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Uniform Brightness The use of ad ... 
vanced screen-laying techniques and 
control of phosphor particle size produces 
even brightness over the whole screen. 
High Light Output is achieved by high 
efficiency screen phosphors enhanced by 
precisely controlled thickness of the 
aluminium layer. 
Reduced Multiple Reflections result 
from the new 'Panorama' technique which 
improves optical focus by eliminating the 
need for a separate panel in front of the 
screen. 
High Contrast Ratio is due to the 
· Panorama' presentation and -to a new 
d~ep-tinted glass with mechanical, optical 
and electrical characteristics which are 
rigidly controlled in Mullard's own glass 
factory. 
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Long Life w ith Maintained Perform .. 
ance is achieved by rigid control of 
materials and all processes backed by 
comprehensive life tests. Automation plays 
a vital role in ensuring c·onsistency of 
performance. 
High Voltage Performance Special 
finishing of gun components and preven .. 
tion of contamination of these and the tube 
neck ensure outstanding high voltage 
performance. ··) 
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Sharp Electrical Focus js ensured by 
hard vacuum coupled with meticulous 
accuracy of gun alignment. 
Advanced Performance Continuous 
research into tube design and materials 
brings steady improven1ents and the ad­
vantages of the latest techniques. · 

TV PICTURE TUBES 
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Uniform Brightness The use of ad- 

vanced screen-laying techniques and 

control of phosphor particle size produces 

even brightness over the whole screen. 

High Light Output is achieved by high 

efficiency screen phosphors enhanced by 

precisely controlled thickness of the 

aluminium layer. 

Reduced Multiple Reflections result 

from the new 'Panorama' technique which 

improves optical focus by eliminating the 

need for a separate panel in front of the 

screen. 

High Contrast Ratio is due to the 

'Panorama' presentation and to a new 

deep-tinted glass with mechanical, optical 

and electrical characteristics which are 

rigidly controlled in Mullard's own glass 

factory. 

Long Life with Maintained Perform- 

ance is achieved by rigid control of 

materials and all processes backed by 

comprehensive life tests. Automation plays 

a vital role in ensuring consistency of 

performance. 

High Voltage Performance Special 

finishing of gun components and preven- 

tion of contamination of these and the tube 

neck ensure outstanding high voltage 

performance. .. 

Sharp Electrical Focus .is ensured by 

hard vacuum coupled with meticulous 

accuracy of gun alignment. 

Advanced Performance Continuous 

research into tube design and materials 

brings steady improvements and the ad- 

vantages of the latest techniques. 
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ELECTRONICS, TELEVISION, RADIO, AUDIO 

The l·mage of British E·lectronics Abroad· -~ 

TRADE associations exist to promote and protect. the interests of their members. We 
should not expect them to do any more. And yet for some reason we do expect more. 
Perhaps it is because they represent sectors of production which may be important to the 
country's economy, or perhaps because the associations themselves tend to ·build up 
graye and statesmanlike images by their public pronouncements. It seems, however, that 
if we expect too much we are in for an occasional disillusionment. .· 

Recently we obtained a brief glimpse of the British electronics industry from the 
outside when we visited the INEL and INTERKAMA exhibitions (at Basle and Diissel-

. dorf respectively). Both of these exhibitions fe~tured a number of national group stands. 
Our immediate impression, surveying the scene as a Swiss or German engineer might do, 
was that the British stand put up a rather poor show in comparison with the others-not 
only in terms of floor area but in volume and range of exhibits as well. Why, we asked 
ourselves, should the big and prosperous British electronics industry be so inadequately 
represented? Is this how they react to the current national slogan " Export or die " 

We discovered, of course, that the joint British stands were not run by the industry 
at all, but by the Ministry of Aviation (together with the Ministry of Technology-the 
industry's sponsoring Ministry-at INTERKAMA). The exhibits had been carefully 
selected as work resulting from Ministry contracts which had possibilities for commercial 
exploitation, and the two Ministries are to be c.:ongratulated on the excellent job they did 
with the limited funds available from the public purse. Further enquiry revealed that 
the M.o.A. had received recommendations from the local British Government trade offi-

. cials in Switzerland and Germany that join~ stands displaying British electronics at the 
exhibitions would be of great value in encouraging exports. The M.o.A. then approached 
the Eltctronic Engineering Association. But the E.E.A. declined to take part. 

The E. E. A. has explained its r·easons for not participating: some of its members were 
already exhibiting individually at INEL and INTERKAMA; the "joint-venture" type 
of stand was considered to be of limited value except for opening up entirely ne\v 
markets; such stands were not suitable for showing capital goods and systems; and bet­
ter results could be obtained by concentrating on big home exhibitions like the I.E.A. 
· The E.E.A. may have made the right decision in its own interests, but many people 
will feel it was ultimately a bad decision-including those manufacturers who would 
have gladly taken space in joint-venture displays had they been given the opportunity. 
~The Continental exhibition visitor certainly has no sympathy with such considerations. 
And the potential buyer of British electronics- probably a busy executive with little time 
to spare-is much more likely to be held by an impressive joint display than he is to go 
s~arching the entire exhibition for widely separated individual firms. 

