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Yol years alectronic argans bave uged michinical rotating speakérs to produce & tremole offect
and recenily thesc speakers have gained added popularity with other musicians becange the sound
they produce 15 totally wsllke most. electronic forms of tremolo, .

The probient with mechanicul speakers is thet they are too bulky sind heavy to be cunven:lently
carried fidin ene date to the nest aed their high cost puts them beyond the means of many amateur
and semi-professional musiciang,. The Synthespin MI-O has boen-designed as a low cost . portable
electronic Elmulatnr of the mmtmg speakar effect.

.Other then the rotating spoaker sgund the Synthespin can produce numerous effects ranging [rom
very stow phasing Lype sounds (o & hubbling pseude-reverb. Electrical inputs on the resr of the
cese provide for foot pedal control of both speed and range of the rotating effecl as weu as allow-
ing lnszant.meuus foot switch canceliation and bypasﬂ funetions.
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SOLDERING

TUse care when mounting all components, Use valy resin core solder { acid core solder is

never used in electronics work.) A proper solder joint has just enough solder to cover the

round soldering pad and about 1/16 inch of the lead passing through it. There are two improper
conrections to beware of; Using teo little solder will sometimes result 1n a connection which
appears to be soldered but actually there is o layer of flux insulating the component lead from the
golder bead, This situation can be cured by re-healing the joint ang applying more solder, If
oo mueh solder is vsed on a joint there is the danger that a conducting bridge of cxeess solder
will flow between adjacent circuit board conductors forming a short circuit, Unintentional
bridges can be cleaned off hy bolding the board up-side down and flowing the excess saider off
onte & clean, hot soldering irvon. .

Seleet a soldering iron with a small tip and a puwer rating not more than 35 watts, Soldering
guns are completely unaceeptahle for assembling transistorived equipment hecause the large
magnetic field they generate can damaga sulid state compoenhents,

CIRCUIT BOARD ASSEMBLY

] Prepare for agsembly by thoroughly eleaning the conductor side of the beard with a
Aeouring cloanser. Rinse the board with clear water and dry completely,

Solder each of the fixed value resistors in place following the parts placement diagram fig. 1
and the parts placement designators printed on the circunit koard, Note that the fized resistors
are non-polarized and may be mounted with cither of their twe léads in either of the hales
provided. Cinch the resistors in place prior to soldering by pulting their leads through the
heler and pushing them firmly agaifist the bourd; on the conductor side of the board bend the
leads cutward to ahout a 45% angle, . Clip off each lead flush with the solder joint as the joint
is made.

DESIGNATION : VALUE COLOR COBE A-B-C

red-violet-brown
orange- white-orange
yellow-violet-yellow
yei]ow—viaiet—orange
yellow-violet-yellow
red-red-yellow
yellow-violet-yellow
yellow-violet-yellow
brown-blask-red
blue-grey-orange
blue-grey-orange
yellow-violet-yellow
blue-grey-red
orange-crange-orauge
yelluw—violﬂt—ora.nge
blue-grey-red
blue-grey-red
orange-crange-orange
orange-orange-orange
blue-grey-hrown
red-red-red
white-brown-yellow
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R26 yellow-violet-orange
R27 orange-white-green
R28 red-red-green
R29 orange-orange-oprange
Ra0 . browa-red-green
R31 .. .. L2mep. ..., v+ oo brown-red-green

) R32 ...... R, cees EROKC L.l .. Ted-Ted-yollow

figure 1

Install the ceramic dise and mylar capaeitors. The ceramic dises without exception have their
value marked on the body of the part hut the mylar capacitors may be color coded as shown helow:

DESIGNATION VALUER COLOR CODE A-B-C

} .05 mid, disc.
} .01 mfd. dise,
] .01 mid. dise,
)] . . .00l mid. disc.
Sl . .001 mfd. dise,
}

)

)

}

)

[a1--3

disregard
.1 mfd, mylare
.01 mfd. dise,

470 pf

. 005 mfd. dise.
222 mid, mylar. ..., red-ved-veliow
- 01 mid: dise.

