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Sixteen

(‘ RISP, solid, bass reproduction—a hall-
4 mark of highest fidelity—ecan  be
vours for a little over 850 and a week-
end's work, And therce’s no cutch, cven
though 2250 is 4 more Lkely price for a
full-range speasker system capable of de-
livering usclul ontput to 30 cyeles and
helow.

The classic method for providing good
bass response calls for big speakers.
heavy magnets, low rosonant {requeneies,
and carefnily matched enclosures. This

Compucf enclosure approach provides superlative scund in
the botiom octaves, but itg price tag is
pretty supoer, too.

The performance of the "Sweet Six-

_ teen” systeom is virtually unbelicvable to

delivers solid sound from those who haven't heard it Uplorafion

of sound—characteristic to some degree

of almost cvery system g congpicuous

orly by its shsence. Measured response

oxtends to 20 eycles—well below audi-

sixteen 5-inch speakers bilitv—and is rcusonably flat from that
point up to just below 10 ke,

Unlike many Li-fi systems, Uhis selup

reguires  little  driving  power.  Five

“clean” watts applied ‘o the system will

By JIM KYLE, K= kKx drive all buy the mest hardencd hi-fnat-
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Required parts are few, but it's best to
gather all of them together in one place
befare you start to work on the system.

ics out of the room. And the system will
handle more than 30 watts without au-
dible distortion!

Muifiple Speaker Setup. The secret of
the =etup is hinted at in a good many
reference books, and several similar sys-
tems have been built and described. (See
PorPULAR ELECTRONICS, September, 1960,
for one of the most recent and most elah-
orate systems, built for the Wright Air
Development Center.) Yet the idea ap-
pears to have been almost completely
ignored by most audiophiles.

Here's how it works. Instead of mat-
ing a hig woofer (to handle the bass)

with a specially designed tweeter (for
mid-range and treble), a large number of
small speakers are made to work in uni-
soh, At low frequencieg, the small cones
acting together move the air just as if
they were one huge unit, In the mid-
rahge, their low mass and high efficiency
produce results not attainable with a
single larger speaker.

By uging many speakers together, the
peaks and valleys in each individual
unit’s freguency response tend to be sta-
tistically averaged into a smooth char-
acteristic, difficult to atfain with a single

unit. The price tag is kept down, surpris-

ingly enough, by the use of inexpensive
replacement-quality speakers, Operated
at extremely low power levels, these
speakers are capable of hi-fi regponse
even though the output from each speak-
er is 80 low that it can barely be detected
at close range in a quiet room.

With enough of the small speakers
working together, sound output comes
up to a more-than-usahle value. It's
theoretically possible (and based on ob-
servations made with this unit, perhaps
practical) to build a system which will
reproduce frequencies as low as one cycle
if you just use enough gpeakers.

Interconnecting the speakers insures
that the power fed to each remains small

Speaker holes in front panet should be 4” in diameter and can be drilled most
easily with a circle cutter mounted im a large electric drill. Side rails are
intentionally designed to overlap at corners so they can be trimmed off to size.




Frant panel (&5 i drillad Tollaeing lay-
cait a8 Fight bhalfare side rails (Ch are
altached. Spacers (E} can be cut ba dit
froim piecos sawsed off from side rails.

Final asssmbly is easy fallowng picio
rial helow. External finish raiks (D) hide
jints in side rails (C); firesh rails
are covered with "Corract” matesial
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Connecting individual speakers is easy
once you know the impedance you require.
Simply use ordinary hookup wire and fol-
low the appropriate schematic on page 57.

Decorative touch for finished system is
furnished by wood-grained covering ma-
terial purchased from a department store.
Cut material to size before applying it.

—each cone’s movement is in the neigh-
borhood of only 0.01” at top volume.
Even loud drum passages reproduced at
30 watts cause no visible cone movement.

Simple Enclosure. Resonance problems
and tricky enclosures are automatically
eliminated in this approach, since they
are important only when a speaker is be-
ing operated near its power limit. The
baffle used with this system is a simple
padded box to enclose the sound radiated
from the rear of each speaker cone.