At INTERKAMA a great opportunity was lost for selling to the Germans, who want 
to buy complete systems for their steel and chemical plants. We cannot agree that a 
joint-venture stand is unsuitable for displaying such schemes. Systems are usually made 
up of equipments contributed by a variety of companies; thus each firm, restricted 
though it might be for space, could demonstrate the equipment it· had provided while 
also benefiting from the reflected prestige of the overall system display. 

Such a display project might be within the scope of an organization representing the 
whole of the industry-as, for example, the Conference of the Electronics Industry. As 
we have said before, a body of this kind is badly needed to speak with one voice for all 
in the industry. We might even hope that such a representative organization would 
show a proper se~se of involvement in the economic problems of the country. · 
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PULSE-COUNTING F.M. TUNER 
Double superhet design using commercial "head", non-aligned discriminator 

and suitable for use with a stereo decoder & . 

By E. D. FROST, M.A., A.M.I.E.E. 

THREE designs of " pulse-counting " f.m. receivers 
have appeared in the pages of Wireless World I, 2 , 3 

in the past few years, but none of these has been 
directly suitable for the_ subsequent · attachment of a 
stereo decoder for reception of the pilot-tone system 
(Zenith-GE) transmissions. 

At the moment, only experimental transmissions are 
being broadcast by the B·.B.C.; but it seems inevitable that 
sooner or later these will become official, as is already 
happening on the Continent and in the Isle of Man, and 
it was thought that any new design should be capable of 

c 02 
--~t~~~N-~---

IN R our. 

(b) 

(c) 

(d) . 

Fig. I. (a) Baste differentiator detector circuit. (b) Input waveform. 
(c) Output waveform shoWing loss of pulse at high frequencies 
(exaggerated). (d) lnputfoutput characteristic. 

being adapted to receive them, even though ... the oppor­
tunity might not arise for a while. 

Since the modulation frequencies in this system extend 
up to 53 kc/s~ a mean i.f. of at least 300 kc/s is needed 
to enable subsequent filtering to be carried out easily. 
Such filtering must not introduce phase or amplitude 
distortion, which would result in cross-talk between the 
two channels of the binaural system, and cannot include 
de-emphasis which must be done after the stereo de­
multiplexing. In spite of the ·added difficulties, and the 
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lower output implied by the higher i.f., it was thought 
worthwhile to persevere in the design of a suitable 
discriminator, since the .advantages, both of ease of 
alignment of lthe receiver and guaranteed .linearity 
unaffected by drift of tuned circuits with age, are very 
attractive, especially when access to special test equipment 
is limited. 

Discriminator operation 

It ·may . easily be shown that the a.f. output from any 
pulse-counting detector is given by 

T,7 7 ·= A ~if . 
J• })11~ 0 O 

where V plc is the peak a.f. voltage, A the area of the pulse 
in . volt-seconds, and Sf is the maximum frequency 
deviation ( = 75 kc/s). 

. A is of course limited by the fact that the pulse width 
cannot exceed one ·cycle of the highest i.f., and in practice 
it is usually less than half this. Thus,. given a fixed 
upper litnit to the i.f., the only way to increase the output 
of the detector is to improve the pulse shape or increase 
the amplitude of the pulses. The pulse-generator type 
of detector as used in the W£reless World receiver is 
attractive, as it gives a reasonably large output due to the 
rectangular pulses, but it becomes more expensive when 
designed for the higher intermediate frequency, since 
better transistors have to be used and sharper triggers 

· generated. 
The original receiver, by Scroggie, uses a simple 

differentiator with steering diodes as a detector, but 
suffers from the fact that the inputjoutput characteristic 
becomes curved at the higher values of i.f. due to the loss of 
part .of the tail of the pulse. (See Fig. ·1). The exponential 
shape is very inefficient for this form of detector, since 
it has a long tail which must be allo\ved for if non-

. linearity is to be kept to a minimum, and yet this contri­
butes little to the total area of pulse. There is also the 
slightly irritating fact that the onset of distortion is 
gradual, and there is no point up to which the charac­
teristic can be said to be perfectly linear, though of course 
this eff~ ct can be minimized by using a small enough 
time-cor:stant. This, however, means reduced area of 
pulse and therefore reduced sensitivity, and since, due 
to the higher i.f. required by the stereo transmissions, the 
time-constant must already be reduced by a factor of at 
least three, the loss of sensitivity becomes serious. . 

The advantage of the differentiator type of detector, 
as pointed out by Scroggi.e, is that provided the voltage 
across the capacitor has stabilized after each transition 
of the input signal, the output current is independent 
of the shape of the input waveform or the s.peed of its 
edges, and is proportional only to the size of the capacitor 
and the peak value of the input ·waveform. Even though 
the shape of the current ·pulses varies widely with the 
shape of the input signal, the area is constant. ·This means 
in practice that a low·er standard of limiting is required. 
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Fig. I. (a) Basic differentiator detector circuit, (fa) Input waveform. 

(c) Output waveform showing loss of pulse at high frequencies 

(exaggerated), (d) Input/output characteristic. 
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in practice that a lower standard of limiting is required. 

586 Wireless World, December 1965 



Trl 

L 

R 

c 

LOW-PASS 
Fl LTER 

Fig. 2. Basic discriminator circuit used. 

