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Another worthy addition 

TO THE RANGE OF 

A new Signal Generator of wide range and accuracy of 

performance, designed for use in the laboratory or by the 

service engineer, Turret coil switching provides six 

frequency bands covering 50 K/cs to 80 M/cs :-

·SO Kc/s-ISO Kcfs 
ISO Kc/s-500 Kc/s 

SOO Kc/s-I.S Mc/s 

I.S Mc/s-5.5 Mc{s 

S.5 Mc/s-20 Mc/s 
20 Mc/s 

Note these Attractive Features: 

Stray field less than Ip.V per metre at a distance of 1 
metre from instrument. General level of harmonic con
tent of order of I per cent. 

Direct calibration upon fundamental frequencies through
out range, accuracy being better than I per cent. of scale 
reading. 

45 inches of directly calibrated freqency scales with 
unique illuminated band selection giving particularly 
good discrimination when tuning television " staggered " 
circuits. 

Of pleasing external appearance with robust internal 
mechanical construction using cast aluminium screening, 
careful attention having been devoted to layout of 
components with subsidiary screening to reduce the 
minimum signal negligible level even at 80 Mcfs. 

Four continuousyl attenuated ranges using well designed 
double attenuator system. 

Force output 0.5 volts. 

Internal modulation at 400 cfs., modulation depth 
30 per cent., with variable L.F. signal available for 
external use. 

Mains input 100-250 volts A.C., 40-60cfs. 

Battery Model available having satrl6 general. 
specification and covering so Kc/s-70 Mc(s., 
powered by easily obtainable 

Fully descriptive pamphlet available on application 

Sole Proprietors and Manufacturers : 

Mains Model 

Battery Model 

£24 

Advertisements I 

RADIOLYMPIA 
See our Exhibit at 

Stand No.85 
Sept. 28-0ct. 8 
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A new Signal Generator of wide range and accuracy of 
performance, deeigncd for use in the laboratory or by the 
service engineer. Turret coil switching provides six 
frequency bands covering 50 K/cs to 80 M/cs :— 

SO Kc/i—ISO Kc/s 
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1.5 Mc/s—5.5 Mc/s 
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Stray field less than IftV per metre at a distance of 1 
metre from instrument. General level of harmonic con- 
tent of order of 1 per cent. 

Direct calibration upon fundamental frequencies through- 
out range, accuracy being better than I per cent, of scale 
reading. 

45 inches of directly calibrated frcqency scales with 
unique illuminated band selection giving particularly 
good discrimination when tuning television " staggered " 
circuits. 

Of pleasing external appearance with robust internal 
mechanical construction using cast aluminium screening, 
careful attention having been devoted to layout of 
components with subsidiary screening to reduce the 
minimum signal negligible level even at 80 Mc/s. 

Four continuousyl attenuated ranges using well designed 
double attenuator system. 

Force output 0.5 volts. 

Internal modulation at 400 c/»., modulation depth 
30 per cent., with variable L.F. signal available for 
external use. 

Mains input 100-250 volts A.C., 40-60c/8. 

Battery Model available having same general 
specification and covering 50 Kc/s—70 Mcfs., 
powered by easily obtainable batteries. 
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Radiolympia Preview 
, STAND 81 GRAND HALL 
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LABORATORY INSTRUMENTS 
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and their apphcqtions 

IN HIGH-FREQUENCY RECEIVER CI-RCUITS 

In high- frequency 
receivers, a high - slope 
pentode is almost · in
dispensable. Apart from 
applications in audio 
and control circuits, it 
can be used successfully 
in R.F., I.F., mixer and 

osciJlato.r stages provided that its high·frequency perfor
mance is adequate. Although the high-slope pentode is 
inferior in some respects when compared with circuits 
(e.g. the EC9l grounded-grid amplifier described in the March 
issue of Wireless·W orld), in many applications, in particular 
when economy of valve types is desirable, the versatility of 
the pentode is of great value. 

The EF9l is a miniature high-slope peiitode ori the B7G 
base, specifically designed for high frequencies. It has wide 
iipplication in televiSion, F.M., and V.H.F. communication 
rece;vers of all types. This article gives some of the perfor
m:mce data in R.F., I.F., mixer and oscillator circuits. More 
detailed descriptions ot circuits using the EF9l will be given 
in future articles. ..The static characteristics are listed in 
rable 1. 

Va 250 V 
Vg2 250 V 
Ia lOrnA 
lg2 =2.5mA 
Vg, = · -2 V 

TABLE I 

gm =7.65mA/V 

R.F. Amplifier 

ra I.OM.Q 
JLgl-g2 70 

vh 6.3v 
lh 0.3A 

Cin 

Cout 
Ca-gl = 

The important features of a R.F. amplifier valve are slope, 
input and output impedances, noise factor and feedback 
capacitance, since these determine the gain, bandwidth, 
signal-to-noise ratio and stability. It can be seen from 
Table l that the EF91 slope is high and the feedback capaci
tance (Ca-gl) is low. 

The input resistance at 50 Mc/s 7,500 ohms and varies 
approximately as the square of the frequency. The 
product of slope and input resistance is therefore unity at 

. about 350 Mcfs. The input and output capacitances are low 
so that wide bandwidths can be obtained. 

Due to the relatively high external noise level at frequencies 
less than ·about 60Mc/s the EF9l valve noise is relatively 
small. At higher frequencies, · however, valve noise is im
portant. The equivalent noise resistance of the EF91 is 

. 1200Q but a better measure of the noise performance is the 
noise factor. Figures measured at 50 Mc/s and 180 Mc/s are 
2. 7 (4.3dB) and 10.5 (10dB) respectively. The corresponding 
sensitivities, expressed as the open circuit voltages at the 
aerial terminals foo: unity signal-to-noise ratio and 200 Kc/s 
bandwidth are 0.8JL V and l. 7 ,U V. These figures refer to· the 
signal-tt>-noise ratio as measured in front of the second 
detector. The signal·to•noise .ratio in the output circuits · 

The signal frequency input circuit consists of LJ and C I. 
R I, C2 and L2 form the first I. F. circuit, resonant at 13 Mcjs. 

FIG. I . 

will be considerably greater than unity i£ the overall band· 
width of the receiver is less than 200 Kcjs. 

Mixer and 
As a mixer the EF91 gives a conversion conductance of 
3mA/V and since the input resistance as a mixer is about 
twice that as an amplifier, it can be used successfully 
in combination with an EF91 R.F. amplifier. A typical 
frequency-changer circuit using two EF9ls as mixer and 
oscillator at television frequencies is shown in Figure 1. The 
grid to anode voltage gain of this circuit with a 3000.Q I.F. 
load is 9 times. 

Two advantages .of the EF91 mixer as compared with a 
. triode-hexode frequency changer are its high gain and low 
noise level. The equivalent noise resistance is 6,500.Q and 
the. noise factor at 45Mc/s is 10 (10dB). The mixer noise is 
negligible when one R.F. stage is used. To take a typical 
example of a receiver at 100 Mc/s with an EC91 R.F. ampli
fier, the EF91 mixer and subsequent stages contributed less 
than ldB to the overall noise factor. 

I.F. Amplifier 
In a high gain I.F. amplifier the important factors are 

slope and input and output capacitances. The ratio 
gm/ (Cin+Cout) is a use(ul figure of merit for I.F. valves, since 
it is a measure of the gain and bandwidth product. The figure 
of merit for the EF91 is higher than that for any other 
current . high-slope pentode. 

Reprints of. this report from the Mullard Laboratories, may be 
obtained free of charge from the address below. 

MULLARD ELECTRONIC PRODUCTS LTD., 
TECHNICAL PUBLICATIONS DEPARTMENT, 
CENTURY HOUSE, SHAFTESBURY AVE., W.C.2 

(M.YMrQz) 
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'If || |i =dispensable. Apart from 

=applications in audio 
fS and control circuits, it 
W can be used successfully 

^ in R.F., I.F., mixer and 
oscillator stages provided that its high-frequency perfor- 
mance is adequate. Although the high-slope pentode is 
inferior in some respects when compared with special circuits 
(e.g. the EC91 grounded-grid amplifier described in the March 
issue of Wireless"World), in many applications, in particular 
when economy of valve types is desirable, the versatility of 
the pentode is of great value. 

The EF9X is a miniature high-slope pentode on the B7G 
base, specifically designed for high frequencies. It has wide 
application in television, F.M., and V.H.F. communication 
receivers of all types. This article gives some of the perfor- 
mance data in R.F., I.F., mixer and oscillator circuits. More 
detailed descriptions of circuits using the EF91 will be given 
in future articles. The static characteristics are listed in 

- 250 V 
= 250 V 
= 10mA 
—2.5 mA 

-2 V 
=7.65mA/V 

Ca-g| — <0.068p,p,F 
R.F. Amplifier 

The important features of a R.F. amplifier valve are slope, 
input and output impedances, noise factor and feedback 
capacitance, since these determine the gain, bandwidth, 
signal-to-noise ratio and stability. It can be seen from 
Table 1 that the EF91 slope is high and the feedback capaci- 
tance (Ca-gi) is low. 

