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BY ROBERT PENFOLD

Lord of the rings?

Inspired by the former FE “Guitar Tracker *, this project uses a veo and vea fo produce aring

S modidlated sound which can be adjusfed to Follow the guitar’s input at o chosan musical infervol. e A

thably most people who are “into™
electronic music will be familiar with
rng modulation, and its use in the
pracluction of metallic sounds {bells,
gongs, ete ). A mctal cflvets pedal is
really just a ring modulator plus ¢ bult-
in oacillator which is wsed to modulate
the input signul. By setting the oscillator
at a pitch which is a suitable musical
interval from the input oote, some guiie
harmonious  metal sounds can  be
ohtoined. Unfortunately, achange in the
inpmt note will change the musical
interval separating the two tones, and i
may Of may not producc a pleasani
spunding output signal, For this reasan
the metal effect is generally used iIn
moderation, or by those of more
extreme mUsical tastes.

This unil was designed to ovorcome
the rather hit and miss nature of the
effert generated by a conveniional ring
modulator uoit, and o give consistent
resnlts over a wide range of pitches. i
you pet o pleasant effect on one notc
from your guitat, then all the other notes
should give more or lcss the same eHect.
What would I describe s a light metal
effect rathcr than a heavy one, On the
pther hand, if you like (the unharmonious
sounds that can be produccd by nng
modulation, then the unit can e
adjusted to give an equally discordant
effect on every note {very hravy metal?
- For a lend guitar perhaps? Ed.)

it operates in what is basically the
sHmE Ianaer as a coovenbonal meotal
pedal. The inpul signal is ring modulated
by an oscillator, end the resultant sipnal
is mixed with the unprocesscd signal at
the desired strength. The diffcroncs

between this design and & conventional
one is that the puich of the osciltator is
ni sel al somme preset level, but
dutomatically adjustcd to match the
input frequency. In other words, il the
oscillator is sel o [l lugher thap the
imput gt one input frequency, then it wall
automuhically agjuest its pitch on other
notes s that it remains a fifth higher.

SYSTEMS OPERATION
The block diagram of Fig.] shows the

general armangoement used in the unit,

and helps to cxplain the way in which it
functions. The unit has similarities with
the “"CGuiter Tracker” projecl described
in PE June 1986, and it 15 a development
of that project,

Fig L Block diagram Eor
{he light metal effects i
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The input signal is taken to & buffer
amplifier, and then toa viltape amplificr
stage which ensores therg i a high
encugh  sgnal level to diive the
subsequent stages properly. 3ome of the
output from the amplificr is fcd to a
mixer stage and from here 1o the output
suckel. The output from the amphiier
also drives a trigger cirewit, and the
tonghly squarcwavc output sighal from
this eircuit is split two ways, The firsd
toute 15 o onc input of the ring
madulator, where the signal is mixcd
with the sigoal from a ven {vollage
pomtrodled oseillator ).

The second route is to the sgpul of &
manastable mulli\rihramr, and thig nors
ay U Dasis of a simple frequency 1o
voltage converter. The osutpur pulse
duratiop of the monnstakle is sat by a
CR tming citcuir, end so the average
output wvoltage depends on the number
ol times the monostable iz tniggered im
a given period of Hme, The greater the
number of tmes ir {8 triggerart, the
higher the average output voltage. This
may scem like n renther crude sysiem of
frequency to valtage convemsion, whicl
T suppose it 15, but petually gives
exiremely pood linearity. The ouwtput
from the monstable is smoothed by un
active lowpass filter to pive o do sigoal
o control the wco The operstng
freguency of the veo is thercfore moved
up and down in sympathy with the pitch
of the mput signal.
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two or three dimensional in nature, and
_itis this that pives then the strong output
at non-harmonic frequencies. They are
effectively resonating al tweo or more
ﬂmqummﬂ andmxmmgmamthm
| s¢ is fouglily analogous to ring
m':i. dation.
THE CIRCUIT
Fiﬂfﬂmthlﬂmunchugmmﬁlﬂhc
mput fraqumgmvnlugemm,
and veo 'stages, while the rest of the
circuit is shown in Fig.3.
Iwﬂlnnt&waﬂnnm peration of
ﬂ:euﬂmﬂafﬁgzhmsmitmm
as the equivalent stages in the "Gusar
Tracker” project referred to earlier.
Details of the way in which it functions
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The basic action of the ring modulator can be found in this earlier article.
{s to generate sum and difference Turning our attention to Fig.3, IC7a
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TII‘B ,r.:uulml signal for the switch is
obtaine: first rectifying and
mothiﬂgm of the output from the
amplifier stage, 5045 wobtain adesignal
at & voltige which'is. ional to the
amplitude of the ittpu% swignal. This de
signa is&dﬁa Wtwhmhm

.bricf pulw whmh is uced to trigger
monostable, and this cireult provides o
gate pulse of suitable duration to thﬂ
elacrronie switch,

This set up gives an oscillator which
tracks up and down, following changes
in the mput frequency, and it ring
modulates the veo's output with the
input signal. The output from the ring
modulator could simply be fed through