The concept of the differentiator as a current source is 
well suited to the use of transistors and leads to· a dis­
criminator of higher output than could normally be 
obtained for the same complexity. 

Consider the basic circuit of Fig. l(a) again. The re­
sistor R is only present in order that the capacitor current 
may produce a voltage output suitable for a valve. This 
current may be fed straight into a transistor emitter, 
which is of low impedance and also provides the rectifying 
action of D2. In Fig. 2, C, D2 and Tr2 correspond to 
C, Dl and D2 of Fig. l(a). In this case the output side of 
the capacitor sees a low impedance in both directions, 
and the charging and discharging time-constants are 
determined almost entirely by the source impedances, 
previously assumed to be negligible in comparison with R. 
The requirement of linearity of response up to a clearly 
defined overload point means that exponential charge and 
discharge curves must be avoided, and the network in 
the collector circuit of . Tr 1 is provided for this purpose. 

When Trl is switched on by base current, a constant 
current at high impedance flows in the collector circuit. 
The inductor L ensures that initially at least, this current 
all flows ·into C, and discharges it via the emitter of Tr2. 

Fig. 3. Discriminator circuit waveforms. (a) 
Trl . col/ecter (minimum sufficient input). 
(b) Tr2 collector current corresponding to (a). 
(c) Trl collector (input three times that in 
c:ase (a)). (dt Tr2 collector _current corre­
sponding ,to (c). 
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The collector of Tr 1 rises in potential until suddenly it 
" bottoms " within a few hundred millivolts of the supply 
voltage V. Current continues to build up towards a 
value V jR in L and R, but as far as C is concerned all 
action has finished; and the return half cycle can start at 
any time after this. When Trl_ is switched off by the 
cessation of base current, . L, C and R start a damped 
resonant oscillation carrying the collector negatively and 
charging C from the energy stored in L via D2. This 
oscillation could take the collector more negatively than 
earth, but the diode D 1 prevents ·this, and the rest of the 
energy in L is dissipated in R. Again, as far as C is con- · 
cerned, the action has finished at this point. Thus in both 
half cycles the collector of Tr 1 reaches either power rail 
at a well defined point, and the circuit can wait for any 
length of time in either state with. no effect on the output . 

. . The 'OUtput is available as current pulses at .the collector 
of Tr2 which acts as an impedance · transformer and 
isolator. These pulses only need integrating to produce 
the a.f. signal. The value of output current may easily be 
calculated, since each pulse consists of the charge lost by 
the condenser in suffering a change of voltage equal to 
that of the supply line. Thus at a frequency f, the current 

\ 
' 

lS:-

l = JCV 
Sketches are shown in Fig. 3 of the waveforms at the 

collectors of Trl and Tr2 for a minimum input signal and 
one much larger. The change in shape of the current 
pulses is most noticeable, but they are of the same area 
and the mean output voltage is exactly the same. 

With C = 220 pF the output is 198 p.A per 100 kc/s 
and this is continued up to a clearly defined overload point 
at about 650 kcjs, thus if the nominal i.f. is 300 kcjs, 
there is some tolerance for mistuning. 

Tr2 must never be allowed to bottom, since this de­
stroys the linearity of the discriminator. Thus it must 
work into a capacitive load, which is required for filtering. 

. For mono reception· a collector load of 4.7 kn and .OlpF 
in parallel provides both filtering and de-emphasis, with a 
modulation output of 0.5 V r.m.s. at ± 75 kc/s deviation. 
For stereo receptio~, de-emphasis must not be done at 
this stage and any filter must have linear phase and ampli­
tude responses up to 53 kc/s, while providing plenty of 
capacitance for Tr2 to work into. The filter should cut 
off rapidly after 53 kc/s, to reduce noise which could beat 

\ 
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Fig. 2. Basic discriminator circuit used. 

The concept of the differentiator as a current source is 

well suited to the use of transistors and leads to a dis- 

criminator of higher output than could normally be 

obtained for the same complexity. 

Consider the basic circuit of Fig. 1(a) again. The re- 

sistor R is only present in order that the capacitor current 

may produce a voltage output suitable for a valve. This 

current may be fed straight into a transistor emitter, 

which is of low impedance and also provides the rectifying 

action of D2. In Fig. 2, C, D2 and Tr2 correspond to 

C, D1 and D2 of Fig. 1(a). In this case the output side of 

the capacitor sees a low impedance in both directions, 

and the charging and discharging time-constants are 

determined almost entirely by the source impedances, 

previously assumed to be negligible in comparison with R. 

The requirement of linearity of response up to a clearly 

defined overload point means that exponential charge and 

discharge curves must be avoided, and the network in 

the collector circuit of Trl is provided for this purpose. 

When Trl is switched on by base current, a constant 

current at high impedance flows in the collector circuit. 

The inductor L ensures that initially at least, this current 

all flows into C, and discharges it via the emitter of Tr2. 

