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Local station T.R.F. feeder unit 

A T.R.F. feeder unit will give a slightly improved performance to the superhet 
type provided adequate signal strength is available, it also has the advantages of 
simple construction and ease of alignment. 

Constructional notes (fig. 28) 

The R.F. coils are Weymouth H types and the following types are required ; 
Ll, L2-HA1, L3, IA-HA3, L5-HH1 and L6 HH3. The w'iwechange switch 
Sl---6 is a 6 pole 2 way wafer type in two halves. They should be separated by at 
least two inches. The components are mounted on a 18 s.w.g. chassis 9 inches by 
6 inches. Either W77 or Z77 may be used as the R.F. amplifier, Z77 being 
preferred where higher gain is required. 

The variable resistor VRl is a wire wound type and has a value of 250Q when 
a Z77 valve is used or lOkQ with a W77. 

--------------- H.T.250v. 

R6 

54 

MRI 

OUTPUT 

W77o' Z77 GEX45/1 

Fig. 28. Circuit diagram of the local station feeder unit. 
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Fig. 29. Underside of the local station feeder unit showing the component layout. 

C1 
Cl 
C3 
C4 
cs 
C6 
C7 
cs 
C9 
C10 
C11 
C1 2 
C13 
C14 

30pF trimmer R1 6·8k0 };W 
30pF trimme� R2 10kQ tW 

SOOpF R3 .. SkQ 3W 
·01µF R4 10k0 3W 
·01µF RS 2200 };W 

SOOpF R6 . 1k0 :irw 
·OSµF R7 22kQ Iw 

0·1µF RS 100kQ tW 
30pF trimmer 

·OSµF 
V1 Osram W77 or Z77 30pF trimmer 

(see page 44) SOOpF 
100pF G.E.C. Germanium diode 

100pF MR1 GEX45/1 

Components list of local station feeder unit. 
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Cl GAIN WAVE CHANGE 

Fig. 30. Plan view of the local station feeder unit showing the component layout. 
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Superhet feeder unit 
. 

A design for a superheterodyne receiver is included in this publication because 
there are many areas where the selectivity and/or sensitivity of the T.R.F. unit is 
inadequate. 

Constructional notes (fig. 32) 
Switched pre-set tuning was decided upon and both the Weymouth type 

BMI7 and E.T.A. type TS4I coil packs have been used with success. 
· 

Variable selectivity is provided in the first I.F. stage, the two bandwidths 
being about 5 and I6 kc/s, which may be further increased by stagger tuning of 
the I.F. transformers. 

· 

The Weymouth P4/M and P4/L I.F. transformer were found suitable for 
the components IFTI and IFT2 respectively, the I.F. rejector being type Q2. 

SI, S2 and S3 may be conveniently ganged to form a 3-pole, 3-way wafer 
switch. 

The resistors RIS and RI9 are included in order to drop the amplifier H.T. 
line voltage to the region of 220V, and suitable values are listed below :-

350V 

RlS 2·2k0 lW 
Rl9 2·2k0 lW 

The following valves are specified : 

VI Osram X79 V2 

V3 Osram L77 XI 

s,. s,.s,. 

COIL PACK 

AERIAL 

B 
EARTH 

8 8 
@ 

l.F. REJECTOR 

400V 450V 

3·3k0 2W 5·6k0 2W 
4·7k0 2W 5·6k0 2W 

Osram W77 

G.E.C. germanium diode GEX45/I 

® 
POWER 
SUPPLY 
SOCKET 

6 

8 
EJ 8 

CO-AXIAL 
OUTPUT 

I DIVISION EQUALS I INCH 

Fig. 31. Line diagram showing location of components. 
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R1 22kn 1W 
R2 33kn 2W 
RJ 2·2kn -IJW 
R4 22on -!JW 
RS 1okn -!JW 
R6 1MQ -!JW 
R7 47kn -!JW 
RB 1oon -!JW 
R9 47kn 1W 
R10 66kn -!,W 
R11 22on -!JW 

CIS 
R9 

R10 

Xl 

C16 

C21 R12 

R11 C17 

X79 W77 GEX45/1 

R12 1ookn -IJW C1 200pF - C12 200pF -

R13 1ookn -!JW C2 15pF - C13 200pF -

R14 1ookn -!JW CJ 0·1µF - C14 200pF -

R1S 20kn 1W C4 100pF - C1S 750pF -

R16 Skn -!JW cs 200pF - C16 100pF -

R17 1sokn 1W C6 O·OSµF - C17 O·OSµF -

R1B{ dependent on H.T. C7 100pF - C1B 100pF -

R19 
supply avail able CB 2000pF - C19 100pF -

see page 45 C9 O·OSµF - C20 100pF -

VR1 100kn log taper C10 2000pF - C21 200pF -

C11 100pF - C22 8µF 4SOV 

Fig. 32. Circuit diagram and components list of the superhet feeder unit. 