As asimple exam wrt!uha two inputs
fed with frequanm'ﬁ,atdﬂﬂmandﬁﬂﬂﬁz
the output frequencies would be 1kHz
{400Hz plus 600Hz = 1000Hz or 1kHz)
and 200Hz (600Hz — 400Hz = 200Hz),
In theory the input signals are balanced

‘out and do pot appear at the output,

although with praclica circuits there is
usually significant bre ough of at
leaitnnwfﬂiﬁzgmm.mdﬂtmtah

bucakthrough of both. The sounds:
rasult from this form of modulation. nra

igtallic in character due to the output

-uhnﬂa;ﬁhmtﬂmthaimmﬂian

mntﬂmng stmng signa!s at noen-
Mﬁﬁwmirﬁtmmmtsmmsmt

y one-
psional, and this gives very little
output at fmquﬂnm:s other than the
fundumental and it harmonics. Metal
instruments such as gongs and bells are

mmmmmo:mmm
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ICT =« LM13GERN ICB = yATalC

ICY = uATHLAG IC19 = CADl40C
ICL1 = 4981BE TAE = BCEAY

D1,02 = OASL D3 = RED LED

Fig 3. Circuit for the modulator, vea, trigger and mixer stages.

The other section of 1C7 is utilised as
the vea. and this is a conventional ota
type. The amplified guitar signal is
rectified and smoothed by D1, D2 and
C12, and then fed to the control input
of IC7a via buffer amplifier TR2. The
envelope shaped output signal from
IC7b is fed via level control VRS to a
conventional summing mode mixer
circuit. Here it is combined with the
amplified guitar signal in a standard
summing mode mixer and then fed
through to output socket SK2.

IC10 acts as the trigger circuit which
is fed from the rectificr and smoothing
stages, This is a simple operational
amplifier type with the trigger level
controlled using VR6 and a substantial
amount of hysteresis provided by R46.
The monostable is based on two of the
cmos NOR gates in IC11, and it is a
positive edge triggered, non-triggerable

lype. Note that the other two gates of
IC11 are left unused, and their inpuly
are simply tied to the positive rail. Apart
from driving the analogue gate, the
output of the monostable also drives led
indicator D3. This indicator is not much
value in normal use, but it is helpful
when initially testing and setting up the
unit.,

The unit 18 powered from a 9 volt
battery, but the supply to the monustable
in the voltage to frequency converter
must be well stablised to avoid drill in
the vco as the battery voltage falls due

to ageing. The supply for the monostable |

is therefore derived through a 5 volt
monolithic voltage regulator (1C9). The
current consumption of the circuit is
fairly high at around 20 to 25 milliamps.
and the use of a medium or high capacity
battery is recommended. I use six HP7
size cells in a plastic holder.

CONSTRUCTION

Refer to Fig,d for details of the printed
circuit board. Severul of the integrated
cireuits are mos types (1C2, 1C4, 1C5,
IC10 and IC11) and require the normal
anti-slatic handling precautions to be
ohserved. It is probably besl lo use
sockets for all the dil integrated circuits,
mos types or not, Take care nol Lo over-
heat D1 and D2 when soldering them
into circuit as these are germanium
devices. As such they are much more
vulnerable to heat damage than arc the
more [amiliar silicon variety. A heat-
shunt should not be necessary, but do
not apply the iron to the joints for any
longer than 1s really necessary.

Although an LMI360ON is specificd
for 1C7, some supphers only scem to
stock the virtually identical LM13700N
Either device should function properly
in the IC7 position of this circuil. If the

14
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components are o [it osto the board
ensily it is essential to use modern
miniature components, cepecially the
capacitors which, with the  only
exception of C6, should be prnied
circuit mounting types:

T used a matal instmment case about
200 milloetres wide as the casa for this
project. The lengthof the printed circuit
board and the need for o fairly large
hattery preclude the use of a case very
much smaller then this. The controls,
sockets, and led indicator are mounted
in 4 row alung the front panel, preferably
I an arcangement which matches up
well with the positioning of their
connection points on the pnnted circuit
board. SK| should certainly  be
umitioned close to its conneelions pointa
on the board, or a sereened lend should
be nsed here. The printed circuit board
should be posirioned well towards the
frant of the case so as to leave sufficient
space [or the battery at the rear of the
anit. O course. the board must be
mounted on stand-offs 1o keep the
cpnnectons on the underside of the
hoard well ¢lear of the metul case,

On my prototype the onfoll swilch is
a set of normally open contacts va Lhe
input socker (SK1). The unit 15 therefore
switched on when the guitar lead is
plugged into SK 1, and switched off ugain
when it ix unplugged. Tlas s quite
sommaon with eflects units, and reduces
the risk of the unit heing accidentally
left switched  on.  Fresumabdy  jack
sockets will be used as the input and
output conneclors, sud a socket of this
type having a sct of normally open
contpets would not seem 10 be available.
However, types with dpdt conlucls are
obtainable, and two contacts from one
of these can be usged to give the required
switching netion, Of course, it is quite
in-order to usé an ordinary onfoff switch
such us & miniature spst toggle dwitch i
prelorred. 'Lhe winng to 5K and the
controla is shown in Fig.d (which must
by psed in i:unjm‘Tinn with Fig.'ﬂ. and
it is assumed hera that a combined input
sockcr and onloff switeh are usa:‘d
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Fig S, Controd wiring

