ELECTRONICS, INC.

APN32

FREVERB RAODULE

A reverberation unit is a natural addition to any Synthesizer sysiem sincc it provides
an electro-mechanical equivalent to the delays and echos that define the accoustics of
a large auditorium, The 4712 Reverb Module optimizes control flexibility by allowing
for the mixing of two separate input signals as well as post-mixing of the input signals
with the processed reverb signal., Front panel switch allows for instantanecus, pop-
free termination of reverb effects without affecting normal signal flow through the

module.

SPECIFICATIONS

POWER REQUIREMENTS;
[NPUTS:

INPUT IMPEDANCE:
OUTPUT IMPEDANCE:

REVERBERATION TIME:

+ 9v. @ 3.5 ma,
- 9v. @ 3.5 ma.

2; mixing
100K nom.

legs than 1K

3 sec. nom,



SOLDERING

Use care when mounting all compenents. Use only rogin core selder (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
connections to beware of: Using too little solder will sometimes result in a connection which
appears to be soldered but actually there is a layer of flux insulating the component lead from

the solder bead. This situation can he cured by re-heating the jeint and applying more solder.

If too much solder is used on a joint there is the danger that a conducting bridge of excess solder
will flow between adjacent circuit board conductors forming a short circuit. Unintentional bridges
can be cleaned off by holding the board up-side down and flowing the excess solder off onto a clean,
hot soldering iron.

Select a soldering iron with a small tip and a power rating not more than 35 watts. Soldering
guns are completely unacceptable for assembling lransistorized equipment because the large
magnetic field they generate can damage solid state components.

CIRCUIT BOARD ASSEMBLY

{} Prepare for assembiy by thoroughly cleaning the conductor side of the ¢ircuit board
with a scouring cleanser. Rinse the board with clear water and dry completely.

Solder each of the fixed resistors in place following the parts placement designators printed

on the circuit board and the assembly drawing figure 1. Note that the fixed resistors are
non~polarized and may be mounted with either of their two leads in either of the holes provided.
Cinch the resistors in place prior to soldering by putting their leads through the holes and pushing
them firmly against the board, on the conductor side of the board bend the leads outward to about
a 45Y angle. Clip off each lead flush with the solder joint as the joint is made.
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DESIGNATION VALUE COLOR CODE A-B-C
()} Rl . i iienas 160K .o iiiisien e brown-black -yellow
()Y BR2 i 100K ..eierciennnnnns brown-black-yellow
() B3 LOOK ..iaen i, brown-Hack-yellow
() Rd i, 100K ... s brown-hlack-yellow
() R6 1 Megohm ........... brown-black—-green
() 8 47K e e vellow-viclet-orange
(}y BB e 150 ohm ...... .00 brown-green-brown
() RY .. 2200 ... red-red-red
() R10 ...... covrvnmnain-- 330 0hm ... arange-orange-brown
() Bl2 e iiiiiniannn 2200 L......-n e saaan red-red-reod
() G 2200 ... ieiianennen ..+ red-red-red
() 1 veee 270K i i i iar i red-violet-yellow
() RIS . ea 330 ohm  ...iiieaels orange-orange-brown
() 2 270 ohm ... .eeaan red-violet-brown
{) RLT .. i, 270 ohm ... red~violet-bhrown

Install the ceramic disk capacitors. Without exception the value will be marked on the
body of the part.

DESIGNATION VALUE
(1 Cl . 15 pf.
(Y €2 i, vee. 15 pf.

Up to this point all components have been
non-polarized and either lead could be
placed in either of the holes provided
without affecting the operation of the
unit, FElectrolytic capacilors are
polarized and must be mounted so that
the "+'" lead of the capacitor goes
through the "+ hele in the circuit
board. In the event that the '"-'" lead
of the capacitor is marked rather than
the "+ lead it is to go through the
unmarked hole in the cireuit board,

[Figure I Parts Placement
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© the integrated civcuits. Note that the oTientstion of the integrated cireuit is keyed by a
fi at cpe end of the case which aligns with the semi-cireular key on the designator prinied
tia cireuit beard., Use particular care when installing this part, like any other semi-
or it is heat sensitive and should not be exposed to extraordinarily high soldering
rperatures.  Make sure that the orientafion is correct hefore saldering. Once the unit is
w2 place it eannot be removed without destroying it,

DLSIGNATION TY PR NO,
(Y IC~1 i, T48 op-amp
[ c-2 ..... et me e, 748 op-amp

i panel controls and jacks. Al each step prepare the wire by cutting it to Lhe specified length
zod gtvipping (/4 inch of Insulation from each end of the wivre. "Tin' each end of the wire by
twisting the exposed strands tightly together and meiting 2 small amount of solder into the wire,

iz the wire provided make the following connections tc the eireuit board.