The input resistance at 50 Mc/s is 7,500 ohms and varies 
approximately inversely as the square of the frequency. The 
product of slope and input resistance is therefore unity at 

. about 350 Mc/s. The input and output capacitances are low 
so that wide bandwidths can be obtained. 

Due to the relatively high external noise level at frequencies 
less than about bOMc/s the EF91 valve noise is relatively 
small. At higher frequencies,- however, valve noise is im- 
portant. The equivalent noise resistance of the EF91 is 
1200D but a better measure of the noise performance is the 
noise factor. Figures measured at 50 Mc/s and 180 Mc/s are 
2.7 (4.3dB) and 10.5 (lOdB) respectively. The corresponding 
sensitivities, expressed as the open circuit voltages at the 
aerial terminals for unity signal-to-noise ratio and 200 Kc/s 
bandwidth are 0.8p.V and UjxV. These figures refer to- the 
signal-to-noise ratio as measured in front of the second 
detector. The signal-to-noise ratio in the output circuits' 

r j   uSK Tot* ^ X 
iLr rK° Jy 

The signal frequency input circuit consists of LI and Cl. 
RI, C2 and L2 form the first I.F. circuit, resonant at 13 Mc/s. 

FIG. I 

will be considerably greater than unity if the overall band- 
width of the receiver is less than 200 Kc/s. 
Mixer and Oscillator 
As a mixer the EF91 gives a conversion conductance of 
3mA/V and since fhe input resistance as a mixer is about 
twice that as an amplifier, it can be used successfully 
in combination with an EF91 R.F. amplifier. A typical 
frequency-changer circuit using two EF91s as mixer and 
oscillator at television frequencies is shown in Figure 1. The 
grid to anode voltage gain of this circuit with a SOOOiQ I.F. 
load is 9 times. 

Two advantages of the EF91 mixer as compared with a 
triode-hexode frequency changer are its high gain and low 
noise level. The equivalent noise resistance is 6.5001? and 
the noise factor at 45Mc/8 is 10 (lOdB). The mixer noise is 
negligible when one R.F. stage is used. To take a typical 
example of a receiver at 100 Mc/s with an EC91 R.F. ampli- 
fier, the EF91 mixer and subsequent stages contributed less 
than IdB to the overall noise factor, 
I.F. Amplifier 

In a high gam I.F. amplifier the important factors are 
slope and input and output capacitances. The ratio 
gm/(Cin-fCout) is a useful figure of merit for I.F. valves, since 
it is a measure of the gain and bandwidth product. The figure 
of merit for the EF91 is higher than that for any other 
current high-slope pentode. 1 

I Milliard 

Reprints of this report from the Milliard Laboratories, may be 
obtained free of charge from the address below, 

MULLARD ELECTRONIC PRODUCTS LTD., 
TECHNICAL PUBLICATIONS DEPARTMENT, 
CENTURY HOUSE, SHAFTESBURY AVE., W.C.2 

(MVMtozJ 
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RADIO _;AND ELECTRONICS 

MONTHLY COMMENTARY: 

T HERE has been much talk of late on extend
ing our television service to cover more of 
the country, but regrettably few signs of 

anything that seems likely to produce rapid and 

tangible results. But unless something is done 

quickly to give us nation-wide coverage, it will be 

increasingly hard to convince overseas customers 

that this country, which was the first to inaugurate 

· a regular television service, still has, in fact, the 

necessary '' know how '' to design and manufac

ture television equipment. Our present service of 

one station in operation and another due to open 

in the autumn seems insignificant alongside the 

almost astronomical figures given in the recently 

announced American allocations. Without a 

flourishing home industry, British television must 

eventually sink to a position of insignificance. 

HOWEVER, there are a few gleams of hope. 
The increase of television coverage has been 

debated at some length in Parliament, though 

primarily from the somewhat limited point of view 

of providing Scotland with a service. We were 

glad to see that several Members-and Scottish 

ones at that-admitted the subject of the debate 

should have been "Television for Britain." In 

our view, the fundamental organization of our 

whole broadcasting system is such that it cannot 

properly be considered on a narrow regional basis. 

This is particularly true of where the 

linking network of radio links or r.f. cables must 

be integrated from the centre. Programme costs 

are so high that independent stations, depending 

entirely on their own sources of material, can 

hardly. be expected to survive economically. It 

would be a pity if '' pressure group '' tactics were 

allowed to upset plans for orderly and rational 

development. 
Although the usefulness of the debate was to 

some extent' marred by what we may call, without 

affront to Scotland, somewhat extraneous matters, 

one or two points of importance came to light. 

The Assistant Postmaster-General expressed the 

Government's sympathy with proposals to extend 

the service and went on to say that the matter was 

really the responsibility of the B.B.C. After the 

end of this year there would be no bar on' the 

extension of television and the B.B .C. will be free 

to use its very considerable financial resources for 

this purpose, Any hopes that may have been 

raised by this reassuring pronouncement were 

somewhat dashed when the Asst. P.M.G. went on 

to say that restrictions on capital expenditure might 

cause delay, and television was regarded as being of 

low priority. 
Wireless World is, of course, biased, and can 

think of other national activities at present flourish

ing whieh should enjoy a much lower priority. Be 

that as it may, it seems a pity that the start in 

television which we won should be lost through 

unwillingness to allot a trivial part -of our 
resources to its development. 

A MORE cheering, though perhaps not highly 
significant, piece of news comes from the 

C.C.I.R. conference at Zurich in the shape of a 

report-without a·ny detailS--that France has 

agreed to adopt the -British standard of 405 lines 

(in place of 455 lines) . It is not yet clear if this 

is to be an arrangement of long duration or merely 

an interim measure to be adopted until the pro

posed 819-line French standard is adopted. Either 

way, it is at least a step in the right direction. 'fhe 

burden of programme costs is a heavy one for a 

war-impoverished Europe, and anything that 

makes possible international exchanges is to be 

welcomed. - Wireless World considers the British 

405-line standard to be the most practical one for 

Europe, and we hope it is now to be given a chance 

of proving itself on the Continent. 
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Spreading 

THERE has been much talk of late on extend- 
ing our television service to cover more of 
the country, but regrettably few signs of 

anything that seems likely to produce rapid and 
tangible results. But unless something is done 
quickly to give us nation-wide coverage, it will be 
increasingly hard to convince overseas customers 
that this country, which was the first to inaugurate 
a regular television service, still has, in fact, the 
necessary '' know how '' to design and manufac- 
ture television equipment. Our present service of 
one station in operation and another due to open 
in the autumn seems insignificant alongside the 
almost astronomical figures given in the recently 
announced American allocations. Without a 
flourishing home industry, British television must 
eventually sink to a position of insignificance. 

HOWEVER, there are a few gleams of hope. 
The increase of television coverage has been 

debated at some length in Parliament, though 
primarily from the somewhat limited point of view 
of providing Scotland with a service. We were 
glad to see that several Members—and Scottish 
ones at that—admitted the subject of the debate 
should have been "Television for_ Britain." In 
our view, the fundamental organization of our 
whole broadcasting system is such that it cannot 
properly be considered on a narrow regional basis. 
This is particularly true of television, where the 
linking network of radio links or r.f. cables must 
be integrated from the centre. Programme costs 
are so high that independent stations, depending 
entirely on their own sources of material, can 
hardly" be expected to survive economically. It 
would be a pity if "pressure group" tactics were 
allowed to upset plans for orderly and rational 
development. 

Although the usefulness of the debate was to 
some extent'marred by what we may call, without 

Teievisian 

affront to Scotland, somewhat extraneous matters, 
one or two points of importance came to light. 
The Assistant Postmaster-General expressed the 
Government's sympathy with proposals to extend 
the service and went on to say that the matter was 
really the responsibility of the B.B.C. After the 
end of this year there would be no bar on the 
extension of television and the B.B.C.. will be free 
to use its very considerable financial resources for 
this purpose. Any hopes that may have been 
raised by this reassuring pronouncement were 
somewhat dashed when the Asst. P.M.G. went on 
to say that restrictions on capital expenditure might 
cause delay, and television was regarded as being of 
low priority. 

Wireless World is, of course, biased, and can 
think of other national activities at present flourish- 
ing which should enjoy a much lower priority. Be 
that as it may, it seems a pity that the start in 
television which we won should be lost through 
unwillingness to allot a trivial part of our national 
resources to its development. 

