Assemhled Tone Control PCB.

This updated version of the Newton Tone Control Unit,
previously featured in Issue 86 of Efectronics,
incorporates alterations to the pentode stage to
make it operate over a more linear working range

of grid bias versus anode current, and to equalise

the valve screen grid voltage with the anode voltage.
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HERE is currently some
heated debate among
M Hi-Fi fanatics as to whether
tone controls per se should exist
at all. Ideally, what should happen
is that the recording (be it record,
CD or tape) is accepted as the '

Final vancinn nf Fhe mivina and
THch VENSION O W mixing and

engineering process, since after
all, this is how the producer and
artists want their finished
product to sound like. However,
what if the listener has
different ideas?

Speaking for myself, | am
something of a 'knob twiddier’
(if you'll excuse the expressionl,
because often my moods change
and the way in which | perceive
sound can also change almost
from day to day. Consequently,
| might feel on one occasion there
is not encugh bass, on another
not encough treble, or too much.

e e

g e e o e

the oo iPENSacion
which may be necessary to
overcome acoustic deficiencies
in the domestic environment —
it is ane thing to listen to the

PROJECT
RATING
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FEATURES

* Simpie PCB construction

¥ Compact stereo module

* Versatile connection options

* Passive tone control network

*¥ Wide dynamic range

% Onboard low-impedance O/P buffer

T ——

Phono stage

Specification of the complete systemz .

advocate of the graphic
equaliser (shock, horror, gaspl,

if only because it allows cassette
recordings to be tailored, for
listening in the car or from the
personal stereo. Also | have
come across recordings where

the engineer's idea of what the
tonal respnonce ghould be s very

et IR a1 el AT

strange — I'm sure there must
have been something wrong
with his hearing! (Could do

with a trip to the doctor for

a little de-waxing, perhaps.)
Whiie we are on the subject,

% about listeners with

ng difficulties?

ugh of this. Suffice to say
tone controls have their

Figure 1. Block diagram of Tone Control Module.

- PB{OVE},106(signal Gnd)

Input impedance: 51k + 330pF* ., although they must be
Line output impedance: k<2 “uged intelligently, ideally set flat,
Overall gain, phono to line: 48dB @ 1kHz but providing the option to
Line output level: 1 to 2V peak (2:5mV @ ‘tweak' the sound slightly if
1kHz for 5cmys) required. The Newton Tone
Signal to noise ratio: 40 to 60dB (depending on Control Module not only meets
cartridge) this requirement, but alsoc
RIAA egualisation network type: Passive optimised pravides you with another
* Select values to match the requirements of the cartridge used. capable |Ine‘C‘il"IVEP to feled the
power amplifier(s), freeing the
Tone control stage Phono Module's line driver for
Line input impedance: . M dedicated ‘line out' functions.
Main output (b power amp) impedance:  <10kQ A biock diagram of the tone
Overall gain: BaB flat module is shown in Figure 1.
Freguency response: 20Hz to 20kHz +0-5dB, Detailed specifications are
_ -2dB @ 100kHz listed in Table 1. It comprises
Output noise: <2001V peak max. a balanced ‘Baxandall' style
Slgnal to HQISE l:‘E.ItID:‘ @DQB for 100mv nput level control network which is passive
Line input signal level: OdB typical (i.e., not incorporated inta the
Max. permissible input feedback loop of an amplifier),
level before onset of clipping: 4V Pk-to-Pk and driven by a first amplifying .
Bass boost and cut: +16dB and ~12dB @ 20Hz max. stage which adds the necessary
Treble boost and cut: +18dB and -19dB @ 20kHz max| | 98in to provide the bass and
Dalance UIT‘SEt DOUSE +3da max. tr‘%uue (o818 =1 r'auIG: natner thnan
Tone control network type: Passive Baxandall take the output directly from
the network (as is the case
Power supply: 230 @ 50Hz or with Mutllard's 'two-valve'
_ 110 to 120V @ 60Hz preamplifier), it is buffered by
Power consumption: 30W approx. the line driver, which also allows
a halance cont
PSU Module
T ]
| DC Heater | HT AC Heater
| Supply | Supply Supply
L]
1
!
Internal source(s
Phono Modu(ie), P1OJ— N/A (=1} P11,12
selector switch)
.O L % +HT AC Heater
Line ©
In { P1 +v1 101.4 & 5
Tone Control Module
Main
Tone Out
-y Control | 41 P3.103 @
P4,104 Network
(P5,105 OVE) Via Vib
-
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Circuit Description

The complete circuit diagram of
the module is shown in Figure 2.
Note that oniy one channel of a
stereo pair is illustrated, although
these share common supply
components (R1, A2, C1, C2, C3
& C4). The tone control network is
recognisable by the familiar
Baxandall pattern (C11 to 15, R12
to 15, and RV1 & RV2), and is
borrowed more or less complete
and unchanged from Mullard's
‘two-valve’ circuit. However, | have

been asked more than once why

the potentiometers are
logarithmic, and why the
components on either side differ in
value by a factor of 10:1.

