q would drop to 499Q, a
negligible change.

Simultaneously, R, appears in par- :
allel with the load. In the tweakable

network, for example, the minimum
load at high frequencies now be-
comes 36k2 rather than the 44k?2 of
the network with DC coupling. You

i figuring the required drive current |
i from Al. :

Finally, a coupling network can
cause problems if its time constant is

too close to the audio band; the cou-

pling capacitor’s reactance interacts
with the equalization network. If, for
example, you include a subsonic fil-

i ter in the design, you should not :
i make the RC network part of it. Set- |

ting the bass rolloff frequency to
12Hz (as part of a third-order 16Hz

Bessel filter) results in significantly :
reduced output at audible frequen- :

cies. Instead, you should place the
single-pole filter elsewhere in the pre-
amp, either at the output of A2 or, if

i you want to minimize warp frequen-
should take this into account when

cies in the active circuits, at the input

CC
2.0pF
RC
L 200K

FIGURE 5: Passive preamp circuit with AC-coupled amplifier.
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for input capacitance of A2. Audio
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of Al. The value shown generates a ;| tube circuits, provided you take cog- i on the amplifiers themselves—noise
rolloff frequency of 0.4Hz, far enough : nizance of the amplifiers’ own charac- and overload?

from the audio band to minimize in- : teristics and trim up the network ac- Ah, that’s another article entirely.
teractions. cordingly. But what of the constraints : Stay tuned! O

WRAPPING UP
In this article, I've given you the infor-
mation to design a passive phono EQ
network for virtually any curve em-
ployed during the pre-RIAA glory days
of disc recording. There’s a wealth of
lovely music out there to discover,
and I guarantee you it’ll sound better
if it has the right equalization.

As T've emphasized, these networks
will work with just about any type of
amplifiers, from IC chips to ultra-fancy

REFERENCES
1. Lipshitz, Stanley P., “On RIAA Equalization Net-
works,” Journal of the Audio Engineering Society 27:6

g

(June 1979), p. 458. L Lo = : i —
ARGty | | T-Series contemporary styled horn systems . These systems
e sound truly lifelike. They achieve remarkable performance
from low or high powered amplification.
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Bl A Great First Amplifier Project

Here is an excellent beginner’s project for those

just getting started in this hobby.

By Rick Spencer

his “little” amp is easy to con-

struct and has only about 25
parts in each channel. The sys-
tem transformers are very inex-

pensive, and the total cost involved for
a complete stereo version should be

very minimal! Most of the parts used in

this project are available from Antique :
Electronic Supply. The tubes involved
are the least costly of most name !

brands that I could find and yet they
will still deliver the sound that vacuum
tubes are noted for.

The voltage amplifier and phase in- :

verter tube is a 12SL7, and the outputs
are 12V6s. These tubes have the same

electrical characteristics as their coun-
terparts—the 6SL7 and the 6V6. The only

difference, of course, is the heater volt-
age. With the type of transformer used
for the power supply, and with the help

of one small 12.6V transformer, the

tubes will be supplied with all of the nec-
essary voltages to operate the amplifier.

Again, as in my 6550 single-ended
amp project (Sept. 01 audioXpress),
this article does not contain any com- :

plex math. It gives you only the infor-

mation you need to complete the ampli- :
fier. No special or “high end” compo- :
nents are used because I don’t believe |

that a beginner in this hobby should
suffer “sticker shock” when starting
his/her first project.

If you wish to experiment and try dif-
ferent capacitors, resistors, or other

components, in order to obtain a better :
sound, please feel free. After all, this
hobby is all about having it your way. :

The amplifier (Photo 1), when construct-
ed with the parts listed, gives a warm

and full range of sound and will be :
pleasing to most new hobbyists—espe- !

18 audioXpress 12/01

cially those of you used to listening to
small solid-state equipment. It has the
kind of sound that tubes are famous for
and gives an output of just around 12W
of power per channel. This is actually
more than the famous single-ended
300B will deliver, even though the 300B
is in a class all its own. The amp will
drive most speakers with an efficiency of
90dB or more to a room-filling volume.
For a firsttime project and introduc-
tion to the types of circuits involved
with tube audio, the results should be
very rewarding indeed. If you follow the
schematic diagram (Fig. 1) and use
careful construction techniques, the
amp will work when you first power it
up and should give you years of listen-
ing enjoyment. It will also be very easy
to service and repair in the future be-

i cause you built it yourself!

CIRCUIT DESCRIPTION

The circuit here is very simple and yet
is effective for the types of tubes used.
These 12V6s operate in push-pull class
AB1 with around 285V on the plates
and will give you the warm, rich, and
classic sound of the amplifiers from

many years ago. It was used, in the 6V6 :

www.audioXpress.com

PHOTO 1: Completed amp on
Hammond chassis hox—painted
with black “wrinkle coat.”

version, in the same types of circuits as
the 6Y6 and the EL84.

All of these tubes have been around
for a long time and many audio veter-
ans got their start in audio electronics
using one or the other of them. So, for a
lot of old-timers in this hobby, this cir-
cuit should bring back a lot of memo-
ries with its pure simplicity and its
pleasing sound.

The 12SL7 operates both as a voltage
amplifier and a phase inverter, and has
a 12.6V heater that draws only about
.15A. The 12V6s have a heater rating of
12.6V at a draw of .23A, and this is sup-
plied by the heater transformer, which
is adequate for all of the tubes used in
this small amplifier. The Hammond part
number for this transformer is #167L12.

The heaters use DC voltage to reduce
the possibility of any hum that might
otherwise be generated from using AC
instead. This AC-to-DC conversion is
done by the full-wave bridge and then is
smoothed by the filter capacitor shown
in Fig. 1. The wiring hookup for the
heaters allows equal voltages to all of
the tubes, a technique that has always
worked great in all of my circuits.

The switch marked S3 allows the tube
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FIGURE 1:
Simple push-pull
amp circuit.

S2SPST/10A =
o G-1982-1

heaters to warm up before letting the B+
hit the plates and thereby saves the cath-
odes from the stripping effect that can
occur. In this circuit you don’t need to
use a relay to turn on the B+ because the
switch is rated for the voltage which is
furnished by the B+ transformer. The re-
sistor and capacitor across the switch

points stop any flashover and also keep

the “pop” out of the speakers when the :

switch is turned on.

The circuit uses cathode bias for the
output tubes, which helps to keep the
amp simple (i.e., no extra power sup-

! pinout numbers are shown on the
! schematic diagram. For a grounding

technique I recommend the “star”
method (in other words, connect all of

i the indicated grounds to one central

wire).

I used a length of bare copper wire
for this and connected it to chassis
ground at only one point right next to

i the input jacks. You can find the

hookup wire used for this project at
most hardware stores. It is type TFFN,

i rated for 600V, and is 18 gauge. Other
i types of circuit wire are available from

Antique Electronic Supply.
I didn’t use any special bypass ca-

¢ pacitors in the circuit in order to keep
the cost down and to keep it simple.
! The only bypass cap is in the power

supply. You may use them, of course,
in case you want to try to “tailor” the

i sound. Remember that the main pur-

pose of this project is to build an am-
plifier that is inexpensive and very
simple, but if you choose to take this

i or any other project to a higher level of

involvement, then have fun! (Actually,
some amplifiers are in a constant state
of upgrades and other improvements—
sound familiar?)

The 12V6 output tubes will really
pump out the power without pumping
out too much heat. These power tubes

i were used in a lot of old car radios be-
plies). All of the resistors are %W rated
unless otherwise noted, and all of the

cause their low heater current draw
and their reduced plate-current was

hetubestore.co

Your online source for name brand audio tubes

* Over 1000 types available online
* Perfect Pair matched power tubes
* Capacitors and sockets

Order online at thetubestore.com
or call toll free 1-877-570-0979
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needed. If you wish to have a small fan
blowing fresh air across your tubes, i
then you will find that they will last
even longer. I have small fans circulat- |
ing air around all of my tube equip-
ment, and because they are rated for
12V and are running on 6V, the noise is :

almost nonexistent!

CHASSIS LAYOUT

Try to set up the chassis as illustrated !
in Photo 2 with the two channels in a |
kind of “mirror image” of each other. :
This simplifies most of the wiring se- '
quences. In other words, after you in-
stall a part on the left channel, you sim-
ply go over to the right channel and re-
peat the process. If you assemble the !

chassis components in this manner, ;| PHOTO 2: Prototype chassis showing “mirror” image channel wiring and component

you’ll avoid making the usual mistakes placement.
that can be made when you don’t have
the aid of a pictorial diagram or layout
chart, such as the kind that Heathkit
i nowadays, this amplifier draws only

about 65W of total power when going

was famous for.