A MORE cheering, though perhaps not highly 
significant, piece of news comes from the 

C.C.I.R. conference at Zurich in the shape of a 
report without any details—that France has 
agreed to adopt the British standard of 405 lines 
(in place of 455 lines). It is not yet clear if this 
is to be an arrangement of long duration or merely 
an interim measure to be adopted until the pro- 
posed 819-line French standard is adopted. Either 
way, it is at least a step in the right direction. The 
burden of programme costs is a heavy one for a 
war-impoverished Europe, and anything that 
makes possible international exchanges is to be 
welcomed. Wireless World considers the British 
405-line standard to be the most practical one for 
Europe, and we hope it is now to be given a chance 
of proving itself on the Continent. 
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INTERMEDIATE FREQUENCY 
WHEN the new frequency · 

allocations were published* 
. last year, it became ap-
parent that the popular inter
mediate frequencies of 456 and 
465 kc/s would no longer be 
suitable, as they would cause 
interference whistles, of the type 
peculiar to superheterodyne re
ceivers, to occur on channels 
allocated to the B.B.C. The matter · 
was then investigated more fully 
with a result which is rather 
startling. 

New and Serious Interference -Problem 
By G. H. RUSSELL, (Vidor Ltd.) 

The whole problem centres 
around the commercially pro
duced simple superheterodyne re-
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different ways, upon checking a 
number of different models of 
various manufacture it was found 
that only three types were liable 
to cause ·serious interference. 
These are (r) i.f. harmonic; (2) 
second channel, and (3) oscillator 
second harmonic. Very generalized 
figures of interference inputs re
quired to produce quite annoying 
whistles are : second channel 
m.w., 20-3opV; second channel 
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Fig. 1. I.F. second harmonic 
interference : diagonal solid line 
represents actual i.f. and chain lines 
area over which whistles may be ex
pected : dotted vertical lines represent 
transmitter carrier plus sidebands. 
Any i.f. cutting across shaded 
p,osition may be expected to pro
duce whistles on that particular 
channel to which shaded portion 

refers. 

ceiver with one tuned circuit 
between the aerial and frequency
changer which is the type used by 
the majority of listeners in this 
country to-day; Although this 
type of receiver is susceptible to 
whistles in a number of 

* See Wireless World, Nov., 1948. 
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FREQUENCY 

l.w., r-2 mV; oscillator second 
harmonic, 30-40 m V. The position 
will be aggravated under the plan 

of the extended medium 

wave band 525-1605 kcjs, and the 
large increase of aerial power per
mitted in many cases. 

The B.B.C. · have been granted 
the use of one long-wave channel 
(zoo kc/s, Light ·Programme, 
Droitwich, _ 400 kW), and fifteen 
medium-wave channels, of which 
two are for European broad
casting (1295 kc/s, Ottringham, 
150 kW, and 1340 kc/s, Crow
borough, r 50 k W). Another two 
are low power (2 kW maximum, 
International Common Frequency 
channels referred to as I.C.F. in 
this article). The remaining chan
nels are to be used as shown in 
Table I on the opposite page. 

The available band for inter
mediate frequency use is 300-500 
kc/s, and it would obviously be a 

Fig. 2. I.F. third harmonic inter
ference : diagonal solid line re
presents actual i.f. and chain lines 
area over which whistles may be 

expected. Use as Fig. 1. 
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very . tedious process to work out 
arithmetically the effect of 
ent intermediate frequencies on 
the interference possibilities be-
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INTERMEDIATE FREQUENCY 

WHEN the new frequency 
allocations were published* 
last year, it became ap- 

parent that the popular inter- 
mediate frequencies of 456 and 
465 kc/s would no longer be 
suitable, as they would cause 
interference whistles, of the type 
peculiar to superheterodyne re- 
ceivers, to occur on channels 
allocated to the B.B.C, The matter 
was then investigated more fully 
with a result which is rather 
startling. 

The whole problem centres 
around the commercially pro- 
duced simple superheterodyne re- 

New and Serious Interference Problem 

By G, H. RUSSELL, (Vidor Ltd.) 

different ways, upon checking a 
number of different models of 
various manufacture it was found 
that only three types were liable 
to cause serious interference. 
These are (x) i.f, harmonic ; (2) 
second channel, and (3) oscillator 
second harmonic. Very generalized 
figures of interference inputs re- 
quired to produce quite annoying 
whistles are : second channel 
m.w,, 20-30^; second channel 

wave band 525-1605 kc/s, and the 
large increase of aerial power per- 
mitted in many cases. 

The B.B.C. have been granted 
the use of one long-wave channel 
(200 kc/s, Light Programme, 
Droitwich, . 400 kW), and fifteen 
medium-wave channels, of which 
two are for European broad- 
casting {1295 kc/s, Ottringham, 
150 kW, and 1340 kc/s, Crow- 
borough, 150 kW). Another two 
are low power (2 kW maximum, 
International Common Frequency 
channels referred to as I.C.F. in 
this article). The remaining chan- 
nels are to be used as shown in 
Table I on the opposite page. 

The available band for inter- 
mediate frequency use is 300-500 
kc/s, and it would obviously be a 

Fig. 2. I.F. third harmonic inter- 
ference : diagonal solid line re- 
presents actual i.f. and chain lines 
area over which whistles may be 

expected. Use as Fig. 1. 
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Fig. 1. I.F. second harmonic 
interference : diagonal solid line 
represents actual i.f. and chain lines 
area over which whistles may be ex- 
pected : dotted vertical lines represent 
transmitter carrier plus sidebands. 
Any i.f. cutting across shaded 
position may be expected to pro- 
duce whistles on that particular 
channel to which shaded portion 

refers. 

ceiver with one tuned circuit 
between the aerial and frequency- 
changer which is the type used by 
the majority of listeners in this 
country to-day. Although this 
type of receiver is susceptible to 
whistles produced in a number of 

FREQUENCY (kc/s) 

* See Wireless World, Nov., 1948. 

l.w., 1-2 mV ; oscillator second 
harmonic, 30-40 mV. The position 
will be aggravated under the plan 
because of the extended medium 

very tedious process to work out 
arithmetically the effect of differ- 
ent intermediate frequencies on 
the interference possibilities be- 
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AND THE COPENHAGEN PLAN 
tween these sixteen channels. The 
problem was therefore attacked 
by means of the accompanying 
graphs, which deal with the three 
main causes of whistles mentioned 

used in the same way; the channel 
interfered with is read off the 
vertical scale and the interfering 
channel read off ·the horizontal 
scale. Here again, pairs of dotted 

TABLE I 

cies whose lines cross a shaded 
area were to be used as the i.f. 
of a receiver, whistles may be 
expected on the vertical scale 
channel caused by the corres
ponding on the hori
zontal scale. Note that in the case 
of oscillator second harmonic 
interference, the sidebands of 
the interfering transmitter are 
± 4·5 kc/s, and in the case of 

second channel interference ± 

647 kc/s 

692 kc/s 
809 kc/s 

881 kc/s 

3.rd Programme 

North Home Service .. . 
Scottish Home Service 

Welsh Home Service ... 

(Burghead, i5 ; Droitwich, 120 ; Stag
shaw, 15; Westerglen, 15.) 

(Moorside Edge, 150.) 
(Burghead, 100 ; Dundee, 5 ; Redmoss, 

20; Westerglen, 100.) 
(Aberystwyth, 5 ; Penman, 20 ; Washford, 

150; Wrexh<>m, 5.) 
908 kc/s London Home Service (Brookman's Park, 150.) 

1052 kc/s West Home Service .. . (Hartland Point, 10 ; Start Point, 150.) 
9 kcjs. 

1088 kc/s Midland Home Service .. . ... (Droitwich, 150; Norwich, 20.) 
1151 kc/s North and Northern Ireland Home Service (Carlisle, 5 ; Lisnagarvey, 100 ; London

Examples of these are as follow 
Fig. 3 : any i.f. between 345 

and 363 kc/s will produce second 
channel interference on zoo kc/s 
Light Programme channel from 
go8 kc/s London Home Service 
transmitter. 

derry, 5 ; Stagshaw, 100.) 
1214 kc/s Light Programme .. . (Ayr, 5; Brookman's Park, 60; Burghead, 

20 ; Dundee, 5 ; Lisnagarvey, 10 ; 
Londonderry, 1 ; Moorside Edge, 58 ; 
Plymouth, 2 ; Redmoss, 2 ; Redruth, 2; 
Stagshaw, 10 ; Westerglen, 50.) 

1457 kc/s West Home Service .. . (Bartley, 60 ; Clevedon, 60.) 
1546 kc/s 3rd Programme . . . . . . (London, 20; and 21 transmitters of 2 or 5 

kWeachservingmost of the large towns.) 
Figures refer to maximum aerial powers usable under the Plan. 

Fig. 4: any i.f. between 337 and 
355 kc/s will produce second chan
nel interference on 64 7 kcjs 3rd 
Programme channel from I340 
kc/s European Service trans
mitter. 

above, and should present no 
difficulties when used correctly. 

Figs. I and 2 deal with znd and 
3rd i.f. harmonic interference 
respectively; the diagonal solid line 
should be used to determine the 
central frequency upon which the 
interference will · appear, and 
the chain lines, the frequency 
band which the interference will 
cover. 

