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Three-quarter front view of the
Ferguson 104 U AC/DC superhet.

HE Ferguson model 104U is a 5-
valve (plus rectifier) 3-band AC/DC
table superhet.

The circuit includes a signal frequency
amplifying stage, and provision is made
for connection of a gramophone pick-up
and a high-impedance external speaker,
The short waverange is 13.5 to 50 m, and
the receiver is designed to operate "with
mains of 200 to 250 V, 50 to 100 C/S in
the case of AC.

The aerial, earth and pick-up sockets
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AC/DC

are isolated by condensers from the
chassis, but the external speaker sockets
are connected directly to the HT circuit,
and are therefore ‘‘live”” to the mains.
The heater circuit current is automatic-
ally regulated by a barretter-type resist-
ance, so that no voltage adjustment tap-
pings are provided for different mains
voltages.
Release date: September, 1940,

CIRCUIT DESCRIPTION

Aerial input on 8W via G3, 83, C5 to
single tuned circuit L3, G38. On LW,
the signal is picked up from L1, which
is permanently connected across the
aerial circuit, by the coupling coil L2,
which is included in the low-potential end
of the LW tuning circuit L5, C38 via S$1.

On MW, coupling is via C3, $2 to L3,
and $4 closes so that L5 becomes ‘‘in-
verted ”’ and operates as a coupling coil
to the MW tuning circuit L4, C38.

On all bands the A and E sockets are
isolated by the condensers €1 and C2.

First valve (V1, Mullard EF39) is a
variableemu RF pentode operating as
signal frequency amplifier, with the MW
and LW RF transformer primary L8 as
a coupling choke in its anode circuit. On
LW the choke is shnnted by C10.

On SW, coupling is effected by L6, C11
and the tuned circuit L7, C42 between
V1 and a triode-heptode valve (V2, Mul-
lard CCH35) which operates as frequency
changer with internal coupling.

SUPERHET

On MW and LW, coupling is via tuned-
secondary RF transformer L6, L8, Ci2
(MW) and L6, L9, C42 (LW). The small
top coupling condenser €13 is per-
manently connected between V1 and V2
heptode control grid on all bands.

V2 triode oscillator anode coils L12
(SW), L13 (MW) and L14 (LW) are
tuned by C48. Parallel trimming by C45
(SW), c46 (MW) and €47 (LW); series
tracking by C17 (SW), €43 (MW) and
Caa (LW).

Reaction coupling is effected by common
impedance of tracking condensers on all
bands, augmented on SW by the reaction
coil L10 and on MW by a similar coil
L11. The resistances R8 (SW) and R9
(LW) are included to ensure stability in
the reaction circuit.

Third valve (V3, Mullard EF39) is a
second variable-mu RF pentode, but oper-
ating this time as an intermediate fre-
quency amplifier with tuned-primary,
tuned-secondary transformer couplings
ca9, L15, L16, C50 and C51, L17, L18,
C52.

inc*™ediate frequency 470 KC/S.

On MW anc LW the fized gnd bias
voltages for V1, V2 and V3 as’’~veloped

* across the reslstances R3, R6 2 , ™12

respectively are increased by the inC.ar "

- of the resistance R10 in their common

return path to chassis. On SW, however,
this resistance is short- clrculhed by 822.

Diode second detector is part of double
diode triode valve (V4, Mullard EBGC33).
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Under - chassis
view. The three
switch units are

indicated, and
are shown in
detail in - the

diagram in col. 3.
overleaf. All the
tuning coils and
trimmers, except
those of the IF

transformers s are
indicated here,
although some

of the trimmer
adjusting screws
are shown in the
plan view. These
dre reached
through holes in
the chassis deck.

Audio frequency component in rectified
output is developed across load resistance
R16 and passed via IF filter circuit €22,
R15, C23, audio frequency coupling cor
denser C26 and manual va'i.ac control
R17 to CG of f~ ~  section, which
operates as A7 Tamplifier. Provision for
connect)- . of gramophone pick-up via
faiich $23 and isolating condenser C25
across the manual volume control and
G26.

Second diode of V4, fed from V3 anode
via ©24, provides DC potentials which
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are developed across load resistances R20
and R21 and fed back through decoupling
circuits as GB to RF amplifier, frequency

.changer and IF amplifier valves, giving

automatic volume control on all bands.