Up to this point all componcnts have been non-polarized and either lead cnu.ld be placed in either
of the holes provided without affecting the operativn of the unit. Electrolytic capacitors are
polarized aod must be mounted so that the " +'" Jead of the capacitor goes through the -+ ho.le
in the circuit hoard. In the event that the ''-" lead of the capacitor rather than the "+ lead is
marked it is to go through the unmarked hole in the cireuit board.

Note that the operating vollage (v.) specified for a capacitor is the minimum acceptah‘le rating.
Capacitors supplied with spicifie kits may have a higher voltage rating tha{l that specified ar'ld
may be used desbite this difference, For instance, a 100 mfd. 2Gv. capafutm:' may be used in
place of a 100 mfd. 1év. capacitor without affecting the operatfiun of the circuit.

Mount the following electrolytic capacitors and solder them in pluce. The values, voltage rating
and polarizalion are marked on the bedy of the paxt.

DEBIGNATION VALUE

() C]_ 100 mifd, 1_6y‘,
[} CZ vesnnrvasrrnrnarsrina 1,000 mfd. 10v,
() C9averuninnrnrenneeeees 2.2mid, 6v.
() CLd +-treveesrasnsnn ree- 2.2 mfd. 6y,

Install the diodes D1 through D4. The disdes are polarized components and must be properly
oriented it order to operate properly. Polarization of the part will be indicated either by a
calared band on oné end of the parl or by the bullet shape of the cage; These two orlentation
methods are related te the gchematic symbol used on the circuit t_mar'd in the drawing below.
Diodes are heat sensitive and may he damaged If allowed to get toc hot while soldering. Ta
be,on the safe side heat sink during the soldering speryticn by grasping it with & pair of needle
m)ée pliers at a point between the circuit board and the body of the part..

DESIGNATION TYPE NO,
D1 .. eeir -y e s LNS003

. 1IN40G3
. 1N4003

In a similar manner mount the remajning diodes D5 and DB. Orlentation is as vh the diodes
above, ' Heat sink during snldering.

DESIGNATION " TYPE NO.

() ] S 1N814

{} D6...oovvveie.., INBEZ



Ingtall the transistors, Note that the orientution of these purle is keyed by the flat molded
inte one side of the case, Orient a5 shown in the parls plucement diagram figure 1 and the
parts placcment designators printed onthe cireuit board, Heut sink during installation,

DESIGNATION ) TYPE NO.
] [ S o 2NG12%
i) [~ I ovu. 2NB129

Mount the integrated circuil. WNale thal the orientation of the integrated elreuil is keyed by a
pakch at one end of the case which aligns with the semi-cireular key on the designator printed
on the elreult baard. Usea particular care when installing this part, like any other semi-
conductor it is heat seositive and should aut be exposod to extraprdinarily high soldering
temperatures. Make sure Lhal the orientation is corroet before soldering, cace the unit is
in place it cannot be removed without destreyiog it,

DESIGNATION TYPE NO,
[ TC-1 TATIE00

In the follpwing stops wirea wil1 be soldered to Lhe civouit bouwrd that in later sleps will
connect with the front panel controls, At each slep prepare the wire by cutting it to the
speaified length and stripping 1/4 Inch of insulation from each end, "Tin" each eud of
the wire by twlsiing the expoped strands ilghily logether and melting & small amouut of
snldev inte the wire,
Using the wire provided make the following connections to the ¢lrouil beard:

) a & 1/4 inch length to polnt DAY,

a 9 inch leagth to point "B",

o 7 inch length o poinl "C".
a6 142 inch length to.paing "F,

a & 3/4 inch tength to the poinl marked "+ '.

w7 1/2 inch longth to the point marked with the ground aymbol (==,

o 6.3/4 ingh length to either of the hioles marked "o.c. .

{
[
(
{
(
[
t
{ # 5 1,2 ineh fenpth to the remaining hole marked "a.c. "

{} ° Prepare 4 7 /2 inch lengih of RO-174/U co-axial cable by siripping away 3/% incn ur
ot the h\fmg jnsulating slecving and unbraiding the exposed shielding wire. Strip 1/4 inch of
ingulatiof from the inner conductor. 'wist the braid together and "tin" the Lip end of &t. Gn
the other end of this wive strip away 1/2 inch of the outer insulation and clip away the expuscd
shield flugh with the otter lhsulation, Strip 1/4 inch of insulation from the end of the exposcd
inner conducior.

