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ALL ETI Top Projects books have sold well — so well that
No.1 and No.2 are out of print. We’ve mentioned the fact
many, many times but so many people have continuved to
request them that we’'ve combined No.1 and No.2 in a
massive 180 page reprint containing all the original
projects. This is GNLY available at present direct from: ETi
Specials, 25-27 Gxford Street, London WIR 1RF.
Price is £2.50 + 20p postage, sterling only please
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ETI project 444

FIVE WATT STEREO

WhHissimply-constructed amplifier gives high quality reproduction for
surprisingly low cost. The five watts per channel output is sufficient for the
average listening room even when inefficient loudspeakers are used,

THIS PROJECT UTILISES A NEW
advance by IC manufacturers. A few
years ago no one would have
believed a complete stereo hi-fi
amplifier could be made from just
two ICs plus a few passive com-
ponents. Today more -and more
components are contained within
the IC so a power amplifier is as
easy to use as an op-amp.

Easy to build — Readers who were
previously apprehensive about
building audio power amplifiers
shouid have no trouble with this
design — there is little to go wrong.
Adequate Power — The output is
unlikely to be found lacking unless
the loudspeakers are very ineffi-
cient. Speakers of this type usuaily
belong to the hifi enthusiast who
spends lots of money on his system;
the inefficiency of the speakers is
compensated for in the amplifier. In
an average set-up it is unlikely that
you would, under normal listening
conditions, be able to tell the
difference between the ET1444 and
a twenty watt amplifier.

4

MEASURED PERFORMANCE OF PROTOTYPE

ETI 444

POWER OUTPUT

Into 8 ohms
DISTORTION

At 3 watts out

At 4 watts out

At 5 watts out
FREQUENCY RESPONSE

High-level input

SENSITIVITY
Magnetic input:
High level input
LOAD IMPEDANCE
INPUT IMPEDANCE
Magnetic input
High level input
SIGNAL TO NOISE RATIO
High level input

Phono input (ref 10 mV in)

5 watts per channel

0.15%
0.5%
3.0%

+10 dB

T3 S’ 4 Hz 10200 kHz

1.5mv
190 mV

8 ohms or higher

approx. 100 k
approx. 10 k

67 dB
64 dB unweighted

ETI TOP PROJECTS — 5



FIVE WATT HI-FI AMPLIFIER

LM379 — National Semiconductor
recently supplied ETl with samples
of their new dual five-watt audio
amplifier IC — the LM379. The
circuitry around the IC is very
simple in comparison to most of
those previously available. The gain
is set in a similar way to that for an
operational amplifier: by the ratio of
two resistors in the feedback
network. In addition the IC features
internal stabilization, current limit-
ing and thermal protection.

Preamp — We decided to try the IC
in conjunction with the dual low-

noise preamplifier IC also from
National Semiconductor — the
LM382. The combination results in
a simple stereo amplifier which
works very well indeed.

Whilst tone control could be
achieved very simply it was decided
that the performance of the ampli-
fier deserved good treatment. So we
use more effective tone controls

The result is a five-watt stereo
amplifier, ETI444, simple and
inexpensive to build, and with a
surprisingly high performance

CONSTRUCTION

As with most straightforward pro-
jects the use of a printed circuit
board is not only desirable from an
ease of construction point of view,
but it also helps to ensure identical
results to those of our prototype.
The components may be assem-
bled to the board in any order but
we find it preferable to assemble the
low-height components first, ie,
resistors, diodes. Before installing
IC2 make sure that a hole of about 6
mm diameter i1s drilled in the board
at the end where the heatsink is to

—How it worlss

THI; OUTPUT Ol a magnetic cartridge is
normully of the order of 5mV at tkiz,
lHowever, in the recording process the high
frequencies are recorded at a higher ampli-
tude than the low frequencies (in order to
reduce noise). The curve of amplitude-
versus-frequency  that is used is known as
the RIAA curve. When the record is re-
played the reverse characteristic of zain-
versus-frequency must be applied to restore
a flat frequency response, This process in
the amplificr is known as cqualization,

The first stage of the I'TI 444 amplifier
uses an 1.M382 dual low-noise preamplificr
IC. This stage is designed to amplity and to
cqualise the output of a magnetic cartridee.
Note that many of the resistors needed to

bias the IC (and to provide cqualization)
are provided within the chip and very tew
external resistors arc reqired to make it
function as an RIAA compensated amp-
lifier.

The second IC is an LM379 a dual
sterco power  amplifier which  provides
six watts RMS per channe! with supply rails
of 13 walts. The IC is unusual amongst
power amplifiers in that it can be used in a
similar  fashion  to conventional op-amps
(except that it is capable of driving a low
impedance load of 8 ohims).

The gain-versus-frequency response of the
power amplificr is sct bv the bass and treble
controls. The overall gain is sct by the ratio
of 1 +RI5/(R17 +RV4). The part of RV4

corresponding to a particular ampliticer is
that between the wiper and the outside tag
conncected to the amplificr. Thus the gain of
the two amplificrs may be varied different-
ially by varying RV4 (which acts as a
balance control). The level of the input to
the power amplifier is set by RV1 (which
acts as a volume control). Switch SWI
seleets the input to the power amplifier
from cither the RIAA power amplificr or
from tuner tapc or auxiliary inputs as
required

The power supply is simply a bridge
rectifier  and  centre-tapped  transformer
arrangecment which provides #12Vde. With
both channcls driven this is adequate to
provide an output of SW per channel before
clipping.

ET! TOP PROJECTS - 5



FIVE WATT STEREO
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Fig.1. Complete circuit diagram
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L 2

o, be mounted (after the IC is
- @ installed). Take care that all polar-
< J- ized componerts, such as diodes,
o = 582 ICs, electrolytic capacitors and
w > fodee e pLC. Cop

(a 3 o FODRE integrated circuits, are mounted

5' S 2 822:5‘5 with the correct orientation.
I EzgougE Solder 25 to 50 mm lengths of
e t L._.f'@ <€00Dqun<g tinned copper to each of the lugs on
2 . S e the potentiometers and then mount
the potentiometers in the appro-
priate position by threading the
tinned copper wires through the
holes provided in the printed-circuit
board. Pull the wires down so that
the lugs are almost flush with the
AOYZ nz board and the potentiometers are all

= £ in line. Then solder the wires.
= Z] aZz The heatsink may now be
§ mounted onto IC2 using a single
o nut and bolt. Care must be taken to
= = ensure that the heatsink does not
= s = touch any of the potentiometers as
o g : it is at a potential of —12 volts.

2z 2 3 =~ The unit may now be mechani-

cally assembled by securing it to the
front panel by means of the
potentiometer shafts and nuts, and
by fitting two 6.4 mm spacers

€11 c12 :
QO | v
¥ F

S P between .the rear of the board and
o the chassis
9Ly o <l - 2 . .
7 # Finally wire the unit as shown in
. DD 2 &l the component overlay diagram. @
Sy P >
o @ E,
e PR et — continued overleaf
T 2;" E ! Q 1
[T] ;(.) w | o i £l H
= o 4 ' -
= 33 5 My al
w
153 64 e =
| wf L g9y
T4 g S —
{ M) 7
"""""" "; - e ; FOLD HERE
o> S B ——
(8]
== 2 3‘ ' i a0
fy S | £ = b B __é_ |
8:] 3 o 2Ly T‘-° \1meDIA
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40~ - -

MATERIAL Tmm ALUMINIUM
ANODISED OR SPRAYED BLACK

+ &

ci8

NB: Do not paint area of heatsink
3 | thatis in contact with the IC.

,.
¥

8

+

2
>
@i
D@m 3
17 3
]
|

SHIELDED
CABLE

BALANCE
[F( V4J

\60°

AR,

Ced
Lo r
o]
Trar
R17
~Cad

PHONO

TUNER

L A
1’0 3p SP

ALL WIRES TO AND FROM THE SWITCH

SHOULD BE SCREENEDR. OUTERS

Fig.3. The heatsink for the LM379. The
.heatsink described will get quite hot
when the amplifier is run at full output.
If it has been blac kened by painting it
may smell a little at first but this will
soon pass away. For normal domestic

SHOWN FROM REAR

SELECTOR SWITCH

TAPE

SHOULD BE EARTHED AT THE ENDS
REMOTE FROM THE SWITCH.

3 listening this size heatsink will be found
< e to be entirely adequate but if the ampl ifier
is to be run continously at full sinewave
output it would be advisable to increase
R et the size of the heatsink. No damage can
I 25 o be caused by using the smaller heatsink
Q@ 2 x 3 however as the IC is thermally protected
o« e and will simply shut down if it gets too

hot.

Fig.2. PCB overlay and interconnection diagram.
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FIVE WATT STEREO

ETI 444

—Parts List

Fig.4. PCB Pattern (full size).

Capacitors

. C1.2 0.1 pF poly
::52'5‘0"3‘ . ( L C3.4 0.33 uF poly-
s i ww 5% C5.6  0.0015 yF poly/ceramic
2k Ok , C7-C12 10puF 16V
R7.g g';ﬁ o C13,14 0.002 pF poly/ceramic

8 . Kk o o C15,16 560 pF ceramic
R9.10 47k
B4 01 L " . C17.18 100 pF 16 V

} 5k ; - C19.20 2200 pF V*
R13.14 27k c21 10 uF 16 V
R15,16 10k n - c22 0053 F 250 V ac
R17.18 100 rs ; b

* 1000pF 16 V will do if 2200 pF
is not available.

Semiconductors

Potentiometers
RV1 10 k fog rotary dual
Rv2 25 k lin rotary dual

Switches
SWi1 2 pole 4 position rotary
SW2 2 pole rocker
Miscellaneous
2 Two pin DIN sockets
2 Four way phono sockets
4 Rubber feet
2 6.4 mm spacers
5 Knobs
3 Core flex, plug, clamp, gromimet
and earth lug
Panel mounting fuseholder &
250 mA fuse to suit.
Screened cable
Heatsink to Fig. 3.

RV3 100 k iin rotary duai D1-D4  1N40O1 or'simila e
RV4 500 ohm lin rotary wirewound ic1 LM382 240V Neon indicator
IC2 LM379 Transformer 240V to 9-0-9V 1A

PC board ETI 444 Ramar, Crofton, Tamtronik,
Chassis 3 19x190x60mm

Case 341x201x85mm

R inani
Rl Elecironics today

international

EDITORIAL QUERIES

Written queries can only be answered when accompanied by an
SAE, and the reply can take up to three weeks. These must relate to
tecent articles and not involve ETI staff in any research. Mark your

— —~ - envelope ETI QUERY . . Telephone queries can only be answered
?"An ), when technical staff are free, and NEVER before 4 p.m.
B8 LR NON-FUNCTIONING
- o) We cannot solve the problems faced by individual readers building
S R 1 g our projects. unless they are concerning interpretation of our

B\ —fj Mfiﬁ articles. When we know of any error we print a correction as soon as

., ; possible at the end of News Digest. Any useful addenda to a project
» will be similarly dealt with. We cannot advise readers on
modifications to our projects.

PCBs

PCBs are available for our projects from companies advertising in
the magazine.

