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" B3 sound in Pseudo-Stereo "

1. Forewords — Purpose of this chapter

We all know that Hammond vintage organs (B3, C3, A-100...) are only designed and
produced to provide MONO output signals to drive later on Leslie cabinets (L-122, L-
147 f.i.) and/or static tone cabinets such as PR-40 and others.

Even with two Leslie cabinets, the sound reproduction remains still monophonic and no
stereophonic sound relief is obtainable.

The pointis : ' Is it possible to generate stereophonic Left and Right signals from a
standard monophonic signal ? ' .

The answer is : " Yes indeed, but to a certain extend, it is possible to recreate
electronically, let's call it, a Pseudo-Stereo effect "..

The idea came from TV sets. TV sets equipped with two audio channels do offer the
possibility to select either 'Mono' or 'Stereo’ sounds and it has to be recognized that a
stereo effect is noticeable when switching from Mono to Stereo based on a Mono input
signal source.

Therefore, the objective was to find such IC's and try to reproduce the same
phenomenon with vintage Hammond organs and two Leslie cabinets.

A first attempt was made with TDA3810 IC's manufactured by Philips. Numerous
experiments (and time) were conducted with this IC and results were unsuccessful.
This IC did not support sufficient dynamic range, levels were inadequate, fast clipping,
etc.. so this solution was abandoned.

However, when analysing the basic concept of this IC, | decided to reproduce partially
with discrete components the 'inside’ of this TDA3810 but with other components and
higher DC voltage supplies in order to comply with the required dynamic range needed
for music instruments.

TDA3810 was basically designed for TV applications, not for music instruments.

Several prototype circuits were tried on the workbench and the purpose of this
document is to come up with the results of this realization with the most interesting
Pseudo Stereo results.
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2. Overall concept of this PS Sound converter.

This Pseudo-Stereo (PS for short) sound converter is just an interface unit to be
inserted between the organ console and the audio equipments.

Refer to connection drawing on next page for easier understanding.

The 6-pin Amphenol connector has to be simply plugged in at the output of the organ
and each Leslie cabinet is connected at the rear side with both original Leslie cables.

The PS Sound Converter is auto-powered by the 230 Vac AC mains available when
the organ is switched ON. No AC cord is needed, the unit is just 'in series' and assure
the junction between both Leslie cabinets. That's all.

Two additional Cinch connectors are also installed at the rear side in order to allow
connection of both L & R channels through an external audio mixer followed by power
amplifier and L & R speakers.

Based on my personal experience, the combination of static speakers with rotary
Leslie cabinets has been always the best Hammond sound reproduction system.
Just my own 'B3 player' opinion.

The Pseudo-Stereo effect is the most effective when an headphone set is plugged on
the audio mixer.

Input level of the PS converter is set to position ' 5 ' and switch from Mono to Stereo
while playing. Then the 'Pseudo-Stereo’ effect is really noticeable.

To be noted that a voltage booster is also integrated in this PS sound converter
providing an overall gain of about +14 dB.

In other terms, the Volume controls of each Leslie cabinet that are in generally set near
Max.position have to be reset to lower position '3'to '5'".
Inherent background noise is so reduced as well.

Details of each circuit will be described in the next pages.
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Front View.
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Block-Diagram.

3.
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4, Description of the Block-Diagram.

Basically, the inside of this PS sound converter is composed of the following elements:

1. Input cable that is directly connected at the output socket of the organ. To be noted
that Pin #6 is left unconnected (N/C) since the input circuit of the PS converter only
operates in unbalanced mode.

2. To protect the input of the PS circuit, one capacitor is inserted to block the DC
voltage for Leslie speed control circuit, generally called F/S Commandq) signal.

3. The input signal can be adjusted to the desired level via one 47K Log potentiometer
before entering into the PS PCB.

4. This monophonic input signal is then processed into the Pseudo-Stereo circuit that
generate Left and Right signals.

5. One inverter switch is installed at the output of this PS circuit to allow switching from
Mono to Stereo so that the user may notice the benefit of this PS Sound Converter.
3.9K resistors are there to adjust the levels in both PS or Mono modes.

