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s power
ilugh, even the most devoted sand fleas go

editor’s
thing

_,a"“ i
A
Yo Bottleheads,
Well, since my shoulder is held on with stain-
less steel staples, I'll try not to injure it by
patting niyself on the back too much.
Yes, your hero, Doc “get a haircut, and cut
back on the beer” Bottlehead smoked ‘em at

" the $100 speaker contest, with the talented

help of able cabinet builder and finish consul-
tant JohaCarey.

You m who couldn’t make it missed quite a
show.”

We knew it would be a bit more of a chal-
lenge when: those sand fleas from the PAS
showed up with a Conrad johnson PV-12
preamp amd an Audioprism Debut amp to
thieir catries. See, when the stakes are

zismg in the morning to the sound of
Tucker shaving, to the introduc-
all those people you've only read
d you know Michael Green really

- Mﬂ
A yau can see we've received another great

set of photos of recently completed projects. If
you have completed a system, of built S.EX.
amps'or any of our other projects, please send
us a photo or two and a note about haw the
project went, and we’ll help make you fnmous
by printing it.
Asevctitrytobeavmlnbletofo!ksforb
answer their buening questions. If you have
sent me correspondence in the last couple
months, I apologize if I haven’t gotten back to
you yet. Business has really been, well, busy.
Give me an e-mail or leave a message to jolt
my memory about your letter, and Pll try to
get a lucent answer for you.

If you have questions about articles by our
brilliant contributing authors, please mark
your correspondence to their attention, care
of VALVE. Don’t let the blue smoke out ~ B.
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on the cover

New member Robert Root and 1 had a nice
conversation the day he called to subscribe.
We got talking about amps he had built, and
it was obvious this guy was no newbie. He
started describing the appearance of the amps
and I realized 1 had to have some photos.

The amp on the cover is Robert’s favorite. It is
based on Arthur Loesch’s 417/10Y/211or
845 circuit, with four GZ37s in a full wave
bridge. The finish on this amp and those
below is superb, a highly polished brass chas-
sis plate on a mahogany colored base.

The amp above is WE 262B/6]5/300B, with

a GZ37 rectifier and Tango XE-20S output
trans. This has also been modified to a
6]5/6)J5/300B configuration. Robert says
Arthur Loesch likes the 262-B, but that it
must be shielded to avoid hum pickup.

The next amp is 328A/300B, ala Joe Roberts,

- o A
o i

a T, W

.

)

(if you haven’t ordered your Sound Practices
back issues and seen circuit gems like this,
you’re missing out big time, homes) using a
5AR4 rectifer and DS-025 output trans-
former. This amp has since been modified to
262B/6]5/300B. Robert says “This amp
sounds better than (the other 6]5/6J5/300B
amp). I have ruled out the OPT’s by testing, so
it must be in the power supply or the WE
262B triode.”

Maybe I can get Robert to send some photos of
the exotic speaks that were peeking out of the
corners of the original photos too....
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did you just tune in?
here's what's
happened so far...

Back Issues

Volume 1 - 1994 issues - $20

a Williamson amp; Dyna Stereo 70 mod bake-
off; converting the Stereo 70 to 6GHB8's; a
QUAD system; triode input Dyna Mkill; Mkill
vertical tasting; smoothing impedance curves;
Altec A7; Ampexes Nagras and ribbon mikes;
Triophoni, a 6CK4 amp; audio at the 1939
World's Fair; books for collectors and
builders; V.T. vs. RM.A. cross reference; FM
tuner tube substitutions; Big Mac attack - the
MIi200; 6L6 shootout; a vintage "audessey";
more FM tuner mods; vintage radio mods;
Heathkit rectifiers; PAS heater mod.

Volume 2 - 1995 issues - $20

Rectifier shootout, tube vs. solid; FM 1000
recap and meters; single ended 10 amp; triode
output W-4; Optimus 990 - speaker for SE?;
star grounds; tuner shootout; Living Stereo,
vinyl or CD?; World Audio SE integrated; firin'
up - smoke checking; Brook 12A schematic;
6C33 vs. 3C33; Heathkit power transformers;
6B4's + Magnequest = SEcstasy; W5 mods;
triode operating points; Dyna restorations;
Marantz 7,8 and Scott LK150 impressions;
hackable vintage gear; Quasimodo - PP 805
amp; restoring a Scott 340 in 75 minutes; a
dream system for 78's; cartridges and styli for
78's; Restoring a Lowther, Part 1&2; easy tube
CD output hack; 6ER5 phono preamp; 304TL &
450TH SE operating points; hypothetical DC
ESL amps.

Volume 3 - 1996 ($25):

Single Watt, Single Tube, Single Ended, an
amp for Lowthers; the Vintage Speaker
Shootout of 1996, QUAD vs. Lowther, vs. AT;
the Voigt Loudspeaker, the Single Ended eX-
perimenter's kit; cathode coupled SE 6AS7
amp; how to build the Superwhamodyne; re-
foaming AR woofers; mesh plate tubes; re-
building QUADS; QUAD amp filter surgery;
single gain stage amps; the Brooklet, and
Brookson, choke loaded PP 6080 amps; trans-
former coupled PP 6DN7 amp; the Iron Maiden;
Building the Lowther Club Medallion; the
TQWT, a tapered pipe enclosure; IT 300B amp.
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the $100 speaker
contest winner -
Whampipe

When they agreed to let us bottleheads into
their $100 speaker contest, the PAS didn’t
know who they was messin’ with.

After several abortive attempts at a single
driver design in the Voight pipes that John
Carey built, 1 decided to squeeze the Super-
whamodyne array into the enclosure.

My previous attempt, outlined in last month’s
“etters” (oops), had ended up being a little
tubby and midrangey.

The solution to this problem was to give up on
the cheap fiberglas and polyester damping
materials and go for fiber rug pad on the back
walls, and gen-you-whine long hair wool at
the mouth of the pipe.

With this new damping in place the sound is
tighter in the midrange, mellow, and
smooooth. Horns now come up close and have
proper weight. My only real complaint about
the Whamo vented towers was the slight lack
of this weight.