The collector of Trl rises in potential until suddenly it 

" bottoms " within a few hundred millivolts of the supply 

voltage V. Current continues to build up towards a 

value VjR in L and R, but as far as C is concerned all 

action has finished, and the return half cycle can start at 

any time after this. When Trl is switched off by the 

cessation of base current, L, C and R start a damped 

resonant oscillation carrying the collector negatively and 

charging C from the energy stored in L via D2. This 

oscillation could take the collector more negatively than 

earth, but the diode D1 prevents this, and the rest of the 

energy in L is dissipated in R. Again, as far as C is con- 

cerned, the action has finished at this point. Thus in both 

half cycles the collector of Trl reaches either power rail 

at a well defined point, and the circuit can wait for any 

length of time in either state with no effect on the output. 

The output is available as current pulses at the collector 

of Tr2 which acts as an impedance transformer and 

isolator. These pulses only need integrating to produce 

the a.f. signal. The value of output current may easily be 

calculated, since each pulse consists of the charge lost by 

the condenser in suffering a change of voltage equal to 

that of the supply line. Thus at a frequency/, the current 

is:— 

I =fCV 

Sketches are shown in Fig. 3 of the waveforms at the 

collectors of Trl and Tr2 for a minimum input signal and 

one much larger. The change in shape of the current 

pulses is most noticeable, but they are of the same area 

and the mean output voltage is exactly the same. 

With C = 220 pF the output is 198 /aA per 100 kc/s 

and this is continued up to a clearly defined overload point 

at about 650 kc/s, thus if the nominal i.f. is 300 kc/s, 

there is some tolerance for mistuning. 

Tr2 must never be allowed to bottom, since this de- 

stroys the linearity of the discriminator. Thus it must 

work into a capacitive load, which is required for filtering. 

For mono reception a collector load of 4.7 kO and .01 /^F 

in parallel provides both filtering and de-emphasis, with a 

modulation output of 0.5 V r.m.s. at ± 75 kc/s deviation. 

For stereo reception, de-emphasis must not be done at 

this stage and any filter must have linear phase and ampli- 

tude responses up to 53 kc/s, while providing plenty of 

capacitance for Tr2 to work into. The filter should cut 

off rapidly after 53 kc/s, to reduce noise which could beat 

<•0 

SUPPLY 
VOLTAGE 

Fig. 3. Discriminator circuit waveforms. (a) 

Trl collector (minimum sufficient input). 

(fa) 772 collector current corresponding to (a), 

(c) Trl collector (input three times that in 

case (a)). (d| 772 collector current corre- 

sponding to (c). 

(b) 

(O 
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Fig. 4. (o) Complete receiv~r (r.f. tuner unit is omitted). (b) Tuner connections. 

with harmonics of the stereo sub-carrier and add to. the 
noise in the audio outputs. 

Complete circuit 
The complete circuit of the main part of a receiver 
using this circuit is shown in Fig. 4. It will be noticed 
that it is of the double superheterodyne type. This is to 
avoid the troubles which beset receivers using a single 
low-frequency i.f., such as image-frequency interference 

and breakthrough .. of the 2.2 Mc/s beat between pairs of 
local-station programmes. The first i.f. is the standard one 
of 10.7 Mc/s and the second oscillator is tuned to 11 Mcjs, 
giving a second i.f. of 300 kc/s. It was thought that pick-up 
of the 8th and 9th harmonics of the second oscillator 
might cause trouble, but in fact with a screened v.h.f. 
tuner' and the oscillator mounted six inches _away from 
it, these harmonics are well below limiting level, and thus 
will give no trouble even in those are·as v.;here the local 
station happens to be close to 88 or 99 Mc/s, due to the 

LIST OF COMPONENTS 

Resistors 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 

1kn 
1k0 
6·8k!.1 
22k0 
4·7k0 
1k0 
15k0 
220k0 
4·7kQ 
56k!l 
22k0 
3·9k0 
4·7k0 

R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 

15k0 . 
120k0 
3·3k0 
4700 
68k0 ± 10% 
lkO 
27k0 
1·2k0± 10% 
3·3k0 ± 10% 
4700 ± 10% 
33k0± 10% 
47k0 ± 10% 

... 

All resistors 1/4 W, ± 20% unless otherwise ·stated. 

Capacitors 
Cl 0·01p.F M.P., C C12 200pF S.M., C 
C2 0·01p.F M.P., C C13 0·01p.F M.P. 
C3 180pF S.M. C14 O·OOlp.F S.M., C 
C4 620pF S.M. C15 0·1p.F M.P. 
C5 1800pF S.M. C16 0·01p.}f M.P., C 
C6 O·Olp.F M.P., C C17 220pF S.M. 
C7 180pF S.M. C18 0·003p.F S.M., C 
C8 470pF S.M. C19 0·0013p.F S.M., C 
C9 O·Olp.F M.P., C C20 lOp.F 15V working 

electrolytic 
C10 150pF S.M. C21 100p.F ISV working 

electrolytic 
C11 1500pF S.M. C22 0.02p.F M.P. 
M.P. = metallised paper. S.M. = silvered mica. C =ceramic. 
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Inductors. All enamelled wire. 
L 1 10 turns. 

L 2 6 turns 

L 3 As L 1 
L 4 As L 2 

L 5 3 turns 

L 6 12 tu~ns 

L 7 1.5mH 

L 8 4·2mH. 