You will notice the “star” ground
wires in the photo. They look like a sort
of upside down “t.” This makes all of !
the ground connections very conve-
nient and keeps most of the lead | TESTING TIPS
i After you finish wiring the heater cir-

Also, before connecting the leads of
the resistors and capacitors, try to insu-
late them with heat-shrink tubing or |
other type of insulation. This will help :
reduce the chance of any shorted
wiring, which can cause a lot of dam- !
age, and it also serves as a safeguard
when testing the chassis for voltages
(just in case you slip and misplace a
i the soft-start switch, S2, “off” for a few
your test probe much safer to use if you
slip a piece of heat-shrink tubing over
the bare metal to cover all but the very
{ you turn the switch “on” it will slowly

lengths to a minimum.

test probe!). You can actually make

tip of it. Remember, there is some high

voltage on your chassis that can be very
the heaters for that orange glow they

The chassis shown in the Photo 3was
a prototype and a friend of mine liked it
so much he wanted me to install it in a
case or enclosure. This “sub-chassis” |
will be in the case with his power supply :
and the cooling fan when completed. :
The final chassis box for the amplifier
I'm building for myself is a Hammond
#H1444-22, which is only 12 x 8 x 2" and

unforgiving of mistakes!

is perfect for this little amp.

20 audioXpress 12/01

take up much room on your system !
rack or shelf. For us Californians who

have to worry about electrical usage

full tilt! This makes it very inexpensive
to operate.

cuit, you can test it for proper voltage
at all of the tube sockets (Photo 4). Do

this with the B+ fuse removed from the :
holder—just for safety sake. You will

find that the voltage will be higher
than 12.6V because of no load on the
transformer.

After you install the tubes, retest the
heater voltage again. This time leave

seconds and then turn it “on.” You will

notice the voltage will be about half of :

the normal heater rating, and when
rise to where it should be. Check all of
produce to make sure they have all

come on.
Switch S2 is a sure, simple way to

protect your tubes from that initial :
surge that occurs when the resistive :

elements are cold. Even though the
tubes in this amp aren’t really expen-

sive, it’s a good idea to try to make :
them last as long as possible by treat-
ing them gently. When checking all of

The completed unit is quite light-
weight, as tube amps go, and won’t i

the other voltage readings on your

amp, remember that they will proba- :

www.audioXpress.com

TABLE 1
PARTS LIST

RESISTORS

R1, R2, R6, R11, R13 = 470k 1aW
R3, R10, R14 = 1k 12W
R8, R9 = 100k 12W

R7 =510k 1%2W

R4 =200 12W

R5 = 1k5 72W

R12 =250 10W

R15 = 15k 2W

R16 =100k 2W

R17 =8.2 10W

CAPACITORS

C1=100pF 16V

C2, C4, C5 =47nF 400V Wima (MKP 10)
C3=6.8nF 630V Mylar or Poly

C6 = 100pF 50V

C7 =47uF 350V

C8, C9 = 100pF 350V

C10 = .47 630V Solen

C11=.011kV

€12 =2,200uF 35V

TRANSFORMERS

T1 = Hammond #261M6

T2 = Hammond #167L12

T3 = Hammond #1608

L1 =Hammond #T156R (choke)

RECTIFIERS

FWB1 = 3A 800V
FWB2 = 25A 50V

TUBES
V1=12SL7
V2, V3 =12V6GT

SOURCE
AES
AES
AES
AES
AES
AES
AES
AES
AES
AES

Mouser
AES
Mouser
Mouser
AES
AES
AES
Mouser
AES

AES
AES
AES
AES

Mouser
AES or
Mouser

AES
AES

(Tube sockets, hdwe, and so on, available from

Antique Electronic Supply)

SWITCHES
S1=SPST 125V 3A
S2 =SPST 125V 10A
S3 =SPST 250V 3A

Antique Electronic Supply, 480-820-5411,

www.tubesandmore.com

Mouser, 800-346-6873, sales@mouser.com
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PHOTO 3: Prototype chassis complete with tubes.

components mounted.

bly be within 10% of the listed parame-
ters. This is usually because of the dif-
ference in the line voltage from your
utility company.

By the way, when wiring in the Ham-
mond output transformers, use the wire
codes shown on the diagram for the pri-
mary connections. This should prevent
any wild oscillation upon startup. This
means that you should avoid the hassle
of having to unsolder the leads to the
output tube sockets, reverse them, and
resolder them again. But in case you
do, please remove the tube from the
socket first!

One final note about the transform-
ers used here: If you decide to use
6V6s and 6SL7s for your amplifier, the
Hammond power transformer listed

PHOTO 4: Underside of new chassis box with sockets, terminal strips, and power-supply

will supply all of the necessary volt-
ages because it has a 6.3V secondary

included. I am using this same trans- :
former, #261M6, along with Ham-

mond transformer #167L12, because I
preferred to use the less expensive

version of the tubes that were avail- :
{ your new amp, or you can listen to

able from Antique Electronic Supply.
So, if you use the 6.3V tubes, then

you only need to purchase the single

transformer. Also, change resistor

R17 to 2Q and cap C12 to 4700yF. ;

Everything else will remain the same.
Furthermore, even though this is a
fairly safe and sane project with a

mild B+ on the chassis, be sure to :

think about each move twice before
probing around in your circuit. Get-
ting zapped is never any fun.

i FINAL TESTING

i Every time you test or use your new am-

plifier, be sure to use the proper start-
up sequence. Turn on S1 first, then

i after about ten seconds turn on S2.
i After the heaters have warmed up for

around 20 or 30 seconds, turn on S3.
Now your amp is ready to be put into
service. To power down, turn off S1 first

i then reset S2 and S3 to off. Now you're

ready for the next time.
Remember to always have a pair of

i speakers or dummy resistors connect-
i ed to the speaker terminals while test-

ing your amp. Radio Shack has a good
8Q resistor (#271-120) for this pur-
pose. This resistor is a great way to
test an amplifier if you don’t care to
listen to all of the hum, pop, and other
noises that are produced when you
touch certain parts of your circuit

i with the test probes.

To test for overall frequency coverage,
I used an audio-frequency generator,
and this amp seems to handle the audio

spectrum quite well. I really think that

the way an amplifier sounds to you per-
sonally is much more important than
any test results, so, after allowing it to

i warm up for a while, I listened to Toni
i Braxton’s alboum The Heat. This album

has a great deal of punch in the midbass
range, and the guitar on track #3, enti-

i tled “Spanish Guitar,” sounds very crisp
i and lifelike through this amplifier. I

think Toni has one of the most powerful
yet totally controlled voices in the music
industry today.

My other test album was Jane Mon-
heit’s Never Never Land. Engineer
Tom Schick and mastering pro Gene
Paul did a fantastic job of recording
this young jazz artist! Her voice is
very clear and natural and her phras-
ing is letter-perfect. The soundstage
on this recording is a great way to test

your own favorites. Allow about 10 to
20 hours for your new amplifier to
break in and settle down.

Good luck in building your version
of this project. This “little amp”
will serve you well for many years and
the experiences you gain from con-
structing it can be stepping stones
to other higher powered and more
complex equipment in the future.
Happy listening! 0
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Part 1 of this article described the design concept of the Sessions :
. . . i pacitor and no resistors in series with
Monitor System and the construction of the bass cabinets. Part 2 con- i

tinues by describing the design and construction detail of the satellite i
! thereby eliminating the need to pad

B The Sessions Monitor, part 2

and the final assembly of the system. By Steve Philipczak

fter I had chosen the drivers :
for the satellite (Part 1), I}
needed to decide how to do |

the passive two-way cross-

over. Although I have had reasonable
success with my own software pro- |

gram for designing passive cross-
overs, it is not as powerful and thor-

ough as LinearX Systems’ LEAP
(Loudspeaker Enclosure Analysis Pro- :

gram), so I decided I would enlist the
LEAP design services at Madisound
for a project of this caliber.

SATELLITE PASSIVE CROSSOVER
Brian Kane at Madisound was very help-

ful on several of my first projects, and I :
also spoke with Tom Roberts and gave
him the basics of what he would need to :

design the crossover for the satellite. In

all fairness to Madisound, it would have
been best to send them a “mock-up” cab-
inet so they could take some acoustic :

measurements with my cabinet/baffle
before designing a crossover. At some
point, I will probably do this.

the crossover, and I'm almost tempted

not to fool with it. I also purchased :
the drivers for the satellites through
Madisound. I've dealt with several
i Woofer Tester, the same as I had done

other suppliers and all of them have
been reasonably good, but I've never

had any problems with Madisound
drivers were remarkably close, again
Figures 5 and 6 show the LEAP on-

and can highly recommend them.

axis response curves for the system and

! the individual drivers. According to the |
i graphs, the low-end rolloff (3dB down |
i point) of the 15W8530K01 appears to be

about 55Hz in a .75ft (roughly 21 ltr)

sealed enclosure, with two drivers. This :
is excellent performance for a 5%" driv- :
er. Since I was augmenting the bottom |

end with a subwoofer system, I mod-

eled the satellite on a smaller, 15 ltr en- :
closure with a normal amount of fill to i
fit the space requirements of the Ses- :

sions Monitor.

