MIKE HOLMES *
REBUILDS A VINTAGE
AM RADIO SET AND

DISCOVERS THAT 1930’S
TECHNOLOGY WAS RATHER
MORE SOPHISTICATED THAN

he circuit diagram of the receiver

section is shown in Figure 1, and scme

other notable feztures can be described
25 we go through it. It shows that the
superhetcrodyne principle was already quite
‘advanced by 1934, including somme
sophisticated featurés such as AGC. Somuch
so that the basic superhet has not essentially
changed at all io the-present day, with the
exception of the introduction of solid stale
devices. This circuit is, of course, dssigned
around the characteristics of the three valves
usad, which again have been viell developed
for their respective roles.

For example V1, the octode frequency
changer, is exclusively a superhet front-end
device, and at first sight is quite coniusing to
look gt until one realises it is acally two
valves in one, atridode and & pentoda,
operaiing in cascode. The triode is-at the
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bottom, where the grig at pin 1 is its anodé,
and pin 2 its signal grid. This, together with
T1, forms the local osc)llator of the reaction
coil type.

Above the triode afe the nofmal three drids
oi a péniode, the first separated: from the
triode pari by a duplication of the screen
grid. Thz pentode's signal grid receives its
input via the valve's top connector from thie
secondary of a double-tuned RF transformer,
T2. Mo ferrite rods here, ferrites-were either
unknown or virtually

ele€tromnic themes

chassis topwith vibration-proof mountings.
.An epicyclic reduction drive is attached to the
front, concentric with the main shaft. This
includes the dial poinier, comprising a metal
arm carrying 2n MES bulb vvith a “shadow
mask’ ('B' in Photo 3b). This projects a strip:
of light onto the back of the translucent
tuning scale and includes a narrow bar
through the centre of the aperture, which
appears on the scale as a thin shadow by way
.of a fine cursor

The RF Stage

in the pentode of V1, the RF is combined
with the lacal oscillator waveform due to its
cathode current being modulated by the wire
mesh anode oi the lower triode section. It
should be well understocd by now thatin the
superheterodyne principle, four signzis are
actually present af the anode (pin 7). These
-are-the tuned RF frequency, the local
oscillator frequency, the sum of the two,and
the-difference between the two. It is the
difierence, or intermediale, frequency thatis:
isolated and passed on by the first double-
wned IF transformer T3. Changing to a lower
IF allows more gain with greater stability-in
subsequent stages than if-ihe RF were
-amplified alone.

S1 is the band selector swiich for LW or
MW, and its construction is guite unusual. It
consists of a bank of eight reed type switches
{51a to S1h), actuated by Bakelite cams
mounted on z:.common shaft. Mainly it shorts
out the LW coils

c de f gnh whan MV is required,

or not for the other

£ase, but it also hasa
third pasition.

. Where direct audio

impossible to make it s1 a b
this time; instead the LW

coils are wound onto a

wooden dowel, encased MW g
in a metal screen and GRAM. »
buried deep in the , = oy

interior of the chassis.

input to the amplifier

The RF input is introduced via socket 'AE’
from a long-wire aerial.

Along with the local oscillatar, tuning is
accomplished by VC1, a 3-gang, air-dielectric

‘variable capacitor of titanic proportions {"A" i

Photo 3b). It has a thick steel iramafor
absolute rigidity and is atiached 1o the

is required, it will be
noted that the receiver is noi disconnected
irom the volume conirol. Insiead Sla shorts
out the IF at source, so that the receiver is
effectively ‘silenced’. Understanding how this
angd other coniacts functioned was crucish
from ihe outset and the permutations werg
n1apped as-shown in Table 1.
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* Figurs 1. Circuit dizgram of réceiver szction.
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The IF Stage
The IF amplifier uses V2 2s a vaniable-nu
pentode type VP4A, where mu denotes gain.
This is achieved by winding the signal grid
with a varying pitch, So that wheré ihe DC.
bids:becomes increasingly negative, electron
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ftow through the narrowest gaps is cutoff
completely, progressing to the next
narrowest and so on, eventually leaving justa.
shart portion of the total grid area to produce
a smazli variation oi the electron flow, and
hence the gain of the valve is at minimum,

The variable'DC cames atiaut, 6f course, irom
an Automatic Gzin Control (AGC) systerm and
is derived directly from IF amplitude.