The simple reason is because the
network is passive, not ‘active’. in
the ‘active' version, the 'high side'
of the network forms a feedback
chain for an amplifier, the ‘output’
(from the potentiometer 'wipers'
being returned to the non-inverting
input. The 'lower side' of the
network then feeds the amplifier,
operating in ‘virtual garth' input
mode. (The amplifier is typically an
op amp, although before this a

c:lnnln In\IDl""II"Iﬁ fnnnsastﬂr a:‘l-ngn

was common.) The effect of this
was that, while all scales in the
network were linear (linear
potentiometers, etc.), when the
position of a control was
mechanicaily changed by a linear
degree, the actual gain of the
amplifier was altered twofold,
either up or down. This twofaold, or
doubling or halving, effect gives rise
to the equivalent logarithmic
increase or decrease of signal gain
that is necessary to match the
logarithmic response of the human
ear to ‘loudness’.

Consequently, if the active

component (the amplifier] is
COomponent \tne ampianeary

removed, this does not happen.
Hence it is necessary for the
network itself to provide the
legarithmic ratios of change. RV1
& RV2 are logarithmic so that
while each is in a8 mechanically
central position, the portion of
track on the anticlockwise side of
the wiper is one quarter
(approximately) the value of the
remainder of the track on the
other side. Used to tap a
proportion of a signal applied
across the whofe track, rotating
the wiper fully clockwise will result
in a fourfold increase (12dB) of
signal level. Rotating it
anticlockwise decreases the signal
with simitar behaviour The
reactances of the capacitors C111
& C12 and C13 set the maximum
and minimum limits for the treble
section, R13 & R14 the bass
section. Note that C11 & 12
combined equal 820pF, one tenth
the value of C13, similarly R13 &
14 are of the same ratio.

The one disadvantage of using
legarithmic pots is that the
accuracies of their track

42

P1 +HT 350V

R1
2k2
2w

Te other channel
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| ol 4755
c1 T rRr3 R4

RZ
4k7
3w

220v

47uF

E10nl-'

To other channel

{l—1+——or2.102

470k l
! ECF82 T Rvd
10k |-—0 P3,103
-?gnF 27@2“ Zia v log.
R10 R7 Vi M|
’ OC?__‘.:. 4k7% 5k1n OLUME
10ul
P5,106 & — T © P6,106

b
]

BALANCE

d
39k
TREBLE
c13
TSHZF
L
ov

¢ P9

Figure 2. Circuit diagram.

Specification

Volurne setting:

Bass setting:

Treble setting:

Balance setting:

input signal level:

Input source impedance:
HT supply:

Input impedance:
Output impedance:
Overall gain:

Freguency responss

Output noise:
Signal to noise ratio:

Maximum permissible input

level before onset of clipping:
Maximum bass boost:

Maximum bass cut:

Maximum treble boost:

Maximumn treble cut:

Maximum batance offset extra gain:
Minimum balance offset gain:

Pentode stage gain:
Tr‘lode stage gam

Power requirements:

HT supply:

HT current consumption:
Heater supply:

Maximum

Flat
Flat
Centre
0OdB

600 via 1-5m screened lead
320V + 100mV ripple @ 100Hz

MQ
< 10kE2

—BeiD— QAB
AL = deme MM

L
UL Ly ﬁURl_lL

2dB @

100kHz

o W T
U Jup

<200uV peak maximum
60dB for 100mV input leve!

BV Pk-to-Pk

+16dB

@ 20Hz

12dB @ 20Hz

+18dB

@ 20kHz

19dB @ 20kHz

+3dB

Zerg output

29dB, constant

OdB

_____ )

Passive Baxandail

300 to

350V DC

30 to 40mA
B6-3V AC @ 900mA

Table 1. Tone Control Module specificatian.
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than that for linear pbts, givi

rise Lo offsets, relative to thi
mechanical position, and possibie
mismatching between ganged
tracks. Generally, the differences
are small and can be ignored,
however, some comments from
‘reviewers' of the prototype
suggested that the treble could
do with improvement, that is,
the control has to be increased
slightly from the centre position
to make the response truly ‘flat.
This is all very subjective and at
the mercy of the vagaries of
track matching, however, a little
treble boost (to recover losses
due to the reactive input
impedance of the network) is
not out of place. R15 provides
this by bridging the top half of
RV1, shifting the centre point
slightly in the opposite direction.
If you find that in practice this
is not necessar'y then it can
be removed. {n the Mullard
‘two-valve' circuit, the netwark
has a 47k resistor on the
other side, presumably to
cut the treble.)