The crossover schematic (Fig. 7) re- :
¢ veals the design to be a fairly simple

second-order filter, with only one ca-
the tweeter. Using an MTM design
often has the added benefit of increas-

ing efficiency for the midrange drivers,

down the tweeter.

i MEASURING THE BASS-MID DRIVERS

I must say, however, that Mr.

{ AND BOX MODELING

Roberts did an excellent job with !

After the Scan Speak 15W8530K01s
arrived, I broke them in for 24 hours
on a signal generator set to 25Hz. I
then tested all four drivers on the

for the Adire Shivas in Part 1. Table 4
shows the results. The other three

showing the manufacturer’s good
quality control.

I imported the Thiele/Small param-
eters into BassBox Pro and did a box
model based on 15 Itr. The results
can be seen in Table 5 and Fig. 8. The
Q¢ is close to .8, and the 3dB down
point is roughly 62Hz. This would
pose no problem when integrating to
the bass system, which I had intend-
ed to cross over at 100Hz or so. Refer
to Part 1 for more design details of
the satellites and how they fit in with
the whole system.

The SEAS E-011 tweeters arrived
from Madisound along with the Scan

24
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impressive and well built. These driv-

DIYers have access to such quality.

Speak midwoofers. They all look truly ;| BUILDING THE SATELLITES

i Figure 9 is a detailed drawing of the
ers are somewhat pricey, but I think
you will be satisfied with their build !
and sound quality and top-flight engi-
neering. It’s a real blessing that we

ticleboard backer resides

P
7

side views show a piece of

halved lengthwise at the

“Quick-Tube.”

15W /85 30K 2
_75FT3
SEALED

T25CF-002

FIGURE 7: LEAP satellite-crossover schematic.
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FIGURE 8: BassBox Pro
satellite cabinet graphs.

i standing-wave resonance modes. I
i picked up this idea from Vance Dicka-
satellite. The top, bottom, and sides are
of %" MDF (medium-density fiber-
board), and the front panel is com-
posed of two layers of %" MDF backed
by a layer of 5" particleboard. The par- :

son’s excellent book, Loudspeaker
Recipes Book 1 (available from Old
Colony Sound Laboratory). The cabi-
net is braced from top to bottom with
one piece of %"-thick maple (but a

good-quality piece of %" plywood such
inside the outer cabinet
shell. The top and the
! sits beneath the semicircular card-
6"-diameter stiff card- i
< board tubing that is i

as Baltic Birch would do as well).
A small horizontal shelf brace also

board tube to support the bottom of
the tube piece as well as to provide

some extra cabinet stability. To allow
back part of the cabinet. !
You can find this material
at most building-supply i
stores under the brand
names of “Sonotube” or }

a place for the input binding posts, I
did not extend the cardboard tubing
to the bottom of the cabinet. You may
recall from Part 1 that the passive
crossover resides on top of the bass

i cabinet, mounted to the “T tracks,”

The “dead” corners be-
hind the tubing are filled !
with sand, which makes !
the cabinet very solid i
and has the added bene-
fit of reducing internal
i to be close to 2", so a 1" radius is

and not inside the satellite.

I rounded the outer edges of the
front panel with a radius somewhere
between 1" to 1%", but in order to
have a really positive effect on baffle
edge diffraction, the radius needs

largely cosmetic, although it certainly

i can’t hurt. I do not have the equip-
ment to do a radius larger than a 1%"
i accurately, since you really need a

CNC router for this. Should you
choose not to do the radius at all, I

i don’t believe it will affect the perfor-
i mance very much.

The grille is a stand-off type that I
will describe later. The back is recessed

i 1" exactly like the bass cabinets. The
i sides, top, and bottom are finished with

wood veneer (my cabinets are natural
cherry), and the front panel is painted

gloss black.

SATELLITE CONSTRUCTION

Begin construction by cutting the top

: and bottom %" MDF pieces, but be-
fore cutting, measure the top of your
i completed bass cabinet and make the

width of the top and bottom satellite

i pieces exactly the same. After these
are cut to size (11%" deep), rout or cut

a rabbet %" deep by %" wide into the
side edges of the top and bottom
pieces. Now cut the sides out of %"

MDF to exactly the same depth as the
¢ top and bottom (11 %"), by 19%" long.

Adding the %" rabbets will make the
cabinet 20" high.
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Rout or cut dado grooves %" deep by
%" wide in the top, bottom, and sides for :

the back panel, so that it is recessed %".
The center of this channel should be %"

from the back edge. Cut the back panel :
to appropriate size (about 19" by 7" if

your dadoes are %" deep). Use your cabi-
net for reference.

\

FIGURE 10: Satellite driver cut-out

i be located exactly 3" from the
i side-to-side centerline to mate

i you have one. Make them about
i 18" deep. After you have drilled

diagram.

Refer to Fig. 9 and note the 1"-
diameter flat-bottom recess holes
on the bottom piece for the cone-
type faucet washers that will rest
on top of the small cone points
attached to the bass cabinet T
tracks. These recessed holes
(also visible in Photo 12) should

with the T4rack spacing. Use a 1"
Forstner bit for these holes, if

the recesses, temporarily screw
the cabinet together and check

i that it is square.
i Before proceeding further, you
i should have the cardboard tube halves

cut and ready to use as references, since
certain parts of the cabinet interior are

i actually built around them. Incidentally, :

because it is possible to have some vari-
ation with the cardboard tube, I did not
provide dimensions on the drawing for

the brace locations. You will need to cut
i the tube to length and keep the ends

perpendicular to the sides.
I accomplished this by making an ex-

tended height fence for my table saw’s :
i miter gauge. Set your table saw’s rip :

fence to cut the tube 15" long. Then
clamp the miter gauge with its extend-

i ed fence to the table at a point where
! the tube’s radius extends over the high
point of the blade. Raise the blade only

as high as necessary to cut through the
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FIGURE 11: Satellite crossover physical layout.
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PHOTO 12: Satellte cabinet, ready to glue
i on front.

TABLE 4

WOOFER TESTER: SCAN SPEAK

15W8530K01 RESULTS

Peak Instruments
340 E. First St.
Dayton, OH 45402

RAW DRIVER OR CLOSED-BOX RESULTS
fg is 33.9084Hz

cone area is 0.0097m?2
Vg is 0.8955ft3
Vi I8 25.3677 ltr
Re is 5.6000Q;
Voice coil inductance Le is 0.3074mH
Efficiency is 84.49dB 1W/1m;

Cm is 1920.132 microns/Newton;

Rm (mechanical) is 0.345 mechanical ohms (Ns/m)

NOMINAL IMPEDANCE MEASUREMENT RESULTS
R min is 0.00

Qqgis 0.4986
Qg 8 0.5364
Qg is 7.0877
Rmis795071Q; R1is21.1126Q

BL is 5.05 Tesla meters
Mm is 11.4767 grams

R max is 0.00 R average is 0.00

tube. Turn the tube toward you as

: you're cutting, keeping it against both

fences and down to the table.
Be sure to wear some ear as well as
eye protection during this operation,

since this actually makes more racket

than cutting wood. This will give you a
perfect cut. Now you can cut the tube in

i half lengthwise with a hand jig saw, giv-

ing you a half tube for each cabinet.

POSITIONING THE TUBE

Lay the dry-fit cabinet on its back,
drop the half tube in place, and push
it up against the top of the cabinet, ro-
tating it so that its front edges are the
same distance from the front of the

cabinet on both sides. Make a mark

on both sides about %" from the tube’s
front edges. This will be the center-
line for the vertical-brace dado. Also

! make marks at the bottom of the half

tube on both sides and on the back
panel to locate the top of the shelf

i brace’s dado groove.

b 1



After you have made all these

marks, disassemble the cabinet and
rout or cut the dadoes for the vertical
and shelf braces %" wide by 4" deep.

Remember to cut the dadoes for the
vertical brace into the top and bottom i

as well as the sides, and also dado the

back panel for the shelf brace. Photo :
13 shows how the dadoes and rabbets :
should look. If the outside diameter of i

the tube you use is exactly 6", you will
have a somewhat loose fit of the tube

at the sides. If this occurs, line the :
sides where the tube sits with some %"

or %" hardboard (masonite).
Using the inside dimensions of the

cabinet and allowing for the depth of ;
your dado grooves, cut a piece of %" :

PHOTO 13: Start of satellite construction.
Note dadoes for back and braces.