6. The next PCB is the ASYM-to-SYM PCB which has several functions:
- provide an overall gain of +13.5 dB.
- restore the asymmetrical signals from the PS converter PCB into symmetrical
signals to drive standard Leslie 122.

7. The balanced (SYM) Left & Right signals are then connected according the Leslie
122 standard cabling.

8. Left & Right Cinch sockets are added (unbalanced) for additional connections to
external audio mixers or the like.

9. PS circuit and Asym-to-Sym circuit are powered by a PSU unit directly connected on
the AC mains voltage available from Pin #3 & Pin #4 from the input cable.

Details of each circuit is provided in the next pages.

1) F/S Command stands for Fast/Slow Command
Pseudo-Stereo Sound Converter Aug.2012
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S. PSEUDO-STEREQ circuit.

A few words of theory.

It is the right opportunity to refresh some basics regarding Monophonic and
Stereophonic sound signals.

When using two Leslie 122 cabinets connected to an Hammond B3, both channels are
exactly identical and you only perceive 'duplicated’ Mono signals.
This means a flat sound i.e. no stereo image.

Stereophonic effect, also called 'Stereo Relief' or 'Stereo Sound' is only audible
because we have two ears and one brain. Whenever you listen to a stereo sound with
one ear, it is impossible to discern any stereo image.

The human brain must receive two different information to feel the stereo effect.

In our case, two separate signals have to be created from one single monophonic
signal.

The stereophonic effect depends on two factors :
- the distance of the source between each ear
- the frequency of the audio source

The above points are in direct relation with the wavelength of the signal heard and the
existing distance between our two ears ( that cannot be changed =) .

Since the wavelength of low frequency signals is very high, signals are reached both
ears almost simultaneously and hence no stereo effect is effectively perceptible.

However, with mid and high frequency signals, the wavelength is much shorter and
reaches both ears at different times generating so a 'stereo effect'.

So, there is no interest to recreate a stereo effect in the low end part of the audio
spectrum (bass range) since the low frequencies are, let's call it, 'omni-directional' due
to their high wavelength while it is compulsory to do it in the medium-treble range of
the audio band.

Today's 3.1, 5.1.. and others audio systems are mostly composed of one bass
enclosure and two satellite speakers for medium-treble signals and indeed this does
not affect the stereo relief.
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6. Functional description.

The Pseudo Stereo effect is based on the Integrated Circuit TDA3810 that was
developed by Philips mostly for TV sets. Since this component is NLA (*), the idea was
to redesign this IC with discrete components and standard opamps such as TL082,
TLO84... and adapt the whole circuit for this specific application.

The Pseudo Stereo effect is based on the principle of a phase shift between the Left
and Right output channels in the audio frequency range. This phase shift provides an
impression as if the sound source is moved depending on the frequency, hence the
artificial stereo effect.

Phase-Shift of R-Chan. vs Frequency
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The Left channel is not affected by this phase shift and is directly routed to the output.
Only the Right channel is 'phase-shifted' or 'phase-delayed' by comparison with the
Left channel that remains unchanged. The graph here above demonstrates that the
important phase shift takes place from 200 Hz to 5 KHz , the most audible range where
the Pseudo Stereo effect is expected.

(*) NLA = No Longer Available
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7. Understanding the phase shift.

PHASE SHIFT MEASUREMENT

In this example, the blue
sinewave is ‘phase
Vv shifted’ by 72° by
comparison with the red
referenced sinewave.

P Time

-t
= >
°=t/T.360°
°=2/10.360°
0:720

The above oscillogram shows the phase shift existing between two sine waves.
In our case, the red one refers to the Left channel and the blue one for the Right

channel that is phase shifted or delayed by 72°.
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8. Pseudo-Stereo circuit description.

+0.44 dB +0.42 dB +3.03dB
+1.25dB
Left Ch. c15 L Ch.
—] Ic1 _
Vout
¢ 7.66 Vpp
@ 1KHz 1KH 8.41 Vpp

vin @ 1KHz @ 1KHz @ 1KHz
Oo—

7.28 Vpp
@ 1KHz

+0.44 dB - 35.85 dB +19.6 dB +19.7 dB

+1.25dB
C16 R Ch.