Dotted verticallines have already 
been drawn in, each pair represent
ing one B.B.C. carrier plus its 
sidebands. Where these cut across 
the area between the chain lines, 
this section has been shaded in, and 
the intermediate frequencies which 
will cause w his ties on any particular 
station can be read off the vertical 
scale from bottom to top of the 
shaded area. As an example of 
each, any i.f. between 449· 5 and 
458·5 kcjs will produce whistles on 
London Home ·Service channel, 
908 kcjs, Fig. I ; any i.f. between 
40I·6 and 407·6 kc/s will produce 
whistles on Light Programme 
channel, I2I4 kcjs, Fig. 2. 

Figs. 3 and 4 deal with second 
channel interference appearing on 
long wave (140-300 kc/s) and 
medium wave (500 to I,ooo kcjs) 
respectively. Figs. 5 and 6 deal 
with second oscillator harmonic 
interference appearing on medium 
wave (500 to 650 kcjs) and long 
wave (140-300 kc/s) respectively. 
These last four graphs are all 

lines have been drawn in to repre
sent each carrier plus its side
bands, and, where a pair of vertical 

INTERMEDIATE FREQUENCY (kc/s) 

210-

FREQUENCY OF INTERFERING SIGNAL (kc/s) 

Fig. 3· Second channel interference on l.w. Dotted horizontal lines re
present wanted transmitter carrier plus sidebands, dotted vertical lines 

· unwanted signals. Any i.f. cutting across shaded position may be expected 
to produce interference on wanted station caused by unwanted station to 

which ·position refers. 

lines cross a pair of horizontal 
lines, that area has been shaded 
in. The diagonal lines represent 
intermediate frequencies plotted 
at intervals corresponding to 
ro kc/s, and, if any of those frequen-

Fig. 5 : any i.f. between 300 
and 32I kcjs will produce oscillator 
second harmonic interference on 
647 kc/s 3rd Programme channel 
from I594 kc/s I.C.F. transmitter. 
(Although this is hardly likely to 
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AND THE COPENHAGEN PLAN 

tween these sixteen channels. The 
problem was therefore attacked 
by means of the accompanying 
graphs, which deal with the three 
main causes of whistles mentioned 

used in the same way; the channel 
interfered with is read off the 
vertical scale and the interfering 
channel read off the horizontal 
scale. Here again, pairs of dotted 

TABLE I 

647 kc/s 3rd Programme 
692 kc/s North Home Service... 
809 kc/s Scottish Home Service 
881 kc/s Welsh Home Service... 
908 kc/s London Home Service 

1052 kc/s West Home Service ... 
1088 kc/s Midland Home Service 

(Burghead, 15 ; Droitwich, 120; Stag- 
shaw, 15 ; Westerglen, 15.) 

(Moorside Edge, 150.) 
(Burghead, 100; Dundee, 5; Rcdmoss, 

20 ; Westerglen, 100.) 
(Aberystwyth, 5 ; Penmon, 20 ; Washford, 

150; Wrexham, 5.) 
(Brookman's Park, 150.) 
(Hartland Point, 10 ; Start Point, 150.) 
(Droitwich, 150 ; Norwich, 20.) 

1151 kc/s North and Northern Ireland Home Service (Carlisle, 5 ; Lisnagarvey, 100 ; London- derry, 5 ; Stagshaw, 100.) 
1214 kc/s Light Programme  (Ayr, 5 ; Brookman's Park, GO ; Burghead, 20; Dundee, 5; Lisnagarvey, 10; 

Londonderry, 1 ; Moorside Edge, 58; 
Plymouth, 2 ; Redmoss, 2 ; Redruth, 2 ; 
Stagshaw, 10 ; Westerglen, 60.) 

1457 kc/s West Home Service (Bartley, 60 ; Clevedon, 60.) 
1546 kc/s 3rd Programme  (London, 20 ; and 21 transmitters of 2 or 5 kW e ach serving most of the large towns.) 

Figures refer to maximum aerial powers usable under the Plan. 

above, and should present no 
difficulties when used correctly. 

Figs, i and 2 deal with end and 
3rd i.f. harmonic interference 
respectively; the diagonal solid line 
should be used to determine the 
central frequency upon which the 
interference will appear, and 
the chain lines, the frequency 
band which the interference will 
cover. 

Dotted vertical lines have already 
been drawn in, each pair represent- 
ing one B.B.C. carrier plus its 
sidebands. Where these cut across 
the area between the chain lines, 
this section has been shaded in, and 
the intermediate frequencies which 
will cause whistles on any particular 
station can be read off the vertical 
scale from bottom to top of the 
shaded area. As an example of 
each, any i.f. between 449-5 and 
458 -5 kc/s will produce whistles on 
London Home Service channel, 
908 kc/s. Fig. 1 ; any i.f. between 
40X-6 and 407-6 kc/s will produce 
whistles on Light Programme 
channel, 12x4 kc/s. Fig. 2. 

Figs. 3 and 4 deal with second 
channel interference appearing on 
long wave (140-300 kc/s) and 
medium wave (500 to 1,000 kc/s) 
respectively. Figs. 5 and 6 deal 
with second oscillator harmonic 
interference appearing on medium 
wave (500 to 650 kc/s) and long 
wave (140-300 kc/s) respectively. 
These last four graphs are all 

lines have been drawn in to repre- 
sent each carrier plus its side- 
bands, and, where a pair of vertical 

; channel cies whose lines cross a shaded 
off the area were to be used as the i.f. 

iterfering of a receiver, whistles may be 
orizontal expected on the vertical scale 
of dotted channel caused by the corres- 

ponding channel on the hori- 
zontal scale. Note that in the case 

; of oscillator second harmonic 120; stag- interference, the sidebands of 
the interfering transmitter are ; Rcdmoss, _|_ ^ ^ kc/s, and in the case of 

; washford, second channel interference ± 
9 kc/s. 

jint, 150.) Examples of these are as follow 
0; London- Fig. 3 : any i.f. between 345 
=Burghead, anc'- 363 ^:c/s produce second 

;arvey, 10 =channel interference on 200 kc/s 
Redfuth 52- Light Programme channel from 
50.) ' ' 908 kc/s London Home Service 

ers of 2 or 5 transmitter. 
large towns.) Fig. 4 : any i.f. between 337 and 

355 kc/s will produce second chan- 
"—" nel interference on 647 kc/s 3rd 
to repre- Programme channel from 1340 
its side- kc/s European Service trans- 
f vertical mitter. 
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Fig. 3. Second channel interference on l.w. Dotted horizontal lines re- 
present wanted transmitter carrier plus sidebands, dotted vertical lines 
unwanted signals. Any i.f. cutting across shaded position may be expected 
to produce interference on wanted station caused by unwanted station to 

which shaded position refers. 

lines cross a pair of horizontal 
lines, that area has been shaded 
in. The diagonal lines represent 
inter-mediate frequencies plotted 
at intervals corresponding to 
10 kc/s, and, if any of those frequen- 

Fig. 5 : any i.f. between 300 
and 321 kc/s will produce oscillator 
second harmonic interference on 
647 kc/s 3rd Programme channel 
from 1594 kc/s I.C.F. transmitter. 
(Although this is hardly likely to 
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Intermediate Frequency and the 
Copenhagen 

countlf¥ there is no i.f. that will 
do this for the whole country. 

occur owing to the extremely . Furthermore, this does not take 

There are, of course, methods of 
overcoming this state of affairs : 
(r) by improved pre-selection, 

low ·power used on this channel, 
it has been used to illustrate 
thd example). 

Fig. 6: any i.f. between 485 and 
soo kcjs will produce oscillator 
second harmonic interference on 
200 kcjs Light Programme 
channel from ·88r kcjs Welsh 
Home Service transmitter. 
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.The results obtained from these 
graphs were summarized and put 
into a table as shown in Table II 
below. 

This table should be used in 
conjunction with the one giving 
the geographical positions and 
aerial powers of the transmitters 
referred to above, as interference 
between stations can only become 
serious where the receiver is 
working in the strong field of the 
local station (interference source), 
and the transmitter working on 
the affected channel is relatively 
distc:.nt. 
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The startling result mentioned 
in the first paragraph now becomes 
apparent. It is, that although an 

FREQUENCY OF INTERFERING SIGNAL (kc/s) 

Fig. 4· Second channel inter.ference on m.w. Use as Fig. 3· 

intermediate can be into account any interference 
found that will give reasonable that might be caused by powerful 
freedom from whistles on local continental stations close to Great 
stations in any one part of the Britain. 