32 s.w.g. close wound With 0·3 in. dia. Alad­
din-type former, 
screentng can and 

32 s.w.g. close wound two dust-iron cores; 
. vvindings separated 
by 0·27 in. 

32 s. w.g. close to earthy With 0·3 in. dia. 
end of L6 A 1 ad d i n- t y p e 

fornaer, screening 
32 s.wg. close wound can and one dust­

non core. 
175 turns 42 s.w.g. m Neosid pot core type 

10D/\VR. 
300 turns 42 s. w.g. in Neosiq pot core type 

10D/WR. 

Semiconductor devices 
Trl OC170, AF116 Tro OC44, XA1()2 

Tr7 2N1302, XA701, OC139 
D1 OA70, CG12E 

Tr2 OC170, AF116 
Tr3 OC170, AF116 
Tt4 OC44, XA102 D2 OA70, CGi2E 
Tr5 OC44, XA102 D3 OA47 

Meter 
Radicator type SB-105 lOOp.A f.s.d. 
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Fig. 4. (0) Complete receiver (r.ftuner unit is omitted). (b) Tuner connections. 

with harmonics of the stereo sub-carrier and add to the 

noise in the audio outputs. 

Complete circuit 

The complete circuit of the main part of a receiver 

using this circuit is shown in Fig. 4. It will be noticed 

that it is of the double superheterodyne type. This is to 

avoid the troubles which beset receivers using a single 

low-frequency i.f., such as image-frequency interference 

and breakthrough of the 2.2 Mc/s beat between pairs of 

local-station programmes. The first i.f. is the standard one 

of 10.7 Mc/s and the second oscillator is tuned to 11 Mc/s, 

giving a second i.f. of 300 kc/s. It was thought that pick-up 

of the 8th and 9th harmonics of the second oscillator 

might cause trouble, but in fact with a screened v.h.f. 

tuner, and the oscillator mounted six inches away from 

it, these harmonics are well below limiting level, and thus 

will give no trouble even in those areas v/here the local 

station happens to be close to 88 or 99 Mc/s, due to the 

LIST OF COMPONENTS 

Resistors 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

Rll 

R12 

R13 

IkQ 

IkO 

6-8kQ 

22k fi 

4-7kn 

Ikfi 

15kfi 

220k Q 

4-7kf} 

56k Q 

22k £1 

3-9kQ 

R14 

R15 

R16 

R17 

R18 

R19 

R20 

R21 

R22 

R23 

R24 

R25 

15kQ 

120k £2 

3-3k£2 

470 £2 

68k£2±10% 

lk£2 

27k £2 

l-2k£2±10% 

3-3k£2±10% 

470 £2 i 10% 

33k £2 ±10% 

47k£2±10%, 

R13 4-7k £2 

All resistors 1/4W, ±20% unless otherwise stated. 

Capacitors 

C1 O-Ol/nF M.P., C C12 200pF S.M., C 

C2 O-Ol/nF M.P., C C13 O-Ol/nF M.P. 

C3 180pF S.M. C14 0001/iF S.M., C 

C4 620pF S.M. C15 OlfiF M.P. 

C5 1800pF S.M. C16 OOl/nF M.P., C 

C6 O-OlfjF M.P., C C17 220pF S.M. 

C7 180pF S.M. C18 O-OOS/xF S.M.., C 

C8 470pF S.M. C19 0-0013/iF S.M., C 

C9 0'01/iF M.P., C C20 10/iF 15V working 

electrolytic 

C10 150pF S.M. C21 lOOfiF 15V working 

electrolytic 

Cll 1500pF S.M. C22 0.02jaF M.P. 

M.P. ^metallised paper. 1 S.M. = silvered mica. C = ceramic. 

Lx 10 turns 

All enamelled wire. 

32 s.w.g. close wound 

L2 6 turns 32 s.w.g. close wound 

L3 As Lj 

L4 AS Lg 

L5 3 turns 

L6 12 turns 

L7 1.5mH 

L8 4-2mH. 

With 0-3 in. dia. Alad- 

din-type former, 

screening can and 

two dust-iron cores; 

windings separated 

by 0-27 in. 

32 s.w.g. close to earthy ^ With 0-3 in. dia. 

end of L6 I Aladdin-type 

I former, screening 

32 s.wg. close wound I can and one dust- 

) iron core. 

175 turns 42 s.w.g. in Neosid pot core type 

10D/WR. 

300 turns 42 s.w.g. in Neosid pot core type 

10D/WR. 

Semiconductor devices 

Trl OC170, AF116 

Tr2 OC170, AF116 

Tr3 OC170, AF116 

Tr4 OC44, XA102 

Tr 5 OC44, XA102 

Tr6 OC44, XA102 

Tr7 2N1302, XA701, OC139 

D1 OA70, CG12E 

D2 OA70, CG12E 

D3 OA47 

Meter 

Radicator type SB-105 100jaA f.s.d. 
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capture effect. This also means that this circuit from 
L 3 onwards could be used in conjunction with any pub­
lished desig~ of f.m. tuner in place of the discriminator 
transformer, · giving improved linearity and freedom from 
critical adju.stment which is the main reason for using 
this type of _discriminator. 