Delay voltage, together with grid bias
for triode section of V4, is obtained from
drop along resistance R18 in cathode lead
to chassis.

Resistance-capacity coupling by R19,
C28 and R23 between V4 triode and pen-
tode output valve (V5, Mullard CL33).
Fixed tone correction in anode circuit by
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C30, connected between the outer end of
the anode stopper R25 and HT positive
line.  Variable tone control by €31 and
R26 also in anode circuit, but this time
retiurnable to chassis, Provision for con-
nection of high impedance external
speaker in anode circuit across C30.

\When the receiver is used with AC
mains, HT current is supplied by THC
half-wave rectifying valve (V6, Mullard
CY31) which, with DC mains, behaves
as a low resistance. Smoothing is effected
by iron-cored choke L20 and dry electro-
lytic condensers
C32, C33.

Valve  heaters,
together with scale
lamps and 0.2 amp.
current regulating
barretter (Barret-
ter, type 150A) are
connected in series
across the ' mains
input. Filter cir-
cuit comprising air-
cored chokes L21,
L22 and by-pass
condenser C34 sup-

Circuit diagram
of the Ferguson
model 104 U
AC/DC super-
het. The circuit
includes an RF
stage, and pro-
vision is made
for the connec-
tion of a gramo-
phone pick - up
and an external

speaker. The ! presses mains-borne

aerial and RF | interference.

amplifier coup-

lings are uncons | pbiGMANTLING

ventional, and

are clescribed in THE SET
€« s

%‘iscf{;ﬁ;}‘,‘ﬁ Removing Chassis.

above., AVCis —Remove th?

applied to three three contro

vgﬁre circuits, knobs  (pull-off)

from the front of

while the fixed L e

GB (o the con-

trolled valves is remove the four
reduced on the TOund-he@ﬂ
SW band by SCrews (wit
closing S22 lock-washers and
E sguare claw-

washers) holding
the chassis to the
cabinet.
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Plan view of the chassis.
regulated automatically by the barretter resistance tube.
several trimmers seen in the under-chassis view are indicated.

Gramophone pick-up. — Two further
sockets on the rear of the chassis are
provided for connection of a gramophone
pick-up, which should have an impedance
of about 2,000 O. Since a gramophone
position is provided on the waveband
switch, the leads from the pick-up may
be left connected permanently. The
‘* Karthy ** socket is isolated from chassis
by the condenser C25. '

Scale Lar .s.—These are two Ever
Ready ., aES types, rated at 6.2 V, 0.3 A.

They are connected in series at the chassis

“end of the valve-heater chain, and are

shunted by the resistance R28.

Condensers C32, C33.—These are two
dry electrolytics in a single tubular metal
can on the chassis deck, the can being
the common negative connection. They
are both 16 uF condensers, and are rated
at 450 V working.

Pre-set Condensers.—All the aerial,
RF and oscillator trimmers are made up
in double or triple units and are mounted
beneath the chassis; their adjusting
screws are reached through holes in the
chassis pressing. The aerial and RF
trimmers €35, C36, C37 and C40, C41 are
mounted on the underside of the chassis
deck mnear their associated coil units,
while the remaining RF SW trimmer €39

Switch Table

No voltage adjustment is shown, heater current being

The adjusting screws of

is mounted on the rear chassis member.
All the oscillator trimmers C45, C46, C47
and the two pre-set trackers C43 and C44
are mounted on the rear chassis member.

They are all indicated in our under-
chassis view, but the adjusting screws of
€35, C36, C37 and C40, C41 are shown in
our plan view,

Valves.—All the receiving valves V1-
V5 are normal Mullard ‘“ E’" types or
their AC/DC equivalents, fitted with
American type octal bases instead of the
usual side-contact base. Thus EF39 is
equivalent to EF9, the figure 3 indicating
that an octal base is fitted. The rectify-
ing valve CY31 is the octal based version
of the CY1,

Chassis Divergencies.—In our chassis,
C10 and 89 are connected in series between
V1 anode and chassis, whereas in the
makers’ diagram they are shown con-
nected directly across L6. It will make
no difference to the operation of the re-
ceiver which method of connection is
used, but it should be borne in mind that
the full HT voltage exists across G10 on
LW when the method shown in our dia-
gram is used.