Since this article was published,
National Semiconductors have
stopped making the LM 379 in the
package we used. Some suppliers
still have stocks of the ‘old” style.
However if you get a ‘new’ 14 pin
version the daughter board shown
must be used.

ADDRESS FOR ALL ETI DEPARTMENTS:

25-27 OXFORD STREET, LONDON W1R 1RF
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PROJECT 414

Sixteen amplifiers sub-mixed to eight channels — plus monitor
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SUB-MINLE INPUTS

SEVERAL hundred of our

Master

Mixers (described April, May, June
and July of 1973, and reprinted in
Top Projects 1 & 2) have been built
and are in use by groups and
recording studios throughought Bri-
tain. Whilst this mixer has been
enormously successful, there are
several-areas in which improvements

can be made which will still

further

improve the flexibility and usefulness
of this instrument especially for

on-stage performances

LONG-LINE WORKING

For most live performances the

master mixer is best located

in the

listening area so that the mix can be

continuously monitored,

and

controlled, for best effect. Whilst such
operation is possible with the ETI
Master Mixer, the inputs are not
designed for long line work, especially
with low-output, or unbalanced high

impedance microphones.

This

deficiency may be overcome by using

a line amplifier for each input.

THE NEED FOR SUB MIXERS

The next obvious deficiency in stage

applications is that

several

microphones are often needed to mike
the drums, or the several speakers of

an organ etc. This requires the

use of

separate mixers, in front of the main

ETI TOP PROJECTS - 5

SPECIFICATION
NO OF INPUTS
NO OF OUTPUTS

NOMINAL INPUT
maximum gain

NOMINAL OUTPUT
maximum
nominal

INPUT IMPEDANCE
selectable

SIGNAL TO NOISE
re 10 mV single channel input

MAXIMUM INPUT
on maximum gain
on minimum gain

GAIN
maximum
variation possible

16
8 normal +
1 monitor

10 mV

8 volts
3 volts

<88 k

74 dB

30 mV
1V

50 dB
36 dB

Any number of inputs can be connected to any
submixer. However no input may be connected
to more than one sub-mixer. The VU metering

is switchable to any one output channel.




STAGE MIXER

- ; ; TABLE 1
mgz; o .?T\‘Ii(:(l:r’:vastlgagp;lt\)?li?:hanr_}% Selection value of R11 (or 21, 31 etc)
overcome both these disadvantages we
have incorporated 16 line amplifiers Input Impedance R11
and eight sub-mixers into a common 200Q 2209
unit:such that the 16 channels may be 60052 68002
grouped in any desired combination to 47k 150 k
the eight master mixer channels. The
grouping shown for our prototype
stage mixer (in the block diagram Fig. g‘f’” A é, SR ouT 1
1 is 4,332 plus 4 individual /
channels. This may of course be varied
to suit individual requirements. INPUT B >
THE STAGE MIXER . MONITOR MIXER
Thus the unit described here is a 16 INPUT C
channel to eight channel sub-mixer o_..? . MIXER 2 ous 2 -,
which is specifically designed for use
on stage. It accepts high or low . 1 "
impedance microphone inputs, which INPU
may be balanced or unbalanced. The o'——"b_‘
unit provides eight high-level outputs = MONITOR
for transmission to the master mixer.  ,vouTE gg,h#’&"gl_
The inputs may be made by either o—? 1 1 OouT 3 ON MASTER =
Cannon connectors or by standard MIXER 3 MIXER
tip-and-sleeve jacks. We strohgly
recommend that Cannon connectors ~ INPUTF b_*_ {
be used for on-stage work because of
their ruggedness. The input impedance = =5
of each channel may be tailored to suit INPUT G \ MONITOR
the individual microphone {(or other ©O- é" . OUTPUT
source) by selecting one resistor. / elseen b ouT 4
The gain of each line amplifier is
adjustable from unity to 63 (36 dBj  INPUTH) ¥ . _ Lt
and the sub-mixer adds a furthe: AMPLIFIER
(14 dB), that is, a total of 50 dB gain
is available. INPUT | =
The output level of each channel O_%'
{even from a low output microphone) ouTs
will be of the order of 1 volt and may  ,npuTy \ PREETES
be as high as 22 volts peak-to-peak o ?’ {
without overload distortion occuring. /
Thus  an extremely wide -dynamic
range may be accommodated by this ('.;NPUTK [\ =
mixer and the same dynamic range will lé’/
also be accommodated by the Master OUT 6
Mixer. The Master Mix3 when used INPUT L l\ MIXER 6 {
with the stage mixer may be used (o %
switched to the low sensitivity input b
position and such operation greatly :
improves the signal-to-noise ratio. C'}NPUT L /%u\ =
MONITOR FACILITIES < —
The original Master Mixer does not INPUT N \ MIXER 7
incorporate any monitor facilities. It is o ?/
possible to use the echo-mix channel !
for monitoring but the fevel controls
for each channel will also affect the éNPUTo 'éd\
monitor output. This is undesirable as / -
if a louder level is required in the
auditorium the monitor will also O'NPUT P %,\ whER ouT 8 Fig. 1. Block diagram
become fouder — introducing a danger / g;s:’;fn "’?%Z';'f:ﬁ;
of acoustic feedback occuring. 16 INPUT BUFFER ing of fiie ampltiers

Within the stage mixer we have
incorporated a special monitor mixer
which has its -own level control

AMPLIFIERS into the mixars may
be varied as

required.

3
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The only organ you can.build in stages and tailor
10 your requirements as you go along — and at

each stage you'll have a fully working

instrument! We haven’t got the gimmicks (yet —
they ‘re coming soon), but we have got the most
beautiful sounds —— you wont find them on any

organ less than twice our price. So get our

MESS50 series leaflets now! 65p buys the three

availabie so far.

We stock a wide range of switches
including a realty low-priced high
quality interlocking push-button
switch system. which is extremely
versatile. We've got toggle
switches, slide switches, push
switches, rotary switches — there
are dozens to choose from, but it's
only a tiny part of our fantastc
range

Uiy

This high quality. Graphic Equaliser will enhance even the most
sophisticated system at a fraction of the cost of a ready-made
equaliser of equal quality. You can get all the parts from us
(except woodwork) including drilled and printed metalwork"
Construction details in our leafiet: 15p.

A completely self-contained pedal
unit. 13-note, 2-octave range, 4
organ stops. It can be added to
any organ! A really unusual extra
is the bass guitar stop which uses
four envelope shapers to give a
real bass guitar sound. A must for
the solo guitarist. Full construction
details in our catalogue — post the
coupon below now!

Play fascinating games NOW on
your own TV in your own living
room . The kids will think it's
magic when the scores pop up on
the screen. Lay your bets —
anyone coutd win — with Maplin's
prices everyone can win. Get the
May edition of Electronics Today
International now — then get all
the parts from us at a remarkably
fow price (1.C. alone £11.99) AN
prices include V.AT and P & P

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE
.PRICE 50p

Please rush me a copy of your 216 page catalogie by return of post
I enclose 50p, but understand that if | am not completely satisfied | may

return the catalogue to you within 14 days and have my 50p refunded
immediately. -

NAME

ADDRESS




followed by a buffer amplifier. A
second ‘Master’ monitor volume
control is physically located on the
main mixer so that it can be adjusted
should acoustic feedback occur.

BACK UPMONITOR

Facilities are provided such that
should the Master Mixer fail, or the
cables between the two mixers be
damaged etc, the stage mixer may be
switched to provide an output direct
to the PA system, e

In this mode a ‘Back up’ switch takes
the output from the monitor mixer
and . transmits it direct to both
channels of the PA system. The
monitor signal is still transmitted to
the monitor amplifier when the mixer
is in this mode. In normal use the
‘back up’ switch must be at ‘normal’.

When the stage mixer is in ‘back up’
mode the master monitor level
control, located on the Master Mixer,
is by-passed (full volume) regardless
of whether the Master Mixer is
sonnected or not.

FINAL OUTPUTS )

The Master Mixer outputs (i.e. left
and right stereo plus monitor mix) are
returned to the stage as part of the
multicore cable and terminated on the
‘stage mixer’ with both ‘Cannon’ and
standard ‘Jack’ type connectors.

METERING

A VU meter is provided on the Stage
mixer which can be used to monitor
the output of any of the eight (sub)
mixers or the stage monitor output.
This meter will be useful for initial
level settings on each sub-mixer.

POWER OUTLET

A switched, 240 volt power outlet is
provided on the stage mixer. This is
intended to provide power for the
Master Mixer via an extension cable.
Thus the power cable and the
multicore cable are the only ones
required between the two mixers.

_CONSTRUCTION

The mixer board (ET! 414E) should
be assembled with the aid of the
circuit diagram, Fig. 5, and tites
component overlay, Fig. 7.-

When assembling boards take
particular care with orientation of ICs,
transistors diodes ~and electrolytic
capacitors. It is advisable to use
terminal posts or pins for the eight
input lines, the O V line and the +19.6
volt line. This makes later
interconnection considerably easier.

Our prototype was constructed in a
simple pan shaped chassis and cover.
We suggest that the sides of the front
panel be bent up (rather than the ends
as shown in the photographs).This will
strengthen the front panel and allow
the transformer to be mounted on it
rather than in the case as shown in our
prototype unit.

Mount the spacers for the printed
circuit boards, the multi-cable socket,
VU meter and power outlet socket to
the front panel with countersunk

MASTER MIXER

(ET1414)
|l

000
0ooo0oo0o0
0ooo
000O0
0000
0000 —

MULTICORE CABLE

—— AUDITORIUM

(1 x 240v EXTENSION LEAD +12 LINE
UNBALANCED SHIELDED CABLE)

- _
RIGHT SPEAKERS STAGE MIXER LEFT SPEAKERS
(ETI414-16) I_J '
@o éo
o Momronl :
oo AMP,
0o (ET1413)
| A
MIKE OR OTHER INPUTS
AMP. l : T T AMP.
TO OTHER - R f\ TO OTHER
AMPLIFIERS % = awes.

STAGE MONITOR SPEAKERS

STAGE

This is the way that the ET! Stage Mixer would be used for a live performance.
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STAGE MIXER

HOW IT WORKS — ETI 414

LINE AMPLIFIER

The input impedance of the
amplifier (referring to Fig. 2) is
determined by the combined value of
R11, R12 and R13 - all in parallel.
The parallel impedance of R12 and
R13 is 68 k and this is therefore the
upper limit of input impedance (R =
x),

For impedances less than 5§ k the
values of R12 and R13 may be
ignored and R11 is set to the same
value as the desired input impedance.
Hence the circuit as shown matches
microphones having 200 ohm output
impedance.

The output of Q12 is fed back to
the emitter of Q11. This path via
R17 in parallel with RV11 and C14

provides negative feedback as well as
supplying a dc bias which sets the

overall gain of the stage.
The gain of the amplifier may be
calculated using the following

formula (assuming ideal transistors).

(R17//RV11) + R1S
R1S

Gain

When the gain control is at
maximum the gain is 102 or 40 dB
(in practice. 36 dB), and when the
gain control is at minimum
R17//RV11 is zero and the gain is
therefore unity.

MIXER/POWER SUPPLY

The signals from any number of line
amplifiers may be summed by one of

the sub mixers (eight per board
IC1-IC8) the output from each mixer
is taken directly to output socket to
-the Master Mixer, and via a 22k
level. control to the monitor mixer,
IC9.