Two items are of prime importance for
good results with this system. The
speaker box must be solid, so don't try
to skimp on the side braces or internal
supports specified. Important, too, is
speaker phasing—individual units must
be connected with one another in such a
way that all the cones move in the same
direction at the same time.

If all of the units are identical, you'll
have no trouble. But if you must mix
models and manufacturers (and it’s
sometimes hard to find 16 of these
speakers in stock at the same supply
house), you'll have to check the phasing
before making connections, This process
will be deseribed later.

Layout and Construction. The first step,
naturally, in building the system is to
gather all the materials and components
called for in the bill of materials, The
only tools required are conventional ones
—a ruler, saw, hammer, screwdriver, and
soldering iron—but a 14” electric drill
equipped with an adjustable hole cutter
and with woodscrew speed bits will sim-
plify construction.

Begin by laying out and cutting the
front and rear plywood panels (4 and B
in the diagram) to size. Mark the loca-
tion of the 16 speaker holes on the front
panel (A) and cut them out. The hole
diameter will be exactly four inches for
a 5” speaker.

If you're using a hole cutter in an elec-
tric drill, check the setting by cutting a
hole in scrap lumber first. Then drill the
hole halfway through the panel from one
side, turn the panel over, and complete
the cut from the other side. This will
prevent the plywood from splintering
when the cutter breaks through.

The next step is to attach the side rails
(C) to the front panel., Note that the
rails are overlapped at the corners in

(Continued on page 122)
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Sweet Sixteen
(Continued from page 58)

such a manner that each can be easily
cut to length after assembly. Tack each
rail in place with small nails before drill-
ing holes for the assembly screws. Place
screws at 6” intervals down the side,
turning them in tightly, and proceed
around the square in this manner until
all four rails are attached firmly to the
front panel.

Cut the extending ends of the side rails
off flush. Be sure that-the cut edge is
even so that the external finish railing
(D) will fit properly as shown in the il-
lustrations. Save the pieces of 2” x 6”
you cut off for use in the next step.

Internal bracing is provided by the
short pieces of 27 x 6” (E). Attach them
as shown in the photo, at the center and
two other spots on the inside of the front
panel, using at least two secrews in each
bracing block.

Now paint the entire front panel black
with screen enamel so that the speakers
won't show through the grille cloth in
the completed unit. Let the paint dry—
it shouldn’t take more than 30 minutes—
before proceeding.

In the meantime, you can attach the
acoustic padding to the inside surface of
the back panel (B), being sure to leave
a 2” clearance at each side for the side
rails, Use carpet tacks or a stapler to at-
tach the padding.

After the paint dries, it’s time to apply
acoustic padding to the inside surface
and attach the speakers. Center each
speaker over its hole and secure it with
No. 6 sheet-metal screws through the
mounting holes in the speaker frame.
Tighten the screws lightly, and be care-
ful not to damage the cones.

Wiring the Speakers. With all speakers
attached, you're ready to wire them up.
If phasing must be checked because of
mixed models, connect a 1.5-volt flash-
light cell to the terminals of each speak-
er in turn and note whether the cone
moves in or out. If necessary, reverse
the connections to make the cone move
out. Then mark the speaker lug which is
connected to the positive terminal of the
cell, using a crayon or china marking
pencil.

If all your speakers are identical, phas-
ing is not necessary. Simply mark one
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terminal of each speaker, marking the
corresponding terminals on all speakers.
Consider the marked speaker terminals
to have positive polarity, and wire the
speakers together as shown in the dia-
gram, Standard No. 18 hookup wire is
satisfactory for connecting the speakers,
but it's best to use a generous length of
lamp cord for the wire (see diagram)
which runs from the system to the am-
plifier.

At this point, only one step remains to
complete the system so far as sound is
concerned—attaching the back panel
(B). Drill a small hole near one corner
of the panel and thread the wire from the
amplifier through the hole. Then position
the back panel on the speaker box and
tack it in place temporarily with small
nails. Use wood screws at 6” intervals
for permanent attachment.