PHOTO 14: Open view of top of satellite
showing half section of cardboard tube.
“Dead” back corners to be sand-filled.

i prices are in U.S. dollars and do not include shipping, handling fees or import duties.
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hardwood or plywood for the vertical
and shelf braces. Make the shelf brace !
deep enough so it contacts the back of
the vertical brace. Note that the verti-
cal brace’s back edge will be about %"
forward of the half tube’s front edges.
This places the vertical brace at a
point that is not centered in the cabi-
net’s inside cavity. Once all the da- :
does are cut, you should dry-fit the
cabinet again with the braces in
place. If all is well, you can disassem-
ble the cabinet again and prepare to :
start gluing it together. H
Before you start to assemble the
cabinet, examine the back panel to lo-
cate and drill the holes for the satel-
lite’s binding posts. The two pairs of
posts will be mounted side by side,
centered in the cavity below the shelf
brace. You need two pairs of posts, .
one pair for the tweeter and another : PHOTO 15: Cutting the reveal groove with Dremel tool on router base. Note: veneer is ap-
for the paralleled midwoofers. After : Plied at this point.
you drill holes and mount the posts, =
solder lengths of your choice of wire i [*
for internal wiring. Make sure these
wires are long enough to enable easy
removal of the drivers later on if nec-
essary. I soldered two sets of wires to 5
the midwoofer posts, one set for each | [
driver. :

CABINET ASSEMBLY
Refer again to the brace drawing in :
Fig. 9. Cut air-passage holes for the
midwoofers and access holes for the
driver wires as shown. Start assem-
bling the cabinet by first gluing and
screwing one side to the bottom; then
glue in the back panel. Next, glue in
the shelf brace, making sure it is seat- : PHOTO 16: Routing front of satellite for drivers with homemade circle cutter.
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ed into the side and back-panel dado :

grooves (it should clear the dado for
the vertical brace on the sides). Next,
glue and screw the other side in
place. Do not yet glue in the top, but
make sure it still fits. Check that all
stays square during the assembly.
Seal the back-to-side and back-to-bot-
tom corners with silicone sealant at
this time.

At this point, you need to glue in
the half tube. I use Weld Bond for glu-
ing the cardboard. Remove any wax
coating that might be on the edges
and the back of the tube where it
needs to be glued. Put a line of glue
on the back of the tube where it meets
the back panel. Set the tube in the
partially assembled cabinet and make
sure it’s down to the shelf brace. Tack
it in place to the back and sides with
some small brad nails. Glue the tube
to the sides and the shelf brace, too.
Allow this assembly to dry overnight
before you continue.

Once the Weld Bond is dry on the
tube, seal the tube to the sides and the

shelf brace with silicone sealant. Roll :

PHOTO 17: Gluing the front panel with driver cut-outs on to the first layer of MDF.

up the driver wires and tuck them
into the cavity below the shelf brace.
Check to make sure the vertical brace
slides freely in its dado grooves all the

way down and into the bottom dado. i
Recheck that the top piece still fits :

properly. If not, relieve the brace as
required.

Now glue the vertical brace in place.
Pull the driver wires back through
their access holes, using a coat hanger

¢ with a hook on the end if you can’t get

them with your fingers. At this point,
the cabinet should look like Photo 14.
Next, pour sterilized play sand into the
open back corners behind the tube.

Speakers always were the hardest
part of building a good tube audio system...
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glue to dry, then
seal the top of the

silicone by reach-
ing through the top
air-passage hole in

rest of the inside
corners with sili-

PHOTO 18: Satellite front showing edge round-over and gussets

for driving mounting screws.

Tap on the cabinet with a rubber mal-

let while doing this to settle the sand :

and pack in as much as possible.

the cardboard tube and wood glue to
the top-piece rabbets and dadoes.

PHOTO 19: Painting satellite fronts.

cone sealant, but :
stop about an inch

short of the front
edge for now. The basic satellite shell

is complete. Time to start on the front :
i baffle.
Apply Weld Bond to the top edge of :

SATELLITE FRONT BAFFLE

Construction of the front baffle is best

i handled in stages, so if you have a :

problem routing the driver holes, you
will not need to redo a whole assem-
bly, but just one piece. As stated earli-

i er, the front baffle consists of two lay-

ers of %" MDF laminated together,
backed by a %" piece of particleboard.
Start by cutting a piece of particle-

i board to fit the inside front of the cab- :
i inet shell. Like the bass-cabinet front

backers, this should be a good fit.
When satisfied, mark a centerline on

i the backer. Cut access holes for the
i drivers, using the dimensions in Fig. 9 !

for reference. Remember to subtract 34"
from the top to compensate for the wall

i thickness of the shell. The center of the :
i top access hole should then be 3%"

from the top of the backer.
If you follow the spacing of the driv-
ers exactly as Fig. 9 shows, the driver

Screw on the top. i
Wait for all the !

tube to the top of
the cabinet with i

the brace. Seal the |

diameters will be very close together.
The “bridge” between the midwoofers
and tweeter will be only about %6". The
drivers in the satellite should all be
flush-mounted. Unless you have a very
accurate circle gauge for your router,
you may not wish to work that closely.
You can certainly add a little more
space between the drivers without hurt-
ing anything.

Place the top midwoofer just as I
did, then move the tweeter and bot-
tom midwoofer down a little. If you
make this adjustment, draw a rough
sketch with your numbers on it; you’ll
need this for reference to continue
from here. Cut the midwoofer access

holes in the backer with a 5%" diame-
i ter, and cut the tweeter access hole

with a 3 %" diameter. Set the backer
aside for now.

Cut a piece of %" MDF for the mid-
dle layer of the front baffle assembly,
making it %" larger in both width and
height than the outside of the cabinet
shell (8%" x 20%"). Temporarily screw
the %" backer to this piece, leaving
the same amount of “overhang” all
around. With a pencil, trace the ac-
cess hole locations onto the middle

i MDF piece (Photo 12). Remove the

backer, and rough-cut the access
holes in the MDF close to the trace

i with a jig saw. Now, glue and screw

the backer to the middle layer, being
careful to clean up any excess glue
around the edges.

When the glue is dry, use a flush
trim bit on your router to blend the ac-
cess holes in the MDF middle layer to
the particleboard backer. I also routed
a 45° relief edge on the back side of

T————

Sysremr Resrowse

Jo__ Frequewcy /90

Soo 1k sk ok ok

PHOTO 20: Aluminum block for sanding stand-off mounts.
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FIGURE 13: Finished system in-room response, measured at 36" from
front on tweeter axis. Dip at 125Hz is a room null at that distance.



the holes to help prevent driver “load- ;
ing.” Drop this assembly into the cabi- i
net and check all fits. The middle :

MDF piece should overhang the out-
side of the cabinet shell about %" all
the way around (it does not have to be

perfect). Remove the sub assembly for :

now and prepare for gluing.

STUFFING AND SEALING

Before gluing the front subassembly

onto the cabinet, stuff the cabinet
with about 6 ounces of Acousta-Stuf. I

also lined the side walls in front of the
brace with some acoustic foam (Photo
12). When you’ve finished stuffing

and lining, run a thick bead of sili- :

cone sealant %" back from the front
edge and all the way around the in-
side of the cabinet. Apply wood glue
to the front edges of the cabinet and

the side edges of the front panel as- : :
i particleboard backer in place, it is a i
convenient point at which to apply :

sembly backer.

Set the front-baffle subassembly in
place and clamp it thoroughly to the
cabinet. Screw on the front through
the sides, top, and bottom and into the

particleboard backer (as you did for

PHOTO 21: Back side of stand-off grille, showing mounts.

the bass cabinets). Avoid screwing
into the center area of the midwoofer :

holes, since there is not much materi-
al to the particleboard backer at that
point. Reach through the access holes

and smooth out the silicone sealant :
i while it is still wet. Allow the cabinet |
to dry overnight before proceeding to

the next step.
Once the basic cabinet is assem-
bled with the first layer of MDF and

the veneer. So fill and sand all the
screw holes and apply the veneer of
your choice. Make sure the front

edges of the veneer are straight and

fit tightly against the back of the over-
hang edge of the MDF front piece.
Blend and smooth the corners of the
veneer. The next step is to rout the
first MDF layer piece flush with the
veneer using a flush-routing bit.

When that’s done, remember to re-
move the veneer where it covers the
recessed holes on the cabinet bottom.
At this point I always cut in a reveal
groove where the MDF and veneer
meet, since they will have different
finishes (the front will be painted).
This will enhance the appearance
quite a bit and is well worth the extra
time and trouble. I do this with a
Dremel tool on a router base with an

»
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Drill the holes for the
grille mounting sockets in
the front panel, being
careful not to go all the

smaller hole for a #6 wood
screw through the socket
holes. This way you can
hide the screws that help
fasten the front without
needing to fill and finish
them. Make sure the grille

PHOTO 22: Passive two-way satellite crossover.

edge guide, using a small-diameter :

cutter (Photo 15).
Cut this groove mostly in the MDF,
and only slightly into the veneer. You

needn’t cut the groove very deeply; :
V6" is enough. The width of the groove

looks best if it is less than %". I use a
%a4"-diameter solid carbide end mill
(available from Reid Tool). If you do
not have a setup like this, you can
simply clamp a straight edge to the
cabinet and carefully cut the reveal
groove in with a small hand-saw. Now

you are ready to make the actual front

panel.