The output of the monitor mixer is
taken to the master-monitor, level
control on the Master Mixer and then
retummed to a buffer amplifier in the
stage mixer, IC10.

In an emergency (main mixer
faulty) SW2 disconnects the outputs
from the Master Mixer and connects

the output of the monitor amplifier

to the PA channels.

Power for the Stage mixer is
provided by a conventional supply
which provides plus and minus 15
volts for the mixer amplifiers and
plus 19.6 volts for the line amplifiers.

- L. ¢ - -] - (3 - o - w - w - © - T
~ ™ -
3] |5 e 3| s 3l |- o] | gl = gl |- 2|
= o _
8 I3 o |
' %
Q Q Q a7,
- H !
| 1 2 1 © [ 7 - ]
= g i
= R R R i
= E =
) 1 7 7 7 7 7 7 7 2
15 25 35 45 55 65 76 S «
c 26 36 46 KN O 56 R S57¢ A mes B o732t A R76 86 e
13 R23 " R43 R53 R63 R73 R83
1 R4 ¥ 1 o ° IO R7 81
o (-]
< = -
5 sk Bk zB B zlE R 2 B A B z2lE B 2
g gl & 8llz 5 3z kg gl g 2B g AR 1z 2E &
€ o © <] =] <] o - o 'P
. . L - = = = = =
Fig.2. Component overlay for the
preamplifier board,
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—PARTS LIST
INPUT AMPLIFIERS

16 off are required for all
components below

R11 resistor see

R1S resistor & Vaw 8%
R18, 19 resistor 10k Yaw 5%
R14.16 resistor 33k %w 5%
R13 resistor 100k Yew 5%
R12 resistor 220k Yew 5%

RV11 potentiometer 220 k rotary log.

Cla ca citor S6pF ceramic
cil capacitor 0.47F TAG Tantalum
ci2 capacltor 224F 16V electrolytic

Q11 transistor.BC549 or similar
Q12 transistor BC559 or similar

2 off are required for all

components below —

R1 resistor 82 Vew 5%

€1, 2 capacitor 25,F 25V electrolytic

ZD1 Zenér dlode 10V,4U00mW
PC Board ET1-414D

SUB-MIXERS,POWER
SUPPLY

R2,5,8,11 resistor 1ooﬂ w 5%
R14,17,20 ﬁ Yow 5%
R23,25.28 0

R29,30,31 " 390il pw »
rR147%5 *» 47k Yw "
R13,1¢.19,22 » Tk " »
R3,6.912 " 100k * »
R15,18,21 00k "
R24,26,27 100k " =
RV1,2,3,4 potentiometer 22k rotary log
RV5,6,7, 8 potentiometer 22k rotary log

RVS' pountlomotor 470k rptary log

C4,5,6 capacitor 0.1 or )
:2'3 ag:cltor 47(“5‘-’ 25(/ electrolytic

iIC1-IC10 lnio?ra\od clrcuit UA741C

D1-D4 diode 1N4001 or similar
ZD1,2 Zener diode 15V, 400mW

T1 trans'ormcr z4ov11s-o-1sv

PC Board

Swil swltch DPDT tooglo 240V rated
SW2 switch 4PDT toggle

PARTS LIST GENERAL

Chassis
B8ox
Escutcheon’
16 Cannon sockets
3 Cannon plugs ¥
7 Phone lacks — mono— 6.4mm
1LED and pane! holder
1 11 position 1-pole rotary switch
1 VU meter
1 240V power outlet
similar
1 21 pin socket
26 Knobs
12 1" spacers
nuts, bolts, 3 core flex & plug etc.

N

"

Fig. 5. Circuit disgram of the
mixer board.
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RETURN sw2
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Fig. 7. Component overlay for the mixer/
power-supply board.
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STAGE MIXER

screws. It is suggested that the wires to
the three-pin socket be  attached
before mounting — it is difficult later.
All other front-panel components can
now be mounted along with the
escutcheon.

Since the mixer may be subject to
rough hiandling it is recommended that
all screws be sealed in position with
LOCTITE or similar compound.

Commence interconnection wiring
by connecting the input sockets and
potentiometers as shown in Fig. 8.
This diagram shows connections to
channel 1 of the preamplifiers — all
other channels being similar. For
neatness, we terminated these wires by
soldering to the appropriate places on
the underside of the board. Attach

; i B s .
wires to the preamplifier outputs, on R b ot s
both boards, long enough to reach the
appropriate mixer inputs. Similarly RIGHT OUTPUT MONITOR OUTPUT LEFT OUTPUT
attach wires for the O volt and +18
volt supply lines. REGRERACK PHONE JACK PHONE JACK

The +18 volt supply comes from the 2 = -~
negative side of the LED, the positive
side being fed from the 19.6 volts of =
the power supply (1.6 volts drop ANNON : AN
across LED). When all these leads are +19.6V ON g PLUG PLUG
attached, both boards may be ML ALY
mounted in position on-the chassis. LED - 3 @

= (a)
= PREAMP BOARDS

The mixer/power-supply board may 240y “’
now be interconnected with the aid of A} _INPUT [N (5) - A
Fig. 9. Figure 10 shows the wiring to [ gxf;g::’ N ol . {@_
‘output sockets and VU meter. . SCIr =

The selector switch and VU meter stcllvr“cZOWER an»': i - VU METER
wiring is as shown in Fig.10 and 11. ﬁ"ﬂ (3 w} bty
Note that pins 1 to 9 of the e L gl =5 L o 19) SWITCH
multi-cable socket will have 2 sets of AND POWER OUTPUT SOCKET $'.I‘é&;i$.’é§‘{,“{2°s’2,g.‘(’5‘7°
leads, one set from the mixer outputs SOCKET
and one set from the VU meter Fig. 10. Interconnection of output sockets VU meter and switch and
selector switch. ® backup switch.

- ~J0 0 3 15V
POWER 2 = TO MIXER-POWER SUPPLY
f:%T - SWITCH s . ov P.C. BOARD
w
Ao l i r=] 15V

PINS 1-9 ON u 150 120 10 2 ol
THIS SOCKET HAVE 5 N~
wince o tacn | 3w "'_2_
PIN. 29 47em et -
o 3
s,

CABLE LOOM NUMBERS

OV ON OUTPUT CORRESPOND AT EACH END

SOCKET
MASTER
NOTE: ALL NUMBERING REFERS TO THE
> . : f MIXER-POWER SUPPLY CtRCUIT DIAGRAM
Fig. 9. Connection diagram for the mixer/ AND OVERLAY.
power-supply board.
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This project was designed to be used with our
‘Master Mixer’ full details of which are in Top
Projects 1 + 2. This is a special reprint of 180
pages and costs £2.50 plus 20p postage. Obtainable
from: ETI Specials, 25-27 Oxford Street, London
W1R1RF. Please mark the reverse of your cheque
with name, address and TP 1 + 2. Payment in sterling
ohly please.

ETI 414 E

TOC14
TORY7
COMMON

INPUT A

TO PREAMP
PC BOARD

PHONE
JACK

CANNON
SOCKET

Fig. 8. Wiring to input sockets.

CHANNEL
5 OUTPUT
CHANNEL CHANNEL
douTeUT s b 6 OUTPUT
(]
CHANNEL 3 CHANNEL
JouTPUT™ o o7 " 70uTPUT
CHANNEL 2 CHANNEL
2ouTPyT ™ © / O™ soutruT
CHANNEL ! MONITOR
TouTReE=—" ° OFOT’ ouTPUT
OFF MIX.
15 A 0Ag1
. '6 vu
mmi METER
L
Fig. 11. Circuit diagram of Fig. 6. Printed circuit lavout for the
the VU meter. mixer/power-supply board.
Full size 182 x 57 mm.
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Fig.3. Printed circuit board layout for the

preamplifiers (two required for 16 channels).

Full size 223 x 63 mm.



ETI Project 448/9

DISCO MIXER

This

fier (445).

can be built on the input sockets!

Using the boards listed above
virtually any audio sources can be
mixed by the operator, to provide a
stereo signal suitable for driving
power amplifiers directly (such as
the ETI 413 100 W amps). The
mixed signals can also of course be
used to feed tape recorders etc. The
inputs  from turntables, tape
recorders, microphones etc must be
correctly matched to the inputs of
the mixer board. To do this the
correct preamplifiers must be
selected and constructed.

Our prototype was constructed
for use with twin stereo magnetic
cartridges, balanced low impedence
microphone and stereo cassette
recorder. However, the permuta-
tions are virtually limitless!

Before beginning construction,
decide which preamplifiers you will
need (tape recorders do not need
any and connect direct to the
mixer). Decide what type of sockets
you want to use and how many
channels you want (although shown

16

is a general-purpose mixer
project that can be tailored by the
constructor, to meet specific needs. Five
boards are used in the design; Disco
mixer board (448); Mono headphone
amplifier (448A); Balanced microphone
preamplifier (449); Stereo VU circuit
(449A), and General purpose preampli-
Also a simple ceramic
cartridge preamp is shown — so simple it

No. of inputs
No. of outputs

Tone controls

Output noise
(Mixer stage only)

SPECIFICATION ETI 448

Maximum output voitage 6 V

Nominally 4

2 main signal outputs
1 headphone amplifier output

Overall bass and treble
1 mV (mainly hum)

as four input the mixer can be
expanded by adding extra control
pots and mixer resistors).

BALANCED
PREAMPLIFIER

The beauty of this circuit is that it
eliminates a costly line transformer!
Although designed for 600 ohm
input and 40dB gain other impe-
dances and gains can be handled
R1 = R4 = input impedance
divided by two
R5 = R11 = voltage gain times the
value of R3.

The first equation works for
impedances up to about 5k. Above
this value R2 + R3 must be
included in the calculation.

As most people have only one
mouth, the output from this circuit
can be used to pan the output from.

MICROPHONE

stereo by using two 10k
resistors or a 20k linear pot with
the wiper connected to the output
can be used to pan the output from
left to right.

If a high impedance microphone
is used ET! 446 should be used.

If 446 is used R2 values are as
follows: 47K microphone R2 =
4k7 (limiting R2 47k) if used with
balanced preamp as input for
limiting R2 = 15k.

MIXER AND POWER SUPPLY

Because of the high ripple
rejection of the integrated circuits,
used in the various modules, the
power supply requirements are
simple. A straightforward bridge
rectifier, large smoothing capacitors
with a RF bypass capacitor and we
have an adequate power source.

ET!I TOP PROJECTS — 5



BALANCED
)
MICROPHONE i 2
A0
PREAMPLIFIER
OUTPUT
o-
c7
10,
INPUTS
e C1
T n0
Q1-Q4 ARE BC109C
o—
+Ve
Ve
0

Frequency Response

Gain
Equivalent Input Noise
Distortion

Max Input Voltage
Common Mode Rejection Ratio

10 Hz — 20 kHz (<5 V output) *% dB

40dB
—~123 dB (0.5 uV)

0.05% 300 mV — 5 V output

100 Hz — 10 kHz
100 mV I
60 dB

Maximum Common Mode Signal 3V

Connection of Cannon

plug for microphones

Pin 1 - EARTH

Pin 2 BLACK INPUT
connect to R1

Pin 3 RED INPUT

connect to R4

FOR UNBALANCED
INPUT CONNECT PIN 1
AND 2 TOGETHER ON
MICROPHONE PLUG.