TABLE II 
.-

Intermediate 
Frequencies Channel Afiected Interference Source Cause 
Eliminated 

(kc/s) 
-· 

300-301·6 908 kr/s (London) -- l.F. 3fd harmonic 
300-313 200 kc/s (Light) 809 kc/s (Scotland) 2nd channel 
300-315 200 kc/s (Light) 602 kc/s (North) Osc. 2nd harmonic 
300-310 692 kc/s (North) 1295 kc/s (European) 2nd r.hannel 
310-:327 908 kc/s (London) 1546 kc/s (3rd) 2nd channel 
310-328 647 kc/s (3rd) - l.F. 2nd harmonic 

J809 kc/s (Scotland) 1457 kc/s (West) 2nd channel 
315--333 647 kc/s (3rd) 1205 kc/s (European) 2nd channel 

l692 kc/s (North) 1340 kc/s (European) 2nd channel 
323-340 881 kc/s (Wales) 1546 kc/s (3rd) 2nd channel 
332-350 200 kc/s (Light) 881 kc/s (Wales) 2nd channel 

341-5-350·5 692 kc/s (North) - I. F . 2nd harmonic 
337-355 647 kc/s (3rd) 1340 kc/s (European) 2nd channel 

347·6-353·6 1052 kc/s (West) - I.F. 3rd harmonic 
345-363 200 kc/s (Light) 008 kc/s (London) 2nd channel 

359.H-36.5·6 1088 kc/s (Midland) - I.F. 3rd harmonic 
359--877 809 kc/s (Scotland) 1546 kc/s (:3rd) 2nd channel 
373-:390 692 kc/s (Northr 1457 kc/s (West) 2nd channel 

:380-0-386·6 1151 kc/s (N.W. and N.J.) -- I.F. 3rd harmon1c 
385-4:30 200 kc/s (Light) 809 kc/s (Scotland) Osc. 2nd harmonic 
400-409 809 kc/s (Scotland) - I. F. 2nd harmonic 
Ml5-413 647 kc/s (3rd) 1457 kc/s (West) 2nd channel 

401·<)-407·6 1214 kc/s (Light) - I.F. 3rd harmonic 
417-4:30 692 kc/s (North) 1511\ kc; s (:3rd) 2nd channel 
417-435 200 kc/s (Light) 1J.;2 kc/s (West) 2nd channel 

6-i34-ll 1295 kc/s (European) -- I.F. 3rd harmonic 
4 6-445 881 kc/s (Wales) - I.F. 2nd harmonic 
434-452 200 kc/s (Light) 1088 kc/s (Midland) - 2nd channel 

±48·6-449-() 1340 kc/s (European) - I.F. :3rd harmonic 
440-458 647 kc/s (3rd) 1 546 kcjs (3rd) 2nd ohanneJ 

449·5-45·8·6 008 kc/s (London) - I.F. 2nd harmonic 
455-500 200 kc/s (Light) 881 kcfs (Wales) Osc. 2nd harmonic 
4fl5-485 200 kc/s (Light) U51 kr./s (N.W. and N.I.) 2nd channel 

482·ti-488 6 1457 kc/s (West) - I.F. :3rd harmonic 
485-500 200 kc/s (Light) 908 kc/s (London) Ose. 2nd h:\Jm.Jnic_ 

I 
491-5-4976 1484 (I.C.F.) - t.F. harmon1c 

497-500 200 kcjs (Light} 1214 kcjs (Light) 2nd channel 
I 

(2) by using a higher i.f. (e.g., 
2.1 Mcjs) or (3) by breaking away 
from the superheterodyne and 
using a t.r.f. or Synchrodyne type 
of receiver. From a manufac
turer's point of view these must all 
be rejected: (r) because of cost, 
(2) because the higher i.f. would 
cause selectivity troubles, making 
it impHative to use more tuned 
circuits which would therefore 
involve higher costs again, and 
(3) because for many years to 
come the superheterodyne will 
be the . first favourite of users, on 
the grounds of its cheapness, 
sensitivity, selectivity and ease 
of · handling. 

A Solution 
The writer favours a solution, 

which unfortunately seems doomed 
from the start because of all sorts 
of obscure reasons, such as tra
dition, prestige, a " status quo " 
attitude of mind, international 
agreements and even possibly 
foreign policy ! This solution is, 
that the Light Programme trans
mitter be taken off the long wave
band and moved to (say) the 
647-kC/£ channel. One European 
Service station is moved to take 
the place of the Light Programme 
on 200 kc;s, thus leaving a vacant 
channel on 1295 kcjs, which would 
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Copenhagen Flan— do 

occur owing to the extremely Fr 
low power used on this channel, 
it has been used to illustrate 
tha example). 

Fig, 6 ; any i.f. between 485 and 
500 kc/s will produce oscillator 
second harmonic interference on 
200 kc/s Light Programme 
channel from 881 kc/s Welsh 
Home Service transmitter. 

-The results obtained from these - 
graphs were summarized and put ]; 
into a table as shown in Table If ~ 
below. § 

This table should be used in § 
conjunction with the one giving " 
the geographical positions and 
aerial powers of the transmitters 
referred to above, as interference 
between stations can only become 
serious where the receiver is 
working in the strong field of the 
local station (interference source), 
and the transmitter working on 
the affected channel is relatively 
distant. 

The startling result mentioned 
in the first paragraph now becomes 
apparent. It is, that although an 
intermediate frequency can be int< 
found that will give reasonable tha 
freedom from whistles on local con 
stations in any one part of the Bri 

TABLE H 

county- there is no i.f, that will 
do this for the whole country. 
Furthermore, this does not take 

There arc, of course, methods of 
overcoming this state of affairs : 
(i) by improved pre-sclection. 
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Second channel interference on m.w. Use as Fig. 3. 

into account any interference 
that might be caused by powerful 
continental stations close to Great 
Britain. 

Intermediate 
Frequencies Channel Affected Interlerence Source Cause Eliminated 

(kc/s) 
300—30J-6 90S kc/s (London)   I.E. 3fd harmonic 
300—313 200 kc/s (Light) 809 kc/s (Scotland) 2nd channel 
300—315 200 kc/s (Light) 692 kc/s (North) Osc. 2nd harmonic 
300-310 692 kc/s (North) 1295 kc/s (European) 2nd channel 310—327 908 kc/s (London) 1546 kc/s (3rd) 2nd channel 
310—328 647 kc/s (3rd)   I.E. 2nd harmonic 

f 809 kc/s (Scotland) 1457 kc/s (West) 2nd channel 315—333 i 647 kc/s (3rd) 1295 kc/s (European) 2nd channel 1 692 kc/s (North) 1340 kc/s (European) 2nd channel 
323—340 881 kc/s (Wales) 1546 kc./s (3rd) 2nd channel 
332—350 200 kc/s (Light) 881 kc/s (Wales) 2nd channel 

341-5 —350-5 692 kc/s (North) — —- I.F. 2ad harmonic 
337—355 647 kc/s (3rd) 1340 kc/s (European) 2nd channel 

347-6—353-6 1052 kc/s (West) —.—. I.E. 3rd harmonic 
345—363 200 kc/s (Light) 908 kc./s (London) 2nd channel 

359-6—'365-6 1088 kc/s (Midland)   I.E. 3rd harmonic 
359—377 809 kc/s (Scotland) 1546 kc/s (3rd) 2nd channel 
373—390 692 kc/s (North)' 1457 kc/s (West) 2nd channel 

380-6—386-6 1151 kc/s (N.W. and N.I.)   I.F. 3rd harmonic 
385—430 200 kc/s (Light) 809 kc/s (Scotland) Osc. 2nd harmonic 
400—409 809 kc/s (Scotland)   I.F. 2nd harmonic 
395—413 647 kc/s (3rd) 

1214 kc/s (Light) 1457 kc/s (West) • 2nd channel 
401-6—407-6 I.E. 3rd harmonic 

417—430 692 kc/s (North) 1546 kc/s (3rd) 2nd channel 417—435 200 kc/s (Light) 10.j2 kc/s (West) 2nd channel 428 6—-434-0 1295 kc/s (European) ——- I.E. 3rd harmonic 
4 6—445 881 kc./s (Wales)   I.E. 2nd harmonic 
434—452 200 kc/s (Light) 1088 kc/s (Midland) 2nd channel 

443-6—449-6 1340 kc/s (European) I.F. 3rd harmonic 
440—458 647 kc/s 3rd) 1546 kc/s (3rd) 2nd channel 

449-5—458-6 908 kc/s (London)   I.F. 2nd harmonic 
455—500 200 kc/s (Light) 881 kc/s (Wales) Osc. 2nd harmonic 465—485 200 kc/s (Light) 11-51-kc/s (N.W. and N.I.) 2nd channel 

482-6—488 6 1457 kc/s (West) I.E. 3rd harmonic 
485—300 200 kc/s (Light) 908 kc/s (London) Osc. 2nd h-.umonic 

491-6—497 6 1484 kc/fe (I.C.F.) 
200 kc/s (Light) 

  I.E. 3rd harmonic ' 
" 497—500 1214 kc/s (Light) 2nd channel , 

(2) by using a higher i.f. (e.g., 
2.1 Mc/s) or (3) by breaking away 
from the superheterodyne and 
using a t.r.f. or Synchrodyne type 
of receiver. From a manufac- 
turer's point of view these must all 
be rejected: (1) because of cost, 
(2) because the higher i.f. would 
cause selectivity troubles, making 
it imperative to use more tuned 
circuits which would therefore 
involve higher costs again, and 
(3) because for many years to 
come the superheterodyne will 
be the first favourite of users, on 
the grounds of its cheapness, 
sensitivity, selectivity and ease 
of handling. 

