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Frequency Division &
Subharmonic Synthesis

Analog frequency dividers generate atone one or two octaves below anin-
put tone. The sound depends on the shape of the new tone, and upon how
well it tracks input dynamics. Squarewaves are easy to generate but
sound harsh and don't track. More complex dividers yield smoother tones
with excellent tracking. Dividers crop up in stompboxes, and in rackmount
toals called subharmonic synthesizers.

This issue explores frequency division and subharmonic synthesis,
and presents plans for both effects.

Frequency Division Techniques

The simplest way to halve a pure tone is to convert it to a squarewave, then
divide the squarewave by two. Halving again makes a subharmonic two
octaves below the input. Circuits that use these squarewaves as musical
signals are called direct dividers. Sine-to-square converters (SSCs) and
divide-by-two circuits are well known in electronics; Fig. 2 gives examples
of S8Cs; Fig. 1 shows a common +2/+4 block.

Indirect dividers also derive squarewaves at half the input frequency,
but employ the squarewaves as control feeds. One approach combines
the halved squarewave with the primary tone in a circuit known as a syn-
chronous detector. The output contains terms representing the sum (x +
1/2x = 3/12x) and difference (x - 1/2x = 1/2x} of the primary tone and its
halved squarewave. The difference term is the subharmonic. Waveforms
convey an intuitive understanding of this process (Figs. 4-1 & 8). Com-
pared to direct division, the output contains much less energy as high/odd
harmonics, but still demands lowpass filtering to isolate the subharmonic.

Another indirect divider slices the input waveform at a rate half its own,
in a circuit that halves gain and applies a DC offset. The resulting seg-
ments combine to mimic a sinewave of half the input frequency (Figs. 4-2
& 9). Of the methods under discussion, this one’s raw output most re-
sembles a sinewave; post-filtering is still required. The technique is found
in a pedal of current manufacture (Ref. 7). Both indirect dividers preserve
dynamics of the input tone.

Problems and Limitations

The three dividers just discussed process a single tone at a time. This
poses a problem for stringed instruments, whose tones consist of a funda-
mental plus harmonics, which are integer multiples of the fundamental.
Fundamental and harmonics swap dominance as the note decays. SSCs
skip octaves because they key on amplitude. Lowpass filtering ahead of
SSC reduces the tendency to skip, but no single filter strips harmonics
while leaving fundamentais. And most guitars contain open strings or dead
frets where the fundamental is vestigial at best. Avoidance of octave skip-
ping involves several steps: (1) lowpass filtering the input; the optimum fil-
ter varies because guitars differ in harmonic profile and dead frets; (2) in

corporating hysteresis into the SSC; (3) tweaking the axe's tone pot some-
times helps; (4) finally, altered playing strategy is usually necessary; the
player first explores the fretboard to identity dead strings and frets, then
maves up the neck to play the weak notes on lower strings.
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A second problem occurs as a decaying note nears the SSC threshold.
Instead of fading out like a normal note, the squarewave train sputters and
dies. Solutions include downward expansion or gating; or using an indirect
divider, which is less prone to sputter audibly.

Third, direct-divider boxes sound unnatural due to squarewaves' con-
stant amplitude. A more natural sound results from dynamic expansion of
the squarewave, which also reduces audible sputtering as the note de-
cays.

Last, direct-divider effects sound harsh. This suits them to distortion,
especially for generating a gravelly sound. Smoother sound calls for fow-
pass filtering, an imperfect solution often taken in trade for simplicity.
While a single sinewave lives at the squarewave fundamental, isolating
the sine takes a fairly narrow bandpass. Lowpass filtering yields a spec-
trum of tones whose shape and amplitude vary with frequency, but whichin
practice never completely lose the buzz. (An exception occurs in subhar-
monic synthesizers, where the tones of interest fall in such a tight band
that one filter converts squarewaves to sinewaves.) More effective—but
complex—approaches involve tracking filters that automatically tune
themselves to the input fundamental.

Subharmonic Synthesis

Subharmonic synthesizers and stompbox dividers have different goals.
Where divider boxes create tones that don't exist, subharmonic synthesiz-
ers, at least early on, were said to restore bass rolled off to accommodate
analog recording media. The reasoning held that tones of 40-100 Hz rep-
resented second harmonics of bass fundamentals poorly supported in vi-
nyl records and analog tape. Users found subharmonic synthesis an effect
desirable in its own right, whether the new tones were restored fundamen-
tals or not. Subharmonic synthesis found a niche reinforcing the beat in
dance clubs and augmenting motion picture sound effects.

Consumers got their hands on this tool late in the seventies when dbx®
introduced the first of several subharmonic synthesizers, one of which re-
mains in production. The original circuit used six bandpasses about 10 Hz
wide (Ref. t & Fig. 3). Each bandpass fed a block containing a SSC, a 2
circuit, and a synchronous detector. The six summed subharmonic out-
puts were filtered to remove terms above 55 Hz, then mixed with the origi-
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Fig. 1. Divider demonstration circuit. Sine input is buffered by A1, drives sine-
to-square converier A2, whose squarewave output feeds 4013 dual flip-flop
configured as a pair of divide-by-2 circuits; output of first divider feeds
second, yielding divide-by-4. Each output negotiates a variable first-order
lowpass filter; B2 & R3 control relative levels of +2 and +4 signal in output
mix. This circuit is not suitable for use with guitar, because unfiltered tones
result in severe octave skipping.
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Fig. 2. Common sine-to-square converters. 1—Comparator configuration
sometimes called Schmitt trigger. 2—Another comparator; lag network formed
by resistor and capacitor causes changing signal at inverting lead always to
trail that at the noninvertinglead. 3 & 4—Comparators preceded by phase split-
ter. Given proper values of coupling components, these comparators can act
as zero-crossing detectors.

nal signal.

An alternative approach emerged in 1987 (Ref. 2). Rather than a plural-
ity of bandpasses, each creating a subharmonic, this method relied on a
single bass bandpass (Fig. 5) feeding a synchronous detector. The rea-
soning held that most recorded music contains only one dominant bass
note, rather than several notes demanding several subharmonics. This
method included a speech/music discriminator that keyed on the mono-
phonic nature of speech in most stereo programs. The point was to prevent
male speech from generating subharmonics (though subharmonic synthe-
sis can dramatize speech; see Project No. G279).

Compared to wideband octave division, subharmonic synthesis fo-
cuses on such a narrow band that pre- and especially post-filtering present
relatively easy tasks. Dynamic tracking approaches 100% because sub-
harmonic synthesizers rely on indirect division.

seeing the waveforms. This holds particularly for indirect dividers, where
switching transitions must coincide with specific points on the sinewave.
Q. Assume I've got a scope. How do | work up an octave divider for guitar?
A. Refer to Fig. 6, a block diagram of the elements in a direct-divider box.
The first step is to design an input filter that resists octave skipping.

Q. You're assuming that | know plenty about filters—which | don't.

A. Keep a copy of Ref. 6 handy. You can jumpstart the process by bread-
boarding the preamp, filter, and SSC out of Divide-O-Matic (IC1-c/-d/-a,
IC2-al-b). Hook one scope probe to the SSC output, to see octave skipping
when it occurs; hook the other probe to the filter output, to see how wellit's
removing harmonics. Set the axe's volume and tone pots all the way open.
Cleanly pick each note from the open low-E string, up to the 12th freton the
B-string. You don't have to make string-by-string, fret-by-fret notes, but
get a general idea of where octave skipping tends to occur. Move the
scope prabe to the preamp output, pick the weak frets again, and you'll see
that the fundamental has little amplitude on these frets. Also, note the ef-
fect on octave skipping of changing treble control pot R35 and the axe’s
tone pot.