= PARTS LIST ETI 449

OUTPUT
+Ve

Wi

Overlay of Balanced
Preamp board

Resistors all 1 W 5%

R 330R
R2,3 10k
R4 330R
R5 33k
R6,7.8 10k
R9 3k3
R10,11 33k
R12 1k

0O MIC
OCKET

Capacitors

C1 1n0 polyester

C273 334 10v

ca 10 16v

C5 33p ceramic

C6 100n polyester

(o7 10U 16v

Q1-Q4 Transistors BC 109C

1C1 LM301A

PC Board ETI 449

—HOW IT WORKS ET| 449 ==

R13 (9R)

A R4 (1R}
o v o} hd
INPUT R4 (1R) — ]

= OUTPUT
B IDEAL

AMPLIFIER
‘R5 {9R)

A “balanced” amplifier or differ-
ential amplifier has two separate

.inputs and only the difference

between these inputs is ampli-
fied. To explain how this works
refer to whirh i§ g
simpliea \gﬁ?gﬁ VWh'Ch is a
circuit. To make the maths easier
we will reduce the gain to nine by
making Rl = R4 = | and RS =
R11 = 9. The actual units are not
important, only the ratio.

We will start the explanation
bl looking at the case where
point B is at OV and A is at
+100mV. An ideal amplifier does
two things — it does not take any
current into the input terminals
and it adjusts the output to
maintain no voltage difference
between the input terminals. We
therefore must have 100mV
across R4 and consequently a
voltage of 900mV across R11 (it
has 9 times the resistance and the
same current as R4). This gives a
gain of nine. The output is
therefore —300mV.

In the case when point A is at
0V and point B is at +100mV,
point D will be at

R5

= 90mV
Rl + R9
Therefore point C will also be at
+90mV. The voltage across R4
will be 90mV and voltage across
R1 will be 810mV (9 x 90mV)

This means the output voltage
must be +900mV. This is also a
gain of nine. Notice, however,
that the polarity (or phase) is
different

Now suppose both inputs are
at, say, +1V, point D will be at
+900mV and so will point C. The
voltage across R4 is 100mV and
R11 900mV. This gives an output
voltage of 0V. The common
signal is not amplified in any way
If, however, one input (B)isat 1V
and the other (A) is at 1.01V the
difference is amplified and the
output will be —1V

Getting back to the actual
circuit, we have used an LM301 A
with two low-noise transistors in
the front stage. These transistors
are supplied with a constant
current by Q3 and Q4. A constant
current is needed as this_allows
the inputs to move up and down
without changing the voltage
across R6 or R7

The resistors R2 and R3 refer
the inputs to 0V but are high
enough not to affect the opera-
tion in any way

(VB x
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DISCO MIXER

MIXER + PSU
CIRCUIT

=== HOW IT WORKS ET| 448 ==

The inputs from the turntables,
tape recorders microphones, etc,
must be amplified, and if neces-
sary equalized, by a preamplifier
before any of the controls can
handle them. The output of each
of these preamps adjustable, by
means of a volume control or
fader, before being mixed in IC1
The overall gain of the mixer
stage is adjusted by means of
RV1 If different preamps have
widely differing output voltages
the value of R1-R4 can be
changed to make them match
The output of IC1 goes then to
the tone control stage, [C2, which
! e -F%o" normally has a unity gain when
Sl o 1000 the co}r:_trols_ar_e c;nterel:c.jl. Hoyw;;
ever, this gain is adjustable, wit
3 ONE CHANNEL respect to frequency, if the tone
o__l_ P . o ONLY SHOWN controls are not centered.
= +| ce The output of the tone control
1000 stage directly drives the main
T o power amplifiers. This output is
also rectified by DI to drive the
meter circuitry
LEFT INPUTS The mixer gives stereo outputs
— this is achieved by duplicating
the circuitry for the second
channel. The exception is the
tone controls which are dual
b - o gang potentiometers. Note that
\ \. the volume controls are indivi-
X

R1
27k

FROM LEVEL
CONTROL POTS

RV3
25k
56 TREBLF

D2 D5 ARE I
w1 1N4Qo1

:

AO
AL+

- N W

NCL =

dual units

A The power supply is simply a
21 § full wave rectified supply with a
W) e centretap givingabout +12VDC.

LAY

—PARTS LIST ETI 448~

Resistors all 2w 5%
R1-R5 27k
R6 5k 6
R7 47k
R8 27k
R9 5k6
R10 100R

Potentiometers

RV1 100k log single gang slide
45mm

- RV4 5k trim

G
g}
~F
2 etzIel ZI
JZAY

JENY

Capacitors

(03] 33p ceramic
C2 22n polyester
G 560p ceramic
ca 33p ceramic

(2]
~

ti

) 9

IC1,2 LM301A
D1 0A91
M1 VU Meter

Two of all the above components are re-
quired for stereo operation.

HZAH

RV2 100k lin dual slide
RV3 25k lin dual slide
RV5-RV8 10k log dual slide

I
=
0

(]
H
} A
o/ ——-*?'
gﬂ-r@

C5, 6 100 : 16V
7/ 100n polyester

HENY

ol zI S zI £ t[;slfv
HiAY

RV4 D2 — D5 IN4QO1 or similar

Transformer 240V 9-0-9
pc board ETI 448
Fuseholder 250maA fuse to match

Switch 2 pole 2 position 240 Vv
toggle

See text

1437 iy
1HOIY ———a i _}*

Overlay of Mixer and Power Supply board

4313 01
NOWWOD
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3
10 No 1 b
PREAMP s
QUTPLT \’_‘
R
112 s
100k
L
VNG 2 i
PREAMP ]
oureut o

w14 sw3
1000
L
ToRG 3 1
PREAMP
autkut UL

K16
Wik

Swa
1

TR0 d KiJ
PRE ANMP 100
QuTPOE \o—'

K18 W6
190k

HEADPHONE AMPLIFIER

—o

QuTPUT

— HOW IT WORKS ETI 448A v

The resistors bridging Left and
Right channel outputs are to provide
a composite mono signal, without
seriously degrading the main mixer
stereo separation. The signal is
selected by SW2-SW5 and fed to a
buffer with variable gain (IC3). The
output is then fed to a LM380 power
amplifier which drives the monitor
headphones.

As with the mixer the input
resistors can be increased, to reduce
high signals to the level of the other
channels.

~PARTS LIST — ETI 448An

Resistors all Yiw 5%
R11-R18 100k

Capacitors
c8 33p ceramic

c9, 10 100n polyester
C11, 12 10L 16 V
C13 100n polyester
ci14 100 16 V
IC3 LM301A
1C4 LM380
SW2-SW5 single pole toggle
pc board ET!I 448A
The mixer is a conventional

summing amplifier with variable
feedback (ie- gain), followed by a
Baxandall tone control network.

If input levels are not of the same
magnitude, the 27k input resistors
can be changed to lower the highest
signals increase resister value.
Don’t reduce below 27k as this will
reduce overall sensitivity of the
mixer. .

The VU circuit can be used, but
we recommend the alternative VU
board (see VU text).

UNIVERSAL PREAMPLIFIER

Response and gain can be
selected from the chart by the
components list further details were
published in November 76.

HEADPHONE AMPLIFIER

The output from each preampli-
fier can be switched into this circuit,
so that you can cue signals before
mixing them into the output. It is

ETI TOP PROJECTS — 5

::_L
Cm'gj
ERZOJ
EClsj

“+12V

R19 10k TO RV9 .
R20 2k2 e
R21 2.7R o
Tocom | “&F o) bz
Potentiometer OF SW25 _{ 8
‘RV9 100k log rotary * ] =
, 3]

{C4

gﬁ
R21
P =

7 Cc14

OuUTPUT

Qverlay of Headphone board

suggested that if headphones only
are to be used.a 100ohm 1 watt
resistor be fitted in series with the
output. This is to protect your ears
and reduce the power dissipation of
the LM 380 -- otherwise a small
heatsink would be required. The
volume control can be mounted on
the rear of the mixer as it is not
adjusted very often.

'VU GIRCUIT

The. meter circuit used in the
mixer board is very basic --
although suitable for some applica-
tions -— distortion introduced into
the output signal is as much as 2%
THD.

We strongly recommend the VU
board. If used omit RV4 and D1
from the mixer board and connect
point X to the input of the VU board.
Calibration is by the preset on the
VU board, feed a signal through the
mixer until the output is just
distorting the amplifier, and adjust
the preset to indicate +3VU.

CERAMIC CARTRIDGE
PREAMP

+12v

T0

CERAMIC 104
CARTRIDGE
INPUTS T ouTPuUT
O— ‘ 0
ov
CONSTRUCTION

Assemble the boards with the aid
of the overlay drawings, for your
convenience we have put all the
PCB layouts together, on page 22.
The photograph on page 21 shows
the general layout we used, but this
is very flexible, ours was built into
a wooden box with metal front and
base but a metal box would be more
suitable in an electrically noisy
environment.

Interboard connections can be
worked out from the individual
circuits and overlays. All connec-
tions should be as short as possible

.and kept away from the mains

wiring. We in fact moved the power
switch to the back panel to reduce
hum pickup (@ metal box, with an
aluminium shield around the mains
transformer will ensure minimum
hum pickup) Hf this is done
‘unscreened cable can be used
internally.



POWER SUPPLY

*1l s

I

1 =

100n

INPUT LM382 3 6

4

2 5 + *
cs 7

et LT

+10V TO +40V dc

1
LEFT 7

, RY c9

GENERAL PURPOSE PREAMPLIFIER

cz
100n
o—F —
RIGHT
INPUT LM382
c1
LEFT
16z ouTPUT 1310
P
+ ca
R3 "—‘I
100k
R2

“:(;2 RIGHT
8 o) OUTPUT
9 otf
R4
100K

cio Fig. 2. Circuit diagram of tht

L __A/\/V\__i '___ stereo preamplifier.

—PARTS LIST -— ETI 445 =

Resistors

R1,2 see table

R3,4 100k Yewatt 5%
Capacitors

C1,2 100nF polyester

C3 — C10 see table

C11-C13 10uF 25V

1C1 integrated circuit LM382

PC board ETI 445

—HOW IT WORKS ET| 445~

Not much can be said about how the
LM382 works as most of the circuitry
is contained within the IC. Most of the
frequency-determining components are on
the chip - only the capacitors are mounted
externally.

The [LM382 has the convenient
characteristic of rejecting ripple on the
'supply line by about 100 dB, thus greatly
reducing the quality requirement for the
power supply.

FUNCTION c3,4 5,6 | C7,8 | C9,10 R1,2
Phono preamp 330n  1CufF | 10uF | 1n5 1k
(RIAA) ‘

Tape preamp 68n | 1CuF 10uF | — —
(NAB)

Flat 40dB gain — 10uF | — -
Flat 55dB gain — | 10uF | - = -
Flat 80dB gain — | T0uF | T0uF | - =

20

S e D
o G T
* OB

ca
* $. 'S LENS)

[lz;Qn cioodu 56

T oD T35

it

LEFT RIGHT
OUTPUT OuUTPUT

Overlay of General Preamp board
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VU METER CIRGUIT

>

+12V

iVU INPUT
C1

100n

NOTE

THE RIGHT CHANNEL ONLY IS
SHOWN, THFE LEFT CHANNEL
COMPONENT NUMBERING STARTS
AT R101, R102 etc.