A Solution 
The writer favours a solution, 

which unfortunately seems doomed 
from the start because of all sorts 
of obscure reasons, such as tra- 
dition, prestige, a " status quo " 
attitude of mind, international 
agreements and even possibly 
foreign policy ' This solution is, 
that the Light Programme trans- 
mitter be taken off the long wave- 
band and moved to (say) the 
647-kc/s channel. One European 
Service station is moved to take 
the place of the Light Programme 
on 200 kc/s, thus leaving a vacant 
channel on 1295 kc/s. which would 
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make it possible for all the 
transmitters below this frequency 
to move progressively upwards: 
e.g., 3rd Programme to 692 kcjs, 
Northern Home Service to 8og kc/s, 
etc. The disadvantage of doing 
this would be to reduce the non
fading area of the Light Program
me transmitter from about 400 
miles radius to some I 20 miles. 

The advantages are well worth 
consideration; dispensing with 
home broadcasting on long waves 
would be a good opportunity 
to commence a gradual process 
of elimination of the long wave-

. band from our receivers. This 
would enable cheap single-wave
band receivers to be produced, 
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any chance of oscillator radiation 
causing interference with neigh
bouring receivers. For example, 
the oscillator of ·a receiver using 
an Lf. of 467 kcjs and tuned to 
692 kc/s would radiate a signal 
on II59 kcjs, so causing an 8-kc/s 
beat note to be heard on a 
neighbouring receiver tuned to 
II5I kcjs. An i.f. of 475 kc/s 
would probably be the safest 
choice. The alternative seems to 
be the outrageous proposition, 
which has been made in. certain 
quarters, that receivers should 
be manufactured with different 
inter!llediate frequencies for 
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Fig. 5· Oscillator second harmonic 
interference on m.w. Use as Figs. 

3 and 4· 

·'. +!:J II,..: 

668-kcjs Northern Service 
transmitter. The first must be 
rejected on the grounds that it is 
obviously not a commercial pro
position, and the second because 
the alternative intermediate fre
quencies for different areas would 
probably be too widely separated 
to be covered by a conventional 
i.f. transformer. Furthermore, it 
is hardly desirable that new 
receivers should be interfered 
with. Even if these difficulties 
could be overcome, it would 
still be a rather awkward process, 
.as a very different Lf. would 
require different padding con- · 
densers in the oscillator circuit ; 

,... this is too ridiculous to contem
plate under mass-pr-oduction con
ditions. 

The Copenhagen Plan appears 
to have been based on political 
expediency, rather than technical 
necessity, and as such is a failure. 
Already, seven countries have 
denounced the Plan, and will 
therefore not abide by it; seventeen 
have made reservations regarding 
it and two have been allocated 
frequencies without even having 
representatives at the Conference. 
It is doubtful whether the Plan 
can be amended at this late 
stage, but we should at . least try 

Fig. 6. Oscillator second harmonic 
interference on l.w. Use as Figs. 

3, 4 and 5· 
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or alternatively the cost saved 
could be put into making receivers 
with either improved pre-selection 
or improved audio stages. The 
problem of • coverage is not in
surmountable, as more low-power 
synchronized transmitters placed 
at strategic points could make up 
for any deficiencies. Our broad
casting system has always been 
based on the zoo-kcjs transmitter, 
but there is no need for it to 
continue to do so. After all, the 
Americans have . got on very well 
without the long waves, and they 
probably get fewer complaints 
regardmg fading than we do. 

Should this suggestion be 
adopted, it would ,allow any i.f. 
between 467 and 478 kcfs to be 
used with confi,dence, although 
care should be taken to minimize 

FREQUENCY OF INTERFERING SIGNAL (kc/s) 

different areas, or that the i.f. 
should be altered by the retailer 
concerned, as is done at present 
in certain areas served by the 

to attain as good a broadcasting 
service in this country as possible, 
without placing the burden on 
the manufacturers. 
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make it possible for all the 
transmitters below this frequency 
to move progressively upwards : 
e.g., 3rd Programme to 692 kc/s, 
Northern Home Service to 809 kc/s, 
etc. The disadvantage of doing 
this would be to reduce the non- 
fading area of the Light Program- 
me transmitter from about 400 
miles radius to some 120 miles. 

The advantages are well worth 
consideration; dispensing with 
home broadcasting on long waves 
would be a good opportunity 
to commence a gradual process 
of elimination of the long wave- 
band from our receivers. This 
would enable cheap single-wave- 
band receivers to be produced, 

any chance of oscillator radiation 
causing interference with neigh- 
bouring receivers. For example, 
the oscillator of a receiver using 
an i,f. of 467 kc/s and tuned to 
692 kc/s would radiate a signal 
on 1159 kc/s, so causing an 8-kc/s 
beat note to be heard on a 
neighbouring receiver tuned to 
1151 kc/s. An i.f. of 475 kc/s 
would probably be the safest 
choice. The alternative seems to 
be the outrageous proposition, 
which has been made in certain 
quarters, that receivers should 
be manufactured with different 
intermediate frequencies for 
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Fig. 5. Oscillator second harmonic 
interference on m.w. Use as Figs. 

3 and 4. 

or alternatively the cost saved 
could be put into making receivers 
with either improved pre-selection 
or improved audio stages. The 
problem of coverage is not in- 
surmountable, as more low-power 
synchronized transmitters placed 
at strategic points could make up 
for any deficiencies. Our broad- 
casting system has always been 
based on the 200-kc/s transmitter, 
but there is no need for it to 
continue to do so. After all, the 
Americans have got on very well 
without the long waves, and they 
probably get fewer complaints 
regarding fading than we do. 

Should this suggestion be 
adopted, it would allow any i.f. 
between 467 and 478 kc/s to be 
used with confidence, although 
care should be taken to minimize 

668-kc/s Northern Home Service 
transmitter. The first must be 
rejected on the grounds that it is 
obviously not a commercial pro- 
position, and the second because 
the alternative intermediate fre- 
quencies for different areas would 
probably be too widely separated 
to be covered by a conventional 
i.f, transformer. Furthermore, it 
is hardly desirable that new 
receivers should be interfered 
with. Even if these difficulties 
could be overcome, it would 
still be a rather awkward process, 
as a very different i.f. would 
require different padding con- 
densers in the oscillator circuit ; 
this is too ridiculous to contem- 
plate under mass-production con- 
ditions. 

The Copenhagen Plan appears 
to have been based on political 
expediency, rather than technical 
necessity, and as such is a failure. 
Already, seven countries have 
denounced the Plan, and will 
therefore not abide by it; seventeen 
have made reservations regarding 
it and two have been allocated 
frequencies without even having 
representatives at the Conference. 
It is doubtful whether the Plan 
can be amended at this late 
stage, but we should at least try 

Fig. 6. Oscillator second harmonic 
interference on l.w. Use as Figs. 

3, 4 and 5. 
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difierent areas, or that the i.f. 
should be altered by the retailer 
concerned, as is done at present 
in certain areas served by the 

to attain as good a broadcasting 
service in this country as possible, 
without placing the burden on 
the manufacturers. 
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VALVE MEGOHMMETER 
Linear Scale : Readings Independent of Battery, Voltages 

By W. H. CAZALY 

MEASUREMENT of resis
tance to an accuracy of, 
say, 2 or 3 per cent. over 

the range of s,ooo ohms to 5 meg
ohms, which includes most of the 
values met with in radio apparatus, 
presents certain difficulties that 
are not satisfactorily overcome in 
simple self-contained instruments 
having one or more resistance 
measuring ranges. There is not 
room in the cases of such instru
ments for high-voltage batteries; 
nor, normally, is the basic indicator 
sufficiently sensitive to give clear
cut indications of high resistance 
values over more than half the 
scale, the shape of which is 
extremely non-linear. It is true 
that most resistance values speci
fied are of wide tolerance (e.g. 20%). 
but occasions are becoming more 
frequent when close approxima
tions are desirable. 