[} : Using the co-ux prepared in the previous step, insert the ioner condiuctor of the end
with the shield totally remeved into the eircuit board hole marked "I and solder in place.

) In a similar manner as obove prepare a second 8 3/4 inch length of co-ax, -

() fnserl the inner conductor of the endof the above cable which hag the shicld totatly

romoved inte the cirewit board hole markell "E' dnd scolder in place.

) Prepare a9 inch plece of RG1174/U as follows:

G pno end sieip away 374 ineh of outer insulation and un-braid the exposed shield, Twisl the
shield braid togethey and tin the tip end of it. Remove 1/4 inch of insulation [rom the inner
vonductor, At the other end of this cable remove 1-1,/2 inches of the outer insulation and

un~braid thé cxposced sheild. When the shield is completely un-braided back flush with the outer

insulation cut the strands off to o lenglh of 3/ ipch, Before twistlng together the shicld braid
cut away ’ippl'OX'.lTﬂr!tLl‘, hulf of the strands flugh with the suter infulatioh, Twist tdgether the
vemaining sirands and lin. (this step will make it casicr to solder the shield into the eircuit

board hole provided for it. ) Remove 1/4 inch of insulation Irom the inner egnductor,

() Using the cable propared above, solder the longer of the twy expused inner conductors
te the eireult beoard e marked "H',

) Solder the shoriened ziud_j._hilmed sticld from this samc end of the cahle to the cireuit
board hole marked "G". .

THIS COMPLETES THE ASSEMBLY OF THE 1702 CIRCUIT BOARD., TEMPORARILY PUT
THE CIRCUIT BOARD ASIDE AND PROCEFRD TO THE INSTALLATION AND PARTIAL WIRING
OF THE FRONT PANEL CONTROLS,

o 10 é @ TO

T61-2 AC Figure 2 .. X 1511

Figure 2 is a drawing of the inside of the top portion of the euse. The dolied line in the drawing
represents the fold line slong the reur edge of the case. The front edge of the case is not shown.
The potentiometers that will be mounted in the following four steps can.be ldentified as follows:
The 3K linear taper pot is marked wilh the legend 5K §, The 73K reverse audlo taper pot i
marked with lhe legend 75K $, the 300 K audio taper pout w/switch is the only poteatiometer

with 1 switeh on the back and the 500K linear tapev pot i5 the remalning control.

Mount the 500K poteatiometer R38 in the posilion shown in'figure 2. "Usc two 3/8 inch nuts,

one behind tive front panel as # spacer and the second on the front side of the panel to secure

the pot. Adjust-the rear nut dc that none of the threaded shaft of the controel is exposed when

the front nut is Lightened down, This will allow-the control knob which witl be mounted in a
later s§Ep to seat as closcly as possible to the panel. Orient as illustrated.

Tn a similar manner mount the K linear putenuumeter R36 in the position shown Ln fig, 2,
Orient ag illustrated.

In a similar mapoer mount the 75K reverse audio taper potentiometer R37 in the location shown
in figure 2. Orlent as Illustmted

In a similar manner mount the 500K audic taper poientivmeter with 81 attached in the locution
shown in figure 2, Orienl as illustraied,

Uslng the nut provided mount open cireuit phone jack J1 in Lhe- pnsxtlon shown in itgure 2. DPlace
the flat washer included with the jack between the aut and the front panel. Orient ay illusttated.
In a sitnilar manner mount jack J2, Orient as illustrated, .

In a similar manser mount jack J3. Orient as illustrated.

In a similar manner mount jack J4. Qrient as illustraled,

In a similar manner mount jack JFG, Qrient as illustrated,



(1 Mount pilot lamp 11 by sliding the lens into the hole provided from the front panel, Push
the lamp into the lens from the rear of the panel. Carefully slip the provided tinnérman
nut over the lens making sure the leads of the lamp have been threaded through the hote
in the tinnerman nut, Press the nut down against the panel.