Bass is still a bit uncontrolled, so I use the
Whampipes with the subwoofers in my sys-

tem. I call this new Whampipe/Whamosub
system the Hyperwhamodyne. I'm still opti-
mizing the overlap between pipe and sub. See
page 19 for my latest sub ideas. Don’t panic if
you just built the original vented enclosure,
the difference between it and the pipe is fairly
small, and can be made even smaller with
judicious application of carpet felt inside the
vented tower, in place of the fiberglas. The
vented boxes are a bit more present and
snappy, the pipes a bit more mellow and full.
Note in my drawing below that I did not spec-
ify the length of the internal divider. I forgot
the dimension, and getting at it now would
require tearing of several square feet ($) of
grill cloth. The distance between the top of the
cabinet and the top of the divider should be
roughly the same as the distance from the
divider to the front or rear panels, maybe 4”. I
think the gap may actually be somewhat big-
ger in my pipe, but this was originally opti-
mized for a bigger driver.

The cross sectional area of this pipe is slightly
small, relative to tapered pipe “theory”. Read
David Weem’s articles on tapered pipes in SB
to design a more “perfect” pipe.- Doc B.

fiber carpet pad

corners rounded to accomodate grill cloth wrap

Place drivers as close

front . together and as high on
panellls front panel as possible.
1-1'/ 2 Set enclosure on stand
thick. to raise tweeter
All roughly to ear level
other ! (about 42").
p.anels 1 Note that front panel
1 MDF. is set back about 1/8"-
Wire 'r.o ; 1/4" to allow wrapping
tweet is | "1 of entire cabinet with
229(1. " grill cloth.
s<?|ld, Wire mid-woofers in
wire TO. series parallel .Use .35
woofs is mH choke and 6 mfd
18g0 capacitor for first or-
solid. der crossover.
Try All Electronics 3
T . mfd oil capacitors in
| long hair wool parallel, PN MRC-3.
. approx1/41b.} , See VALVE, May '96
for driver info.
R 3 Mowe sl
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Lowther

NEW
MEDALLION II
KIT

Introducing the new Medallion 11
enclosure, specifically designed for the
incomparable musical experience of the
Lowther PM6A, PM7A, or PM2A.
Works nicely with the budget
C series drivers too.
Comes complete with matching grills-
a precut, easily assembled kit.

For more information contact
Lowther Club of America
PO Box 4758, Salem OR 97302
ph/fax 503-370-9115

for an audition
in the Puget Sound region:
ELecTrRoNIC TONALITIES
360-697-1936

Finished cabinets also available
Assembly manual available for $15
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winding your own
single ended
output transformer
part two

by Jim Flowers

This month Jim discusses parasitics, and the
physical layout of the transformer

Parasitics

he parasitic capacitance formed in a
multi-layer coil of wire should be easy

to visualize. Think of each winding'

layer as one plate of a capacitor. An

adjacent winding layer serves as the other

plate, and whatever is between these adjdcent
winding layers (magnet wire insulation, kraft
paper, air space) is the dielectric. The wif
ings will also form a capacitor fo ground, to
the core, to other windings, electrostatic
shielding, whatever. Stray capacitanice is a
promiscuous fellow; itll form a circuit with
Jjust about anything. :

Capacitance is a function of the plate size, the
dielectric constant of the insulation, and the
distance separating the plates. Therefore, to
reduce the interwinding capacitance, ' the
winding layer width should be short, and thick

insulation with a low dielectric insulqﬁol

should be used. ;

The total self-capacitance of the ptimary
winding is the sum of all -the parasitic
“capacitors” formed by each pair of adjacent

winding layers. These capacitors are in setjes,
not parallel; the total self-capacitance of the
primary winding will be less than the value of
asingle adjacent layer pair.

For example, cansider a 3000 turn primary
comtructed in two différent coil layouts. The
first layout is two layers of 1500 turns each (a
loug, narvow coil). The second coil layout
consists of 30 layers of 100 turns each stacked
upon one another. The second coil will have
far less self-capacitance than the first (more
than 400 times less). See references
1,2,3,4,6,9,11 for calculations of coil capaci~
tance.

Leakage inductance may be harder to visual-
ize. I think of it this way:

In the ideal transformer, all of the flux pro-
duced by the primary winding is intercepted
by the secondary winding. In a real trans-
former, less than 100% of the flux generated
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actually reaches the secondary. This loss is
represented by a parasitic inductance known
as the leakage inductance. This leakage induc-
tance occurs because of the physical distance
separating the primary winding from the sec-
ondary winding. Windings in close proximity
exhibit less leakage inductance than windings
separated by a greater distance.

The bifilar winding technique uses two wires
side by side (they are wound on the bobbin at
the same time). Because the windings are

separated only by the insulation on their wires,

they are very close together, and therefore,
there is. very low leakage inductance. Unfor-
timately; this technique has limited use when a
high poteatial difference exists between the
wire pair for fear of arc over.

A popular.coil layout method, the one that 1

inserting layers of the secondary
between layers of the primary

winding i

““iwinding, When layers of one winding (the

secondary) is distributed evenly among layers
of another winding (the primary), the leakage
inductance i§ reduced because the windings
are eéffectively closer together. This coil wind-
ing technique is called interleaving.

Consider:two coil layouts for a transformer. In

the first layout, start by winding 3000 turns of
wire onto the bobbin forming the primary.

..Put _on _some required insulation, and then

turns of secondary on top of that. In
d layout, wind 1500 turns of wire
e primary), insulate, wind 119 turns
ndary; insulate, and finish with 1500
$op of that ¢second half of the pri-
The two half primaries will need to be

““coninected together in series to form the total

In the first layout, turn #1 of the primary (at
the inner most layer of the coil) is fagfrom
turn #119 of the secondary (on the outer most
layer of the coil). In the second (inferieaved)
layout, the secondary winding sits physically
between the two half primaries. As'compared
to the first layout, the whole of the secondary
winding is much closer to the whole of the
primary winding ~ it will have less leakage
inductance. This interleaving technique can
obviously be extended to a greater number of
divisions resulting in even less leakage induc-
tance.

In general, reducing the self-capacitance of
the winding involves separating the winding
layers from each other while efforts to reduce
leakage inductance require bringing the
windings closer together. Efforts to conquer
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one problem tends to make the other one
worse. As it turns out for the SE OT, leakage
inductance is the larger problem, and greater
efforts will be applied to its remedy.