PHASE SHIFT
FILTER

Right Ch. Vout

11.4 Vpp
@ 1KHz

@ 1KHz 123 mVpp 1.17 Vpp
@ 1KHz @ 1KHz

8.41 Vpp
@ 1KHz

When looking to the above simplified block-diagram, it's easy to notice that this PS
circuit is split into two branches. The upper one refers to the Left channel. Except a
little gain of about +1.25 dB, there is no change in this channel.

The lower branch is the Right channel in which the phase shift filter is inserted after the
first opamp stage. This filter is generating the needed phase shift in the Right branch
in order to simulate this artificial stereo effect by altering the phase of the signal in
function of the frequency as explained beforehand.

However, while the amplitude of the signal at the output of this filter remains quite
constant in function of the frequency, like most RC-filters, the overall drop of amplitude
after phase shift filtering is about —36 dB which is quite important.

So, two additional opamp stages are needed to restore the same level than the Left
channel. One trimpot P1 is provided in the first stage just after the phase shift filter to
adjust both L & R levels adequately.

The required phase shift is realized by a double-T band block filter R14,R15,R16 — C5,
C6,C7 and a complementary frequency band pass filter R20,R21 — C8,C9.

The amplitude response of this phase shift circuit remains unchanged and this point is
very important.

Signal levels available at L & R channels are expressed in Vpp with a sine wave
reference frequency of 1 KHz.

Refer to the P.S. Converter schematic diagram on next page. Phase shifts are not represented on the
oscillograms.
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9. ASYM-t0-SYM Circuit.

The L & R signals available now at the output of the PS circuit have to be adapted to
drive two Leslie 122 cabinets.

The output signals are inadequate for two reasons :
- the output levels are insufficient
- conversion from 'unbalanced' to ‘balanced’ (or ‘Asym.’ to 'Sym.") is needed

Also, we have to take into consideration the F/S command i.e. the DC voltage issued
from the Hammond organ to trigger the speed of the Leslie rotary systems.

Refer to schematic diagram on the next page. Since both Left & Right channels are
identical, as indicated on the drawing, only Left channel is shown.

9.1 Circuit description.

One quadruple opamp IC TL084 is used per channel and is powered with a DC voltage
of +32 Vdc (near the limits) in order to get out so the highest possible 'swing' without
any distortion, mostly clipping.

The input signal from the PS board is directly connected to the first opamp IC1 is
mounted in inverting amplifier and providing a gain of +13.5 dB.

Signal from the output of IC1 is routed through 1C2 opamp also mounted in inverting
amplifier and with the ratio R5 / R7, the same output level is then available at the
output of IC2 but with a phase-shift of 180° to comply with the balanced signal mode.
See oscillograms on the schematic diagram for easier understanding.

IC3 and IC4 opamps are just there to isolate those two output signal from IC1 and IC2
to the load that is the balanced input of the Leslie 122 amplifier.

IC3 and IC4 are simply mounted in 'voltage follower' configuration or also called
‘buffer'. The intention is to supply identical signals Ve+ and Ve- but with a low
impedance output.

To be noted that R12 & R13 resistors are carefully selected to assure exactly +16 Vdc,
half of the B+ voltage in such way to obtain optimal symmetrical signals near clipping
area.

9.2 F/S Command signals.

Fast/Slow DC voltage needed to change the speed of Leslie rotary systems is always
carried by the Ve+ and Ve- audio signals (in XLR jargon).

This is the standard F/S command way commonly used with combinations B3 / Leslie
122. Depending on the Leslie kit used, this DC voltage may be either supplied by the
cathode of the rectifying tube of the AO-28 preamp or even worse coming from Pin # 5
(+310 Vdc) from the Leslie amp itself.

Pseudo-Stereo Sound Converter Aug.2012
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For several technical reasons, | really dislike this way of doing and two jumpers are
installed on this 'Asym-to-Sym' board.

- When standard F/S command is used, then each jumper has to be set on 'Standard
F/S' position.