The VP4A is, orwas, available with two
biase style gptions, either B7 or BS. The
original was B7, where each electrode had'its
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ariade of diode V3a
via T4 secondary.
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cathode is directly
connected to V2
cathode, and at this
setting the diode is
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TERMINALS

U forward conduction
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so that very lile IF
FORMER. amplitude is
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Figurs 2. iF transformer construction
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J and higher levels,
and everything

below this fails to
reach the threshold
and is muted.

This muting
facility is an
especizlly nice bit

awn pin. The replacement, however, was the
85 option, where cathode, suppressor grid
and outer shield are all commoned internally
on pin 5. This required replacement of the
socke? al§o, but did not change the original
circuit.

A metal screen is screwed-to
the top of T1 to separate V2.
from V1 and prevent
feedbzack, and the ilying lead
to V2 top connector had &
langth of hare wire wrapped
around it as an-attempt at.
screening. (Proper screened
leads either did not {‘"
exist in 1934 or were "
thought too =¥
expansive.) This was
replaced with a piece
of modern screened iy
cable as it neaded to be S
longer anyway.

The Detector

An especizlly rovel feature is the manual gain
control, VR1. In practice this not only varies
the g'ain of V2 by changing its anode curreni,
but also works a5 a squelch control through
changing the ihreshold oi the AM detector
valve, V3. With VR1 at minimum resistance
{maximum sensitivity), the cathode voltages
oi both V1 and V2 are practically equal at 60
Volts. That of V1 is communicated to the
resistor chain R9 and R10, and thence to the
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‘between stations on

of exira

sophistication and evan works on the

maximum sensitivity setting, because in use
there is none of that nerve-jengling, rushing
noise you normally get

an Al radio, If it's

‘off station, the
Toudspezker is completely
silent, and it's just one ieature that Makes the
ACB5 particulzrly pleasant to use.

It might seem that rectifying the output of
T4 to derive thz audio is all that is required,
but this is not what happens. Instead it is
used to excite a slightly modified T5,
configured as 2 doubte-tuned, passive
tesonator, and it is to this that the diodes

respond. Working like a DC restorer, positive
peaks are ‘clamped' to create a negative
aning offsei that.is communicatad back
through T4 secondary to anppear an C10. IF is
filiered out by R9 and C14, |eaving the zudio
at the volume contro!. T5 secondary operates
in‘exactly the same way with V3b 1o producs
the AGC bias.

All the IF transformers are basically
identical and their construction is illustrated
in Figure 2. Because of the lack of ferritas,
the former is wholly air-cored which means
tuning adjustment must be done by making
the capaciors variable. These are
compression type trimmers actuated by nuts
recessed into the top of the screening can.
Holes are provided in the top of the can
‘allowing wires to be drawn through the top if
required {as is the case for T4 primary io the
too connector of V2). The IF is surprisingly
low by modern standards, at about 105 kHz.

Power Supply And Loudspeaker

Figure 3 shows thie power supply and audio
amplifier sections of the AC85. The-sizeable
mains transfoermer, T6, includes the input
voltage selector on top (see also Photo 3b).
This consists of a 3-way patch board and the
required coniact is made with a beautiful
little brass screw with a knurled Bakelite
head, the tip of which presses zgainst a
common bus bar behind. There are three
such sceews throughout the receiver and it
quickly becomes apparan! that thesa indicate
adjustments or settings that the user is
allowed 1o "fiddle with®.