Another issue that may not be obvious from
the above concerns the total number of turns
of wire required for the primary. All else
being equal, a transformer that requires 5000
turns of wire will have greater parasitic losses
than a transformer that requires only 2500
turns. The 5000 turn transformer will tend to
roll off sooner in the high frequencies than the

2500 turn version. Transformers for high
plate resistance tubes (211, 811) need higher
inductance in the primary to maintain the low
frequency response than do transformers for
lower plate resistance tubes (2A3, 300B).
More inductance implies more turns which
implies more parasitic losses which (you
guessed it) results in earlier roll off of the high
frequencies. What this means is that high
impedance, wideband transformers are con-
siderably more difficult to design and build
correctly than low impedance ones. This may
also give a hint as to why good interstage
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figure 6 - interleave chart
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Andy Bartha Audio
954-583-7866 EST

Did you know every CD/Laser Disc
you purchase has a “filmy coating”

that was used to keep the polycarbon-

ate disc from sticking to its metal
mold during manufacture?

No matter how sophisticated your CD/

Laser playback system is, it cannot
correctly read the music beneath this
film.

This loss of focus is destroying the
very heart and soul of your music-
it’s no wonder the purists have
preferred analog!

Only REVEAL removes this film,
plus, it cleans and seals the surface,
protecting against scratches, smudges.

fingerprints, glare and magnetic dust.

Now your CD Laser Disc player will
read the music correctly.

MARTIN DEWOLF,

Bound for Sound

“ Best sounding and easiest to use CD
cleaner”

DOUG BLACKBURN,

Positive Feedback, Soundstage
“Cannot reproduce what REVEAL
does on CD’s with anything else”

Satisfaction 100% guaranteed.

An 18 oz. can is $34.95, plus shipping

(that’s about 4 cents per disc)
Youw’ll be hearing your music for the

2
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transformers are hard to come by.

Here's a thought for you bi-ampers out there.
The OT for the bass amplifier doesn't need an
extended high end. Wind all the turns you
can squeeze in for lots of inductance and
extended low end and parasitics be damned!
What do you care when it rolls off? The OT
for the other amp doesn't need an extended
Tow end. Use fewer turns to better manage the
parasitics resulting in an extended high end.
Maybe if you get good at this, the OT rolloffs
(high and low) can be incorporated as part of
the loudspeaker crossover. Ihaven't tried this
yet (or even thought it through completely),
but isn't experimenting what this is all about?

Physical Design

Figure 6 shows coil layouts utilizing increas-
ing levels of interleaving. This table of wind-
ing arrangements was taken from
Crowhurst's exceflent article on leakage in-
ductance (see reference 5 in last month’s in-
stallment). The drawings show cross-sections
of only one side of the coil and also have
omitted the bobbin. Notice the "N-squared"
values assigned to each arrangement. Recog-~
nize that the leakage inductance improves
(gets smaller) as "N-squared" gefs larger. The
two coil layouts previously described (leakage
inductance examples) are the first two ar-
rangements shown at the upper left of the
table. This implies that a 4x improvement
resulted from a simple splitting of the pri-
mary. The actual improvement also depends
on the insulation thickness and a factor of 4
may not be realized. Crowhurst's article pro-
vides a chart for calculating the leakage in-
ductance. See references 1,2,3,4,5,9,11 for
calculations of leakage inductance.

Examine the two arrangements shown for
N-squared equal to 16 (winding arrange-
ments #7 and #8 counting down from the
upper left). Layout #8 uses a more complex
arrangement (more sections) than layout #7
to achieve the same leakage inductance fac~
tor. I think this is due to the improved sym-
metry of layout #7. The center section of the
primary winding in #7 has twice as many
turns as its outer sections; whereas, #8 splits
the primary into four equal sections. The
secondary sections in layout #7 are each
sandwiched between two equal sections of the
primary; i.e., one-fourth of the primary bor-
ders on the outside and another one-~fourth of
the primary (one half of the center section)
snuggles up along the inside. The center
section of the primary is equally shared by
both secondary sections surrounding it.

february 1997



The drawings in Figure 6 might appear inap-~
propriate for the SE OT coil layout. After all,
the drawings show equal cross-sectional areas
for the primary and secondary windings,
whereas the SE OT under design has 3000
turns for the primary and only 119 turns for
the secondary. But this is actually correct. The
secondary while having fewer turns will be
wound with a much heavier gauge of wire.
For a transformer, power in the primary equals
power in the secondary, which means equal
cross-sectional areas for equal power densities.

Winding the turns of wire onfo the bobbin is

done by two methods. In the layer winding
method, each turn of wire is neatly placed next
to (slde by side, not on top of) the prevlgutl

turn moving across the bobbin in one row.” At
the completion of the row, a layer of insglation
is wrapped around it, and the next fayer of
wire is wrapped on top of this. (A spool of
solder often looks like this minus the in
tion of course). The random winding 1
is less orderly, think of a spool of fishif
The winding shouldn't been done too haphaz-
ardly; a uniform buildup should be maintained
. throughout the winding process. Insulationt is
not used between layers (but still used between
windings). Subsequent turns will fau into
spaces left by the previous turns below. = °

1 used the layer winding method. Althoggh

.ing 3 o

=0.000186 square inches

This available space per turn is shaped like a
square. The circular wire diameter that fits in
this square equals the length of one side of the
square:

= sqrt(Area per turn)
=sqrt(0.000186) =0.0136 inches

According to the wire table in Figure 7
(references 1,2,11) 28 gauge wire could fit.
Similarly, for the secondary:

Area pﬂ turn of secondary
_ = 0.558 square inches / 119 turns
L =0,00469 square inches '

Secondiry \imae diameter
‘= sqrt(Area per turn)
= sqﬂ(O 00469) =0.0685 inches

Agam refmmg to the wire table, there's
enough rogm for 14 gauge wire. This size
wire is rathez stout and quite challenging to

Swind.’ vaé of more paralleled, smaller gauge

wires-could be substituted as an electrical
equivalent A wire gauge rule of thumb: mov-
ers in gauge changes the copper

. cross»ieahmalareabyafactorofz ie., two

more tedious, | think it is mechanically: randk
electrically more sound. Maybe one day Tl ey

a random wound version for comparison.

The window is the opetiing in the core where
the turns of wire pass through. Unfortunately,

not all of this area is available for copper.
Approximately 25% or.more: of this space ‘is’

taken up by the bobbin and insulation. (Thisis
different from the true copper utilization fac-
tor sometimes‘zeferred to-as "k" in the text-
boek®.) Figure 17( shown last month) shows
the dimensions of the availeble space for the
coil-bijild (0 706 mcha byB 125 inches).