FHOW IT WORKS ETI 449A4

This VU circuit has an input
impedance in the region of 1M and
therefore will not load the mixer
output by any discernable amount.
The IC has a gain of 43dB, the signal

— MW— is then amplified again by Ql to get
| ‘_‘ RO enough level to drive the VU meter.
?ﬁ 2148 ak7 Under no signal conditions the
voltage at the junction of D1, D2 falls
BC103 to OV because of RS8. When a
1 + negative going signal appears at
1N4 148 ca JAF W collector of Q1, C3 will discharge on
N ; the negative peak. Difference
between negative and positive peaks
a8 is transferred through D2 to C4, and
470R 100k hence to the VU meter.
RIGHT —PARTS LIST — ETI 449A —
; : INPUT Resistors all Yaw 10%
3 R1 ™
Lo WA 2 ‘ §
R1 ~R101 %
Lo =3 /0 2R, 3 1 50k
CEVig . 2
- :R\l‘lm, R4 470k
R2 g %'L—.r!"' R10 LEFT :g'g 1Ogt7
LA 1G101 INPUT R7 470R
n
c::aee s
" o : Potentiometers
- +12V % RV1 220k preset
rci 02
R106 R104 " Capacitors
. @:} ‘C_J LJ L.J C1 100n polyester
c3 R { } C2.3 Tn 16V
b - a1 i “(',,f, i c4 212 16V
1 .
N° C5 33p ceramic
RIGHT - 8 R107
ouTPUT & = o .S 1C1 LM301
o Q1 BC108
D1,2 IN4148
c104 + . M1 VU meter
iy g Two of each required for stereo
3 PC Board ETI 449A
Overlay of VU meter board VU ov
AWPLiiER B0ARD |  SW5 SW4 sw3 sw2
' R18 R17 R16 R15 R14 R13 R12 R11
[ S:JGT';LY s S{JGT’:’LT e ’ S{JGT’:’IJT glUGT’:’LT e
PREAMP 4 . PREAMP 3 PREAMP 2 PREAMP 1
[ —-C/ — _y —-1/
R — — " —
LEFT LEFT LEFT
CERN] OUTPUT
PREAMP & PREAMP 3 PREAMP 2 PREANP 1
RV3 RVS F “RV7 RVE RVS
T || g
TO LEFT MIXER INPUT 3 - w'PUTRz INIPU'I'I P
INPUT 4 ey Sy ﬁ —
TO RIGHT MIXER T?M“X‘S;‘T ToM?)‘((E;:T T?MRXIE;:T
Lo INPUT 4 ™ INPUT 3 \ INPUT2 TN INPUT TN ’
-_— - H {

COMM -—J

Interconnection diagram of individual volume controls and headphone amplifier selector switches.
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—ETI project 602—

ToUCH ORGAN

With all the electronics on one pc board this organ is easy to build yet has features
like touch keyboard, variable tremolo, two voices and a full two-octave range.

AN ELECTRONIC ORGAN IS A
fascinating instrument which these
days seems to be rapidly assuming
the position in the home once
occupied by the piano. Modern
organs are, however, very
expensive which puts them beyond
the reach of most people. Lower
down the scale in cost and perfor-
mance are chord organs which
although still polyphonic are fairly
limited reed type instruments oper-
ated by a small blower. The name
chord organ comes from the fact
that the bass accompaniment is by
means of buttons which generate
the appropriate chord.

The cheapest possible organ is
the so called monophonic organ
{only one note can be played at a
time) which is usually little more
than pocket sized and is played with
a stylus.

The first obvious improvement

ETI TOP PROJECTS — 5

required is to devise a better
keyboard arrangement as the stylus
operation -can only be described as
somewhat of a nuisance. However
the £40 cost of a full keyboard
cannot be justified. As can be seen
from the photographs the new
keyboard is still of the touch type
but has now been designed so that
the organ is played simply by
touching the appropriate key, as in
a full scale instrument. Tremolo is
also provided and this too is
switched on and off by means of
touch switches and a control is
provided to adjust tremolo depth.

The next improvement is in the,
accuracy of the tuning, which in the
previous instrument varied over the
keyboard due to the one-only
resistor used to increment between
each note. In our new version
tuning over the keyboard is much
improved by using two resistors,

where necessary in series or paral-
lel, to obtain the nearest possible to
the correct value of resistance.
Finally the instrument is provided
with two voices or stops which add
greatly to the variety of the music
which can be produced.

This little organ is relatively
inexpensive to build, should provide
a great deal of enjoyment and is
musically and electronically educa-
tional

DESIGN FEATURES

As mentioned earlier the major
feature is the implementation of the
keyboard by means of a finger
touch system rather than the
“‘probe’’ type.

This means that some electronics
must be associated with each key to
detect that it has been touched.
Touch control is usually effected by
the capacitive, resistive or 50 Hz
injection methods. Whilst the capa-
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———TOUCH ORGAN .

TO SPEAKER

S A———

R, ey O A9

o) =l \1’ N ‘ I %
(-;2--"‘35.. f;.-' '-‘:'Q“ ‘.‘5- ;I - .",1.! ‘ Bﬁ% : ; ?I-: ’
it aaj St -t

—Parts List

i R32 k2 Rab6 68k R58 120k  R79,81,83 4am7 R105
Ty NN e R: 82 Ra? 220k RS9 470k R858789  4M7  R106
R9,11,13 4M7 R3435 10k R60 150k  R91,93,95 4m7 R107-
R15,17,19 4M7 R36 270  Ra4s sk Hel 3k3 R108
R21.23.25 am?7 R37 10k R49 120k R62 12k Ry4,76,78 100k~ R109

RS0 180k R80,82,84 100k
Ri0a394 100k h38 1k RS 560k  R63 220« R868890 100k 119
R16.1820 100k 032 12k. RS2 270k  R64 33k R92,94,96 100k 442
R22,24.26 100k 40 10k R65,66,67 27k R97 BKE Y Eans

Ol R41 2k2 R68,69 22k
R27 6k8 R42 8k2 RS3 180k  R70.71 18k R98,99,100 100k
R28 330 R54 22k R101 820k Potentiometers
R29 6k8 R43 4x7 R55 390k R102 4M7 RV1
R30 390 Ra44 15k  RS6 4k7 R72 15k R103 100k RV2
R31 10k R4S 8k2 RS57 15k R73,75,77 4AM7  Rt04 am7  RV3

ETI1602

+

VOLUME

[

VOICE

ON D OFF
(o]} OFF

POWER TREMOLO
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T
Frequency of
Notes used
F 698.5
E 659.3
D# 622.3
D 5873 |
C# 554 .4
C 523.3
B8 493.9
A# 466.2
A 440.0
G# 415.3
G 392.0
F# 370.0
F 349.2
E 329.6
D# 311.1
; D 293.7
5 C# 277.2
100k Capacitors Semiconductors C 261.6
5k6 Cc1 22n polyester D1-D27 I1N914 or similar B8 246.9
820k c2 100n polyester ic1 —1C?7 4011 {CMOS) 9
2.782 c3 330p ceramic IC8,11,12° LM301 or 741 A# 233.1
22k c4 100n polyester 1c9 LM380,SL60745 A 220.0
C5 33p ceramic iIC10 NES55 G# 207.7
330k cs.7 4u7 25V electrolytic  "if 741s are used delete C5,8,15 G 196.0
10k cs’ 33p ceramic Miscellaneous .
15k co 100n polyester SW1,2 single pole, 2 position F# 185.0
100k c10 100u 16V electrolytic slide switches F 174.6
cn 100n polyester PC board ETI 602
. Two knobs
. c12 4u7 25V electrolytic g way battery holder
47k log rotary  C13 100n polyester Small 8 or 16 ohm speaker
47k log rotary c14 100u 16V electrolytic battery clip
2k trimmer c15 33p ceramic case to suit
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R1

+gv  AM7

B2 D1-D27 ARE IN914

100k 5

o

+3V

+9v

% ,

+9v

:

R11. g 1c2/

+9v

1
2|tc2/2

QO
§s

R13
+9v

13 c2r3

A= 100k s
9| 1c2/a

6/ rcan

R20
100k 1

R21 2| 1carz
am7

R3 m@nl.vT
am7 R27, 6k8

4

3

11

10

4

3

D1

R113
100k

5 100k F

4 ANNA—0

D25

R28, 330
R29, 6k8

RE0 R64
180k < 33k

i 1€7/2 |g

100k F=
D24 10 8

R51 R65
560k < 27k

D23 , 12
1 1

R45
8k2
D4
1 -
R31 <R46
10k <68k
D5
R32, 8k2
D6 R33, 1k2
R34 < R47
10k 220k
D7
R35, 10k R56, 4k7
D8 R36, 270 R57, 15k
R37, 10k
D9 R38, 1k
R39 < R48
12k <330k
D10
R40, 10k
R60 < R71
150k < 18k
R41, 2k2
R42, 8k2 R61, 3k3:

R43, 4k7 R62, 12k
R43 < R49 < RE3 < R72
15k < 120k

220k < 15k

R107
820k 21

R97
6k8

SW1
VOICE

et o s =

Circuit diagram of the monophonic organ

—_ls

PIN 7 IS OV
PiN 14 1S +9V

PIN 4 IS OV
PIN 7 IS +9V

IC10 IS 555
1C9 IS 380

8-160
SPEAKER

R102

¥ PINS 2,3, 4,5, 7, 10, 11 AND 12
ARE CONNECTED T0 0V

OFF
sw2
ON
D27
.._.+m<
ATTERY
_i BATT + o c1a

.ﬂ l_.l_oo:

C13

160n R110

330k

POWER RAILS NOT SHOWN
1IC1-1C7 ARE 4011 -

IC8, 11 AND 12 ARE 301

—7ouc] ORGAN—
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~How it worlss

Operation of the organ will be described by
considering separately the five sections of
which it is composed. These are:

(a) Keyboard

(b) Oscillator

(c) Filter

(d) Output amplifier
(e) Tremolo circuit

(a) Keyboard. Unlike the previous organ
the keyboard is operated by the contact
resistance of the finger and not by a probe.
Each key has a CMOS gate associated with
it where both inputs to the gate are
connected together and to the positive
supply via a 4.7 megohm resistor. When the
key is touched the inputs of the gate are
pulled low (0V) via the 100 k resistor
causing the output of the gate to go high.
This pulls the corresponding point in the
resistor chain high via the diode. Thus by
selecting and touching different keys we
connect various amounts of resistance
between pins 2 and 6 of the 555 oscillator
and the positive supply, thus enabling it
and varying the frequency determining
time constant circuit.