To see what happens without filtering, connect C4 directly to the output
of IC1-c. You'll find octave skipping rampant, but especially bad on open
strings and on the first five frets. As you move up the neck, the outputof the
bottom four (wound) strings tends more to resemble a sinewave at the fun-
damental frequency, explaining why this region is most resistant to skip-

Fig. 3. One approach to subharmonic synthesis in wideband music. Audio feed
splits into six 10-Hz bandpasses, each generating a subharmonic, followed by
summation, and lowpass filtering to remove the 3/2 components, before being
mixed with the music signal. Block diagram adapted from Ref. 1.
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Fig. 4. Indirect divider circuits. 1—Op amp configured as a synchronous detector whose output equals sum and difference of inputs. If input is a sinewave of fre-
quency x,and FET is toggled by a squarewave at arate equal to 1/2x, then output contains [(x- 1/2x) = 1/2x]—i.e.,asignal an octave below x—and [(x + 1/2x) =3/2x];
also, many high harmonics of squarewave, but these are relatively easy to filter. Proper circuit function calls for squarewave transitions to coincide with sine-
wave zero-crossing points. 2—Function of this circuitis less obvious. Strategy is to slice, invert, scale, and apply a DC offset to the wave, which reassemblesinto
a physical approximation of a tone one octave below the fundamental. Control transitions must coincide with sinewave peaks. Both approaches are more com-
plicated than dividing the output of a sine-to-square converter, but track input dynamics and sound much smoother than squarewaves.
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This exercise demonstrates that octave skipping involves interactive
variables, and shows why one filter won't render the whole fretboard skip-
free. Preamp gain, filter type and slope, and comparator sensitivity all fig-
ure in the process. If you increase the filter slope by changing R35 and the
axe’s tone pot, the circuit becomes highly resistant to skipping, but the
SSCfails to trigger as you move up the neck. Boosting the signal ahead of
the comparator (R36) regains triggering, but may cause the SSC to oscil-

Fig. 7. Measured response of bandpass filter used in Divide-O-Matic (IC1-d,
C18-19, R28-29-30).

late while the axe is silent.

Q. Why not include the high-E string in the tests?

A. Compromise. We're optimizing the filter to let us play over as much of

the fretboard as possible, without octave skipping. Later, if you wish, you
(continued on page 12)

h
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SSC output (continued from page 3)
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A. The SSC should track the fundamental for two full seconds on over 30%
of notes, from the open low-E up to the 12th fret on the B-string.

Q. What about the other 10%?

A. On dead frets, the string vibrates at the fundamental for only a fraction
of asecond. The SSC has nothing to key on except harmonics. Weak frets
show enough fundamental to trigger SSC, but skip early in the note's de-
cay. On dead and weak frets, move up the neck and play the noteson a
lower string.

Q. Say I've got the SSC up over 30% without octave skipping. What next?
A. Couple the SSC output to two sequential +2 blocks to give first and sec-
ond sub-octaves.

Q. Such as the 4013 circuit in Fig. 1?

A. Right.

Q. What's the purpose of D1-R4 in that circuit?

A. To ensure triggering of the 4013 from the output of an 06X op amp.

Q. At this point in design | have raw +2 and +4 feeds. The block diagram
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) A. That depends on your design goals. Working up Divide-O-Matic, we
Fig. 8. Synchronous detector wanted the note to cut off promptly when we muted the string. That dic-
function is straightforward. L
Sinewave feeds signal input; . tated agate. The circuit (IC4_-a, ng-d/:2, Q1) closely resembles the gates
squarewave at 1/2 sine frequency used to mute the carrier oscillator in ring modulators [see Vol. 8, No. 1—
toggles Q1. Qutput inverts when 3 Ed).

Qt’s gateis high. Output terms Q. What about expansion?

include 1/2 and 3/2the sinewave frequency. Squarewave transitions coincide i . , .
with sinewave zero-crossings. Inversion of either raw SSC output or +:2feed  A- /deally, you'dimpress the instrument’s dynamics on the constant-am-
does not affect circuit’s operation. plitude squarewave train; what we call dynamic restoration. This is too big

Fig. 9. Operation of this indirect divider becomes clear by treating it as two separate circuits. First circuit consists of A1, Q1, and all resistors. 1—Circuit multi-
plies input by 0.5 when Q1 is pinched off. 2—Circuit multiplies input by -0.5 when Q1 is turned on. Second circuit consist of C1 and D1, which form a positive peak-
to-peak detector, sometimes called a DCrestorer (see Fig. 10). In this case, C1-D1 shift the ACinput signal almast entirely above ground. 3—By toggling Q1 at half
the sinewave frequency, output of A1 resembles a sinewave of half the input frequency. 4—in practice, the two output halves do not align perfectly. Trimming the
DC bias present at D1’s anode achieves the nearly perfect alignment impiied in #3. 5—Circuit demands specific timing arrangements. If raw SSC output s in-
verted, A1’s output resembies #5, which is musically useless. If squarewave transitions do not coincide with sine peaks, waveform shape falls somewhere be-
tween #3 and #5. If waveform #5 is observed when working up an effect, reverse the orientation of D1, or place an inverting butfer between the SSC and the 2 cir-
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Q. What's the best output filter for a direct-divider box?

A. Use the filter that sounds best to you. Lowpass smooths the sound, but
never really loses the squarewave buzz. Treble boost is useful in a distor-
tion box; bass boost helps if your amp will reproduce the synthetic lower
octaves.

Q. Let's say | want to work up an indirect divider for guitar.

A. Perfectly feasible—in theory. But in our opinion you won't find the syn-
chronous detector satisfactory for wideband duty in guitar. Its 3/2 term
sounds unmusical, and is impossible to remove, over a wide frequency
range, using a fixed filter. It makes a good choice for subharmonic synthe-
sis confined to the guitar’s bottom octave. The narrow range lets you filter
sharply enough to remove the 3/2 term.

The search for some means to isolate the subharmonic over a wide fre-
quency range brought us to self-tuning filters. They work, but bring their
own problems and limitations.

Q. For example?

A. Check out Fig. 13. The self-tuning filter's basic concept is found in Ref.
3. Our embodiment uses precision diodes, and substitutes cheap trans-
conductance amps for the costly analog multipliers specified in the patent,
which were further limited in that their control voltage had to be kept above
ground. OTAs respond over the full output swing of the 06X op amp in a
+15V system.

The filter works best when fed a signal of at least 10V peak. The lowpass
output gives the smoothest waveform. Distortion falls as filter Q rises, but
tuning time rises with filter Q. This circuit can convert a squarewave to a
low-distortion sinewave, but doing so requires a high Q that profongs tun-
ing and bumps the filter into chaotic modes if the input frequency changes
quickly.

Q. Is this tracking filter the fastest available?

A. Ret. 5 describes a tracking filter that tunes within one cycle, but uses a
digital-to-analog converter to generate the tuning voltage.

Q. Other approaches?
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Fig. 11. Sinewaves 1 and 2 are identical but for a phase separation of 90 de-
grees. This relation is called quadrature, and is useful, among other reasons,
for the fact that zero-crossing transitions for wave 1 coincide with peaks for
wave 2, and vice versa.
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A, Fig. 14 shows a non-feedback tracking filter, based on the
quency-to-voltage converter.