FRONT PANEL

layer (8%4" x 20%"), and mark a center-
line on it from top to bottom. Using

your figures or mine for the spacing of :
the drivers, rout the driver holes to :

flush mount them. I use a home-made
jig for this (Photo 16). For the cut di-

mensions, see Fig. 10. Remember to ac- :

count for the thickness of the com-
pressed gasket you are using when you
figure the depth of the outside cut. I al-

ways make the outside cut first, then do :

the through-holes.
Once you have cut the driver holes,
check them with the drivers and the ac-

cess holes in the cabinet. The holes !
should line up with the front panel !

overhanging the cabinet by about %" all
the way around. Fashion a grille from

your choice of material (%" particle- :
board works nicely if you can find it), :

and cut holes in it for the drivers. I
made a stand-off type of grille for the
Sessions Monitor that I will detail later.
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panel, screwing through
the grille holes and clamp-
ing around the outside and through

glue is dry, flush-rout the front panel
to the middle layer of MDF.
You can now rout the radius on the

front edge if you're inclined to put :

one on. See in Photo 18 that I did not
take the radius all the way down to
the bottom of the cabinet, but I

i stopped about an inch above, which

provides a better aesthetic blend into
the bass cabinet. Note also in Photo
18 the small gussets in the midwoofer
holes. I made these out of solid maple

driver-mounting screws. This con-

i cludes the basic construction of the
Cut a piece of %" MDF to the same di-
mensions as you first cut the middle :

satellite cabinet.

FINISHING THE SATELLITE CABINET

The easiest way to finish the satellite

is to start with the veneer. Apply your :

favorite finish, or try my method as de- : iR v

tailed in Part 1 in the bass-cabinet con-
struction section. Wait for the finished

veneer to dry thoroughly before pro- :
ceeding, since you must mask over it. :

Mask the veneer carefully, making
sure not to cover the reveal groove

anywhere. Also, mask the driver holes :
i to protect the inside of the cabinet :

from spray. Sand the fronts with 220
dry sandpaper.
You must fill the “end grain” of the

MDF before you paint the front. You :

can use wood filler for this, but I
found it easier to use a good grade of
automotive primer-surfacer, three

coats of which will fill the “end grain”

nicely with minimal hassle. You can
find this product at auto-body supply
stores. It is lacquer-based, and dries

www.audioXpress.com

way through. Then drill a :
! paint the fronts with several coats of

fits and that all else is ok, :
then glue on the front :

i very quickly, allowing you to sand it
i within a couple of hours. Lay the cabi-

nets on their backs to make your
spray painting go easier (Photo 19).
If you wish to be fancy, you can

gloss black lacquer and then fine-

TABLE 5

| BASSBOX PRO SATELLITE CABINET

BOX MODEL

BOX PROPERTIES
DESCRIPTION

Name: Sessions Monitor satellite
Type: closed box

Shape: prism, square (optimum)
Serial No: 1

: i Comment: drivers tested on woofer tester
i the driver holes (Photo 17). When the :

¢ Veneer: natural cherry

Finish: hand-rubbed wipe on polyurethane

Core material: %" MDF
Joinery: rabbet, dado, and slot
Bracing: one vertical, one horizontal (solid maple)

Box parameters

Vb= 151t

QT,= 0.787
QL= 7
3= 62.58Hz

Fill = normal
DRIVER PROPERTIES
DESCRIPTION

Name; 15W/8530K01
Type: standard one-way driver

. i Company: Scan Speak A/S
to provide added substance for the :

Serial No: sampled 01232-78 + 01232-76

Comment: Revelator

Piston: reinforced, coated-paper cone

Suspension: Large rubber surround. 4"-diameter spider
Dust cap: coated hard paper

Frame: cast frame

Voice coil: 38mm aluminum voice coil on Kapton former

Configuration
No. of Drivers =2
Mounting = standard

Drivers sum coherently = Yes
Mechanical parameters

fg= 84.3Hz
Qus= 685
Vag= 24.521tr[49.04]
Cms=1.856mm/N [0.928]
Mms=11.619[23.23]
Rms = 0.367 kg/s [0.734]
Xyax = 6.5mm
Xmech=9mm
P-Dia= 4.363"[6.17]
Sd=95cm?[190]
Electrical parameters
Qgg= 0522
Re= 5.6Q[2.8]
Le= 0.33mH[0.165]
Z= 8QI[4]
BL= 5.185Tm [0]
Pe=60W[120]
Electromech. Parameters
Qrg= 0485[0]
no= 0.183% [0.366]
1WSPL=85.14dB [88.15]
2.83VSPL=84.5dB[90.52]



sand and buff. I painted my front pan- ;
els with gloss black epoxy enamel and :
they look just fine like that. Allow the
fronts to dry well and then mask off
the binding posts and paint the cabi-
net backs flat black. After all the paint |
is dry, apply foam gasket tape to the

driver flanges and mount the drivers.

MAKING THE STAND-OFF GRILLES

I decided to make stand-off grilles for |
the Sessions Monitor satellite (refer to i
Part 1, Photo 3) to help reduce the
negative-diffraction effects that nor- }
mal grilles can have. To do this easily,
I used a small ball-and-socket type of
grille fastener (from Meniscus), the i
flanges of which are %" in diameter.
From my local Sears, I then obtained :
some %"-long nylon spacers with %"
outer diameter and 38" inner diameter.

To use these, first glue the “ball” :
ends of the fasteners into the nylon
spacers with gel-type instant adhe-
sive. Then fill the other end of the !
spacers with pieces of 35" dowel. Cut :
the dowels close to the end of the
spacers. To ensure that all of the

stand-offs were exactly the same :
length, I used an aluminum block :
with a %" hole drilled in it to the prop-
er depth. I then inserted the spacers
(ball-end down, of course) into the
block and sanded them flush. A small- }
er hole drilled into the other side of :
{ the aluminum block allowed me
to eject the finished pieces. Photo 20
i shows the stand-offs at various stages |
of assembly, along with the aluminum
i Assembly of the passive crossover for

Next, with a %" Forstner bit, I
drilled slight recesses into the back
side of the grille at the stand-off loca-
tions. Then I drilled clearance holes
for #6 screws through the recesses, |
and countersank the front of the
holes. I then mounted the stand-offs |
to the grille frame with short #6 wood i
screws. Photo 21 shows the back side
of the grille with the stand-offs in-
stalled. I did not glue the stand-offs in
place, for if they are just screwed in,
you can replace them if damaged, or
¢ cause of the quality of the system driv-

block.

reuse them if the grille is damaged.

I installed the sockets for the fasten-
ers into the front panel, their black

color blending in well with the painted
front. I then covered the grille frame
with standard acoustically transparent
grille cloth. I also rounded over the
front edge of the grille frame with a 3"
radius for appearance’s sake. This
completes the construction of the
satellite, and you are now ready to as-
semble the passive crossovers.

SATELLITE CROSSOVERS

the satellites is fairly straightforward.
Figure 7 is the schematic drawing
from Madisound’s LEAP design, and
Fig. 11 shows the physical layout for
my crossovers. Photo 22 shows the
finished crossover assembled and
wired point-to-point on a 3" MDF
board that is 7" square. Note that the
.6mH coil is lying flat and the .3mH
coil is upright and located at the op-
posite corner to reduce coupling.

I used some premium-quality com-
ponents in my crossovers, mainly be-

ers and also because there aren’t that
many components. Both coils are

ONIC CRAFT

Bringing Loudspeakers and the Hobbyist into the 2lst Century

A Proud North American Distributor of

ACCUTON

PO. Box 9085, Wichita Falls, TX 76308, USA
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CFAC copper-foil type inductors. The :
7UF capacitor is the only component i

in series with the tweeter, a Hovland
MusiCap. The resistor in the tweeter

circuit and the midwoofer capacitor :
are not as critical, because they are

paralleled with the drivers. I used a
15Q noninductive resistor and a 24puF
Solen polypropylene capacitor for the
woofer circuit.

I put some foam padding under-
neath all the parts, and mounted them

to the board with tie wraps. You can :
obtain the crossover parts from !

Madisound, Meniscus, or Parts Ex-
press. The leads going to the satellite

binding posts should be about 6" to 8" :
long (refer to Photo 22 again). The
mounting holes for the board are :

drilled 3" from center to the sides to
mate up with the %-20 bolts installed

in the bass cabinet T tracks (Part 1, :

Photo 7). I used some rubber faucet
washers under the board to help iso-
late it from vibration.

I installed the board with %-20 i

knurled brass thumb nuts (available
from Reid Tool or any good hardware
store), so that it could be easily re-

moved and yet solidly mounted. The :

! FINAL ASSEMBLY AND

binding posts are Madisound’s “BIG
POSTS” and are mounted to the board
with a %" piece of MDF screwed and

glued to its rear. I did not supply a sepa- :
rate list for the crossover parts, since i

they are detailed here and on the physi-
cal-layout drawing of Fig. 11. Once you

have assembled your crossovers, there :
are a couple of small details left to at- :

tend to, and then it will be time to as-
semble the total system.