(b) The Oscillator. The oscillator is based on
a 555 timer IC. The capacitor C1 is charged
up via a section of the resistor chain (as by
the keyboard) together with the resistor

R113. When the voltage at pins 2 and 6
reaches that set at pin 5, the capacitor is
discharged rapidly via R97 and an internal
transistor connected to pin 7 of the 555.
When the voltage across C1 has dropped to
half that set at pin 5, the internal transistor
turns off and the capacitor is allowed to
charge up again — thus repeating the cycle
and generating a sawtooth waveform
across the capacitor. This waveform has a
high harmonic content but is generated at a
high-impedance point. A unity gain buffer
is therefore used (IC8) to prevent this
output from being loaded by the following
circuitry. A second output of a narrow
pulse waveform is available at pin 3 of the
555 and this is used to generate a second
voice for the instrument.

(¢) Filter. A number of different filters were
tried but from a cost point of view it was
difficult to justify anything more than a
simple RC filter on the sawtooth which
gives quite a pleasant flute-like effect. As
the narrow pulse train sounds somewhat
similar to strings it is merely attenuated to
match the leve! of the filtered sawtooth.
(d) The Output Amplifier. The loudspeaker
is driven by an LM380. Volume control is
provided by means of potentiometers RV1
and the required voice is selected by means

of switch SW1. The LM380 should be fitted -

with heatsink fins as detailed in the

construction.

(e) The Tremolo Circuit. Tremolo is
produced by means of a low frequency
oscillator running at approximately 8 Hz
(IC11). The oscillator can be turned on and
off by means of the flip flop formed by gates
IC7/3 and IC7/4. This flip flop is set to the
‘on’ or ‘off mode by means of touch
switches which operate in exactly the same
manner as the. main keyboard. To increase
tremolo frequency decrease R101 and vice
versa.

The output from the tremolo oscillator is
filtered by C12 and R109 to give a smoother
waveform and the resultant waveform
buffered by IC12. The gain of IC12 is
adjustable by means of RV2 and this
control therefore adjusts the depth of the
tremolo modulation. The potentiometer
RV3 is a trim potentiometer which effecti-
vely sets the output from IC12 to pin 5 of
the 555 and thus the frequency of the organ.
If if is required to shift the keyboard up or
down an octave or so this may be done by
changing the value of C1 by a factor of two.
If the keyboard tuning is found to be
skewed (when tuned correctly at the centre
one end of the keyboard is low whilst the
other is high) this may be cured by
changing the value of R97. If it is sharp at
the low end decrease R97 while if flat at the
low end increase R97.

added to turn off the internal speaker.

‘fablon’ type material.

The component side of thé PCB. The switches and loudspeaker are
glued into position with five minute epoxy — be sure you get it
right first time! The output amplifier with heat sink can be seen at
the top right. It may be advantageous to some readers to be able to
run the organ with an external amplifier and speaker. An output
could be taken from the volume control for this purpose, and switch

The cagse for our prototype was made from balsa wood, covered with
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___TOUCH ORGAN

citive method is the best of these it
is also the most expensive and for
this reason is not used. The 50 Hz
injection method is also complex
and thus the resistive method was
considered to be the only practical
way from a cost point of view.

As the keyboard is now played by
the finger it also needs to be larger
than usual although still not quite as
large as a full-size keyboard.

In the original concept an OM
802 was used as the tone oscillator.
This was replaced by a 5655 timer IC
as this is cheaper and easier to use.
The 555 has two outputs which can
be used, a sawtooth wave and a
narrow pulse. Both of these outputs
are used in our design to provide
different voices for the instrument.
The sawtooth is filtered by means of
a simple RC filter to remove some of
the harshness due to the harmonic
structure and the resultant voice has
a rich flute-like sound. The pulse
output is matched in level to the
sawtooth by means of a resistive
attenuator but is otherwise unfil-
tered. This voice has a string-like
sound.

Filtering has been kept very
simple, again from a cost point of
view. If the constructor desires he
may experiment with different filters
in order to achieve different sounds.
With conventional organs the stop-
filtering is done for every octave of
the organ to prevent undue tone
and level changes at different
frequencies. With the two octave
span of this organ some change in
tone and level must be accepted
over the range of the keyboard
when using simple filters.

As attenuating filters are used in
the organ plenty of gain is required
in the audio stage and for this
reason an LM380 is used in the
audio output stage to drive the
loudspeaker.

CONSTRUCTION

The keyboard pattern is etched
directly onto the printed-circuit
board which also carries the rest of
the electronics. As the copper of the
keyboard would rapidly tarnish
when continuously being touched
with the finger it is necessary for the
board to be either tinned or
protected with some other plating
process that will prevent tarnishing.

Commence construction by
mounting the LM380 into position
and then fit small heatsink fins, as
shown in the photograph, to either
side of the IC. Solder them to pins
3. 4, 5.0n one side and pins 10, 11
and 12 on the other. This should be
done first as there is little room in
this area of the board once other
components are in position. Fit the
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two wire links and assemble the
low-height components to the board
as shown on the overlay.

Mount the remaining ICs last of
all and take particular care not to
handle the CMOS ICs excessively
before insertion. Check the polar-
ities of polarised components such
as ICs, capacitors and diodes before
soldering them into position.

To avoid having screws showing
on the keyboard we glued the two
switches into position with five-
minute epoxy. Use a piece of
printed-circuit board or metal
behind each mounting hole to
obtain extra glueing surface and
extra strength. Mount the potentio-
meters and wire the complete board
as detailed in the overlay diagram.

The complete unit should now be
tested to ensure that all notes and
functions are operating correctly
before mounting into a suitable
cabinet.

|

Fig 3

Details of Heat sink
shown full size,
two required
material tinplate
or thin copper.

- J

PLAYING THE ORGAN

Although the new organ is played
with the fingers as with a full
instrument there are a few small
playing differences which should be
kept in mind.

Firstly the instrument is mono-
phonic. That is, if two notes are
touched simuitaneously only the
higher note will sound. Secondly,
the fingers must be kept dry, as any
moisture across the key will hold
that note on when the finger is
removed. If this does happen they
the keyboard should be wiped with
a clean rag. In stubborn cases a
little methylated spirits on the rag
will help.

Finally, it should be remembered
that unlike a piano there is no
“touch”” to the instrument and
hitting the key hard will not alter the
sound. In this respect it is similar to
a real organ and the player should
get used to touching the keys
smoothly and firmly with the flat
part of the finger — not the extreme
tip. @

TOUCH TUNES ™

WALTZING MATILDA

VERSE:
EEEDDCDECABC
GCEGGGGGGG
CDEEEDDCDECABC
GCEGFEDDDC

CHORUS:

GGGGE

CCCBA
GGGAGGGFED
CDEEEDDCDECABC
GCEGFEDDDC

HYMM TO JOY (BEETHOVEN'S
NINTH)

EFGGFEDCCDEEDD
EFGGFEDCCDEDCC
DECDEFECDEFEDCDG
EFGGFEDCCDEDCC

'FRERE JACQUES’

CDEC
CDEC
EFG
EFG
GAGFEC
GAGFEC
CGC
CGC

GOD SAVE THE QUEEN

CCDBCD

EEFEDC

DCBC

CDEF

GGGGFE .
FFFFED

EFEDCEFG

AFEDC

COLONEL BOGEY

CAAA#CAAF
CAAA#ACCA#
A#GGAA#CA
ABAGCABGDC

AMAZING GRACE

CFFAGFAGFDC
CFFAGFAGCC
ACCAGFAGFDC
CFFAGFAGF
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—ETI project 446

AUDIO LIMITER

This simple but effective unit can be used as a limiter, automatic
volume control or voltage controlled amplifier.

THE AUDIO COMPRESSOR
EXPANDER project described in the
May 1976 issue of ET! has proved
to be very popular with readers and
we have since had many requests
for a simpler limiter circuit. Whilst
limiters and compressors are similar
in operation they are used in
completely different ways.

~ A compressor is normally used in
a linear compression mode. That is,
for say every 10 dB of input signal
level change the output is arranged
to change by, for example, 6 dB.
The output will change this fixed
amount of 6 dB for every 10 dB
increment of input. The reverse of
this procedure is called expansion.
That is, for a 6 dB change in input
signal level the output is caused to
change by 10 dB.

A compressor/expander is typi-
cally used for improving the dyna-
mic range (and hence signal-to-
noise ratio) of tape recorders. The
signal is first compressed so that its
dynamic range can be handled by
the tape. On subsequent replay the
signal is expanded by a corre-
sponding amount to restore the
original dynamic range. As the
amount of noise on the tape is
constant and the level of signal has
been effectively increased, the
signal-to-noise ratio has also been
increased.

A limiter is a form of compressor
‘'which operates only when the
signal exceeds a certain predeter-
mined level. For example signals
which do not exceed say 80% of the
predetermined maximum are not
compressed at all and are amplified
with their full dynamic range. For
signals above the 80% level the
limiter begins to operate and very
large input signals are required to
‘obtain the extra 20% of output.

Another use of a limiter is in the
continuous-limit mode such that it
acts as an automatic volume control
(AVC). In this mode a 60 dB change
in input level can be limited to say, a
6 dB change in output level.

Finally the limiter may also be
used as a voltage controlled ampli-
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fier having ‘a range of about 55 dB.
A typical application of such a
device would be a remote volume
control. It should be noted,
however, that although the transfer
function of such a voltage,con-
trolled amplifier is fairly sharp, two
of them may not necessarily track
perfectly due to differences in the
FETs in the ICs. Thus on our
prototype the difference between
channels when used as a stereo
volume control was up to 5 dB at
some points with any given input.

~

DESIGN FEATURES

The first decision to be made when
designing a limiter is what type of
controlled resistive element to use.
Common alternatives are FETs,
LDRs, base-emitter junctions of
transistors, thermistor or balanced
modulator 1Cs. All of these have
their respective advantages and
disadvantages and all have been
tried in our laboratory at one time or
another. We selected FETs because
we considered them the most cost
effective.

When FETs are used in voltage
controlled amplifiers it is essential
that the voltage across them is kept
as low as possible if the distortion is
also to be kept low. This means that
the FET must be used as an
attenuator where the voltage across

the FET can be kept low irrespective
of input voltage. The most suitable
type of FET for this purpose is the
enhancement-mode device but
these are not readily available. The
commonly available types require a
negative voltage to turn them off.
However, there is a suitable alter-
native, the 4049 CMOS IC which
contains six inverting buffers. By
suitable interconnection the IC may
be made to provide six enhance-
ment-mode FETs and this is the
approach we decided to use.

To restore the signal level an
amplifier is required and originally
we intended to use the LM382 but,
because of cost and availability
considerations, we finally decided
touse an LM301 or 741 operational
amplifier together with a transistor
pair at the front end. The noise
performance of this arrangement
was found to be as good as the
LM382’'s and supply voltage to be
less critical (although a dual supply
is required). If only a single-ended
supply is available then a 382 may
be used, although a different board
layout would be required.