Q. Getting back to indirect-divider stompboxes, what about one based on
the circuitin Fig. 97

A. Ref. 7 is the schematic of a commercial product that takes that ap-
proach.

Q. | have questions about the projects.

A. Fire away.

Q. In Sub-O-Matic, what's going on with the input bandpass filter, 1C2-b/-c/
-d?

A. The approach is called cascaded pole synthesis, straight out of Ref. 6.
Referring to Sub-O-Matic's schematic, the first and third filters, IC2-b and
-d, have a Q of ~6; the second filter, IC2-c, has a Q of ~3. We tweaked R36
to give the passband a slight downward slope like that of Fig. 5.

Q. In Sub-O-Matic's post-filter, (IC4-c), the ratio of C8 and C7 seems a
radical departure from values recommended in Ref. 6.

A. We found these values while viewing input and output on the scope,
while changing filter caps. This filter gives a much more sinusoidal output
than conventional lowpass filters up to 4th order with 3-dB dips. It also
gives a peak over the range 25-35 Hz that helps compensate for falling fre-
quency response in most speaker systems.

Q. Why no raw subharmonic output on Sub-O-Matic?

A. Tight board. If you want the raw sub output, solder a 100-ohm resistor in
series witha 10uF nonpolar cap to the wiper of R45; tie the cap’s free endto
the tip of an output jack; tie the jack’s sleeve to circuit ground.

Q. Can | double those components to get two outputs for subwoofers that
need them?

A.Yes.

Q. Regarding Sub-O-Matic I1: (1) Why use a trimpot for D37 (2) Why is D3

Fig. 12. Graphs approximate the phase and amplitude changes in a first-order,
passive lowpass filter that corners at ~500 Hz.
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Fig. 13. Self-tuning filter based on HICHRASS
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upside down compared to D1 in Fig. 97

A. Referring to Sub-O-Matic Ii's schematic, the optimum bias for D3 is not
1/2V+. Trimming is required to optimize the point at which the two half-
waves combine. Fig. 9-4 shows the type of waveform that results without
the trim. ’

D3's polarity is reversed compared to D1 in Fig. 9, for reasons implicit in
the timing relationships shown in Fig. 9. It D3 were oriented the same as
D1 in Fig. 9, the output of IC4-b would look like Fig. 3-5. The timing rela-
tionship between the input waveform and the SSC output dictates the ori-
entation of D1 (D3 in Sub-O-Matic I1).

Q. Itook the liberty of obtaining Refs. t & 2. Both specify gating circuitry for
the subharmonic generator. Why didn't you gate the three Sub-O-Matics?
A. (1) Lack of room on the circuit board. (2) More importantly, listening
tests showed that these projects didn't need gating. If we were designing
commercial products that have to keep their cool under difficult conditions,
yes, we'd add a gate, keyed to the bass content of the input program.

Q. I'mnot entirely clear on the subharmonic generator shown in Figs. 4-2
& 9, which you've used in Sub-O-Matic I,

A. This circuitis actually two separate circuits. Referring ta Fig. 9, the first
subgircuit consists of A1, Q1, and all resistors. It acts the same as the syn-
chronous detector, except that toggling Q1 multiplies the input alternately
by 0.5and-0.5.

Q. That leaves C1and D1 to make the other circuit.

A. Beligve it or not, those two components form a peak-to-peak detector.
Q. What's that?

A. A peak-to-peak detector is a form of AC-to-DC converter, sometimes
called a DC restorer. It prevents the negative audio swing from dipping be-
low ground (Fig. 10); or, if D1 is reversed, keeps the positive audio swing
from rising above ground.

Q. As | understand it, comparator transitions must coincide with zero-

crossing in the synchronous detector, and must coincide with sinewave
peaks in the other indirect divider. How do you achieve those timing rela-
tionships?

A. Let's take zero-crossing sync first. This turns out to be easy, because
several common comparator circuits automatically switch at the
sinewave's zero-crossing point. In fact, such comparators are often called
zero-crossing detectors (ZCDs). Given the right resistor/capacitor values,
Figs. 2-1 and 2-2 act as ZCDs; specifically, in Fig. 2-2, use 10K resistors
and a 10uF cap.

As for the indirect divider shown in Fig. 9, several approaches sync
comparator transitions to sinewave peaks. One precedes a ZCD with a
quadrature phase shift network.

Q. What does that mean?

A. Two sinewaves separated by exactly 90 degrees are said to be in quad-
rature; quadrature phase shift means 90 degrees of phase shift. You can
see from Fig. 11 that a sinewave's zero-crossing point is always 90 de-
grees away from a peak. To make a peak-crossing detector, first feed the
signal through a quadrature phase shift network, then to the ZCD. Relative
to the original sine input, squarewave transitions then coincide with sine-
wave peaks.

Q. So, in Sub-O-Matic Il, you're saying that R30-C3 forms a quadrature
phase shift network? Looks like a passive lowpass filter feeding an amp
(1C1-a) with gain of ~21.

A. Correct. But filters shift phase as well as amplitude (Fig. 12). In this
case, the stopband phase-shift approaches -90 degrees.

Q. What do you mean, “stopband phase shift"? v

A. R30-C3 form a lowpass filter that passes tones below ~1.6 Hz. The
tones we're using live well above 20 Hz. So, those frequencies are in the
filter's stopband. Tones below 1.6Hz occupy the passband. The filter's
phase shift affects mainly stopband frequencies.
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Matic (A1, A2, A3, 4013), to convert sine
output feeds an LM2917 frequency-to- I
frequency. This voltage controls the center
the approximate range 40-150 Hz. The

is used to drive the 2917, to reduce control
the input range 40-150 Hz. Filter output

Fig. 14. Non-feedback self-tuning filter
uses input chain similar to that of Divide-O-
inputto squarewaves; 4013 halves the
squarewave train. The raw squarewave
voltage converter; output voitage is taken ™
at pin-4 and is proportional to input
frequency of a bandpass filter comprised of
A4, A5,C1,and OTAA. This filter tunes over
input to the filter is the +2 signal coming off
the 4013. The undivided squarewave tone
voitage ripple. Trimming R1 is necessary to
get thefilter to track reasonably well over
approximates a sinewave, but has constant
amplitude.
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Fig. 15. “Dynamic restoret” suitable for use in
divider box. Raw axe feed, or preamp output,
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l’— . makes a 0.5V dead zone for the audio feed; buffered

3 out by A2, whose output feeds the rectifier input (pin-2)

i e ﬁ" 1,;]— @ 38K l of one channel of an NE570. Control voitage is taken

_ 16 15 14 13 12 11 1e 9| atpin-1,couplingto potR9, which varies the degree

ct A2 of upward expansion, thence to buffer amp A3 (A2

=232 cg e |358 =, NES78 and A3 must be 358, 324, TS272, or other type whose

I‘" FROM + == 1. 2 3 4 5 8 7 8 input range includes the negative supply). A3’s

PREAHP o1 T output couples to pin-16, the control port of a VCA

IN34A P 3 ca formed by the 570’s other channel. The 4013 feeds

L2 Ry = the VCA’sinput ; the 7.5V peak amplitude is reduced

Lok fiuf to about 1V by divider R6-R7. This circuit responds

Rig 22K L, smartly to playing dynamics, yet exhibits modest

sustain and automatic gating.
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A. An alipass filter has a sharper phase slope than a first-order lowpass  we've done is wire a dual pot (R39) such that CCW rotation boosts bass

filter's. The gentler the slope, the wider than band of frequencies for which
phase shift approximates 90 degrees. When we tested allpass filters while
working up Sub-O-Matic I, comparator transition points wandered away
from peak as we varied the frequency from 40 Hz to 100 Hz. The lowpass
filter kept the transitions very close to peak over that range.