% & 21/% inch length to point MA", { ¥ a4 inch length to poini "E",

' a 2 inch length to point "B, i} a 4-1/4 inch length to point "F,
{0 a 4-1/4 inch iength to point O, {5 a 1-3/4 inch length to point "Go.
i a o inch length to peint "D, () 8 4-1/2 inch length to point "HY,

THIS COMPLETES ASSEMBLY OF THE 4712 CIRCUIT BOARD, Temporarily sat the
cireuit board aside and proceed to the mounting of the front panel controls and jacks.

Place the front panel face down on a soft rag to prevent marring the finish.

Note that in a laler step the ground lugs (lug #2) of miniature phone jacks J1 and J2 will
be soldered together. Make sure that these lugs are adjacent Lo one another before
tightening the nuts on these jacks. (see figure 2 foldout on page 5)

() Mount the miniature phone jack J1 using the nut provided. Orient as illustrated in
figure 2.

() Ina similar manner mount miniature phone jack J2. Orient as illustrated.

{1 In a similar manner mount miniature phone jack J3. Orient as illustrated.

() Using two 4-40 X 1/4 inch machine screws and two 4-40 nuts mount the slide switch
8-11n the posilion shown in figure 2,

{} Mount 500K ohm potentiometer R5 in the location shown in figure 2. Use two 3/8 inch
nuts, one behind the front panel as a spacer and the second on the front side of the
panel to secure the polentiometer. Adjust the rear nut so that none of the threaded
shaft of the control is exposed when the front nut is Lightened down. This will allow
the control knob, which will be mounted in a laler step to seat as closely as possible
to the froat panel. Orient as iliustrated.

(} 1o asimilar manner mount 5K ohm potentiometer Rl Orient as illustrated.



In the following steps the insulaied wire remaining will be used to make connections
hbetween the front panel controls and jacks. Unless otherwise instructed, wires
should be prepared by cutting them to the specified length, stripping 1/4'" of insu-
tation from each end and twisting and tinning the exposed strands.

)

()

()

()

()
()

Using a 4 inch length of insulated wire make the connection hetween lug #2 of 5-1
and lug #3 of R11. Solder the connection at S-1 only.

Using a 2 inch length of insulated wire make the connection between lug #2 of R5 and
lug #2 of R11. Solder the connection at R5 only.

Using a 2-3/4 inch length of insulated wire make the connection between lug #2 of R11
ond lug #2 of I3, Solder the two wires at lug #2 of R11 but DO NOT SOLDER the

connection at 43 at this time.

Using a 2 inch length of insulated wire make the connection between lug #2 of J2 and
lug #2 of 32, Solder the two wires at lug #2 of J3 only.

Using a 1~1/2 inch length of insulaied wire male the connection between lug #2 of J1
and lug #1 of S-1. DO NOT SOLDER,

Bend lug #2 of J2 and tug #2 of J1 slightly so that they touch each otber.

Solder lug #2 of J2 and lug #2 of J1, along with the wires connected to these two lugs,
together.

The front panel may now be bolted to the circuit board as follows:

)

IN THE FOLLOWING STEPS WIRES PREVIOUSLY
CONNEICTLED TO THE CIRCUIT BOARD WILL BE
CONNECTED TO THE FRONT PANEL.,

)

()

()

()
()
)
()
)
()

()

Fasten the two "L" brackets to

the front punel using one 4-40 >
X 1/4 inch machine screw, two ‘
lockwashers and one 4-40 nut on (A .

each brackel. Note that the T .
unthreaded hole in the "L" brack- a
et is used in this operation as
shown in figure 3,

Fasten the circuit boaxd to the
front panel '""L' brackets by
passing a 4-40 X 1/4 inch
machine serew up through the
holes in the circuit board and
threading them into the thread-
ed holes in the "L" brackets. NOTE THREADED HOLE -
Securely tighten all screws.

Coamect the wire coming from circuit board point
A" to lug #1 of J1. Solder this connection.

Connect the wire from peint "B to lug #1 of J 2.