Note that the primary is shielded by a layer
oi foil called an Elecirostatic Screen (ES); this
removes the large potential difference across
the respective ends of primary and HT
-secondary windings which might

othenvise ovarsiress insulation
‘between layers, This was common
in the days before the modem,
split-bobbin type of former. The
double-wound HT s&condary of Té
15 full-wave rectified by V6, the DC
appearing on one half of the dual
capacitor C12.
from here on the power sufiply
becomes slightly confusing since the
foudspeaker is obviously an inseparable part
of it. The loudspsaker iiseli is recognisably
modern enough in principle, having a 6
inches diameter, stiff paper cone complete
with a corrugated surround suspension glued
into an open stzel frame or ‘basket!’ {see
Phote 6). Simitarly, the voice coil is wound
onto a paper tube and inserted into the ring
‘gap of a magnei as you might expect; but it
is at this point that the design deviaies ftord
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_modification_
vt C152uF

any modern countergdrt, because this
magnet is electric.
This has much to do with the fact that it

" has only been possible to make genuinely
powerful, permanent magnets during the
latter decades ai the twentieth century. Prior
to this eleciric magnets for moving coil
speakers were the norm, powered, as here,
by the HT supply. Moreover, in this design it
doubles as an HT smoothing, low frequency
choke, the resultant LC filiered output side

Augusl 7000

beinig from the second half oi C12.

The field magnet is 2,400 Ohms and carries
the entire current consumption of the-
receiver, about 50 mA, thus dropping 120
Volis and consuming 6 Vatts. Consequently
the initial HT at €122 is high at around 400
Volts, coming out as a more typical 270 Volits
at the receiver's main HT line.

Of special interest is the small secondary
winding connected in series with the voice
coil. Because there will be'a certzin amount

of 100 Hz ripple current in the main winding
due 10 its additional role as a smoothing
filter, this will motivale the voice coil,
producing audible hum. The secondary
‘compensates by passing a praportional,
reversed current through the cail, induced by
the main winding and core. This seems really
nafi but is acivally very eifective; zudible
hum is extremely low and I suspact most of°
that is generated in the owput stage.

The speaker unit had obviously not taen

ELECTRONICS and BEYOND



manufactured in-house, but bought in from
an outside contractor whose quality conirol
leaves much 1o be desired, as most mistakes
and 'bodges’ were found here. The magnet
‘clamp bolts were nearly loose and — much
mare seriously — the voice coil was ofi-
centre and subbing on the magnet. Some
copper was exposed but fortunately not cut
through and no turns sesmed io be shoried.
This was recovered and ailer de-rusting and
repainting, the speaker was reassembled
properly with thread locking compound for all
SCrews.

Corrett zlignment of the voice coil is
achieved by a ring-shaped device glued into
the centre of the cone, apparently made of
biack nylon and incorporating thrae flexible
legs (virtwally identical to the

via S1f from the 'GRAM.' socket
{mezning gramophaone). A
compatible 78 r.p.m. record
player would include a
‘magnetic transducer in the
pick-up arm, and the input
impedance — actually R9 in

‘/——7SOCI‘EETS
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SPEAKER

RECEIVER

parallel with R10, and not that

a d

of VR2 alane — is comparabie.
Initially the volume conirol,
VR2, was quite noisy, making
*scratchy’ noises whenever
moved. It turned out that C11

Mechanic).

Figure 4. Recommendzd wiring diagram for connecting to an extzmzi
speaker in ans of 3 number of separate rooms in the housz using
under-fioor wiring and wall sockets (fram The Handy Man and Home.

—_——— =

in Figure 1 was leaky, dropping sbout 12
Vblts across VR2 and bizasing on V4. This was
cured by replacement with an axial polyester
1ype, and just to make sure the input to V4

Isle Of Man emblem),
consequentiy called a 'spider’

(and new you know where
the term 'spider’ comes from

in connection with
loudspeaker cong
suspension). Its central hole
is anchored 10 a spigot
extending from the centre

Figure 5. Racemmendsd layout for an ouldacr seral {from The Handy Man
and Hetme Mechanic).

pole piece by a scrav, and

there wvras an over-sized nut under the head
of this scraw because somebody couldn’t find
3 suitable washer.