The reactive input impedance
of the network can be a hit
of a problem for the driving
valve, becoming & considerable
load at high frequencies,
where the impedances of

all flho Aramanit-are ane ot Fhain
ol Lo GOpPgUIvOl S ol © au uiicH

lowest. The Mullard circuit
employed an EF86 to drive

its network, but it was

not found ideal, as this valve
typically has a high output
impedance, and is not well
matched to the task. Gain
such as can he provided by

a pentode is required, however.
since to achieve the necessary
hoost levels for both treble
and bass, a high signal level
has to be put into the network
in the first place, if only to
ensure unity gain throughput
in the 'flat' position.

The device that was finally
chosen, and which | have had
experience with in the past,
is the ECF82 triode pentode.
The pentode section is employed
to drive the network, while
the triode section forms the
output buffen

The ECF82 neatly combines
a high current, wide band
pentade with an even higher
current triode in one BSA
envelope. These are basically
video valves, and the ECFB82
was once commonly used in
vision amplifiers and other forms
of video processing in television
broadcast apphcatlons It has
even been employed as the
front-end for AM receivers,
using the pentode as the
mixer and the triode as the
iocal oscillator: It is a very
capable device in the AF range
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Figure 3. DCR legoand

Pin Function Channel
No.

P1 +HT supply Common
P2 Buffer‘ed output direct Left

P3 Volume control output Left

P4 Tone control main input Left

P5 Input screen OV Left

P& Supply OVE from earth bus (PSU) Common
P102 Buffered output direct Right
P103 Volume control output Right
P104 Tone control main input Right
P105 Input screen OV Hight
106 Signal OV for outputs and buffer Common
P7 C5 to tone control network Left

P8 V1 pin 6 to C5 Left
P107 C105 to tone control network Right
P108 V101 pin 6 to C105 RHight
PS OVE for potentiometer screening Common
P10 Buffer HT supply to valve holders Common
V1 pins 4,5: 6-3V AC heater Left
V101 pins 4,5 6-3V AC heater Right

Table 2. Tone Control PCB pin designations.




and is still used in at least one
design of a modern Hi-Fi valve
power amplifier:

In the Tone Contral Module, the
pentode, VV1a, provides 29dB of
flat gain from the line ievel signal at
pin P4, raising it to an amplitude
sufficient for the tone controls to
work with. An anode load resistor
of 15k (R4) maintains a current
of BmA, while the screen grid
current is slightly starved,
producing a screen grid voltage of
100V DC compared with the
anode’'s 175V DC. This has the

effect of boosting the gsin of the

valve. Some local negative feedback
is provided by cathade resistor R6
not being decoupled to signal
ground. The gain of this stage
limits line input level at around 3V
peak; overioad distortion becomes
apparent at approximately 4V
peak.

Sorne HF roll-off is apparent at
the anode, which can be graphically
shown by an oscilloscope while
monitoring a sqguarewave at this
point. This is caused by the cormbined
reactive impedances of the
capacitors in the network loading
the valve in the HF range. However,
the 'scope will also show the
squarewave shape being recovered
at the output of the network,
which has absorbed the HF energy,
not wasted it.

Both left and right channel
pentode stages are supplied with
HT via A1 and decoupled by C1
and C2, C1 removing any high-
frequency components on the
supply line, but each screen grid
is decoupled separately hy CB & 9

The common output of the tone
control network goes to the dual
ganged batance control, AV3,
which has reverse connected
tracks to achieve the left/right
channel boost/cut action. B11 (and
R111) is added to limit the degree
of signal boost when one side is
increased over the other, which
might cause nupr'ln:::rhng problems

oo DVEDOUa AT o

for amplifiers further along the
chain. it also recovers some of the
6dB loss of the balance control
when in the ‘centre’ position. RV3
is TMQ, providing absolute
minirmum loading of the tone
control network.

At the output of RV3, overall
‘flat' gain is 6dB, all due to the gain
of V1a. The high output impedance,
at this point, is unsuitabie for long
lengths of screened iead and
whatever may he the input
impedance of the power amplifier,
S0 a common cathode, non-
inverting buffer is added, V1h.

Cathode hias ig properly derived

from a series resistor chain, R9
and R10. The bulk of the voltage
drop, which allows a sizeable signal
voltage swing, is across R10 and
is derived from an anode current of
10mA. This ieaves RS to deveigp
the actual cathode bias of 2V, with
the lower end communicated to
the signal grid via the grid leak
resistor A8. Both the pentode and
triode of the ECF82 should have
fairly high anode currents to
ensure that each is maintained in
the linear region of its operating
curve.

As with the Phono Module's line

driver, the input impedance of the

and C108 & 109. o

stage is not determined by the

: al grid
results in an mpedance rrultiplying
effect for RB, so that instead of
being BBOkQ the actual input
impedance is nearer to 10MQ.
The small value of the
polycarbonate capacitor, C10,
which AC couples the input, is
more than ample for this.