Roughly one half of the avallable window area
is used for the primary and the other half is
used for the secondary.

Area available for each winding
=75% of (0.7x2.125) / 2
=0.558 square inches

For the primary, 3000 turns must fit into
0.558 square inches:

Area per turn of primary
=0.558 square inches/3000 turns
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L7 2auge ) \ﬂres in parallel are roughly equiva-

e 14 gauge wire. Additionally,
fout 20 gauge wires in parallel add up to a
.gauge wire. These wire splitting
‘allow flexibility in the coil layout
wg(mdary winding.

, ‘@rie secondary coil layout con-~
sists of four “sections each of 14 gauge wire.
Each gection is a single layer-of 30 turns.
These' four sections are connected in. series
talmngOtums(SO+30+30+30)

An alternate layout uses 20 gauge wire, The
20 gauge wire has half the diameter: (one=
fourth of the area) of 14 gauge wite. Bifilar
winding of 20 gange wii¢ fits 30 turns in one
layer just like the single layer of 14 gauge wire
but with half the cross-sectional area. To get
the same copper area requires another bifilar
layer. Combining two bifilar layers in parallel
results in four 20 gauge wires of 30 turns each
all in parallel. This combination has the same
cross-sectional area as the single layer of 14
gauge wire. Four of these double-layer sec-
tions are connected in series as before. Note
that when connecting sections in parallel, it is
important that each section contains the same
number of turns.

VALVE



Diamater (in) Random Winding Layer Winding
Cirgular Resistance Wei Layer
Single Heavy 1]
Mils | | iation | insulation |2NMs/1000 1. ta/ 080 1 Tuma/ie’ | Tumasie® | Tumsfin | Tuma/in |Insulation
10384 708 999 37 86 75 5 8 )

8226 094 126 25.2 108 % 10 s 0100
6629 ‘084 1.59 0.1 133 130 1 1 0100
5184 ‘018 2700 189 182 159 12 12 0100
4103 0658 067 252 128 212 193 18 13 0100
3260 0887 060 318 100 288 248 15 15 0100
2881 0524 084 4.02 795 324 316 17 17 0100
2052 0468 048 5.05 6.32 405 394 18 19 0070
1624 ‘0418 ‘043 639 502 526 87 22 21 0070
1289 10373 1039 8.05 3.99 641 596 24 3 10070
1024 0338 035 1013 318 850 792 27 26 10050
812.3 031 12.77 251 1085 30 29 10050
3 | 0266 028 16.20 1.99 1340 1210 34 32 10050
5108 | 0238 025 20,30 159 1370 1260 38 36 ‘0050
s0a0 | 0213 022 25.67 128 1230 1550 a2 w0 0020
3204 | .0190 020 3237 101 2150 1940 7 as 10020
2628 | 0170 o018 41.02 798 2990 2700 53 0020
2018 | 0152 o018 51.44 834 3700 3880 59 55 10020
1588 | 0136 014 65.31 4680 2180 66 62 0015
29 1217 | o122 013 8121 401 5900 5180 73 8 0015
% 1000 | 0108 012 | 1037 . 318 7500 6560 82 7 0015
3 7821 0097 on 1309 254 9270 8000 91 85 0015
32 84.00 | .0088 o0 | 1820 202 11400 10000 | 100 1 ‘0013
33 5041 | 0078 009 | 2057 161 14500 12500 | 113 105 0013
3 3969 | .0070 2613 127 18800 16250 | 128 18 0010
38 31.36 007 7 101 24000 144 133 0010
38 2500 0088 0080 | 4148 0603 29850 26000 | 158 148 0010
3 2025 | 10050 0055 | B12.1 0641 37400 3090 | 177 161 0010
38 1600 | .0045 0048 2 28700 39300 | 198 181 0010
39 1225 | 10039 0043 | 8466 0403 | 62700 51500 | 226 205 0007
aNn [- N 1] nnae NAS LM A onann RN L7 1] 2Me (2" axd
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he first coil layout consists of four layers while
the alternate coil layout consists of eight lay-
ers. The ability to divide a winding into multi-
ple layers helps make interleaving

practical.

So far the secondary only has connections for a
8 ohm load. Often, an OT has multiple con-
nections available for different loads. This is
accommodated by offering multiple taps on
the secondary winding. Depending on the
series/ parallel combination of taps chosen, the
secondary operates as if it has a different num-
ber of turns.

Consider the secondary coil layout above that
used four sections of series connected 14
gauge wire. If only two sections are series
connected (30 + 30 = 60 turns) and this pair
is paralleled with the other two sections con-
nected in series (30 + 30), then the total
winding becomes a 60 turn secondary ([30 +
30} // [30 + 30]). Since the original 120

A goal for the ohmic resistance of the sec-
ondary is one percent of the load it drives. Too
much resistance adversely affects the insertion
loss and ing ratio. For an 8 ohm sec-
ondary, the goal is 80 milliohms or less. The
wire table provides resistance per foot for each
gauge of wire. To calculate the length of wire
in the winding, multiply the number of turns
by the average length per turn (ALT). Deter-
mine the average length per turn in the same
way that the MPL was calculated.

ALT = 2 x Tongue Width + 2 x Stack Height +
4 x Coil Build

Substituting:
ALT=2x1.5+2x2+4x0.7= 98 inches
Because the shape of the windings is more of a

rounded rectangle, an alternate formula is
sometimes used:

turns was for an 8
ohm load, then 60
turns reflects a 2 ohm
load.

Figure 8 shows a 3-
layer secon: sec-
tion consisting of
three layers of 40

O ormyy s —
4 o—rryr sy

ALT = 2 x Tongue
Width + 2 x Stack
Height + pi x Coil
Build

Substituting:

ALT=2x15+2x

turns each. When all 2+ 314x07 =
three layers of the sec- . 9.2 inches

tion figure 8 - three layer secondary

are connected in series And asif that wasn't

(jumper the 4 ohm
terminals together,
speaker load on terminals #0 and #8), the 120
turns reflect an 8 ohm load. Connecting the
speaker load to terminals #0 and #4 exercises
only 80 turns of the secondary reflecting a 4
ohm load (3.6 ohms actually). When connect-
ing sections in series, it is important to observe
correct polarity to avoid bucking the wind-
ings.

With this secondary coupled to a 3000 turn
primary, the transformer could be identified as
a 5 kohm OT with a0 - 3.6 - 8 ohm secondary,
or a 5.6 kohm OT with a 0 - 4 - 9 ohm
secondary.