Audio Amplifier

Notice that the speaker assembly includes the
output lransformer bolted onto it (Photo 6).
This is obviously a standard format of the
fime as external or 'stand alone' speakers
wére expected to be simifarly equipped.
Hence, if it is desired to connect an external
loudspesker this is taken directly from the
angde of the odtput valve (with HT1), which
then has to be isolated from its internal
Circuit by removing another 8zakelite hesded
screw ('Link’ in Figure 3). This subject is
mentioned in The Handy Man and Home
flechanic, which recommends a permanent
wiring installation butied in floors dhd walls
(see Figure 4), presumably to negate long
trailing leads carrying HT. (Tt omits to
mention though whether such external
speakers also need a power supply for their
own field magnets.)

The audio amplifier i$ 2 modest but
archetyoal triode-pentode combination that,
much later, would be combined into a single
and much smaller glass envelopa (ior
example Mullard ECLB2); but at this siage
valves were still lzrgely separate. The outpu:
stage is single-ended class A. In addition to
‘the permanent connection to the receiver
output, an exiernal audio source czn be input

FLECTRONICS 2nd BEYOND

was decoupled from YRZ completely and
given a naw grid leak resistor, R11.

C17 was zlso leaky, turning V5 so hard on
as 1o 'sag’ the HT by 80 Volts {(and might this
have coniributed {o the original valve's
failure?). This was replaced with 3 modern
polyoropylene

house and a 25 feet high mast at the end of
the garden, with insulztors at each end {but
fails to suggest suitable lengths). The down
lead, at the junction of the aerial and the
nearest insulator, "— should be ... at an.angle
and clear oi the housg, as the eificiency of

‘the aerial will ba reducad if allowed to touch

the house.' Furinermore, *— a proper
earthing switch or lightning arrester should
be incorporaied ... so thaiin the event of a
thundérstorm, any charge induced may pass
ireely to earth without traversing any part of
ihe recaiver.’ {1).

Figure 6 shows some of these devices, not
least the earth tube, which is inserted into
the soil outdoors to obizin an earth point
(literalty!). To ensure good connection with
the ground the book advises: "By its use the
ground is kept moist in dry weather by simply
pouring & buckstful of water down the tube.

= The water is

equivalent and avenly
immediately distributed:iry
aiter this the the zoil by
entire receiver. means of a
not just th ‘ o — series of holes/in
ot;:: staSe ALR ELECTRIC RADIO 'h'wztfacljl of the
ou v TY . g,r ' |
worked a whole ‘;‘C’aﬁf}c MS:":I:ERH tube”

OR A.C. Y e
lot better. A 0/250 VOLTS 40/100 CYCLES Needless to
crude ‘ione E c say T did not
control’ is - K, CoLE, LTD., resoft to any

added, almpst
as.an
afterthought,
where a wander-plug an the rear panel is
used to setect either ‘Low', "Metium’ or "High™
sockets:

Arranging An Aerial

Restoration of the receiver was complere,
‘while keeping as many of ihe original paris as
possible, and the final siage was obiaining a
signal and alignmeant of tuned-circuits. As
regards aerials, The Handy Man And Home
Mechanic recommends an outdoor type as
illustrated in Figure 5. The book specifies that'
the wire be bety/een a high point of the

EKCO WORKS,

SOUTHENDION:SEA;,

such lengths
since about ten
metres of spare
wire taped to a picture rail for an indoor
aerial was more than saiisiactory. 1 did,
however. discover thzt earthing the chassis
Improved reception  good deal, but which of
course was macst easily got direct from the
mains earth.

ENGLAND.

Alignment

Trimming the IF coils was sasiest, and dong
with-ihe aid of an oscitloscope to obtain
greatest ampliwde. Correct balance of T5
was particularly important. Trimming the RF
coils had to be done from sctatch since the

Aygust 2001
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Figure & Recommended additional parts of an
outdoor aerial systam: (16p lefil knlfe switch jo
guard zgainst Hahlning sinkes: (boliom)
examplz of 3 stand-off insulstar e distance
lezd-in wira from walls: (Fight) earthing tube
ffrom The Handy Man'and Home Mechanic).

TO AERIAL TERMINAL OF RECEIVER

TO EARTH TERMINAL

not ail) of T2 secondary was
wired in anti-phase. Earlier
on, in fact, 1 had noticed a
short, isolated winding at
one end of the 72 former
tnat indeed appeared to be
reverse connected o the
remainder.