R19 

VR! 

L77 

C23 O·OSµF -

C24 200pF -

C2S 16µF 450V 
C26 16µF 450V 
C27 O·OSµF -

C2B 0·25µF -
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Television Sound Feeder Unit 
Owing to the fact that the bandwidth of the television sound channel is not 

strictly limited it is worth while using a high quality sound system in conjunction 
with an existing vision receiver. 

Constructional notes (fig. 34) 
The five sound channels are covered by one set of R.F. transformers tuned 

by Gecalloy dust cores or copper slugs and by small fixed capacitors shunted 
across the secondary. 

The coil formers are G.E.C. type 834 with primaries and secondaries inter­
wound using 32 s.w.g. wire. The primary of Tl is situated at the earthy end of 
the transformer. The copper slugs are identical in size to the Gecalloy cores, 
17 mm. long, 7·7S mm. dia. screwed 1 ·2S mm. pitch. 

In areas of low signal strength Z77 may be substituted for W77 to give-in­
creased gain. 

The resistor R18 is included to drop the amplifier H.T. line voltage to the 
region of 230 volts. Suitable valves are 8·2H2 3W, l 2kQ SW and lSkQ SW for 
amplifier H.T. line voltages of 3SO, 400 and 4SO volts respectively. 

If instability is encountered an R.F. choke may be added to the heater line 
between Vl and V2. It should take the form of lS turns of 18 s.w.g. wire with a 
j in. diameter spaced to 2 in. 

Circuit reference 
No_ of turns 

Primary Secondary 

Tl one 
T2 five 
T3 nine 

Secondary tuning 
Frequency capacitor valves pF 

Alexandra Palace 41 ·5 Mc/s 
Holm Moss 48·25 Mc/s 
Kirk-o-Shotts 53·25 Mc/s 
S"ttoo Coldfield� S8·2S Me., 
Aberdeen I 

Wenvoe 
Pontop Pike 

63'25 Mc/s 

Cl cs 
20 20 
15 10 
10 10 

10 10 

10 5 

The following valves are specified : 

Cll 
10 
5 
5 

5 

5 

Vl Osram W77 er Z77 
V2 Osram W77 or Z77 

Tl 
Gecalloy 
Gecalloy 
Gecalloy 

Gecalloy 

Copper 

five 
five 
nine 

Cores 

T2 
Gecalloy 
Gecalloy 
Gecalloy 

Copper 

Gecalloy 

Xl, X2 G.E.C. germanium diode GEX34 

CO-AXIAL 
INPUT 

SOCKET 

VRI 

L1.L2 

0 

�======""®® ® G 
TAG STRIP 

I DIVISION EQUALS I INCH 
Fig. 33. Line diagram showing location of components. 
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T3 
Gecalloy 
Gecalloy 
Gecalloy 

Copper 

Copper 

CO-AXIAL 
OUTPUT 
SOCKET 

POWER SUPPLY 
INPUT SOCKET 



R2 

Cl 

C3 

.... 

00 

C2 

RI 

R1 
R2 
RJ 
R4 
RS 
R6 
R7 
RS 

X1 

cs lil:X34 

RS 

L1 X2 
GEX34 

CB 

R9 

CB 
R11 

C4 

W77 cg 

10k0 tW R9 47kO tW C1 See page 47 C9 0·02µF 
10k0 J,W R10 4·7MO J,W C2 1 SOOpF C10 1500pF 

2·2k0 1,W R11 4-?MO 1,W CJ 1 SOOpF C11 See page 47 
2200 J,W R12 See text page 47 C4 1500pF C12 3pF 

10k0 1,W VR1 100k0 pre-set cs See page 47 C13 0·1µF 
2·2k0 tW C6 1500pF C14 300pF 

2200 1,W C7 1500pF C1S 0·25µF 
2·2MO tW cs 1 SOOpF C16 BµF 350V 

Fig. 34. Circuit diagram and components list of television sound feeder unit. 
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The G.E.C. 'F.R.' Metal Cone Loudspeaker 

BCS1851 

This Metal Cone Loudspeaker has been specifically designed to give a very 
high quality of reproduction. 