Other, simpler approaches keep a shallow phase slope without losing
amplitude. For example, “magic” component values cause the comparator
shown in Fig. 2-2 to cross at a sine input’s peak, over the range ~80~400
Hz (make both resistors 4.7K, make the cap 0.022uF; DC couple to the
prior stage, which should be biased at 1/2V+ in a single-supply system, at
ground in a dual-supply system). The circuit requires a clean sine input to
maintain the desired phase relationship.

Like zero crossing, quadrature is a key concept in electronics, out of the
many instances that call for a 90-degree offset between events. Subhar-
monic synthesis gives another example.

Q. Could you explain Divide-O-Matic's tone control?
A. The circuit is an active bass & treble control, straight out of op-amp

and cuts treble; CW rotation does the reverse.
Q. Could | split these into independent bass & treble controls?
A. Sure.
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Project No. G277

Sub-O-Matic

Not a stompbox, but a fairly simple circuit that generates subharmonics for
consumer stereo applications.

Circuit Function

The circuit has two identical signai paths; only the left is described. Line-
level input couples through C18-R44 ta voltage follower IC1-c, thence
through R5 to noninverting summing amp 1C1-a, whose output couples to
a narrow bandpass filter comprised of IC2-b, -¢, & -d, and their associated
components. The bandpass covers ~45-95 Hz. Filter output couples
through R32 to Schmitt trigger IC2-a, which acts as a zero-crossing detec-
tor. Q1 conditions (C2-a's output for reliable triggering of IC3, a CMOS di-
vide-by-two block whose output toggles Q2 through R16.

IC2-d's output also couples to a synchronous detector comprised of
IC4-b and the associated components. IC4-b's output contains frequen-
cies equal to 1/2 and 3/2 the audio input. Lowpass filter IC4-c removes
most of the 3/2 components. The filter's output couples to subharmonic
level pot R45, which feeds a pair of noninverting amps (IC4-a and -d),
which drive the |eft- and right-channel outputs.

Use
Turn R45 fully CCW. Connect unit's inputs to the line-level outputs of a
consumer stereo device, such as a CD player, FM radic, or tape deck.

Connect Sub-O-Matic's outputs to the line-level inputs of a stereo ampli-
fier; establish desired listening level. Slowly turn R45 clockwise and note
ihe increasing subharmonic ievei.

Notes

The prototype drew 3.5 ma running @7.8V. If the builder wishes to install a
power switch, solder a SPST switch between the positive battery lead and
the circuit board.

The three-stage bass bandpass filter is very sensitive to component
values. C3,4,11,12,13,14 should measure within 2% of their stated val-
ues. This does not demand expensive 2% caps if a capacitance meter is
available. Purchase 10 5% caps (such as Panasonic's B-series, available
through Digi-Key); measure them, choose the ones closest to the nominal
values. The parts used in the prototype measured within 1% of the stated
values.

Theresistances required for the first bandpass filter (IC2-b) are realized
by summing common values (R8-R13). Like the caps, these resistances
should measure within 2% of their stated values.

There is little point in using a subharmonic synthesizer with woofers
much smaller than 8". In systems that lack a dedicated subwoofer, best
results will be abtained from 10" or 12" woofers in sealed enclosures
(sometimes called “infinite baffles”). Substantial enhancement will also be
heard using full-size, wide-range headphones, but not with miniature
phones that come with portable radios and CD players.

Sub-O-Matic’s performance far exceeded the Editor's expectations.
The unit enhanced both old/analog material, and modern/digital material
that, presumably, had not been rolled off below 100 Hz.

Sub-0O-Matic schematic.

IC1-¢

R2t1 teK

1/4 064

R12-13 378K

Ica-s
5| 174 064

174 864

=
cia
.882

R33 22K

R3S 158K

Tca-d
174 064
+

Ita-c
1/4 064

14

13
12

IC1-4
174 064
+

cis

mag;

R42 220K

(itPOS. BATT. LEAD l—

;R45 18K

3
TC4-c
1/4 8B4
+
1

s

R2S
190

cB

18uF
R-0OUT

RE27 18K

SUB-0-MATIC

S

:x/av+
COUTPUT OF ICl-b>

NEG. BATT. LEAD

13 12 11 18 8 8

I1C3 4013

COPYRIGHT <(C) 2881
BY GUITAR PROJECT BOOKS
ALL RIGHTS RESERVED

TIES T0€7




Stompboxology Vol. 13, No. 3 5

9V battery snap

111213 1415 1617 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
ooo o]ooo O qQooO0oO ooo

J22

J6
e—oﬂboodgo—o—oo
c-‘ O Gumgmweme O O

OOOOOO"J?mOOO

Q_a oo o{FEM}E Q 0 o

1312 o109 8

IC3 4013

black (—)

IJ15
o

31415 61718192021 22

Sub-O-Matic
layout & wiring diagram.
Copyright ® 2001 by Guitar Project Books.

All rights reserved.

oo
24 25 26 2728 29 ":