Dressing Up the System. All subsequent
construction steps deal with the decora-
tive finish of the system. First, the grille
cloth must be attached. It’s best to lay
it in place, tack the center of one side,
stretch the opposite side and secure it,
then work from the center to each corner.
When two sides are secure, repeat the
process on the other two sides. A stapler
works well for tacking the cloth in place,
and if all tacks or staples are driven into
the sides rather than into the front
panel, they will be hidden when the ex-
ternal finish railing is attached,

The 1”7 x 8” external finish rails (D)
should be attached in the same ‘“ring”
fashion as the side rails—secured by six-
penny finishing nails hammered flush,
then cut to final length after assembly.
Note that they mount flush with the rear
of the box, leaving an overhanging lip
around the grille cloth. Fill any cracks
or knotholes with ‘“Plastic Wood,” let it
dry, and sand smooth with a fine grade
of sandpaper.

Now you're ready to apply the furni-
ture finish, which consists of a square
vard of “Contact” table-top material
available from larger department stores
(usually in the “notions” department).
This material, a photographic replica of
hand-rubbed wood grain in a number of
patterns, is self-adhesive. Simply cut it
to size, smooth it down carefully on the
finish railing, and your “Sweet Sixteen”
speaker system is ready to go! Want to
try another for stereo? 30
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Step-by-step insfructions for
adding o super-tweeter 1o the
POP‘tronics ““SWEET SIXTEEN’'

speaker system

}oamg
‘e 90
%eaa@
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WANT to turn your “Sweet Sixteen”
into a speaker system second to
nonc? With an evening's work and an
investment of less than $20. you can do
it—by adding a super-tweeter.

Response of the basic Sweet Sixteen,
described in the January 1961 issue of
PoruLAr ELECTRONICS, exlends from be-
low audibility to just less than 10,000
cveles. As a basic unit, it’s hard to sur-
pass. DBut for the more sophisticated
islener, addition of a super-tweeter to
extend the range up past 16,000 eycles
can add a whole new dimension of sound.

One of the best comparison tests is
to play a record of snare drums through
the systern. With response flat to 10,000
eveles the drums sound real but some-
what muffled. With the super-tweeter
added, the drums seem 1o move out
through ihe speakers into the room!
This test, incidentally, is used by a num-
ber of profesgionad critics and eguip-
ment reviewers to compare speakers,
since the sound of snare drums is cne of
the most difficult to reproduce.

Hold That Transient! While addition of
the tweeter will sweeten the sound of the
entire system if done properly, it can
destroy system performance if you're
not careful. Here's why:

As explained in the original article,
the Sweet Sixteen acts in different ways
at the two eunds of the audio spectrum.
At the lower end, it behaves like a

April, 1281

ceter
with a

Tweeter

By JIM KYLE, K5IKX/6

single, large cone moving a mighty mass
of air. In the upper octaves of its range,
it hecomes 16 independent speakers mov-
ing together, preserving transient re-
sponse because of the small mass of each
individual cone. This excellent transient
response in the mid-range is the major
recason for the system’s sweet sound.

Haphazard addition of a twoeter can
complefely destroy thiz characteristic,
producing muddiness in the mid-freruen-
cles. Conventional crossover networks
made up of inductors and capacitors are
major offenders in this respect, since the
inductance and capacilance usually reso-
nate at some one freguency and reflect
an unrcalistic foad back into the ampli-
fier.

However, if youn use czpacitance-only
high-pass crossovers, the excellent tran-
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sient response of Lhe system will be pre-
served. In addition, since frequency
response will now extend beyond the
limits of hearing in both directions. the
result will be almost complete removal
of the “loudspeaker wall” hetween the
music and the listener.

Any tweeter used with the Sweet Six-
teen must be a high-efliciency unit to
be able to blend with the rest of the
system. A Calrad type CT-3 was chosen
by the author, but the 2-307 (Olson
Radio) or HOOLX204 : Radio Shack) are
asimitar and would also be suitable; other
possibilities include the ZElectro-Voice
T356R and University TZ2Z02. The pro-
cedures described here are based on the

between the panel and the grille cloth
isee photo at left). With the plyv-
wood acting as a “backunp,” it was then
possible to cut the new hole with a sharp
wood chisel

Dimensions and placement of the new
hole are shown on the drawing at right
—don't forget to remove the backup
block and to replace the speaker after
the hole ig cut.