In order to attain this end, it was necessary to obtain a very wide and smooth 
frequency response, so that all frequencies usually found in speech and music 
could be accurately reproduced. In addition, it was necessary to ensure that the 
generation of any two frequencies should not result in the generation of any other 
frequency. It was this last requirement, usually known as intermodulation which 
necessitated the use of a metal cone, in place of the more usual paper one. In 
the reproduction of a solo instrument or voice, intermodulation distortion is not 
very noticeable, but in the reproduction of an orchestra it introduces a " muddled " 
quality which is one of the most serious failures of present day reproducers. 
Attempts have been made to reduce it by the use of two or more loudspeakers with 
separating filters, so that each loudspeaker only operates over part of the frequency 
range. · This arrangement gives some improvement, but leads to difficulties with 
the cross-over networks. The correct solution to the problem lies in the design 
of a loudspeaker which is free from this defect. 

The necessity to use metal for 
the material of the cone raised various 
design problems in connection with 
frequency response. Several of the 
conventional methods of controll­
ing the frequency response of the 
cone, such as concentric rings formed 
in it, were found to increase cross 
modulation or muddle, and had to 
be abandoned. The problem was 
finally solved by the application of 
an entirely new technique of small 
local deformations to the cone which 
did not increase the cross modula­
tion. It was also found necessary 
to use a central " bung " to avoid 
trouble from the cavity formed by 
the metal sides of the cone itself. 
The resultant frequency range of 
the loudspeaker, operated in a suit­
able cabinet, is 45 to 20,000 cycles/ 
second. 

Cabinets : general 

Some form of baffie is necessary 
with all types of cone loudspeaker to 

Fig. 35. G.E.C. " F.R. "Metal cone 
loudspeaker BCS1851. 

prevent radiation from the rear of the cone impairing the radiation from the front. 
A plain flat baffie is simple, but it is extremely difficult to keep it rigid in the very 
large sizes which are necessary for the reproduction of low frequencies. A hole 
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in the wall is often satisfactory, but it should be remembered that the second 
room at the rear of the loudspeaker impresses its own resonances on to the cone 
and these may be far from desirable. 

. 

Cabinets : the most suitable type 

A bass reflex or vented cabinet has been found to be most generally suitable 
for use with the metal cone loudspeaker. Such a cabinet consists of a Helmholtz 
resonator, the loudspeaker being mounted in one of its walls. The frequency of 
resonance of both the cone and the cabinet are made similar, with the result that 
both the quality and output of the lowest frequencies are improved in comparison 
with a completely sealed box. If it is not possible to tune the resonator to the 
required low frequency, using a port whose area is nearly equal to that of the cone, 
because of a restriction on the size of the cabinet, more satisfactory results will be 
obtained by the use of a sealed box. For use with the metal cone loudspeaker, 
a completely sealed box must not have a volume of less than 1 cu. ft. and it should 
preferably have at least twice this volume. Even then, it will not be possible to 
reproduce the lowest frequencies. 

Cabinets : internal damping 

Since a high intensity of sound is generated inside both a sealed box and a 
bass reflex cabinet, it is necessary to take quite elaborate precautions to ensure 
that there are no resonances of either the sides of the structure or of the air contained 
in it, and there should be no internal reflections. Resonance of the air inside the 
enclosure is best removed by the use of very soft porous material, such as cotton 
wool or, even better, cellulose wadding as used for packing very fragile articles. It 
must be placed where the greatest air particle motion for that particular mode of 
resonance occurs and it is generally necessary to use several thicknesses of the 
material. With the type of bass reflex cabinet recommended, three layers hung 
vertically down the middle of the cabinet, one behind the other, from the top to the 
bottom will generally prove to be adequate. Full details are given in the drawing 
supplied with the loudspeaker. Ordinary carpet felt is much too dense and should 
not be employed. If, due to the particular material used, the reproduction of the 
lowest frequencies is inadequate, greater output, at the very low frequencies only, 
can be obtained by reducing the length of the damping material so that it stops 
short at the top of the port. It so happens that the precautions taken for removing 
air resonances are also effective in removing internal reflections, if the material used 
is sufficiently soft and porous. 

A sealed box should be treated in exactly the same way as a bass reflex cabinet• 
except that the damping material should occupy the full length of the box in all 

cases. 

Resonances of the walls of the enclosure itself are very serious and can easily 
ruin the performance of the loudspeaker. Wood is the most satisfactory material 
for the cabinet but it should be at least ! in. thick, and considerably thicker if at 
all possible. The design of the cabinet should be such that the individual panels 
of which it is composed are as small and rigid as possible and should resonate at 
different freque·ncies. If other materials are used, remember that harder materials 
may well have less damping which may give rise to more serious resonances. 
A drawing of a suitable bass reflex cabinet is supplied with the loud speaker. 