PHONO
JACK

L-in R-in

Subharmonic

Level
Parts List/Soldering Checklist [ ] R37 47K (yel-viored) J16-Y16 [] Ci2 0.0822% G22-G24
Circuit Board Radio Shack p/n 276-170; Hosfeit p/n [ ] R38 47K  (yel-vio-org) D17-G16 [ 1 C13 0.1,2% I16-118
42-183;0r DC Electronics p/n j4-404 { ] [instaiihidden jumper HJ1 (E12-G10) [] C14 0.1,2% H16-H17
IC Sockets before soldering R39] [ ] Ct5 0.047 Ht1-H12
[ ] 14-pinforIC1;pin-110E10 [ 1 R39 36K (org-blu-org) E11-H5 [] C16 100pF J8-Y8
[ ] 14-pinforlC2;pin-1to E23 [ ] R40 36K  (org-blu-org) J10-J13 [ ] C17 100pF J6-Y5
[ ] 14-pinforIC3;pin-1toF26 [ ] R4t 10K  (bm-blk-org) I8-I11 [ ] C18 0047 F1-F2
[ ] 14-pinforIC4;pin-1to E43 [ ] R42 220K (red-red-yel) H3-H8 Flying Jumpers (insulated wire)
Resistors [ ] R43 220K (red-red-yel) G3-G6 ['] QQ D32-G32
[] R 100  (bm-blk-bm) C1-D2 [ ] R44 10K  (brn-blk-org) I[2-16 [] RR J15-C4f
[] R2 36K (org-blu-org) B2-B6 Bare Wire Jumpers ['] S8S H13-J41
[] R3 36K (org-blu-org) X5-A6 ['] J1 AdAS5 [1 TT G33-Ja4
[] R4 10K  (bm-blk-org) D5-D9 [] J2 X7-A7 [] UU I23-E33
[] R5 10K (brm-blk-org) B8-B11 []1 J3 X20-A20 [1 W  J21-H33
[ ] R6 10K (bm-blk-org) C8-C12 [] J4 C24-C29 [] Ww D19-G21
[ ] R7 10K  (bm-blk-org) A9-A10 [ ] J56 B28-B3 [] XX J3-Gi19
[] R8 20K (red-blk-org) D10-D13 [] J6 A30-A32 [ 1YY J5A11
[] RS 47K (yelvio-red) C13-A15 [] J7 D36-D39 [ 1 2z E2Y2
[ ] R10 470 (yel-vio-brn) D14-D15 [ ] J8  X40-Ad0 Semiconductors
[ ] R11 2K (red-blk-red) E14-Fi4 [ ] J9 E45-F45 [ ] D1 1N4001 X1-D1(bandedendtoX1)
[ ] R12 220K (red-red-yel) A16-A18 [ ] J10 Ed4-Fa4 [ ] D2 1N914  B23-B25(bandedend
{ ] R13 150K (brn-grn-yel) B16-A17 {1 Jit J40-Y40 to B25)
[ ] R14 47 (yel-vio-blk) B19-B21 [] J12 G37-G38 [ ] 1C1 TLO64quadopamp;pin-1toE10
[ ] R15 10K  (brn-blk-org) A21-A23 [ ] J13 E34-F33 [ ] I1C2 TLO64quadopamp;pin-1toE23
[] RI6 1M (bm-blk-gm) D27-D35 [] J14 H32-v29 [ ] 1C3 4013;pin-1toF26
[ ] R17 10K  (brn-blk-org) C33-C38 [ 1 J15 J20-Y20 [ 1 I1C4 TLO64quadopamp;pin-1toE43
[ ] R18 10K  (brn-blk-org) B33-B39 [ ] Ji6 H19-H21 [ 1 Q1 2N3904;emitter (E) to A24, base (B) to
[ 1 R19 10K (brn-blk-org) A37-A38 [] $7 J14-Yi4 A25, collector (C) to A26
[] R20 36K  (org-blu-org) D41-D45 [1 J18 HI-H10 [ ] Q2 NTE458;drain (D)o A34,gate (Gjto
['] R21 10K  (bm-blk-org) A42-Ad3 [] J19 J7-v7 A35, source (S) to A36
[ ] R22 10K  (brn-blk-org) B42-B44 [] J20 G4-G5 Potentiometers (T=terminal)
[1 BR23 100  (bm-blk-brn) C43-C46 [] J21 D4-F3 [ ] R45 10K T1tol33,T2t0J45; T3toJ37
{1 R24 10K  (brn-blkorg) G42-G44 [ 1 J22 X26-B26 Jacks (T=terminal)
[ ] R25 100 (brn-blk-brn)  H43-H47 Capacitors [ ] R-inputjack (RCA/phono):tipto J12,sleeve
[ ] R26 36K (org-blu-org) 141-145 [ 1 C1 220uF X2-A2(+leadtoX2) toY4
[ 1 R27 10K  (br-blk-org) J42-J43 [] C2 10pF C2-C6(+leadtoCB) [ ] L-inputjack (RCA/phono): tipto J1, sleeve
[ ] R28 150K  {bm-grn-yel) H36-H39 [] C3 01,2% C15C17 to Y4
[ ] R2% 150K (brn-grn-yel) G34-G36 [] C4 01,2% B15Bi8 [ 1 L-outputjack (RCA/phana): tipto J46, sleeve
[ ] R30 10K  (bm-blk-org) D37-F34 [ ] C5 10uF E46-F46(+leadto E46) to Y44
[ ] R31 36K (org-blu-org) D24-Y25 [ ] C6 10pF  E47-F47(+leadto F47) [ ] R-outputjack (RCA/phaono):tip to D47, sleeve
[ ] R32 10K (brn-blk-org) D22-G23 [1 C7 0.01,5% J39-Y39 toY44
[ ] R33 220K (red-red-yel) J22-J23 [] C8 01,5% 136-137 9V Battery Leads
['] R34 15K (bm-grn-red) J24-Y23 [] C9 0335% H34-Y37 { ] black(-)leadtoY1
{ ] R35 150K (brn-grn-yel) J17-J18 [ ] C10 220pF J33-Y33(+leadtoJ33) [ ] red(+)leadtoX4
[ ] R3% 18K  (brn-gry-org) Gi7-124 [ ] Ci1 0.082,2% H23-H24
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Project No. G278
Sub-O-Matic Il

This box takes bass guitar to the nether limit of human hearing.

Circuit Function

Axe feed couples through C10-R20 to voltage follower IC4-c, whose out-
put couples through R19 to output buffer IC4-d; and also through C18-R33
to level detector amp IC1-c, whose output negotiates lowpass filter IC1-d,
then traverses phase-shift network R30-C3. The boosted, filtered, and
phase-shifted signal then couples through R28-C13 to variable gain amp
IC2-a, thence through R27 to Schmitt trigger 1C2-b, which acts as a zero-
crossing detector. IC2-b's output drives buffer Q1 through D2 and R7;Q1’s
output feeds IC3, a CMOS flip-flop configured as a divide-by-2 circuit
whose output drives Q2 through R8. Q2, D3, IC4-b, and the associated
components form a frequency divider circuit similar to the one described in
Figs. 4-2 & 7; R35 allows trimming to optimize divider action. The raw di-
vider output feeds lowpass filter IC4-a. The filtered subharmonic signal
couples to R37, which varies the level present in both mixed and raw sub-
harmonic output.

Use

Switch and pots have these functions:
$1 effect/bypass
R35  frequency divider trim

R36  subharmonic sensitivity
R37  subharmonic output level

First, trim D3's bias point. Connect a 9V battery, insert axe piug into in-
put jack to power-up circuit. Clip one lead of a voltmeter to jumper J19; the
other lead to jumper J3. This measures the battery voltage; record the
value obtained (which should fall in the range 7V to 10V). Divide this value
by 2.128, then trim R35 to give the calculated valus at R35's
sible at D3's cathode lead, or at the '+'lead of C11). For example, a supply
voltage of 8.22 volts means that the voltage at R35's wiper should be
trimmed to (8.22 + 2.128) = 3.86V.

Turn R37 fully CCW, set R36 at about 9 o'clock. Connect unit to axe and
amp, initially using the mixed output; establish desired listening level. In
this condition the box acts as a unity-gain, noninverting buffer. Slowly turn
R37 clockwise and note the increasing subharmonic level in the output.
Adjust R36 if necessary to alter the subharmonic generation threshold.

wrimar famana
WINGH (aLLTO”

Notes
Sub-0O-Matic [l is designed to respond to signals in the range 40-80 Hz,
corresponding to the open low-E, up to the second fret on the D-string of a
conventionally tuned four-string bass guitar. There is little point in building
this box unless the player has access to an amp/speaker system with sub-
stantial response below 40 Hz; or unless the player plans to record directly
from the box, on suitably wideband media. The raw subharmonic output is
provided to facilitate use of a dedicated subwoofer system.

The prototype drew about 3 milliamps. A metal box is recommended to
shield several high-impedance nodes from 60 Hz power fields, which
could cause the circuit to generate a spurious 30 Hz tone.

Sub-0O-Matic Il schematic.
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Sub-O-Matic I Output Level

lavout & wiring diagram. T
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Mixed Output Raw Subharmonic