Since the original Sweet Sixteen used
5/16” plywood for front and rear panels,
adding the CT-3 will cause the tweeter
horn to project approximately 7716 in
front of its mounting lips. To avoeid this
projection, cut shims from scrap pieces
of 1" plyvwood and place two shims

Backup hlock slid under front panel protects
grille clotk tram darage as tweeter hole is cut

usce of the CT-3. so the size of the mount-
ing hole and manner of installation
may have to be aitered slightly if vou
choose a different twester.

Mounting the Tweeter. Place the Sweet
Sixteen face down and remove the back,
digconnecting the amplifier leads if
necessary. To mount the tweeter on Lhe
front panel, it's necessary to cut another
hole in the plywood.

Since the panel is already covered with
grille cloth which cannot he removed
without damage, this new hole can pose
a problem. The author selved it by re-
moving one speaker from the panel and
sliding a small piece of plywood through
the hole thus exposed into the space

56

Chisel and hammer combination is best for making
requ red cutout: tweeter placement is not crit'zal

under each mounting lip. (If your Sweet
Sixteen uses a ‘1" or thicker front panel.
you won't need the shims.y Tighten the
tweeter down with the four 2, screws
specified, and the job 18 half finished.
Crossing Qver. The next step is assem-
bly of the crossover nelwork and pres-
ehce control, Before this can be done, you
must pick the proper value of crossover
capacitor, and this value will be deter-
mined by the impedance for which your
system is built. With a 16-chm unit, use
a 3-uf. capacitor. If your Sweet Sixtecn
is connected for a 4-ohm impedance, use
a 12-pf. capacitor. For other impedance
levels, divide 48 by the impedance level
in chms and the result will be the capaci-
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tor valve in microfarads. A miniulure
metallized-paper unit will serve very
nicely, but do net use an elecirolytic.
Voltage rating of the capacitor need not
be grealer than 50 volts.

Solder the capacitor to ane of the out-
side terminalg of the 50-chm wire-wound
“presence contral”  potenttometer  as
shown in photo below, right. Connect
2-foot wires to lhe other cupacitor lead
and to the central terminal of the po-
tenfiomeler.

Next, decide where on the rear pansl
vou wanl te locate (he presence control
tthe author chose the top center} and
drill a *.” hole from the outside of the
panei. Cut away just enough of the acous-

Screws hold tweeter securely to front panel; shims
arevent unsightly bulge due to projections on horn.

tic padding to allow space for the poten-
tlometer, and mount the control on the
pancl.

Connect the wire from the eapacitor to
onc terminal of the tweeter, and attach
another length of wire to the other
tweeter terminal. Connect this new wire
to one of the amplificr leads, and solder
the wire from the presence contrel to
the other lead as shown in the wiring
diagram. Phasing is immaterial. Now re-
place the rear panel

Final Touches. The only thing lelt Lo be
done is to balance the super-tweeter with
the 16 basic speakers. With the presence
control at one end of the range, high
notes will sound shrill; al the other end,

April, 1961
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SPEAHEH HOLLS
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Cutout for twectcr should
measure 47 x155” as shown
it a Calrad type CT-3 is
used; other tweeters may
require a different size hole.

Fhetos by john Kedief!

Potantiometer and capacitor are added to prevent
low frequencies from reaching delicate tweeter cone.

SWEET 16

I (SEE TEXT)

TWEETER

TO AMPLIFIER

Schematic diagram of a
recormmended hi-pass filter
for use with super-tweeter.
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Cl-DMaper caprecitaor—ree foxt

B 3f-alim, Dowalt w neid potentiae for
I—-Super-tewerfer V Calvad CT-3 o eguizafent )
1—No, 8 wood or dkect mebal sevies, 3" loug
xS e FLLT plyiooad ohiine see foxd
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the modification will not be delectable.
The proper halatice is somewhcere in be-
tween,

The procedure is simple. Play a record
with drums, trumpets, or vocal perform-
ances. Set the presence control for least
treble, then gradnaily increase it am-

Enthusiastic reader response o the “Sweet
Sixteer'" speaker systemn (described in  the
January, 1961, POFPULAR ELECIRONICS) has
axceeded our wildest expectations. Our offices
have besn deiuged hy literally hundreds of
letters  anrd we've done opur level Dbest io
answer cach one indwidually. Since some of
the nsirts raised are of general irterest, we
thought yoa might | ke to hear about them, too.