Power handling capacity 

The power handling capacity of a loudspeaker will be limited by the maximum 
permitted excursion of the cone, excessive distortion of the reproduction or over-
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heating of the speech coil. The cone of the G.E.C. metal cone loudspeaker is 
extremely strong and there is virtually no deterioration in the quality of the re­
production even at a peak electrical power of 10 watts, which should never be ex­
ceeded. The continuous rating of the loudspeaker is limited to 5 watts by the danger 
of burning out the speech coil. This may occur because the loudspeaker gives no 
warning that it is being grossly over-run. It is essential that the loudspeaker is only 
operated with a suitable cabinet to give adequate loading to the cone. Otherwise 
excessive movement will cause damage. Damage can also result from excessive 
cone movement caused by slight overloading of the power amplifier, even when the 
loudspeaker is used in a good cabinet. The first indication of this may well be a 
slight visible movement of the cone in and out on loud passages, which indicates 
asymmetry of the power amplifier output wave form. When the loudspeaker 
is reproducing loud sounds with an undistorted input, there should be no apparent 
movement of the cone in and out, but it will look slightly blurred in outline. 

At higher frequencies, distortion in the amplifier may easily give rise to audible 
distortion which sounds so exactly like a loudspeaker rattle that it is very difficult 
to believe that it is due to valve overload. It is much more likely to be the 
amplifier causing the rattle than the loudspeaker. 

Operating the G.E.C. 'F.R.' Metal Cone Loudspeaker 

The amplifier : power required 

The power which will be required will depend upon the type of reproduction 
which the listener demands. It has been found that for. normal domestic listening 
in a living room, using one metal cone unit an undistorted power output of 12 watts 
is sufficient for very good reproduction. The amplifier should not be driven beyond 
10 watts peak, leaving 2 watts as a safety factor. For the greatest realism, reproduced 
speech and music should be played at such a level that the sound, at the ear of the 
listener, is the same as the original sound if heard from an ideal position. The power 
required for the realistic reproduction of an orchestra will vary from about 20 watts 
in a medium-sized living room up to 150 watts in a large hall. It is most important 
that the amplifier should remain completely undistorted even on very high peaks, 
and it is to provide for these high peaks of short duration that these unusually high 
powers are necessary. The great strength of the G.E.C. loudspeaker permits it to 
handle a greater " peak " to mean ratio than other loudspeakers. As will be seen 
from the leaflet accompanying the loudspeaker, the recommended cabinet design 
can accommodate 1, 2 or 3 units thus allowing a max. peak power of 30 watts per 
complete cabinet assembly. If a total power greater than 30 watts is required then 
a number of complete cabinets can be employed placed on the rostrum in the hall 
to simulate the layout of the orchestra. 

The amplifier : quality 

With a metal cone speaker, it has been found that an experienced listener can 
distinguish between an amplifier having O· l % and one having 0-4% total harmonic 
content. If full advantage is to be taken of this loudspeaker it is necessary to keep 
distortion to an exceptionally low value. 
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The amplifier : impedance 

The output impedance of the amplifier should be as low as possible, preferably 
not more than -l!th of the loudspeaker impedance. 

Sources of programmes 

Any programme of sufficiently high quality is suitable for reproduction by the 
metal cone loudspeaker, but in fact the term " high quality " is often purely relative, 
since the aim of both the broadcasting authority and the recording company must 
be to give enjoyment to the average listener, who will not always put the quality 
of reproduction before every other requirement. 

Radio programmes 

The experimental B.B.C. transmissions from Wrotham* on the 3 metre band 
are capable of giving a quality which is indistinguishable from that obtained by a 
line direct to the studio. The only problem is that of 3 metre reception which 
is absolutely free from local interference. Reception of programmes on the medium 
wave band, on the other hand, calls for a number of special precautions. The 
frequency response of the whole system must be wide, but this will often give rise 
to a 9 kc/s whistle from adjacent stations. A compromise between wide band­
width and adjacent channel interference reached by day will seldom hold by 
night. Even when great care is taken in the design of the tuned circuits of the 
receiver, there is apt to be some falling off at the highest frequencies. This 
loss can only be compensated to a very limited degree because if considerable 
" top boost " is used it will also boost high frequency components of dis­
tortion. It is therefore, important to keep the high frequency losses as small 
as possible, but it is even more important to avoid a " double humped " re­
sponse which, in effect reduces the size of the carrier in relation to the side 
bands and will produce all the symptoms of over-modulation in the detector 
circuits. Where conditions are not ideal and there is considerable interference 
and background noise it is generally advantageous to reduce the effective band 
width of the receiving system. This usually reduces the amount of interference 
but degrades the programme quality as well. It is for the listener to decide on 
that compromise which gives him most enjoyment. It is often simpler to cut 
high frequency reproduction in the pre-amplifier than to make an elaborate radio 
receiver with variable band width. 