CONSTRUCTION

Although a printed-circuit board is
not essential it certainly makes
construction very much easier.
Before assembly decide whether a
limiter or an AVC is required as the

Input voltage range
Frequency response
Limiting point
set by R2/16
Equivalent signal-to-noise ratio
Distortion
Input impedance
Maximum gain
R2/16 = 4k7
R2/16 = 47k
Maximum attenuation
as voltage controlled amplifier
Supply voltage

Specification ETI 446

Tmv-10V
*+ 3 dB 10 Hz — 20 kHz

3mV

70 dBre 1 V out
see graph

47 k

26 dB
40 dB

55 dB
$18Vtot16 Vdc
at 5 mA
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——AUDIO LIMITER—— . —

R3
a7k

R16 in the AVC mode and in limit
mode, depending on limit point,
between 470 and 4k7..The transis-
LEFT tor type specified is available from a

RS 33p | 4.7
a e

7 - values of R2 and R16 will vary
é 3| cs |+ A8 Ve accordingly. Use 47k for R2 and

R10
A1

T .
G =1 number of different manufacturers
oL but pin connections are different. If a
o] . d l
e i different brand is used the transistor
INPUT should be reversed (emitter and

R2
o_l - collector interchanged). The overlay
also shows the arrangement for
using the LM301 ICs — these may
be directly replaced by 741s simply

AN —- by omitting the 33 pF capacitors.

M -
2 4 5 eacy Although the CMOS ICs 4449
5 i 'L and 4009 are electrically similar to
TSI Dl I ar iy the 4049 and are interchangeable
& a049 ™ cs I* Rt/ 1O with it when the devices are used as
o ‘:' “’-]: e Dore hex-inverters, they cannot be used
= ¥ 2 as replacements in this circuit. The
‘Ef_‘f " . Ik 4049 must be used. The 4449 and

*Ve 4009 have different circuitry and
will not work in this mode.

R17 R19
a7k 47K

R24
AIN

| rHow it worlsg—

QuTPUT
& us The circuit basically consists of a voltage-
o—’-}—wa . coptrolled attenuator foll_owed by a low-
RIGHT noise amplifier with a gain of 46 dB. The
R16

output of this amplifier is rectified to

W generate a dc voltage which is used to

= - . cisd control the attenuator. )
LH? 4T R The variable element in the attenuator is
= L 1k an enhancement mode FET. This is made

Circuit diagram of the limiter

Ve

At e from a CMOS hex-inverter IC, the 4049, by
special interconnection. The difference
between enhancement mode FETs and the
normally available depletion-mode junc-
tion FETs is as follows: The enhancement
mode FET has a high resistance between
source and drain when the gate is at zero
volts, but this decreases as the gate is taken
more positive. A JFET (N type) is hard-on
with the gate at zero volts and turns off as

the voltage is taken negative.
The amplifier is required to have high
open-loop gain and have fairly low noise.
The gain requirement is provided by an
LM30]1 operational amplifier and the
low-noise requirement by a pair of transis-
tors (connected as a differential pair)
placed before the operational amplifier. The
gain is set, by the combination of resistors
R6 and R7, to 215 (or 46 dB). The lower 3 dB
( point is set at 15 Hz by C4 and R6 whilst the
100 0.1 upper 3 dB point is set at 33 kHz by C6 and
R7.

N

2

W

VOLTS
A
- N

R2, 47k
0.5 |

0.5

0.3L DISTORTION (1kHe) 0.3

47k

N |
0.2 DISTORTION (1kHz) 0.2
. R2, 4k7

ANS
el

DISTORTION %

OUTPUT VOLTAGE

rd
A\

50 R2, 4k7 o5 The outputs of both channels are
& 1 sammed and rectified by diodes D1 and D2
10 V. R2.470 t6 charge C8 via R14. The voltage on C8 is
' coupled to the gate of the FETs (three in
20 parallel on each channel) via R11 and R12.
As the input voltage increases the output
also tends to increase and voltage on
capacitor C8 also increases and this
increase is applied back to the gates of the
5 V. FETs. This reduces the resistance of the
/, FETs and thus increases the attenuation,
tending to prevent the output from chang-
ing as much as the input does,
z i With all FETs the resistance changes
with applied voltage and this gives rise to
1 distortion. However by modulating the
- e g O3 W Al ¥ 0E = - gate voltage with a signal equivalent to the
m%ns VOLTS voltage across the FETs the distortion is
INPUT VOLTAGE greatly reduced (3.5% down to 0.8%).

P i The attack and release times can be
Input versus output voltage for various values of R2 (and R16) adjusted by varying R14 for attack and R13

Distortion at 1kHz for R2=4K7 and R2=47K are also shown. for release.

10

m VOLTS
e
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(4.}

| LEFT
< ouTPUT

Resistors

R22-R24

Capacitors

Parts List

oL
Q
SO
IF
O
4&?
C ZHI
&

) RIGHT
< OUTPUT

=)
Nt ——=G
o

Component overlay.

47k B W 5%
4k7 " -
47k “ "
2k2 " "
470k C "
1k i s
™ X 4
470k i '«
10k ‘i 4
47k o~ 4
a7 - Lo
47k i “
2k2 ]
470k i o
1k & w

4u7 25-V electrolytic
22n polyester
33p ceramic

C4,5 4u7 25 V electrolytic
C6 10p ceramic

C7-C9 417 25 V electrolytic
c10 22n polyester

c1 33p ceramic

C12,13 4u7 25 V electrolytic
C14 10p ceramic

C15 4u7 25V electrolvtic

Semiconductors

Q1-Q4 Transistors BC108
D1,2 Diode 1NS914

[C1 Integrated circuit 4049 *
IC2,3 " LM301

Miscellaneous
PC board ETI 446
9 PC board pins

*Do NOT substitute a 4009 or 4449
as the input protection is different.

As this unit will normally be used
in association with another piece of
equipment, and most likely built in
to it, a case has not been described.
When installing the unit make sure
that the input cables are coaxial or

shielded cable -- outputs are not
important and can be normal
hookup wire

USES OF A LIMITER

Peak Limiting. In this mode oniy
signals above 85% of maximum
level are attenuated. This is useful
for preventing amplifier clipping (for
pop groups or other live shows)
which gives rise to objectionable
distortion. It may also be used when
tape recording the same type of
programme material as above, to
prevent the tape being saturated,
which again would give rise to
distortion.

AVC. In this mode, the limiter is
used typically to drastically reduce
the dynamic range of a programme
being recorded. For example, when
recording a lecture the 60dB
dynamic range of lecture room
speech may be compressed to 6dB
Voltage Controlled Amplifier. As
a voltage-controlled amplifier the
unit lends itself to a variety of
remote or automatic control appli-
cations. For example, it may be
used as a remote control for stereo
amplifier volume. Alternatively, it
may be adjusted to increase car
radio volume as ambient noise level
rises.

IMPORTANT: PLEASE NOTE
THAT SOME BRANDS OF
CMOS WILL NOT OPERATE IN
THIS CIRCUIT. BRANDS THAT
WILL OPERATE CORRECTLY
ARE:

NATIONAL SEMICONDUCTOR
R.C.A.

‘B’ SERIES DEVICES WILL NOT
WORK.

ETI 446

Printed-Circuit layout for the limiter. Full size 58 mm x 110 mm.
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Internal circuit diagram of one of the
six inverter stages in the CMOS 4049 IC
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FIG. 1. PRINCIPLE OF OPERATION

INFRA-RED

INTRUDER
ALARM

Sophisticated in fra-red intruder alarm has over 200ft. range.

to detect the presence of a
burglar is the infra-red beam.

The beam described in this project is
fail safe and virtually tamper proof. It
can be constructed from readily
available parts, is easily installed and
can be used over a range of at least
200 feet.

An alarm will be given the instance
that an intruder passes through any
part of the beam.

PRINCIPLE OF OPERATION

The basic principle of operation is
shown in Fig. 1.

The transmitter consists of a source
of infra-red energy (a tungsten
filament lamp) modulated and
focussed into a beam by a concave
reflector and filtered to remove all
visible light.

To make the beam tamper proof, and
at the same time insensitive to ambient
light, the transmitter is modulated at a
low frequency. A burglar attempting
to bypass the beam with a torch will

- discover this to his cost.

The receiver consists of a condenser
lens which focuses the energy from the
transmitter onto a phototransistor.
The output of the phototransistor is

ne of the most reliable and
Oefficient devices that can be used
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amplified and used to drive the alarm
relay. A filter is fitted in front of the
lens to ‘eliminate unwanted ambient
light (such as that from fluorescent
tubes).

CONSTRUCTION DETAILS

(a) Mechanical

An excellent method of construction
is to build this alarm unit into a pair of
diecast boxes. These were. chosen

amplifier relay driver

relay

because they are readily obtainable,
easy to drill and cut, and when
finished result in a really professional
product. An alternative construction
might well employ timber boxes made
out of marine quality plywood.

A sealed beam lamp was chosen as
the transmitter because- it simplifies
the optics and it produces a beam wide
enough to facilitate easy alignment.
The relatively wide beam width also
reduces the risk of false alarms due to
vibration of the beam mounting
points.

For suggested mechanical details the
reader is referred to Fig. 2.

The lamp can be glued to its
‘mounting platform using silicone
rubber, Plastibond or Permabond.
Although this is a difficult glass to
metal joint, we have found the Dow
Corning silicone rubber in particular,
to be very effective.

(b) Electrical

The electronic components for both
transmitter and receiver are contained
in the receiver unit. This results in
compactness, and because only one
printed circuit board .is used,
construction is relatively easy.

The circuit diagram of the complete
unit is shown in Fig. 3.

The component layout, and copper
foil side of the printed circuit board
are shown in Figs. 4 and 5.

While assembling the board, check
carefully the polarity of the

electrolytic capacitors, and avoid
overheating the transistors whilst
soldering.

When the board is complete, recheck
carefully, and connect the
transformer, voltage regulator

transistor Q2, and other components
— as shown In the circuit diagram and
illustrated in Fig. 7.

In this form the unit is mains
operated, and a power failure will
result -in alarm operation. For some
applications this may not be a serious
problem; but if required, automatic
changeover to battery operation may
be provided by including the extra
components shown in Fig. 6.

These components should be wired
as shown and connected to the points
marked X and Y on Fig. 3. If this
facility is included, the mains on/off
switch (SW1) must be changed to a
double-pole type to enable the battery
as well as the 240V supply to be
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switched off when the beam is not
required to be in wuse. The
recommended batteries are two
Eveready type 731 in series.

TESTING THE UNIT

1. Contact the lamp supply on the
printed circuit board to the lamp in
the transmitter.

2. Temporarily remove the filters
from both transmitter and receiver.

3. Locate the transmitter some 10 to
20 feet from the receiver.

4. Set the latching switch on the
receiver to the ‘non-latch’ position.

6. Connect the 240V supply to the
receiver unit and switch on. The lamp
in the transmitter should be flickering
at a fairly high rate.

6. Align the transmitter so that the
beam falls onto the lens of the
receiver.

7. Adjust the receiver lens so that the
light beam is focussed squarely onto
the photo-transistor.

8. Adjust VR1 so that the relay is
held closed by the light beam. The
relay should open when the light beam
is interrupted, but should reclose when
the beam again falls on the receiver.

2 Inch
springs

9. Switch the latching switch to the

‘latch’ position, and.  again
momentarily interrupt the beam. This
time the relay should open and stay
open.