biack (=) Output
Parts List/Soldering Checklist [ ] R33 100K (brn-blk-yel) [3-15 Flyngumpers( insulated wire)
Circuit Board Radio Shack p/n 276-170; Hosfelt p/n {] R34 1M (brn-blk-grn)  G4-G5 [1 E12-118
42-183; 0r DC Electronics p/n J4-404 Bare Wire Jumpers [1] TT 19-C35
IC Sockets [] Jt  Ad-A5 [ ] UU J2-J37
[ ] 14-pinforiC1;pin-1t0E10 [] J2  X7-A7 [] W H7J32
[ ] 8-pinforiC2;pin-1toFi5 [] J3 X15-A15 [ ] WW D29-G29
[ ] 14-pinforIC3;pin-1toF23 [ ] J4 C21-C26 [1 XX J6-J17
[ ] 14-pinforIC4;pin-1to E43 [ ] J5 X23-B23 [1 YY D4Ge
Resistors [ ] J6  A27-A29 [} 22 E2Y2
[ ] Rt 100 (brn-blk-brn)  C1-D2 [ ] J7 B25-B28 Semiconductors
[ ] R2 386K (org-blu-org) B2-B6 [] J8 X31-A31 [ 1 D1 1N4001 X1-D1(bandedendto X1}
[ ] R3 36K  (org-blu-org) X5-A6 [] J9 B34-B39 [ ] D2 1N914 C16-C20 (bandedendto C20)
[ ] R4 470 (yel-vio-brn) .D5-09 ['] J10 X40-Ad0 [ ] D3 1N34A D30-D36 (banded endto D30)
[ ] R5 10K  (bm-blk-org) A9-A10 [] J11 A42-A43 [ ] IC1 TLO64quadopamp;pin-1toE10
[ ] R6 10K  (brn-blk-org) A16-A18 [} J12 E45-F47 [ ] IC2 TLO62dualopamp;pin-1toF15
[ 1 R7 1K (brn-blk-red) B20-B22 [ ] J13 Jdo0-Y40 [ ] IC3 4013;pin-1t0F23
[] R8 1M (brn-blk-grn)  A24-B33 [ ] J14 H37-H38 [ 1 IC4 TLO64quadopamp;pin-1toE43
[ 1 R9 200K (red-blk-yel) C32-C34 ['] J15 J33-Y33 [ ] Q1 2N3904;emitter (E)to A21, base (B) to
[ 1 R10 100K (brn-blk-yel) B36-B38 [ ] J16 EB2-F32 A22, collector {C) to A23
[ ] Rt 56K  (gr-blu-org) A37-A38 [] J7 G30-G32 [ ] Q2 NTE458;drain(D)to A32,gate (G)io
[ ] R12 100K {brn-blk-yel) C36-C39 [ ] Ji18 I2t-i29 A33, source (S) to A34
[ 1 Rt3 150K {(brn-grn-yel) D37-D44 [} J19 J2t1-y21 Trimpot
[ ] Ri4 150K (brn-grn-yel) Ad41-Add {] J20 H18-H21 [ ] R35 10K multiturntrimpot; terminals goin
[ ] Rt5 100 {brn-blk-brn)  A45-Ad6 [1 J21t Jg-J10 C29-30-31
[ ] Ri6 100 {brn-blk-| brn) G43-G45 Capacitors Potentiometers (T=terminal)
[ ] R17 10K  (bm-blk-org) 142-143 [ ] C1 220pF X2-A2(+leadtoX2) [ ] R36 100KT1toJ16;T2toT3andtoJ14
[] Ri8 36K  (org-blu-org) J41-J47 [ ] C2 10uF C2-C6(+leadtoCh) [ 1 R37 10K T1toB32,72t0oB45, T3t0B43
[ ] R19 36K  {org-blu-org) J38-141 {1 C3 o1 AB-A12 Jacks (T=terminal)
[ ] R20 10K  ({brn-blk-org) H36-H39 [] C4 1pF  EB5-E36(+leadtoE35) [ ] inputjack(1/4"3-terminal/stereo): tip to T2
[ ] R21 10K  (brn-blk-org) H32-G42 ['] C5 0.01,5% B40-B41 of S1; ring to black (-} battery lead, sleeve to
[ '] R22 100K (brn-blk-yel) 132-139 [] C8 0.1,5% C43-C44 Y26
[] R23 1M {brn-blk-grn) E33-G33 {1 C7 10yF C46-C47(+leadtoC46) [ ] mixedoutputjack (1/4" 2-terminal/mono): tip
[ ] R24 33K  (org-wht-org) E21-G21 ['] C8 10uF 145-146 (+ leadto 145) to T50f S1, sleeve to Y26
[ ] R25 470  -(yel-vio-brn) D18-G17 {1 C9 100pF J39-Y39 [ ] rawsubharmonicoutputjack (1/4"2-terminal/
[] R26 1K (brn-blk-red) 114-115 [] Ci0 01 F35-F36 mono): tip to E47, sleeve to Y26
[ ] R27 10K  (brn-blk-org) D17-Gi5 [ 1 C11 10pF  F30-H29(+leadto F30) Switches (T=terminal)
[ ] R28 10K . (br-blk-org) B10-F13 [ 1T C12 220pF J30-Y29(+leadtoJ30) [ ] S1(DPDTstompswitch): T1toJ35;T2
[ ] R29 150K (br-grn-yel) Gt11-Gi12 [ ] C13 22uF H13-H16(+leadtoH13) totip of input jack; T3to T4; T5 to tip of
[] R30 1M (brn-blk-grn) B8-G10 [] Ct4 047,5% J12-Yi1 mix output jack; T6 to J46
['] R31 150K (brn-grn-yel) H8-H11 [ ] Ci5 0.047,5% HO-I111 9V Battery Leads
[ 1 [install hidden jumper HJ1(J7-Y7) before ['] Ci6 0.0047,5% G7-G8 [ ] black(-)leadtoringofinputjack
soldering R32) [] C17 10pF H4-H5 [ ] red(+)leadtoX9
[

[ ] R32 10K  (bm-blk-org) J4-i12 C18 0.033 H2-H3
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Project No. G279
Sub-O-Matic Il

Subharmonic enhancement for voice, with selectable frequency ranges.

Circuit Function

The line-level feed from a microphone preamp couples through C12-R23
to voltage fallower IC4-c, whose output couples through R22 to noninvert-
ing output amp 1C4-d; and through C20-R38 to inverting amp IC1-¢, whose
gainis fixed at 10. IC1-c’s output feeds two separate bandpass filters, one
consisting of IC1-a and -d; the other consisting of IC2-b and -c; the former
filter spans ~100-240 Hz, the latter ~50-120 Hz. Each filter's output
couplesto one throw of S2-a, whose center pole feeds a zero-crossing de-
tector comprised of IC2-a and -d (R41 alters the sensitivity of the zero-
crossing detector); and also feeds a synchronous detector, comprised of
IC4-b, Q1, and the associated components. The output of the zero-cross-
ing detector couples through D2 to IC3, a CMOS divide-by-two circuit
whose output drives Q1 through R7. The raw output of [C4-b couplesto a
lowpass filter comprised of IC4-a and associated components, and seg-
ments band ¢ of 52. The net effect of switching S2 is to select which band-
pass filter feeds the synchronous detector, and to alter the frequency
range of the lowpass filter that receives the detector's output. Pot R42 var-

ies both the raw subharmonic output level and the subharmonic levelof the
mixed output.

Use

Pots and switches have these functions:
R41  sensitivity
R42  subharmonic output level

S1 effect/bypass
§2 band select low/high

Initial settings: R41 10 o'clock, R42 fully CCW, S1 effect in, S2 in low
position. Connect unit's input to line-level output of a microphone preamp,
connect unit's output to amplifier driving wide-range headphones, or
speakers whose response extends below 40 Hz. Establish desired listen-
ing level. While a deep male voice speaks into the microphone, slowly turn
R42 clockwise and note the rising subharmonic component. Adjust R41 it

voice, it may be necessary to toggle S2 to the high range.

Notes
The prototype drew ~4.2ma @ 7.8V.

The low and high bandpass filters were optimized, respectively, for
deep male and female voices. The builder wishing to shift the frequency
range(s) can do so by scaling the filter caps (C3,4,5,6,7,8,15,16,17,18) up
or down by the same percentage.

Sub-O-Matic lli schematic.