Also in the makers’ diagram 8§22 is
shown as a three-position switch, possibly
with a fourth open-circuit position on
gram, connected in series between the
common junction of R3, R6, R14, and
R10 on MW and LW, or to chassis on
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Feed in a 470 KC/8 (638.3 m) signal
and adjust G52, C51, €50 and C49 in turn
for maximum output. Repeat these ad-
justments until no further improvement
results.

RF and Oscillator Stages.—With the
gang at maximum, pointer should be
horizontal. Connect signal generator, via
a suitable dummy aerial, to aerial and
earth leads.

SW.—Bwitch set to SW, tune to 156 m
on scale, feed in a 15 m (20 MC/S) signal,
and adjust C45, using the peak involving
the lesser capacity, then adjust €39 and
€35 in that order for maximum output.
There is no adjustable tracking on this
band, but performance should be checked
at 50 m (6 MC/S).

MW.—Switch set to MW, tune to
214 m on scale, feed in a 214 m (1,400
KC/8S) signal, and adjust C46, then G40
and €36 for maximum output. Feed in
a 500 m (600 KC/S) signal, tune it in,
and adjust C43 for maximum output
while rocking the gang for optimum
results. Repeat the 214 m adjustments

LW.—Switch set to LW, tune to 1,250 m
on scale, feed in a 1,250 m (240 KC/S)
signal, and adjust €47, then C41 and C37
for maximum output. Feed in a 2,000 m
(150 KC/8) signal, tune it in, and adjust
C44 for maximum output while rocking
the gang for optimum results. Repeat
the 1,250 m adjustments.

When ordering
Service Sheet reprints

WING in some cases to
damage to premises, and
in others to the fact that

dealers who have not previously
executed repairs in their own
workshops are now beginning
to do so, we are receiving con-
stantly increasing demands for
reprints of The Trader Service
Sheets, sometimes as many
as several hundred being de-
manded in a single order.
While we are grateful for the
compliment that this implies,
we would respectfully request
our readers to note that, where-
as in most of the orders the
Service Sheets required are
grouped according to the make

Switch ! SW | MW | Lw Gram S\V whereas in our chassis R10 is con- of receiver they cover, our
S1 [p— — c e nected between the common junction of stocks are arranged in numeri-
82 = c - | = the three resistances mentioned and cal order according to the
e c = chassis, with §22 across R10. number of the Service Sheet.
85 | e — - | - Apgain, in either case the operation will Normally, it would not in-
56 | = c ° - be the same, except that possibly on convenience the storekeeper’s
S8 | = — — c gram the arrangement shown in the staff unduly to rearrange the
59 | = = c | — makers’ diagram might open V1, V2 and orders into numerical sequence,
2}(1) i 5 E - i E V3 cathode circuits. but since we h.ave been reduced
siz | = c = || = to a war footing, the depleted
213 | = - c | CIRCUIT ALIGNMENT staff find the extra work diffi-

LA S - - c ; " cult to handle.

815 c — = = IF Stages.—Switch set to SW, and 5

S16 — c - = turn gang and volume control to maxi- i'I;hgrefore, lft wouldifbedapﬂre-
g{; _ S © - mum. Remove the top cap connector of € ?1 = aa:i ai avtl)ur eab 55
819 c — et V2 and connect a 500,000 O resistance when ordering large numbers
520 - c = | = between the connector and the top cap of of Service Sheet reprints, Woiulc}
gg‘lz < - | E | = the valve. Connect the signal generator, ar!(‘lange them in numerica
s2 | — = ‘ S via a 0.0002 wF condenser, between the oncery