P Aluminium platform
fixed to lamp with
/ silicon rubber or
epoxy resin

LG

] TRANSMITTER

Filter sandwiched between
two 3 'by 3" perspex sheets
and bolted to front panel

Both froot panels identical

diecast
box

RECEIVER

51 Bk

Q3, 05, 06, 08
Q9 all BC108

switch
- 1A
240V SWIA
SO0Hz
- .

126.V., 1A

2N3055

8o
(o] 0)c
E®

% VR1
4 -
/‘/ Lens Latch
switch
PC board mounted
on two grommets.
nt
‘fuse
=
bics Wy -
- AF]
| [}
; ,; mains 4
¢ switch
2N3055}
RECEIVER transformer
FIG. 2. MECHANICAL CONSTRUCTION to external
mains cord circuits
RELAY
CONTACTS
R15
RL1A 100
5W
+
10.5V
to power supply
R16
330
ground
IN 4005 -
Qa1.a7,Q10
all TT3643
D14 I Q2 2N3055
allIN 4005 | 3 %
IN 4005
12 volt
battery
Sw1iB
2N 3643 ki Lo
BC108 N
P | STANDBY BATTERY CIRCUIT
R FIG.6.
c7

FIG. 3. CIRCUIT DIAGRAM OF COMPLETE UNIT.
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TO COLLECTOR OF Q2
TO OV ac
TO 12.6v ac

INSTALLATION

The lamp mounting platform has
been mounted on springs to enable the
beam alignment to be adjusted after
the transmitter box has been finally
located.

However a useful precaution is to
temporarily locate the transmitter at
the designated point, connect the
beam, and with the filter removed,
ensure that the light beam falls on thé
point designated for the receiver.

Temporarily remove the filters from
both transmitter and receiver and align
the beam so that it falls squarely onto
the photo-transistor.

Refit the filters and with the latching
switch in the non-latch position adjust
RV1 so that the relay is held in by the

Fig 4. How the components are located on the printed circuit board.

Fig. 5. Foil pattern for printed circuit board — full size.

4d

HOW IT WORKS

Transmitter

Transistors Q8 and Q9 form a type of
astable muitivibrator of which the
frequency of oscillation is determined
primarily by C7.

Lamp driving transistor Q10 is switched by
the positive pulses aDDeavInF across
potential divider R13/R14. Resistor R16
biases the lamp, and by so doing, reduces
the current flow through Q10.

For the lamp specified in this project, R16
should be approximately 33 ohms. The
correct value should be such, that with the
base of Q10 disconnected, the lamp
filament can be seen just barely glowing
when viewed in the dark.

Receiver

The recelver consists essentially of three
stages:—

(a) photo-transistor detector stage
(b) ampilifier
(c) relay driver

The photo-transistor stage consists of a
Darlington-pair photo-sensitive transistor
connected to a variable load resistor. The
base of the photo-transistor s left
disconnected. As this transistor is prone to
saturate at high light levels, VR1 has been
included to enable the sensitivity to be
adjusted under operating conditions.

.The output of the photo-transistor is
capacitively coupled to a two-stage
amplifier, Q5 and Q6. Transistor Q5 is
stabilised by nesgatlve feedback through the
100k resistor R6.

The output-of the amplifier is capacitively
coupled to the relay driver Q7. The base end
of C5 is clamped to ground by diode D6 to
ensure that Q7 .receives positive going pulses
to drive the output relay (RL).

Capacitor C6 prevents this reiay chattering
due to the relatively low frequency of' lamp
modulation.

Latching Opetation

A single-pole single-throw switch (SW2) is
used, (in conjunction with one normalily
-open set of relay contacts — RLIB), to
provide a latching function. The purpose of
this is to lock the contacts of the relay In
the ‘alarm’ condition when the beam is
Iinterrupted, thus ensuring that they do not
reclose when the beam Is again restored.
This facllity may be switched in or out as
reguired.

he unit is initially switched ‘on’ with the
latching switch in the ‘non-latch’ position,
With the beam oparating normally, the relay
RL is heid in, and the normally open
contacts close, shorting out the switch
contacts of SW2. Thg latching switch is now
set to the ‘latch’ E sition. 1f the beam is
interrupted, relay RL will be de-energised
and the normaily-open contacts will be
released thus preventing the relay from
ve-closln%.

The unit is reset by momentarily switching
the latching switch to the non-latch position
and then returning it ‘latch’.

Power supply =

The power supply unit is a fuli-wave series
regulated unit which has a fixed output of
approx 10.50 volts. A high degree of
stabilisation is required to prevent the

from modulating the receiver circuit.

fluctuating load of the transmitter lamp’
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beam; check that there is some reserve
‘power’ by momentarily blanking off
part of the receiver lens. The relay
should not drop out.

Set the latching switch in the ‘latch’
position and check that the relay
remains locked out when the beam is
momentarily interrupted.

The relay specified has two sets of
change-over contacts. One set (RLIB)
is used for the latching function, the
second set (RLIA) is used for the
alarm output. These latter contacts
may be used in the conventional way
to switch an-external battery and bell
‘circuit, or may be wired to the
normally closed inputs of any
commercial alarm system.

The maximum range of the beam
depends upon whether or not it is to
be used in daylight. The range at night
may exceed 500 feet, but if daylight
operation is required the range may be
restricted to 100 feet to 200 feet.

Try to arrange the receiver so that

Interior of prototype unit.

direct sunlight never falls -onto the
lens. 1f necessary fit a round metal or
cardboard tube, (the diameter of the
lens and about 6” to 12" long), to
shield the receiver lens from ambient

light. The inside of the tube should be
painted matt black.

Final alignment should be carried out
at night as.it is easier to see the beam
(with the filters removed).

Infra-red radiation behaves much as
visible light, and so mirrors may be
used if it is necessary to direct the
beam around corners. Shaving mirrors
are ideal for this purpose.

VIEW OF TOP SIDE

OF P.C. BOARD
@____:\\ PARTS LIST
el O c1 R1 — resistor 1k, W, 5%
Vi C N \'\ R2 = " " »
Sov o R3 re= P 100 ohm ' o
Wl R4 = ” 560 ohm ** -
sy RS — - 47k V2 W 5%
c oy, R6 = 100k, * .
s 1!, R7 3 2 .2k ’ '
3o~ .,[L : sg — :', 220 ohm "' 2
[ \ i ¢ e " "
q 30 R10 . " 1k " "
SO N R11 i 0 2.2k " "
& R12 = Py 100 ohm >
sii — " gg ohm ”» :v
- » hm " '
LATCH R1S = e ioonm sW "
SWITCH 3 R16 -l = 33 ohm 1W o
\ R17 — 221 47 ohm 12w o
3 VR1 — potentiometer 100k linea
SR Cl — capacitor 1000UF, 25V.
SO Cc2 =5 03 100UF, 16V.
RO c3 — 2 100UF, 16V
a3 4 = L 2.2UF, 25V
SN CS =3 4! a4.7UF, 25V
ANR Cé6 -+ % SOMF, 16V.
KN C7-~ o d 4.7UF, 16V.
Q1 — transistor 2N 3643
a3 Zw B4R
IgJ:ANSM'TTER Q4 — phototransistor MEL. 12 or
RL equivalent
Qs — transistor 8C108.
Q6 =X o 8C108.
Q7 —_— Y- 2N 3643
N Q8 B B 8C108
Q9 - K BC108
y Ql0 - *) 2N 3643
J D1 through D4 — slticon diode 1N 40050r equiva-
ent.
DS — zener diode BZY88/C9V1
D6 — silicon diode IN 4005
Transformer — transformer 12.6 voit,
1 amp output.
Relay — Cradie type relay — doyble poie
MAINS o changeover. 430 ohm coil,
- g Variey VP2 or equivalent.
SWITCH 5 BRI swi — switch toggle type, 240 voit
w, o single or double pole (see text).
3 2 sSwW2 — switch toggle type, single pole,
< Y . single throw.
g TO ALARM Lamp — G.E. Sealed beam lamp type
F3 2IRCUITS GE 4546. Infra-red filters —
Infra-red fliters — Kodak type 87 or 88A. Sundries,
two dlecast boxes, one 2 way connecting block,
rubber grommetts, printed circuit board, three core
'] MAINS CORD cable and plug, four 2" compression springs, front
loading fuse holder and one amp fuse, one small
condenser lens, (2°" focal length), perspex sheet,
owter knob, hook-up wire, assorted nuts and
olts.
Fig. 7. Connections to and from the printed circuit board.
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—ETI project 541

TRAIN CONTROLLER

A simple project offering auto-reverse, inertia, emergency brake and loop

track facilities

MODEL TRAINS HAVE ALWAYS
BEEN popular with both lads and dads
— with dads perhaps coming first.
Many a boy has complained “Daddy
won’‘t give me a turn’’. It seems there
is some inexplicable attraction in play-
ing trains which never dims with the
passing years. A couple of our friends
have recently decided to buy train sets
— for the kids (they say). Our model
train controller project was désigneg
to give them many features that are
not found in commercially available
controllers (for roughly the same
cost). Most commercial devices consist
of a transformer followed by a selen-
ium rectifier, a high power rheostat
and an automotive globe. Such con-
trollers have,K numerous operating dis-
advantages mainly due to their very
poor voltage regulation.

Our controller It may look a little
complex butin fact it is very simple to
build and quite inexpensive. |If the full
capability is used the features of the
controller are:

® Forward or reverse control by a
single slide potentiometer (centre for
stop)

® Separate reversing switch for the
main track

® Short-circuit proof

® Regulator-type control circuitry

® Emergency brake (which stope the
train instantly regardliess of the posit-
ion of other controls

® Simulated inertia
reatistic starts and stops)
® The facility to operate with track
loops

Loops operation Although not
possible with simple controllers, loop
operation adds much operating fun
and realism to any model railroad and
the feature is well worth including. A
typical loop is shown in Fig. 1. and the
operational problems of such a loop
are as follows:

If a train is approaching the loop
and the ‘main’ and ‘loop’ switches are
both set at normal, the polarity of the
voltages to the track will be as shown,
If the points are set so that the train
enters the loop towards ‘A’ it will
continue normally around the loop. If
the points are now set to ‘B’ sp that

(gives more
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POWER

OoN REV

CONTROLLER

INERTIA MALIN LooP

' &

AL 9 98
ON

REV

FORWARD

$T0P

BRAKE REVERSE

8§ o

ON

POINTS SUPPLY POWER
TO LOOP UP TO

GAPS REQUIRED
IN BOTH RAILS
WHERE SHOWN-

position.

GAPS
NORMAL
DIRECTION
— &
POINTS
+ =
MAIN TRACK
INPUT

Fig. 1. A typical track loop. Gaps must be inserted in the
rails of the loop in the positions shown, Polarities shown
are with MAIN and LOOP track switches in the normal

NORMAL
DIRECTION

LOOP TRACK
INPUT

the train may leave the loop then the
train, once it passes the breaks in the
track, will find the wrong polarity on
the main track. It will be unable to
continue in the same direction. To
overcome this problem the main-
track switch must be changed to
‘reverse’ whilst the train is within the
loop. If the train enters the loop to-
wards ‘B’ then the loop switch must be
reversed before the train enters the
loop. Once again the mainline polarity
is reversed whilst the train is within
the loop. Providing the section of the
loop between ‘A’ and ‘B’ is longer than
the train, loop operation will be simpl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>