SUB-0-MATIC III
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R41 100K-A
Sensitivity

Mixed Output Raw Subharmonic
black (-) Output

Parts List/Soldering Checklist [install hidden jumper HJ1 (J6-Y5) before [] Ci7 01,5  H10-9
Circuit Board Radio Shack p/n276-170; Hosfeltp/n soldering R37 & R38] [] C18 01,5% G10-18
42-183; or DC Electronics p/n J4-404 [] R37 10K {brn-blk-org)  J3-113 [] C19 10pF H3-H4

IC Sockets [] R3 10K (brn-blk-org) 13110 [ ] C20 0.083 H1-H2
[ ] 14-pinforICt;pin-1goesinEQ [ ] R39 100K (brn-blk-yel} 12-14 Flying Jumpers (insulated wire)

] 14-pinforlC2;pin-1goesinE20 [] R4 1M (brn-blk-gr)  G3-G4 [] 8S (©21-A33

] 14-pinforIC3;pin-1goesinF23 Bare Wire Jumpers {] TT Di6-Hi6

1 14-pinforIC4;pin-1goesinE40 [] J A3-A4 [ ] UU A29-G29

Resistors [] J2 D4D7 [] VV A34-Ad4
[] Rt 22K (red-red-org)  B1-BS [] J X7-A6 [ ] WW J1-J34

] R2 2K (red-red-org)  X5-A5 [] J4& A7-A1B [] XX C16-C30

] R3 100K  (bm-blk-yel) D8-D9 [] 5 XiTA17 [] YY CrH7

] R4 100K  (bm-blk-yel) D14-D15 [] J6  X23-A23 (] 2z Evi
[] R5 470 (yel-vio-brn)  B16-B18 [] J7 C25C28 Semiconductors
[] R6 10K  (brm-blk-org) A18-A20 [] J8 Bor-Beg [ ] D1 1N4001 X47-C47(bandedendtoX47)
[1 R7 M {brn-blk-grn)  D24-D31 [] Js B32-C36 {] D2 1iN914 B20-B26 (bandedendtoB26)
[] R8 10K (brn-blk-org)  A26-A27 [ ] J10 X37-A37 [ ] IC1 TLOB4quadopamp;pin-1toES

] R IM (bra-blk-grn)  C29-C31 [] J11 C39-C40 [ ] IC2 TLO64quadopamp;pin-1toE20

| R10 100K  (brn-blk-yel) C33-C35 [ ] J12 E45-F45 [] IC3 4013;pin-1toF23

] R11 100K  (bm-blk-yel) B34-B35 [] J13  J47-ve7 [ ] IC4 TLOB4quadopamp;pin-1toE40

] R12 100K  (bm-blk-yel) D33-D36 ['] J14 J37-¥37 [ ] Qf NTE458 drain(D)toA30,gate(G)to

] R13 82K (gry-red-org)  A38-A41 [ ] J15 H34-H35 A31, source (S}to A32

| Ri4 82K (gry-red-org)  D41-D42 [ ] J16 ES30-F30 Potentiometers (T=terminal)

] RIS 8K (gryredorg) C42-C43 [1 7 HI7-H2e [ ] R4t 100Kaudio-taper T1toJ22, T2toT3

] R16 82K (gry-red-org)  D43-D44 [1 J18 J7-y17 andtol19

] R17 100 (brn-blk-brn)  B45-B46 [] J19 Gi6-G18 [ ] R42 10K T1toB30,T210A45, T3toA40

] R18 100 (brn-blk-brn)  E47-G47 [] J2o Ji-y1t Jacks (T=terminal)

] R19 36K (org-blu-org)  J38-J45 [] J21 G5G7 [ ] inputjack(1/4" 3-terminal/sterec):tipto T2
{1 R20 100 (brn-blk-brn}  H40-H41 Capacitors of $1,ring to negative (-) battery lead, sleeve
{] R21 10K  (brn-blk-org) (39-140 [1 Ct 224F  X1-Af(+leadtoX1) toY27
{] R22 36K (org-blu-org)  J35-138 ['] C2 10pF C1-C5(+leadtoC5) [ ] mixedoutputjack (1/4"2-terminal/mono): tip
[ ] R23 10K (brn-blk-org)  H33-H36 [1 C3 0.047,5% B8-B10 to T50f S1, sleeveto Y41
[ ] R24 10K (brn-blk-org)  G30-G39 [] C4 0.047,5% C9-C10 [ ] rawsubharmonic outputjack (1/4" 2-terminal
[} R25 220K (red-red-yel) 130-136 {1 C5 0.0825% C13-C14 mono): tip to J46, sleeve to Y41
[] R26 1K (br-blk-red)  120-122 [] C6 0.0825% B13-B15 Switches (T=terminal, NC=no connection)

[ ] BR27 10K (brn-blk-org)  C19-G20 [] C7 001,5% C37-C38 [ ] S1(DPDTstompswitch):T1t0J32;T2

[] R28 10K (brn-blk-org)  J19-J21 [] C8 0.15% B40-B42 totip of inputjack; T3to T4; TS totip of

[ ] R29 220K  (red-red-yel) J14-J15 [1 Co 10uF E46-F46 (+lead to E46) mixed output jack; T6 to 142

[] R30 1K (brn-blk-red)  J13-Y13 [1 C10 10uF F41-F42(+leadtoF41) [ 1 S2(3PDTslide ortoggle switch): T1to A9, T2
[ ] R31 68K (blu-gry-org)  E13-G14 [ ] C11 100pF J36-Y35 t0A21,T3toA14, TANC, T5t0C41,T6t0 T7
[ ] R32 33K (org-orgred) Di3-H11 [] C12 01 F32-F33 andto A42, T80 A43, TANC

[ ] R3 33K (org-orgred) D10-Git [] C13 2204F J30-Y29 (+leadto J30) 9V Battery Leads

['] R34 68K (blu-gry-org)  E10-G9 [ ] C14 1pF E21-F21(+lead to E21) [ ] black(~)leadtoringofinputjack

[] R35 1K {brn-blk-red)  J10-Y10 [] CI15 025% G315 [ ] red(+)leadtoX3

[ 1 R3 220K (red-red-yel) J8-J9 [] Ci16 025% Hi3-l14 '

Sy
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Project No. G284
Divide-O-Matic

Octave divider as distortion box.

Circuit Function :

Signal Path: Axe feed couples through C20-R33 to inverting preamp IC1-
¢, whose gain is fixed at 10. Preamp output negotiates 78-Hz bandpass fil-
ter IC1-d, then passes to variable lowpass filter IC1-a, thence to IC2-b, an
inverting amp whose gain varies under control of R36. IC2-b output feeds
comparator IC2-a, whose squarewave output couples through D210 IC3, a
4013 configured as two sequential divide-by-two circuits. The +2 signal
couples through R9 to pot R37, thence through R11-C5 to the input of a
tone network comprised of IC4-b and associated components. The +4 sig-
nal couples through R23 to pot R38, thence through R22-C12 to the input
of the tone neiwork. Duai pot R33 is wired to provide bass boost/irebie cut
when CCW, bass cut/treble boost when CW.

The output of IC1-c also couples to pot R40, whose wiper ties through
R16 to the inverting input of IC4-b. R40 varies the percentage of clean sig-
nal in the output mix.

IC4-b's output couples through C3-R18 to the output path.

Gate Control Path: IC1-c's output also couples through C11-R20 to
IC1-a, an inverting amp whose gain varies under control of R41. [C4-a's
output couples through D3 to integrator/auto-variable decay circuit [C2-d,
whose output ties through R24 to comparator [C2-c. When an audio feed is
present, the output of IC2-c flips high, turning Q1 off through R26. This al-
lows IC2-bto function normally. When the signal level drops below thresh-
old, the output of IC2-c flips low, turning Q1 on, reducing IC2-b’s gainto 0,
thereby muting the divider path.