There are three possibilities. 
One is to employ in a · 
ohmmeter the . almost standard 
circuit now in use in most multi
range test instruments, but to 
incorporate a very sensitive indica
tor (say a roo micro-amp. meter) 
and a battery up to roo volts. 
However, the grave objection 
remains of extreme non-linearity 
of scale shape, and such an instru- . 
ment gives only rough indications 
over the bottom half of the scale
the region of indication of the 
highest values, which is most 
needed. A second possibility is 
to use a bridge. This requires a 
very sensitive . galvanometer for 
balance indications, and either a 
very accurate potentiometer of 
wire-wound high-resistance con
struction, or an accurate . high
resistance box and ratio arms and 
a fairly high energizing voltage, 
together with reasonably skilled 
operation. It is good for laboratory 
use but is not very suitable for 
general purpose workshop measure
ments and fault tracing. The third 
possibility is to employ a true 
pot_entiome1er circuit with a high
impedance valve-operated inqica-

tor, on the lines of a recent 
article.* 

As will be shown, such an instru
ment can be designed to have 
practically linear scale shape, to 
be very simple to operate, and to 
be light, portable and easily 
maintained in good order. The 
order of accuracy that can be 
expected is about 2% and is 
dependent only on the accuracy of 
construction of the potentiometer 
circuit ; it is independent of 
energizing voltage variations with
in wide limits and of changes in 
valve characteristics. Indication 
is given by any uncalibrated milli-

. ammeter of up to about 2 or 3 rnA 
full scale deflection, or a centre
zero indicator of similar sensitivity: 

Potential Divider 
Application of the principle 

involved is shown in basic form in 
Fig. r(a). If a voltage V 1 is 
applied across R 1 and R 2 in 
series, then 

R., R +R =V2fV1 
1 2 

If the ratio V 2/V 1 is kept con-

R, 
v, v, 

'(d) 

stant, any of H.1 must be 
accompanied by an increase of 
R 2• The value of R 2 is thus a 
measure of the value of R 1• 

In Fig. r (b), the voltage V 1 is 
applied across a potentiometer 
circuit consisting of a resistance 
under . test, Rx, in series with a 
potentiometer R 3 and a fixed 
resistance R4. The portion of R 3 

* " Megohmmeters," by H. G. M. 
Spratt, Wireles s World. Oct. 'I948. 

above the slider is called R 1 and 
the portion below it R 2• The ratio 
V 2/V 1 is a constant, let us call it 
a. Then 

R2 + R4 
Rx + R 3 + R4 

and 
R 2 = a(Rx + R 3 + R 4) - R 4 

. (I) 
Thus R 2 is a linear function of 

Rx when a, R 3 and R 4 are con
stants. When Rx = o and R 2 = 
o-i.e., when the test resistance is 
zero .and the slider on R 3 is at the 
bottom of R 3; or the top of R 4-

a(R3 + R 4) = R 4 
aR3 R 4 - aR4 
R 4(r -a) = aR3 

R4 = aRa 
I-a 

Dividing top and bottom of the 
right-hand side of the equation by 
a, we have · 

Ra 
R 4 = --- .. (2) 

Ija -:- I 
When the slider on R 3 is at the 

top of R 3, R 2 = R 3• We then 
have, from {I) 

Rx = (R3 + R 4)(r - a) (
3

) 
a 

The complete circuit diagram 
of a practical form of the megohm

>R 
) J 

Rf 
R, 

Rz 

> R• 

(b) 

t 
V2 

meter is given in 
Fig. 2. A mains
driven version is 
of course pos
sible; further
more, the use of 
alternating ener
gizing voltage 
opens possibilities 
of employing 

Fig. I . Basic 
potentiometer cir

cuit. 

the device for the measurement of 
reactance ap.d impedance as well 
as resistance. Confining the dis
cussion, however, to the use of the 
device for measuring high resist
ance, it is probably more con
venient to construct in battery 
form, unless the instrument is 
likely to be in very frequent use
as it might be in a service depart
ment. Since the h .t . voltage 

· required is from 45 V to 100 V, 
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VALVE MECOHMMETER 

Linear Scate : Readings Independent of Battery Voltages 

By W. H. CAZALY 

Measurement of resis- 
tance to an accuracy of, 
say, 2 or 3 per cent, over 

the range of 5,000 ohms to 5 meg- 
ohms, which includes most of the 
values met with in radio apparatus, 
presents certain difficulties that 
are not satisfactorily overcome in 
simple self-contained instruments 
having one or more resistance 
measuring ranges. There is not 
room in the cases of such instru- 
ments for high-voltage batteries ; 
nor, normally, is the basic indicator 
sufficiently sensitive to give clear- 
cut indications of high resistance 
values over more than half the 
scale, the shape of which is 
extremely non-linear. It is true 
that most resistance values speci- 
fied are of wide tolerance (e.g.20%), 
but occasions are becoming more 
frequent when close approxima- 
tions are desirable. 

There are three possibilities. 
One is to employ in a separate 
ohmmeter the almost standard 
circuit now in use in most multi- 
range test instruments, but to 
incorporate a very sensitive indica- 
tor (say a 100 micro-amp. meter) 
and a battery up to 100 volts. 
However, the grave objection 
remains of extreme non-linearity 
of scale shape, and such an instru- 
ment gives only rough indications 
over the bottom half of the scale— 
the region of indication of the 
highest values, which is most 
needed. A second possibility is 
to use a bridge. This requires a 
very sensitive galvanometer for 
balance indications, and either a 
very accurate potentiometer of 
wire-wound high-resistance con- 
struction. or an accurate high- 
resistance box and ratio arms and 
a fairly high energizing voltage, 
together with reasonably skilled 
operation. It is good for laboratory 
use but is not very suitable for 
general purpose workshop measure- 
ments and fault tracing. The third 
possibility is to employ a true 
potentiomeler circuit with a high- 
impedance valve-operated indica- 

tor, on the lines of a recent 
article.* 

As will be shown, such an instru- 
ment can be designed to have 
practically linear scale shape, to 
be very simple to operate, and to 
be light, portable and easily 
maintained in good order. The 
order of accuracy that can be 
expected is about 2 % and is 
dependent only on the accuracy of 
construction of the potentiometer 
circuit; it is independent of 
energizing voltage variations with- 
in wide limits and of changes in 
valve characteristics. Indication 
is given by any uncalibrated milli- 
ammeter of up to about 2 or 3 mA 
full scale deflection, or a centre- 
zero indicator of similar sensitivity. 

Potential Divider 
Application of the principle 

involved is shown in basic form in 
Fig. 1 (a). If a voltage V! is 
applied across Rj and R2 in 
series, then 

r7TR2 = V2/Vi 

If the ratio V^/Vj is kept con- 

above the slider is called Rj and 
the portion below it Rj. The ratio 
Va/Vj is a constant, let us call it 
a. Then 

R2 + R4 = 

Rx + Rg + R4 
and 

R2 = a(Rx + R3 + K,) - R4 

(!) Thus R2 is a linear function of 
Rx when a, R3 and R4 are con- 
stants. When Rx = o and R2 = 
o—i.e., when the test resistance is 
zero and the slider on R3 is at the 
bottom of R3, or the top of R,— 

a(R3 + R4) = R4 
aR3 = R4 aR4 
Rjfl — a) = aR, R4(i — a) = aR3 

R - aR3 4 I — a 
Dividing top and bottom of the 

right-hand side of the equation by 
a, we have 

R, 

stant, any increase of Rj must be 
accompanied by an increase of 
R2. The value of R2 is thus a 
measure of the value of Rj. 

In Fig, i(b), the voltage Vj is 
applied across a potentiometer 
circuit consisting of a resistance 
under test, Rx, in series with a 
potentiometer Rg and a fixed 
resistance R4. The portion of R3 

* " Electronic Megohmmeters," by H. G. M. 
Spratt, Wireless World. Oct. 1948. 

When the slider on Rg is at the 
top of Rg, R2 = Rg. We then 
have, from (1) 

u. _ (R3 + RtX1 — a) , , 
X  K  (3) 

The complete circuit diagram 
of a practical form of the megohm- 
  meter is given in 

i Fig. 2. A mains- 
<RX driven version is 

_ < of course pos- 
> sible ; further- 
|Ri more, the use of 

3< v*  alternating ener- 
>f?j f gizing voltage 
<" i opens possibilities 
> 12 of employing 
? 4 1 1 L Fig. 1. Basic 

potentiometer cir- 
(b) cult. 
the device for the measurement of 
reactance and impedance as well 
as resistance. Confining the dis- 
cussion, however, to the use of the 
device for measuring high resist- 
ance, it is probably more con- 
venient to construct in battery 
form, unless the instrument is 
likely to be in very frequent use  
as it might be in a service depart- 
ment. Since the h.t. voltage 
required is from 45 V to 100 V, 
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and, by the use . of the press 
switches S 1 S 2, current is passed 
only during actual setting up or 
measurement (and, by this means, 
cannot be left on inadvertently), 
it is feasible to make it self-con
tained and quite portable. 

Provision is made for two. ranges 
of measurement, range r giving 
indications of the value of the 
test resistance Rx· between about 
so kn and 5 Mn, and range z 
between 5 k.Q and o.s Mn. By 
making R 5 a 0.5 M n potentio
meter, and employing so so n 
fixed resistor in place of R 7 and 
R 8, ·a very high range up to 
so Mn could be provided. Diffi
culties in obtaining a potentio
meter of o.s Mn with an accu
rately ·linear characteristic would 
have to be overcome. However, 
the two ranges shown are readily 
obtained by means of the ganged 
switches S4, S5, which alter the 
values of the potentiometer sec
tion. 

instrument entirely self-contained. 
The internal resistance of the 
battery is not likely to be high 
enough appreciably to affect indi
cation accuracy, even near the 
end of its life, but .it may be found 
that as it approaches exhaustion 
there is a tendency for the indica
tion on the meter to drift ; this 
is seldom likely to be troublesome 
over at least half the battery life, 
and its only effect is to make it 
desirable to reset the instrument 
for zero Rx from time to time 
during a series of measurements. 