Solder this connection. -
Connect the wire from point "C'" to lug #1 of R5. %
Solder this connection. (&£3)

Connect the wire from point "D" to lug #3 of Rb, Solder. . 5 _ Mount
. o R - .
Conmnect the wire from point "E" to lug #1 of R11. Solder. lgure ounting Front Panel

Connect the wire from point "F* to lug #3 of R11, Solder two wires at this connection,

Comnect the wire from point "G" to lug #1 of S-1. Solder two wires at this connection.

Connect the wire from point '"H" to lug #1 of J3. Seclder,

Locate the 3 foot length of coaxial cable terminating in molded RCA type phemo
connectors and cut this cable into two equal 18 inek lengths.

Prepare both lengths of the above cable by stripping away /4 inch of the cuter
insulating sleeve to expose the shielding wire., Twist the shielding wire strands
together and tin them. When tinned, cut away 1/2 inch of the shield so that only
a stub 1/4 inch long remains. Strip 1/4 inch of the insulation from the inner
conductor and twist and tin the exposed strapds.



Figure 4 - Coax Preparation Detail

{ ) Insert the inner conductor of one of the previously prepured lengths of co-ax into point
"KM on the eircuit board and solder. Inseri the shield wire info ihe nearest poinl marked

i and solder.

{) Insertthe inner conducter of the remuining length of co-uxial cuble into peint "J' und
aolder, Tnsert the shield wire into the nearest point marked -l gand solder.

(@] Rotate uil canteol shafls fully counter-clockwise as viewed from the front of the panel.

{} Omnece the ecatrol knobs are pushed onto their shalls they will be difficult to remove.
Helore installing the knobs align the pointer on the top of eazh knob go that it poinis te
the scven o'clock pogition of an imaginary clock. 1ush the knob outo the shait firmly.

{) Three flea elips have been inclunded to facilitate power supply connections. Insert these
clips into the boles at the end of the cireuit hoard marked "+, "~ und "+ ", Note that
these clips are a tight fit and il vay be necessary to bend the narrow end of the clips
slightly to fit the holes.

THIS COMPLETES ASSEMBLY OF THE 4712 REVERB MODULI, Proceed now Lo the
installation of the reverh spring.

NOTE: If vou wish to mount the reverb spring inside the 2720 case slight clearance problems
might be encounteved. We suggoest, il ihe spring is 1o be mouated here, that it be mourted
anywhare Lo the right of the 2720-8D0 sarmple and hold circuit board and immediately above

the 27208 vollage divider sireuil board with the HOA phone jacks facing up. Slight re-position--
ing of the voltage divider circuit board may be required. Tubing has been supplied to place over
any of the direuit board flea clip power connections that might come in contact with the reverb
spring. {zee figure 5)

MOTE: FOWEE
HUSS BAR SHOWN
CUT AWAY FOR CLARITY

YOLTAGE MMVIDER
CIRCUIT BOARD

Figure 5 - Mounting the Reverb Spring
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from reverb spring

to reverb spring



If the reverb spring is to be mounted in the 47 0 Wing Cabinet it should be mounted anywhere
on the back of the case high encugh to clear the module circuit boards., NOTE: Sufficient
clearance does not exist to mount the spring bebind the 4780 Sequencer module or

3720-14 Sine converter/PWM,

{3 Determine where you wish to mount the reverb spring and drill four 3/16 inch holes
as shown in figure 6.

4 4

o~ "
~ FOUR ¥4 HOLES

—

&

] 4 alau l
a 3/4n »

Tigure 6 - Reverh Spring Mounting Hole Drilling Template

{3 Using the four 8-32 X 1/2 inch machine serews, four 8-82 nuts and four #8 lockwashers
rovided rount the reverh spring as shown in figure 7.

Figure T - Fasten reverb spring in place with #8 hardware
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() Connect the co~axial cable coming from circuit board peint "J" to the jack mounted on
the reverb spring housing marked "input'.