() Using u 3 inch pieee of wire make the conneetion from the center Jug of K36 to the top lug of R3S,
Dir nat selder the connection at RE5.

I} Using a # 172 ioch length of wire make Uhe connection Irom the lower lug of J5 to the top lug of
R35. Do not solder the connection ub R33.

() Using u 3 1/2 inch length of wire wake the vonnection from the right hand lug of J4 (o the middle
lug of H38. To not sclder the counection at R3S,

) Using & 2 374 inch length of the bure wire provided make the common connection betwesn the
upper lug of 35 and left hand lugs of J4 and J3, Do not solder the connectivn al J2.

[ Using a 4 inch length of insulated wire make the conncelion between the left hand tug ol I3 and
the upper tag of JL. Solder the two wires connected to 33 hul do oot solder the conneetion to J1.

[ Connget the 3K resistor R34 { wrange-arange-yellow ) between the upper and niddle lugs ol
833, Solder the three connections at the upper lug, Do nut solder the middle iug.

i) Conpect the 47K resistor 833 ( yellow-violet-orange ) between the upper lug of R38 and the
upper lug of JL. Selder the conneclion al A3% but do noi soider the connection at J1 at fhis time.

{3} Conoecithe 2200 ohm resistor R13 ( red-red-red } between (be upper lug of Rit and the lower
ug of A38. Solder the conncetivn al 136 bt do not solder the connection at RIS at this time.

() Condect the 680 ohm resistor R20 { bluc~grey-hrown ) between ho lower tug of R36 ( solder )
and the leit band lug of 32 ( do not selder 3.

(] Using a 1 3/4 inch length of wire make the connection between the upper fuy of J1 and the left
hand {ug of J2. Do not solder either connection.

[} Cut both leads of the 270 ohm resistor R39 | red-violet-hrown ) off tw a length of 172 inch,
Faston one eud of this resistor to the right hand lug of switch §1 ¢ part of R35 ). Do not soider,

{3 Wrap one of Lhe leads of Pilof larwp I1'around the free lead of the ahove resisior and slide Lie
connection elese to the hudy of the resistor before soldering the two together, Clip off ay excess
wire,

This compietes prelininary wiring of Lhe case. Proceed to the mounting of the circuil bourd andg
vraasiormer,

[ Use four euch 4-40 X 1/2 inch screws, 1/4 inch spacers and 4-40 nuts to mowl the ¢ireuit
hoard as shown in base plute drawing figure 3 .

) lise two each 4-40 X 1/4 inch serews and 4—10 nuts to mount the power transformer and two
terminal strips as shown in figpured,

(A Cut two 1 1/2 inch picces of the tubing provided and slip one picee over each of Lhe bave wires
coming from T1. Attach one of these wires to each of the outside terminals of TS-1. Do not
solder these connections.

[ Connect one of each of the two black leads coming from Tl to each of the oculside terminais on
" TS-2. Du not solder these conneclions.

{3 Cuonnect the shorter of Lhe two leads coming from the cireuit board holes marked "a. e, " to TS~}
terminat 1. Do not solder this connectioa,
PROCEED TO THE CONNECTIONS BETWEEN THE FRONT PANEL AND BASE-PLATE, { sec figure 2 )

) Cut both of the leads oo the 47K resistor R2 [ Yellow-violet-orange ) off to a length of 1/2
inch, Connect one of cach of these leads to each of the solder lugs on #1 as shown in
fipure 2, Do not solder cither of these connections at this time. ’

I} Cunnect the wire coming from circuit baaz‘d point "A" to the center lug of R38. Solder tke

twe wires connected fo this point.
A Connect the wire coming from circult boird point "B te the center tug of R33. Solder the
two wires connected to this point.'
) Connect the wire coming from cirenit bcmn‘] point "C" te the lower ]ug of R35. Sotder this
cannection,
) Connect the wire comlng from cireait board puint Yty the rlght hand lug of J3. Bolder

this connection.
() Connect the longer of the two wires comling from circuit bourd holes marked "a. ¢, o the
right hand lug of switch S1. Solder the two wires at thie point.