Another consideration is the ohmic resistance
of the wire that make up the windings. Less
resistance is better, but that means thicker
wire. Thicker wire might not fit in the allowed
space without reducing the total number of
turns. Increasing the allowed space requires
different laminations having a larger window
area.
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enough, according
to a laminations
datatable (see reference 3), the average length
per turn of a 2 inch high stack of EI-13 lami-
nations is 9.63 inches.

The resistance of 120 turns of 14 gauge wire
at 9.63 inches perturn and 2.52 ohms per
1000 feet:

Rsec = 2.52 x 120 x 9.63 / 12000
= 0.243 ohms

This value is three times greater than the stated
goal. The wire's resistance is a function of
length (turns and length per turn) and width
(gauge). To get to 80 milliohms, the secondary
can have three times fewer turns, or three
times as many sections to add in parallel. Us-
ing only 120/3 = 40 turns in the secondary
requires the primary to be cut to 3000/3 =
1000 turns to maintain the same transformer
ratio. The primary inductance is now lowered
drastically. To make up for the lowered turns
count, the core cross-sectional area can be

VALVE



increased by adding more laminations to the
stack. The larger cross-sectional area results in
a greater length per turn which partially off-
sets the decrease in winding resistance
achieved by using fewer turns.

To get a three fold increase in wire gauge will
require three times the allotted window area
reserved for the secondary wiring. Whether
this is accomplished by using thicker wire or
more sections in parallel, the window must be
larger, which means a larger set of lamina-
tions. It is not good practice to increase the
areausedbythesecondaryattheexpmseof
the primary.

The ohmic resistance of the primary wmdlag
contributes to the insertion loss as well. If the

insertion loss is to be split equally between the:

primary and the secondary, then the primary
winding resistance should equal the reflecied
secondary winding resistance. The Radldmn
Designer's Handbook suggests a priary
winding resistance of twice that value.
understand why it should be twice the v
Based on the ambitious target of 80 mifliahms
of secondary winding resistance, the prlmary
winding resistance should be:

Rpri = 2 x N* xRsec =2 x(25.3)° xooso_
102 ohms

If both targets are met, then the total los due

to winding resistances is only 3%. When 37%.

of the power passes through the OT, the inser-
tion loss is only 0.13 dB.

Realistically, the maximum ooyper insertion
Toss should be well below 0.5 dB. While halfa
decibel doesn't seem like much, this is equiva-
lent to a lo%powerlossthaton!ysewesto
warm up the OT. In other words, only 9 watts
actually reach the loudspeaker from an output
tube pumng_ out 10. watb :

Also, the copper losses were ignored when the
tiigns ratio was determined. This results in.an
impedance error equil in magnitude to the
power loss: The turns ratio will appear higher
than when measured under the no-load condi-
tion.

For a point of comparison, resistance readings
taken from several commercial SE OT's reveal
an approXimate range of 120 ohms to 400
ohms in the primary, and 0.1 ohms to 0.8
ohms in the secondary. Remember that these
are guidelines and design goals.

If an OT that you are presently using measures
outside these ranges and still sounds good,
then don't sweat it. Don't presume the worst
without first taking a listen.

VALVE

Either way, lowering the insertion loss results
in a larger transformer. A larger transformer
coil will have greater parasitics causing an
earlier rolloff in the high frequencies. Com-
pensating for the rise in parasitics requires a
more complex coil which could mean more
interleaving which adds to the total insulation
thickness in the coil which requires a larger
window, ad nauseum.

Keeping losses low and fidelity high in the SE
OT ‘requires a large, carefully designed, and
painstakingly assembled transformer. This be-
comes even more critical when both the trans-
former impedance and dc bias current go
higher. ‘Good engineering practice comes at a
price. This is another reason why the best
transformers cost several hundred dollars or
more.

- Well, Wem aboat halfway there, bottleheads.

Nexi month we’ll pick up with insulation,

: cllm‘ng a winding layout, and discussion of

bwldmg the mll
Doc B.
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letters

Robin Watson and the myth of the 301

Dear Dan,
The latest craze to hit my brain has been to
aquire an old turntable. Due in no small part to
helpings of SP magazine and your Thorens rav-
ings. So 1 decided to write off to this company in
England - Technical and General. Who sent me
this reply which I thought was very honest,
down-to-earth and frankly, a bit surprising.
Robin Watson, Tokyo

“Dear Mr. Watson,

Thank you for your enquiry and apologies for
the delay - the works were closed for the annual
winter holiday.

We regret that we are unable to assist as we do
not supply complete turntables as our specialty
is the supply of spares and advice and instruc-
tion on keeping the classic turntables in good
order.

Frankly, unless you are a collector, we don’t
know why you should worry about trying to get
a Garrard or an early Thorens as you would
probably be as well, if not better, served by a
more up-to-date unit fitted with a decent car-

1959 Thorens ad

tridge.
P.T.O.

“This may seem like heresy but we have been
in this business for many years - we were
selling the Garrard 301 when it was the latest
thing out from the Swindon factory - and our
approach is that, if you have one of these
machines then don’t get rid of it and we will
help you keep it running to its original pefor-
mance but forget all the nonsense in the mag-
azines about the so-called superior sound
quality and remember that people are trying
to create myths and mystiques with a view to
making a sale of some sort.
To put it in car terms ~ if you have an old
Bentley or Alvis in your garage then look after
it and enjoy it, but for normal transport you’d
be well advised to get a Ford or a Nissan, etc.
Hoping the above might be of some interest
and assistance.

Sin y
(illegible signiature)

“PS Sorry if this seems like a “put down” - it
wasn’t meant to be, but it’s as well to tell the
truth some times.”

Wow. Must say that I agree. I'd like fo clarify
here that | raved
about the
Thorens specifi-
cally as a great
turntable for
78%. I've had
two  TDI24s
through  the
years (owned
one of them
since I was 18),
and the one I
have now plays
. second fiddle to
i the big old De-
¢ non DP 6000,
i which whups it
i on bass tight-
: ness, flutter, and
. that ever elusive
i qualily of pace.
1 will be doing
some niore seri-~
waw. ous Ttable did-
W dling in the next
L few months, as 1
" trydifferent arm
and cartridge
- combinations
o (considering a
Koetsu Black/

. - B ) ‘/
...Ffiner for stereo...finer for mono §7, 257"
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my next trial), and the Thorens will get it’s
crack at being number one again during these
trials. But I don’t guess this will happen.