The whole of this part of the receiver including the 
coils, can be built on a piece of Veroboard 3in x 2!in 
if the components are mounted end-on, and so there · 
should be no trouble in fitting it. It should even be pos­
sible to fit it t0 a valve tuner, though this has not been 
attempted_ If anyone wishes to try, care should be 
taken to ensuce that .the insulation in the transformer will 
stand 250 V. The prototype receiver used a commercially 
available transistor r.f. head, the Torotor 75L,* and the 
pin connecti<lns shown on the right of the diagram are to 
suit this unit. Other types are available and the change in 
connections to ~uit them should be obvious on inspection. 
The use of such a unit \vas originally to save design and 
construction time, since the object was to prove the 
discriminator, but it has advantages for the home con­
structor in that it is pre-aligned, and solves what can be a 
difficult lay..-out problem, since the performance of an 
r.f. amplifier at 100 Mcjs can be markedly affected by 
long leads and stray capacitances. Those who would like 
to build the.ir OWn should consult ref. 4 where a suitable 
design may t;e . found. This was also the primary source 
of design data_for the i.f. transformers. 

I.F. and sec_ond mixer stages.-The output from the 
r..f. head is 10.7 Mc/s at 50 n impedance. This is coupled 
into the ermtter of the first i.f. amplifier Tr 1 which 
provides an approximate match. A double-tuned i.f. 
transformer iD the collector circuit couples this to Tr2 
which is coupled by the second i.f. transformer to the 
second mixer Dl. Tr2 is operated at a low collector 
voltage, to ·pr~vide limiting on very strong signals which 
can otherWi~e overload the discriminator. 

Tr3 is the .second local o~cillator working at 11 Mcfs. 
A small fra.ction of its output is coupled to the signal so 
that both are applied in series ·to D 1 which produces the 
difference signal by rectification. It was found that the 
combination of a diode mixer plus a straight amplifier 
Tr4, was superior in both gain and lack of oscillator 

ft- The Torotor is available from Henry's Radio Ltd. 
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pulling on strong signals to any attempt to make T r4 
a mixer-amplifier. 

Filtering of the high-frequency components in the 
second i.f. is done by the condenser across the detector 
load, and by that across the collector load of Tr4. 

Limiter, discriminator and indicator.-The ampli­
fied signal is applied to Tr5 which is the switching 
transistor for the discriminator. Forward bias has been 
pr~vided for Tr5 via R 18• This ·bias is dependent on the 
mean level of the collector of Tr5 and provides feedback 
tending to preserve an equal mark/space ratio. Limiting 
occurs at Tr5 and Tr2 depending on signal level. The 
operation of the discriminator has already been described. 
Tr7 has been added as a buffer between the filter and the 
output load, and gives a gain of seven as a bonus. 
Obviously this could be greatly increased by the addition 
of emitter decoupling and adjustment of values. Tr7 
also acts as a d.c.' amplifier for a tuning indicator consisting 
of a centre zero IOOF-£A meter. This is a refinement and 
may be omitted if desired, but as well as being an indica­
tion of correct tuning it serves as an indication of signal 
strength, since only if a signal is limiting will it . swing 
right across as the tuning knob is operated. This is 

Fig. 5. Cubical-quad Band II aerial giving 8dB gain over dipole aerial. 

REFLECTOR 

I DIAGONAL BRACE (BAMBOO) 

/ 
~ 

WIRE LOOP (liGHTING FLEX) 

/ . 3311 

75.0. 
TO RECEIVER 

TRANSMITTER 

.589 

Czz'v 

AERIAL 
50 Q 

LF. OUTPUT 
COIL 

capture effect. This also means that this circuit from 

L3 onwards could be used in conjunction with any pub- 

lished design of f.m. tuner in place of the discriminator 

transformer, giving improved linearity and freedom from 

critical adjustment which is the main reason for using 

this type of discriminator. 

The whole of this part of the receiver including the 

coils, can be built on a piece of Veroboard 3in x 2 Jin 

if the components are mounted end-on, and so there 

should be no trouble in fitting it. It should even be pos- 

sible to fit it to a valve tuner, though this has not been 

attempted. If anyone wishes to try, care should be 

taken to ensure that the insulation in the transformer will 

stand 250 V. The prototype receiver used a commercially 

available transistor r.f. head, the Torotor 75L,* and the 

pin connections shown on the right of the diagram are to 

suit this unit. Other types are available and the change in 

connections to suit them should be obvious on inspection. 

The use of such a unit was originally to save design and 

construction time, since the object was to prove the 

discriminator, but it has advantages for the home con- 

structor in that it is pre-aligned, and solves what can be a 

difficult lay-out problem, since the performance of an 

r.f. amplifier at 100 Mc/s can be markedly affected by 

long leads and stray capacitances. Those who would like 

to build their own should consult ref. 4 where a suitable 

design may be found. This was also the primary source 

of design data for the i.f. transformers. 

I.F. and second mixer stages.—The output from the 

r.f. head is 1@.7 Mc/s at 50 O impedance. This is coupled 

into the emitter of the first i.f. amplifier Trl which 

provides an approximate match. A double-tuned i.f. 

transformer in the collector circuit couples this to Tr2 

which is coupled by the second i.f. transformer to the 

second mixer Dl. Tr2 is operated at a low collector 

voltage, to provide limiting on very strong signals which 

can otherwise overload the discriminator. 