{) Conneet the wire coming from the circuil hoard hole marked "+ to the lower Ing of 1IR,
. Solder the two wires at this point.
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Figure 3
[ Connect the wire comiuy from the elreuit boatd hole marked with the ground symbal (“7—)
Lo Lhe left hand lug of J2. Do not solder.
[ Connect the shield of the vo-ax oviginating at circuit buard point D" o ke left hand fug of 32,
Splder the 4 wives al this point.
) Qulder the inncy conduclor of the above co-ax to the vight hand lug of J2.
) Connest the shield of the co-ax eriginating at cireuit bourd point "E" (v the upper lug of J1,
Solder the 5 wires at this point,
(@) Solder the inner conducior of the above co-ax to the lnwer_ lug of J1.
(3 Solder the nner conductor of the co-ax eriginating at cirvuif board points "G and "H" to the

lower lug of H37. . )
() Sulder the shield of tlie abuve co-ax to both the center and upper lugs of R37. -
) Connect onc end of o 8 3/4 inch length of wire to TS8-I termical 2. Solder both wires =t (Lis

poinl.
) Solder the uther end of the above wire to the lefi hand lug of Power Switch 81,

At (his puint all the wires connectig the cirenit board to the conirols may be burdicd together using
the nylon wire tle provided { note thui one lead of the pilol lamp 11 is still act connected and this lead
will not be included in the bundle. 3 Pull all of the wirves togetber and put one of the wire ties loossly
in piace. Push thig tie as far down the bundle as it will go toward the eircuit board and pull il tight.

put the second wire te on the bundie and push it as close to the front panel as possible.

st e
Thread strap thromsh /Cut off excess for

self-locking eye. neat hundie,

Re-arlent the assembly so that the case top is standing on the edge closest to the input and ouiput jacks.
i Connert the remaining wire [rom Il to TS-1 terminal 1. Solder the 3 wires at this point,

[ Seperate the two wires in the power cord to A point 3/4 inch from the end uf the cord and strip
L/4 Ineh of insulation from cach wire,
(] Told ihe biack plastic strain relief over the line cord so that 2 fnches of the end of the eord
protmides beyond ibe strain relief. Tightly close the strain relief with a patr of slip joint
B pliers and push it through the hole provided so that the stripped ¢nd of the cord protrudes
intg the case.
] Connect one of each of the wires of the line eord to each of the end lerminals ¢n T8-2.
Solder Lwo wires at each terminal { Note that the center tug of TS-2 is not used. )

THIS COMPLETES ELECTRICAL ASSEMBLY OF THE SYNTHESPIN MK-II,



FINAL ASSEMBLY

There are no internal wljustments to be made to the 1702K so after a final inspection fure proper
parts piacement and proper soldering the unil may be closed up as follows:

Install the left and right hand wood ends in the case top as shown in figure 4 and fasien each in
place wit_h two #4 X 3/8 inch wood serews. If possible pre-drill the holes for the sorews with
1/16 inch drill or center puneh starting holes for the scrows.

Carefilly [old the wires connecting the elreult board fo the tront pases 'r;om!:bls inte the top part
of the case undil the bottom punel is flush with the cut in the wood ends. Note that when the unit
s enmpletely asserubled the transformer 11 15 next to the rear cdge of the case. De extremely
careful of any shorting between the front panel jacks and controls and éirceuit board components
{ there should not be any prohlems il the jreks and controis are ortented as shown in figure 2. )

Fagten the bottom plate in place with-four #4 X 8/% inch screwe and note that each of these sere

pusses through a rubber foot and seeures the foot Lo the bollom of the unit. Once again center
punch or pre-drill starting holes for the screvws.

Rotate all-four of the potentiometer control shafts fally counter-clockwise as viewed from the front
of the ease, Make sure that the switch that is part of R3S has clocked off", Instail the four control
knobs by aligning the polnter of each knob with the 7 O'clock position of an imaeginury clock face und
firmly pushing the knoh onto the shaft of the potentiometer. Once-ingea!tod these knobs are difficult
to remove 8o make sure that the potentiometer mounting kardware is fuity tighlened.

TS COMDLETES ASSEMBLY OF THE 1702K SYRNTHESPIN ME-IT.