AC coupling at the output is via
CB. a high voltage electralytic.
Generally electraolytics of this type
are not a good choice for an audio
signal path, but a high value is
necessary to ensure good bass
response into a [comparatively) low
impedance load. HF performance is
assured, however, by C7.
Alcernatively, you might replace
these with an eguivalent value
made up from audio grade
palypropylene types, but these are
very large and will have to be
connected off the board with the
space to accommaodate them.

R7, in series with C10 and the
signal grid, is a 'grid-stopper' (ko
use the vernacular), and serves to
limit the bandwidth of the buffer
stage. It should not be omitted,
else the triode will go into common
grid mode whenever the balance
contral is reduced to minimum,
connecting the input directly to OV
Where's the harm in that, you may
ask? None, except that in this
condition, the triode suddenly
becomes a very capable RAF noise
generator whose output range
extends into the UHE While this
may be very useful in different
circumstances, it is not desirabie
herel This is a form of instability,
prevented by R7.

j’ 3
{ e ]
\ !
Y 1]

bare tinned
copper wire

Cc3

b S

/ components
mounted on
track side

Cc5

Figure 4. Onboard heater, supply and earth wiring.

solder to all e
/pot cansg PS5

o == : \ Y 1 1T 1
t 1 | i 1 1 i 1
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—A i Rva 1 1 RV3 i Pl R
— : b P . !
) ] 1 ] 1 ] 1 I
L | | [ ] e ]
I T Do LT ] ]
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A VIEW FROM TRACK SIDE et

Figure 5. Mounting G5 and C105 on the track side.
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Figure 6. Basic supply and earth wiring of installed PCB.
Finally, a stereo ganged Tone Control M odule pin inward to form a hook. The wire

logarithmic volume control, RV4,
connects across the output. The
10k track is usually of low enough
impedance to drive most types of
screened lead with no discernible
loss in HF performance.
Alternatively, the buffer output is
directly available at P2 {P102). You
may use this if the power amplifier
has its own volume control, or if
you want to mount the
preamplifier's volume control
somewhere else on the front panel
and fitted with a large knob, as
some people prefer In this case,
RV4, normally mounted on the
PCB, is located somewhere else
and hard wired to P2, P102 and
P106 (the common signal ground).
Due to the low impedances here,
screened lead is not necessary.

If no volume control at all is used
{RvV4 omitted), you MUST
substitute the RV4 positions on
the PCB with 10k resistors, to
ensure that the ocutput side of C6
is referenced to OV DC at all
times. This is so that the buffer
does not deliver a hefty pulse down
the line to the rest of the system
as C12 charges up! One concern
here was the danger of inflicting
any solid-state circuits that are
connected to the output of the
buffer to high-voltage pulses on
switching on or off. In practice
though, the transition is very slaw,
both at warm-up and switch off,
and peak deviations are rarely
mare than 2 or 3V, PROVIDED RvV4
or equivalent resistors are fitted.
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Construction

Refer to Figure 3 for the PCB
legend. The PCB is a simple
single -sided glass fibre type,

and is strong enough to carry
all the components including
the valves in their holders. Note
that it includes a solder resist
layer on the track side, which
will also help te minimise current
‘creepage' across the surface
between points of high potential
difference when in use. Once
the PCB has been assembled

and tested, and is known to
nnnr-nrn corractiy and ha r\nndy

ate correctiy and be rea
for‘ use, you are advised to apply
confaorma! coating to the finished
solder joints to augment this
protection.

Begin construction by inserting
and soldering the 30 PCB pins at
P1 to PG, P10, P102 to P106,
and alsc at the two valve holder
positions. In each case, insert and
solder nine pins from the track
side into the outer of the two
concentric rings of holes for each
valve holder; that with the smaller
holes. Next, carefully insert the
BS9A valve hoider into the board
from the track side, into the inner

Flm i
ring until it is fu!.‘y seated flat on

the PCB. Each pin of the valve
holder is then bound to its
corresponding PCB pin with a turn
of bared bell wire and soldered to it
(don't be sparing with the solder).
if the wire insists on slipping off
the valve holder pin then bend the

loop must be soldered to both
pins. A wire-wrapping pen may be
useful here if you are in the habit
of using one. Attach and solder a
pair of opposing pins first and
double-check that the valve holder
remains true before continuing.

Some 'spare’ holes will be left
over; P7 to P9, and P107 & P108.
These do not have PCB pins. (Tabie
2 lists the functions of the various
pins and links.)

Next begin installing components
by fitting the smallest first,
working up to the largest. With
the aid of the par'ts list and circuit
diagram of Figure 2, identify, fit and
solder all the small resistors, An
ohmmeter will aid identification of
values if you are unsure of the
colour codes. Using an offcut of
resistor lead, insert and solder the
short wire link at the position on
the PCB marked 'LINK’, Then fit
and soider all the small
polycarbonate capacitors C7, C10,
C107. C110. Fit and solder the
polystyrene capacitors C11 to
C15, and C111 to C115.
CAUTION: these components can
be damaged by overheating.