One of the principal sources of distortion in radio receivers is the detector. 
It is necessary to make the A.C. load exceed 90% of the D.C. load and to maintain 
that ratio to the highest frequencies. 

*The experimental transmission from Wrotham is radiated on 91 ·4 Mc/s F.M. 
and 93·8 Mc/s A.M. 

Programme times (Wrotham) 

Time. Mon. Tue. Wed. Thur. Fri. Sat. Sun. 

11-12 noon L L L L L =Light 

1-2 p.m. L L L L H =Home 

2.30-4.30 p.m. L L L L T =Third 

6.0 p.m. to close T T H T H T 

52 



Disc records: general 

Since the quality of reproduction obtainable from records is not limited by 
wavelength plans, but by tools and materials, a much greater advance has 
been made in recording than in broadcasting during the last 30 years. For this 
very reason, a much wider range in quality is to be expected from records 
of various ages, all of which may be found in a collector's library. It is the duty 
of the reproducing equipment to give the best results possible from any particular 
record. This implies correcting circuits in the pre-amplifier which can be varied 
over a wide range to suit the occasion. 

Disc records : pickups 

The design of a satisfactory pickup to take advantage of the latest recording 
techniques is very difficult. It must cover the whole frequency range with no 
resonance peaks, have low record wear, and be able to follow the groove in the 
record over the whole frequency range, and at the amplitudes used in recording. 
It is this last requirement which is perhaps the most difficult to meet. If this is not 
done the higher frequencies will be marred by a " fizz " or " buzz " which is most 
objectionable. In general it can be said that this is due to insufficient vertical 
compliance, often accompanied by vertical resonance at the wrong frequency. 
Its effects are enhanced by the modern tendency to use high frequency " pre­
emphasis." This failure can easily result in excessive record wear, particularly 
at high frequencies

. 
where it can do more harm than a pick-up weighing twice as 

much, but having adequate vertical compliance. 

Disc records : reproduction from worn discs 

It is sometimes necessary to play worn records in those cases where the pro­
gramme value justifies the lower quality of reproduction. In these cases it is 
often possible to increase the enjoyment given by the reproduction by reducing the 
frequency range of the system. First, remove all frequencies in the reproducer 
range not actually present on the record. This can best be done by a sharp cut 
filter which can be switched to cut at a suitable frequency. Second, use a gradual 
roll off of 6db per octave in addition to that required for record correction, com­
mencing at a lower frequency. 

Magnetic tape 

Records made on a magnetic tape are capable of giving an exceptionally high 
standard of quality, but since they are not readily duplicated, they have to be re­
corded by the listener himself. If they are recorded from the radio programmes or 
from disc records, the same precautions should be taken as when reproducing these 
sources of programmes direct. When live recordings with a microphone are made, 
the quality of the microphone and the surrounding room will usually set a limit 
on quality which is far below that obtainable from either the B.B.C. or from disc 
records. A bald statement of the frequency response of the tape recorder and 
microphone gives little information as to its constancy of speed, harmonic content 
etc. and certainly gives no indication whatever of the suitability of the room as a 
studio. 

In conclusion 

Finally, therefore, the listener is referred back to the introductory ·section of 
this publication and by the development of the art of listening supplementing the 
correct scientific design and construction of the listening equipment it is hoped that 
he may obtain enhanced pleasure from the wealth of sound programme material 
available at the present day. 
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Qsram 
VALVES 

MADE IN ENGLAND 

Always the choice of experts in 

High Quality Sound Reproduction 

The amplifiers described in this publication have 

been specially designed for use with Osram 

Valves. 

Ensure optimum performance and reduce the 

possibility of failure when building your own 

equipment by using the types specified by the 

author. 

For full Technical Data on 

OSRAM VALVES FOR ALL PURPOSES 

G.E.C. CATHODE RAY TUBES 

for television and industry 

G.E.C. GERMANIUM CRYSTALS 

G.E.C. STABILISER TUBES etc. 

Write to: 

Osrarn Valve and Electronics Department 

The General Electric Co. Ltd. 
Magnet House, Kingsway, bondon, W.C.2. 
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