Figure 4

OPERATION

‘The Synthespin ME-II is desigoed for-low level signal processing and peak to peak signal amplitudes *
should in gencral be kept below 0, 5v. When the unit is heing used to process Lhe signals from electri~
fled musical instruments auch as guitar, zccordian, saxophone, ete. there is no problem as the
signul levels from these instruments are typically densiderably balow this limit. When using the
1702 with an electronic organ, however, the insertion polnt must be earefully ¢hogen, An organ

with an expression offers the easiest possible installatten becanse the connections o this pedal are
often madde with RCA type phono connectors. 1t is a simple matter to unpiug the inpul {u the expres-
sion pedal and exterd the lead by a sufficient amount to ‘reach the location of the Syathespin unit, The
extension cable must be terminated In a phone plug to match.the jacks on the 1702 and a new jumper
cable with phona g[ug on cne end and phone plug on the other must be made up ta connect the output of
the 1702 to the input of the expression pedal. On vrgans that do not have expression pedals the 1702

9L8260-G0LT

meust be inseried beiween the organ's pre-amplifier and power smplifier. This will reguire that
small modifications be made ingide the organ. if in doubt about proper inservion point or procedures
consult a repuirman gualificd to service the organ you arve using. I a servive man (s not available
further information can be ehlained by writing:

PAIA Electronies, Inc,
Customer Service

P.0O. Box 14359
Oktahoma Clty, OK 73116

¥f gt all possible please inelude a schematic diagram of the ovgan cireuitry with your letter.

When using the 1702 with instruments that connect to an outboard amplifier installation iz simply a
matter of plugging the instrument into the 1702 Minput'’ jack and using 2 jumper to conuect the "oulput!
to the amplifier input.

You may find (hat you do not need Lo advance the volume conlrols of the instrument and/or amplifier
guite as far when using the 1702, This is normal and is caused by a slight power boost desizned into
the Syathespin. -

Operation of the controts lg as follows:

SPEED The appareﬁt "apoed" of the rofating effect 1s variable from one cyele every three seconds
to 15 cycles per second using this control. Rotating the koob in o clockwise direction increases the speed

ACCENT Thig control allows the performer to select the presence of the Synthespin effeat. As'the
eontrol 1s rotated in a clockwise direction the effect hecomes more proncunced, After gsome experi-
menting with ihe Syathespin you may notice thal as the spewd control is udvanced she effect becomes
more noticeable and u lower setting of the accent will produce an cquivalent sound, This phenomena is
purely subjective, there is ne interaction between these controls. :

SPAN  This contrel permits the range of the instrument's frequencies thul are atfected by the 1702

te be restricted if desired. Nourmally this knob will be set tully clockwise but counter-clockwise
rotation will narrow its operming range. When fully counter-clockwise the rotaling elfect disappears
completely. The spun control is ulse connected to the power switch. Rotaring tne eontrol fully counter—
cluckwise past the "elick™ Luras the power off.

CENTER  With the Span control at its normally Eully elockwise setting this control 'has no effect hut
as the Span control is turned back the center control hias a greater atfeet on the portion of the iastru—
ment's tonul range that is modified by th? 1702, When the "span" control ig fully off the "ecentern
control can be used to manually phase the signal. .

Function of the rear panel jacks is as follows:

CANCEL Closing & switch plugged inta the “cancel' jack turns off the effect. Best results are
chtained using a push on — push off switch such as that in the PATA foot swiich.

with the cancel switch closed ouly the rotating effect is turned off, the unit should still pass the
pignal at the same relative level as when the effect was on,

SPEED The jack on the rear of the otae marked Papeed” accepts an external O to % volte D.C,
conkrel voltage and sets the speed of the effect proportional to the external voltage, The positive
side of the supply goes to thé tip of the 1/4-inch phone javk wsed to make the connection while
the negative side goes to the sleeve contact of the jack.

Whon using 2 remote control voltuge the "speed! control on the ['m[_xt pane!{ must be turned fully
counter-clockwise, .

CENTER  This jack allows remote foot pedal control of the function of the front panel "ecenter” eont
Like the "'speed” juck, ibis-input accepts 2 0 to' 9 volt contro! voltage. As the control voltuge increas
il has the effeci of turning the fromt panel "center™ khob in a clockwise direction. Polurify of the conl
voltage at the phone jack i the same as [or the auxiliary "speed™ input so the same voltage source me
be used for cither of these functions, ’ - .