My first observation with all this table and arm
swapping is that the DL 103 is much better on
the top end on the Denon table/ Denon arm
combo than it is on the TD 124 SME 3009
combo. It has been suggested fo me that the
Vezyﬁzstmodwdoloxn older SME is to get
rid of the original tomarm wire and intecon-
nect. I shall try rewirng and see where this
leads me.

Only one successful TD 124 mod has been
thrown my way lately. Remove the aluminum
top platter and replace it with a glass “mat’,

mtamidnllaitoﬁtbyyourlwalg]zwmtm

Supposed to cut down noise. - Doc B.
Another satisfied customer

Dear Dan,

Thanks for the S.E.X. speaks. Compare well
with anything ve done. ’'m running thein
with the Madisound 1052 DVC in 75
bandpass alignment (1.1/1). Seems to mabk
perfectly. 'm driving the setup with ‘a baby
Adcom (savin’ for S.EX.) and it mnkcsmlm
want to rock and roll.

Alan Muyskens, Eureka Sprmgs, AZ

OK campers, hezesatweakforthemsfxy k

speaks. Cut the dust cover off the just B3
MWrmeachwka'mthasmg alge
razor blade.

*  Note Mymmqugmtte}ﬁ'methat! 8

need to say that you could accidently kill
fooling with a razor blade, so
don’t try this. By the way, I don’t Rave

any mopey fo give to your bereaved rela- .-

tives.
Seems to bring the top ‘end up and ease the
m}(bxtqgeymcss (how's thdtt'or audiophile gib-
berish) a bit. -
ngetmﬂ)'mazﬂ I}ymlan,g the cap
a marking pem, or some other phallus
sﬁqed ectofthezght&mdcr and glue 1t
1 the pole piece for a plzaﬂ! plug.
* By the way, my insurance agent wanls
you to know that you could accidently
Kill yourself with superglue too, so don’
try this either.
If you do the cutting carefully, and you don’t
lLike the sound, you can knock the pen cap off,
glue the covers back on, pick up the pen, and
write me that my mods suck.

bottlehead esoterica
Dear Dr. Bottlehead,
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/greattr

Please renew my subscription for one more
year. The first few issues (of 96) really turned
me off, as | thought the material too esoteric to
be useful. You know... 6DN7 amplifier and
S.EX.

Actually I must thank you for introducing me
to the 6DN7. I experimented with it as a driver
for a VT-211 circuit in an “Ongaku” style
amplifier. Obtaining 260V peak to peak into
the 211 grid takes a very macho tube. After
extensive listening, I settled on a pamlleled
6BL7.as the 211 grid driver for sonic reasons.

‘ provided the best electrical perfor-

miance, ;More recent issues have been of

Enclosed is:a schematic of my most recent
project using Bartolucci output transformers. |
feel the B kaccis sound hard in the upper
to the Audio Note trans-
e have experience with this

““Pprand of- Oufput transformers? | am somewhat

disappointed in the sonic results of this pro-
ject, altough the amp is powerful and has

angparency. In the last two years I have
assisted wﬁhfor built four SE projects.

1 would m:c to know more about transformer
interstage pouplmg, evaluations of output
transforsmers, design philosophy, discussions
Aahouﬁ eeﬁback, interviews with designers, ef-

fantasy of your work: mossy
in'the trees with glimpses of Hood

'Caﬁalmdalabradorrehuev%rasleeponthe

frontp(m:h It must be a great eviconment for
mamwmng friendships and con {

-RobettHenke,[osAngelea

Don’* forget kids screaming in the back-
Zround, ﬂzedzmnmthebmementbnclan,gbz

again, and, uh, well, OK; we do hive a
eqgle’s nest in theback}mm' ~Doc B.
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DAC attack

By L Dean Moore, Audiogenics

his is the first in a series of articles,
which will appear in these pages, cov~
ering the operation and modifications
of a commercially available DAC or
Digital to Analog Converter. The purpose of
this series of articles is to share with the read-
ers of VALVE the approach and associated
techniques ! have utilized as | have endeavored
to improve the musicality of this DAC. Al-
though the many of the component values

utilized in the modifications are specific to this -

particular DAC, this series of articles will be

presented in a fashion which will allow these

who choose o endeavor as 1 have to follow: the
approach and utilized the associated tech-
niques to arrive at the appropriate com t
values to modify any digital front end i
lar topology. Furthermore, through ¢
nique with the esteemed editor of this
tion, we have decide that the presents
this material should be done in such a way that
will allow both those who are inexperienced in
electronics and those who have achieved some

degree of knowledge or understanding fo g::
from this series. Therefore, as you read, ples
bear in mind that I am attempting to write for
a rather broad audience. :

Before we get started there are a couple ovders

of business which I must attend to. First, [ will
not specifically criticize individual' digital
products because | am not privy tothe gaals of
these designs and, as.a.vesult; T will not state
which particular DAC 1 have modified. This is

in essence, a professional courtesy. So, please, -

DO NOT ASK. Second, much of what you will
see is in large part, nof-audiophile approved;
but, majntains a dictum of solid engineering
fundamentals:which are applied in a system-
atic, fushion. Finally, do nok expect any one of
these modification$.in and of themselves to
teansform your particular unit; but  rather,
follow the approach and utilized the .tech-
niques in-a systematic - fashion presented in
this series of articles.

Some Midnight Oil

As I went out to purchase my first "real” digital
front end, 1 was armed. 1 had read and
understood the discussions of how jitter affects
the sound. 1 had followed and studied the
progression of the "latest and greatest" chip
sets. And, most of all, I had saved some money
for doing so. Although, as I later discovered,
evidently not enough. 1 listened to everything,
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even took some home to try in my system.
What 1 heard troubled me. Generally, there
were differences between chip sets; even
though, different DACs sounded different in
spite of the fact that used the same chip set.
Moreover, some DACs with what 1 believed to
be inferior chip sets out performed some prod-
ucts with the latest chip sets. What I heard,
could not be explained by jitter alone. Finally,
1 selected a DAC with a current chip set con-
tained in what | considered many state of the
art products and began to live with the selec~
tion. This lasted about 5 CDs. 1 was still trou-
bied. .1 had to open the DAC up to see what
made it Sound different than the state of the art
DAC, whic justi
ing. AsT examined the circuitry with a spec-
trum asalyzer, what 1 found scared me to
death. Mostof all, there was noise everywhere.
Even with limited knowledge of DACs,
there were A variety of things that I could do to

improve whiit I found. Following are a couple
*'"of the first things that should be done in an
: dforttomdﬁce noise in a DAC.