COMPONENTS
EEELSTDRS
RLRZ.R4, . 4kTEof)
 RILR24RIT
RIOH38 i
RLRILRI2,  100k{6ull)
R1#,K43 Rd5
R5,RA.R13, 10k (100fF)
CRI4R2BR2Y,
R31LR35 RN,
: R41
RT 33K
Bl o
RO, RI4R4D 18k (3o
RiD =GBk
R T S
RIGRITRIY, 47k (4off)
Rad
RIORILRZD IM(Zeff)
R25,R26,R32, 4TUR(4off)
R
R36.R48 <1k (2 oif)
AL Stk
R s
b 360k
R47 M2
POTENTIOMETERS
YR 1M sub-min hor preset
¥R 100k lin
VR 10k sub-min hor preset
VE4 47k sub-min hor preset
VRS l0klog.
NRA 22k sub-min hot presat
: CAH{J'I{le
C1L.C2 0 T 10V radisl
elect (2 off})
{ak 3300 polyester laver
4 Inpolyester layer
(5 i - 10npolyesterlayer
Ch 470p palystyrene
€7 3n3 polyester layer
i 5. 47n polyester laver
L) 330 polyester layer
L& 470 10W radial elect
e b du7 03V radiabelect
42 470 polyesier layer
13,014 22 63V radial elect
(2ol
15 C1h A S Vradial eleet
G (2oif)
Cineis 1000 ceramic (2 off)
iy 1000 polyesier layer
SEMICONDUCTORS
IC1 LI353
CZ IG5 0CH) CABSIE (Joff)
b TLC3S5P
14 JOISBE or 4066BE
{120 S LM3SE
| {8y LM 13600N or
L MLATION
IC8:  pATIC
Ice  ATELDS
IC1l ADIBE
‘TRI, 'I‘RZ BC349 (20ff).
01 DE (FASE (2 off)
03 Red panel led

ADJUSTMENT

There are four presets 1o be set up
correctly before the unit is ready for use.
VR1 must be adjusted to give a level of
gain from the voltage amplifier that gives
relishle triggering of the unit. Tt is &
matter of osing the lowest sensitivity
{clockwise adjustment gives decreased
sensitivity) that gives reliable triggering
of the unit, Higher gain i undesirable
a¢ il could result in the signal being
chipped at the output of IClb, and it
could also lead to spurious triggering of
the nmt.

YR is lhe offset null control for [C3,
and it is adjusted to optimise tracking
gecucacy at low frequencies. The outpul
tong from the veo needs to be monitored
in order o do this. and something as
hasic as wiring 2 crystal earphone
between ICH pin | and the negative
supply rail will suffice. It is & matter of
first adjusting VR2 to match the vco
frequency to the input frequency when
using a high input frequency (i aboul
1kHz). Then, using a much lower
frequency (around 100Hz), adjust VE3
to match the pitch of the veo 1o the input
note, Hepeat this procedure a fow nmes
to get the tracking as accuratle &s
possible. In this application very precise
tracking 15 not really essential, and the
selting of VR3 does not seem to be very
critical,

The effect obtained varics somewhat
with the setting of VR4, Although its
main  purpose 15 o minimise
breakthrough of the ves and input
signals, you can seftle for any selting
that gives an effect you like.

Tniriatly VRS should be sct ut about
half maximum resistance, and the unit
will probably work guite well at this
serring, However, il is  worthwhile
caperimenting with VR& at slightly
different settings, and readjusting VR1
1o compensate, in order o (nd a
combination that gives optimum results,

The unit produces some good
“thicker” sounds, but to my ears anyway,
it 15 at its best with VHS set for a

MISCELLANEOUS

' Partof SK1

SK1 Standard jack with
dpdt contacts

okl Standard jack socket

Bl 9voli{egbx HPTin
holder)

CONSTRUCTOR'S NOTE:

Instrument case about 203 x 127 £ SLmm,
priated circuit board, battory connector,
& pindilicholder {Toff), 14 pin il holder
{2 0ff) control knob (2 off), wire, solder,
etc.

The PE PCB Service can supply ‘the
printed circuit board.
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moderate amount of ring medulation,
Remember that the signal from the
modulator centaing little output at the
gaitar fregquency, sing a large amount
of modulation you muy find that the
outputl notes are not the same as the
omes you pliay on the guitar As it stands
the wnit docs not have any i/l
switching. This could wisily be added
though, and all that is needed & o switch
in series with C13 to cut the sigmal path
of the modulation, ar o switch to conneet
pin 16 of TCT w eandcand ot off the
vew, Ao extetnal faot-swirch might he
the best type of swilch 1o uge
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