When using an external control voltage souvce the frant pangl Ncenter'conirol should be rotated fully
counter-clockwiss. . .

DESIGN ANATYSIS

At the heart of the Synthespin MK-II is 2 new integrated circuil package, the TLM3900 quad Norton
amplifier ( IC-1). This device consists of four seperate differential input amplifier aeciions each
of which is somewhat simiiar to the more familiar opersationzl amplifier. Similar, but different in
two subile but very bmportanl respects, ’



First, unlike standard op-amps the Norlen amplifier 13 designed as a current differencing rather
than a vollage differencing device and secondly, the Novton amplifier is meant to work from a
single voltage supply Tather than the split-supply usually used fur ap-amps,

‘I'he fact that the inputs of the Norton amplifier
are intended as current ginks is implied by the
schematic symbol for the device shown in fig. 5.
The arrowhead on the non-taverting (4} input
denotes 2 current fiow into Lhig input and the
cireled arrowhead between the inverting (- )
and non-inverting inpits is meant t imply thak
‘there is a constant current sink & this input
which is controlled by the signal at the non~
inverting input,

OUTPUT

Figare 5

Deciuse of this current differencing configuration the Norton amplifier is capable of performing
some functions that are beyond the capabilities of a standard op-amp. Typical of this versatillty
is the voltage controlled oseillator composed of amplifiers IC¢-1C and IC-1D ( Note that in schematic
diagram figure 6 the four seperate acetions of IC-1 have heen labeled s IC-1A through [C-1D
for clarity ). Experimenters used to working with operalional amplifiers wiil recognize the
cirgnitry surrounding IC-1C as gome sort of strange ntegrator. Asswme for a moment that Q2
is off, with this condition there is a purrent flow into-eack of the inputs of the amplifier and the
amplifier works to muke these currents idenlicul. If C12 were not present this would of course
be invpossible because ihe value of the resistor at the (+) input (R28) = almost hall the value

of R2ZT at the inverting input. With C12 in the picture howover the situation is different and by
constantly and linearly increasing the voltage at ite outpul the amplifier cun cause a current to

Alow hrough €12 that when added to Lhe curcent through R27 causes the two input currents to be

identical. The result is a linearly Increasing voliage ramp at the oulput of IC-1C that would
continue to rise almost Lo the supply voltage if it were not for the Schmitt trigger built arcund
I-1D. .

For the moment disregard C11 and notice Lhut there is positive feed-back from ihe output of
IC-1T to the +input,  As huppened ubove, the amplifler comparen the two input currenis upd acts
in sueh u way as to iry Lo muke (hem equal. . There is e constant current supply into the inverting
Input of this amplifiex through N31 which is compared to the sum of the current supplied to the
non-inverting taput through K25 and R30. When the circuit is first turned on the output of IC-1D
i¢ for all practical purposes dt ground as is the output of IC-1C so that the current into the non—
inverting input of IC-1C is very low compared to the current flow through E31. Because of this
the outpyt of EC-1D is held low. As the integrator that was discussed ahove begins te ramp up, the
current flow through R25 increases until it exceeds the current flow thyough H31. At this point
IC-1D “switches" and the output changes from near ground to close te supply, The sum of the
currents through R25 and R30 now far exceed the current flow through R3! so the amplitier stays
in this high output state, : -

“When the outgut of 10~ 1D goes high it turns on Q2. This transistor now acts as a carrent sink

te prevent-any ‘currént Irom being supplied through the non-inverting input of IC-3!. The only
current now being supplied to the inputs of IC-1C i through the inverting input and the amplifier
musgt act in such & way ag to make this current equal to the current at the non-jnverting input.
The only way it can do Lhis is tv constantly and linearly deerease the voltage ai its output so that
a cuzrrent flows through C12 thét i equal and opposite to the current through R27, This of course

-causes (he voltage at the vatput of IC-1C to decrease until at some point the .current flow through

R31 is greater thun the combined eurrent flow through R25 and R30 at whick tilme [C~1D "ewitches"
back to its low state thereby turning off Q2 and causing the integrator to hegin "ramping up’ again,
The end result is a triangalar wave at the outpat of IC-1C as 1t integrates up and down and a
square wave.at the sutput of FC-1D as it switohes between its high and low states. The rate at
which the voltage rises apd falls at the output of IC-1C is a function of the voltage input at point

- A. "Speed" control RIS varies the voltage af this input point and therefure the frequency of this

oscillator within the lwmits of . 3 Hz. dnd 15 1z, , equivulent to over 5 octaves.