Keep The Nmse i i Out

‘lkonlysta;c;btoreasonthnttheeasiestwaym

» goise floor of a DAC is to prevent

m getting in the DAC in the first
first line of defense against such
‘pawer supply EMI filtering. Another
words, get yourself a pi filtered [EC socket and
i #f you don't already have one. Core-
s a good quality unit which is read-
ble from a variety sources. This is the
potieat in the whole DAC whose sole

o provide EMI filtering. My DAC

out this device turned'ont to be a real nice
e fransmitter. If your DAC sounds better
withost the EMI filter, then it casld very well
be that the removal of the EMI filtet gemerates
so much radiated EMI the noise flgor of the
system tises and masks the signal ‘correlated
noise floor contamination generated by other
components. However, install the filtered IEC
socket anyhow, the effectiveness of ofher mod-
ifications in this series which address this
problem depend on the inclusion of this de-
vice. Remember, this is a systematic ap-
proach.

Obviously, the next place for EMI to find its
way into the DAC is the digital cable from the
transport. The whole presumption of this cir-
cuit is that the transmission line is based on 75
ohm characteristic impedance. 1t would also
be nice to have a little bandwidth and good
connections too. This means BNC connectors
and cabling which have a characteristic
impedance of 75 ohms. No phono plugs, 75
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Introducing Brooklyn.
Push-pull transformers that
sound single-ended.

Recent developments have led us to an even better sound! If you've been waiting to
try a Brooklyn transformer, wait no longer. This month we are incorporating improve-
ments in the core construction that give even better bass response, making Brooklyn

transformers the best entry level push pull transformers going.

PART PRIMARY POWER MAX. PRIMARY DCMA RETAIL

# IMPEDANCE LEVEL DCMA PER SIDE UNBAL EACH
B14 | 12,000 CT 10W 40 4 $100
B15 | 10,000 CT 20W 50 5 $125
B17 9,000CT 30W 50 5 $140
B18 8,000 CT 15W 45 5 $120
B20 6,600 CT 30W 70 7 $140
B21 5,000 CT 20w 80 8 $120
B23 4,000 CT S50W 100 10 $150
B24 3,000CT 15W 75 7.5 $125
B27 1,500 CT 30w 150 15 $135

Recent measurements reveal the B24 response to be - 35 46 @ 20tz and -8 dB &

Note: Above units available with Ultratinear taps for an additional $6.00 per unit

Secondary impedances far all units are 2,4,8,12 & 16 ohms.
Guaranteed minimum frequency response is +/- 1 dB, 30Hz to 20 kHz.
All units supplied with vertical belf end caps.
All prices herein are special introductory - prices subject to change without notice.

february 1997

Where Push-Pull meets Single-Ended

Brooklyn, P.O. Box 967

Chemyville, PA 18033
(215) 2884816
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WRIGHT Sound Company

The WLA10 line amp with 4 inputs for
those who don’t need the phono section.
Dubbed by those that have listened, as the
best sounding line amp they have ever
heard, tube or solid state. All this for
I $300.00 plus $17.50 shipping and handling
in the continental U.S., WA res. please
add 8.2% sales tax.

The WPP100A phono preamp, the most natural sounding unit on the market today, is
available at $450 plus $17.50 shipping and handling in the continental U.S., WA
residents please add 8.2% sales tax. The WPP100A has gold RCA connectors, and a
new WPS02 power supply with a power switch and plate and filament indicators. The
performance is better than the original version, which beat all the competition in
listening tests by members of WALWE and other audiophiles who have had the
pleasure of reviewing this product.

Now available to VALWVE
members, and those who have
tried S.E.X. amps, the WPL10V
complete line amp/ phono stage
component. This basic model has
the quality of the WPP100A, with
the additions of a selector switch
with phono plus three other line
inputs and volume controls to
make this the center of that great new S.E.Xy sound system. No longer do you need to
wait for a great sounding addition to have great S.E.X., and at just $575 U.S. funds
plus $17.50 shipping and handling, you can get this fully assembled preamp/line amp
delivered to your door in the continental U.S., WA residents add 8.2%. The WPL10V
is designed to be a cost effective basic chassis type, constructed with all the great stuff
that goes into the WPP100A. We made it especially for you S.E.X. owners and
VALVE members who want the most out of your system for the least out of your
pocket. I must add that this product will work with almost any power amp you now
have or may purchase, so with or without S.E.X. this is a great addition to the
WRIGHT line. Stay tuned for future models.
Please send your order and payment to:

WRIGHT Sound Company

3516 So. 262nd, Kent WA 98032-7047

For further information, please leave a message at (206) 859-3592
Please note: These items are individually hand built, and current high demand can
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ohm or otherwise. If you don't believe me on
this one, just test a phono plug on a network

before you argue with me. Trompeter
and AMP make good quality BNC connectors
which are available from Mouser (1-800~
246-6873), Digikey (1-800-346-6873) or
Newark (1-800-298-3133), to name a few. |
like the wrench type connectors for the cable.
Another tip here is that certain chassis mount
BNC connectors are available with a surface
mount capacitor between the body of the con-
nector and the panel which decouples the
braid directly to the panel. Depending on your

application, you may be able to take advantage .

of such a connector. Be sure you use a good

quality double shielded 75 ohm cable too. I
chose Canare, which has excellent shielding at -

a reasonable cost. While you're at it, check to
see that a 75 ohm terminating resistor was
used on the circuit board. You may be sur-
prised to find that some other value W
lected in an effort to improve the i
match with other components which
selected. If so, replace with a 73 ohm resistor,
surface mount if possible, now that the cofrec-
tion has been made to the trammmsnomlme.

Summary

Now that measures have been taken to lmep
radiated noise out of the DAC, let me tellyou a

htﬂebitaboutwhatmexpectnenmthei"

series. Next month, Il present a basi
mpology,addressnonsempowetsupp'
of all active components’in

theslgnalpaﬂ\ I hope that you will-continue -

to follow along. I would also suggest that it
might be helpful to“seficit a copy of the
schematic of your respective unit from ‘the

manufacturer, For those of you who have .~ ’

questions which you're unable fo resolve ot
your own, you may e-mail them to me at
ldmo@gbmaila.lucent.com. 1 will address
these queshom in summary as well next
mo,nth

Lpam Moore
Audiogenic .