One of the nrast frequest questions we have
received concerns impedarce—many speaker
systerms are rated at 8 ahmis and readers want
0 Use tha Sweet Sixteer with ex shing systems.
Several different arrangements w il fill the bill,
and a hoakup which produces an impedance of
7 ohms is shown in the diagram, But we recorn-
mend wiring the Sweet Sixteen for 4 ohms as
shown in the originzl article and paralleling it
across the existing 8-obm speaker; don't worry

() ()
()

about  the slight apparent  mismateh  since
speaser impedance ratings are onlty nominal
anyway.,

An allied questior is tlat of which impedance
to use with an amahif »r wher ycu bave a choice.
In this case, the 1&chm hookup is reccm-
mended, since amplhifier feedback taps are
usually taken frem the 16.ohm output. Con-
necting the system there wifl bring the speakers
more under control of the amplifier's feedback
I,

The next most frequent inquiry has to do wth
the dimensions of the enclosure. They're not
critical; in fact, hardly anything connected with
this system is critical—and that's one of its
grealest advanlages. The box nesd not be
square, and its depth can be whatever you hike.
Just be careful not to move the cones farther
apart than twice their own diameter, or they
may fail *¢ couple properly to the air at very

5§

oo MIORE ABOUT THE

plifier tone controls should be in the flat
position1, When the drums just begin
to sound ‘‘live.”” the trumpets “raspy”
tlike live trumpets), or the vocalists
“breathy.” you have the proper balance.
Further adjustmenis should be made
with vour amplifier tone controlts.  —f0—

MSWEET SIXTEEN" oo oo v

low frequencies, Wood thickness can be what-
ever is handiest, and the final decor can naturally
be changed to swit your own taste. However use
of extra-heavy front and rear pangls 5 unneces.
sary, sirce the internal bracirg and 27 x 67
side ratis provide all the physical strength
reeded.

AlthoLgh the original article specified Guiam
Type 5A07 speakers, any similar urik should give
ecual resuits, Thearetically, using speakers from
a number cf different manufacturers should give
a smnather -esporse--slight differerces in con-
struction would terd to fil' in 'valleys'™ anc to
level “‘peaks.’” But using speakers frem the
sarne manufacturer does simplify the nroblem of
speaker phasing.

Magnat weight 1sn't critical. In fact, the 0.65-
oz. magnet of the GA07 is heavier than needed.
The only tirme magnet weight becomes ‘mportant
m a speaker is when the cone is traveling over
& long path, and cone movement is Impercepti-
blain the Sweet Sixteen.

Several readers have inguired about using a
larger number of smaller speakers or fewer but
targer units, and many have asked why the
number 16 was chosean. The answers to these
questions are interwoven.

If a speaker much larger than ©7 is used,
cone mass will be larger and {ransient response
will suffer in the upper mid-ranpge. However,
bass response will remain good and tewer spoak-
ers will be necessary {the author's first systemn
af this type used tweo 87 and cne 127 unit, giving
response to 30 cycles and below) If & speaker
much smaller than 57 is chosen, many maora wil'
be needec for adequate hass response. Lut treble
response will be sightly better. The bast com-
premise 15 obtained with 57 or 67 speakers, and
the 57 unit was chosen so that holes could ke
cut with a drill rather than with a saber-saw.

Why 16 speakers? Without going 'nto deep
theary, 1t has been determined by experiment
trat bass response goes down approx mately
one octave every time the number of speaxers
iz daub ed. Thus, with response flat ta 320
cycles for a single 57 speaker, two speakers are
ilat to 160 cycles, four te 30 cycles, 8 to 40
cycles, 16 to 20 cycles, 32 to 1D cycles. 64 to 5
cycles, and s0 on. To reach 1 cycle, you would
need at least 256 speakers. Since true response
to 20 cycles will meet all musical needs, 16
speakers were chosen.

By the same token, splitting the Sixteen for
stereo use probably wouldo't give the resulls
yocu would expect. The fermula helds true only
when all the speakers are ¢lose together, so a
Split Sixtern would be fiat only to 40 cycles, thus
Iosing semea of the essantial bass.
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