Install the ceramic disc
capacitors C1, C4, C8 and C108.
Fit the 2W metai fiim resistor R1.
Note that this stands on end to
conserve space on the PCB and to
aid cooling in use. Bend one lead to
lay flat against the body of the
resistor, and insert the component
vertically orienting it to the PCB
legend. Similarly, mount R2, the
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white ceramic encapsulated 3W
wirewound resistor according to
the legend. In this case, include
the ferrite bead, by sliding it over
the lower wire that will be inserted
completely through the PCB, so
that the component is raised off
the surface of the board by the
thickness of the bead when in
place. R2 can get guite hot and
the bead, actlng as a spacer,
protects the PCB. The lead from
the top end of R2 may need to he
extended by adding tinned copper
wire (twist together and saolder) to
reach the other PCB hole.

‘Install all the four smaller radial
electrolytic capacitors, taking care
to crientate them correctly
according to the PCB legend. In
each case, the negative lead is
identified by a stripe and ‘—' symbol
on the body. Insert the indicated
wire lead into the hole OPPOSITE
that marked as '+' on the legend.
Next, insert and solder the two
/17 l: ABM\S ~sananitnne imbEa Fha

LAY LApIaLLGL O LW bl {3
PCB. Make sure that ail the
electrolytics are seated fully onto
the PCB.

At this stage, check the guality
of the work before installing the
potentiometers, which make it
difficult to access smaller
components nearby, due to their
size. Lock for bad solder joints,
solder bridges and misplaced
components and rectify where
necessary. It is still possible to
double-check resistor values, as
there are hardly any leakage paths
to upset ohmmeter readings.

If you know the exact final length
required for each potentiometer
control spindle, you can cut them
back with a junior hacksaw (while
gripping the spindle, NOT the
potentiometer body, in a vice).
Otherwise, you can leave this
operation until the PCB is installed
in the chassis, as it is not difficult.
The nuts and lockwashers are not
necessary and can be discarded.
ldentify one of the 220k

" H 4 ] - -4
logarithmic potentiometsrs and

install it the RV1 paosition, and
then the other 220k
potentiometer in the RV2 position,
Note that these physically hide
some small components nearby,
especially R12 & R112, although
there is plenty of space
underneath the pots. DO ensure
that the pots are seated fully on
the board or the shafts will be off-
centre and not line up,

Similarly, fit the 1M linear
potentiometer at RV3, and the
10k logarithmic potentiometer at
RvV4. Next, it is necessary to
connect the meta! bodies of all four
potentiometers to OV This is to
provide screening of the internal
tracks and wipers, which nermally
occurs if the pots are mounted in
earthed metalwork. However:
because in this case they are naot
physically attached to any
metalwork, unwanted noise pickup
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DO NOT
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T

earth bus

TO EARTH
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caobles, terminate each
screen at 1 socket only

socket bodies are
isoloted from chassis
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bell wire
P6 I_ P1Q
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P3
i -y

%‘
P4

P11

'%

Vib v2
[Bri07

RIGHT

RIAA
Equalisatien
Network

P103
0 {>;
Vi1a

1
P104 | o

F———————Ff

|+1

P111
Vibk V2

Figure 7. Signal wiring for minimum system.

|
PIO6L P110

bell wire
loop

can result, aggravated by the
bodies themselves acting as
‘aerials’. Using tinned copper wire
or stripped bell wire, join all four
cans together with a singie iength,
with a sclder joint at top rear of
each can, with one end terminated
at P9 on the PCB [0OV), see Figure
4, This could be awkward to do
uniess you have a powerful
soldering iron (25W minimum), but
the screens are normally plated
steel and take solder readily.

With two lengths of black bell
wire tightly twisted together, join

V1 pin 4 to V101 pin 4, and V1 pin

5 to V101 pin 5, wrapping them
around the PCB pins — see Figure
3. Pin numbering for all the valves
is clockwise as viewed from the
component side of the board, and
aiways with pin 9 at the bottom.
The rings of PCB pins make all vaive
connections accessible. Using
orange bell wire, join together V1
pin 1 to V101 pin 1, allowing some
slack to avoid the other valve
holder PC8 pins. Also connect V1
pin 1 to P10 near C4. This
provides HT for the output buffers,
see Table 2.

Due to their physical size, it is
miore convenient, if g little
uncanventional, for the large yellow
polypropylene capacitors C5 and
C105 to be mounted on the track
side, as illustrated in Figure 5. The
way in which the PCB is mounted

in the chassis allows plenty of
room. Cover exposed fengths of
lead with the sleeving supplied in
the kit. C5 connects between P7
and P8, while C105 is between
P107 and P108, ON THE TRACK
SIDE. The leads are pushed
through the holes, bent over and
cropped as usual, but soldered on
the track side where they enter
each hole.PCB and hole designations
are listed in Table 2.