THE WEDGE AND THE “PIN BLOCK”
Refer again to Photo 6 (Part 1), to get an
idea of what the pin block and the

wedge should look like. These are a
couple of ideas I had that are optional, :

but highly recommended. The wedge
makes a nice aesthetic blend by elimi-
nating a 90° shelf where the satellite

meets the bass cabinet. The pin block :

basically pins the satellite cabinet
against the wedge, preventing any
minute front to back movement of the

cabinet due to driver-cone movement. :

You can make the pin block now. The
wedge, however, must wait until you do
some testing of the finished system.
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Make the pin block out of a single
piece of %" MDF, with the top corners

rounded for appearance (Fig. 12). The
pins, or spikes if you will, are %-20

socket-head Allen bolts, 1%" to 14"
long, with points machined on the i

ends. You can do this yourself if you
have a bench grinder and a power
hand drill. Put the socket end of the

i Allen bolt in your drill chuck and set

the direction to reverse. Tap the bolt
around to eliminate as much of the

run-out as possible. Hold the end of :
the bolt lightly against the grinding :

wheel at approximately a 20° angle
until you get a nice sharp point.

Install %-20 threaded inserts in the
your system and the speaker cables
should be horizontally in line with the :

pin block for these bolts. The inserts

centers of the satellite-cabinet sides to
keep them out of the line of the T tracks

so they will not interfere with the holes :

you need to drill to mount the pin block
to the bass cabinet. Counter-bore a hole
on each side of the top of the pin block

3" from center for %"-20 socket-head :

bolts to mount the pin block to the T
tracks. Paint the pin block flat black
and set it aside for now.

ADJUSTMENTS
With all the major work finished, you

can assemble and evaluate the Ses- :
sions Monitor system. You will need

eight 1"-diameter cone shaped faucet
washers for the bottom of the satellite

cabinet. With some instant adhesive, in-
stall these into the recesses you made

earlier, cone facing down, of course.
The center holes in these will mate to

i the small Tenderfoot cones on the T :
i tracks of the bass cabinet.

The Tenderfoot aluminum cone
points (available from Audio Advisor)

have center holes drilled into the flat ;
sides. You will need to enlarge these

holes (#6 or #7 drill) and tap them with
a ¥4-20 flat-bottom tap. Be careful when
you are drilling to avoid cutting

through the points. Install the Tender- :

foot cones into the T tracks of the bass
cabinet with short %-20 hex bolts.
Make sure you can tighten the cone

points to the tracks before they bottom :

out in the tapped holes; if they do
not become tight, shorten the bolts
accordingly.
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If all looks well, screw the cone
points down to the tracks, but do not
tighten them yet. Make sure you can
slide the cone points back and forth in
the tracks. Rest the satellite cabinet on
the cone points with the rubber wash-
ers over the cone-point tips. Enlist an-
other pair of hands for this if needed.
You should now be able to slide the
satellite cabinet back and forth with the
cone points moving in the T tracks.
Move the satellites to the front edge of
the bass cabinets for now.

Install the completed crossover
boards at the very back of the T tracks.
Do not install the pin blocks at this
time. Connect the active crossover to

from each amplifier to their respective
cabinets. I suggest you set the active-
crossover frequency at 100Hz as I did,
although you can certainly experiment
with this later. Where you set the con-
trols on the active crossover will de-
pend on your room, the respective
gains of your amplifiers, and the fact
that the bass system is less efficient
than the satellites. The User’s Guide
that comes with Marchand’s XM-9 gives

i you some good starting guidelines.

Balance the system as best as you
can. If you have test equipment such
as sweep generators, spectrum analyz
ers, and so on, by all means use them
to get a flat response over the
crossover frequency. Do this as a start-
ing point, but let your ears be the final
arbiter. You will probably need to
move the speakers around to find the
best location in your room, so do not
install the large cone-point feet into
the bottom of the bass cabinets yet. In-

i stead, use three furniture-type “glide

feet” with %-20 threads.

Once you are satisfied with the posi-
tioning, install the large cone points.
Listen to the system this way for about
a week, or until you think the tweeters
are fully broken in. The tweeters will
smooth out a bit given some playing
time. My woofers and midwoofers were
broken in before I tested them, but if
yours are not, you'll prefer to wait until
they come around, too.

SATELLITE POSITIONING
After the drivers are broken in, you
need to enlist two understanding



friends to help you decide on the final :
position of the satellite. Time-adjusting !

is a technical subject I will not go into
here. Whether or not you believe such

adjustment is worthwhile, you may as :
well try to achieve it, since you can !

move the satellite on the Sessions
Monitor. Time-adjustment may be even

less of an issue with an active !
crossover, and is probably less critical :

between midrange and high-end than
between midrange and bass. You can-

not physically move the tweeter on an :

MTM design anyway.
Put yourself in the listening position
and play full band pink noise through

the system with a generator or a test :
CD. Have your helpers slowly slide the
satellites back and listen for a smooth- :

ing-effect change. Repeat the proce-
dure as needed until you determine

you have found the ideal location for :

the satellites. Leave them in this posi-
tion for now and proceed to make the
front wedges.

The distance from the front of the
satellite to the front of the bass cabinet :

will be the depth dimension for the

wedge. If you put a radius on the front :
edge of the satellite, then figure the |
height of the rear side of the wedge to :

meet the end point of the radius. Refer
to Part 1, Photo 4 for some visual clarifi-

cation on this. Once you have the depth :
and height dimensions of the wedge, |

you can calculate the angle at which to
cut the top.

I constructed the wedge from two :
pieces of %" pine glued together, cut- :

ting the angled front on my table saw.
I then covered the wedge with a mater-

ial called Foamtastic, available from :
most arts and crafts stores. This mater- :

ial is about %" thick, and it comes in
various colors. Before covering the

wedge, I drilled two counter-bored :
holes 3" from center to mount it to the

bass-cabinet T tracks.
When the wedge is finished, you

will need to remove the satellites, the :
cone points, and the crossovers from |

the T tracks. Install the wedge all the
way to the front of the bass cabinet
and secure it with the appropriate

length of socket head bolts and ¥4-20 |

hex nuts. Make sure that the wedge is
secured to the bass cabinet and that
the mounting bolts do not bottom out

into the T tracks. Shorten the bolts if
needed.

Reinstall the cone points and the
satellites, and slide the satellites up
against the back of the wedge. Now
you can install the pin block. Leave ap-
proximately a %" gap between the pin
block and the back of the satellite.
Bolt the pin block securely to the bass
cabinet, and, as you did for the wedge,
make sure the pin block’s mounting
bolts do not bottom out into the
T tracks.

Install the %-20 spike bolts you
made earlier and tighten them until
the spike enters the back of the satel-
lite sides. Do not over-tighten them;
when you feel some resistance, and
about one third of the spike is buried,
it’s time to quit. Now tighten the small
Tenderfeet down to the T tracks. Care-
fully use a pair of slip-joint pliers for
this if needed. Install the passive
crossovers again and hook up all con-
nections. This completes the construc-
tion of the system. Time to enjoy the

fruits of your labor by doing some seri- :
¢ (measured from the inside bottom cor-

ous listening!

LISTENING IMPRESSION

When my system was complete, I
placed it in my somewhat large
(3200ft3), purpose built room that I
constructed in my basement several
years ago. The dimensions of the
room are not exactly ideal, since I
needed to work around some support
poles when I built it. Nonetheless, it is
a good “sounding” room in general.
Speakers that sound mediocre in our
living room sound much better in my
listening room. The front of the speak-
ers are 43" forward from the wall be-
hind them. Almost all speakers tend
to image better when placed away
from walls.

The problem with moving them for-
ward is the loss of bass reinforcement
from the rear wall. Since the woofer in
the Sessions Monitor is mounted fairly
low (another part of my design crite-
ria), it will have bottom-end reinforce-
ment from at least one boundary (the
floor), no matter how far from walls it
is located.

The speakers are placed 7' apart

Td: (650) 595-8583

Accuracy, Stability, Repeatability

Will your microphones be accurate tomorrow?

Next Week? Next Y ear? After baking them in the car???
ACO Pacific Microphones will!
Manufacturered to meet IEC, ANSI and ASA standards.
Stainless and Titanium Diaphragms, Quartz insulators
Aged at 150°C.

Try that with a“ calibrated” consumer electret mic!

ACO Pacific, Inc.
2604 Read Ave., Belmont, CA 94002

FAX: (650) 591-2891

ACOustics BeginsWith ACO™

e-mail acopac@acopacific.com
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ner of the bass cabinets), and the lis- :
tening position is 9%’ from the speaker i

fronts, which are toed in approximate-
ly 18°. The walls behind and to the

sides of the speaker area are treated !

with Sonex. When hooking up the sys-
tem, the output of your preamp goes to
the input of the active crossover. The
low-pass output from the active

crossover goes to the amplifier, which

will be connected to the bass system;
the high-pass output goes to the ampli-

fier that is connected to the satellite’s :

passive crossover.