| o _gnrid (top cap) of V2 and the earth lead.
Printed in (Great Britain by The Cornwall Press Ltd., Paris Garden, London, S.E.1 +*
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CQMPONENTS AND VALUES »
RESISTANCES Values | CONDENSERS Values
(ohms : eF
R1 | V1CG decoupling 250,000 | C1 Aerial isolating condenser | 0-002
R2 | V1 8G HT feed 100,000 c2 Earth isolating condenser 0-1
R3 V1 fixed GB resistance ... 400 | C3 Acrial MW coupling 0-0005
R4 V2 heptode CG decouphng 250,000 | C4 Part LW coupling 0-002
I'RH | V2 S8G HT feed .. 100,000 | Ch Aerial SW coupling 0-00001
R6 | V2 fixed GB resistance ... 200 6 | V1 CG decoupling 0-1
R7 | V2 osc. CG resistance ' 50,000 C7 | AVC line decoupling 0-02
R8 Osc. SW reaction damping 25 8 V1 SG dacoupling 0-1
R9 Osc. LW reaction damping 10,000 | C9 V1 cathode by-pass o 0-1
R10 V1, V2, V3 MW and L“ | C10 RF trans. pri. shunt 0-0004
GB Tesistance ... 2010 | c11 RF SW coupling 0-000005
R11| V2 osc. anode HT feed . 25,000 | C12 V2 heptede CG decouplmg 0-1
R12 | V3 CG decoupling 500,000 C13 RY “Top” coupllng con-
R13 | V3 8G HT feed ... 100,000 | denser ... 0-000005
R14 | V3 fixed GB resistance ... 300 C14 V2 8G dr-c(mp]mg 0-1
R156 TF stopper 100,000 | C15 V2 cathode by-pass 0-1
R16 ' V4 signal diode load 500 000 C16 V2 osc. (G condenser ... 0-0001 |
R17 | Manual volume control . 2,000,000 C17 | Osc. circuit SW tracker ... 0-005
| R18 | V4 triode GB : AVC delay 1,000 (18 | V1 ose. anode coupling ... 0-0001
| R19 | V4 triode anode load .. 50,000 19 | V3 ¢G decoupling 01
R20 V4 AVC diode load re- 500,000 €20 V3 SG decoupling 0-1
R21 } sistances o ?83,0110 Eg% V3 cathode by-pass . g 60025
R22  ~ AVC line decou lin ,000 B .
B | A GO e anee ® 7 ponuo | | C2s | fTF by-pash condensers { 0-00025
R24 | V5 GB resistance.. 150 ‘ C24 Coupling to V4 AVC diode 0-0001
R25 V5 anode stopper 100 | C25 Pick-up isolating condenser | 0-1
R26 Variable tone control ... 100,000 C26 AF couping to V4 triode | 0-02
R27 V6 anode surge limiter ... 100 C27% | V4 cathode by-pass =0 25-0
| R28 Scale lamps shunt 200 C28 V4 triode to V5 couplmg 0-02
| | C29* | Vb cathode by-pass ... | 25:0
- T o . 1 €30 Fixed tofe corrector o 0-005
C31 Part variable tone control 0-05
— . C32% | \ 11 gmoothing condensers{ 180
| | el 4 Mains R¥ by-pass —
OTHER COMPONENTS | (‘;EI‘;S C35% |  Aerial cire. SW trimmer... 0-00003
| Y 0361 | Aerial cire. MW trimme 0-00003
Ll Aerial circuit choke .| 8300 ST1| Acdel oo LV et . | D000 |
L2 Aerial LW coupling ... | 200 Cags | RY coupling SW trmmer | 0-00003
L3 | Aerial SW tuning coil | Very Lyw 40t | RF g‘{‘“’ L%W i TG | 0-00003
| L4 ‘Aerial MW tuning coil ... 30 41t | RF t:.ms. TW et | 3-00011 |
L6  Aerial LW tuning coil ... 26:0 L ans L 2 ‘
L6  RF trans. primary o 00 €421 | RF circuit tuning e |
L7 SW RF tuning coil Very low Eﬁ"‘ | 8sc circ 1% ]%& tr.lcllier i ggggg, ‘
I8  RF trans. MW sec. 3 e W ama racker. o
1o RF trans. LW sec | 120 04561 | Osc. circuit 8W trimmer... 0-00003
110 Oscillator SW reaction ... 01 C46% | Osc, circpit MW trimmer | 0-00003
| T11 | Oscillator MW reaction ... 10 €471 | Ose, eirdily LW trimmer | 00002 |
T12 | Ose. cire. SW tuning coil... | Very low %igt ?T'ﬂ“g‘:ggr“ﬂ :‘m;gg 1 - |
L13  Osc. circ. MW tuning coil... 2-0 C"UE ]st, IF trans. pec' tﬁningm - i
L14 _ Osc. cire. LW tuning coil... 625 o | L . e tuming. =
L5 | Pri. &5 b nd IF trans. pri. t,un!ng... ‘ |
L6 }131: IF trans.{ ge, : ‘ 85 i C523 ' 2nd 1F trans. sec, tuning... —_ :
L17 Pri. 85 S — S _
2nd IF trans.
L18 | Sec. 8:5 * Electrolvti o
Lio }Speakvr R Xl o 5. Electrolytic. 1 \ ariable. 1 Pre set
iio HT smoothing choke . ¢ | sc»g-t . I it o
y. | 3£ our recelver when 1, was operating on
lter o Q.r .
,31,-'%2 ' }:Lain]s; o c?)k;si ¥ 408'E AC mains of 236 V.
Pfans, oo Sec, o 0-4 The receiver was tuned to the lowest
$1-822 Waveband switches = wavelength on the medium band and the
823  Gram pick-up switch ~ ... = — volume control wa maxi ut
824 Mains switch, ganged RI? | —_ ) w0 U . ls . at t. ximum, b
F1 Mains circuit fuse, 5A | — 1o1e $ no signal mpu
Voltages were measured on the 400 V