Use
Pots and switch have these functions:

R35 treble sensitivity
R3g  SSC sensitivity
R37  :2outputlevel
R38  +4outputievel
R39 tone

R40  cleanoutputlevel
R41  gate sensitivity

S1 effect/bypass

Initial control settings: S1 effectin; R37, R38 fully CCW; R35, R39 cen-
tered; R36, R40, R41 about 10 o'clock. Connect unit to axe and amp, es-
tablish desired listening level. In this state the box acts as a noninverting
preamp. Slowly advance R37 until a +2 signal is clearly heard. Take the
tone pot R39 through its range and note the effect on sound. Return R37
fully CCW, then turn R38 CW until a +4 signal is heard; again take the tone
pot through its range.

Notes

Divide-O-Matic exhibits two distinct response patterns at two extremes of
control settings. The first settings consist of: treble sensitivity minimum,
§SC threshold about 10 o’clock, axe tone pot fully off. in this state the box
is extremely resistant to octave skipping from the open low-E string up to
about the 10th fret on the D-string, dead frets excepted.

The second settings consist of: treble sensitivity and SSC sensitivity
maximum, axe tone pot fully open. in this state the box is highly resistant to
octave skipping on all strings at and above the 12th fret. While little sustain
is possible on the high-E string in this region, brief notes are playable. Sus-
tain increases to several seconds on the heavier strings.

This box has two more panel controls than absolutely necessary—R35
and R36—but bringing these out lets the player tailor it to resist octave
skipping with different axes and strings, over different regions of the fret-
board.

The prototype drew 3.6 mitliamps.

Divide-O-Matic schematic.
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Divide-O-Matic layout & wiring diagram.

Copyright © 2001 by Guitar Project Books. Al rights reserved.

R35 100K
Treble Sensitivity

R36 1M-A
SSC Sensitivity

[o e R o]

R39 100K dual
Tone

c O

222324226 27 2829 30 31 32333435

R40 10K-A R41 1M

black () Input Output Clean Level Gate Sensitivity
Parts List/Soldering Checklist [] R 18K  (orn-gy-org) J3-H10 (] C20 0033  HI-H
Circuit Board Radio Shack p/n 276-170; Hosfeltp/n [] R33 100K (brn-blk-yel) 12-14 Flying Jumpers (insulated wire)
42-183;0r DC Elsctronics p/n J4-404 [] R34 1M (brn-bik-gm)  G3-G4 S§  A17-C44
IC Sockets Bare Wire Jumpers T 17-D17
14-pinforIC1;pin-1goesin €9 Jt o A3-A4 s J19-J37
14-pintorIC2;pin-1goesinE21 J2 X7-A6 VW 13-H38
14-pinfor IC3; pin-1 goes in F23 43 A8-A9 WwW  D29-G29
8-pinfor IC4; pin-1 goesin F41 J4  A13-A16 XX F12-D18
Resistors J5  X17-A18 YY  D4-H7
Rt 22K ({red-red-org) B1-B5 6 X23-A23 7 Et-Yi
R2 22K (red-red-org)  X5-A5 J7 C25-C28 Semiconductors
R3 1K (brn-blk-red)  B7-B10 J8  B27-B29 D1 1N4001 X47-C47(bandedendtoX47)
R4 10K (brn-blk-org)  C11-C13 J9 D37-C42 D2  1N9t4 B21-B26(bandedendtoB26)
[ RS 1K {orn-blk-red)  D12-D15 J10 D44-G43 D3 1N914 137-141 (bandedendto|37)
{ R6 10K  (brn-blk-org) C15-C20 Ji11 o J47-Y47 D4 IN914 G21-G22(bandedendtoG21)
it R7 10K (brn-blk-org)  B17-B19 J12 J44-Y44 IC1  TLOB4quadopamp;pin-1t0ES
R8 220K  (red-red-yel) A19-A21 J13 J29-Y29 IC2  TL064quadopamp;pin-1toE21
R3 10K (brn-blk-org)  C22-C24 J14  H28-H29 IC3  4013;pin-1toF23
R10 10K (brn-blk-org)  D26-027 J15  G26-G28 ] IC4 TLO62dual opamp;pin-1toF41
R11 22K (red-red-red)  C30-C3t J16  H24-H27 ] Q1 2N3906;emitter (E) toB15, base (B)to
R12 47K  (yel-vio-red) D32-D33 J17  D24-G25 B4, collector (C)toB13
R13 10K (brn-blk-org)  C32-C34 ( J18  H20-H21 Potentiometers (T=terminal)
R14 47K  (yelvio-red) E35-E37 [ J19 J18-Y17 R35 100K T1toT2andtoA10, T30 19
R15 10K (brn-blk-org)  C36-C37 { J2o  G5-G7 R36 1M-A T110A12,T2t0T3andtoB16
[install hiddenjumper HJ1(X41-A41) Capacitors R37 2K TitoA27,T2t0A30, T3toA22
before soidering R16] [] C1 220pF X1-A1 (+leadto X1) R38 2K T1toA27,T2toF31,T3toF30
] Ri6 39K (org-wht-org)  A38-A43 [] C2 10uF C1-C5{+leadtoC5) R33 100K dual
] R17 10K (brn-blk-org)  B39-B43 [ C3 0022 D1-C7 R3%3-a  T110A35 T2to A40, T3to A33
] Rt8 100 (brn-blk-brn)  D45-Dd6 [ C4 01 D9-D11 R3%-b T1toA34,T2toA39, T3to A36
] Ri9 100 (brn-blk-brn)  E47-G47 { Cs 033 B31-B32 R40 10K-A T110J43, T210E38,T3t0J38
] R20 10K (brn-btk-org)  H39-H42 [] C6 0.033 D34-D36 R41 1M T1toJ42, T2to T3and to J40
] R2t 1K (brn-blk-red)  G40-G41 {1 €7 o001 D40-C43 Jacks (T=terminal)
| R22 22K  (red-red-red) H31-H32 [ ] C8 220pF D42-D43 [ '] inputjack(1/4"3-terminal/stereo): tipto T2 of
] R23 10K (brn-blk-org)  123-i30 {] C3 104F A42-B45(+lead to A42) S1;ring to negative (-) battery lead, sleeveto
] R24 10K {brn-blk-org)  G17-G20 [ C10  220pF 143-147 (+ leadto 143) Y20
] R25 220K  (red-red-yel) J15-J17 { C11 0.1 F38-F39 [ '] outputjack(1/4"2-terminal/mono): tipto
| R26 10K  (bn-bk-org) E14-G15 [ C12 033 E32-F32 T50f 81, sleeveto Y25
] R27 10K  (brn-blk-org) 113-I16 [ C13  0.001 J22-Y22 Switches (T=terminal)
| R28 12K (brn-red-org) J13-Y13 { C14  0.001 19-122 ['] S1(DPDTstompswitch):T1toJ1,T2
] R29 10K (brn-blk-org)  G12-G13 [ Ci5 0.1 H15-H16 to tip of input jack, T3to T4, TS to tip of
[ R30 18K  (brn-gry-red) J10-Y10 [ C16 0.1 H13-Y11 outputjack, T6to E46
] R3t 330K (org-org-yel) J8-J9 [ C17 0.1,5%  G9-G10 9V Battery Leads
[ ] [instali hiddenjumper HJ2(J6-Y5) [ C18 0.1,5%  H8-H10 [ ] black{-}leadtoringofinputjack
before soldering R32) [ C19  10pF H3-H4 [1 red(+)leadtoX3

e -~~~ ]
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