Try All Electronics for EMI filters. A good
selection at diver’s prices ~ 1-800-826-5432.
Doc B.

a couple of ideas

In playing with integrating the new
Whampipes with the existing Whamo sub-
woofers, | came across a couple of interesting
results.

The first step was to build another pair of
S.E.X. amps so I could biamp the system.
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‘The main pair of amps was left in the configu-
ration described last month, to run the towers,
with only a change of value of the driver to
output .47 mfd coupling cap to create a 100
Hz high pass filter. Calculations showed the
value ought to be .05 mfd for 100 Hz rolloff,
but reality stepped in, and sweeps run on the
HP signal showed .01 mfd to be the
closest match (-3dB@103Hz). Surprisingly, a
Vitamin Q gave the best sound.

The amps for the subs were built with no
feedback and the stock output transformers,
which gave a gain of approx. 18 db, like the

-tower amps. To get the 16 ohm trannies to be

happier with the 8 ohm subs, the 1K wire
woungd drapping resistor after the second filter
cap was moved to a position between the recti-
fier diodes and the first filter cap, to lower
power supply impedance.

A 500 mifd cap was paralleled wth the second
(after the choke) filter cap.

received the LED cathode CCS
 a wirewound 200 ohm output

e cathode resistor, with a 1000 mfd Black

stag
Gate cathode bypass cap.
1 did net imcorporate a low pass filter into this

. mp,mlhadﬁlegmnmatchedtoﬂmtofme

i Instead 1 put some effort into
¥ the subwoofer’s response as hard as
possnblebymechamcal means.

The fiberglass lining the sub was ripped out,
and the 8/87-1/2” thick carpet felt that was
Hsec e the Whampipes was applied to
ior surface of the subs, except the
el.

ce in top end rollof was very obvi-
‘H}‘ info now comes out of the

Ifoundtheresponseofonembwas+leB @
42 Hz and -10 dB @ 57 Hz!, Sounded boomy,
as we Hive noticed the last few club meetings
at my house.

The system.now sits one foot forward from its
old position, and woofer response i 37~ 110
Hz +- 5 dB (thetclssﬁllasllghtpeaknt 100
Hz). The bass is rich and smooth.

This Whampipe/Whamosub biamped system
makes me quite content! Doc B.
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cravings

For sale:
®  Premier FT-3k tonearm, with PIB and DB
t protractor. Exc. $160

¢ VPI-19)r., plinth (drilled for FT-3K),
platter/bearmg Sorbathane suspension,
dust cover and motor cover - add base,
motor, and pulley for full 19 Jr. $150

e  Scott 330D tuner $100

®  Scott 130 preamp 875

both with leatherette cases
All plus shipping.
Frank, 609-561-2086 7pm-9:30 pm EST
Wanted:
®  Radio & TV News, 1950-1960
®  Schematic for Bell and Howell Fil-
mosound 202 :

Greg Izzi, 360-683~1744.

For Sale:

Precision Fidelity C-7 preamp. 12AZ7 phulo
passive line stage, dual mono volume pots,
nice stock shape. $175.

Doc B. 360-697-1936.

For sale:
Magnequest tapped inductors ~ unused :
$100 the pair. Nick Smurro, 916-663-~ 9570

the Brooklet?

You folks who have been patiently wanmg to
hear more about the Brookiet cigettits will now
be asked to be patient abit Tonger.

While the origipal circuit, with its antique

output transformer sounded great, we've been

having problems with, the other variations
we've tried;

Dave hs# been working to get the original
circuit to perform with a Dyna MKIII output
h‘anl,mdl’wlisworhngupacu‘cultthnt
will allow the switching in/out of interstage
teasmies vs, the tapped cholges, and input tran-
wiies vs. direct inpat, aft renning through the
Brooklyn B27 output transformer.

If you are absolutely chomping at the bit to try
some of the Brooklyn iron and the Magnequest
tapped choke, your best bet at this point is to
build a Brook 12A knockoff, with real live
2A3s.

Check out the specs for the Brooklyn B24
trannie in the Brooklyn ad this month. Damn
good for an “entry level” trannie! This trans
and the B21 should be great for PP 2A3 appli-
cations.
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march

Well, the deal with Mo Fi has been indefinitley
postporned.

That’s OK, as I think it’s time for one of our “run
what you brung” meetings.

So on March 2, 12 noon, bring your latest
project to the old clubhouse. We’ll have the HP
analyzer available for frequency and THD mea-~
surements, and lots of coffee.

news from Mikey

Mike Lefevre called to give me the latest on

some preftywild products he’s releasing:

e  The Brooklyn B7, a 15K single ended to
50G:0lm center tapped transformer, rated
-1dB@20Hzand45kHz This is a teeny O
mA-DC tnbal trannie, requiring cap cou-
plmg'&x¥estedu sage is as a p
output, using a )5, 6P5, 1/2 5687, 56,
76, et

. Ifymhmfallenmwthe ‘caps is poison”
league;you can get the B8, same ratio, but
mgagpedmdratedforsmADCunbal
with g lewer ~1dB point estimated to be
between 40-60Hz.

) the nifty cap coupled output SE

amp tu Bruce Edgar’s horns at CES, you'd

be willing fo fry some parallel feed (cap coupled

” output tesnsformer) its. To do th
hey. what happened to ,;éutp“ y circuits. To do these you

v inductor to load the plate of the
since the cap coupled output trans
does this.Why cap couple the OPT?
 oufput trans now has no current

h it fo saturate it, and you can
do. ¢ using, nickel cores and inter-
_l@wedf , which opens the door to killer SE
pass with magnificent inner detail.

Yu, yowneed a good coupling cap,but there are
Black Gates and really nice polyptopylme in oil
caps worthy of trying these days.

And of course you need the plate loaé inductor
and the caol output trans.

Mike has 100H @ 10mA, IOOH@ZOmA,md
best of all, 4 30H @‘GOmA(rendZAS and 3008,
folks) inductors comhing -out for plate loading
applications.

And we are gefting ready to try the coolest
looking nickel core, and iron core TFA-204s
you've ever seen, for parallel feed circuits with
these inductors.

Give me a call for more info on these slick new

toys.
Doc B.
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