Tr3 is the second local oscillator working at 11 Mc/s. 

A small fraction of its output is coupled to the signal so 

that both are applied in series to Dl which produces the 

difference signal by rectification. It was found that the 

combination of a diode mixer plus a straight amplifier 

Tr4, was superior in both gain and lack of oscillator 

pulling on strong signals to any attempt to make Tr4 

a mixer-amplifier. 

Filtering of the high-frequency components in the 

second i.f. is done by the condenser across the detector 

load, and by that across the collector load of Tr4. 

Limiter, discriminator and indicator.—The ampli- 

fied signal is applied to Tr5 which is the switching 

transistor for the discriminator. Forward bias has been 

provided for Tr5 via Rw. This bias is dependent on the 

mean level of the collector of Tr5 and provides feedback 

tending to preserve an equal mark/space ratio. Limiting 

occurs at Tr5 and Tr2 depending on signal level. The 

operation of the discriminator has already been described. 

Tr7 has been added as a buffer between the filter and the 

output load, and gives a gain of seven as a bonus. 

Obviously this could be greatly increased by the addition 

of emitter decoupling and adjustment of values. Tr7 

also acts as a d.c. amplifier for a tuning indicator consisting 

of a centre zero lOO^A meter. This is a refinement and 

may be omitted if desired, but as well as being an indica- 

tion of correct tuning it serves as an indication of signal 

strength, since only if a signal is limiting will it swing 

right across as the tuning knob is operated. This is 

Fig. 5. Cubical-quad Band II aerial giving 8dB gain over dipoie aerial. 
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useful, since inexperienced users tend not to notice the 
increased noise on a non -limiting signal, and the sound 
output on such signals is quite tolerable until such time 
as a large modulation swing suddenly occurs. 

Sensitivity.-The sensitivity of the complete receiver 
is approximately 60 p. V in 50 .Q for limiting to occur. 
This is sufficient for nearly all locations but if it were 
to prove not so, another i.f. stage could easily be added. 
It has worked well with a simple dipole eight feet from 
the ground at a distance of 50 miles from Wrotham, arid in 
fact the simplest way of getting, extra gain is to use a 
better aerial. A " cubical quad"AJ (Fig. 5) which can be 
made of pea-sticks and split lighting flex, will fit in nearly 
all lofts and gives a gain of 8 dB over a dipole. 

Linearity.-The linearity of the detector may be ·seen 
from Fig. 6. The flattening at 130 kc/s is due to ringing 
in the low-pass filter as it approaches its cut-off frequency 
and the flattening at 550 kc/s is due not to the discrimina­
tor but to Tr7 bottoming. The centre of the straight part 
of the curve is at 365 kc/s, but since most signal generators 
have a calibration mark at 11 Mc/s it was thought better 
to set the second oscillator to 11 Mcjs rather than 11.065. 
This is a matter of choice, but a change involves adjust­
ment of the tuning meter zero as well. 

It will be noticed that, although most of the transistors 
are p-n-p type, a positive power line with a negative 
earth has been used. This means that fewer components 
have to be used since the emitter decoupling capacitors 
also decouple the supply line to each stage, and thus no 
separate supply decoupling components are required. 

On the prototype, to ensure stability, the i.f. trans­
formers are mounted 2 in apart, but since the total gain 
is split between three different frequencies, this was 
probably unnecessary and a more compact layout could 
have been adopte~. The receiver was built on an L­
shaped piece of aluminium sheet, 1! x 1! x 9in. with 
the coils mounted on one face and a length of tag-strip 
along the other. Common earth points were used for 
each stage but no additional screening was required in 
the i.f. strip. The r.f. unit was mounted at one end, and 
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Fig. 6. Discriminator response. 
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the whole receiver laid on its side. This form of con­
struction, as well as being best for stability, suits the flat 
style of construction of the integrated ·sound system in 
which the receiver was incorporated. 

Alignment procedure · 
This can best be done with a signal generator covering 
10.7 and 11 Mcjs, a d.c. voltmeter and a pair of head­
phones. 

Connect headphones across R13 and set the signal 
generator to 11 Mc js. Adjust the core of L 6 for zero 
beat between the second oscillator and the signal generator. 
. Now connect the voltmeter across R13 and short­

circuit R 11, thus stopping the second oscillator. Set the 
signal generator to 10.7 Mc/s and co~nect it across 
L 3• Tune L 4 for maximum reading on the voltmeter. 
Connect the generator across Lu and tune L 2and L 3 

for maximum reading, reducing the generator output if 
necessary to avoid overloading. Now connect the gen­
erator, still at 10.7 Mcjs, to the aerial terminals of the 
receiver, increasing the output if necessary to get a reading 
on the voltmeter. Tune L 1 and the output coil of the 
r.f. head for maximum reading, and check the tuning of 
all the other coils. Finally, remove the voltmeter and the 
short-circuit across . R 11, and check tl;lat the tuning 
indicator reads mid-scale or nearly so, and swings from 
one .end to the other as the input frequency ,varies from 
10.6 to 10.8 Mcjs. · 