The chassis may now be withdrawn to
the extent of the speaker leads, which
is sufficient for normal purposes.

To free chassis entirely, unsolder from
the speaker transformer the two leads
connecting it to chassis,

When replacing, the speaker leads shculd
be connected as follows, numbering the
tags on the speaker transformer irom
top to bottom :

1, red;

2 and 3, no external connection;

4, blue.

Removing Speaker.—Unsolder the con-
necting leads as described above;

remove the four brass nuts holding the
speaker to the sub-baffle.

When replacing, the transformer should
be on the right and the leads shoulc be
connected as indicated above,

VALVE ANALYSIS

Valve voltages and currents giver in
the table in col. 2 are those measured in

nore |

scale of a model 7 Universal Avometer,
chassis bemg negative.

\
Anode ‘ Anode ‘ Screen | Screen

Valve Volmge Current| Voltage, Current
(V) | ma) (V) | (m
| viEF3 | 215 | 32 | 93 | 090
(215 |08 ;
vo comss | Owillator {83 | 13
105 | 32l
V3 EF39 215 | 28 | 77 | 10
| VAEBC33 100 | 19 | — @ —
V5 CL33 187 | 400 | 215 = 88
l V6 CY31 237f| = ‘ = | = |

T Cathode to rhassts, Do,

GENERAL NOTES

Switches.—81-822 are the waveband
switches, and $23 the pick-up switch,
ganged in three rotary units beneath the
chassis. The§ are indicated in our under-
chassis view] and shown in detail in the
diagrams (col 3), where they are viewed
in the direction of the arrows in the
under-chassis view.

The table (col. 4) gives the switch

nfornation'renenber ww. savoy-hill.

positions for the four control settings,
starting from fully anti-clockwise. A dash
indicates open, and G closed.

$24 is the QMB mains switch, ganged
with the volume control R11.

Coils.—L1, L2, L3, and L4, L5 are in
three unscreened tubular units in front
of a metal screening shield, while the RF
coils L7 and L6, L8, LS, and the oscillator
coils L10, L12 and L11, L13, L14 are in
four unscreened tubular units behind the
screen. They are shown in our under-
chassis view. In the case of the L10, L12
unit, L12 is the thick wire winding.

The IF transformer coils L16, L18 and
L17, L18 are mounted in cans with their
assomated trimmers on the chassis deck.

L20 is the iron-cored HT smoothing
choke mounted on the chassis deck be-
tween V2 and the barretter socket.

L21, L22 are the mains RF filter coils,
wound on a single unscreened tubular
former mounted close ‘to the barretter
holder beneath the chassis.

External Speaker.—Two sockets are
provided at the rear of the chassis for a
high impedance (about 5,000 O) externa’
speaker. It should be noted that the
sockets are in the HT positive circuit,
and are **live.’

Diagrams of the three switch units, as
seen when viewed from the rear of the
underside of the chassis, in the direction
of the arrows in the under-chassis view.