Performance

First off it must be said-that
the tone is quite superb —
while the introduction of
transistors allowed
miniagturisation on ascale
hitherio unimagined.
resulting in the explosion of
the *poriable trannpie’ and:
such like, it also meant that
whole generations thereafter
would be deprived of the
experience of what a decent
sized speaker In a decent
sized box sounds like. Bass Is
plainly present, if somewhat
limited in scope, and even

copper trimmers for VC1 had io be
completely strippad, cleaned of verdigris:and'
the underlying steel top panel removed of
rust and repainted.

The tuning scale of the ACBS is ‘back to
front’ compared with.a modern receiver since
it is calibrated by wavelengih in metres, not
kitohertz. Hance the left hand end begins at
200 metres on Medium Wave, or the highest
irequency. The most accuraie procedure was
to turs VC1 to minimum, and apply a signal
-generator set to 1.5 MHz (equals 200

mettes). The trimmers could then be adjusted:

1o tune this in for maximum gain.

Of the three, that for VCla, the local
oscillator (T1) is the most sensitive, where
degrees of movement of the screv could be
‘measured in gnat's whiskers and had the
most profound effect. The next most sensiiive
was that for T2 primzry, and thé [&ast, T2
secondary. The latter lwo vere best adjusted
16 the centre of two points vhere signal
amplitude was discerned to drop oii. The
raceiver's own squelch control, VR1, was
extremely useful here since it was possible 1o
% set a threshold that was immediately audible
“hrough the speaker as it went ofi-tune. For
{inal adjustments this was repeated against
an actual weak radio station.

C5, a compression trimmer with a Bakelite
headed screw, controls sensitivity, but not, 35
I discovered, in 2 way you might expect.
Tightening it up actually decreases the
sensitivity, almosi as though some part (i

August 2001

the treble is reasonable. (Qf
course with AM you can adjust for treble by
off-tuning.) Noise is zero apart irom a [ittle
hum as mentioned earlier, even then it is anly
discernible in a dead quiet raom with the

-sound iutly off.

With the aid of its-large knob, tuning
control is smaoth and slip-free and easily
adjustzble to within fractions of a miflimetre
if necessary. This is important since
selectivity is quite sharp, and the AC85 is able
o isolate and extract guite weak stations
from a plethora
oi other,
stronger ones
close by, at
least with
enough
competence ta.
mzka them
intelligible. Thé
only problems
were where iwo
stations of !
exactly the same .
frequencies wera m
received, resulting '] 3
in & beating effect or z miix I
of both audio signals, so
neatly accomplished as to
sound deliberate!

There was not, however, very much
i the way of whistling that results fram close
adjzcent stations, all due no doubt 1o the:
selectivity of the double<tuned RF

transiormer, and wha! there was, was

tolerable. The Handy Man And Home
Mechanic mentions it, but only in this
context: '"Whistling noises ... are ofien caused
by a nearby neighbour icaling zbout with his
old-fashioned set and allowing it to get into
oscillation. If this annoyance persisis and the
owner can be traced, a iew friendly but firm
wards will generzlly put matiers.right’
(honestly 1 am not making this up). Of course
the AC85 is slightly thrawn by nearby sources
of radio interferance in the modern home,
such as TV sets, computers, light Switches

-and thermostats, but is not rendered

unusable.

Choice of AM stations multiplies
dramatically afier dark and apart from thg
usual high power BBC and local ones, the
ACB5 was also able to get something from
most of Europe. These in¢luded many from

France and Germany (obviously), but also

Spain and Portugal, Holland, Sweden and
aven Italy. Of particutar interest wers ths
Russian sounding examples, or which
aiternatively might have bzen from former
Soviet Bloc countries. English examples

.comprised a few “obscurg’ or local only

transmitters in Norfolk, Suffolk and
Cambridge, and also one or hwo low power
London transmitters,

I hung on to it for as long as was decently
possibte but eveniually the thing had fo be.
returned to its rightful owner, which was z bit
of a shame as 1 was quite getting into it. Now
1 want one.
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