Stereo decoder.-It is not proposed to give details of a 
decoder here, since this should properly form the subject 
of a separate article. References 6, 7 and ~are recommended 
to those interested in the construction of a decoder. 
In the absence of a decoder, de-emphasis should be 
provided by a 0.02~-tF capacitor across R 22• 

APPENDIX 

Consider a train of rectangular pulses of amplitude V, 
width t, and repetition period T:-

v--..--
_.. t ~ 

o--. . . 
~T~ 

the mean d:c. level of this waveform is v = Vt/T . . Now Vt is 
the area of a pulse in volt-seconds and since f = 1/ T, v = Af. 
For a frequency modulated wave, whose frequency varies 
from f to f -t- 8f, VJ = Af and Vf+5J=A(f+ of). Th~ pea.k 
modulation voltage is thus:-VJ+5J - Vj = A8f wh1ch IS 

independent of f. 
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useful, since inexperienced users tend not to notice the 

increased noise on a non-limiting signal, and the sound 

output on such signals is quite tolerable until such time 

as a large modulation swing suddenly occurs. 

Sensitivity.—The sensitivity of the complete receiver 

is approximately 60ju.V in 50 O, for limiting to occur. 

This is sufficient for nearly all locations but if it were 

to prove not so, another i.f. stage could easily be added. 

It has worked well with a simple dipole eight feet from 

the ground at a distance of 50 miles from Wrotham, and in 

fact the simplest way of getting, extra gain is to use a 

better aerial. A " cubical quad"1' (Fig. 5) which can be 

made of pea-sticks and split lighting flex, will fit in nearly 

all lofts and gives a gain of 8 dB over a dipole. 

Linearity.—The linearity of the detector may be seen 

from Fig. 6. The flattening at 130 kc/s is due to ringing 

in the low-pass filter as it approaches its cut-off frequency 

and the flattening at 550 kc/s is due not to the discrimina- 

tor but to Tr7 bottoming. The centre of the straight part 

of the curve is at 365 kc/s, but since most signal generators 

have a calibration mark at 11 Mc/s it was thought better 

to set the second oscillator to 11 Mc/s rather than 11.065. 

This is a matter of choice, but a change involves adjust- 

ment of the tuning meter zero as well. 

It will be noticed that, although most of the transistors 

are p-n-p type, a positive power line with a negative 

earth has been used. This means that fewer components 

have to be used since the emitter decoupling capacitors 

also decouple the supply line to each stage, and thus no 

separate supply decoupling components are required. 

On the prototype, to ensure stability, the i.f. trans- 

formers are mounted 2 in apart, but since the total gain 

is split between three different frequencies, this was 

probably unnecessary and a more compact layout could 

have been adopted. The receiver was built on an L- 

shaped piece of aluminium sheet, l|xl|x9in. with 

the coils mounted on one face and a length of tag-strip 

along the other. Common earth points were used for 

each stage but no additional screening was required in 

the i.f. strip. The r.f. unit was mounted at one end, and 
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Fig. 6. Discriminator response. 

the whole receiver laid on its side. This form of con- 

struction, as well as being best for stability, suits the flat 

style of construction of the integrated sound system in 

which the receiver was incorporated. 

Alignment procedure 

This can best be done with a signal generator covering 

10.7 and 11 Mc/s, a d.c. voltmeter and a pair of head- 

phones. 

Connect headphones across R13 and set the signal 

generator to 11 Mc/s. Adjust the core of L6 for zero 

beat between the second oscillator and the signal generator. 

Now connect the voltmeter across R1:J and short- 

circuit 2?u, thus stopping the second oscillator. Set the 

signal generator to 10.7 Mc/s and connect it across 

L3. Tune Li for maximum reading on the voltmeter. 

Connect the generator across L13 and tune L 2and L3 

for maximum reading, reducing the generator output if 

necessary to avoid overloading. Now connect the gen- 

erator, still at 10.7 Mc/s, to the aerial terminals of the 

receiver, increasing the output if necessary to get a reading 

on the voltmeter. Tune Lx and the output coil of the 

r.f. head for maximum reading, and check the timing of 

all the other coils. Finally, remove the voltmeter and the 

short-circuit across jRh, and check that the tuning 

indicator reads mid-scale or nearly so, and swings from 

one end to the other as the input frequency varies from 

10.6 to 10.8 Mc/s. 

Stereo decoder.—It is not proposed to give details of a 

decoder here, since this should properly form the subject 

of a separate article. References 6,7 and 8 are recommended 

to those interested in the construction of a decoder. 

In the absence of a decoder, de-emphasis should be 

provided by a 0.02/xF capacitor across R22. 

APPENDIX 

Consider a train of rectangular pulses of amplitude V9 

width r, and repetition period T:— 

V 

» I I 
j-e-T —*| 

the mean d.c. level of this waveform is v = Vt/ T. Now Vt is 

the area of a pulse in volt-seconds and since/=l/r, v = Af. 

For a frequency modulated wave, whose frequency varies 

from / to /+£/, Vf=Af and Vf+ sf=A(/+S/). The peak 

modulation voltage is thus:—Vf+sf—Vf — Ahf which is 

independent of/. 
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