Finally, fit the four rubber
couplings. These will be used as
mournting pillars for the PCB.
Remove the spring washers
from each, replace the nuts
and tighten carefully, to avoid
splitting the rubber The final
distance will be approximately
17mm. Using the extra M4 nuts
provided in the. kit, attach each
coupling to the £CB mounting
holes on the track side. In use
the PCB hangs upside down in the
chassis, while the two valves will
protrude through holes in the
chassis top panel Temporarily set
aside the assembled PCB while
you prepare the chassis, if you
have not already done so.

Preparing the
Amplifier Chassis

An 8 x 8 x 2'4in. chassis is
supplied with the Phono Madule
Kit (076H), and instructions for

V1a V1ib
Din Unlts Pin
No. No.
7 ™ 2. 8
2 0 8
3 TOB- V28 - Vg —
B 196 Y24~V 1

Table 3. Voltage test points.

HT+ = 320V, junction of R1, C2, R3 & R4 = 250V

Vslts

55 cathode

53 signal grid
- screen grid
225 anode
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preparing it for both Phono and
Tone Control PCBs are included in
leaflet XV11M.

Combining the
Chassis

When the PSU and amplifier
chassis are joined end to end,

rha mseeselata Aeonmshkly basemoa s e
the compiete assen |uly ucComes

16in. wide which is a typical
width for most stereo items.

The rear join should be made

with a rectangle of aluminium
plate 2%in high x 1in. wide with
& hole at each corner for fixing
using M4 hardware or pop rivets.
Ideally, the front should have a
covering front panel cut from
1B6swg aluminium sheet. All

frontal holes will be duplicated

in this panel. It can he any height
you like (the prototype is 4in.
high to fill a gap between two
shelesl. The separate front
panel is rigidly attached to
both chassis by M3 hardware
in each correr of the front
panels of both chassis. The
panel can be painted, and the
countersunk screws allow a
stick on design to be attached,

completeiy hiding the fixings.

Installing the Tone
Control PCB

The four flexible rubber couplings
that are used as mounting pillars
for the PCB, should, as already
described, be fitted onto the
PCB first. Experience has

indicated that it is much aasiar

oL L= 1 L ¥

to insert the threaded ends

of the pillars through the chassis
when the PCB is fitted, rather
than the PCB over the pillars.
This is especially true of the
Tone Control PCB, which is
larger than the Phono PCB

and a little awkward to install
due to the protruding spindles.
The Tone Contral module has

to be inserted at an angle to
push the contral splndies through
the front panel and at the same
time, clear the flange at the end
of the chassis. Once clear of the
flange, it can be pushed down
and straightened up, and the
four mounting studs pushed
through the top panel. Because
of this, it is impossible to install
or remove the Tone Control
Module while the Phono Madule

is in place, as it is in the way.
Since the mountings are flexible,
it is @ simple matter to ‘hook’
the studs through the chassis
panel with a thin-bladed
screwdriver if they do nat

go first time. Secure all four
studs with the four M4 nuts
and DO NOT over-tighten, or
there is a risk of damage to

the rubber Rotary switches

are fitted only after the Phono
Module is installed.
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Figure B, as 'a’ with added Tone Controli Module and line switching functions.

Power Supply Wiring

Figure 6 shows the power supply,
earth and heater wiring. As
described in Part 1 (ssue 73

of Electronics), the screen tags

of all input and cutput sockets
(EXCEPT 'Phono) are linked
together by a length of tinned
copper wire, connected at one
end to P10 (OVE) on the PCB
using green BA power connection
wire. This is the common ‘earth
bus', a reference point for most
signal earth returns. PG on the
Tone Control PCB must be linked
to the earth bus with green

BA wire. The heavy gauge of the
TV == e T Bl = =) wﬁnhmnlnneﬁnhﬁﬁce
to ground for best performance
of the system. HT is connected
from P9 on the PSU PCB to P1
on the Tone Control PCB using
orange bell wire. The AC heater
supply is connected from P11

& P12 on the PSU PCB, directly
to V101 pins 4 & B, using a
tightly twisted pair of black

bell wires (see also Table 2).

All these connections are via

the grommet in the PSU chassis.
These are the essential basic

connections to the Tone Control
NModuie which must be carried ocut
as described, with no deviations.