Of the switches, S3 must be of 
a type with extremely high open
circuit resistance. It is a · press
to-close type and can be m.ade 

the grid resistance and capacit
ance, R 9 and C, is partly to reduce 
erratic Iioise voltages and partly 
to a void heavy grid current if the 
switches S 1, S 2 .and S3 are in
advertently pressed while the 
slider of the potentiometer is at 
the high end of the scale or near it. 

Design Procedure 
It is possible to calculate the 

essential circuit constants· and 
ranges obtainable for any special 
purposes by means of equations 
(z) and (3). Design starts with 
the choice of R 5 potentiometer 
resistance, and of the constant a. 

The higher the value of R 5 and 
the lower the ratio a, the higher 

2VO·IA 

+H.T. 
45-IOOV 

The only components of which 
the values are critical are R 6, R 7 

and R 8• In the circuit shown, the 
value of R 5, on which the others 
depend, is given as so k n ; but 
by the use of equation (2), . the 
value of R 7 + R 8 can be calcu
lated for any value of R 5 ; all 
other resistors can be chosen to 
within the usual " preferred " 
20% tolerance. Nor is the choke 
of valve very critical; almost any 
fairly high mutual conductance 
triode or pentode passing up to a 
couple of milliamperes with zero 
grid bias and having a straight 
Ia/V u characteristic between o and 
- rV is suitable. The calibration 
of the milliammeter is unimpor
tant, since it serves only as an 
indicator of a fixed arbitrary value 
of anode current. Such wide lati
tude in the choice of most of the 
components renders the instru
ment easy and cheap to construct. 

Fig. 2. Circuit diagram of practical instrument with two ranges. 

The pilot lamp, which should 
be rated at 2.5 volts with o.I amp. 
passing (assuming that the valve 
filament current is o.r amp.), 
serves mainly as a barretter and 
also very roughly indicates the 
condition of the l.t. valve filament 
battery, which here is 4-5 volts 
and may consist of the usual large 
3-cell flash-lamp type. The h.t. 
battery, if composed of either one 
or two small 45-volt h.t. battery 
units such as are used in hearing 
aids, can be conveniently housed 
inside the case, rendering the 

easily enough out of hardened 
brass strips mounted on some very 
good insulant such as Perspex, 
Permali, etc. The test resistance 
terminals must themselves be very 
well insulated. The operation 
switches S 1 and S 2 are again 
press-to-close types, ganged, but 
they need be' of no exceptional 
insulation. S4, S5 are normal 
ganged wafer type switches of 
good quality, ·usually obtainable 
on a single wafer. 

The . function of the bleeder 
chain R 1 to R 3 is to provide 
backing-off voltage for the meter 
and bias for the valve grid. The 
values of R 1 and R 3 depend to a 
large extent on the valve charac
teristics, but the values shown are 
typical for a small battery triode. 
This chain of resistors has to pass 
about 20 rnA with roo volt h.t., 
and should therefore be con
structed of elements of suitable 
wattage rating. The function of 

the maximum resistance that can 
be measured. The value of the 
fixed resistors R 7 + R 8 is obtained 
by using equation (2). The maxi
mum resistance that can be indi
cated on the scale of the potentio
meter is found from equation (3). 
Then, by dividing the angle of 
effective rotation of the potentio
meter slider by the maximum 
resistance, the number of degrees 
per megohm or kilohm can be 
.found and the scale appropriately 
divided. Such a scale, with a 
maximum at 5 Mn, for: a potentio
meter with a 270° angle of slider 
rotation-54 o per megohm-is 
shown in Fig. 3· 

For example, in Fig. 2, R 5, 

corresponding with R 3 in equation 
(2), is 50 kn. The constant a is 
rjroo. Then, from equation (2), 

R 4 = 505 n. The maximum 
indicated resistance is found from 
equation (3) ... Rx = 5 Mn . . 

On range 2, which must follow 
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and, by the use , of the press 
switches SjSa, current is passed 
only during actual setting up or 
measurement (and, by this means, 
cannot be left on inadvertently), 
it is feasible to make it self-con- 
tained and quite portable. 

Provision is made for two ranges 
of measurement, range 1 giving 
indications of the value of the 
test resistance Rx between about 
50 k a and 5 M a, and range 2 
between 5 ka and 0.5 Ma. By 
making R5 a 0.5 Ma potentio- 
meter, and employing a 5050 a 
fixed resistor in place of R; and 
R8, a very high range up to 
50 Ma could be provided. Diffi- 
culties in obtaining a potentio- 
meter of 0.5 Ma with an accu- 
rately linear characteristic would 
have to be overcome. However, 
the two ranges shown are readily 
obtained by means of the ganged 
switches S4, S5, which alter the 
values of the potentiometer sec- 
tion. 

The only components of which 
the values are critical are R6, R, 
and R8. In the circuit shown, the 
value of R5, on which the others 
depend, is given as 50 ka; but 
by the use of equation (2), the 
value of R, + R8 can be calcu- 
lated for any value of Rs; all 
other resistors can be chosen to 
within the usual " preferred " 
20% tolerance. Nor is the choice 
of valve very critical; almost any 
fairly high mutual conductance 
triode or pentode passing up to a 
couple of milliamperes with zero 
grid bias and having a straight 
I0/V7 characteristic between o and 
— iV is suitable. The calibration 
of the millia mmeter is unimpor- 
tant, since it serves only as an 
indicator of a fixed arbitrary value 
of anode current. Such wide lati- 
tude in the choice of most of the 
components renders the instru- 
ment easy and cheap to construct. 

The pilot lamp, which should 
be rated at 2,5 volts with 0.1 amp. 
passing (assuming that the valve 
filament current is 0.1 amp.), 
serves mainly as a barretter and 
also very roughly indicates the 
condition of the l.t. valve filament 
battery, which here is 4.5 volts 
and may consist of the usual large 
3-cell flash-lamp type. The h.t. 
battery, if composed of either one 
or two small 45-volt h.t. battery 
units such as are used in hearing 
aids, can be conveniently housed 
inside the case, rendering the 

instrument entirely self-contained. 
The internal resistance of the 
battery is not likely to be high 
enough appreciably to affect indi- 
cation accuracy, even near the 
end of its life, but it may be found 
that as it approaches exhaustion 
there is a tendency for the indica- 
tion on the meter to drift ; this 
is seldom likely to be troublesome 
over at least half the battery life, 
and its only effect is to make it 
desirable to reset the instrument 
for zero Rx from time to time 
during a series of measurements. 

Of the switches, S3 must be of 
a type with extremely high open- 
circuit resistance. It is a press- 
to-close type and can be made 

the grid resistance and capacit- 
ance, R9 and C, is partly to reduce 
erratic noise voltages and partly 
to avoid heavy grid current if the 
switches Sl Sa and S3 are in- 
advertently pressed while the 
slider of the potentiometer is at 
the high end of the scale or near it. 

Design Procedure 
It is possible to calculate the 

essential circuit constants and 
ranges obtainable for any special 
purposes by means of equations 
(2) and (3). Design starts with 
the choice of R5 potentiometer 
resistance, and of the constant a. 
The higher the value of R5 and 
the lower the ratio a, the higher 
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Fig. 2. Circuit diagram of practical instrument with two ranges. 

easily enough out of hardened 
brass strips mounted on some very 
good insulant such as Perspex, 
Permali, etc. The test resistance 
terminals must themselves be very 
well insulated. The operation 
switches Sj and S2 are again 
press-to-close types, ganged, but 
they need be of no exceptional 
insulation. S4, S5 are normal 
ganged wafer type switches of 
good quality, usually obtainable 
on a single wafer. 

The function of the bleeder 
chain Rj to R3 is to provide 
backing-off voltage for the meter 
and bias for the valve grid. The 
values of R! and R3 depend to a 
large extent on the valve charac- 
teristics, but the values shown are 
typical for a small battery triode. 
This chain of resistors has to pass 
about 20 mA with 100 volt h.t., 
and should therefore be con- 
structed of elements of suitable 
wattage rating. The function of 

the maximum resistance that can 
be measured. The value of the 
fixed resistors R, + R8 is obtained 
by using equation (2). The maxi- 
mum resistance that can be indi- 
cated on the scale of the potentio- 
meter is found from equation (3). 
Then, by dividing the angle of 
effective rotation of the potentio- 
meter slider by the maximum 
resistance, the number of degrees 
per megohm or kilohm can be 
found and the scale appropriately 
divided. Such a scale, with a 
maximum at 5 M Q, for a potentio- 
meter with a 270° angle of slider 
rotation—540 per megohm—is 
shown in Fig. 3. 

For example, in Fig. 2, R5, 
corresponding with Rg in equation 
(2), is 50 kO. The constant a is 
1/100. Then, from equation (2), 
R4 = 505 Q. The maximum 
indicated resistance is found from 
equation (3) . . . Rx = 5 M 

On range 2, which must follow 