{) Conneet the co-ax from point "K" to the jack marked "output”.
THIS COMPLETES CONSTRUCTION OF THE 4712 REVERB,

TESTING

The 4712 Reverh may be tested using only an audio signal source rich in harmenics (the pulse
output of the 2720-2 VCO will work fine), an audio amplifier and any suitahle power supply capa-
ble of producing 4 9v. and -9v,

Connect the power supply to the power connections at the rear edge of the circuit board; '+ to
9v., ground to "4:‘" and "=" to ~9v. Rotate both controls fully counter-clockwise as viewed from
the front of the front panel and place the "rev' switch in the "out' position. Connect the 2720-2
or other signal source to the input labeled "1" and connect the output of the 4712 to the high level
input of your amplifier., Confirm that with the controls set as specified the signal passes through
the 4712 with little or no gain or attenuation and that no reverberation is added. Rotate the input
control clockwise and note that there is little change in the level of the signal for the first half of
this conlrols rotation. Clockwise rotation beyond the half-way point should produce increasing
atlenuation of the signal until, at the limit of the knob's rotation, the signal is off. Removc the
signal from the #1 input and place it in the #2 input. Observe that the volume of the tone from the
amplifier is approximately the same as it was with the control fuily counter-clockwize and the sig-
nal applied to the #1 inpul. Rotate the input control counter~clockwise and observe that there is

a reduction in volume similar to thal expervicaced with the signal applied to the #1 input.

Rotate the input contrel fully clockwise and siide the Vrev" switch to the "in® position. Confirm
that the signal is still passing with no reverb effects, NOTE: Reverbervation effects are most
noticeable on signals that ave changing cither in frequency or amplitude - during the following
tests vary the frequency of the signal source when listening for reverb so that the effect can be
more clearly besrd. Hotate the output control knob in a ctockwise direction and cheerve that as
the conircl is advanced the reverb effcel becomes progressively more pronounced undil ai the
clockwise limit the sound is totally reverh without any non-processed signal passing at all,

THIS COMPLETES THE TESTING OF THE PALA 4712 REVERB MODULL,

USING THE 4712 REVERE MODULE

The front panel graphics of the 4712 Reverb module divide the controls into roughly threc groups:
INPUT, OUTPUT and the REVERB termination switch, Operation of these controls is as follows:

INPUT~ The input section of the panel consists of a single control knob and two miniature phone

jack inputs. The control knob is a pan pot which allows the user to select either 11 or #2 input or
to mix the two inputs 25 needed. Rotating the input control fully counter-clockwise allows only the
input signal presented to input #1 to pass through the module while any signal at input #2 is not
allowed to pass. Rotating the control in a clockwise direclion increases the percentage of the #2
signal present in the output until the control is approximately at its mid-range setting. The pre-
dominant effect of further rotation is to decrease the amount of the #1 signal while leaving the #2
signal essentially constant.

OUTPUT- In the same way that the single control in the input seetion of the module selected one
of the two inputs and allowed for their mixing, the control in the output section of the panel selects
either the unaltered signal without any reverberation processing when set to "norm" or only the
signal after it has passed through the reverb spring assembly when set to '"rev”. Intermediate
setting of the control produces a mixturc of the processed and non~processed signals.

REV- The slide switch marked "in""-"out" provides a convenicnl mcans of eliminating the reverb
effects when desired without having to change the setting of the "norm/rev" output contrel. Sliding
the switch to the "out'” position terminates the reverlb effects without altering the level of the
non-process signal,

The 4712 is used in essentially the same way that it was tested. One or more signal sources are
connected to the input jacks, the input control is set to the desired mix of the signals (or set fully
to the input being used if only one signal source is being processed), the cutput is routed to the
synthesizers exiernal amplifier (or to other processing elements ~ VCA's, filters, etc.) and

and the outpul control set for the desired mix of reverb processed and non-processed signal.



A variety of eifects ean be achieved by altering the position of the reverb module in the
audio chain. For example, figure 8 shows schematicly a typical patch which has a
keyhoard contrelled VOO feeding a VOA under the control of an ADSR for envelope
shaping with the output of the VCA going to the Reverb unit and then to the amplifier

or recorder being used. Thig is "lypical" becausge it simulates the effect of some
ingtrument {depending on VCO waveform selection, ADSR sellings, eic,} being played
in an auditorium, The VCO and VCA in effect samutate the instrument while the Reverb
simulates the accoustics of the hall. Percussion effects played with this patch will
have a very characterisiic "echo' guality that wiil causc some reverberating sound to
be present for a short time after the ADSR has turned the VCA off. Sustain instrument
simmwlations will have the same effect but it will be masked somewhat by the sustain
interval.