Testing the Tone
Control Module

As this point the module can be
fired up and initially tested for
correct operation. Plug in the
two ECFB2 valves and turn the
chassis upside down and support
it to keep the valves clear of the
work surface. Reconnect the
euro mains lead and switch on.
In a short time, you should be
able to establish that the heaters
are glowing. if not, perform the
complete SIDE proceduire and
examine the heater supply wiring
for errors. WARNING: Never
heat valve holder pins with a
soldering iron while a vaive is
still plugged in; remove it first
(heating a vaive pin too quickly
risks cracking the glass envelope).
If all valves are glowing, then
the basic DC voltages around
the circuit can be checked with
reference to Table 3 (Test
points). Due to the vagaries of
the HT supply, these levels are
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approximate, but measured values
should not deviate greatly,
a drastic difference will show an
obvicus fault.

if the DC tests are good you
may go on to AC testing if you
have the: necessary equipment,
such as an AF signal generator
and oscilioscope. This will show
whether the two identical circuits
perform the same, if not, one of
them has a fault. If a fault is
found, carry out the complete
SIDE procedure before rectifying
it. At this stage, the PCB may
be more easily disconnected
and removed, AFTER the valves
have been unplugged!

Various configurations are
possible, from the simplest

to the more sophisticated.
Figures 7 and 8 illustrate two
configurations for a finighed
preamplifier systermn in wiring
diagram form, using the versatile
‘Newton' modules. Although the
diagrams are self explanatory,
clarification of some finer points
may be in orden

Good quality screened cable,
such as the 'single mic cable'
{see Parts List) is recommended
for all lefe and right channel signal
input sockets. It may be possible
to employ multi-core screened
cable, sharing a common outer
screen, to make life simpler
where many inputs to a selector
switch arrangement; are desired.
However, use this ONLY iF it is
known that there is not likely
to be two or more signals corning
in sirultaneously, or crosstalk
between the conductors may
result. This is because of the
high input impedance of both
the line drivers (Phono Module}
and the Tone Control module.

For each left and right channel
‘phong’ input, the body of the
SOCKet connects to the equivaient
input OV pin on the Phono
PCB ONLY via the cable screen.
The cable becomes merely an
extension of the record player's
twin signal leads: the socket
bodies must not be connected to
the earth bus, or linked togethen
A ‘hum-loop' will most definitely be
the result in either case,

Where extra Iine level inputs are
desired (F igure 83, the cabie
SCcreens are connected to the
earth bus ONLY, At the other
ends, cut back the screen braid
and wrap with insulation tape, so
that anly the centre conductors
are free to connect to the relevant
pins on the selector switch. Signal
ground for each PCB is already
referenced to the earth bus, so
connecting these screens to OV at

[3Y] l e
both ends only causes hum-loops.

Similarly, the screened leads
linking the selector (or line

4

switch, Figure 8) movir
contacts to the Tone C
input have their screer: & ;
at the Tone Control PCB only

In practice, this makes wiring. .=

in the SWltGhlng area very
much easier, as only signal
paths are involved.

In the drawings, B-way rotary
['wave-change' type] switches
are shown. Although you can

use alternative switches, this

-type is, on the whole, very

reliable, and probably second
only to good quaiity wafer
switches. This switch (FF74R)
has 12 fixed contact pins and
2 maoving contact pins, organised
into 2 x B-way. with an
adjustable stop from 2-way
to B-way The fixed contacts
are numbered on the back,
anticlockwise from '1'to '12',
while the moving contacts are
A'and 'C' ('B' and 'D not used).
A connects to '1' to ‘B, whiie
‘C’ simultaneously connects to

‘7'to "12, hence if ‘A' is set to ‘2

then 'C is set to '8, and so on.
For wiring up a stereo switching
arrangement, it is simple to
remember that this layout
ensures that each pair of

fixed contacts for left and right
inputs are exactly diametrically
opposite one anothen

When the switch is fitted,
it might be a good idea to
introduce a very short squirt
of WD4G through one of the
four holes in the front of the
plastic switch body (after
removing the nut and washer),
This ensures smooth operation
and will keep oxides at bay for
a reasonable time.

Line input impedance is al:lout
1MQ if the Tone Control Module
is included, even when it shares
the selector with the line driver
input (Figure 8). This is because
the line driver has a much higher
impedance. In Figure 8, selectar
input impedance will rise to
nearlty 10MQ where the ‘Line'
switch is set to a different
function, removing the Tone
Control impedance from the

- . .
selector line. In this example,

‘Line out' will always be the signal
currently selected from one of
the programme inputs (Phona,
CD, Tuner, etc.l, buffered with
an output impedance of TkQ.
‘Line out' and ‘Line in' allow a
3-head tape recorder with
monitoring facility, or a graphic
equaliser, to be linked into the
system. Tape monitoring to

the line function switch is
shown taken from the ‘Tape'
input sockets via screened lead,
but in practice, it is easier to
link across to the relevant. pins
an the nearby selector switch
with beli wire. in fact, all
connections between both
switches and the Phono and line