IC-1A is arranged as a voltage eontrolled band-pass filéer. R11, R1%, C§, ©7, C12 and the
equivalent impedance of diodes D5 and D6 form = noteh filter which is in the negative feedback
loop of this amplifier stage. Freguencies outside the noteh of this filter pass through the feed-
bavk loop with litite attenuation and tend to cancet the original input signal of that frequency at
theé amplifier's input. Signals thal are attenuated by the noteh are not fed back io the input and
therefore do not cancel but are allawed to pass through the amplifier without attenuatfen. The

"™ of the active filter is controlled by the attenuator R37 in the feed-back foop und the time
constants ol the notch filter section arve selecied for maximum variability and [lattest responge
over a roughly two ard 2 half octave band from 350 Hz. to 1.2 kHz, As the voltuge across D3
and D6 increnses, its equivalent impedance decreases causing the cenivr frequency of the noteh
tilter Lo shift up.

There are three biasing and control valtage sources for dludes D5 and D6. The first, R22 and
R24 places the cathode of D6 at about lv. above ground.. The second is a biasing suvuree con-
siating of R1%, R20 and the potentiometer R36, this combination s capable of voltages hotween
v, and 8v. ut the wiper of 36, The third supply is the triangle cutput of the veltage controlled
egeillator which appears across the polentiometer R35. The wiper of R35 pivks off a voltage thal
iz a combination of the oscillutor output and the voliage at the wiper of R36 . When the wiper of
R35 ig at the end of the put closest to point "C the voltage from R34 is isolated by the par:;l.lel
combination of R35 and R34 und thercfors has little effect on the voltage at point "BY., Bui as the
wiper of R35 i moved away from point "C' the contribution of the asaillator becoroes progress—
ively tess while the influence of the voltage at the wiper of R36 becomes progressively greater,
This arrangement nilows the vollage at point "B" te he anywhere between 1 and 8v. with Ny
percentage of that vollage goming From either the oscillator or the eonstant supply. ‘The voliage
at point "B is uppliad to the anode of diode DS through the low pass filter section compased of
R21, R22 aqd C8 which convert the triangular output of the control oscillator to roughly a slue
wave by filtering out the higheér arder harmonic content.

The transistar Q provides a means of turning the active band-pass filter section IC-1A on and off,
As lung as there is no connection between the hase of Q1 and ground it is held on by R13, With Q1's
collertor at ground the total biasing current to IC-1A's non-inverting inpul must come from Ri.
When the buse of Q1 is grounded - as it would he by clusing a switch plugged inlo 43« the voltage
at the collector jumps to near supply causing C13 to charge through R16. This In turn ¢auses an
increased current flow inte the non-inverting input through R12 and will eventually result in the
saturation of I0~1A. With IC-14 saturated and therefore not functioning, the only clement in the
signal path is IC-1B which is arranged for a slight gain ioto « moderate loag at the sutput jack J2.

Part of the original musical imput to the circailry is coupled divectly to lthe amplifier section IC-13
where it is summed with the output of the bord-pass filter. Because of the gains of the b:f,nd-puss
filter and ite natural 150 degrec phase shift the final output is actuglly a partial cancellztion of the

" agignal passcd through the band-pass filter and a distortion of phase velationships of frequencies just

outside this pags-band. As the pass band sweeps back and forth under the influence of the oscitlator
the etfect is roughly the same as the frequency shifts generated by a rotaling speaker,
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IC1 LM3900, CA3401
Q1,Q2 2N5129 (TO-62 case style), TO-92 OK, but mount 'backwards'
T1 12vac 100mA