- If another F/S command system is used (which is my case on all my B3, C3...), then
jumpers have to be set on 'Ext.F/S' position.
The F/S Command terminal of the Asym-to-Sym board is then disconnected.

Just for the little story, in my case, both 'G' terminals of AO-28 Hammond preamp are directly
connected to Pin #1 and #6 respectively and 'BN' terminal to Pin #2 of the Leslie 122 amplifier.
The DC voltage +310 Vdc inside the Leslie 122 amplifier is eliminated and Pin #5 on both
Hammond organ and Leslie 122 via the 6-wire cable is used to command the Fast/Slow speeds
via Hamptone SSR-122 (+10Vdc/0Vdc) circuit.

9.3 Cinch terminals.

As shown on the Rear Side view of Page 6, L & R Cinch sockets have been added.
Refer to the Block-diagram of Page 7. Only two capacitors and two resistors are
needed to connect those Cinch sockets and they are wired directly on the rear panel.

By connecting those two Cinch sockets through a external audio system, the Pseudo

Stereo effect is greatly enhanced and much more perceptible than with only two Leslie
122.

10. Power Supply Unit.

Probably the simplest part of this project. Refer to schematic diagram on the next
page. 'R’ core transformer of 8 VA is used to avoid any magnetic field leakage and
induced hum in the circuitry.

One regulator LM317T provides the + 32 Vdc stabilization via the R2" trimpot.
As recommended by the manufacturer, R1 must be 240 ohms. This is achieved by
putting two resistors of 120 ohms in series.

As announced earlier, the power transformer is directly connected to the AC mains
(Pins #3 & #4) of the input cable.
One protection fuse of 315 MAT is installed in the secondary winding before rectifying.

Pseudo-Stereo Sound Converter Aug.2012
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11. REALIZATION.

As described on the Block-Diagram, the whole PS Sound Converter is integrated on
one extruded aluminium enclosure produced by Hammond Manufacturing (no kidding!)
Ref.: 1455N2201 — see www.hammondmfg.com for details.

Input cable, Volume control and PS/Mono switch with its PS red Led are installed on
the front panel while 6-Pin Amphenol sockets and Cinch connectors are on the rear
panel. The Pseudo Stereo board is slid in the bottom part of the enclosure. See picture
hereatfter.

The ASYM-to-SYM board is slid above this PS board and the PSU board is located at
the rear side of the enclosure.

2udo-Stereo
Board

Pseudo-Stereo Sound Converter Aug.2012
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Another view of the PSU board and rear panel before installation.

Remark on Amphenol 6-Pin plugs.

If 6-Pin plugs with metal caps are used, there is no problem to connect them at the
rear side of the PS Sound Converter.

However, if 6-Pin plugs with plastic caps are used, the plastic cap has to be unscrewed
and rotated by one sixth of a turn. The purpose was to avoid the use of a bigger size
aluminium enclosure. See picture hereunder.

Pseudo-Stereo Sound Converter Aug.2012
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12. Conclusions.

While | spent quite a lot of time in developing this PS Sound Converter, it was a
challenge to finalize it and take benefit of this Pseudo Stereo effect without modifying
any other performance mostly in sound reproduction of the vintage Hammond B3 with
its two Leslie 122 cabinets.

As already mentioned, the real Pseudo Stereo effect becomes much more effective
when two static speakers are added as shown on the Connecting Layout — Page 5.
Then when switching from Mono to PS mode, it's obvious that this PS Sound
Converter becomes interesting.

On an acoustic standpoint, this can be easily explained because the rotating effect of
speakers of Leslie cabinets is not the most propitious condition to reproduce the ideal
stereo relief.

Another advantage of this PS Sound Converter is the 'boosting effect' provided by the
output Asym-to-Sym circuit that enhances the audio level to the Leslie amp's by +13.5
dB. Believe me, there you really feel the difference.

The Volume control of the Leslie amp's are set near position #3, overall background
noise is then less audible and confers so a very pleasant dynamic range.

Trust having been of some interest,

Dan.Vigin

PS.: more details, please, contact me at dan.vigin@gmail.com
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