'between the line driver outputs,

connectlons are very shor‘t
e long-wire connections

Tone Control cutputs and the
output sockets are again belt

- ; i _
wire, as the output impedances

are low,

Conclusion

Figures 7 and 8 illustrate how
the ‘Newton' moduies can be
configured in different ways to
create a customised preamplifier
My own version (the prototype
in the photos] follows the pattern
of Figure 8, but having tape
input and monitoring for' two
recorders, and two unswitched
and four switched Euroc mains
outlets for six other components
of the stereo system. if you play
COs more often than records,
you rmight consider adding a
miniature toggle switch to the
rear panel of the PSU chassis,
to turn off the phono preamp
DC heater and preserve the life
of the valves while they are not
being used.

| think we all agree that the
valve technology resurrection
has coincided nicely with the
inCFEESE‘u dleIdD!IIEy DT c:clmpacn
discs and players, and valves
generally make the most of
them. They are in their element,
as it were, given the CO's high
output and wide dynamics. This
is very interesting, because it
just goes to show haw much
the early valve equipment was
compromised not only by some
inferior electrical components
by modern standards), but
also by the quality of the
transducers of the time, all
contributing to even less
perfect recordings to be
replayed. CDs are an
improvement out of all
proportion and don't seem
to faze the modern valve
amplifiers at all, in fact, they
have given them a new lease

: \ i
of life. An interesting

demonstration CD is available
from Maplin (AYOOA), which
includes test tones, an organ
recital, a drum solo and
various far-out saund effects,
including a jet fighter flypast!
What advantages are
offered by the passive RIAA -
equalisation is still a moot
point, though | will admit to

hearing at least one extra

instrument in & record |
played recently. The record

is over ten years old, but

Ive never noticed this detail
before! Generally, records play
really well and it's nice to have
an output level on a par with
other souss

Elpetriding o T by 1908




NEWTON TONE CONTROL UNIT PARTS LIST
RESISTORS: All O-BW 1% Metal Film (Unless specified} VALVES
R1 2kZ2 2W 1% Metal Film 1 (D2K2) V1,101 ECF82 HF Triode Pentode 2 {(5T30H)
R2 4k7 3W Wirewound 1 (WA4aK7}
R3,103 B2k 2 MB2K)  MISCELLANEOUS
R4,104 20k =) M20K) 1mm PCB Pins 1 Pkt (FL24B8)
R5.15,16, BOA Vaive Base 2 (CR32KD
105,115,116 470k 6 (M470K) Rubber Coupling 4 (FBS8G)
RG.108 2700 o (ViZ70R) ,’-‘I\hrztiépar‘asmc Beads 1Pk (LBB25)
R7.107 5k1 o M5K1] teel Nut 1 Pkt (JDB0Q)
RE,108 B80k o IMBBOK) Single Mic Cable . m XR16S)
A9,109 2200 2 (M220R) Q-71mm 22swg Linned
R10,110 ak7 2 (MaK7) Copper Wire 1Lenth (BL14Q)
R11.111 150k 5 (M150K) Bell Wire Black 1Lenth (BLBSG)
42 112 a0y o M3ZK) Bell Wire Orange 1lenth (BLOOX)
A1 51' 13 68k = IMBEK) Systoflex 2mm Black 1Lenth (BHOBG)
B14114 6KkS o (MBKE) Instruction Leaflet 1Lienth XV1Z2N)
' . . PCB 1 95132)
RV1.2 Eg-?:egé‘:g:ﬂﬁ%imhm'c o (FX13P) Constructor's Guide 1 XH7S8D)
HVB 1’;41;3 Dil:[al L|near 1 TEAAICY AN OW'DNAL
~gtentiometer i wwvai Y Knob K8A 4 B4
Rv4 10k Dua_l Logorichmic ne R
+ Potentiometer 1 (FX0SK1 The Maplin 'Get-You-Working' Service is available for
this project, see Constructors’ Guide or current
CAPACITORS Maplin Catalogue for details.
C1,4,8.108 10nF HV Ceramic Disc 4 (BX15R) The above items (excluding Optional) are available as a kit
C2.3 47uF 450V Radial which offers a saving over buying the parts seperately.
Electrolytic o {JL18L) Order As 95131 (Newton Tone Control Module)
C5,105 100nF HV Ceramic Disc 2 (FA21X3 Price £39.99x1
C6.9,106,109 10uF 450V Radial Please Note: Where ‘package’ quantities are stated in
Electrolytic a WULT11M) the Parts List (e.g., packet, strip, reel, etc.), the exact
7,10,107.110 10nF Pely Layer 4 WW2aR) quantity required to build the project will be supplied in the kit.
C11,111 330pF 1% Poiystyrene 2 BX51R) ; . L . .
C12.112  5B0pF 1% Polystyrens 2 (BX54.) i Eien vl oelern eh i3 nclded in the K
£13.113 8noF 1% Polystyrene 2 (BXB5G) Perowey. Dut IS nat s n the
C14114  2n2F 1% Polystyrene 2 (BXE0Q) 1998 Maplin Catalogue
) T - A r
C15.115 220F 1% Polystyrene = ®xa70) one Control Module PCE Order As 95132 Price £4.99
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