The User’s Guide that is supplied
with the Marchand XM-9 explains this
and anything else you will need to
know. One of the big advantages of bi-
amping is separating the frequency
ranges actively and before the signal is
amplified. Loss of power and phase

anomalies associated with large coils

in a passive three-way crossover are
eliminated entirely.

MEASUREMENTS
After doing some casual listening to the
system, I did some preliminary mea-
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T H : Center

Kit KO5C22 Channel
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36 audioXpress 12/01

surements. A near-field measurement

an SPL meter (Radio Shack model 33-
2050) revealed the satellite to be 3dB

down at 63 to 64Hz, just as predicted :
i with my Box Model.

Figure 13 is an in-room response
curve, again generated with warble
tones and an SPL meter placed on the

tweeter axis, 36" away from the satel-

lite cabinet. The dip at 125Hz is most
likely a room null or due to the place-

i ment of the meter. The same frequency
i at the listening position is actually up

1dB. It should also be noted that my
SPL meter is not accurate much above
10kHz, but from that point on up the
scale, the response is of course entire-
ly governed by the tweeter.

It is difficult to describe the sound of
a speaker system into which you have

put a lot of your own time and effort :

without being somewhat prejudiced.
That said, I will do my best to describe
the sound objectively. My first impres-

i sion was...large. The soundstage is

wide, deep, and high, and the imaging
in general is spacious. It is a big speak-
er, and it sounds it.

i The tweeter axis is a little higher :
i than a seated listener’s ear level, which

seems to produce stage height. When
you stand to listen, the sound does not

i change much, if at all. The bottom end
! is robust and solid, and yet very well de-

fined. An excellent test track for this is
Patricia Barber’s cover of “She’s a
Lady” on her Modern Cool album (Pre-
monition 741).

This track features Patricia’s voice,
along with a consistent finger snap,

: some guitar accent, and a very well :
i recorded upright acoustic bass. If :

there is anything rattling on your
speaker cabinets (or your house for

i that matter), this track will show it. :
i “Let it Rain,” from the same album, is i

another good test track for both piano
and voice.

i CLEAN AND OPEN MIDRANGE

The midrange is clean and open, and
percussion is especially “snappy.” A
good recording to show this is Mede-

i ski, Martin, and Wood’s “Friday After-

noon in the Universe” (Gramavision
GCD 79503). When Billy Martin hits
snares and toms, they are quite con-

www.audioXpress.com

i vincing. Both male and female voices
on the satellite with warble tones and

sound very natural. John Gorka’s
“Can’t Make Up My Mind” from his Be-
tween Five and Seven album (High
Street 72902) is a good recording of his

i unique and powerful voice, and it

comes through with force on the Ses-
sions Monitor.

A good female voice for speaker
testing is one of my favorite artists, Al-
ison Krauss. Not to take anything
away from her violin playing, which is
also excellent, her voice is very well
recorded on several of her latest ef-
forts. Try any of the first three tracks
on her Now That I've Found You col-
lection CD. Her voice and talent are
outstanding.

At first I thought the top end of the
system was a bit too bright, but I gave
the SEAS tweeters some more time to
break in before deciding to make any
changes. After a few weeks, I concluded
that the high end had smoothed out a
bit, so I decided not to make any
changes after all. The high end now
sounds “airy” and smooth, with very lit-
tle trace of harshness.

You may wish to include an IL-pad in
the passive crossover for the satellite,
depending on your room and tastes.
For me, it was not necessary. My tastes
lean mostly toward acoustic music and

i jazz, and the Sessions Monitor does
¢ very well with both. I also do listen to

some classical music. Full orchestra
on the system has convincing weight,
and strings and horns sound real.

To sum up, the engineering put into
the drivers used in the Sessions Moni-
tor system was worth the effort and ex-
pense. My hat is off to the good people
at Adire, Scan Speak, and SEAS for
pushing the edge of the art, as drivers
just keep getting better and better.

I thoroughly enjoy listening to
music through this system. There’s re-
ally nothing lacking, and there is a
sense of ease about the sound in gener-
al. Both amplifiers and all drivers are

i not being pushed anywhere near their

limitations.

The opinions of other audiophiles
who have listened to the system at
length are not unlike my own. Many
have compared it favorably to some of
the best commercial systems they’'ve
heard. Listening sessions with friends



have lasted many hours without fa-
tigue. These sessions were partial in-
spiration for the name, “Sessions Mon-
itor,” along with the s’s in sessions
being a takeoff on the driver-manufac-
turer names (Shiva—Scan Speak—
SEAS).

FINAL THOUGHTS

Would I change anything? Not much,
really. As stated earlier, I think vertical
braces in the bass cabinet would be a
good idea. You could also, perhaps,
make the satellite cabinet an inch or
two deeper, which would give you a lit-
tle more volume and consequently a
little more bass extension, perhaps al-
lowing a slightly lower crossover fre-
quency to the bass system. I can’t say
whether this would effect much of an
improvement in the system, though. It
seems best to not make the mid-
woofers do too much.

You could experiment with different
slopes or different crossover frequen-
cies on the active crossover. You could
also experiment with wiring the Shiva
woofer’s voice coils in parallel, bring-
ing the efficiency of the bass system
more in line with the satellite. Doing
this would, of course, change the Q and
probably raise the f; somewhat, but it
might help in a room that is particular-
ly “lossy” in terms of bass.

You could probably optimize the
passive crossover to the satellite cabi-
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net a little better by sending the actu-
al enclosure to Madisound. I will
probably do this at some point, espe-
cially as I will soon duplicate the sys-
tem for someone else. Another consid-
eration is to purchase Scan Speak
15W8530K01 drivers from North
Creek Music Systems. They sell Scan
Speak drivers that are pretested and
hand-sorted into matched pairs at a
slightly higher cost.

The nice part about the Sessions
Monitor is that it lends itself to versa-
tility and refinement. You can match
the bass system to just about any type
of room. You have controls on the ac-
tive crossover, and if the bottom end
sounds a bit underdamped, you can
employ the resistive damping option
that the second voice coil of the woofer
offers (see Part 1).

The satellite’s passive crossover is
externally mounted and is easily modi-
fied or replaced. All items mounted to
the top of the bass cabinet are mov-
able, and yet solidly mounted, thanks
to the T-tracks. If the exposed passive
crossover is a practical or aesthetic
problem, you can make a small cover
box out of solid wood and mount it to
the middle of the crossover board with
a single bolt.

If you decide to build the Sessions
Monitor for yourself, I wish you luck
and lots of fun. It’s a nice project to
build; you can do it in stages to keep
it interesting. I made sure that all
items required to build the system
were available from speaker supply
companies, typical local home cen-
ters, and woodworker suppliers. Most
of these advertise regularly in this
magazine and are very helpful in cor-
respondence if you need it. Although I
would not recommend the Sessions
Monitor for a first time project, it is
not at all that difficult to build. No
fancy joinery is involved, just simple
dadoes and rabbets.

Outside of the assistance I received
from Madisound on the satellite’s pas-
sive crossover, this project was entirely
a one-man effort in both design and
construction. I invite any constructive
criticism or suggestions from those
who are better versed than I am. Fur-
ther refinement of the design is no
doubt a worthwhile endeavor. O

NHT 1259
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A Survival Guide, part 2

We continue our examination of electronic circuits with a look at some ¢
i cut into the resistive film increases the

common circuit components. By Charles Hansen

RESISTORS

Resistor elements can be made from
carbon, metal or oxide films, or resis-
tance wire. Overheating is the major

cause of resistor problems, resulting in :
deterioration over time until at some

point the resistor fails, usually result-

ing in an open circuit. Resistors gener- :
ate their own internal heat and serve as
“watt wasters” in order to establish the :

proper operating voltages in electronic
circuits. Their combined total in any

piece of equipment can be the major !
contributor to heating, especially when :

large power resistors are used.
Figure 4 shows the relative failure
rates for resistors versus temperature.

for resistors versus power. Note the
large jump in failure rates when you
use values larger than 1MQ. From a re-

liability standpoint, it makes sense to

use two lower values in series rather
than one resistor of 1MQ or more.

CARBON COMPOSITION RESISTOR

reliable electronic components, with

excellent RF performance. They usually :
fail when overheated or overly stressed

i FILM RESISTORS

due to shock or vibration. Composition
resistors are considered to be general-
purpose resistors, available in toler-

ances from +5% to +20%. They should :

not be used in critical applications
where environment changes can be ex-

pected. The effects of humidity, temper- :
ature, and pressure, as well as normal
aging, can cause a composition resistor :

to decrease as much as —15% below its
specified tolerance.