out

Figure &

Reverb as o properly of the environment

By interchanging the VCA and Reverb as shown L figure 9 we have generated an
entirely new situation. Lven if all of the contvols of this palch are sot cxactly as
they were before, we now have some kind of new insirwnent simalation that has
reverh as a quality of the instrument rather than quality of the environmenl, Per-
cussion envelopes played on this new patch will not have the reverberating Yecho”
that the first patch had becausc when the ADSR turns the VCA off it kills the reverb-
eration along with the rest of the sound.

ouT

Figure 9

Reverb ag a property of the instrument

There are a few things to beware of. Like most PAIA 2720 and 4700 series synthe~
sizer modules, the input of the 4712 is direct coupled and signal sources which have
a fixed D.C. voliage level present al their outputs should be capacitively coupled

to the 4712 input by placing a small capacitor {, 22 mofd typical) in series with the
input.



The 4712 is designed to operate with & moderately high level signal {. Gv. peak to
peak nominaly and signal levels lower than this - such as the output of electric
guitars - may be subject to hum pick-up. It is suggested that a PATA 2720-12
Inverter/Buffer or other suitable pre-amplifier with approximately 20 db. gain be
used to buffer the instrament from the reverb module. Route the output of the
instrument first into the 20 db. input of the buffer, then connect the output of the
buffer to cne of the reverb's inputs.

DESIGN ANALYSIS

Reverb Spring Assembly—-The reverb spring assembly supplied with the PATA 4712
Reverh Module is a standard type manufactured by 2 subsidiary of onc of the country's
leading organ manufacturers, It consists of two electro-mechanical fransducers mech-
anically connected to one another by two coil springs.

The transducers congist of small permanent magnets whieh are suspended in an air
gap of a luminated core transformer. When a signal current is supplied to the trans-
former winding it gives rise to a magnetic flux in the core. At the air gap, the effect
of this magnetic field is to produce a torsional force on the permanent magnet that
causes the magnet to rotaie glightly. The resulting pressure wave propogates the
length of the spring as a rotational flexure until it reaches the receiving Lransducer
where two things happen, TFirst, the permanent magnet at the receiving lransducer
is twisted slightly and the resulting change in magnetic flux in the corc of the trans—
ducer induces a signal voliage in the winding associated with that core, Also, the
mechanical termination al the receiving transducer does not absorh all of the incident
pressure wave so that some energy is reflecied back down Lhe spring, When this
reficeted wave reaches the input transducer, some of it is reflecied again to hegin
the jommey down the helix to appear delayed in timc as a second output signal. The
reflecting process happens again and agaip causing the echo-like reverberation.

A second and equally important effect that comes into play in the total reverb sound
is the frequency response characteristics of the mechanical assembly. Like the
accoustics of a large hall of complex configuration, the mechanical reverh assembly
has a multitude of resonant and anti-resonant peaks as shown in the plot of fre-
quency response shown in figure 16,

RESPONSE (N DB

g S :
FREQUENCY IN CYCLES PER SECOND

Figure 10 - Reverb Frequency Response

Driver Module--A schematic of the driver module electronics is shown in figure 11
Signals from inputs #1 and #2 are applied to resistors Rl and R2 respectively which
in conjuction with resistors R3 and R4 and potentiometer R5 form a variable attenuation
summing network at the input of operational amplifier IC1. As the input conirol is
rotated from one extreme of its rotation to the other it alicruately grounds lhe
junctions of Rl and R3 cr R2 and R4. When either of these junctions is at ground
potential, any input signal that would otherwise appear at this point is grounded and
makes no contribution to the cutput of the amplifier stage, In intermediate positions,
the input resistors Rl and R2 along with the portion of the potentiometer R5 which is
between ground and the points labeled "C' and "B" form a voltage divider that

gauses one level to increase while the other is decreasing,
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The culpii of this inpat m
the veverd goring

SELL

In the srame way that Ri, 1312, 5, B4 and X3 forn
Tor 101, sco RO, R10, 812, B3 and potentiometer

dection for ICZ, Whher the roverb processed
preocesaed signal present of the junciion of K7
the control Rit, The zelected signals are amy
IC2 and coupied to the cotput

back to back elecirolylic ca

fied by tha
ck by the non-polorized ¢
citors €5 and C4.

The Vin'-out” switch terminates any reverh effects by shorting

L0 snd RB13 divectly to ground,

Resistors Bitand BT in conjunction with electeolytic eapacitors O35 andg 08
couple the medule from the power supply and provide further fillering of
supply voltage.

v mrAARAT PT IR
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