Every resistor acts as a noise genera- :
tor whose mean square AC noise volt- !
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age is directly proportional to the value

of the resistance. Johnson noise, also

dom motion of electrons. In addition, at
low frequencies, the noise power varies

inversely with frequency. A common :
term for this type of noise is 1/f noise, or

excess noise, since it exceeds Johnson
noise at frequencies below a few hun-

dred cycles. The root-sum-square total of :
noise currents (including those in tubes

or semiconductors) will determine the
noise floor in audio equipment.
Figure 6 shows the relationship be-

tween resistance and total current :
noise in the fixed resistors discussed
Figure 5 shows the relative failure rates :

above. As you can see, carbon composi-

tion resistors have a much higher ex- :
cess noise value than the other types of :
fixed resistors, and it increases with |

time and temperature.

Carbon composition resistors are :
also sensitive to applied voltage, and ;| THERMISTORS
¢ have voltage limits based on case size :
i rather than power ratings. The point

Carbon composition resistors are very :

where the applied voltage limit

changes from power to voltage is called
i ductors. Ideally, the unavoidable de-

the critical resistance, listed in Table 1.

I Choosing and Using Electronic Parts:

all the resistor types. The spiral pattern

inductance, limiting their use at high
frequencies. Like the carbon composi-

i tion types, film resistors also have criti-
i cal voltage limits.

CARBON FILM, METAL OXIDE,

i AND METAL FILM

called thermal noise, occurs in all con-
ductors as a consequence of the ran- :

Carbon film resistors have improved
noise and stability performance over the
composition type, and tolerances of +5%.

Metal oxide resistors are a bit noisi-
er than carbon film types, but have
tighter tolerances, down to +2%, and
better stability.

Metal film resistors have very tight
tolerances (1% to 0.1%) and excellent
temperature stability. If a metal film re-
sistor is exposed to excessive voltage,
ion migration can occur between adja-
cent resistance stripes. This can cause
an increase in resistance in the more
positively biased portion of the pack-
age. Moisture and elevated temperature
can accelerate this ion migration, and
can produce localized changes in the
metal film thickness or width.

Thermistors are temperature-compen-
sating devices whose resistance change
with temperature is designed to track
that of other devices, such as semicon-

100

Film resistors are made by
applying a thin layer of re-
sistive material to an insu-
lated form. The most com-
monly used film resistors
can be divided into types ac-
cording to the materials
used: carbon-film, metal-
film, metal-oxide and cermet

RELATIVE FAILURE RATE
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FIGURE 4: Resistor failure rate versus temperature.

30 40 50 &0 70
TEMP = DEG C

www.audioXpress.com



RELATIVE FAILURE RATE

0.1

1111 :CARBON COMPYX T

TFICR (CF, MO MFY> 1]

RESISTOR CURRENT NOISE (TYPICAL)

100
32

10
3.2
1.0
0.32
0.1
0.03
0.01
0.003
0.001

: TRMMER]

NOISE VOLTAGE (uv/V)

NOISE INDEX {dB)

0 20% 0% 608 B0%
POWFR STRFSS

FIGURE 5: Resistor failure rate versus power.

FIGURE 6: Current noise for fixed resistors.
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crease in forward voltage drop with tem-
perature in diode and transistor junc- :

tions is offset by the deliberate opposing
change in resistance of the thermistor.

WIREWOUND RESISTORS

The wirewound resistor is the most sta-
ble resistor type, with commercial toler-
ances down to 0.1% or less. Wirewound

resistors are constructed by winding a |

nichrome resistance wire around a ce-
ramic insulated form and covering the

package with a protective coating. :
Flameproof versions are available to :

meet fail-safe requirements.
Conventional wirewound resistors

are highly inductive. Special noninduc- ;
tive types are available, with the wind- :
ing applied in opposing directions to :

cancel the inductance, although this
technique is not completely effective at
high frequencies.

Their predominant failure mode is
an open in the wire resistance element,
more prevalent as the resistance in-

creases. Turn-to-turn shorts are also |

possible due to accumulation of dirt,
dust, or a break in the outer coating.
Moisture can cause corrosion of the
end connections.

VARIABLE RESISTORS

High-wattage variable resistors, or

rheostats, were once used in audio to :
i A composition resistor element

adjust filament and plate voltages, and
are still used in L- and T-pads for adjust-
ing remote loudspeaker volume. We

will concern ourselves here with the :
low-wattage variable resistors common- :

ly referred to as controls or potentiome-
ters (pots). A potentiometer uses a con-

tinuous resistive element with a sliding :
contact that traverses the element in a |

straight or circular path. A pot is nor-
mally adjusted by a rotary shaft, or by
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nite resolution, they change

means of a lead screw that is adjusted :

by a screwdriver.
Variable resistors may have carbon,
cermet, film, conductive plastic, or

: wire-wound resistor elements. Small, :
i precision (sometimes multi-turn), ad-

justable resistors are called trimmers
or “trimpots” and are used for fine ad-
justments and calibrations in low cur-
rent applications.

Most variable resistors have a linear
“taper,” in which the change in resis-

tance is linear with wiper travel. Audio :
controls are available with an audio :

taper, in which the change in resis-
tance is logarithmic with wiper travel

(Fig. 7). Noise voltage is more complex
than with fixed resistors due to the ad- :
ditional noise variable introduced by

the wiper.
Carbon composition elements are

i the most common type of potentiome- ;

ter. They are analogous to carbon fixed
resistors in that they use a mixture of
powdered carbon and organic binders,

fired on a ceramic substrate. They can :

be easily formulated in any type of
taper (linear, audio, log, reverse log,
and so forth).

Although they have (theoretical) infi- :

Conductive plastic is made by com-

i pounding a low-friction plastic (poly-

ethylene and/or polypropylene) with
carbon and other materials. The result-
ing resistor element is a very smooth
film, allowing extremely high resolu-
tion, low noise, and extended service
life. Many high-end audio controls—in
both linear and audio taper—use con-

i ductive plastic elements.

Wirewound elements are made the
same way as fixed wirewound resistors,
and have the same high degree of tem-
perature stability. Since each turn of
wire adds additional resistance, they

@ LINEAR TAPER
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FIGURE 7: Potentiometer tapers.
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value with temperature and hu-
midity. Excessive humidity may
cause an increase in resistance.

may wear after extensive use,
and the wear particles may cause
high resistance short circuits.
Cermet elements are a mix of
fine metal and metal oxide parti-
cles. They have excellent temper-
ature stability, but low adjustabil- !
ity wear. This limits their use to
trimmer pots in which frequent

RELATIVE FAILURE RATE
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FIGURE 8: Semiconductor failure rates ver-
sus temperature.
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change value in discrete steps as the !
wiper moves from one winding to an- i

other. Disadvantages are a lower life ex-
pectancy and higher electrical noise

due to abrasion. They are only available

with a linear taper.
Multiturn trimpots have two advan-
tages over single-turn types. First, the

lead screw mechanism uses a slip
clutch at each end making it impossi- :

ble to overpower the end stop and dam-
age the pot. Second, the small adjust-

ment screw opening in the case (sealed ;
by an O-ring in the better pots) keeps :

dirt and contaminants out of the
wiper/element.

The number of contact points direct- :
ly determines the current-carrying ca-

pacity of the contact, its noise, the ap-
parent contact resistance, and its oper-
ating smoothness. Higher quality pots

use a “multi-finger” contact group of :

aligned contact springs, each providing
a discrete point of electrical continuity

on the resistive element. Inadequate :
contact force will result in poor contact
resistance, while too much force will
cause excessive contact and film wear,

decreasing the useful life. While lower-

cost pots use base metal nickel-chromi- :

um and nickel-tin alloy wipers, pre-
cious metal alloys give the best electri-
cal performance and life.

In instances where the pot wiper is |

connected to one end of the element,
designers must consider the effect of an

open wiper on circuit operation. The
bias spreading adjust pot in power am-

plifiers must be positioned so that an
open wiper will decrease the bias cur-

rent (away from Class-A) to prevent :
i tromigration and degrades the connec-

overheating the output devices.
Motorized potentiometers are often
used in stereo equipment with remote-

control capabilities. These consist of :
standard potentiometers with a drive

motor integrated onto the pot stack.
Multichannel home theater receivers
use digital integrated-circuit pots.

SEMICONDUCTORS

The manufacturing process for semi-

conductors of all kinds is carried out in :
a tightly controlled clean-room environ-
ment. Despite the best efforts to prevent !
contamination, semiconductor manu-

i facture is a highly specialized multi-

step process, and minute flaws can be
introduced along the way.
Semiconductor materials provide the

i ability to control their conductivity by

controlling the number of free electrons
in the material. The leakage current
flow in a semiconductor increases expo-
nentially with temperature. In addition
to the leakage current effects, the alu-
minum metallization used to make in-
ternal circuit connections reacts with
the other materials. This can cause elec-

tions, eventually causing them to fail.
Uncontrolled leakage current flow
results in internal heating of the device

TABLE 1

MAXIMUM CONTIN